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ABSTRACT 
 
 By virtue of the most fatal pandemic disease, Malaria, about a million individuals reach lethality globally every 
year and with ever consummating drug-resistant malarial parasite species, there occurred a coercive demand for 
the identification of incipient drug targets. Here we have evaluated a new drug target in phospholipid metabolic 
pathway such as Phosphocholine cytidylyltransferase (PfCCT) which is involved in the synthesis of 
Phosphatidylcholine, a class of phospholipids that significantly sways the developmental aspects of malarial 
parasite along with its replication and longevity within human red blood cells. The Objective of Present study is to 
identify potential lead molecule against PfCCT through docking with homology model of our target protein and 
common pharmacophore approach of our target inhibitor molecules. In this study, we computationally modeled the 
structure of  PfCCT using Molsoft and validated by PROCHECK, ProSA and RMSD. With the finally refined target 
structure we performed docking using GOLD 3.1 and pharmacophore studies using Discovery Studio with 12 
natural compounds. The predicted homology model of PfCCT is reliable. On the basis of the docking scores and 
pharmocophoric features, we have identified the compounds Amodiaquine and Quinidine showing better binding 
affinity towards PfCCT respectively with good fitvalues. In conclusion, the two compounds  Amodiaquine and 
Quinidine  shows potential inhibition against PfCCT respectively as targeted for malaria and also having better 
pharmacophoric features that could aid in the design of new lead molecules.  
 
Keywords: Docking, Malaria, pharmacophore, Phosphatidylcholine, Phosphocholine cytidylyltransferase, 
Phospholipids. 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

An inductive agent of the world’s uttermost significant parasitic malady, Malaria, is an intraerythrocytic protozoan 
parasite belonging to the genus Plasmodium among which Plasmodium falciparum is found felonious for severe 
human malarial cases with death rates beyond 1 million every year [1,2].Advancements in strategies to encounter 
this disease has been made obligatory, in view of predicaments in the treatment and prophylaxis of malaria with an 
ever emerging drug resistant strains of P. falciparum, which paved the path for an incipient approach that suggests 
to target critical metabolic pathways known to be regulated parasite infection and transmission. Excellent targets 
have been provided by the recent studies on P. falciparum for lipid-based antimalarial therapy development 
involving the metabolic pathways which lead to the major P. falciparum phospholipids synthesis that requires 
enzymes, which are afflictive for a Brisky parasitic multiplication within human erythrocytes [3,4,5]. During the 
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course of intraerythrocytic longevity of the parasite, the P. falciparum takes up either of the two pathways for the 
production of phosphatidylcholine viz., The serine-decarboxylase phosphoethanolamine methyltransferase (SDPM) 
pathway and the CDP-choline pathway [4]. The SDPM pathway avails serine as a starting precursor either from 
human serum or from host hemoglobin degradation wherein, by the action of the parasite this serine gets 
decarboxylated with the aid of serine decarboxylase to form ethanolamine which is later phosphorylated by an 
ethanolamine kinase to form phosphoethanolamine (P-EA). This P-EA undergoes a three-step methylation to form 
phosphocholine [5,6,7] catalyzed by a parasite Sadenosylmethionine (SAM) -dependent methyltransferase, PfPMT, 
followed by its conversion into phosphatidylcholine (PtdCho) by the action of two parasite enzymes PfCCT and 
PfCEPT. As an alternative approach, CDP choline pathway might be employed for Phosphatidyl choline synthesis, 
which involves phosphorylation of choline to phosphocholine by a parasite-specific choline kinase (PfCK), that 
consequentially gets coupled to CTP to generate CDP-Cho by a CDP-choline cytidylytransferase (PfCCT). 
 
On the general grounds that the three-dimensional (3D) structure of proteins determines its function, a manoeuvre 
has been attempted in the present study to generate three-dimensional (3D) structure of PfCCT from Plasmodium 
falciparum based on the available template (3HL4) structural homologue from Protein Data Bank with the aid of 
homology modelling, a predominantly esteemed technique which work towards foreboding the 3D structure of bio 
molecules, as the three- dimensional structures of PfCCT (Q9BMP5) from Plasmodium falciparum still remain 
uncharted and the model has been validated by PROCHECK & ProSA. In Further studies. The developed structures 
were subjected to docking studies with selected ligands to validate the efficiency against PfCCT. 

 
EXPERIMENTAL SECTION 

 
Primary and secondary structure analysis of PfCCT 
Physicochemical characterization, theoretical isoelectric point (pi), the total number of positive and negative 
residues, extinction coefficient [8], instability index [9], half life time, aliphatic index [10] and grand average 
hydropathy (GRAVY) [11] were computed using Expasy’s Prot-Param server [12]. Secondary structure analysis 
was performed with the aid of PSI-PRED server. 
 
Sequence Alignment of PfCCT 
The FASTA sequence of PfCCT from Plasmodium falciparum was fetched from the Swiss-prot database which has 
a length of 370 amino acids (Accession No: Q9BMP5 Protein name: Phosphocholine cytidylyltransferase (PfCCT). 
Customarily, Comparative modelling starts with the search for known protein structures in the PDB taking the target 
sequence for query [13] which is attained by comparing the target sequence with the sequences of the structures 
already present in the database using the Basic Local Alignment Search Tool (BLAST) [14] against PDB. The 
BLAST results thus obtained yielded X-ray structure of 3HL 4 of Mammalian ctp: Phosphocholine 
cytidyltransferase that showed 47% identity to PfCCT from Plasmodium falciparum. 
 
Homology Modelling of PfCCT 
The theoretical structure of PfCCT from Plasmodium falciparum is generated using Molsoft ICM v3. 5 software by 
comparative modeling of protein structure prediction. In ICM-Homology modeling algorithm after the initial 
placement of the aligned polypeptide chain onto the template structure, the side-chain torsion angles are predicted by 
simultaneous global optimization of the energy for all non-identical residues. 
 
Methodology for conformational modeling of protein side chains and loops, implemented in ICM, relies on the 
internal coordinate definition of the molecular object combined with computationally efficient ICM Biased 
Probability Monte Carlo (BPMC) optimization [15] An extended force field includes surface terms, electrostatics 
with the boundary element solution of the Poisson equation [16], side chain entropy terms, and a fast algorithm for 
calculating molecular surfaces. 
 
Validation of of PfCCT Model 
The developed model is further evaluated by Procheck, ProSA and RMSD. The validation of protein structure model 
is carried out by means of the Procheck [17] which was employed in verifying the Ramachandran plot quality and 
the Protein Structure Analysis program (ProSA) which was used for comparing the Z-scores of the target and the 
template structures wherein the Z-scores of a model is the measure of compatibility between its sequence and 
structure [18]. Root Mean Squared Deviation (RMSD) which was calculated by SPDBV is customarily exercised to 
ascertain the distance between two objects. 
 
Active site Identification 
As the final model is obtained, the probable binding sites of PfCCT is positioned pertaining to the structural 
comparison of the template and the model built with the aid of CASTP server [19]. 
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Ligand preparation and Optimization 
By the agency of ACD/ ChemSketch (12.0), 12 natural compounds  were  drawn and saved [20,21] which later were 
imported into the Argus Lab and were minimized after adding hydrogen bonds. The 3D structures of the compounds 
are shown in Figure 1.   
 
Docking studies 
All the possible conformations of the drug binding to the protein were generated by means of the Genetic algorithm 
GOLD v 3.0.1 [22] wherein the population size-100, the number of islands-5, the niche size-2, the selection 
pressure-1.1, the migrate-2, the number of operators-100,000, the mutate-95, and the cross over-95 were employed 
as the working parameters for the docking process [23], considering a maximum of 10 different conformations for 
the drug. The conformer that yielded the highest binding score was used for further analysis [24]. The possible 
active site co-ordinates for PfCCT is identified using Discovery Studio [25]. It is found that the active site pocket 
one has X= -7.707200,Y=44.167400,Z=3.714400 coordinate values for PfCCT. 
 
Generation of pharmacophore models: common feature based approach  
Common feature based pharmacophore modeling is performed with a set of highly active inhibitors of our target 
protein PfCCT which utilizes the common chemical features present in the most active compounds for the 
generation of pharmacophore. Common feature hypotheses are generated by the HipHop algorithm of catalyst 
program in Accerlys Discovery Studio. To derive the best featured model, conformers for each compound are 
generated within DS Diverse Conformation Generation protocol using the Best Conformation Method with a value 
of 255 as the maximum number of conformers for each compound and an energy threshold of 20 kcal/mol. All the 
possible pharmacophore feature mappings with desired chemical groups were identified for the generated 
conformers of all the compounds with Feature Mapping module. Based on the feature mapping  results, using the 
"common feature pharmacophore generation"protocol, a pharmacophore query is created with chemical features like 
hydrogen bond donor (HBD), hydrogen bond acceptor (HBA), hydrophobic (HY), ring aromatic (RA) and positive 
ionizable with a minimum of 0 to a maximum of 5 features to include in the generated pharmacophore. Multiple 
common-feature pharmacophore generation runs were carried out with a principal value of ‘2’, maximum omit the 
feature value of ‘0’ and minimum inter feature distances of ‘2.97 Å’ that ensures that all the chemical features in the 
molecules were considered to build the pharmacophore space and must map to the compounds. Also the parameters 
such as maximum pharmacophores as 10,  Number of Leads That May Miss and Feature Misses, were used as a 
value of ‘1’ to allow that one of the compounds may not contain all the features when building hypothesis space. 
The Complete Misses option is set to ‘0’, which is used for specifying the number of compounds that do not have to 
map to any features in the hypothesis. With the result of common feature pharmacophore model generation, 10 
possible pharmacophore hypotheses having a different arrangement of constituent features are generated and the 
best one is selected based on the ranking score of the hypothesis. To the best featured  hypothesis , compounds were 
screened for mapping on to the pharmacophore model and analysed the best mapped compound is selected based on 
the fitvalues and aligned pharmacophoric features.  
 

RESULTS AND DISCUSSION 
 

Primary and secondary structure analysis 
The predicted physicochemical characteristics showed that the molecular formula of PfCCT is 
C1866H2926N506O622S8. The amino acid composition of PfCCT has71 (Asp+Glu) and 53(Arg+Lys).The 
computed pI values of Modeled PfCCT is less than 7 (pI<7) indicating that target protein is considered as acidic. 
The computed GRAVY of PfCCT is -0.990, which implied that the solubility of protein is supported by their 
hydrophilic nature. This has the potentiality to solve the major issue with the isolation of soluble protein by 
acquiring high-concentrations of soluble proteins which still remains an intensive experimental challenge [26]. 
 
Homology modelling of  pfcct 
Homology modelling used to predict the 3D structure of PfCCT, (target) based on its alignment with the identified 
templates. The PfCCT sequence is having 47%  amino acid sequence identity with the crystal structure of 3HL4 
(Mammalian ctp: phosphocholine cytidyltransferase). Based on the crystal structures of the template, the 3D 
structures of PfCCT is modelled using  Molsoft ICM and visualized in Rasmol as shown in Figure 2. 
 
Validation of modeled protein structures 
The Ramachandran plot analysis was carried out for evaluating the stereo chemical quality and accuracy of the 
predicted model of PfCCT after the refinement process by means of the PROCHECK program which revealed the  
contribution of the phi and psi angles in conformation of amino acids excluding glycine and proline with the results 
displaying 94.5% residues in the core region, 4.0% in the allowed region, 1.5% in the generous region. The 
Ramachandran’s map for PfCCT model and statistics is represented in Figure 3 and Table 1. 
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Figure 1: The three dimensional structures of selected ligand molecules represented in ball-stick 

 

 
 

Figure 2. Modeled structure of PfCCT  from  Plasmodium falciparum  as visualized in Rasmol 
 



Sreenivas Enaganti et al  J. Chem. Pharm. Res., 2016, 8(6):342-350 
______________________________________________________________________________ 

346 

 
Figure 3:Ramachandran’s Plot of  PfCCT Model  

 

 
Figure 4:  The plot of the Z-Score shows spot for Z score value of protein that is determined by NMR (represented in dark blue colour) 

and x ray (represented in light blue colour) with the aid of ProSA program. The black dot encircled by orange circles represent Z-Scores 
of our model PfCCT (-5.21) which indicates the overall quality of the modeled 3D structures of PfCCT 

 
ProSA was employed to analyse energy criteria comparing with Z scores between the modeled protein and 3D 
template structure. The Z-scores of the obtained modeled Structure of PfCCT is -5.21 (shown in Figure 4) located 
within the space of proteins determined by X ray crystallography derived structures. The RMSD value calculated 
based on Alpha carbon atoms by superimposing template and modeled structure is calculated to be 1.12 Ao for 
PfCCT using SPDBV. 
 
Docking Studies 
Docking of 12 drawn ligands is studied against Modeled PfCCT using GOLD. The best docking solutions were 
analysed with the assistance of GOLD scores generated for all the 12 compounds. Comparison of Gold scores of 12 
compounds with PfCCT is shown in Figure 5. Among all the docked complexes of PfCCT with the 12 ligands, 
Quinidine shows highest binding affinity towards PfCCT  with a Gold score of 36.61 forming interactions with the 
amino acids Asp 41, Lys137, Val 45, and Val42 respectively. Diphenhydramine is shown the next highest docking 
score with PfCCT having a fitness score of 36.38 respectively. The interaction patterns of  Quinidine and 
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Diphenhydramine with PfCCT is shown in (Figure 5). The docking results of all the 12 compounds with PfCCT 
along with their Fitness scores are shown in Table 2.  
 

    
 

(a) Quinidine                                                        (b) Diphenhydramine 
 

Figure 5:  Shows H-Bond interactions of (a) Quinidine and (b) Diphenhydramine with PfCCT 
 

 
 

Figure 6: Best DS catalyst pharmacophore model (Hypo 1) illustrating the hydrophobic regions (light blue), the hydrogen bond acceptor 
(green) and the positive  ionizable region (red) 

 
Pharmacophore model generation and validation 
Important common pharmacophore hypotheses are computed by HipHop algorithm for the selected inhibitors of 
pfpmt and pfcct, inorder to find the chemical features shared by them and also for assuming the relative alignment of 
the compounds with the best derived common feature pharmacophore model.By selecting the features obtained 
through the results of Feature Mapping protocol, the pharmacophore generation run was performed along with 902 
diverse conformers of all the active inhibitor molecules. The common pharmacophoric features are obtained as top 
10 hypotheses with their ranking scores ranging from 65.093 to 57.783 (Table 3). Table 3 reports the top 10 
pharmacophore models along with the displayed features and maxFit values. Among the generated hypotheses, 
Hypo1 to 8 consisting of four features, one positive ionizable, one hydrogen bond acceptor and two hydrophobic 
features while the Hypo9 and 10 containg three features, one ring aromatic one positive ionizable and one 
hydrophobic features.The pharmacophore which scored the highest ranking score is chosen as the most accurate 
pharmacophore hypothesis (Hypo 1) (Figure 6). The top ranking pharmacophore model Hypo 1 was used to 
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determine the mapping of the most active compounds and estimate the fit values for each compound. The predicted 
fitvalues of the active compounds from the most accurate hypothesis Hypo 1 is given in Table 4. The fit values of all 
the compounds molecules were ranging from 3.99 to 0.674 of highly mapped molecule to molecule showing low 
mapping. Remarkably, the highest active compounds Quinidine mapped well on all the chemical features  of the 
Hypo1 model with good fitting scores of 3.786 indicating that the Hypo1 model provides reasonable 
pharmacophoric characteristics of PfCCT inhibitors for components of their activities. The features mapping of high 
active molecule Quinidine on the generated best pharmacophore Hypo 1 is shown in Figures 8. 

 

 
 

Figure 7:  The most active compound Quinidine mapping the common feature pharmacophore Hypo 1 
 

Table 1: Percentage of the residues in the core region of the Ramachandran Plot 
 

Structure Modeled PfCCT 
Core 94.5 
Allowed 4.0 
Generous 1.5 
Disallowed 0.0 

 
Table2: Gold Scores and interaction of 12 ligands with PfCCT 

 

Compound Fitness score S(hb_ext) S(Vdw_ext) S(hb_int) S(int) Interacting atoms 
H-Bond 
Distance 

Diphenhydramine 36.38 0.0 37.60 0.0 -91.67 Asn41:ND2…N10(L) 1.875 

Quinidine 36.61 0.0 32.19 0.0 -7.66 

Asp41 :ND2...N3(L) 
Asp41 :ND2...C14(L) 
Lys137:OH...O1H(L) 
Val 45: NH..O1H(L) 
Val142:OH…C20(L) 

2.085   
2.631   
 2.448  
 2.475   
2.484 

Amodiaquine 29.70 0.28 37.60   
Val 45: NH...O1H(L) 
Asp41 :ND2...N3(L) 

2.475 
2.085 

Chloroquine 23.77 0.0 29.87 0.0 -19.52 
Arg140:HA…C3(L) 
Pro46:HD1…H35(L) 

1.875 
1.307 

Chlorpromazine 34.17 2.80 31.16 0.0 -.9.54 Asp41:ND2..N10(L) 2.397 

DCMB 31.36 0.0 29.98 0.0 -4.84 
Asp41 :ND2...N3(L) 
Lys137:OH...O1H(L) 

1.821 
1.479 

Dodecyltrimethyl 
Ammonium 

31.98 0.0 29.63 0.0 -16.68 
Lys137:OH...O1H(L) 
Val  45: NH..O1H(L) 

2.448 
2.475 

Hexadecylphosphocholine 26.43 0.0 46.81 0.0 -33.34 -  
Hexadecyltrimethylammonium 23.43 0.0 31.11 0.0 -17.21 -  
Quinacrine 26.72 0.0 36.78 0.0 -27.58 Arg140: HA...C3(L) 1.875 

Quinine 34.73 0.0 29.90 0.0 -7.37 
Val142:O…N15(L) 
Lys187:O…C5(L) 

1.977 
2.376 

Tacrine 32.90 5.78 19.73 0.0 0.0 

Asp43:O…..N10(L) 
Asn41:ND2…N10(L) 
Arg140:HA..C3(L) 
Val142:O…N15(L) 

2.288 
2.397 
1.875 
1.977 
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Table 3: Features shared by top 10 hypotheses in common feature pharmacophore generation 
 

Hypo Features Rank Direct Hit Partial Hit Max Fit 
01 PHHA 65.093 1111111 0000000 4 
02 PHHA 64.240 1111111 0000000 4 
03 PHHA 62.002 1111111 0000000 4 
04 PHHA 60.719 1111111 0000000 4 
05 PHHA 60.156 1111111 0000000 4 
06 PHHA 59.228 1111111 0000000 4 
07 PHHA 58.553 1111111 0000000 4 
08 PHHA 58.403 1111111 0000000 4 
09 RPH 57.834 1111111 0000000 3 
10 RPH 57.783 1111111 0000000 3 

 
Table 4: Predicted fit values of the active compounds from the hypothesis Hypo 1 

 
Compound name Fit value Pharmprint 
Amodiaquine 3.999 '1111' 
Quinidine 3.786 '1111' 
Chloroquine 3.703 '1111' 
Quinacrine 2.443 '1111' 
Quinine 1.907 '1111' 
Chloropromazine 0.793 '1111' 
Diphenhydramine 0.674 '1111' 

 
CONCLUSION 

 
In the present study, based on the selected template 3HL4, the 3D structural model for PfCCT is predicted and 
validated. Further molecular docking of 12 natural compounds with our modeled target structure reveals that  the 
binding affinity of compound Quinidine  with PfCCT is high showing significant interactions suggesting their 
inhibitory activity. The pharmacophore results also indicate that the compound Quinidine is well matched with the 
obtained pharmacophore model features with good fitvalues. This study reveals that   Quinidine is a  potential 
inhibitors of PfCCT respectively as targeted for malaria, to act as a drug candidate. Yet pharmacological study will 
confirm it to be promising in future. 
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Abstract: A series of Acyl homoserine lactone derivatives against quorum sensing (QS) 

enhanced transcriptional regulator SdiA of S. typhimurium were used to establish the 

physicochemical and structural requirements for the inhibition of QS using 2D- and  

3D-QSAR methods. The QSAR model was developed by employing 35 compounds as a training 

set and the predictive ability was assessed by a test set of 12 compounds.  

The best 2D-QSAR model for the prediction of SdiA, quorum sensor inhibitory activity has 

been developed using Multiple Linear Regression (MLR) method (giving r2 = 0.8012 and  

q2 = 0.657), Principal Component Regression (PCR) method (giving r2 = 0.8104 and  

q2 = 0.625), and Partial Least Squares Regression (PLS) method (giving r2 = 0.8023 and  

q2 = 0.648). The best model for 3D-QSAR has been obtained using Comparative Molecular 

Field Analysis (CoMFA) method, giving r2 = 0.896 and q2 = 0.772. The 2D-QSAR results 

revealed that the most important descriptors for predicting the anti-quorum sensing activity 

were alignment-independent descriptors and the topology index descriptors. The 3D-QSAR 

results of CoMFA contour maps impart some important structural features-like 

electronegative substituent (Br, Cl, F) on lactone ring favors the strong inhibitory activity. 

These results will be further useful for development of new quorum sensing inhibitors with 

structural diversity. 

 

Keywords: Salmonella typhimurium, 2D-QSAR, 3D-QSAR, CoMFA, QS inhibitors. 

 

Introduction 
Salmonella typhimurium is an enteric bacterium causing gastroenteritis, a life threatening 

disease in human beings. In recent years problems related to Salmonella have increased both in 

terms of prevalence and severe cases of human salmonellosis and millions of human cases are 

reported worldwide every year resulting in thousands of mortality [26]. Worldwide, nearly  

21.6 million cases of typhoid fever resulting in 200,000 deaths are estimated every year [3].  

In Asia, the rate of incidence of typhoid fever is estimated to be 900 per 100,000 people per 

annum [17]. In contrast, human gastroenteritis is increasing because of food contamination.  
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The Ernest surveillance program reported S. typhimurium on gastrointestinal disorders 

characterized by high morbidity but low mortality [27]. Globally, the incidence of 

gastroenteritis is estimated at 1.7 billion cases per year resulting about 3 million deaths.  

In United States, there are an estimated 1.5 million new cases of non-typhoidal Salmonella 

infections every year [24]. Computational techniques are commonly applied for structure 

determination and functional elucidation of specific proteins of S. typhimurium [20, 31]. 

 

In general, gram-negative bacteria including S. typhimurium communicate with each other by 

producing chemical signal molecules that are released into the surrounding environment.  

These signal molecules upon reaching the quorum, activate certain target genes to respond to 

the population density which is termed as quorum sensing (QS) [9, 33]. Most of the gram-

negative bacteria encodes LuxR/LuxI QS system of Vibrio fischeri, where the N-(3-oxo) 

homoserine lactone (AHLs) are produced by signal synthase, LuxI and reaches LuxR, a signal 

receptor to modulate the gene expression of various genes and virulence factors [8, 22].  

The species of our interest S. typhimurium encodes only LuxR homologue, termed as SdiA 

(Suppressor of cell division inhibition A). Due to the absence of LuxI homologs [25],  

S. typhimurium sense the AHLs produced by Yersinia enterocolitica [12] which activates two 

Salmonella-specific loci, srgE (SdiA regulated gene E) and the rck (resistance to complement 

killing) operon and also the Salmonella’s colonization in the intestine [28].  

 

In gram-negative bacteria including S. typhimurium, brominated furanones were reported to 

have inhibitory activity against SdiA, the LuxR homologue [4, 29]. Gnanendra et al. [12] earlier 

studied and reported the binding interactions of SdiA and the four AHLs of Y. enterocolitica. 

Their studies revealed that the lactone ring and alkyl chains of AHL molecules are crucial in 

forming the interactions with in the active site of SdiA. The importance of crucial active site 

residues favoring the interaction with ligands suggested that the compounds substituted with 

suitable groups on the lactone ring and alkyl chain might be the best inhibitors  

of Salmonella SdiA [23]. 

 

Since there were only a few reports concerning the activity of halogenated furanones on 

Salmonella [15], here we present our quantitative structure-activity relationship (QSAR) 

analysis of the series of brominated furanones and N-Acyl homoserine lactone derivatives by 

2D- and 3D-QSAR models, which may guide rational synthesis of potent novel compounds. 

 

The 2D-QSAR model was derived from various regression methods such as Multiple Linear 

Regression (MLR), Principle Component Regression (PCR), Partial Least Squares (PLS) and 

the development of 3D-QSAR models was derived from the most widely used computational 

3D-CoMFA method [1]. The study was performed by using structurally diverse sets of  

N-Acyl homoserine lactone QS inhibitors from the literature with reported IC50 values.  

In total 47 compounds were used for the study and the 2D- and 3D-QSAR models were 

developed using a training set of 35 compounds, and the predictive ability of the QSAR models 

was assessed by using a test set of 12 compounds.  

 

Materials and methods 

Biological activities and dataset for 2D-QSAR 
Reported quorum sensing inhibitors ex-vivo dataset of 47 brominated furanones and N-Aryl 

homoserine lactone derivatives with the experimental biological activities, in the form of IC50 

(µM) values (Fig. 1) were selected from the literature [11, 19, 30]. The IC values spanning a 

range of 0.21 µM to 1000 µM provide a broad spectrum data set for 2D-QSAR study.  

The biological activities were converted into pIC50 to correlate the linear data to the free energy 



 INT. J. BIOAUTOMATION, 2016, 20(4), 441-456 
 

443 

change and to use as a dependant variable for the development of a valid 2D- and  

3D-QSAR models. For all these compounds 2D structures were sketched using  

ACD-chemsketch and converted to 3D structures using their SMILES notation at  

“Online SMILES convertor and Structure file generator” [16]. Merck molecular force field and 

charge were used for Energy minimization and geometry optimization running at maximum 

number of 1000 cycles and RMS gradient at 0.01 using “small molecule” module at Discovery 

Studio [6]. 

 

 

Fig. 1 Dataset of 47 brominated furanones and N-Aryl homoserine lactone derivatives 

 

Molecular descriptors 
As the 2D-QSAR studies require the molecular descriptors, the optimized geometries of the 

molecules were used to calculate the 4 different types of descriptors namely topological, 

electronic, geometrical and constitutional descriptors. These descriptors encode different 

aspects of molecular structure and consist of electronic, element counts, molecular weight, 

molecular refractivity, logP and topological descriptors (Table 1). The invariable (constant) 

columns of independent variables (i.e., descriptors) were removed and later used for QSAR 

analysis. The 2D-QSAR and molecular descriptors calculations were done using “QSAR 

module” at Discovery Studio [6] and Molecular descriptor calculation server [14]. 

 

Selection of training and test set 
The dataset of 47 molecules was divided into training set (35 compounds, Table 2) and test set 

(12 compounds, Table 3) by Sphere Exclusion (SE) method [16]. The unicolumn statistics 
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(Table 4) reveals the perfect selection test and training sets. A total of 178 descriptors were 

calculated using Molecular descriptor calculation server [14]. The calculated molecular 

descriptors with same value and highly correlating with other descriptors were excluded.  

The remaining 9 significant descriptors were calculated for all the 47 molecules. The top five 

significant descriptors were considered for generating the 2D-QSAR using regression analysis.  

 

Table 1. Types of descriptors used in the study 

Sl. 

No. 

Type of 

descriptor 

Descriptor 

used 
Symbol Description 

1. Topological 

Eccentric 

connectivity 

index 

ECCEN 

A descriptor combining distance 

and adjacency information. 

2. Topological Zagreb index Zagreb 
The sum of the squared atom 

degrees of all heavy atoms 

3. Topological WHIM Weta3.unity 
Holistic descriptors described  

by Todeschini et al. 

4. Topological 
Autocorrelation 

charge 
ATSc1 

The Moreau-Broto 

autocorrelation descriptors  

using partial charges. 

5. Topological Wiener numbers WPOL 
Calculates Wiener path number 

and Wiener polarity number. 

6. Electronic 
Charged partial 

surface area 
RNCS 

Descriptors combining surface 

area and partial charge 

information. 

7. Constitutional 
HBond donor 

count 
nHBon 

Calculates the number of 

hydrogen bond donors. 

8. Geometrical 
Gravitational 

index 
GRAV-1 

Descriptor characterizing  

the mass distribution  

of the molecule. 

9. Geometrical 
Moment of 

inertia 
MOMI-R 

Calculates the principal moments 

of inertia and ratios  

of the principal moments. Als 

calculates the radius of gyration. 

 

Regression analysis 
The regression analysis of dataset comprising of 35 training set molecules was carried out by 

MLR, PCR, and PLS as model building methods. The pIC50 values of the 35 molecules were 

used as dependent variable and various descriptors as independent variables to generate the 

QSAR models with the parameters of cross-correlation limit of 0.5 [32]. The models were 

evaluated by means of statistical measures such as number of data points n, multiple correlation 

co-efficient r, standard error of estimate s, Fisher ratio between the variances of observed and 

predicted activities F, cross-validated r2 obtained by the Leave-One-Out (LOO) method q2. 

 

Multiple linear regression (MLR) analysis 
The linear relationship between a dependent variable Y (pIC50) and independent variable X  

(2D descriptors) is established by Multiple Linear regression. The method least square curve 

fitting is used in MLR to estimate the regression coefficients (r2) values as the MLR is based 

on least squares. A relationship in the form of linear straight line that estimates all the individual 

data points is created by the model. 
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Table 2. Training set molecules with IC50 and pIC50 values 

Sl. No. Compound number IC50 value pIC50 value 

1.  Comp 1 17 4.76 
2.  Comp 3 11 4.95 
3.  Comp 4 45 4.34 
4.  Comp 6 50 4.3 
5.  Comp 7 17.9 4.74 
6.  Comp 8 199.9 3.699 
7.  Comp 10 23.12 4.63 
8.  Comp 11 10.74 4.96 
9.  Comp 13 1000 3 
10.  Comp 14 19.42 4.71 
11.  Comp 16 65.89 4.18 
12.  Comp 17 1.25 5.9 
13.  Comp 18 4.63 5.33 
14.  Comp 20 0.61 6.21 
15.  Comp 21 0.81 6.09 
16.  Comp 22 0.92 6.036 
17.  Comp 24 4.7 5.32 
18.  Comp 25 2.4 5.61 
19.  Comp 27 1.8 5.74 
20.  Comp 28 1.1 5.98 
21.  Comp 29 4.3 5.36 
22.  Comp 30 2.7 5.56 
23.  Comp 31 0.62 6.2 
24.  Comp 33 0.44 6.35 
25.  Comp 34 1.6 5.79 
26.  Comp 35 0.29 6.53 
27.  Comp 36 4.3 5.36 
28.  Comp 38 6.8 5.16 
29.  Comp 39 12 4.92 
30.  Comp 40 3.3 5.48 
31.  Comp 42 2.1 5.67 
32.  Comp 43 1.8 5.74 
33.  Comp 44 1.1 5.95 
34.  Comp 46 1.6 5.79 
35.  Comp 47 3.4 5.46 

 
Table 3. Test set molecules with IC50 and pIC50 values 

Sl. No. Compound number IC50 value pIC50 value 

1.  Comp 2 13 4.88 
2.  Comp 5 90 4.04 
3.  Comp 9 57.46 4.24 
4.  Comp 12 160.1 3.79 
5.  Comp 15 1000 3 
6.  Comp 19 2.25 5.64 
7.  Comp 23 8.4 5.07 
8.  Comp 26 4.2 5.37 
9.  Comp 32 0.51 6.29 
10.  Comp 37 8.9 5.05 
11.  Comp 41 3.3 5.48 
12.  Comp 45 0.21 6.67 
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Table 4. Uni-column statistics of the training and test sets for QSAR models 

Data set Column name Average Max Min SD Sum 

2D-QSAR       

Training set pIC50 5.30 6.53 3.00 0.7808 185.80 

Test set pIC50 4.96 6.67 4.88 1.0529 59.52 

3D-QSAR       

Training set pIC50 5.30 6.53 3.00 0.7808 185.80 

Test set pIC50 4.96 6.67 4.88 1.0529 59.52 

 
MLR analysis includes more than one independent variable based on the regression analysis 

where the conditional mean of dependant variable (pIC50) Y depends on independent variable 

(descriptors) X. Regression equation has the form 
 

1 1 2 2 3 3Y b x b x b x c    , 

 

where Y is dependent variable; bi are regression coefficients; xi are independent variables and;  

c is regression constant [2, 5].  

 

Principal component regression (PCR) method 
Principal component regression is a data compression method for finding the structures in 

datasets and aims to group correlated variables and replace the original descriptors by new set 

termed as principal components (PCs). The PC value at each point is obtained by rotating the 

data into a new set of axes such that most of the variations within the data reflect the first few 

axes. The data in the decreasing order of variance is selected by PCA as a new set of axes to 

estimate the dependent variable value based on the selected Principle Components of 

independent variables [7]. 

 

Partial least squares regression (PLSR) method 
The relationship of one or more dependent variable (Y) with several independent (X) variables 

can be established by PLS. This popular regression method is used when the number of 

independent variables exceeds the number of observations. PLSR aims to describe the common 

structure by predicting the activity (Y) from X [15].  

 

Validation of QSAR model 
The generated models were evaluated by using following statistical measures: correlation 

coefficient r, which accounts for variance in activity. The internal consistency of equation 

predictive powers is cross-validated by LOO method expressed as the cross-validated squared 

correlation coefficient (q2). The q2 is defined as  
 

   
2 22

pred act act mean1 /q Y Y Y Y    ,  

 

where Ypred, Yact, Ymean are predicted, actual and mean values of the target property (pIC50) 

respectively;  
2

pred actY Y is the predictive residual error sum of squares (PRESS), an 

important cross-validation parameter as is a good approximation of the real predictive error of 

the model [21].  
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3D-QSAR studies and dataset  
The same dataset of 47 molecules used in 2D-SQAR studies were again used for 3D-QSAR 

analysis. For the 3D-QSAR analysis we used CoMFA model [1]. This method enables to predict 

biological activity of specific molecules by deriving a relationship between electrostatic⁄steric 

properties and biochemical activities, which can be plotted on contour maps. Comparative 

molecular field analysis calculates steric fields using Lennard-Jones potential and electrostatic 

fields using a Coulombic potential. For this CoMFA model, the IC50 values were converted to 

the corresponding logpIC50 and used as dependent variables. The 3D-QSAR analyses were 

carried out using “3D-QSAR module” of Discovery Studio [6].  

 

Alignment procedure 
Molecular alignment is an important method in 3D-QSAR, related to the conformational 

flexibility of molecules. Using Systemic conformational search method (grid search) all 

possible conformations were generated with varying torsion angles and the lowest energy 

conformers were selected. The template-based alignment method was used to align all the  

35 compounds by defining template structure as a basis [18] in the create QSAR option from 

small molecule module of Discovery studio [6]. To generate the predictive QSAR model, the 

most active compound’s lactone ring was used a template to align all the compounds.  

 

Descriptors calculation 
The Tripos force field and Gasteiger and Marsili charge types are used to calculate the 

electrostatic, steric and hydrophobic field descriptors [10]. The distance-dependent dielectric 

function probe as carbon atom with charge 1.0 and dielectric constant of 1.0 are considered to 

calculate the field descriptors (electrostatic and steric). 

 

Comparative molecular field analysis (CoMFA) 
The regular space grid of 2.0 Å in all the three dimensions is used to calculate the CoMFA steric 

and electrostatic potential fields at each lattice intersection within the defined region [1].  

The sp3 carbon atom with a radius of 1.52 Å and +1.0 charge was used to calculate the steric 

and electrostatic fields representing the van der Waals potential (Lennard-Jones 6-12) and 

columbic terms. The contributions of steric and electrostatic interactions are terminated at  

±30 kcal/mol and the electrostatic contributions are ignored with the maximum steric 

interactions of lattice intersections. 

 

Partial least squares (PLS) analysis  
The CoMFA interaction energies pertaining to structural parameters and biological activities 

relationship is quantified by PLS analysis. The PLS regression takes advantages of greater 

number of descriptors (independent variables) comparable to number of compounds  

(data points) [13]. LOO method is used for cross-validation analysis in which the activity is 

predicted by leaving one compound from the dataset. The optimum number of components and 

the cross-validated q2 value were obtained by using a minimum column filtering value (σ) of 

2.00 kcal/mol to speed up the analysis with reduced noise [34]. The non-cross-validated r2 value 

was obtained by employing the optimum number of previously identified components used to 

analyse the CoMFA result. 

 

Results and discussion 
Generation of 2D-QSAR models 
The detailed description of the descriptors used to generate the 2D-QSAR models were given 

in Table 1. Several QSAR models were derived for the 2D-QSAR studies on a series of 
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Brominated Furanones and N-Aryl homoserine lactone and the statistically significant QSAR 

models is discussed. 

 

Multiple linear regression analysis 
pIC50 = + 0.0025 (± 0.0094) ECCEN  0.0180 (± 0.0436) Zagreb + 4.9151 (± 9.8709) 

weta3.unity  0.0610 (± 0.0772) RNCS + 0.5308 (± 1.5955) nHBDon + 3.5910 (± 5.5780)  

(n = 35; r = 0.937; r2 = 0.8012; s = 0.462; F = 21.611; p < 0.0001; q2 = 0.657;  

SPress = 0.563; SDEP = 0.520) 

 

Principle component regression method 
pIC50 = + 0.2863 (± 0.0758) MOMI + 0.3045 (± 0.2636) ECCEN  0.2580 (± 0.5120) Zagreb 

+ 0.5124 (± 0.6640) GRAV-1  0.5533 (± 0.7446) Wpol + 5.3087 (± 0.1573)  

(n = 35; r = 0.943; r2 = 0.8104; s = 0.455; F = 21.226; p < 0.0001; q2 = 0.625;  

SPress = 0.582; SDEP = 0.538) 

 

Partial least square method 
pIC50 = + 0.2965 (± 0.0776) weta3.unity + 0.2869 (± 0.2959) ECCEN  0.0367 (± 0.3149) 

ATSc-1 + 0.4306 (± 0.5850) GARV-1  0.6770 (± 1.3104) Zagreb + 5.3087 (± 0.1595)  

(n = 35; r = 0.938; r2 = 0.8023; s = 0.461; F = 20.683; p < 0.0001; q2 = 0.648;  

SPress = 0.568; SDEP = 0.525) 

 

The above QSAR equations explain the variance in biological activity by a correlation 

coefficient r2 and the models predictability is evaluated by q2 using LOO method. In the model, 

ratio of variance due to error in regression is reflected by high F value indicating statistically 

significant. 

 

Interpretation of 2D-QSAR models 
Generated equations of MLR, PCR and PLS indicate the negative contribution of topological 

descriptor  Zagreb. The electronic descriptor, Charged Partial surface Area denoted by RNCS 

indicates negative contribution in MLR. In PCR, The topological descriptor, Weiner polarity 

number denoted by Wpol is showing negative contribution. The topological descriptor auto 

correlation charge denoted by ATSc-1 indicates the negative contribution in PLS. Topological 

descriptors, Eccentric Connectivity Index denoted by ECCEN used for combining distance and 

adjacency information and weta3.unity (holistic descriptor) WHIM and Constitutional 

Descriptor, nHDon are indicating the positive contribution in MLR equation.  

 

In PCR equation, topological descriptors, ECCEN and the geometrical descriptors GRAV-1 

used for mass distribution of the molecule and MOMI (Moment of inertia) explaining the radius 

of gyration indicate the positive contribution. In case of PLS equation, the topological 

descriptors, ECCEN and weta3.unity and geometrical descriptor, GRAV-1 indicate positive 

contribution. The descriptors contribution is shown in Fig. 2. The regression analysis equation 

is statistically significant with better correlation coefficient (r) which accounts for more than 

90% of variance in activity. The LOO cross-validation method, PRESS, cross-validated q2 and 

standard deviation were considered for the validation of the predictive powers of the equations 

for the models. The statistically significant parameter values of MLR, PCR and PLS are 

summarized in Table 5. The actual and predicted values of the best models of MLR, PCR and 

PLS of the training set are given in Table 6 with the residual values and their respective plots 

in Fig. 3.  
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a) Multiple linear regression b) Principle component regression 

 
c) Partial least square analysis 

Fig. 2 Descriptors contribution chart for 2D-QSAR 

 

 

  
a) Multiple linear regression b) Principle component regression 

 
c) Partial least square analysis 

Fig. 3 Observed vs predicted activities plot of best models of training set 
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Table 5. Statistical results of 2D-QSAR equation generated by MLR, PCR and PLS methods 

Sl. No. Statistical parameters 
Results 

MLR PCR PLS 

1. n 35 35 35 

2. r 0.937 0.943 0.938 

3. r2 0.8012 0.8104 0.8023 

4. s 0.462 0.455 0.461 

5. F 21.611 21.226 20.683 

6. p < 0.0001 < 0.0001 < 0.0001 

7. q2 0.657 0.625 0.648 

8. Spress 0.563 0.582 0.568 

9. SDEP 0.520 0.538 0.525 

 

The MLR, PCR and PLS models were validated by the test (12 compounds) that are excluded 

from the training set during the model development. Their residual values were given in  

Table 7 and respective plots in Fig. 4. The plots of observed versus predicted activity of MLR, 

PCR and PLS training set reveals the model accuracy with training set and the plots of test set 

show the activity prediction of the external test set. The result from cross-validated analysis 

was expressed in the terms of cross-validated squared correlation coefficient (q2).  

The approximation of real predictive error of the model is given in the terms of PRESS, an 

important cross-validation parameter. In general the coefficient of determination r2 (> 0.7); 

cross-validated r2, q2 (> 0.5) F-test (higher is better) represents the models as a statistically 

significant. The generated MLR, PCR and PLS equations shows the r2 of 0.8012, 0.8104 and 

0.8023 respectively. The cross-validated squared coefficient q2 of 0.657 (MLR), 0.625 (PCR) 

and 0.648 (PLS) suggests good correlation between the topological, constitutional and 

geometrical descriptors and inhibitory activity. 

 

3D-QSAR model generation and interpretation 
CoMFA method is used for 3D QSAR modelling to generate relationships between molecular 

fields and inhibitory activity of AHL analogs. In general, despite of drug-receptor interactions, 

the CoMFA analysis can give a statistically significant model. The training set comprising  

of 35 compounds was used to generate the CoMFA model and validated by using test set 

comprised of 12 compounds. The increase or decrease in the activities based on the variation in 

the structural features of the different compounds were specified by the steric (S) and 

electrostatic (E) descriptors accompanied by its number indicating its position in 3D MFA grid. 

The criteria for the model selection are based on the q2 values and its internal predictive ability. 

In CoMFA QSAR models, distorted grid spacing is observed as a change in the q2 values.  

 

The model with the grid spacing of 2.0 Å was selected as the best model by cross-validating 

value (q2) after LOO cross-validation. The statistical parameters of CoMFA analysis is 

compiled in Table 8. A cross-validated value (q2) of 0.772 of the best model was obtained 

through LOO analysis, which suggests that the model is a helpful tool for predicting inhibitory 

activity of Salmonella SdiA binding inhibitors. 

 

The 0.834 relative contributions of steric and 0.612 of electrostatic fields indicates that steric 

field is more predominant. Further, the new q2 and r2 values of 0.772 and 0.869 respectively 

was studied in a condition without electrostatic field. Basically the electrostatic contribution 

was taken to be negligible. The contour plot generated as scalar products of coefficients and 

standard deviation associated with each CoMFA column are shown in Fig. 5. 
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Table 6. Observed, predicted activities, and residual values of statistically significant models 

obtained by MLR, PCR and PLS (2D-QSAR) of training set compounds 

Sl. 

No. 
Compound 

Observed 

pIC50 

Predicted 

pIC50 by 

MLR 

Residual 

Predicted 

pIC50 by 

PCR 

Residual 

Predicted 

pIC50 by 

PLS 

Residual 

1.  Comp 1 4.76 4.39 0.37 4.37 0.39 3.96 0.8 

2.  Comp 3 4.95 4.45 0.5 4.56 0.39 4.44 0.51 

3.  Comp 4 4.34 4.52 -0.18 4.58 -0.24 4.79 -0.45 

4.  Comp 6 4.3 4.29 0.01 4.70 -0.4 4.56 -0.26 

5.  Comp 7 4.74 4.45 0.29 4.56 0.18 4.44 0.3 

6.  Comp 8 3.699 4.45 -0.751 4.44 -0.741 4.43 -0.731 

7.  Comp 10 4.63 4.52 0.11 4.58 0.05 4.79 -0.16 

8.  Comp 11 4.96 4.14 0.82 4.64 0.32 4.33 0.63 

9.  Comp 13 3 4.11 -1.11 4.00 -1 3.92 -0.92 

10.  Comp 14 4.71 4.47 0.24 4.16 0.55 4.42 0.29 

11.  Comp 16 4.18 4.47 -0.29 4.16 0.02 4.42 -0.24 

12.  Comp 17 5.9 5.75 0.15 5.95 -0.05 5.99 -0.09 

13.  Comp 18 5.33 5.67 -0.34 5.67 -0.34 5.83 -0.5 

14.  Comp 20 6.21 5.77 0.44 6.05 0.16 5.80 0.41 

15.  Comp 21 6.09 5.62 0.47 5.95 0.14 5.57 0.52 

16.  Comp 22 6.036 5.58 0.456 5.34 0.696 5.58 0.456 

17.  Comp 24 5.32 5.49 -0.17 6.03 -0.71 5.64 -0.32 

18.  Comp 25 5.61 5.71 -0.1 5.78 -0.17 5.75 -0.14 

19.  Comp 27 5.74 5.96 -0.22 5.77 -0.03 5.85 -0.11 

20.  Comp 28 5.98 6.01 -0.03 5.91 0.07 5.98 0 

21.  Comp 29 5.36 5.82 -0.46 5.89 -0.53 5.64 -0.28 

22.  Comp 30 5.56 6.06 -0.5 5.96 -0.4 6.00 -0.44 

23.  Comp 31 6.2 6.00 0.2 5.74 0.46 5.97 0.23 

24.  Comp 33 6.35 5.93 0.42 5.83 0.52 6.19 0.16 

25.  Comp 34 5.79 5.91 -0.12 6.24 -0.45 5.93 -0.14 

26.  Comp 35 6.53 5.93 0.6 5.92 0.61 5.93 0.6 

27.  Comp 36 5.36 5.55 -0.19 5.30 0.06 5.31 0.05 

28.  Comp 38 5.16 5.63 -0.47 5.43 -0.27 5.41 -0.25 

29.  Comp 39 4.92 5.67 -0.75 5.51 -0.59 5.48 -0.56 

30.  Comp 40 5.48 5.61 -0.13 5.30 0.18 5.44 0.04 

31.  Comp 42 5.67 5.54 0.13 5.41 0.26 5.65 0.02 

32.  Comp 43 5.74 5.60 0.14 5.42 0.32 5.79 -0.05 

33.  Comp 44 5.95 5.50 0.45 5.50 0.45 5.50 0.45 

34.  Comp 46 5.79 5.55 0.24 5.47 0.32 5.42 0.37 

35.  Comp 47 5.46 5.67 -0.21 5.69 -0.23 5.66 -0.2 

 

In Fig. 5a green contours indicate steric bulk groups needed to increase activity, while yellow 

contours are unfavourable regions that can decrease the activity. In Fig. 5c blue contours 

indicate electro positive charges correlating with activity and the H-bond donor regions and the 

red contour indicates the relationship between negative charge and activity and also the H-bond 

acceptor regions. The green and yellow colored contours represent steric interactions whereas 

red and blue colored contours represent electrostatic interactions. The green colour indicates 

the favourable region for bulky substituents and yellow showing unfavourable regions. 
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a) Multiple linear regression b) Principle component regression 

 
c) Partial least square analysis 

Fig. 4 Observed vs predicted activities plot of best models of test set 

 
Table 7. Observed, predicted activities, and residual values of statistically significant models 

obtained by MLR, PCR and PLS (2D-QSAR) of training set compounds 

Sl. 

No. 
Compound 

Observed 

pIC50 

Predicted 

pIC50 by 

MLR 

Residual 

Predicted 

pIC50 by 

PCR 

Residual 

Predicted 

pIC50 by 

PLS 

Residual 

1.  Comp 2 4.88 4.50 0.38 4.44 0.44 4.14 0.74 

2.  Comp 5 4.04 3.84 0.20 3.75 0.29 4.15 -0.11 

3.  Comp 9 4.24 4.34 -0.10 4.52 -0.28 4.78 -0.54 

4.  Comp 12 3.79 3.48 0.31 3.87 -0.08 3.63 0.16 

5.  Comp 15 3.00 3.79 -0.79 3.19 -0.19 3.30 -0.30 

6.  Comp 19 5.64 5.80 -0.16 5.43 0.21 5.44 0.20 

7.  Comp 23 5.07 5.16 -0.09 5.78 -0.71 5.15 -0.08 

8.  Comp 26 5.37 5.56 -0.19 5.57 -0.2 5.33 0.04 

9.  Comp 32 6.29 6.43 -0.14 6.29 0 6.35 -0.06 

10.  Comp 37 5.05 5.01 0.04 5.13 -0.08 5.13 -0.08 

11.  Comp 41 5.48 5.13 0.35 5.37 0.11 5.57 -0.09 

12.  Comp 45 6.67 6.49 0.18 6.18 0.49 6.55 0.12 

 
Table 8. PLS statistics of CoMFA 3D-QSAR 

Sl. No. PLS statistics CoMFA values 

1.  q2 (LOO cross-validated predicted power of model) 0.772 

2.  r2 (correlation coefficient squared of PLS analysis) 0.896 

3.  
N (optimum number of components obtained from  

cross-validated PLS analysis) 
3 

4.  Standard error of estimate (SEE) 0.036 

5.  F-test value 1598.65 

6.  R2 prediction 0.368 

7.  Steric field contribution from CoMFA 0.834 

8.  Electrostatic field contribution from CoMFA 0.612 
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a) The steric contour map 
b) The steric contour map 

with most active training compound 

  

c) The electrostatic contour map 
d) The electrostatic contour map 

with most active training compound 

Fig. 5 CoMFA contour maps 

 

The increase in positive charge and H-bond donor regions are favored in blue region while 

increase in negative charge and H-bond acceptor regions are favored in red region. The steric 

bulk substituents at green color regions are required to increase the inhibitory activity, while 

the substitution of steric bulk substituents at yellow color regions are unfavourable for the 

inhibitory activity. The electropositive charged groups enhancing inhibitory activity are shown 

in blue colored regions, whereas the electronegative charged groups to improve the activity 

with the presence of H-bond acceptors are shown in red regions. Therefore, electron 

withdrawing groups like Br, Cl and F substitutions on lactone ring may significantly increase 

the inhibition activity of halogen substituted AHLs against SdiA, a potent quorum sensor 

responsible for Salmonella typhimurium pathogenecity.  

 

Conclusion 
The 2D-QSAR results revealed that the most important descriptors for predicting the anti-

quorum sensing activity were the topological and geometrical descriptors. Further, this QSAR 

study provides a significant approach to understand the structural and electrostatic requirements 

of the ligand and its derivative for efficient binding within the SdiA receptor. The 3D-QSAR 

studies revealed that the steric bulk groups present on the preferred location of analogs plays a 

crucial role to improve the activity and also the possible role of vander waals and electrostatic 

interactions. The CoMFA contour maps impart some important structural features-like 

electronegative substituent (Br and Cl) on lactone ring favors the strong inhibitory activity. 

These results are helpful to design more potent and selective SdiA, quorum sensor inhibitors 

and also provide hints for the design of new quorum sensing inhibitors with structural diversity. 
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The naturally occurring polysaccharide hyaluronic acid (HA) is a major component of the extracellular matrix and is found over expressed in many cancer 
cells. Hyaluronic acid is reported to be a potential carrier for drug delivery with the dual advantage of accumulation at the tumor site and receptor-mediated 
uptake. The use of drugs conjugated with macromolecules was shown to improve the drug pharmacokinetic profile. The various biological potentials such as 
biodegradability, biocompatibility, non-toxicity, hydrophilicity and non-immunogenicity, together with the availability of various chemical groups that allow 
the conjugation of drugs, put forward HA as a potential choice for the development of drug conjugates. In this context, the present study is focused to provide, 
through docking studies, insights on the activity of cancer drugs such as methotrexate, 3',5'-dichloromethotrexate and ornithine-methotrexate and their activity 
against the receptor caspase-1, which is a well-established drug target in the treatment of cancer. The docking study envisages that the usage of methotrexate 
properly conjugated to the natural polysaccharide HA might serve as a potential drug to effectively treat some cancer diseases. 
 
Keywords: Hyaluronic acid, Methotrexate, Cancer, Docking studies, Drug-conjugate. 
 

 
 
INTRODUCTION 
 

The naturally occurring polysaccharide hyaluronic acid (HA) is a 
major component of the extracellular matrix and, additionally, it is 
found in the synovial fluid of joints and scaffolding that comprises 
cartilages. Peculiarly, one of its cellular receptors (CD44) it is found 
over expressed in many cancer cells [1,2]. Structurally, HA consists 
of β-(1→4)-linked D-glucopyranuronic acid and β-(1→3)-linked 2-
acetamido-2-deoxy-D-glucopyranose. Its basic disaccharide 
repeating unit presents a carboxyl group at C-5’ and two free 
hydroxyl groups at the C-2’ and C-3’ positions in the β-D-GlcpA 
and two hydroxyl groups at C-4 and C-6 position in the β-D-
GlcpNAc moiety; chemical and enzyme-catalyzed reactions at some 
of these positions have led to a wide range of derivatives [3-5].  
 
The well documented physico-chemical and biochemical 
characteristics such as network-forming and viscoelastic and 
polyelectrolitic behaviour of HA signifies its importance in 
contributing the biochemical properties of living tissues and also 
put forward this polymer as a potential nano carriers for the 
development of new anticancer drug-conjugates [6]. HA appears to 
be important in cell-cell interactions and takes part in regulating cell 
behavior during various morphogenic processes in the body [7]. The 
role of this natural polysaccharides in diseases such as various 
forms of cancers, arthritis and osteoporosis has led to the 
development of both biomaterials for surgical implants and drug 
conjugates for targeted delivery [8-10]. The use of drugs 
conjugatedwith macromolecules improves their pharmacokinetic 

profile. The various biological potentials such as biodegradability, 
biocompatibility, non-toxicity, hydrophilicity and non-
immunogenicity together with the presence of chemical groups 
favoring the conjugations with drugs put forward HA as a potential 
choice for carrier macromolecules to be employed for the 
development of drug conjugates. 
 
In cancer disease, some cells display uncontrolled growth, invasion 
and sometimes metastasis. These malignant properties differentiate 
cancer from benign tumors, which are self-limited, do not invade or 
metastasize [11]. The development of cancer is generally 
considered a multistep process driven by carcinogen-induced 
genetic and epigenetic damage in susceptible cells, which as a 
result, gain selective growth damage. Subsequently, cells may 
undergo clonal expansion as the result of activation of proto-
oncogenes and/or inactivation of tumor suppressor genes [12]. 
 
Nowadays, various types of cancers are reported spreading 
according to various mechanisms. The most frequently diagnosed 
cancers are bone, brain, breast, colon and skin cancers. There are 
many known causes of cancer like exposure to chemicals, drinking 
excess alcohol, excessive exposure to sunlight, and genetic 
differences, to name a few [13]. The caspase are a family of 
cysteine proteases that are one of the main executors of the 
apoptotic process and exist within the cell as inactive pro-forms or 
zymogens. These zymogens can be cleaved to form active enzymes 
following the induction of apoptosis [14].The origin of cancer 
involves deregulated cellular proliferation and the suppression of 
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apoptotic processes, ultimately leading to tumor establishment and 
growth. Several lines of evidence point toward the family of 
proteins playing a role in oncogenesis, via their effective 
suppression of apoptosis. The central mechanisms of apoptotic 
suppression appear to be through direct caspase and pro-caspase 
inhibition.   
 
Thus, the present study is focused to provide insights, through 
docking studies, on the activity of cancer drugs such as 
methotrexate, 3'5'-dichloromethotrexate and ornithine-methotrexate 
and their activity against the receptor of caspase-1, a well establish 
drug target in the treatment of cancer. 
 
RESULT AND DISCUSSION 
 

Globally, it is estimated that deaths from cancer will raise to 13.1 
million in 2030 [15,16] with lung, stomach, liver, colon and breast 
cancers being the most prominent causes for cancer deaths each 
year. Even though a number of advancing techniques have been put 
forward in delineating the molecular and cellular biology of cancer 
cell, the urgency in the treatment of metastatic diseases remains 
challenging. Due to certain limitation such as low specificity and 
efficacy, and high toxicity of anticancer drugs, great effort is 
devoted to the research of improved therapeutics based on 
molecular targeted approaches as alternatives to treat malignant 
tumor cells. 
 
In most of the target-based therapeutics, the drugs are made to 
differentiate the malignant and healthy tissues on the basis of their 
physiological and biochemical differences. Most prominently, the 
poor intra-tumor lymphatic drainage and the vascular leakage are 
exploited by employing passive drug delivery systems that allow 
large molecules, such as polymeric conjugates [17], liposomes [18], 
micro-particles, and nanoparticles [19], to accumulate at the tumor 
site.  In addition to this, due to the biochemical differences of 
cancerous and normal tissues, the usage of conjugated drugs may be 
proposed to selectively target over-expressed tumor specific 
receptors. Interestingly, evidence was provided that the conjugation 
of drugs with macromolecules enhances the pharmacokinetic 
profiles of the drugs themselves [20]. Furthermore, the sustained 
high intra-tumor drug levels and its lower plasma concentrations are 
driven by the slow release of the drug from the macromolecular 
carrier. This process can be effectively achieved by employing 
specific macromolecules with biodegradable linkage and suitable 
spacer, which can hold a potent anticancer agent that can 
preferentially be released within the tumor tissue [21]. The natural 
polysaccharide hyaluronic acid (HA) has the dual advantage of a 
potential accumulation at the tumor site and of a receptor-mediated 
uptake. Thus the anticancer activity of methotrexate, 3',5'-
dichloromethotrexate, ornithine-methotrexate and its HA-drug 
conjugates HA-methotrexate, HA-3',5'-dichloromethotrexate and 
HA-ornithine-methotrexate against caspase-1, a well-established 
drug target in the treatment of cancer, was explored through 
docking studies.  
 
The origin of cancer involves the deregulation of the cellular 
proliferation and the suppression of apoptotic processes that 
ultimately leads to the establishment of tumors and cell growth; 
caspase-1, as the main executor of the apoptotic process, exists 
within the cell as inactive pro-form or zymogen [22]. Since the 
central mechanisms of apoptotic suppression appear to involve 
direct caspase and pro-caspase inhibition, the choice of caspase-1 as 
potential cancer target is significantly worthy to be explored as 
alternative therapeutic choice of drugs that can exhibit their efficacy 
through the delivery by a polymer-drug conjugate.  The crystal 
structure of the human caspase-1 [23] in complex with malonate, 

determined by X-ray crystallography resolved at 1.80A0 with PDB 
ID: 1SC3, is shown in Figure 1. The drug target interactions 
between methotrexate, 3',5'-dichloromethotrexate, ornithine-
methotrexate and  HA-drug conjugates such as HA-methotrexate, 
HA-3',5'-dichloromethotrexate and HA-ornithine-methotrexate were 
explored through docking studies. 
 
Ligands: The 2D structures of potential anticancer drugs such as 
methotrexate, 3',5'-Dichloromethotrexate and Ornithine-
methotrexate and the HA-drug conjugates HA-methotrexate, HA-
3',5'-dichloromethotrexate and HA-ornithine-methotrexate sketched 
in ACD Chemsketch along with the HA dimer and HA-peptide 
linker (Phe-Phe used in HA-drug conjugates) are shown in Figure 2. 
 

 
Figure 1: Crystal structure of the human caspase-1 (PDB ID: 1SC3). 

 

 
Figure 2: 2D structures of HA-dimer, HA-peptide linker, anti-cancer drugs and        
HA-drug conjugates used in docking studies. 
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Figure 3: Docking complex and interactions of methotrexate within the active site of 
human caspase-1 (Dock score: – 26.9011 kJ/mol). 

 
Docking interactions of methotrexate: The compound 
methotrexate docked within the active site of human caspase-1 
exhibited the dock score of – 26.9011 kJ/mol. It was observed that 
the compound occupied the ligand binding site of malonate as in the 
crystal structure of human caspase-1 by favoring the H-bond 
interactions and non-bonded interactions. The amino acids Arg179, 
Gly238, Gln283, Ala285 and Arg286 favored the H-bond 
interactions and the non-bonded interactions are supported by 
His237, Ala285, Arg286 and Ser289. The docking complex and 
docking interactions of methotrexate within the active site of human 
caspase-1is shown in Figure 3. 
 
Docking interactions of 3',5'-dichloromethotrexate: The 
compound 3',5'-dichloromethotrexate docked within the active site 
of human caspase-1 exhibited the dock score of –21.6994 kJ/mol. It 
was observed that the compound occupied the ligand binding site of 
human caspase-1 by favoring the H-bond interactions with amino 
acids such as Arg179, Gly238, Gln283 and Ala285 while non-
bonded interactions were exhibited by His237, Ala285, Arg286 and 
Ser289.The docking complex and docking interactions of 3',5'-
dichloromethotrexate within the active site of human caspase-1is 
shown in Figure 4. 
 
Docking interactions of ornithine-methotrexate: The compound 
ornithine-methotrexate docked within the active site of human 
caspase-1 exhibited the dock score of –17.5100 kJ/mol. It was 
observed that the compound occupied the ligand binding site of 
malonate as in the crystal structure of human caspase-1 by favoring 
the H-bond interactions and non-bonded interactions. The amino 
acids Arg179, Gly238, Gln283, arg286 and Ser289 favored the H-
bond interactions and the non-bonded interactions are supported by 
His237, Gln283, Ala284, Ala285 and Arg286. The docking 
complex and docking interactions of ornithine - methotrexate within 
the active site of human caspase-1is shown in Figure 5. 
 
Docking interactions of HA: The compound HA docked within 
the active site of  human  caspase-1  exhibited  the  dock  score  of  

 

 
Figure 4: Docking complex and interactions of 3',5'-dichloromethotrexate within the 
active site of human caspase-1 (Dock score: –21.6994 kJ/mol). 

 

 
Figure 5: Docking complex and interactions of ornithine-methotrexate within the 
active site of human caspase-1 (Dock score: –17.5100 kJ/mol). 

 
-24.4711 kJ/mol. It was observed that the compound partially 
occupied the ligand binding site of malonate as in the crystal 
structure of human caspase-1 by favoring the H-bond interactions 
and non-bonded interactions. The amino acids Arg179, Gly238, 
Gln283, Ala285 and Gly287 favored the H-bond interactions while 
non-bonded interactions are supported by His237, Gly238, Ala284 
and Ala285. The docking complex and docking interactions of HA 
within the active site of human caspase-1 are shown in Figure 6. 
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Figure 6: Docking complex and interactions of HA dimer within the active site of 
human caspase-1 (Dock score: -24.4711 kJ/mol). 

 

 
Figure 7: Docking complex and interactions of HA with Phe-Phe peptide linker within 
the active site of human caspase-1 (Dock score: -26.2475 kJ/mol). 
 

Docking interactions of HA-peptide (Phe-Phe) linker: The 
compound HA-Phe-Phe peptide docked within the active site of 
human caspase-1 exhibited the dock score of -26.2475 kJ/mol. It 
was observed that the compound occupied the ligand binding site of 
malonate as in the crystal structure of human caspase-1 by favoring 
the H-bond interactions and non-bonded interactions. The amino 
acids Arg179, Thr180, Gly181, Asp185, Ser236, Ile282, Gln283, 
Ala284 and Ala285 favored the H-bond interactions while non-
bonded interactions are favored by Arg179, His237, Ile282, Gln283,  

 

 
Figure 8: Docking complex and interactions of HA-methotrexate conjugate within the 
active site of human caspase-1 (Dock score: -34.3024kJ/mol). 
 

 
 

 
Figure 9: Docking complex and interactions of HA-3',5'-dichloromethotrexate 
conjugate within the active site of human caspase-1 (Dock score: -31.5882kJ/mol). 
 

Ala284, Ala285 and Ala286. The docking complex and docking 
interactions of HA-peptide linker within the active site of human 
caspase-1 is shown in Figure 7. 
 
Docking interactions of HA-methotrexate conjugate: The 
compound HA-methotrexate conjugate docked within the active site 
of human caspase-1 exhibited the dock score of -34.3024kJ/mol. It 
was observed that the compound occupied the ligand binding site of 
malonate as in the crystal structure of human caspase-1 by favoring 
the H-bond interactions and non-bonded interactions. The amino 
acids Arg179,  Gly238,  Gln283,  Ala285 and  Arg286  favored  the  
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Table1: Docking interactions (H-bond & non-bonded) and respective dock scores of the compounds within the predicted binding pocket of caspase-1 (*H-bond interactions). 

C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 

- - - - - - - *Glu171 

- - - - - - - Glu171 

- - - - - - - *Glu172 

- - - - - - - Arg178 

*Arg179 *Arg179 *Arg179 - *Arg179 - *Arg179 *Arg179 

- Arg179 - - - - - Arg179 

- *Thr180 - - - - -  

- *Gly181 - - - - - *Gly181 

- - - - - - - *Ala182 

- - - - - - - Ala182 

- - - - - - - Glu183 

- - - - - - - *Glu183 

- - - - *Arg286 - - *Val184 

- - - - - - - Val184 

- *Asp185 - - - - - *Asp185 

- - - - - - - Asp185 

- *Ser236 - - - *Ser236 - - 

- - - *His237 - - - - 

His237 His237 His237 - His237 His237 His237 His237 

*Gly238 - *Gly238 - *Gly238 *Gly238 *Gly238 - 

Gly238 - - - - - - - 

- - - Ile239 - Ile239 - - 

- - - *Arg240 - - - - 

- - - Arg240 - Arg240 - - 

- - - *Glu241 - - - - 

- - - Glu241 - Glu241 - - 

- - - Glu250 - Glu250 - - 

- - - Leu258 - - - - 

- *Ile282 - *Ile282 - - - - 

- Ile282 - Ile282 - - - - 

*Gln283 *Gln283 *Gln283 - *Gln283 - *Gln283 *Gln283 

- Gln283 - - - - Gln283 Gln283 

- *Ala284 - *Ala284 - *Ala284 - - 

Ala284 Ala284 - - - Ala284 Ala284 - 

*Ala285 *Ala285 *Ala285 - *Ala285 - - - 

Ala285 Ala285 Ala285 - Ala285 Ala285 Ala285 Ala285 

- - *Arg286 - - *Arg286 *Arg286 - 

- Arg286 Arg286 Arg286 Arg286 Arg286 Arg286 - 

*Gly287 - - *Gly287 - - - - 

- - - - - Gly287 - - 

- - - *Asp288 - *Asp288 - *Asp288 

- - - - - Asp288 - - 

- - - - - *Ser289 *Ser289 - 

- - Ser289 - Ser289 - - - 

-24.4711 -26.2475 -26.9011 -34.3024 -21.6994 -31.5882 -17.5100 -28.7427 

C-1: HA dimer; C-2: HA-peptide linker; C-3: methotrexate; C-4: HA-methotrexate conjugate; C-5: 3',5'-dichloro-methotrexate;  
C-6: HA-3',5'-dichloro-methotrexate conjugate; C-7: ornithine-methotrexate; C-8: HA-ornithine-methotrexate conjugate. 

 
H-bond interactions and the non-bonded interactions are supported 
by His237, Ala285, Arg286 and Ser289. The docking complex and 
docking interactions of HA-methotrexate conjugate within the 
active site of human caspase-1are shown in Figure 8. 
 
Docking interactions of HA-3',5'-dichloromethotrexate 
conjugate: The compound HA-3',5'-dichloromethotrexate conjugate 
docked within the active site of human caspase-1 exhibited the dock 
score ligand binding site of humancaspase-1 by favoring the H-
bond interactions with amino acids such as Arg179, Gly238, 
Gln283 and Ala285 while non-bonded interactions were exhibited 
by His237, Ala285, Arg286 and Ser289.The docking complex and 
docking interactions of HA-3',5'-dichloromethotrexate conjugate  
within the active site of human caspase-1is shown in Figure 9. 
 
Docking interactions of HA-ornithine-methotrexateconjugate: 
The compound HA-ornithine-methotrexate conjugate docked within 

the active site of human caspase-1 exhibited the dock score             
of -28.7427kJ/mol. It was observed that the compound occupied the 
ligand binding site of malonate as in the crystal structure of human 
caspase-1 by favoring the H-bond interactions and non-bonded 
interactions. The amino acids Arg179, Gly238, Gln283, arg286 and 
Ser289 favored the H-bond interactions and the non-bonded 
interactions are supported by His237, Gln283, Ala284, Ala285 and 
Arg286. The docking complex and docking interactions of HA-
ornithine-methotrexate conjugate within the active site of human 
caspase-1is shown in Figure 10. 
 
The docking interactions of HA dimer, HA-peptide (Phe-Phe) 
linker, methotrexate, 3',5'-dichloromethotrexate, ornithine-
methotrexate, HA-methotrexate conjugate, HA-3',5'-dichloro-
methotrexate conjugate and HA-ornithine-methotrexate conjugate 
with their docking scores were given in Table.1. 
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Figure 10: Docking complex and interactions of HA-ornithine-methotrexate conjugate 
within the active site of human caspase-1 (Dock score: -28.7427kJ/mol). 

 
Theoretically, it was observed that all the compounds exhibited 
better binding efficacy in terms of highest dock score, which 
significantly reveals the lowest binding energy of stable 
confirmation. The best dock score of -34.3024 kJ/mol was exhibited 
by HA-methotrexate conjugate, while the poor dock score of            
-17.5100 kJ/mol was obtained for ornithine-methotrexate 
interactions with caspase-1. It is note-worthy to mention that the 
dock score of anti-cancer drugs methotrexate, 3',5'-
dichloromethotrexate and ornithine-methotrexate is poor when 
compared to the dockscore of the corresponding HA-drug 
conjugates HA-methotrexate, HA-3',5'-dichloromethotrexateand 
HA-ornithine-methotrexate, thus indicating that these compounds 
would certainly possess a better activity when employed as HA-
drug conjugate. It is also worth to mention that the dock score of -
24.4711 kJ/mol and -26.2475 kJ/mol, exhibited by HA dimer and 
HA-peptide linker molecules, are almost the same as the dock score 
of -26.7427 exhibited by methotrexate within the binding pocket of 
human caspase-1.  This finding suggests that the HA-dimer and the 
use of a peptide linker for the design of HA-drug conjugate would 
also plays a major role in drug interactions.  
 
The HA-drug conjugates designed to specifically target 
overexpressed CD44 in lung carcinoma cells as reported by Akima 
et al., [24] reveals the uptake of a fluorescent HA conjugate, of HA-
conjugated mitomycin C (MMC), and of epirubicin. 
 
Similarly, HA-butyrate and HA-paclitaxel conjugates showed 
increased apoptosis activity [25, 26] and inhibited cell growth in 
vitro, with significant decrease in tumor burden in vivo [27]. 
However, only few studies on HA-drug conjugation were reported 
to be promising. In this regards, the docking study reported here 
indicates that H-bond interactions favored by Arginine (Arg179 and 
286), Glycine (Gly238) and Glutamine (Gln283) plays a crucial role 
in binding the methotrexate, 3',5'-dichloromethotrexate, ornithine-
methotrexate compounds with human caspase-1. While the amino 
acids Aspartic acid (Asp288) plays a crucial role in binding the HA-
methotrexate, HA-3',5'-dichloromethotrexate and HA-ornithine-
methotrexate compounds, the amino acid Arginine (Arg286) is 

found to be crucial in favoring the non-bonded interactions with all 
the compounds. 
 
These docking interactions imply that the keto group (C=O) of the 
compounds and the amino group (NH) on the amino acids of 
caspase-1 molecule favor the H-bond interactions. In line with this, 
the efficacy of the conjugation of methotrexate, 3',5'-
dichloromethotrexate and ornithine-methotrexate with HA 
macromolecules would certainly envisages that, as anti-cancer 
agent,  HA-methotrexate is a better choice and might be employed 
in the treatment of various cancers and  also provides a suggestion 
for the selection of novel HA-based anti-cancer agents with more 
target specificity. 
 
CONCLUSIONS: As the estimated deaths from cancer continues 
to raise to 13.1 million in 2030 with lung, stomach, liver, colon and 
breast cancers being the most prominent causes for cancer deaths 
each year, the identification of potential drug conjugate with dual 
advantages of accumulation at the tumor site and receptor-mediated 
uptake would serve as a potential alternative to effectively treat 
cancer. In this scenario, the naturally-occurring polysaccharide 
hyaluronic acid (HA),a major component of the extracellular matrix 
whose cellular receptor CD44 is over expressed in many cancer 
cells, was selected as a potential carrier of anticancer drugs to 
synthesize new selective, potent drug-conjugates. Thanks to its 
biological potentials such as biodegradability, biocompatibility, 
non-toxicity, hydrophilicity and non-immunogenicity, and the 
presence, in the macromolecular backbone, of chemical groups that 
may favor drug conjugations make HA a potential choice for the 
development of anticancer drug conjugates. Thus, in the present 
study the binding efficacy of the selected cancer drugs such as 
methotrexate, 3',5'-dichloromethotrexate and ornithine-methotrexate 
and their activity against the receptor caspase-I, were explored 
through docking studies. The docking study envisages that the 
Aspartic acid (Asp288) and Arginine (Arg286) plays a crucial role 
in favoring H-bond and non-bonded interactions with all the 
compounds. The binding efficacy of the methotrexate, 3',5'-
dichloromethotrexate and ornithine-methotrexate  and the HA 
conjugate of these drugs has revealed that the usage of methotrexate 
as HA-methotrexate conjugate might represent a potential 
alternative to effectively treat cancer through the caspase-1 
pathway. 
 
Methodology 
 

Potential drug Target: The 3D structure of caspase-1, that plays a 
central role as an executor of the apoptotic process, is retrieved 
from PDB [28]. The crystal structure of the human caspase-1 in 
complex with malonate, determined by X-ray crystallography 
resolved at 1.80A0with PDB ID: 1SC3 was selected as a potential 
drug target. 
 
Binding Site determination: To determine the interactions of 
methotrexate, 3',5'-dichloromethotrexate, ornithine-methotrexate 
and  HA-drug conjugates such as HA-methotrexate, HA-3',5'-
dichloromethotrexate and HA-ornithine-methotrexate with crystal 
structure of the human caspase-1, the potential binding pockets 
were predicted by submitting the co-ordinate file to DoGsite scorer 
[29]. The potential binding sites with predicted high drug score 
value was considered as potential binding site for further docking 
studies.  
 
Drugs and HA-drug conjugates: The 3D structures of specified 
cancer drugs such as Methotrexate, 3',5'-Dichloromethotrexate and 
Ornithine-methotrexate were retrieved in SDF format from 
Pubchem database [30]. Further, the 2D structures of HA-drug 
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conjugates such as HA-Methotrexate, HA-3',5'-Dichloro-
methotrexate and HA-Ornithine-methotrexate were sketched by 
using ACD Chemsketch and their respective 3D structures were 
converted into SDF by using ‘Online Smiles translator’. 
 
Molecular Docking: All the compounds in SDF file format were 
docked with the amino acids in the predicted binding pocket of 
human caspase-1 by using the following parameters [31]: (i) default 
general docking information’s; (ii) base placement using triangle 
matching; (iii) scoring of full score contribution and threshold of 
0,30 and No score contribution and threshold of 0,70;(iv) chemical 
parameters of clash handling values for protein ligand clashes with 

maximum allowed overlap volume of 2.9 A03 and intralegend 
clashes with clash factor of 0.6 and considering the hydrogen in 
internal clash tests; and (v) default docking details values of 200 for 
both the maximum number of solutions per iteration and maximum 
number of solutions per fragmentation. 
 
Ligand- Receptor Interactions: The interactions of the 
compounds Methotrexate, 3',5'-Dichloromethotrexate, Ornithine-
methotrexate and  HA-drug conjugates such as HA-Methotrexate, 
HA-3',5'-Dichloromethotrexate and HA-Ornithine-methotrexate 
with human caspase-1in the docked complex were analyzed by the 
pose-view of LeadIT [32]. 
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ABSTRACT: Angiotensin Converting Enzyme (ACE), a metallo-peptidase is the best known important drug target in the 
treatment of hypertension and responds to broad range ACE inhibitors such as Captopril. Whilst, many phytochemical 
compounds including alkaloids and flavonoids were also reported with anti-hypertensive activity. On the other hand, 
ACE2 is considered as an interesting new cardio-renal disease target as it is close and unique ACE homologue. In this 
scenario, the anti-hypertensive activities of 17 phytochemical compounds were analyzed through docking studies with 
ACE2. Also, the other ACE inhibitors with reported IC50 values were considered for docking interactions and used as 
training set. Further, the best docked phytochemical compound Rosemarinic acid and the training set compounds with 
ACE inhibitor activity were used to design the pharmacophore and validated. The generated 3D pharmacophore is 
subjected to screen the compounds with the significant chemical features against May bridged database consisting of 
more than one lakh compounds and subsequently, the hit compounds were screened using various filters such as 
estimated activity, Lipinski’s rule of five, and ADMET properties and resulted Eight compounds. The anti-hypertensive 
activities of these 5 compounds with good fit values were selected for further docking studies with ACE2. The five 
compounds PD 00533, CD 01374, CD 04888, CD 01278 and BTB 04932 exhibited the best docking scores and also favors 
the necessary hydrogen bond interactions with in the activity site of ACE and thus identified as novel leads with anti-
hypertensive activity. 

KEYWORDS:  Pharmacophore, Angiotensin Converting Enzyme, ACE inhibitors, ADMET, docking studies. 
 

© 2015 mahendrapublications.com, All rights reserved 

Identification of Potent Angiotensin Converting Enzyme 2 
Inhibitors through Virtual Screening and Structure-Based 
Pharmacophore Design 
C. Zozimus Divya Lobo1, A. Syed Mohamed1*, C.Vedhi2, S.V. Rajesh3, V. Aroulmoji4 
and Gnanendra Shanmugam5* 
1Department of Chemistry, Sadakathullah Appa College (Autonomous), Tirunelveli, Tamilnadu, India. 
2Department of Chemistry, VOC College, Tuticorin, Tamilnadu, India 
3Department of Botany, Vivekanandha college of Arts and Sciences (Autonomous), Tiruchengode, Namakkal, Tamilnadu. 
4Center for Research & Development, Mahendra Educational Institutions, Namakkal-637503,Tamilnadu, India 
5Department of Biotechnology,College of Life and Applied Sciences, Yeungnam University, Gyeongsan, South Korea. 

1. INTRODUCTION 
Hypertension and congestive heart failures are 
becoming epidemic throughout the world [1]. In recent 
years, the drastic increase in the number in the adult 
population of the world with hypertension was 
recorded and more than 20 million people were 
affected with heart failure. Angiotensin-converting 
enzyme 2 (ACE2) is a newly discovered membrane-
bound aminopeptidase [2]. This enzyme has been 
proven to be critical in impacting cardiovascular and 
immune systems by 2 distinct physiologically important 
mechanisms. ACE2 catalyzes the production of 
vasodilatory peptides, including angiotensin 1 to 7 and 
thus is responsible in counterbalancing the potent 
vasoconstrictor effects of angiotensin II. This 
counterbalancing property of ACE2 is proposed to be 
important for the development of novel 
pharmacotherapy against hypertension and related 
cardiovascular diseases [3-4]. In the process of 
hypertension, ACE plays an important role in regulating 
blood pressure, and ACE inhibitors are considered to be 
one of the therapeutic methods for treating anti-
hypertension. Angiotensin-converting enzyme is 
secreted in the lungs and kidneys by cells in the 
endothelium of blood vessels, and it is the part of the 
renin-angiotensin system (RAS). It indirectly increases 

blood pressure by causing blood vessels to constrict by 
converting angiotensin-I to angiotensin-II [5-6]. Thus, 
the ACE considered as an ideal target for controlling 
blood pressures and heart failures and synthetic 
compounds are being used as ACE inhibitors to treat 
heart problems. These inhibitors inhibit the conversion 
(angiotensin-I to angiotensin-II), dilate the blood 
vessels and control the blood pressures.  Several ACE 
inhibitors, including captopril, lisinopril, fosinopril and 
enalapril, are synthetic molecules which are clinically 
used as anti-hypertension agents [7].   
In 1990 Paul Ehrlich [8] introduced pharmacophore as 
‘a molecular framework that carries (phoros) the 
essential features responsible for a drug’s (pharmacon) 
biological activity’. The design of pharmacophore are 
necessary to reveal specific functional group that are 
optimal for the interactions which can trigger the 
potential targets either by inhibiting or enhancing the 
biological function of those receptors [9]. The 
generation of pharmacophore plays a crucial role in the 
drug discovery pipeline in term of time and cost. The 
crucial step in the design of pharmacophore involves 
the alignment of multiple ligands (training set) which 
can determine the essential chemical features that are 
essential for their bioactivity. The alignment of these 
multiple ligand can be achieved by superposing a set of 
active molecules [10]. In general, the pharmacophore 
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modelling involves the knowledge of two or more 
known active compounds. In this method, the known 
compounds (training set) are aligned and the commonly 
shared chemical entities are established common 
pharmacophore features [11]. These shared features of 
the training set compound are considered as the 
essential chemical entities. More commonly, the 
pharmacophore models are generated with the 
combination of known active and inactive compounds 
and been used to validate the models. Utmost care is 
taken while choosing the known active and inactive 
compounds for the training set, as they significantly 
influence the quality of the model [12].  Most preferably, 
the selection of inactive compounds in the training set is 
based on the activity low binding affinities and high IC50 

values to avoid the generation of inappropriate 
pharmacophore model. Ultimately, to achieve the good 
pharmacophore models, the training set should contain 
the structurally diverse set of compounds. Thus the 
present study is designed to explore the chemical 
features that ascertain the ACE inhibitors activity was 
put-forth through pharmachophore designing. 
 

2. METHODOLOGY 

Virtual Screening of AHL Analogue Library 
The target ACE2 and selected ACE inhibitors were 
converted in to PDBQT files by using the PyRx software 
[13] for virtual screening studies.  For docking purpose 
the grid was set to the predicted binding pocket of ACE2 
as that inhibitors would have flexibility in binding. The 
ACE inhibitors were docked with ACE2 using AutoDock 
Vina option of PyRx. The docking was carried out using 
Lamarckian Genetic Algorithm and with parameters as 
follows: 10 docking trials, population size of 150, 
maximum number of energy evaluation ranges of 
250000, maximum number of generations of 27,000, 
mutation rate of 0.02, cross-over rate of 0.8 and an 
elitism value of 1 [14]. The ACE inhibitors with the best 
docking score (binding energy) were used for the 
Pharamacophore modelling. 
 

Pharmacophore modeling and 3D database 
Screening 
The pharmacophore model was generated by using the 
Pharamacophore option of discovery studio software 
[15]. The best docked ACE inhibitor was used as 
training compound for the generation of a 
Pharamacophore by using option Auto Pharmacophore 
Generation which considers the Hydrogen bond 
acceptor (HB_ACCEPTOR), Hydrogen bond donor 
(HB_DONOR), Hydrophobic feature (HYDROPHOBIC), 
Negative ionizable feature (NEG_IONIZABLE), Positive 
ionizable feature (POS_IONIZABLE) and Aromatic ring 
(RING_AROMATIC) feature types to generate a selective 
pharmacophore model from a single ligand. The 
Principal value of 2 and the Maxis set to the Training 
ligand which ensures that all of the chemical features in 
the compound should be considered in building the 
pharmacophore space. The Auto Pharmacophore 
Generation option enumerates a set of candidate 
pharmacophore models from the features and chooses 
the pharmacophore with the highest selectivity as 
predicted by a Genetic Function Approximation (GFA) 
model. Using this generated pharmacophore hypothesis, 

compound screening was performed against, Maybridge 
database [16] consisting of one lakh compounds and 
assessed the compounds matching the pharamacophore 
by considering the Fit Values.  
 

Molecular Docking  
The Top 5 obtained hits from Maybridge database with 
the highest Fit Value were docked with in the active site 
of ACE2 by using FlexX  [17] with following parameters 
i) default general docking informations, ii) base 
placement using triangle matching, iii) scoring of full 
score contribution and threshold of 0,30 and No score 
contribution and threshold of 0,70. iv) chemical 
parameters of clash handling values for protein ligand 
clashes with maximum allowed overlap volume of 2.9 
A03 and intra-ligand clashes with clash factor of 0.6 and 
considering the hydrogen in internal clash tests.  v) 
default docking details values of 200 for both the 
maximum number of solutions per iteration and 
maximum number of solutions per fragmentation.  
Further, the interactions of database molecules with 
SdiA in the docked complex were analyzed by the pose-
view of LeadIT. 
 

3. RESULT AND DISCUSSION 

Virtual Screening 
The 3D structures of 24 ACE inhibitors as ligand 
compounds in SDF (structure data file) format are 
virtually screened to reveal their binding efficiencies 
through docking in the binding pockets of ACE2 
receptor using FlexX module of LeadIT suite. Among 
these 24 compounds, 17 compounds (Figure.1) were 
the phytochemical with anti-hypertensive activities 
and 7 were the compounds with IC50 values. The 
docking parameters such as triangle matching base 
placements, zero full score and No score contributions 
and threshold for full score and no score contributions 
of 30 and 70, respectively, Clash handling values of 2.9 
A03 and 0.6 for protein ligand clashes with maximum 
allowed overlap volume and intra-ligand clash factors 
while considering the hydrogen in internal clash tests 
and 200 as the default docking values for maximum 
number of solutions per iteration and also per 
fragmentation [18].  
 

Docking Interactions 
The docking interactions that envisage the binding 
affinities of the lead compounds with the binding 
pockets amino acids in the modelled structures are 
analyzed by using pose-view module of LeadIT suite  
[19] which clearly picturizes the Hbond and non-bond 
interactions. Among these compounds the best docked 
phytochemical compound Rosemarinic acid (Figure.2) 
was selected for the further pharamacophore 
modelling studies. 
 

Pharmacophore Modelling and Validation  
The pharmacophore model is generated by using the 
pharmacophore module of Discovery Studio. The 
Pharmacophore hypothesis generation is achieved by 
using auto pharmacophore generation option in 
Discovery Studio which considers the chemical feature 
types such as the hydrogen bond acceptor 
(HB_ACCEPTOR), hydrogen bond donor (HB_DONOR), 
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hydrophobic feature (HYDROPHOBIC), negative 
ionizable feature (NEG_IONIZABLE), positive ionizable 
feature (POS_IONIZABLE) and aromatic ring 
(RING_AROMATIC) for the selected ligand. The ten 
pharmacophore models are generated by using 
Common Feature pharmacophore Model Generation 
protocol in Discovery studio. For a statistically 

significant pharmacophore model, correlation 
coefficient and root mean square deviation (RMSD) are 
calculated [20]. The best pharmacophore model was 
selected based on the high correlation coefficient and 
lower RMSD. The generated pharmacophoric features 
based on the Rosemarinic acid is shown in figure.3. 
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Figure.1: The 17 phytochemical compounds used in the study for the phamacophore generation 
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Figure.2  Docking complex and interactions of Rosemarinic acid (CID: 5315615) (-34.6473 kJ/mol) 
 
 
 
 
 

 
 

Figure.3: Generated Pharmacophore based on the  Rosemarinic acid Hydrogen bond acceptor (green); 
Hydrogen bond donor (magenta) Hydrophobic (cyan) ; Ring aromatic (orange) 
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Compound Mapped Pharmacophore Fit value 

PD 00533 

 

4.66957 

CD 01374 

 

3.86604 

CD 04888 

 

2.56234 

CD 01278 

 

2.54782 

BTB 04932 

 

1.89542 

 
Figure.4: Maybridge compounds mapped against the generated pharmacophoric and their fit values 

 
 

 

 
 

Figure.5:  Docking complex and interactions of PD 00533  (-38.4372 kJ/mol) 
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Table.1: Maybridge compounds with the fit values and docking scores 
 

Compound Fit value Docking score 

PD 00533 4.66957 -38. 4372 

CD 01374 3.86604 -34.5687 

CD 04888 2.56234 -32.5624 

CD 01278 2.54782 -30.4587 

BTB 04932 1.89542 -28.25687 

 
 

3D Database Screening  
Search 3D Database protocol with best search option 
implemented in DS is used for database screening against 
Maybridge database consisting of more than one lakh 
compounds. The obtained database hits is screened using 
various filters such as estimated activity, Lipinski’s rule 
of five [21], and ADMET properties [22]. The final hit 
compounds after filtering are known as hit list and 
ranked according to the fit value, which is the degree of 
consistency with the pharmacophore model. To decrease 
the number of hits, a minimum fit value of >3, which is 
the lowest limit to qualify as a hit compound, is applied. 
This lower limit of fit value is chosen according to the fit 
value obtained from the active molecule. The molecules 
with good fit scores are selected for further docking 
studies. The generated 3D pharmacophore is subjected to 
screen the compounds with the significant chemical 
features against May bridged database, exhibited 5 
potential compounds that matches the generated 
pharmacophore. The five MayBridge Database compound, 
PD 00533, CD 01374, CD 04888, CD 01278 and BTB 
04932 exhibited the best docking scores and also favors 
the necessary hydrogen bond interactions with in the 
activity site of ACE and thus identified as novel leads 
with anti-hypertensive activity. These Hits are defined as 
those compounds that possess chemical functionalities 
that spatially overlap with corresponding features within 
the pharmacophoric model. The hits were subsequently 
fitted against the pharmacophore and assessed by Fit 
Value (Figure.4). 
 

Molecular Docking  
The Top 5 obtained compounds PD 00533, CD 01374, CD 
04888, CD 01278 and BTB 04932 were docked with in 
the active site of ACE2, and their docking interactions 
with their binding energies along with their 
pharmacophoric fit values were tabulated (Table.1). 
Among the obtained 5 hits from maybridge database, the 
compound PD 00533 exhibited the highest docking score 
of -38.4372 kJ/mol (Figure.5). The docking studies 
implies that the amino acids Alanine (Ala356), Histidine 
(His 513 and 353) and Water molecule (Hoh 2317) in the 
binding pockets of ACE are vital in posing the better 
binding interaction with the maybridge screened 
compound (PD 00533). While the non bonded 
interactions are favoured by Valine (Val518), Serine 
(Ser355), Histidine (His 353,387,383 and 513). These 
docking interactions also envisages that the =O (keto 
group) present in the compounds and NH (amino group) 

on the amino acids favors the Hbond interactions. Thus 
the pharmacophoric design and 3D database search 
along with the docking studies revealed that the May 
Bridge compound PD00533 having the better binding 
energy of -38.4372 kJ/mol might have a better inhibition 
activity against the ACE2 receptor.  
 

4. CONCLUSION 
The ACE2, a metallo-peptidase is considered as a 
interesting cardio-renal disease target and is the best 
known important drug target in the treatment of 
hypertension that responds to Captopril. Alternatively 
many phytochemical compounds with their anti-
hypertensive activities were also reported. In this study, 
the 17 phytochemical compounds and 7 other ACE 
inhibitors with reported IC50 values were considered for 
docking interactions and used as training set to design 
the pharmacophore and validated. The best docked 
phytochemical compound Rosemarinic acid has resulted 
in the generation of 3D pharmacophore is used to screen 
against May bridged database. The hit compounds were 
screened using various filters such as estimated activity, 
Lipinski’s rule of five, and ADMET properties and 
resulted five compounds PD 00533, CD 01374, CD 04888, 
CD 01278 and BTB 04932 with best fit values and also 
the best docking scores.  This compound also favors the 
necessary hydrogen bond interactions with in the 
activity site of ACE and thus identified as novel leads 
with anti-hypertensive activity. 
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A systematic study on the preparation of tin oxide nanoparticles using the precipitation method has 
been conducted. The preparation of nanomaterials was by varying reaction parameters such as pH and 
temperature. The tin oxide nanoparticles were characterized by using AFM, SEM, XRD and UV-Vis. 
Particle size was obtained using XRD studies the value is 28.8 nm, 35.2 nm, 30.8 nm and 33.8 nm. It was 
found that the alteration of pH and temperature changes the particle size.   
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1. Introduction 

Nanoparticles have attracted great interest due to their intriguing 
properties, which are different from those of their corresponding bulk 
state. Enormous efforts are being taken towards the development of 
nanometer sized materials in studies related to one hand to their 
fundamental mechanism such as the size effect and the quantum effect and 
on the other hand towards application of these materials. The morphology 
of obtained materials is highly dependent on the chosen method, enabling 
to obtain nanoparticles, nanowires, nanorods, and other morphologies [1]. 
Tin oxide (SnO2) is an n-type semiconductor with excellent optical and 
electrical properties, partly due to its wide band gap (Eg =3.6 ev). In sensor 
research, many semiconducting metal oxides are used of which tin oxide 
is the most widely studied and employed owing to its physicochemical 
properties [2]. 

Nano-sized tin oxide is regarded as a highly preferred multitasking 
metal oxide such as gas sensors and lithium rechargeable batteries .The 
transparent conducting oxide (TCOs) materials has been widely used for 
various optoelectronic devices,  flat panel displays, liquid crystal displays, 
organic light emitting diodes, solar cells and etc. It has specific properties 
and advantages of high sensitivity, including conductivity, transparency in 
the visible region in addition to mechanical and chemical stabilities. 
However, thermal treatments lead to an increase of the average grain size, 
spreading of the grain size distribution, and changes in the phase 
composition with increasing annealing temperature [3]. Among various 
classes of Nanoparticles (Metals, Semiconductors and Insulators), 
semiconductor particles have attracted more interests because of their 
size-dependent optical & electrical properties [4]. This study attempts to 
provide some findings to this research area [5]. Chemical sensors have 
played very important roles in the detection of pollutant, toxic, and 
industrially important gas species such as NOx, NH3, COx, H2 and ethanol. 
The study of dielectric properties and a.c. electrical conductivity throws 
light on the behaviour of charge carriers under an a.c. field, their mobility 
and the mechanism of conduction. Tin oxide nanoparticles are suitable for 
gas sensing applications due to high surface to volume ratio, compared to 
bulk tin oxide[6].The associated challenge with chemical precipitation 

methods is; when the product is calcined at high temperatures the 
crystallite size increases and the surface area decreases due to the particle 
growth  [7]. Tin oxide has been used as solid state sensor mainly due to its 
sensitivity towards different gaseous species, photovoltaic energy 
conversion to make indium tin dioxide (ITO) transparent thin film 
coatings, etc., [8]. Tin oxide is an important oxide semiconducting material, 
which has been widely used in many applications such as catalysts agent, 
hazardous gas sensors, heat reflecting mirrors, varistors, transport 
conducting electrodes for solar cells and optoelectronic devices. Recent 
studies have shown that many fundamental physical or chemical 
properties of semiconductor materials strongly depend on the size and 
morphology of the materials [9]. Many processes have been developed to 
synthesis tin oxide nanostructures, e.g., spray pyrolysis, hydrothermal 
methods, chemical vapour deposition, thermal evaporation of oxide 
powders and sol-gel method. Annealing the SnO2 nanoparticles prepared 
adding hydrochloric acid improved the crystallite size [10]. In the present 
work the fabrication and characterization of crystalline tin oxide 
nanoparticles powders by chemical precipitation method.  
 

2. Experimental Methods 

2.1 Chemical Precipitation Method              

About 6 g (0.1 M) of stannous chloride dehydrate (SnCl2.2H2O) was 
dissolved in 300 mL of distilled water. After complete of dissolution, the 
ammonia solution was added to the above solution by drop wise under 
stirring. The pH is measured and it was adjusted to 11. The particles were 
then allowed to settle down at the bottom of the flask. The resulting gels 
were filtered and dried at 80 °C for 24 hours. The obtained product was 
heated to the temperature of 500 °C and 600 °C for 2 hours. The same 
procedure was repeated by changing the pH=9 also. The final obtained 
product was white tin oxide nano powder. 
 

3. Results and Discussion 

3.1 AFM Analysis 

The atomic force microscope (AFM) was ideally suited for 
characterization of nanoparticles. It offers the capability of 3D 
visualization and both qualitative and quantitative information on many 
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physical properties including size, morphology, surface texture and 
roughness. A wide range of particle sizes can be characterized in the same 
scan, from 1 nanometer to 8 micrometers. In addition, the AFM can 
characterize nanoparticles in multiple media ambient air, controlled 
environments and even in liquid dispersions. Resolution of AFM for SnO2 
sample was 300x300 pixels. The sample was analyzed in non-contact 
mode with nominal diameter of tip 10 nm. 

The height of the nanoparticles roughness can be measured by atomic 
force microscope. Figs. 1(a, b) show tin oxide nanoparticles of maximum 
height 40 nm prepared in pH=8.0 at 500 °C and 100 nm prepared at 600 
°C. Figs. 1(c, d) present the prepared tin oxide nanoparticles of maximum 
height 50 nm and 200 nm in pH=10.0 at 500 °C and 600 °C respectively. 
 

 

 

Fig. 1 AFM image of tinoxide nanoparticles prepared at pH=8 and pH=10 a) 500 °C, 
b) 600 °C and  c) 500 °C d) 600 °C respectively 

  

3.2 SEM Study 

Scanning electron microscope (SEM) was used for the morphological 
study of tin oxide nanoparticles. Figs. 2(a-d) show SEM image of   tin oxide 
nanoparticles. In Fig. 2a (pH=8, 500 °C) cauliflower like morphology 
structure can be seen. In Fig. 2b (pH=8, 600 °C) spherical like morphology 
structure was observed. In Fig. 2c (pH=10, 500 °C), highly porous foam like 
structure is observed and Fig. 2d (pH=10, 600 °C) few agglomeration has 
been observed. The particle sizes and the structures are varied due to the 
change in the reaction parameters such as pH and temperature. 
 

 

 

Fig. 2  SEM images of tin oxide nanoparticles prepared at pH=8 and pH=10 a) 500 °C, 
b) 600 °C and  c) 500 °C d) 600 °C respectively 

 

3.3 XRD Analysis 

In order to determine the size and structural properties of the 
synthesized tin oxide nano particles, the powdered XRD analysis was 
performed. Structural identification of SnO2 nanoparticles were carried 
out with X-ray diffraction in the range of angle 2θ between 10 to 80o. 
Moreover, a sharper and higher relative intensity peaks at higher reaction 
temperature was attributed to highly crystallinity of SnO2 NSs as the 
degree of crystallinity increase with reaction temperature [11]. Figs. 3(a-
d) show XRD patterns for tin oxide nanoparticles, which was crystalline in 
nature. The diffraction peaks are markedly broadened, which indicates the 
crystalline. XRD spectrum of tin oxide nanoparticles sizes of samples are 
very small. According to the Debye-Scherer’s equation [12], D=0.9λ / β COS 
where λ is the wavelength, β is the width of half maximum of the 
diffraction peak and  is Bragg diffraction angle. Fig. 3 shows the average 
crystalline size calculated using Scherrer formula are 28.77 nm, 35.19 nm, 
30.82 nm and 33.8 nm respectively.   
 

 
Fig. 3 XRD spectrum of tin oxide nanoparticles  prepared at pH=8 & 10 at 500 °C, 600 
°C  respectively       

 
3.4 UV Analysis 

The size of the nanoparticles plays an important role in changing the 
entire properties of materials. Thus, size evolution of semiconducting 
nanoparticles becomes very essential to explore the properties of the 
materials. UV-visible absorption spectroscopy is widely being used 
technique to examine the optical properties of nanosized particles. 
Absorption bands confirm the formation of the tin oxide nanoparticles. Fig 
4 shows that peaks were observed at 403 nm at 500 °C and 407nm at 600 
°C in pH=8.0, 410 nm for 500 °C and 413 nm for 600 °C in pH 10.0. 
 

 
Fig. 4 UV spectrum of tin oxide nanoparticles prepared at pH=8 & 10 at 500 °C, 600 
°C respectively 

 

4. Conclusion 

Tin oxide nanoparticles have been synthesized using chemical 
precipitation method. The resulting product was crystalline with 
agglomeration and hence more surface area. Surface morphology was 
studied using SEM and crystalline size calculated using XRD of tin oxide 
nanoparticles showed different structures and sizes due to variation in 
reaction parameters such as pH and temperature. The surface roughness 
of the tin oxide nanopartices were also measured using AFM. The 
maximum absorbance were observed at 403 nm at 500 °C and 407 nm at 
600 °C in pH=8.0, 410 nm for 500 °C and 413 nm for 600 °C in pH 10.0 by 
UV-vis absorption spectrum. Also, the process used the economically 
lower cost chemical, tin (II) chloride as the precursor. The present study 
provides inexpensive and easy method to improve the quality of tin oxide 
nanoparticles. Thus, this synthesis method is fast, simple, convenient and 
feasible on industrial scale to synthesize SnO2 nanomaterial. The possible 
applications of SnO2 nanoparticles are in gas sensor, solar cells, 
optoelectronic devices, paint industry, and surface coating industry. 
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Structure-Based Pharmacophore Design and Natural Bond orbital analysis of Angiotensin 
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ABSTRACT: Hypertension and congestive heart failures are becoming epidemic throughout the world. Angiotensin 

Converting Enzyme (ACE), a metallo-peptidase is the best known important drug target in the treatment of hypertension 

and responds to broad range ACE inhibitors such as Captopril. Though there are many synthetic drugs that are being used 

as ACE inhibitors, the usage of natural compounds has its significance with less adverse effects. In this regard, many 

phytochemical compounds including alkaloids and flavonoids has been reported with anti-hypertensive activity. In this 

connections, the present study is focused on determining the anti-hypertensive actively of certain phytochemical 

compounds and synthetic drugs through docking studies and to explore their pharmacophoric features. The docking study 

implies that rosemarinic acid was relatively better that that of Standard drugs Lisinopril and Captropril.  The 

pharmacophore modelling, validation and screening studies on rosemarinic acid along with Lisinopril and Captropril 

resulted in two compounds from Maybridge compound database (CD 01374 and CD 01278). Also the Density function 

theory (DFT) studies on these compounds explained the charge transfer (HOMO–LUMO energy gap of 2.90 eV) interactions 

that are taking place within the molecule through strong N–H⋯N and N–H⋯O hydrogen bonding is essential for the 

bioactivity of these compounds. Thus the finding of this study clearly emphasized that the rosemarinic acid could 

significantly possess better ACE inhibition activity and could be an alternative therapeutic agent to replace the drugs with 

severe side effects. 

Keywords: Angiotensin Converting Enzyme; ACE inhibitors; Pharmacophore; Lisinopril; Captropril; rosemarinic acid; 
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1. INTRODUCTION 

In recent years, cardiovascular diseases have become a 

serious problem worldwide. The World Health 

Organization has reported an increase in the number of 

patients suffering from this disease. Currently, existing 

treatments for high blood pressure are not very effective 

and are generally uncomfortable for patients. This relies in 

that the patient need to have a very strict control in the 

dosage and in the moment of the administration of the drug 

[1]. And also some patients have an unfavorable response 

after the administration, leading them to a fast blood 

pressure reduce 

pressure reduce. One of the most widely used compounds 

for the treatment of hypertension is captopril. Like many 

others on the market, this drug was designed with 

computational tools. Over the last few decades, 

computational studies, together with rational drug design, 

have become a critical part in the development of new 

drugs. Currently, cardiovascular diseases are a serious 

health problem worldwide. One example of cardiovascular 

disease is arterial hypertension, which is defined as 

increased systolic pressure, diastolic pressure, or both [2].  

Hypertension is a silent, asymptomatic disease, and as 

a result, not many people know that they suffer from it. 

Hypertension is an important risk factor, contributing to 

other cardiovascular diseases such as blood vessel 

disorders, coronary heart disease, aortic aneurysm, stroke, 

etc [3]. Cardiac arrhythmia is another cardiovascular 

problem. An arrhythmia is any disorder of the heart rate 

that may cause stroke. Heart rhythm disorders may be 

caused by genetic factors or occur when the heart muscle 

(myocardium) is damaged, sometimes by hypertension [4].  

Raised blood pressure, especially systolic pressure 

(hypertension), confers a significant cardiovascular risk and 

public  
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public health concern and should be actively treated.  

One of the major systems involved in the elevation of 

the pressure is the renin–angiotensin system (RAS) and 

subsequently its inhibition will have beneficial effects to 

lower blood pressure and improve cardiovascular health 

[5]. The RAS is regulated by a series of highly specific 

enzymatic reactions. The first enzymatic reaction in the 

pathway starts with renal production of renin that cleaves 

angiotensinogen to generate angiotensin I. Angiotensin I is 

then cleaved by angiotensin–converting enzyme (ACE) to 

generate the active peptide vasoconstrictive hormone 

angiotensin II.  

In the last three decades, several intensive efforts have 

been conducted into researching the antihypertensive 

therapeutic values of medicinal plants [6-8]. While 

compared to allopathic treatment, medicinal and bioactive 

plants have become a vital resource for the treatment of 

heart problems [9]. Nearly 80% of the global population 

including many developed and developing countries prefers 

to use natural medicines, due to their minimal side effects 

and better usage ability of humans [10]. In this scenario, the 

present study was emphasized to provide the insights of 

alkaloid from various medicinal plant source and to explore 

their binding mechanism within the active site of ACE, 

explore the chemical features that ascertain the ACE 

inhibitors activity through pharmachophore designing and 

to understand the chemical entities through DFT studies 

which might pave path to design of novel ACE inhibitors 

with potential inhibition activity. 

2. METHODOLOGY 

2.1 Target Selection 

The X-ray Crystal Structure of Human Angiotensin 

Converting Enzyme complexedwith Lisinopril (PDB ID: 

1O86) [11] was retrieved from Protein Databank [12].  The 

protein energy was minimized through 20 steps of steepest 

descent and conjugate gradient by using GROMOS [13] of 

SwissPDBviewer and final energy minimized model used for 

further Docking studies. 

2.2 Ligand selection 

The SMILES notation of eighteen phytochemical 

compounds including alkaloids and flavonoids from various 

medicinal plants were obtained by drawing their 2D 

structures in ACD-Chemsketch (Version 12) 

(www.acdlabs.com). The 3D structures of these compounds 

were generated and converted into SDF format by using 

‘Online SMILES convertor and Structure file generator’ 

server [14].  

2.3 Binding site prediction 

The amino acid residues in binding site of ACE protein 

are defined by using the reference Ligand of Angiotensin 

Converting  

 

 

 

Converting Enzyme complexed with Lisinopril [11]. The 

acid residues within 6 Å radius of reference Ligand was 

included in the predicted binding site by using LeadIT 

(Version 2.1.9) [15]. 

2.4 Virtual Screening 

The 3D structures of all the selected eighteen 

phyotchemical compounds and two ACE inhibitors were 

virtually screened to reveal their binding efficiencies 

through docking in the predicted binding site of ACE using 

FlexX [16] module of LeadIT. The docking was performed 

with the default parameters such as triangle matching base 

placements, zero full score and No score contributions and 

threshold for full score and no score contributions of 30 & 

70 respectively, Clash handling values of 2.9 Å and 0.6 for 

protein ligand clashes with maximum allowed overlap 

volume and intra-ligand clash factors while considering the 

hydrogen in internal clash tests and 200 as the default 

docking values for maximum number of solutions per 

iteration and also per fragmentations [17].  

2.5 Docking interactions 

The docking interactions revealing H-bond and van-der 

Waal forces among the phytochemical compounds and the 

amino acid residues of ACE were analyzed by using pose-

view  module of LeadIT. 

2.6 Pharmacophore modeling and 3D database 

Screening 

The pharmacophore model was generated by using the 

Pharamacophore option of discovery studio software 

(Accelrys Software Inc.) The best docked ACE inhibitor was 

used as training compound for the generation of a 

Pharamacophore by using option Auto Pharmacophore 

Generation which considers the Hydrogen bond acceptor 

(HB_ACCEPTOR), Hydrogen bond donor (HB_DONOR), 

Hydrophobic feature (HYDROPHOBIC), Negative ionizable 

feature (NEG_IONIZABLE), Positive ionizable feature 

(POS_IONIZABLE) and Aromatic ring (RING_AROMATIC) 

feature types to generate a selective pharmacophore model 

from a single ligand. The Principal value of 2 and the Maxis 

set to the Training ligand which ensures that all of the 

chemical features in the compound should be will be 

considered in building the pharmacophore space. The Auto 

Pharmacophore Generation option enumerates a set of 

candidate pharmacophore models from the features and 

chooses the pharmacophore with the highest selectivity as 

predicted by a Genetic Function Approximation (GFA) 

model. Using this generated pharmacophore hypothesis, 

compound screening was performed against, Maybridge 

database (www.maybridge.com/) consisting of one lakh 

compounds and assessed the compounds matching the 

pharamacophore by considering the Fit Values. 

2.7 DFT studies 
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Table 1. Selected phytochemical compounds and their plant sources 

Pubchem ID Compound Plant Source 

CID:44259992 Hibiscetin-3-glucoside Hibiscus sabdariffa L. 

CID: 12358401 Apigenin Allium sativum 

CID: 5315615 Rosemarinic acid Mentha spicata 

CID: 5280863 Kaempferol Allium sativum 

CID: 5280805 Rutin Sophora secundiflora 

CID: 5280445 Luteolin Allium sativum 

CID: 5280343 Quercetin Allium sativum 

CID: 1794427 Chlorogenic acid Calluna vulgaris 

CID: 689043 Caffeic acid Argania spinosa 

CID: 637542 Coumaric acid Solanum lycopersicum 

CID: 367141 Epicatechingallate Camellia sinensis 

CID: 162350 Isovitexin Camellia sinensis 

CID: 107905 Epicatechin Theobroma cacao 

CID: 73160 Catechin Theobroma cacao 

CID: 73073 Serpentine Rauwolfia serpentine 

CID: 932 Naringenein Solanum lycopersicum 

 

2.7 DFT studies 

The determination of the energy gap between HOMO 

(highest occupied molecular orbital) and LUMO (lowest 

unoccupied molecular orbitals) could provide the chemical 

reactivity and kinetic stability of molecules. The molecules 

were optimized and proposed for theoretical calculations 

(DFT studies) by using Gaussian software. The chemical 

hardness, that reveals the compounds stability and 

reactivity are expressed as: η = (–EHOMO + ELUMO)/2. 

While, the escaping tendency of electrons from an 

equilibrium system is defined through electronic chemical 

potential (µ) of the compound as µ= (EHOMO + ELUMO)/2. 

In extension to this, the stabilization in compound energy 

acquired through an additional electronic charge from the 

environment is measured by arriving its global 

electrophilicity expressed as ω = µ 2/2η that significantly 

expressed the power of a ligand molecule.  

 

3. RESULT AND DISCUSSION 

3.1 Target  

Considering the role of ACE in controlling the blood 

pressure and in conversion of angiotensin I to 

angiotensin II, the protein structure of Human 

Angiotensin Converting Enzyme complexed with 

Lisinopril (PDB ID: 1O86) (Figure.1) was retrieved from 

Protein Databank and used as receptor for further 

docking studies. 

3.2 Ligands 

The selected 16 Phytochemical compounds along 

with their Pubchem ID and their plant sources were 

given in Table 1. The two well known first class 

therapeutic drugs of ACE inhibitors such as Captopril 

and Lisinopril were considered as references for 

docking studies. The structures of these phytochemical 

compounds and standard drugs were shown in Figure.2. 
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Table 2. Docking interactions of the phytochemical compounds with higher docking affinities in comparison with 

Captopril 

COMPOUNDS PUBCHEM ID 

44093 637542 367141 162350 107905 5280805 5280445 5280343 1794427 

Gln281* Gln281* Gln281* - Glu281* - Gln281# Gln281* Gln281# 

His353$ His353$ His353* His353# His353# His353$ His353$ His353# His353$ 

- - Ala354# - Ala354# Ala354# Ala354$ Ala354* - 

- - - - - Ser355$ - - - 

- - Val380$ - Val380$ Val380$ - - - 

His383$ His383$ His383# His383# His383# His383# His383$ His383# His383* 

- - - Glu384* - Glu384* Glu384* - Glu384* 

- His387* - His387* - - His387* His387* His387* 

Glu411* - - Glu411* - - Glu411* - - 

- - - Phe457$ - Phe457$ Phe457$ Phe457$ - 

Lys511* Lys511* - - - Lys511* Lys511* Lys511* Lys511* 

His513# His513$ His513# His513# - His513# - - His513$ 

Tyr520# Tyr520* - - - Tyr520# Tyr520* Tyr520* Tyr520* 

Tyr523# Tyr523$ Tyr523$ Tyr523$ Tyr523$ Tyr523$ Tyr523$ Tyr523$ Tyr523$ 

- - - Phe527$ - Phe527$ Phe527$ Phe527$ - 

Docking Scores (kJ/mol) 

-28.0001 -28.0932 -28.3753 -30.0155 -28.2712 -29.4384 -30.8914 -33.0149 -28.6159 

 
*Amino acid residues favouring H-bond interactions;  
$ Amino acid residues favouring Non-bonded (Hydrophobic) interactions; 
#Amino acid residues involved in both interactions. 

3.3 Virtual Screening 

It is observed that all the compounds in the study 

exhibited theoretically encouraging docking scores. Among 

these selected 18 compounds, two compounds namely 

Rosemarinic acid and Caffeic acid showed relatively good 

binding affinity as compared to the standard ACE inhibitor 

Lisinopril, which exhibited the dock score of  -33.8026 

kJ/mol. While, other eight compounds exhibited higher 

binding affinity scores when compared to Captopril (-

28.0001 kJ/mol). Whereas the other six compounds such as 

Kaempferol (-27.3849 kJ/mol), Apigenin (-27.2702 kJ/mol), 

Catechin (-26.7584 kJ/mol), Serpentine (-25.1353 kJ/mol), 

Hibiscetin-3-glucoside (-23.9487 kJ/mol) and Naringenein 

(-23.3107 kJ/mol) exhibited relatively poor dock score 

when compared to that of the standard drugs emphasized in 

this study. 

 

 

Figure 1. The protein structure of Human Angiotensin 

Converting Enzyme complexed with Lisinopril (PDB ID: 

1O86) 
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Figure 2. Structures of phytochemical compounds and standard drugs 
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Figure 3. Docking interactions of the phytochemical compounds with higher docking affinities in comparison with 

Captopril 
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Figure 4. Docking interactions of the phytochemical compounds with higher docking affinities in comparison with 

Lisinopril 
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Table 3. Docking interactions of the phytochemical compounds with higher docking affinities in comparison with 

Lisinopril 

COMPOUNDS PUBCHEM ID 

5362119 5315615 689043 

Gln281* Gln281# Gln281* 

His353# His353$ His353$ 

Ala354* Ala354# - 

Ser355$ - - 

- - - 

His383# His383# His383# 

- - Glu384* 

His387# His387* His387* 

Glu411$ - - 

Phe457$ Phe457$ - 

Lys511* Lys511* Lys511* 

His513$ His513$ His513$ 

Tyr520# Tyr520* Tyr520* 

Tyr523# Tyr523$ Tyr523$ 

- Phe527$ - 

Docking Scores (kJ/mol) 

-33.8026 -34.6473 -33.9872 

 
*Amino acid residues favouring H-bond interactions;  
$ Amino acid residues favouring Non-bonded (Hydrophobic) interactions; 
#Amino acid residues involved in both interactions. 

 

 

3.4 Docking interactions 

The binding affinities among ACE and best two 

phytochemical compounds (Quercetin and Luteolin) that 

exhibited higher docking affinities in comparison with 

Captopril, a Sulfhydryl-containing agent were shown in 

Figure.3a-c. The docking interactions revealing the 

formation of H-bond interactions and Non-bonded (van-der 

Waal’s) interactions between the nine phytochemical 

compounds and ACE binding site residues were explored in 

Table 2.  It is observed that the interaction of standard drug 

Captopril is favoured by the formation of H-bonds with 

Gln281, Glu411, Lys511, His513, Tyr520 and Tyr523 while 

hydrophobic interactions with His353, His383, His513, 

Tyr520 and Tyr523. Interestingly, it is observed that the 

amino acids Histidine (His353, His383, and His513) and 

Tyrosine (Tyr523) in the binding site of ACE protein are 

crucial in favouring the interactions with all the nine 

compounds, which exhibited better dock score than that of 

captopril. It is noteworthy to mention that the compounds 

such as Quercetin (-33.0149 kJ/mol), Luteolin (-30.8914 

kJ/mol), Isovitexin (-30.0155 kJ/mol) and Rutin (-29.4384 

kJ/mol) exhibited significantly better binding affinities than 

the 

the standard drug captropril. Interestingly, the interaction 

of these four comounds suggests are favoured by formation 

of vander Waals interaction with Phenyl alanine (Phe 457 

and 527), which possibly that the Pheny alanine in the 

active site of ACE protein plays a crucial role for their better 

binding affinities. 

The docking interactions along with their docking 

scores of three compounds that exhibited higher docking 

affinities in comparison with Lisinopril, a dicarboxylate-

containing agent were shown in Figure.4a-c. The docking 

interactions revealing the formation of H-bond interactions 

and Non-bonded (van-der Waal’s) interactions between 

these three phytochemical compounds along with standard 

drug Lisinopril and ACE binding site residues were explored 

in Table 3.  It is observed that the interaction of standard 

drug Lisinopril is favoured by the formation of H-bonds with 

Gln281, His353, Ala354, His383, His387, Lys511, Tyr520 

and Tyr523 and hydrophobic interactions with His353, 

Ser355, His383, His387, Glu411, Phe457, His513, Tyr520 

and Tyr523. Similarly, it is observed that the amino acids 

Glutamine (Gln281), Histidine (His353), Lysine (Lys511) 

and Tyrosine (Tyr523) plays a crucial role in favouring the 

interactions 
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interactions with all the three compounds including 

Lisinopril. Interestingly it is observed that the docking score 

of Rosemarinic acid (-34.6473 kJ/mol) is relatively better 

that that of Standard drug Lisinopril dock score (-33.8026 

kJ/mol), While the dock score of Caffeic acid (-33.9872 

kJ/mol) is also found to be slightly better than standard. It is 

observed the Rosemarinic acid interactions are supported 

by an additional amino acid Phenylalanine (Phe527) in the 

formation of nonbonded interactions while compared to 

other compound interactions. Thus it possibly suggests that 

the Pheny alanine in the active site of ACE protein plays a 

crucial role for its better binding affinities. 

Thus the docking studies implies that the conserved 

amino acids such as Histidine (H) and Tyrosine (Y) in the 

binding pockets of ACE are vital in posing the better binding 

interaction with the phytocompounds than that of 

Sulfhydryl-containing ACE therapeutic, Captopril. Whereas 

the amino acids such as Glutamine (Q) and Valine (V) are 

significant in  favouring the better interaction with 

phytocompounds than that Lisinopril, a dicarboxylate-

containing agent. These docking interactions also envisages 

that the =O (keto group) present in the compounds and -NH 

(amino group) on the amino acids favors the H-bond 

interactions. Hence these findings clearly picturizes that the 

Rosemarinic acid could significantly possess better ACE 

inhibition activity and could be an alternative therapeutic 

agent to replace the drugs with severe side effects. 

3.5 Pharmacophore Modeling and Validation  

The pharmacophore model is generated by using the 

pharmacophore module of Discovery Studio. The 

Pharmacophore hypothesis generation is achieved by using 

auto pharmacophore generation option in Discovery Studio 

which considers the chemical feature types such as the 

hydrogen bond acceptor (HB_ACCEPTOR), hydrogen bond 

donor (HB_DONOR), hydrophobic feature (HYDROPHOBIC), 

negative ionizable feature (NEG_IONIZABLE), positive 

ionizable feature (POS_IONIZABLE) and aromatic ring 

(RING_AROMATIC) for the selected ligand.   

 

Figure.5: Generated Pharmacophore based on the  
Rosemarinic acid, Hydrogen bond donor (magenta) 

Hydrophobic (cyan) ; Ring aromatic (orange) 

 

 

 

 

The ten pharmacophore models are generated by using 

Common Feature Pharmacophore Model Generation 

protocol in Discovery studio. For a statistically significant 

pharmacophore model, correlation coefficient and root 

mean square deviation (RMSD) are calculated. The best 

pharmacophore model was selected based on the high 

correlation coefficient and lower RMSD . The generated 

pharmacophoric features based on the Rosemarinic acid is 

shown in figure.5.  

3.6 3D Database Screening  

Search 3D Database protocol with best search option 

implemented in DS is used for database screening against 

Maybridge database consisting of more than one lakh 

compounds. The obtained database hits is screened using 

various filters such as estimated activity, Lipinski’s rule of 

five, and ADMET properties. The final hit compounds after 

filtering are known as hit list and ranked according to the fit 

value, which is the degree of consistency with the 

pharmacophore model. To decrease the number of hits, a 

minimum fit value of >3, which is the lowest limit to qualify 

as a hit compound, is applied.  

This lower limit of fit value is chosen according to the 

fit value obtained from the active molecule. The molecules 

with good fit scores are selected for further docking studies. 

The generated 3D pharmacophore of rosmeric acid is 

subjected to screen the compounds with the significant 

chemical features against May bridged database, exhibited 9 

potential compounds that matches the generated 

pharmacophore (Table.4). These Hits are defined as those 

compounds that possess chemical functionalities that 

spatially overlap with corresponding features within the 

pharmacophoric model. The hits were subsequently fitted 

against the pharmacophore and assessed by Fit Value 

(Figure.6). 

Table 4  The compounds matching pharmacophore and 

their fit values (Rosemeric acid) 

S.No. Maybridge compound Fit Value 

1. PD 00533 2.66957 

2. CD 01374 1.86604 

3. CD 04888 1.74073 

4. CD 01278 1.17254 

5. BTB 04932 1.14923 

6. SPB 00952 0.866112 

7. RJC 03634 0.840245 

8. RJC 03429 0.36152 

9. RDR 01978 0.152094 
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Figure.6 : The top four compounds matching the Pharmacophore 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.7 Molecular Docking  

The Top 4 obtained compounds PD 00533, CD 01374, 

CD 04888 and CD 01278 were docked with in the active site 

of ACE2, and their docking interactions with their binding 

energies along with their pharmacophoric fit values were 

tabulated (Table.5). Among the obtained 4 hits from 

maybridge database, the compound PD 00533 exhibited the 

highest docking score of -38.4372 kJ/mol. The docking 

studies implies that the amino acids Alanine (Ala356), 

Histidine (His 513 and 353) and Water molecule (Hoh 2317) 

in the binding pockets of ACE are vital in posing the better 

binding interaction with the maybridge screened compound 

(PD 00533). While the non bonded interactions are 

favoured by Valine (Val518), Serine (Ser355), Histidine (His 

353,387,383 and 513). These docking interactions also 

envisages that the =O (keto group) present in the 

compounds and NH (amino group) on the amino acids 

favors the Hbond interactions.  

Table.5: Maybridge compounds with the fit values and 

docking scores 

Compound Fit value Docking score 

PD 00533 4.66957 -38. 4372 

CD 01374 3.86604 -34.5687 

CD 04888 2.56234 -32.5624 

CD 01278 2.54782 -30.4587 

BTB 04932 1.89542 -28.25687 

 

 

 

 

 

Thus the pharmacophoric design and 3D database search 

along with the docking studies revealed that the May Bridge 

compound PD00533 having the better binding energy of -

38.4372 kJ/mol might have a better inhibition activity 

against the ACE2 receptor. 

3.8 Natural bond Analysis (HOMO-LUMO) 

The Eigen value of LUMO–HOMO energy gap reflects 

the chemical activity of the molecule. The HOMO-LUMO Plot 

of PD00533 is shown in figure.8.   

The HOMO–LUMO energy gap for PD 00533calculated at 

DFT level:  

HOMO Energy    = -6.8077 eV 

LUMO Energy   = -3.9086 eV 

HOMO – LUMO energy gap    = 2.90 eV 

The Eigen value of LUMO–HOMO energy gap reflects 

the chemical activity of the molecule. The decrease in the 

HOMO and LUMO energy gap explains the eventual charge 

transfer interactions that are taking place within the 

molecule which might be due to the strong electron-

accepting ability of the electron-acceptor groups. It is 

observed that the HOMOs have an overall π bonding 

character along with a considerable non-bonding character 

and LUMOs have an anti-bonding π* character. The strong 

charge transfer interaction is responsible for the bioactivity 

of the molecule. Thus it is observed that two compounds 

namely Rosemarinic acid and Caffeic acid showed relatively 

good binding affinity that the standard ACE inhibitor  

Lisinopril. Lisinopril. 
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Figure.7:  Docking complex and interactions of PD 00533  (-38.4372 kJ/mol) 

 

Figure 8 : The HOMO-LUMO plot for PD 00533 (compound obtained from Rosemmeric pharmacophore) 

 

 

 

 

 

 

 

The compound PD 00533 also favors the necessary 

hydrogen bond interactions with in the activity site of ACE 

and thus identified as novel leads with anti-hypertensive 

activity. The HOMO–LUMO energy gap has a substantial 

influence on the calculated value that is found to be 2.90 eV. 

The lowering of HOMO–LUMO energy gap, a quantum–

chemical descriptor, explains the charge transfer 

interactions taking place within the molecule through strong 

N–H⋯N and N–H⋯O hydrogen bonding which strengthens 

that compound PD00533 is bioactive and pharmaceutical in 

nature and thus suggested as novel leads with anti-

hypertensive activity. 

 

CONCLUSION:  

Hypertension is a highly prevalent cardiovascular risk 

factor. Angiotensin Converting Enzyme (ACE), a metallo-

peptidase is the best known important drug target in the 

treatment of hypertension and responds to broad range 

ACE inhibitors such as Captopril. In this study,  18 

phytochemical compounds  were screened for their anti-

hypertensive activity against the x-ray crystal structure of 

human ACE in complex with lisinopril. It is observed that 

Rosemarinic acid showed relatively good binding affinity 

that the standard ACE inhibitor Lisinopril. Further, the 3D 

pharmacophore generated on Rosemarinic acid was 

screened against May bridged database and found that PD 

00533 as novel leads with anti-hypertensive activity. 
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The hydrogen bonds network of PD 00533 has been 

thoroughly analyzed using NBO analysis and the molecular 

hydrogen bonding and charge transfer interaction present in 

the molecule emphasized the charge transfer interactions 

taking place within the molecule through strong N–H⋯N and 

N–H⋯O hydrogen bonding is crucial for its bioactivity.  

Further it implies that the NH group and =O present in the 

compounds favors the hbond interactions. The findings from 

these studies pave a path for the design of novel ACE 

inhibitors and also envisage that the amino acids Aspartic 

acid, Phenylalanine, Leucine and Glycine should be 

considered during its design for implying its action as a best 

ACE inhinitor compound against the potential target of 

angiotensin-converting enzyme. 
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Abstract: A novel organic single crystal of L-Isoleucine Maleate(LIM) and L-Isoleucine Oxalate(LIO) were grown by slow evaporation 

solution growth method using water as the solvent at room temperature. X-ray Powder diffraction studies have been carried out in order to 

calculate the lattice parameter values. The FT-IR spectrum of the materials were recorded on BRUKER IFS 66V FT-IR SPECTROMETER 

using KBr pellet technique. FT-IR studies revealed the functional groups present in the compounds. 
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1.1 Introduction 

Crystal growth plays an important role in modern technology. A crystal is nothing but a solid in which the constituents atoms molecules 

or ions are packed in a regular ordered, repeating pattern extending in all three spatial dimensions in the present study. Amino acids are 

crystalline solids. They are generally soluble in water and insoluble in non-polar organic solvents. The predictable formation of networks or 

assemblies through intermolecular interactions such as hydrogen bonding or co-ordination bonds in the entire crystal lattice of crystalline 

materials having desire chemical and physical properties is the main objective of crystal engineering. It is multi disciplinary area and it has 

implications for materials chemistry, supramolecular chemistry, molecular recognition and biology [1-4]. Among the organic molecules, α-amino 

acids exhibit specific features of interest such as molecular chirality, absence of strongly conjugated π-bonds, wide transparency window in the 

entire UV, Visible and NIR regions of the electromagnetic spectrum and zwitter ionic nature as a consequence of internal acid-base reactions[5]. 

The α-amino acids are the building blocks of poly peptides and proteins and are linked to one another by means of peptide bonds. L-Isoleucine is 

both glucogenic and ketogenic amino acid . This is one of the amino acids having branched hydro carbon side chains. It is non polar and aliphatic 

in nature.On the basis of infra red spectroscopic study, the crystal of L-Isoleucine was assumed to belong a rather unusual type in which the 

molecules two type of conformation[6,7]. In the present paper, the synthesis and single crystal growth of L-Isoleucine organic acids followed by 

characterization by Powder X-ray diffraction (XRD) and FT-IR have been described. 

 

1.2 Experimental Details 

L-Isoleucine Maleate(LIM)was synthesized by the by the reaction between a weak organic maleic acid and the strongly basic amino 

acid L-Isoleucine (Hi-media) taken in equimolar proportions. 

L-Isoleucine Oxalate(LIO) was synthesized by taking L-Isoleucine (Hi-media) and Oxalic acid in equimolar ratio. 

The calculated amounts of reactants in each of the reactions were thoroughly dissolved in double distilled water and stirred well for 

about 6h using a magnetic stirrer to ensure homogenous temperature and concentration over the entire volume of the solutions. The solution was 

filtered using a whatmann filter paper of pore size eleven µm, transformed to crystal growth vessels and crystallizations were allowed to take 

place by slow evaporation under room temperature. Transparent colorless LIM and LIO were harvested in a period of 45 days and 60 days, 

respectively by slow evaporation and are shown in Fig.1(a and b). 
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(a)      (b) 

Fig. 1 (a & b) Photograph of LIM and LIO crystals 

1.3 XRD Studies 

               Powder X-Ray diffraction studies of L-Isoleucine Maleate and L-Isoleucine Oxalate crystals are carried out. The samples were scanned 

for 2θ values from 10⁰ to 80⁰ at a rate of 2⁰per minute. The resulted powder XRD pattern is shown in Fig. 2 (a & b). The sample displays sharp 

and well resolved diffraction peaks with good crystalline nature. 

 

 

 

 

 

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (a)         (b) 

Fig. 2 (a & b) XRD pattern of LIM and LIO crystals 

1.4 FT-IR Studies 

The FT-IR spectrum of the candidate materials were recorded on BRUKER IFS 667 FT-IR SPETROMETER using KBr pellet 

technique .The FT-IR analysis of L-Isoleucine Maleate and L-Isoleucine Oxalate crystals have been carried out in the wave number range of 

4000 to 450cm-1 are shown in fig.3(a and b).In LIM the higher energy region, peak at 2961 cm-1 is assigned to C-H stretching vibration [8].The 

C-O and C=O stretching modes produce peaks at 2878 cm-1and 1720 cm-1. Multiple fine structures at the lower energy mode of the envelope 

indicates the strong hydrogen bonding interaction of NH3
+ group with strong absorptions of COO- group at 1568 cm-1[9].The C-O stretching 

mode is observed at 1307cm-1.The CH2 wagging and rocking modes produce peaks at 1240 and 866 cm-1,respectively. Further medium band 

observed at about 1069 cm-1 is due to C-N stretching. The COO- scissoring (694 cm-1) vibration is also observed[10]. 

Investigating the absorption bands of LIO below 1000 cm-1 three characteristic bands were identified ,one at 675cm-1  (COO-in plane 

deformation),one at 580cm-1 (COO-  wagging mode) and the third one at 851cm-1  (C-C stretching).The band corresponding to NH3
+asymmetric 

deformation vibration occurs at 1683cm-1 ,COO- asymmetric stretching at1512 cm-1.High wave number region (3377-2350cm-1)contains NH and 

CH stretching vibration and combination of them. Band at 3377cm-1 is due to the presence of water molecules. 
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Fig. 3 (a & b) FTIR spectrum of LIM and LIO crystals 

The observed vibrational frequencies and their tentative assignments of LIM and LIO are listed in Table 1 (a & b) 

 

Table1a. Band Assignments of LIM                Table 1b.  Band Assignments of LIO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.5 Conclusion 

Transparent crystals of L-Isoleucine Maleate and L-Isoleucine Oxalate were grown by slow evaporation solution growth method. Grown 

crystals were characterized by X-ray diffraction. The modes of vibration of the molecules and the presence of functional groups were identified 

using FT-IR technique. 
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ABSTRACT

Objective: The objective of this study was to investigate the antihypertensive activity of heterocyclic compounds against angiotensin-converting 
enzyme (ACE) through molecular docking studies.

Methods: The X-ray crystal three-dimensional (3D) structure of human ACE complexed with lisinopril (PDB ID: 1O86) was retrieved from protein 
databank. The two-dimensional structures of 10 selected heterocyclic compounds were drawn in ACD-Chemsketch and converted into 3D structures. 
The 3D structures of compounds were virtually screened in the binding pockets of ACE using FlexX docking program. Further, the chemical entities 
revealing the molecular electronic structures of the best docked compound (Compound-4) were explored through density functional theory studies.

Results: The Compound-4 showed the highest docking score of −26.6290 kJ/mol with ACE. The Hbond and non-bonded interactions are favored 
by phenylalanine, leucine, and arginine. The energy gap of 1.60 eV between highest occupied molecular orbital and lowest unoccupied molecular 
orbitals explained the presence of strong electron-acceptor group. Furthermore, the molecular electrostatic potential studies clearly envisaged the 
requirement of electropositive and electronegative groups are crucial for the ACE inhibitor activities.

Conclusion: The identification of good ACE inhibitors requires the understanding of the current ACE inhibitors. Thus, the docking interactions of 
Compound-4 and its molecular electronic structure significantly imply its potential as antihypertensive agent. However, further clinical studies are 
required to ascertain its potential toxic effects.

Keywords: Angiotensin-converting enzyme, Angiotensin-converting enzyme inhibitors, Docking, Density functional theory studies, Highest occupied 
molecular orbital, Lowest unoccupied molecular orbitals, Molecular electrostatic potentials.

INTRODUCTION

In recent years, cardiovascular diseases have become a serious problem 
worldwide. The World Health Organization has reported an increase in 
the number of patients suffering from this disease. Hypertension is an 
important risk factor, contributing to other cardiovascular diseases such 
as blood vessel disorders, coronary heart disease, aortic aneurysm, and 
stroke [1]. Cardiac arrhythmia is another cardiovascular problem. An 
arrhythmia is any disorder of the heart rate that may cause stroke. Heart 
rhythm’s disorders may be caused by genetic factors or occur when the 
heart muscle (myocardium) is damaged, sometimes by hypertension [2].

At present, existing treatments for high blood pressure (BP) are not 
very effective and are generally uncomfortable for patients. This relies 
in that the patient needs to have a very strict control in the dosage and in 
the moment of the administration of the drug [3]. Moreover, also, some 
patients have an unfavorable response after the administration, leading 
them to a fast BP reduced. One of the most widely used compounds for 
the treatment of hypertension is Captopril. Like many others on the 
market, this drug was designed with computational tools. Over the past 
few decades, computational studies, together with rational drug design, 
have become a critical part in the development of new drugs.

Raised BP, especially systolic pressure (hypertension), confers 
a significant cardiovascular risk and public health concern and 
should be actively treated. One of the major systems involved in the 
elevation of the pressure is the renin–angiotensin system (RAS), and 
subsequently, its inhibition will have beneficial effects to lower BP and 
improve cardiovascular health [4]. The RAS is regulated by a series 

of highly specific enzymatic reactions. The first enzymatic reaction 
in the pathway starts with renal production of renin that cleaves 
angiotensinogen to generate angiotensin I. Angiotensin I is then cleaved 
by angiotensin-converting enzyme (ACE) to generate the active peptide 
vasoconstrictive hormone angiotensin II.

Many ACE inhibitors are known to be useful in the treatment of 
hypertension. The search for ACE inhibitors that lacked the sulfhydryl 
group also leads to the investigation of phosphorus-containing 
compounds. The phosphinic acid is capable of binding to ACE in a 
manner similar to enalapril. The interaction of the zinc atom with 
the phosphinic acid is similar that is seen with sulfhydryl groups. The 
purpose of the study is to determine the ability of some derivatives 
as ACE inhibitors through docking studies and the derivative with 
the highest potency and understanding its chemical entities through 
density functional theory (DFT) studies might pave path to design of 
novel ACE inhibitors with potential inhibition activity.

METHODS

Ligand selection
A total of 10 antihypertension inhibitor molecules reported in the 
studies of Yu et al., 2015, were selected in this study to explore their 
chemical entities required for the ACE inhibitory activity. The two-
dimensional (2D) structures of compounds drawn in ACD-Chemsketch 
(Version 12) [5] were obtained as simplified molecular-input line-entry 
system (SMILES). Further, the three-dimensional (3D) structures were 
generated and converted into standard delay file format at “online 
SMILES convertor and Structure file generator” server [6].

© 2019 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons. 
org/licenses/by/4. 0/) DOI: http://dx.doi.org/10.22159/ajpcr.2019.v12i2.29106
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Target and binding site prediction
The X-ray crystal structure of human ACE complexed with lisinopril 
(PDB ID: 1O86) [7] was retrieved from protein databank [8]. The 
amino acid residues within 6 Å radius of reference ligand lisinopril was 
considered as binding site using LeadIT (Version 2.1.9) [9].

Virtual screening
The 3D structures of all the 10 selected ACE inhibitors were virtually 
screened to reveal their binding efficiencies through docking in the 
predicted binding site of ACE using FlexX module of LeadIT. The docking 
was performed with the default parameters [10-12].

Docking interactions
The docking interactions revealing Hbond and Van der Waal forces 
among the selected ACE inhibitors and the amino acid residues of ACE 
were analyzed using pose-view [13] module of LeadIT.

DFT studies
The molecular structure of the best docked compound was computed 
using Gaussian software to retrieve the molecular geometric 
coordinates. Both DFT and time-dependent DFT calculations were 
performed using Gaussian 03W software. B3LYP hybrid functional 
6-311G (d) basis set was used in the calculation methods. The models 
of the electron density of various energy levels of the compound were 
visualized using Gauss View 3.0 [14].

RESULTS AND DISCUSSION

Hypertension is a highly prevalent cardiovascular risk factor and an 
increase in BP increases the risk of developing heart disease, obesity, 
kidney disease, eye damage, and stroke. Excessive salt intake has been 
suspected as a cause of high prevalence of hypertension. A high dietary 
salt intake contributes to the risk of hypertension, which further 
antagonizes the BP-lowering effect of most antihypertensive drugs. It 
has been reported that a combination of diet rich in fruits, vegetables, 
and low-fat dairy products could substantially lower BP levels [15].

Vázquez-Valadez et al. [16] reported that main target in the treatment 
of hypertension is the ACE. This enzyme is responsible for producing 
angiotensin II, a potent vasoconstrictor. Therefore, one of the targets 
in the treatment of hypertension is to inhibit ACE activity. Hence, this 
study’s aim is to use computational studies and to demonstrate that 
the heterocyclic compounds have a molecular affinity for ACE and are 
capable of inhibiting ACE activity, thus avoiding the production of the 
vasopressor angiotensin II. The 3D structure of ACE protein as target 
is shown in Fig. 1 and the 2D structures of 10 selected heterocyclic 
compounds considered in this study are shown in Fig. 2.

Docking interactions
The docking interactions of all the selected compounds in the study 
exhibited theoretically encouraging docking scores. Among the selected 
compounds, Compound-4 has exhibited relatively good binding affinity 
as compared to the other ACE inhibitors considered in this study. The 
docking interactions of the each compound exploring the amino acids 
favoring Hbond interactions and non-bonded interactions and their 
docking scores are discussed.

Docking interactions of Compound-1
The Compound-1 showed the docking score of −11.3060 kJ/mol with the 
ACE. It is observed that the Compound-1 exhibited critical interactions 
with the catalytic amino acid residues present in the active site cavity 
of the ACE by favoring the Hbond interactions and non-bonded 
interactions. The amino acid Leu380, Phe381, and Arg110 favored the 
Hbond interactions and the non-bonded interactions are supported 
by Phe130, Phe487, Phe381, Leu382, Glu383, and Arg110. Thus, this 
compound can be considered as potential ACE inhibitor molecule. The 
docking complex and docking interactions of Compound-1 within the 
active site of ACE is shown in Fig. 3a.

Docking interactions of Compound-2
The Compound-2 showed the docking score of −17.9469 kJ/mol 
with the ACE. It is observed that the Compound-2 exhibited critical 
interactions with the catalytic amino acid residues present in the 
active site cavity of the ACE by favoring the Hbond interactions 
and non-bonded interactions. The amino acid Phe381, Arg110, 
and Leu380 favored the Hbond interactions and the non-bonded 
interactions are supported by Arg110, Glu383, Leu382, Phe130, 
Phe487, and Phe381. Thus, this compound can be considered as 
potential ACE inhibitor molecule. The docking complex and docking 
interactions of Compound-2 within the active site of ACE is shown 
in Fig. 3b.

Docking interactions of Compound-3
The Compound-3 showed the docking score of −18.9100 kJ/mol with the 
ACE. It is observed that the Compound-3 exhibited critical interactions 
with the catalytic amino acid residues present in the active site cavity 
of the ACE by favoring the Hbond interactions and non-bonded 
interactions. The amino acid Phe381, Leu380, and Arg110 favored the 
Hbond interactions and the non-bonded interactions are supported 
by Phe487, Arg110, Leu382, Phe381, Glu383, and Phe130. Thus, this 
compound can be considered as potential ACE inhibitor molecule. The 
docking complex and docking interactions of Compound-3 within the 
active site of ACE is shown in Fig. 3c.

Docking interactions of Compound-4
The Compound-4 showed the highest docking score of −26.6290 kJ mol 
with the ACE. It is observed that the Compound-4 exhibited critical 
interactions with the catalytic amino acid residues present in the active 
site cavity of the ACE by favoring the Hbond interactions and non-bonded 
interactions. The amino acid Phe381, Leu380, and Arg110 favored the 
Hbond interactions and the non-bonded interactions are supported 
by Arg110, Glu383, Leu382, Phe130, Phe487, and Phe381. Thus, this 
compound can be considered as potential ACE inhibitor molecule. The 
docking complex and docking interactions of Compound-4 within the 
active site of ACE is shown in Fig. 3d.

Docking interactions of Compound-5
The Compound-5 showed the docking score of −14.2283 kJ/mol with the 
ACE. It is observed that the Compound-5 exhibited critical interactions 
with the catalytic amino acid residues present in the active site cavity 
of the ACE by favoring the Hbond interactions and non-bonded 
interactions. The amino acid Phe381, Leu380, and Arg110 favored the 
Hbond interactions and the non-bonded interactions are supported 
by Arg110, Glu383, Leu382, Phe130, Phe487, and Phe381. Thus, this 
compound can be considered as potential ACE inhibitor molecule. The 
docking complex and docking interactions of Compound-5 within the 
active site of ACE is shown in Fig. 3e.

Fig. 1: The protein structure of human angiotensin-converting 
enzyme complexed with lisinopril (PDB ID: 1O86)
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Docking interactions of Compound-6
The Compound-6 showed the docking score of −11.1612 kJ/mol with the 
ACE. It is observed that the Compound-6 exhibited critical interactions 
with the catalytic amino acid residues present in the active site cavity 
of the ACE by favoring the Hbond interactions and non-bonded 
interactions. The amino acid Phe381, Leu380, and Arg110 favored the 
Hbond interactions and the non-bonded interactions are supported 
by Arg110, Glu383, Leu382, Phe130, Phe487, and Phe381. Thus, this 
compound can be considered as potential ACE inhibitor molecule. The 
docking complex and docking interactions of Compound-6 within the 
active site of ACE is shown in Fig. 3f.

Docking interactions of Compound-7
The Compound-7 showed the docking score of −15.9906 kJ/mol 
with the ACE. It is observed that the Compound-7 exhibited critical 
interactions with the catalytic amino acid residues present in the 
active site cavity of the ACE by favoring the Hbond interactions 
and non-bonded interactions. The amino acid Phe381, Leu380, 
and Arg110 favored the Hbond interactions and the non-bonded 
interactions are supported by Arg110, Glu383, Leu382, Phe130, 
Phe487, and Phe381. Thus, this compound can be considered as 
potential ACE inhibitor molecule. The docking complex and docking 

interactions of Compound-7 within the active site of ACE is shown 
in Fig. 3g.

Docking interactions of Compound-8
The Compound-8 showed the docking score of −17.1659 kJ/mol with the 
ACE. It is observed that the Compound-8 exhibited critical interactions 
with the catalytic amino acid residues present in the active site cavity 
of the ACE by favoring the Hbond interactions and non-bonded 
interactions. The amino acid Phe381, Leu380, and Arg110 favored the 
Hbond interactions and the non-bonded interactions are supported 
by Arg110, Glu383, Leu382, Phe130, Phe487, and Phe381. Thus, this 
compound can be considered as potential ACE inhibitor molecule. The 
docking complex and docking interactions of Compound-8 within the 
active site of ACE is shown in Fig. 3h.

Docking interactions of Compound-9
The Compound-9 showed the docking score of −15.7295 kJ/mol with the 
ACE. It is observed that the Compound-9 exhibited critical interactions 
with the catalytic amino acid residues present in the active site cavity 
of the ACE by favoring the Hbond interactions and non-bonded 
interactions. The amino acid Phe381, Leu380, and Arg110 favored the 
Hbond interactions and the non-bonded interactions are supported by 

Fig. 2: The two-dimensional structure of 10 selected heterocyclic compounds
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Phe487, Phe381, Gly379, Phe130, Trp116, Thr318, Phe231, Leu382, 
Ile488, and Arg110. Thus, this compound can be considered as potential 
ACE inhibitor molecule. The docking complex and docking interactions 
of Compound-9 within the active site of ACE is shown in Fig. 3i.

Docking interactions of Compound-10
The Compound-10 showed the docking score of −14.7761 kJ/mol 
with the ACE. It is observed that the Compound-10 exhibited critical 
interactions with the catalytic amino acid residues present in the active 
site cavity of the ACE by favoring the Hbond interactions and non-bonded 
interactions. The amino acid Phe381, Leu380, and Arg110 favored the 
Hbond interactions and the non-bonded interactions are supported 
by Arg110, Glu383, Leu382, Phe130, Phe487, and Phe381. Thus, this 
compound can be considered as potential ACE inhibitor molecule. The 
docking complex and docking interactions of Compound-10 within the 
active site of ACE is shown in Fig. 3j.

DFT studies
Among the selected 10 ACE inhibitors, the Compound-4 exhibited the 
highest docking score, and thus, the Compound-4 was considered to 
explore its structural features and also the chemical entities required 
for the activity of the compound. The compound geometry was 
analyzed through predicting Fourier transform infrared (FT-IR) and 
FT Raman spectra of the optimized Compound-4. Further, considering 
that the determination of the energy gap between highest occupied 
molecular orbital (HOMO) and lowest unoccupied molecular orbitals 
(LUMO) could provide the chemical reactivity and kinetic stability 
of molecules, the Compounds 4 was optimized and proposed for 
theoretical calculations (DFT studies) using Gaussian software.

Vibrational analysis
The vibration spectral analysis is performed on the basis of the 
characteristic vibrations of the amino group, hydroxyl group, carbonyl 
group, and methyl group. The optimized 3D structure of Compound-4 
is shown in Fig. 4.

The theoretically predicted FT-IR and FT Raman spectra using 
B3LYP/6-311 G (d,p) method and the observed experimental FT-IR 
and FT Raman spectra are shown in Figs. 5 and 6, respectively. The 

respective FT-IR spectra and FT Raman spectra were recorded in the 
range from 4000 to 400 cm−1.

The Compound-4 exhibits a sharp peak at 2000 cm−1 associated with 
the –C–H– stretching vibrations of CH and CH3 groups. The signal 
characteristic bands of C=O (carbonyl) stretching vibration at 1600–
1750 cm−1 are due to the presence of some aromatic esters.

The compounds containing methyl groups and C-H groups are electron 
donating substituent in the aromatic ring system. Absorption arising 
from C–H stretching in the alkenes occurs in the region 3000–2840 cm−1. 
The lowering of the wave numbers from the normal values is due to the 
intermolecular charge transfer from the dimethyl group to the hydroxyl 
group through π conjugation system.

The changes in intensity of the CH3 stretching mode are also due to 
the influence of electronic effects resulting from hyperconjugation of 
methyl group with nitrogen atom and the aromatic ring system. Thus, 
the hyperconjugation of methyl group, causing changes in intensity 
in IR, clearly indicates that methyl hydrogen is directly involved in the 
donation of electronic charge. The asymmetric and symmetric bending 

Fig. 4: The optimized geometry of the Compound-4

Fig. 3 (a) Docking complex and interactions of Compound-1 with angiotensin-converting enzyme (ACE) (Score: −11.3060 kJ/mol). 
(b) Docking complex and interactions of Compound-2 with ACE (Score: −17.9469 kJ/mol). (c) Docking complex and interactions 

of Compound-3 with ACE (Score: −18.9100 kJ/mol). (d) Docking complex and interactions of Compound-4 with ACE 
(Score: −26.6290 kJ/mol). (e) Docking complex and interactions of Compound-5 with ACE (Score: −14.2283 kJ/mol). (f) Docking complex 

and interactions of Compound-6 with ACE (Score: −11.1612kJ/mol). (g) Docking complex and interactions of Compound-7 with ACE 
(Score: −15.9906 kJ/mol). (h) Docking complex and interactions of Compound-8 with ACE (Score: −17.1659 kJ/mol). (i) Docking complex 

and interactions of Compound-9 with ACE (Score: −15.7295 kJ/mol). (j) Docking complex and interactions of Compound-10 with ACE 
(Score: −14.7761 kJ/mol)

a b c d

e f g h
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vibrations of methyl group normally appear around 1446 and 1375 cm−1, 
respectively. The relatively large value of intensity in IR and Raman wave 
numbers of the rocking modes suggests the presence of hyperconjugation. 
The twisting and torsion vibrations are identified below 503 cm−1, which 
are also supported by the computed wave numbers.

The fundamental modes involving the amino group are stretching and 
bending of NH bonds, torsion, and inversion. The Compound-4 under 
investigation possesses one NH2 group, and hence, one expects one 
symmetric and one asymmetric N–H stretching vibrations. In all the 
primary aromatic amines, the N–H stretching frequency occurs in the 
region 3300–3500 cm−1 and. The antisymmetric stretching mode appears 
to be higher wave number than the symmetric. In Compound-4, the NH2 
asymmetric stretching vibration is observed in IR at 2500 as a medium 
band; the symmetric stretching vibration is observed in IR around 3520 
cm−1 and in Raman around 3580 cm−1. The frequency lowering present in 
the molecule is due to the intermolecular interaction.

The ring modes which are found to be active in both IR and Raman 
spectra enable the molecule to be an effective π conjugation system. 
Due to the existence of one directional charge transfer from the 
donor to the acceptor through the single-double bond conjugated 
path induces large variations of both the molecular dipole moment 
and the molecular polarizability during the same vibrations, thus 
gaining the activity of both IR and Raman at the same time. The 
simultaneous activation of IR and Raman ring modes also supports 
the charge transfer interaction between CH3 and the aromatic 
ring which also plays an important role in the biological activity 
of the compound to establish as a pharmaceutical compound with 
inhibitory activities.

Natural bond analysis (HOMO-LUMO)
The Eigenvalue of LUMO-HOMO energy gap reflects the chemical 
activity of the molecule. The HOMO-LUMO plot of Compound-4 is 

shown in Fig. 7. The calculated HOMO of −4.46eV and LUMO of −2.86 
eV are observed.

The decrease in the HOMO and LUMO energy gap (1.60 eV) explains the 
eventual charge transfer interaction taking place within the molecule, 
due to the strong electron-accepting ability of the electron-acceptor 
group. It is worth noting that HOMOs have an overall π bonding 
character along with a considerable non-bonding character and 
LUMOs have an antibonding π* character. The strong charge transfer 
interaction is responsible for the bioactivity of the molecule.

Molecular electrostatic potentials
The electrostatic contour map of the Compound-4 is shown in Fig. 8. The 
blue contours indicate electropositive charges correlating with activity and 
the Hbond donor regions, and the red contour indicates the relationship 
between negative charge and activity and also the Hbond acceptor regions.

The increase in positive charge and H-bond donor regions are favored 
in blue region while increase in negative charge and H-bond acceptor 
regions are favored in red region. Blue-colored regions show areas 
where electropositive charged groups enhance inhibitory activity by 
the presence of H-bond donors, while red regions represent where 
electronegative charged groups improve the activity with the presence of 
H-bond acceptors. The green colored contours indicates the steric bulk 
groups that are required to increase the activity while the yellow contours 
indicates the unfavorable steric bulk groups that can decrease the activity.

Thus, considering the docking interactions of Compound-4 with ACE 
protein and geometry, HOMO-LUMO energy gaps and electrostatic 
contour map of the Compound-4 clearly envisage that the presence 
of electropositive charged groups is very essential to enhance the 
inhibitory activity along with the H-bond donors, and the presence of 
electronegative charged groups can possibly improve the activity along 
the presence of H-bond acceptors.

Fig. 5: Theoretical Fourier transform infrared of Compound-4

Fig. 6: Theoretical Fourier transform Raman spectra of 
Compound-4 Fig. 8: Electrostatic contour map of the Compound-4

Fig. 7: The highest occupied molecular orbital-lowest unoccupied 
molecular orbitals plot of the Compound-4

a b
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CONCLUSION

Hypertension is an important risk factor, contributing to other 
cardiovascular diseases such as blood vessel disorders, coronary 
heart disease, aortic aneurysm, and stroke. The search for many novel 
ACE inhibitors is in progress that can be effective in the treatment 
of hypertension. Hence, the clear understanding of the present ACE 
inhibitors might give envisage the required chemical entities for the 
better ACE inhibition activity. Thus, in this study, a set of ACE inhibitors 
is used to explore their binding mechanisms with ACE protein and the 
Compound-4 with the highest activity is considered for further DFT 
analysis. The DFT studies revealed the HOMO (−4.46eV) and LUMO 
(−2.86 eV) and the energy gap (1.60 eV). This NBO analysis explained the 
eventual charge transfer is due to the strong electron-accepting ability 
of the compound. Furthermore, the electrostatic contour map revealed 
that the presence of electropositive charged groups is very essential to 
enhance the inhibitory activity along with the H-bond donors, and the 
presence of electronegative charged groups can possibly improve the 
activity along the presence of H-bond acceptors.
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Abstract: Intrinsically Disordered Proteins (IDPs) are lack in their stable tertiary and/or secondary structures under physiological conditions. IDPs can 
adopt a fixed three-dimensional structure after binding to other macromolecules. Parkinson's Disease (PD) is a degenerative, neurological disease that 
causes a person to lose control over some body functions. Symptoms start gradually with a barely noticeable tremor in just one hand. Tremors are 
common, but the disorder also commonly causes stiffness or slowing of movement. Many amino acids which are responsible for the disorderness they 
are aspartic acid, methionine, lysine, arginine, serine, glutamine, proline, glutamic acid. Withaniasomnifera (Ws) is an Indian Ayurvedic traditional 
medicinal herb root extract is rich in steroidal lactones including withanone, withaferin, withanolides, withasomidienone, and withanolide. These 
compounds have been reported to inhibit metastasis and quinonereductase activity and preferentially affect the cholinergic signal transduction cascade 
of the cortical and basal forebrain, and thus may be beneficial for the treatment of PD.  The outcome of this research project can lead a reflective 
standard shift in the treatment of Parkinson’s Disease (PD). The outcome of this project can also significantly support our understanding and analysis of 
biological networks of Human diseases. 
 
Keywords: Intrinsically Disordered Proteins (IDPs) , signaling interactions, Parkinson’s Disease(PD), Withaniasomnifera, quinonereductase, 

   - synuclein, 6FLT 
———————————————————— 

 

1. INTRODUCTION 
Intrinsically Disordered Proteins (IDPs) are lack in their 
stable tertiary and/or secondary structures under 
physiological conditions

1
. IDP can adopt a fixed three-

dimensional structure after binding to other 
macromolecules. They have important functions both in 
vitro and in vivo

2
. They are highly abundant in nature and 

their functional range complements the signaling and 
control. Intrinsic disorder opens a unique binding capability 
when they are binding to the partners and to gain different 
bound structures. They can also form highly stable 
complexes in ―signaling interactions‖. Aspartic acid, 
methionine, lysine, arginine, serine, glutamine, proline, 
glutamic acid are said to be the disorder promoting residues 
of the protein molecule

3
. According to the physico-chemical 

point of view, the majority of order-promoting residues are 
non-polar and commonly found within the hydrophobic 
cores of ordered proteins, whereas the majority of disorder-
promoting residues are polar, often charged, and commonly 
found on the surfaces of ordered proteins

4
. Finally 

interesting interconnections among intrinsic disorder, cell 
signaling and many human diseases suggest that protein 
conformational diseases are not only formed by the protein 
mis-foldings but also from misidentification, missignaling 
and unnatural and nonnative folding of the protein. 
Thus, the project aims to investigate such proteins 
sequences from human proteome containing disordered 
regions, and implicated in diseases with a specific objective 
of classifying these disordered proteins as potential drug  
targets. Conventional tasks such as identification of active 

sites and inventing new protocols for docking at the active 
site and estimating the accuracy of docking in such 
disordered regions. 
 

IPDs AND PARKINSON'S DISEASE 
Parkinson's Disease (PD) is a degenerative, neurological 
disease that causes a person to lose control over some 
body functions. Symptoms start gradually, with a barely 
noticeable tremor in just one hand. Tremors are common, 
but the disorder also commonly causes stiffness or slowing 
of movement. Withaniasomnifera (Ws) is an Indian 
Ayurvedic traditional medicinal herb grown in India, Africa, 
and the Mediterranean region. The root extract is rich in 
steroidal lactones including withanone, withaferin, 
withanolides, withasomidienone, and withanolide. The 
above compounds are skilled of inhibiting metastasis and 
quinonereductase activity and preferentially affect the 
cholinergic signal transduction cascade of the cortical and 
basal forebrain, and thus may be beneficial for the 
treatment of PD.   

 
 

 
 
 
 
 
 

MATERIALS AND METHODS  
 
Protein Preparation: 
The protein 6FLT  was loaded from RCSB protein data 
bank (www.rcsb.org/pdb/) on the PyRx then the force field 
Uff and is applied to the structure then minimization was 
carried out the algorithms is Conjugate Gradient and Smart 
Minimizer along with the maximum steps were 200 to 
minimize the molecule to results satisfied.  
 
Ligand Preparation 
The ligands were sketched using ACD/ ChemSketch (12.0) 
software and saved in (.mol) file format. The saved ligand 

___________________________________ 
 

 Research Scholar, PG and Research Dept. of Chemistry, Sarah 
Tucker College (Affliated to Manonmaniam Sundaranar University), 
Tirunelveli, Tamil Nadu, India. meera3306@gmail.com 

 **Asst. Professor, PG and Research Dept. of Chemistry, Sarah 
Tucker College (Affliated to Manonmaniam Sundaranar University), 
Tirunelveli Tamil Nadu, India. shakinajudson@gmail.com 

 $Corresponding author, Research Head, Research Dept. of 
Chemistry, Sadakathullah Appa College, Tirunelveli, Tamilnadu, 
India. asm2032@gmail.com 

 #Research Scholar, Research Dept. of Chemistry, Sadakathullah 
Appa College, Tirunelveli, Tamilnadu, India. s.bushra91@gmail.com 

 
 

Fig:1.Withaniasomnifera 
(Ws) 

mailto:meera3306@gmail.com
mailto:shakinajudson@gmail.com
mailto:asm2032@gmail.com
mailto:s.bushra91@gmail.com


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 10, OCTOBER 2019                        ISSN 2277-8616 

 

2791 
IJSTR©2019 
www.ijstr.org 

compounds were later imported in was loaded on the PyRx 
and minimised using Dreiding Minimizer. 
 
Docking 
The Protein and Ligands molecules are loaded on the then 
the forcefield and minimization were applied to that and 
docking studies are carried out Auto Dock docking method 
is used for this the high positive docking score were to be 
consider the H-bond interaction are shown below with the 
docked protein and  ligands. 
 

RESULT AND DISCUSSION 
The target protein receptor possessed satisfactory 
geometric parameters and was therefore used in the 
investigation of the ligand-protein interaction. In the present 
Docking analysis, all three ligand compounds were docked 
in active site of Human alpha-synuclein (α-syn). Docking 
analysis reveal that most active compound withaferin 
interacted with receptor through H-bond interactions. On 
mapping of all the ligands against generated features, it is 
shown the best compound is withaferin based on Auto Dock 
binding affinity. The results and discussion are shown 

below. - SYNUCLEIN (α-syn) Human alpha-synuclein 
(α-syn) is predominantly conversed in the brain, especially 
in the neocortex, hippocampus, 
substantianigra(SN),thalamus and cerebellum and is found 
in Lewy bodies (LBs). α-Syn is an acidic protein with three 
domains namely N-terminallipid-binding α-helix, 
amyloid-binding central domain (NAC),and C-terminal 
acidic tail .  α-Syn can be present as an α -hel ix 
structure in association with phospholipids or an 
unfolded conformation in the cytosol, suggesting that it 
plays special roles in divergent cellular locations based on 
its dynamic structure. 

 
 
 
 
 

 
 
 
 
 
 

Fig: 2. SECONDARY STRUCTURE OF - SYNUCLEIN 

 

Primary Sequence of  - synuclein 
>6FLT:A|PDBID|CHAIN|SEQUENCE 
MDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVL
YVGSKTKEGVVHGVATVAEKTKEQVTNVGGAVVTGVTA
VAQKTVEGAGSIAAATGFVKKDQLGKNEEGAPQEGILED
MPVDPDMDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGK
TKEGVLYVGSKTKEGVVHGVATVAEKTKEQVTNVGGAVV
TGVTAVAQKTVEGAGSIAAATGFVKKDQLGKNEEGAPQE
GILEDMPVDPDMDVFMKGLSKAKEGVVAAAEKTKQGVA
EAAGKTKEGVLYVGSKTKEGVVHGVATVAEKTKEQVTNV
GGAVVTGVTAVAQKTVEGAGSIAAATGFVKKDQLGKNEE
GAPQEGILEDMPVDPDMDVFMKGLSKAKEGVVAAAEKT
KQGVAEAAGKTKEGVLYVGSKTKEGVVHGVATVAEKTKE
QVTNVGGAVVTGVTAVAQKTVEGAGSIAAATGFVKKDQL
GKNEEGAPQEGILEDMPVDPDMDVFMKGLSKAKEGVVA
AAEKTKQGVAEAAGKTKEGVLYVGSKTKEGVVHGVATVA

EKTKEQVTNVGGAVVTGVTAVAQKTVEGAGSIAAATGFV
KKDQLGKNEEGAPQEGILEDMPVDPDMDVFMKGLSKAK
EGVVAAAEKTKQGVAEAAGKTKEGVLYVGSKTKEGVVH
GVATVAEKTKEQVTNVGGAVVTGVTAVAQKTVEGAGSIA
AATGFVKKDQLGKNEEGAPQEGILEDMPVDPDMDVFMK
GLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVLYVGSKTK
EGVVHGVATVAEKTKEQVTNVGGAVVTGVTAVAQKTVE
GAGSIAAATGFVKKDQLGKNEEGAPQEGILEDMPVDPDM
DVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVLYV
GSKTKEGVVHGVATVAEKTKEQVTNVGGAVVTGVTAVA
QKTVEGAGSIAAATGFVKKDQLGKNEEGAPQEGILEDMP
VDPDMDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTK
EGVLYVGSKTKEGVVHGVATVAEKTKEQVTNVGGAVVT
GVTAVAQKTVEGAGSIAAATGFVKKDQLGKNEEGAPQEG
ILEDMPVDPDMDVFMKGLSKAKEGVVAAAEKTKQGVAEA
AGKTKEGVLYVGSKTKEGVVHGVATVAEKTKEQVTNVG
GAVVTGVTAVAQKTVEGAGSIAAATGFVKKDQLGKNEEG
APQEGILEDMPVDPD 

Selection of - synuclein The protein data bank (PDB) is a 
collection of crystal structures for proteins with bound 
ligands and co-activators. Protein searched for the crystal 

structure of Human DNA - synuclein has around many 
PDB structures. Among all of them, the best protein was 
selected as 6FLT based on the high resolution on X-Ray 
diffraction results and Ramachandran plot analysis. The 
Ramachandran plot of protein 6FLT is shown in Fig. 2.  
Number of residues in favoured region    (~98.0% 
expected)  :  480 ( 85.7%) 
Number of residues in allowed region     ( ~2.0% expected)    
:   80 ( 14.3%) 
Number of residues in outlier region                                       
:    0 (  0.0%) 

 
Protein molecule in the PyRx: 
The Protein 6FLT has loaded on the PyRx then the force 
field Uff and is applied to the structure then minimization 
was carried out the algorithms is conjugate gradient and 
smart minimizer along with the maximum steps were 200 to 
minimize the molecule to results satisfied.  
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

Fig: 3. Ramachandran plot analysis of 6FLT  
 
  (85.7% residues in most favored region and 0.0% 

residues in disallowed region) 
 

 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 10, OCTOBER 2019                        ISSN 2277-8616 

 

2792 
IJSTR©2019 
www.ijstr.org 

 
 
 
 
 
 
 

 
 
 
 
 
 

Fig: 4.Protein Molecule in 3D -window 
 
Ligand molecule in the PyRx : 
The ligands were loaded on the PyRx and ligands are 
prepared by using the small molecules-general purpose-
ligand preparation otherwise the dried minimizer were used 
to prepare the ligands all the ligands were load into the one 
3D window. 

 
Fig: 5.Ligand Molecules in 3D –window 

 
Docking Results: 
The Protein and Ligands molecules are loaded on the PyRx 
then the forcefield and minimization were applied to that 
and docking studies are carried out Auto Dock docking 
method is used for this the high positive docking score were 
to be consider the H-bond interaction are shown in Table 1 
with the docked protein and  ligands. 
 

CONCLUSION 
The X-ray crystal structure of the human alpha-synuclein 
(α-syn) was retrieved from protein data bank and the 
Withaniasomnifera compounds were sketched using ACD/ 
ChemSketch software. The target protein receptor 
possessed satisfactory geometric parameters and was 
therefore used in the investigation of the ligand-protein 
interaction. In the present Docking analysis, all three ligand 
compounds were docked in active site of Human 
alpha-synuclein (α-syn). Docking analysis reveal that most 
active compound withaferin interacted with receptor through 
H-bond interactions. On mapping of all the ligands against 
generated features, it is shown the best compound is 
withaferin based on Auto Dock binding affinity. 

 
 
 

Table 1:Binding Affinity for Selected Ligands 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
Fig:6.Docking Results 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 10, OCTOBER 2019                        ISSN 2277-8616 

 

2793 
IJSTR©2019 
www.ijstr.org 

REFERENCES 
[1] Intrinsically  disordered proteins: regulation and 

disease; M adanBabu, Robinvander Lee, Natalia 
Sanchezde Groot and Jo¨rgGsponer; ;  Science 
Direct, Current Opinion in Structural Biology 2011, 
21:1-9. 

[2] Targeting intrinsically disordered proteins in 
neurodegenerative and protein dysfunction 
diseases: another illustration of the D2 concept; 
Vladimir N Uversky; Expert Rev Proteomics. 2010 
Aug; 7(4): 543–564. 

[3] The alphabet of intrinsic disorder II. Various roles 
of glutamic acid in ordered and intrinsically 
disordered proteins;Vladimir N Uversky. 
Intrinsically Disord.Proteins. 2013. 

[4] The alphabet of intrinsic disorder I. Act like a Pro: 
On the abundance and roles of proline residues in 
intrinsically disordered proteins Francois-Xavier 
Theillet, Lajos Kalmar, Peter Tompa, Kyou-Hoon 
Han, Philipp Selenko,1 A. Keith Dunker, Gary W. 
Daughdrill, and Vladimir N Uversky. Intrinsically 
Disord Proteins; January, 2013.  

[5] Protein Kinase C: An Attractive Target for Cancer 
Therapy; Barbara Marengo*,Chiara De 
Ciucis, Roberta Ricciarelli, Maria A. 
Pronzato, Umberto M. Marinari and 
CinziaDomenicotti. Cancers (Basel). 3(1): 531–
567. 2011. 

[6] The alphabet of intrinsic disorder I. Act like a Pro: 
On the abundance and roles of proline residues in 
intrinsically disordered proteins Francois-Xavier 
Theillet, Lajos Kalmar, Peter Tompa, Kyou-Hoon 
Han, Philipp Selenko, A. Keith Dunker,Gary W. 
Daughdrill and Vladimir N. Uversky.   Landes 
Bioscience, e24360-2 .volume1 ,issue 1. 

[7] Intrinsic disorder in Viral Proteins Genome-
Linked: experimental and predictive analyses 
EugénieHébrard, YannickBessin, Thierry Michon, 
Sonia Longhi, Vladimir N Uversky5, François 
Delalande, Alain Van Dorsselaer, Pedro Romero, 
Jocelyne Walter, Nathalie Declerck and Denis 
Fargette. Virology Journal 2009, 6:23. 

[8] Unfoldomics of human diseases: linking protein 
intrinsic disorder with diseases Vladimir N 
Uversky, Christopher J Oldfield, UrosMidic, 
Hongbo Xie4,Bin Xue1, Slobodan Vucetic, Lilia M 
Iakoucheva, ZoranObradovic and A Keith 
Dunker.BMC Genomics 2009, 10(Suppl-1):S7. 

[9] Intrinsic Disorder and Functional Proteomics 
PredragRadivojac,* Lilia M. Iakoucheva,y 
Christopher J. Oldfield,* ZoranObradovic,z 
Vladimir N. Uversky, and A. Keith Dunker. 
Biophysical Journal Volume 92 March 2007 
1439–1456. 

[10] Amino acid contribution to protein solubility: Asp, 
Glu, and Ser contribute more favorably than the 
other hydrophilic amino acids in RNaseSaSaul R. 
Trevino, Martin Scholtz, and C. Nick Pace; J Mol 
Biol. 2007 Feb 16; 366(2): 449–460.,2006. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Uversky%20VN%5BAuthor%5D&cauthor=true&cauthor_uid=20653509
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20653509
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20653509
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uversky%20VN%5BAuthor%5D&cauthor=true&cauthor_uid=28516010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5424795/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Theillet%20FX%5BAuthor%5D&cauthor=true&cauthor_uid=28516008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Theillet%20FX%5BAuthor%5D&cauthor=true&cauthor_uid=28516008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalmar%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28516008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tompa%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28516008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=28516008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=28516008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Selenko%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28516008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dunker%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=28516008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daughdrill%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=28516008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daughdrill%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=28516008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uversky%20VN%5BAuthor%5D&cauthor=true&cauthor_uid=28516008
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5424786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5424786/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marengo%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24212628
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Ciucis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24212628
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Ciucis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24212628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ricciarelli%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24212628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pronzato%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24212628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pronzato%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24212628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marinari%20UM%5BAuthor%5D&cauthor=true&cauthor_uid=24212628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Domenicotti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24212628
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3756376/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trevino%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=17174328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trevino%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=17174328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scholtz%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17174328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pace%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=17174328
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=17174328
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=17174328


Spectroscopic analysis (Raman, FT-IR, UV, NMR), HUMO, LUMO and 

first order hyper polarizability calculations of Nor Leucine Maleate 

(DLNM) using DFT methods 

A.Zeenath Bazeera
1
    Dr.S.Selvaraj

2     
Dr.A.Syed Mohamed

3
 

1 
Part- time Ph.D Research Scholar, Reg. No. 12100, Department of   physics, M.D.T.Hindu 

College, Tirunelveli, & Assistant professor, Department of Physics, Sadakathullah Appa 

College, Tirunelveli, Tamilnadu. 
2 

Associate Professor, Department of Physics, M.D.T. Hindu College, Tirunelveli, 

Tamilnadu. 
3 

Assistant professor, Department of Chemistry, Sadakathullah Appa College, Tirunelveli, 

Tamilnadu. 

Abstract 

  The investigations by various spectroscopic analysis for Nor Leucine Maleate were 

carried out in this study. The crystal characterizations were done using FT-IR (4,000-

400𝑐𝑚−1)  , FT-Raman (3,500-500𝑐𝑚−1), UV-Vis (200-800nm) and NMR by SCF-GIAO 

method. HOMO-LUMO analysis for were done. The HUMO-LUMO energy gap of the Nor 

Leucine Maleate was calculated at B3LYP/6-31G (d, p) level, which aids in the revelation 

that the energy gap found in this analysis reflects the chemical activity of the molecule. The 

first order Hyper polarizability was also calculated. Finally, this study aids in the 

optimization of Non-Linear Optical property of Nor Leucine Maleate for various applications 

such as optoelectronic devices. 

Key Words : Nor Leucine Maleate, First order hyper polarizability, HUMO-LUMO, FT-IR.

1. Introduction 

The materials which possess optical non-linearity (NLO materials) are of great 

significance and are used in a number of optoelectronic and photonic devices.  Materials 

which possess the property of optical linearity also has technological importance in areas 

such as optical communications, optical computing and data storage [1]. The semi-organic 

and organic materials are given more importance due to their high non-linearity, quick 

response and great diversities in opto-electric effect when compared to an inorganic NLO 

material. Organic crystals have a delocalized π-conjugated system [2, 3]. Conjugated donor-

acceptor substituted organic materials are known to exhibit good NLO and electro-optical 
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effects. The optical-linearity can be intensified by adding a strong electron donating and also 

optimizing the donor-acceptor distance. The extensive choice of materials helped in 

improving high non-linearity, low transformation temperature, fast response and high 

transparency making these systems more demanding than any other systems. The interest in 

the optical non-linearity phenomena has increased after the adent of laser sources and they 

also a play a very important role in the development of laser technology. DL-Norleucine is 

found to be both a glucogenic and a ketogenic amino acid. It is one among the three amino 

acids with a branched hydro carbon side chains. DL-Norleucine is hydrophobic, non polar 

and aliphatic in nature. DL-Norleucine has been used in various computational studies such 

as molecular dynamics simulations for elucidating the solid state transition mechanism in 

molecular crystals[4-7].  In the present study, we chose Norleucine maleate to enhance the 

property of optical non-linearity. DL-Norleucine and maleic acid are mixed to form DL-

Norleucine maleate crystal. The structure of the crystal is studied. Several spectroscopic 

studies such as UV, FTIR, Raman, VCD, ECD were carried out. In addition HUMO LUMO 

analysis, hyperpolarizability were carried out. Moreover, theoretical calculations based on 

Density Functional Theory (DFT) were done for the investigation of NLO properties. 

2. Experimental studies 

 Characterization of Nor Leucine Maleate 

Several characterization studies of the crystal were undertaken to understand their 

structure. The FT-IR spectra were recorded in the range of 400-4000𝑐𝑚−1 with a resolution 

of ±4𝑐𝑚−1 with an accuracy of ±0.01𝑐𝑚−1 on a BRUKER IFS 667 FTIR. Other 

spectroscopic studies viz. UV-vis, Raman was done in the region 3,500-500𝑐𝑚−1 to ensure 

the crystal structure and the purity of the crystals. Various interpretations were done based on 

the spectrum obtained. Nuclear Magnetic Resonance is one of the most powerful tools for 

elucidating the structure of compounds making it an important method for the study of 

organic chemistry. The SCF-GIAO plot will show the assignments to each atom, the 

integration simulation and a reference curve if needed. When two atomic or molecular 

orbitals interact with each other it produces two new orbitals. Of the two orbitals one has 

higher energy (the anti-bonding orbitals) and another orbital with lower energy (the bonding 

orbitals).  If one of the orbitals is filled with an electron pair (Lewis base) while the other is 

empty (a Lewis acid), we can place both the electron into lower energy of the two orbitals. 

Therefore the interaction between the “filled-energy” orbitals is stabilizing. If we deal with 

the interacting molecular orbitals, the two that interact are the highest energy occupied 
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molecular orbitals (HOMO) and lowest occupied molecular orbitals (LUMO) of the specific 

compound. These two are orbitals are a pair of orbitals, allowing them to interact more 

strongly. As these orbitals lie at the outermost boundaries of the electron in the compound, 

they are known as the frontier orbitals. The intermolecular charge from the donor to the 

acceptor group thorough a single-bond conjugated path is able to induce a huge variation in 

the molecular dipole moment and also the molecular polarizability, making the activity of IR 

strong[8,9]. The HUMO-LUMO energy gap of the Nor Leucine Maleate was calculated at 

B3LYP/6-31G (d, p) level, which reveals that the energy gap found in this analysis reflects 

the chemical activity of the molecule of interest. Other than this, Hyper polarizability 

calculations were done for DLNT crystals by the DFT-B3LYP functional with the 6-31G (d, 

p) basis set. The output from GAUSSIAN 09 provides 10 components of the 3*3*3 matrix as 

βxxx, βxxy, βxyy, βyyy, βxxz, βxyz, βyyz, βxzz, βyzz, βzzz and also the total hyperpolarizability is also 

calculated. 

3. Results and discussion 

3.1 Optimized Molecular Geometry 

  The molecular geometry of DLNM was designed using Gaussian 09 and optimization 

was carried out with DFT-B3LYP functional with the 6-31G (d,p)  basis set. Optimization 

corrects our molecular structure, the bond angle and bond length between the molecules. This 

optimized molecular structure is used for other characterizations. 

 

 

 

Wutan Huatan Jisuan Jishu

Volume XVI, Issue X, OCT/2020

ISSN:1001-1749

Page No:268



3.2 FT-IR analysis 

The FT-IR spectrum of DLNM is shown in figure 1: 

 

Fig.1: FT-IR of Nor Leucine Maleate 

The B3LYP level at 6-31G (d,p) basis set and keyword freq=(raman) is used to calculate 

theoretical FT-IR and FT-Raman. The prominent peak at 3197𝑐𝑚−1 corresponds to C-H 

stretching. The C=O symmetric stretching is found at band 1795.45𝑐𝑚−1. The C=C 

stretching and C-N stretching are found at bands 1555.21𝑐𝑚−1, 1457.49𝑐𝑚−1 respectively. 

The tabulations are given below: 

Table 1: Theoretical and experimental FT-IR spectrum of Nor Leucine 

Maleate 

Wave number𝑐𝑚−1 

(experimental) 

Wave number 

𝑐𝑚−1 

(computational) 

Assignments 

3197.43 3176 C-H stretching 

1795.45 1705 C=O stretching 

1555.21 1538 C=C stretching 

1457.49 1495 C-N stretching 
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3.3 Raman activity spectra 

The Raman activity spectrum observed for a particular frequency range is given in the figure 

2: 

 

Fig. 2: Raman Activity spectrum of Nor Leucine Maleate 

 

One of the prominent peaks near the region of 1666.60𝑐𝑚−1 corresponds to C=O 

stretch Alpha helix. Two more peaks at 3020𝑐𝑚−1 and 3197𝑐𝑚−1 ensures broadening and 

shifting by H-bonding. 

3.4 UV-Vis spectral analysis 

The UV-Vis Spectrum is obtained using TD-DFT calculation with solvent as water. 

The calculations results in values of excited state energy and oscillator strength in particular 

wavelengths. As we calculated the oscillator strength of the excited state in the wavelength 

290 nm as 0.1414[10,11] By using oscillator strength, transition dipole moment can be 

calculated using the formula 

μ2 =
3e2ℏ

4πmeν
× f 

Where, f is the oscillator strength As the result the transition dipole moment is 7.4011 

debye. Transition dipole moment is useful in designing non linear optical materials. This can 

be carried out for various solvents by which the first order hyperpolarizability varies. The 

observed UV-Vis spectrum is given in the figure 3: 
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Fig.3: UV-Vis of Nor Leucine Maleate 

Also various observations such as the excitation energy and the oscillator strengths 

are calculated the UV data and are the results are tabulated below: 

Table 2: Calculated values of excitation energies and oscillator strength 

Wavelength (nm) Excitation energy (eV) Oscillator strength 

280.07 4.4270 0.0004 

290.13 4.2734 0.1414 

300.35 4.1280 0.0040 

 

3.5 NMR analysis – SCF-GIAO method 

The NMR spectrum for DLNM obtained using the SCF-GIAO method is given below  

in the figure 4: 
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Fig.4: NMR study by SCF-GIAO method 

3.6 HOMO-LUMO analysis 

The energy gap value is a critical parameter in stability of the molecule. The 

calculated energy HOMO and LUMO are -0.26505 and -0.09008 respectively. The energy 

gap value is calculated as 0.17497 [12,13]. As we see smaller energy gap and high energy of 

HOMO indicates the larger value of microscopic first order hyperpolarizability. 

The analyzed HOMO-LUMO energies are given below in the following figure 5. 

 

Fig.5: HUMO-LUMO energies of Nor Leucine Maleate 
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Table 3: HUMO-LUMO analysis and energy gap calculation 

Parameter Energy (eV) using 

B3LYP/6-31 G(d,p) 

HOMO (61) -0.26505 

LUMO  (62) -0.09008 

HOMO (61) – LUMO  

(62)  Energy gap 

-0.17497 

HOMO -1 (60) -0.28719 

LUMO +1 (63) 0.00124 

HOMO -1 (60) - LUMO +1  

(63) Energy gap 

-0.28843 

HOMO -2 (59) -0.29580 

LUMO +2 (64) 0.02577 

HOMO -2 (59) - LUMO  

+2 (64) Energy gap 

-0.32157 

 

3.7 Hyper polarizability 

The hyperpolarizability is the second order electric susceptibility per unit volume. 

First order hyperpolarizability is a third rank tensor, which is described using 3*3*3 matrix. 

The 27 components of 3D matrix is reduced to 10 components using Kleinman symmetry.  

The magnitude of hyperpolarizability value is calculated using the formula 

βtot = (βx
2 + βy

2 + βz
2)1/2 

 

 

Where,  
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βx
2 = (βxxx + βxyy + βxzz )2 

βx
2 = (βyyy + βyzz + βyxx )2 

βz
2 = (βzzz + βzxx + βzyy )2 

The calculation results obtained from Gaussian output file will be in atomic units 

(a.u) and it is converted into electrostatic units (e.s.u) where, 1 a.u = 8.6393 x 10^-33 e.s.u. 

The hyperpolarizabilty value is found to be 9.6168*10
-30

 [14,15].
 

This first order 

hyperpolarizability shows the non linearity of DLNM molecule. Which results in Second 

Harmonic Generation (SHG).The first order hyper polarizability findings are listed 

below: 

Table 4: The First order hyper polarizability calculations for Nor Leucine  

              Maleate 

βxxx = 114.54901 

βxxy = -289.18986 

βxyy = 468.96922 

βxxz =  2.08429 

βxzz = -44.74526 

βyyy = -957.0806 

βyyz =-25.49090 

βyzz =-50.32641 

βzzz = -35.17686 

βtotal = 9.6168*10-30   𝐞. 𝐬.𝐮 
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4. Conclusion 

In our work, we studied various structural properties of Nor Leucine Maleate crystals. 

The molecular structure is optimized using DFT method. FT-IR and FT-Raman spectrum 

shows the particular modes of stretching and bending of bonds. The HUMO-LUMO energy 

gap is found and the value of the energy gap can be used for the explanation of the eventual 

charge transfer interactions which takes place within the molecule. Moreover, the first order 

hyper polarizability of the Nor Leucine Maleate crystals ensures that the molecule of interest 

proves to be a fascinating object to study the NLO properties and hence can be used in a 

variety of applications. 
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ABSTRACT 

Green technique for the reduction of graphene oxide is utterly important on account of its 

industrial application. The available methods involve the use of hydrazine which is a very 

harmful chemical. Hence an eco-friendly method is to be suggested for producing reduced 

graphene oxide. The current study paves way for efficient, cost effective and greener synthesis 

of reduced graphene oxide using waste materials. The peels of Solanum tuberosum which is rich 

in polysaccharides are utilized for the reduction and stabilization of reduced graphene oxide. The 

extracted polysaccharides are tested and used for the reduction. The reduced graphene oxide is 

characterized using UV-Visible spectroscopy. The red shift of the spectrum to 274 nm and peak 

at 300 nm confirms the formation of reduced graphene oxide. 

Key words: graphene oxide, polysaccharides, Solanum tuberosum, red shift, reduced graphene 

oxide. 

I. INTRODUCTION 

Graphene, graphene oxide and their derivatives is currently the subject of a great deal of 

research, both in terms of their fundamental physical, chemical, and materials science properties, 

as well as the exciting promise of their practical applications in diverse fields [1]. The tuning of 

defects in graphene based materials is of interest for application in several areas. The remarkable 
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potential of graphene-based technologies has prompted researchers to explore several areas of 

application centered on the controlled reduction of graphene oxide to varying degrees and 

consequently also a partial restoration of its network system [2].  

 Graphene has wide applications in the industries. It is very difficult to prepare graphene 

in pure form and in large quantity. The reduction of graphene oxide which is hydrophilic to 

reduced graphene oxide which is hydrophobic and similar in structure to graphene is easy [3]. 

Reduced graphene retains the hexagonal structure of graphene with sp
2
 hybridized carbon-

carbon bonds with all the functional groups removed.  

Reduced graphene oxide with similar structure to graphene has wide range of 

applications. Reduced GO is preferable over graphene, because of the ease of production and 

low cost [4]. Bulk quantities can be produced at cheaper cost. The methods involved in the 

reduction of graphene oxide to reduced graphene are chemical reduction, thermal reduction, 

solvothermal, photolytic, hydrothermal and microwave irradiation. There are advantages and 

disadvantages involved in each process [5].  

The sheets of graphene oxide sheets are insulating with sheet resistance (Rs) of 1012 

Ω/sq. This is due to the presence of sp
3
 hybridized carbon cluster and other defects.  Reduction 

of graphene oxide can make it electrically conductive. Heat treatment of graphene oxide 

decomposes the oxygen functionalities and restores the sp
2
 carbon clusters which lead to higher 

electrical conductivity [6].   

Hence a greener, cost effective and easy method is to be designed for the bulk production 

of reduced graphene oxide. The present study involves an eco-friendly method utilizing the 

waste material for the production. Several nutritionally beneficial compounds were present in 
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Solanum tuberosum peels which can be utilized in many ways. The peel extract exhibits 

antioxidant property. Phenolic compounds are found predominantly (about 90%) in potato peels. 

Many researchers reported the presence of caffeic acid in Solanum tuberosum [7]. 

The peels also contain non-starch polysaccharides of about 30%. These polysaccharides 

show antioxidant properties. It exhibits radical scavenging activity and reducing capacity. 

Hence, it can be utilized in the reduction and stabilization of graphene oxide.  

II. MATERIALS AND METHODS 

Solanum tuberosum was obtained from a local market in Tirunelveli, Tamilnadu.  The 

adhered surface dust particles on the peels were removed by washing in tap water and then in 

distilled water. After washing, the peels were removed. The peels were dried at 50°C in an oven 

for 48 h and ground in a mixer grinder (Moulinex). It was then stored at room temperature (25 ± 

5◦C) until use. The methodology for the extraction of polysaccharides was done as suggested by 

Ding et al., (2012) with some modifications [8]. 

The peels (20 g) were mixed with 500 ml of distilled water in a 1 L flask, and boiled 

under reflux with a heating mantle. The solution was filtered and recovered after 4 hours. The 

extraction was repeated to ensure complete removal of polysaccharides. The filtrates obtained 

were combined and concentrated by means of a rotary evaporator maintained at 50°C under 

vacuum. Recovery of the polysaccharides was performed by ethanol precipitation for one night 

at -20°C, followed by centrifugation for 15 min at 5300xg. The polysaccharide was re-

solubilized in distilled water. A dialysis step against double-distilled water was carried out for 3 

days to remove inorganic salts, prior to freeze-drying for three days to obtain water-soluble 

polysaccharides [9, 10]. 
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Test for polysaccharides 

Iodine test 

1 ml of a given sample is taken in a clean, dry test tube. Control of 1ml of distilled water 

is taken in another tube. About 2-3 drops of Lugol’s solution is added to both the tubes and 

mixed in a vortex. The appearance of color in the test tube is observed. It is heated in the water 

bath until the color disappears. The test tubes are cooled. The appearance of color seen in the test 

tubes is noted. Appearance of blue black color indicates the presence of polysaccharides (starch) 

[11]. 

Reduction of graphene oxide 

1 g of graphene oxide powder was mixed with 5 g of polysaccharides and dissolved in 

250 ml water and stirred continuously for 72 hours. This process was done by using deionized 

water and centrifugation at 5000 rpm for 15 minutes.  The step was repeated twice along with 

ultrasonification of 10 minutes before every centrifugation to disperse sample in deionized 

water.  The product was dried in an oven at 80°C for 24 hours. 

Characterization 

 The dried powder was characterized using UV-Visible spectrophotomer. 
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III. RESULTS AND DISCUSSION 

A green method to reduce graphene oxide (RGO) was developed using polysaccharide 

obtained from Solanum tuberosum peels which acts as as both reducing agent and stabilizing 

agent. The reaction conditions are analyzed for optimum production of reduced graphene oxide 

and the product is characterized using UV-Visible spectrophotometer. Reduction of graphene 

oxide using polysaccharides obtained from waste proves to be an efficient and cost effective 

green methodology. The degree of reduction can be determined by λmax of UV–Visible spectrum. 

As conjugation increases, less energy is needed for π- π* transitions and the λmax value increases 

[12]. 

 The spectrum of graphene oxide has an absorption peak at 230 nm which is shifted to 

274 nm in reduced graphene oxide. This is red shift due to electronic configuration in reduced 

graphene oxide. The absorption peak at 230 nm is attributed to π- π* transition of aromatic C-C 

ring. The UV spectra of reduced graphene oxide on the other hand show the red shift at 274 nm. 

This absorption peak is due to n- π* transition of C-O bonds. The UV spectrum for graphene 

oxide and reduced graphene oxide are given in the figures 5.1 and 5.2 respectively.  

The optical absorption for graphene oxide appears at 230 nm corresponding to the π-

π* plasmon peak [13]. The nano meter scale sp
2
 clusters and chromophore units such as C=C, 

C=O and C–O are responsible for π-π* plasmon peak [11]. The conjugative effect of 

chromophore produces the π-π* plasmon peak for graphene oxide. n- π* transition of the 

carbonyl groups (C=O) appears as shoulder at 300 nm [14,15, 16]. 

The red shift to 274 nm suggests the presence of conjugation followed from graphene 

oxide after reduction. The peak at 300 nm in reduced graphene oxide results from the removal of 

oxygen. The change in color of the solution from brown to black also indicates the formation of 

reduced graphene oxide. Conventional methods involve the use of hydrazine which is very 
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harmful. This greener methodology provides cost effective route for the reduction of graphene 

oxide [17]. 

Although methodologies are available for reduction of graphene oxide using 

polysaccharides such as glucose, this method involves the use of polysaccharides extracted from 

waste peels. The incorporation of waste materials for the production of commercially important 

product paves way for cost effective, novel and eco-friendly process.   

IV. CONCLUSION 

The reduced graphene oxide has high commercial application. Hence an eco-friendly 

and cheap method to reduce graphene oxide will pave way for huge application in various fields. 

The present method involves the reduction of graphene oxide using easily available, cost 

effective and reuse of waste form vegetable (peels of Solanum tuberosum). The result indicated 

the formation of reduced graphene oxide which is characterized by UV-Visible spectrum with 

λmax at 230 and 274 nm for graphene oxide and reduced graphene oxide respectively. Further 

studies can be carried out to inspect the structural morphology and applications of reduced 

graphene oxide. 
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Figure 1 UV- Visible spectrum of Graphene oxide 

Wutan Huatan Jisuan Jishu

Volume XVII, Issue X, October/2021

ISSN NO: 1001-1749

Page No:32

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Eda%2C+Goki
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lin%2C+Yun-Yue
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mattevi%2C+Cecilia
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yamaguchi%2C+Hisato
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Chen%2C+Hsin-An
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Chen%2C+I-Sheng
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Chen%2C+I-Sheng
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Chen%2C+Chun-Wei
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Chhowalla%2C+Manish
https://doi.org/10.1155/2019/5058163


 

 

 

 

 

 

  Figure 2 UV-Visible spectra of Reduced Graphene oxide 
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Abstract: The use of plants for medication in India is common among tribal and 
ethnic groups. The phytochemical constituents present in the plants ensure 
antibacterial, antifungal and anti-cancer properties. The present study is initiated to 
study the antimicrobial property of Carica papaya peels and Glycyrrhiza glabra 
roots. The extracts of these components are prepared in different ratios and analyzed 
for antimicrobial and phytochemical constituents. The results showed that the 
presence of phenol, saponins, flavonoids, steroids, terpenes and reducing sugar in the 
extract. The extract in the ratio of 2:1 exhibited effective antibacterial activity against 
Klebsiella pneumoniae whereas the ratio of 1:1 had effectiveness against 
Pseudomonas aeruginosa and Stapylococcus aureus. The antifungal studies provided 
the data that 1:1 extract is effective against Rhizopus microspores while 2:1 ratio 
proved to be effective against Aspergillus flavus and Candida albicans. 

Keywords: Carica papaya, Glycyrrhiza glabra roots, phenol, Klebsiella pneumonia, 

Stapylococcus aureus, Rhizopus microspores. 

1. Introduction 

Treatment with medicinal plants is the prime medication in many countries. Most of 
the world’s population depends on crude plants for medicinal use. The tree barks, 
leaves, stem, flowers and roots are utilized for medication (Barrett and Kieffer 2001). 
The active phytochemical constituents are made use as starting materials for the 
preparation of drugs. The side effects produced in consuming the synthetic drugs 
provided importance to the ancient medicinal plant constituents. Numerous plants 
which are used in folk medication are approved as medicines by extracting the 
bioactive component of the mixture. An example is morphine extracted from opium.   
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Research on medicinal plants involves numerous fields of study and analysis. The 
different field of study involved is botanist to collect plants, ethnopharmacologist to 
diagnose the medicinal value, chemist to analyze the component responsible for 
therapeutic action and pharmacologist to isolate and make it suitable for medication 
(Baker et al., 1995). The phytochemical constituents are important source of new 
drugs and lead compounds (Newman et al., 2000; Newman et al., 2003).  

India occupies an important place in the plant resources. About lakhs of traditional 
medicinal practitioners are available in India. Millions of people receive the welfare 
of Siddha, Unani and Ayurvedic medicine. Recent years the medical field is attracted 
much towards the use of plants. The reason lies in non-toxic and lack of side effects 
of using natural cure (Mukherjee 2001). The traditional medicine requires extensive 
research with technological advances and logical justifications to be utilized. 

The use of plants as medicine has started from vedic period. Charak Samhita described about 
341 medicinal plants in 1900 BC. Bagbahtta of Sind, Madhab Nidana and Bhava Mishra 
wrote books on medicinal plants. About 1250 plants have been utilized in Ayurveda. Many 
Ayurvedic plants have now been used in preparing modern medicines. Nearly 70% of organic 
constituents in British Pharmacopoeia of 1932 are derived from plants. The lacking in the use 
of traditional medicine lies in the backlog of research in the plant derived products and 
scientific reasoning of the components (Miller and Gerean 1992). 

Antibacterials derived from plants have served better than syntheitic due to lesser side effects. 
The active components of plant origin are a best alternative to control pathogens 
(Kumaraswamy et al., 2008). The bioactive components are essential for the determination of 
therapeutic action and medicinal value of the plants. The chemical constituents mostly found 
in plants are flavonoids, alkaloids, phenolic compounds and tannins. Ethnopharmacological 
information in phytochemistry will pave way for discovery of new therapeutic agent with 
fewer side effects (Chhetri et al., 2008). The phenolic compounds and flavonoids present in 
plants have therapeutic values such as anti-inflammatory, analgesic, antimicrobial and 
antitumour properties (Wink, 1999). Flavonoids can also act as antioxidants (Gurib-Fakim, 
2006). 

Recent advancement in technology and isolation processes pave way for the extraction and 
purification of phytochemical constituents. Numerous plant species still remain unexplored. 
Some examples of plant components with high efficiency are mevastatin obtained from 
pencillin, quinine, rapamycin and etoposide (Kingston et al., 1992). According to the World 
Health Organization report, around 20, 000 medicinal plants are used worldwide as medicine.  

The demand for herbal drugs is increasing day by day. The efficacy, lack of side effects and 
therapeutic long term action make these drugs essential for analysis of bioactive components. 
People rely on Ayurveda for medicinal purposes during ancient times and the period changed 
when their hope shifted to allopathic medicine. Now due to lack of long term therapeutic 
effects and safety, the attention is much diverted to herbal medicines. Hence it becomes 
important to analyze the bioactive ingredients of these plants for effective medicinal use. 
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International Pharmacopoeia has included several herbal drugs and traditional medicines. The 
guidelines and methodology must be regularized for the usage of these bioactive components. 
The plants must be chosen based on easy availability, phytochemical components and 
therapeutic value.           

Glycyrrhiza glabra is one of the oldest traditional medicinal plants of India. The components 
of the plant are saponins, flavonoids, glycyrrhizin and in addition the root exhibits sugar and 
proteinous substances. Glycyrrhizin, a triterpenoid compound, represents the sweet taste of 
root. The yellow shade of G.glabra is due to the flavonoid substance such as liquiritin, 
isoliquiritin (a chalcone) and other compounds. The concentrates are frequently utilized as an 
enhancing agent in present day medication. The plant has been used as pigments, food 
additives, insecticides and in perfume industries. It has been used in folk medicine to reduce 
fever and curing tooth aches (Kumar and Dora, 2012). Alkaloids present in the roots are 
active constituent with therapeutic value. 

Licorice hinders the growth and cytopathology of numerous random DNA and RNA viruses. 
Glycyrrhizic corrosive represses cyclooxygenase movement and prostaglandin development, 
as well as by implication restraining platelet aggregation (Acharya et al., 1993). Specifically, 
glycyrrhizin has antiviral action against and is prepared to do irreversibly inactivating the 
virus. Although it is an extensively studied plant, the effect of the root components against 
some particular bacteria and fungus remains unexplored (Ajagannanavar et al., 2014).  

Not only plant parts but also the wastes obtained from the fruits can also be used for 
medicine. One such plant is Carica papaya where the peels of fruits contain bioactive 
ingredients. The peels are rich in phenol, vitamin c, fibres, copper, sulphur, calcium, iron, 
magnesium and potassium. The presence of phenol provides antioxidant property. Also, 
vitamin c content helps to cure inflammation and can be utilized for antimicrobial activities 
(Didier et al., 2017).  

The present study is carried out to analyze the combined effects of extracts of Glycyrrhiza 
glabra root and Carica papaya peels in different ratios against certain bacteria and fungi. 

2. Materials and Methods 

Carica papaya peels were cut in to small pieces and weighed. Samples were exposed to air 
dry for three days, lyophilized for 8 hours using a freeze dryer and exposed to temperatures of 
50 °C and 80 °C using a laboratory oven for 3 hours. About 2 g of coarse powder was packed 
in Soxhlet apparatus using ethyl acetate, ethanol and hexane. The extract was collected and 
stored after evaporating the solvents. Fresh roots of Glycyrrhiza glabra Linn commonly 
known as athimathuram were collected. They were washed and shade dried for 5 to 6 
days.The dried samples were finely ground into powder. The fine powdered roots of 
Glycyrrhiza glabra were weighed to determine the dry weight. The extraction was carried out 
using Soxhlet apparatus with chloroform as solvent. About 10g of dried G. glabra was 
dissolved in 100 ml of chloroform and stirred using stirrer. The sample and solvent was 
maintained at 1:10 ratio. After extraction, the contents were filtered using Whatmann filter 
paper No.1. The filtrate was kept on a hot water bath at 75 °C to concentrate the product by 
evaporating the residual solvents in the filtrate. The samples are mixed with one another in 
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two different ratios. Sample A and B. Sample A has the ratio of 1:1 (Carica papaya peel 
extract 1ml and extract of Glycyrrhiza glabra root 1ml)  and  sample B has the ratio of 2:1 
(papaya peel extract 2ml and extract of Glycyrrhiza glabra 1ml), then the samples were 
analyzed for antimicrobial activity and phytochemical constituents. The presence of bioactive 
components such as phenols, saponins, flavonoids, steroids,terpenes and reducing sugars were 
tested. The samples were examined for antibacterial activity against Klebsiella pneumoniae, 
Pseudomonas aeruginosa and Stapylococcus aureus. Antifungal study was carried out against 
Aspergillus flavus, Rhizopus microspores and Candida albicans (Yogeshi et al., 2004; Perez 
et al., 1990).    
3. Results and Discussion 
Phytochemical analysis indicated the presence of phenol, saponins, flavonoids, steroids, 
terpenes and reducing sugar in the extract. The phytochemical constituents are tabulated in 
table 1 

Table 1 Antibacterial activity of extracts of Carica papaya peels and roots of 
Glycyrrhiza glabra 

 Phytochemical test Result 
Phenol + 

Saponins + 

Flavonoids + 

Steroids + 

Terpenes + 

Reducing sugars + 

Antibacterial activity  
In the present study the samples were subjected to evaluate its antimicrobial activity. Sample 
A represents Carica papaya peel extract of 1ml and Glycyrrhiza glabra extract of 1ml 
whereas Sample B represents the papaya peel extract of 2ml and Glycyrrhiza glabra of 1ml. 
Sample B was highly active against Klebsiella pneumoniae than Sample A. The zone of 
inhibition of sample A was 18 whereas sample B showed 16 against the bacteria 
Pseudomonas aeruginosa. The result for Stapylococcus aureus was similar to that of 
Pseudomonas aeruginosa, since sample A showed high zone of inhibition than sample B. 
Samples A and B displayed nearly equal activity against Pseudomonas aeruginosa. The 
antibacterial results are tabulated in table 2. 

Table 2 Antibacterial activity of extracts of Carica papaya peels and roots of 
Glycyrrhiza glabra 

Microorganisms 
 

Zone of inhibition 

A* B* 

Klebsiella pneumoniae 15 20 
Pseudomonas aeruginosa 18 16 

Stapylococcus aureus 20 14 
*Sample A - Carica papaya peel extract 1ml and extract of Glycyrrhiza glabra 1ml 
*Sample B- Carica papaya peel extract 2ml and extract of Glycyrrhiza glabra 1ml 
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Figure 1 Antibacterial activity of Sample A and Sample B against Klebsiella pneumonia, 
Pseudomonas aeruginosa and Stapylococcus aureus 

Antifungal activity  
Sample B was effective against Aspergillus flavus and Candida albicans than sample A. The 
zone of inhibition of sample B was 12 against Aspergillus flavus. Both samples A and B 
showed higher zone of inhibition for Rhizopus microspores. The antifungal activity was 
tabulated in table 3. 

Fukai et al. (2002 a) reported certain flavonoids of licorice such as glabridin, glabrene, 
licochalcone A, licoisoflavone B which showed antibacterial activity against drug resistant H. 
pylori. Fukai et al. (2002 b) further reported antibacterial activity of flavonoid against 
methicillin resistant strain of S. aureus. The presence of these flavonoids resulted in the 
antibacterial activity of Glycyrrhiza glabra. The antimicrobial activity was reported due to the 
presence of glycyram and licuroside. Glabridin in Glycyrrhiza glabra was the main reason for 
antifungal activity (Fatima et al., 2009). 
Table 3 Antifungal activity of extracts of Carica papaya peels and roots of Glycyrrhiza 

glabra 

Microorganisms 
Zone of inhibition 

A* B* 

Aspergillus flavus 10 12 
Rhizopus microsporus 18 16 

Candida albicans 15 16 
*Sample A - papaya peel extract 1ml and extract of Glycyrrhiza glabra 1ml, *Sample B- papaya peel extract 2ml 
and extract of Glycyrrhiza glabra 1ml 
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Figure 2 Antifungal activity of Sample A and Sample B against Aspergillus flavus, 
Rhizopus microspores and Candida albicans 

The antibacterial activity of papaya peel was due to the presence of alkaloids and tannins 
(Khalili et al., 2012). The result was further supported by Maria et al., (2019). Their study 
showed that the presence of phytochemicals such as terpenes, alkaloids and saponins contents 
in peels of papaya which result in antimicrobial activity. 
The mixture of extract was active against Klebsiella pneumoniae bacteria which cause 
severe infections in lungs, bladder, brain, liver, eyes, blood, and wounds. Also the extract was 
very much effective against Rhizopus microspores which can cause mucormycosis in 
immune-compromised humans. 

 
4. Conclusion 

The extracts of Carica papaya peels and roots of Glycyrrhiza glabra were effective against 
bacteria such as Klebsiella pneumonia, Pseudomonas aeruginosa and Stapylococcus aureus. 
The extract showed efficient antifungal activity against Aspergillus flavus, Rhizopus 
microspores and Candida albicans. The different ratio of mixtures depicted varying activity. 
The efficiency of the extract can be further increased by analyzing different ratio mixtures 
and separating the active components. 
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ABSTRACT 

Chemiluminescence is the emission of light as a result of chemical reaction. The 4-membered dioxetane ring is 

also proposed as an intermediate in the chemiluminescent reactions. Bisadamantylidene Adamantane 1,2-Dioxetane 

(BAAD) have received special attention. The former is a very stable compound having half-life time of approximately 

104 years at room temperature. The main aim of this study was to investigate the mechanism of chemiluminescent 

decomposition of dioxetane derivatives BAAD. The ground and the transition states in the closed shell singlet state 

were optimized by B3LYP/6-31G method. 

Key words: Chemiluminescence, dioxetane, Bisadamantylidene adamantane 1,2-dioxetane, closed shell singlet state. 
 

 

INTRODUCTION 

Chemiluminescence is the emission of light as a result of chemical reaction [1]. There is no external light 

source used to initiate a chemiluminescence reaction. These reactions are generated by fundamental molecular 

transformations. In these reactions, “non-adiabatic surface jump” leads to the ground state reactant into excited state. 

Traditionally developed methods for atmospheric ozone and nitric oxide provide a good example of the advantage 

of CL reactions [2]. The 4-membered dioxetane ring is also proposed as an intermediate in the chemiluminescent 

reactions [3-10]. More results have been published on the experimental and theoretical studies of chemiluminescence 

of 1, 2-dioxetanes [11-15]. 

Thefirstdioxetanenamely 3, 3, 4-trimethyl 1,2-dioxetaneby Kopeckyand Mumford [16] in 1969, whichdecomposes 

rapidly at room temperature. In 1973, Turro and Lechtken [17-18] studied the decomposition and chemiluminescence 

of TMD was strongly solvent dependent, activation energy of TMD 25 kcal/mol has been measured and a reaction 

enthalpy of 60 kcal/mol was calculated [19]. In the case of simple dioxetanes chemiluminescence emission is from 

triplet state via biradical mechanism [20] Most studies showed that 3,3,4-trimethyl 1,2-dioxetane, TMD and simple 

dioxetane derivatives yield triplet products upon decomposition in solution [21-23]. More succeeding researches 

reveal that, thermal decomposition studies [24] on TMD using MCSCF method is used to study the mechanism of 

singlet state (S1) formation. 
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According to the theoretical point of view 1,2-dioxetane (DO) and TMD are studied by using stepwise mechanism 

[24]. 

According to Tanaka and Tanaka [24] report, TMD is more stable than DO and the chemiluminescence yield is 

much higher when compared with DO. This report also proves that TMD follows biradical mechanism and it form 

the biradical was formed by the breaking of O-O bond in the rate determining step of the chemiluminescent reaction. 

TMD is more stable than parent system, because in contain more number of methyl substitution. More experimental 

results [25] are also reported on TMD that, the triplet yield for TMD is significantly higher than that for the parent 

system. 

In the case of adamantyl substituted dioxetanes, such as spiro-adamantyl, spiro-acridyl and spiro-xanthyl are 

used as thermochemiluminescent immunoassays [26]. Bisadamantylidene Adamantane 1,2-Dioxetane (BAAD) was 

studied by Wynberg and coworkers [27-32] by using X-ray crystallography. In 1983, Adam [33] resolves the stability 

of BAAD. He proposed that, the biradical is formed after the breakage of O-O bond leads to fragmentation at transiod 

conformation rather cisoid conformation. The unusual thermal stability [32] of BAAD is due to the compression of 

bulky spiroadamantane units. X-ray structure [34] reveals that, BAAD is not planar and this compound also follows 

biradical mechanism, the initial O-O bond cleavage results a dioxyl biradical leads to energetically unfavorable 

compression they increase the activation energy. The length of O-O bond is 1.48 Å, average length of C-C bonds 

in the adamantyl group is 1.531 Å and the central C-C bond length is 1.549 Å. In BAAD [35], the ring opening 

mechanism invokes compression of the alkyl substituents in the initial step was the breaking of O-O bond either in 

concert with the spin flip (or) to form a singlet biradical. But the O-O and C-C bonds cleaves simultaneously it leads 

to steric compression. In 1982, Adam et al tried to synthesize the Monoadamantyl 1,2-Dioxetane (MAD) via Kopecky 

route still a failure process [36]. 

According to the theoretical point of view [24,37-43] and most previous studies showed that there are three 

mechanisms involved in the decomposition of 1,2-dioxetanes. In stepwise mechanism, according to White and Harding 

[44] and Richardson and O’Neal [20], cleavage of the weak O-O bond generates a short lived biradical intermediate 

which cleaves rapidly to carbonyl containing products. The initially formed singlet biradical is postulated to partition 

between singlet ground state and excited state carbonyl products. Singlet and triplet of the biradical should approach 

each other in energy with sufficient spatial separation of the oxygen atom. Hence, intersystem crossing to the triplet 

via spin-orbit coupling will be facilitated in the biradical. Cleavage of the triplet biradical should lead to the formation 

of a triplet excited state products. The asynchronous concerted mechanism was proposed by Adam [25]. It stated 

that, the first part of the chemiluminescent reaction should be concerted; the O-O bond will extend while the C-C 

bond undergoes some stretching. This is followed by a biradical phase (where the O-O bond is broken) prior to the 

decomposition (C-C bond breaking) into excited state products. The CIEEL mechanism, proposed by Schuster et al. 

, the sequence of reaction was initiated by one-electron transfer from a suitable donor molecule (activator ACT) to 

an organic molecule of high energy content. Subsequent rearrangement (or) loss of a neutral fragment transforms 

the reduced peroxide into a highly reducing species; in the form of a radical anion charge annihilation then generates 

an electronically excited state of ACT and the final step of the sequence is the emission from the ACT. 

 Among the derivatives, Bisadamantylidene Adamantane 1, 2-Dioxetane (BAAD) have received special attention. 

The former is a very stable compound having half-life time of approximately 10
4
 years at room temperature. When it 

is heated to about 230°C, it decomposes rapidly and leads to the formation of excited state adamantanone which 

gives rise to chemiluminescence.  The main aim of this study was to investigate the mechanism of chemiluminescent 

decomposition of dioxetane derivatives BAAD. 

MATERIALS AND METHODS 

All calculations were performed with the Gaussian 03 program [37] and Gaussian 09 program [38]. The main part 

of the calculations includes the geometry optimizations; vibrational frequencies and intrinsic reaction coordinate by 

stretching the C-C and O-O bond for the structures on the reaction path. The optimized geometries were characterized 

with the use of their vibrational frequencies. The ground and the transition states in the closed shell singlet state 

were optimized by B3LYP/6-31G* method. The open-shell systems, namely the biradical intermediate 
3
BR, triplet 

transition state 
3
TS1 and singlet biradical transition state 

1
TS1 were optimized using UB3LYP/6-31G* calculations. 

The decomposition reaction of these simple dioxetanes was investigating the reaction paths by stretching the C-C and 

O-O bonds in the closed-shell singlet (S0) and in the triplet (T1) states. The ground state structures of BAAD were 

optimized by B3LYP/6-31+G* method. 
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RESULTS AND DISCUSSION 

The optimized geometries of the ground state structure of BAAD are shown in Figure 1. The geometrical 

parameters of the dioxetane ring of these dioxetanes are listed in Table 1. The central C1-C2 bond in AAD has 

a length of 1.574 Ǻ which is 0.025 Ǻ greater than the X-ray structural data value of AAD (1.549 Ǻ). Both the 

C1-O4 and C2-O3 lengths are having the same value of 1.472 Ǻ. The length of the O3-O4 bond of AAD is 

1.481 Ǻ, which is 0.01 Ǻ lesser than the reported X-ray value (1.491 Ǻ), but is equal to that in H2O2. The 

calculations reveal that the dioxetane ring is not planar, but twisted out of plane by 20.5°. This deformation is due 

to the unfavorable non-bonded interaction of two pairs of equatorial hydrogen of the four methylene groups located 

under the dioxetane ring. Thus, the puckered peroxidic ring of AAD is correctly predicted by B3LYP/6-31G* method. 

Both the dioxetane ring angles C1-C2-O3 and C2-C1-O4 are 86.3° which is lesser than the ring angles of mono- 

substituted and tetra substituted dioxetanes (87.5°- 90.1°). In TMD, only four methyl groups are present. Due to two 

adamantyl groups, AAD becomes more strained. The ring angles are 1.2° lesser than the angles of TMD (87.5°). 

Hence the agreement between the calculated and the experimental values is satisfactory. 

In MAD, the C1-C2 is 1.529 Ǻ which is 0.02 Ǻ lesser than X-ray structural data value of BAAD (1.549 Ǻ). But 

it is very close to the theoretical value of MMD (1.524 Ǻ). The C1-O4 bond length of MAD (1.473 Ǻ) is same as 

the value observed in BAAD. The puckered nature is not observed in MAD and the ring is nearly planar (-0.34°). 

The dioxetane ring angles C1-C2-O3 and C2-C1-O4 are 90.17° and 88.23° respectively. The ground state structures 

of BAAD are optimized by B3LYP/6-31+G* method. The values are shown in Table 1. It reveals that the optimized 

geometrical parameters of BAAD is not much deviated from the results using 6-31G* basis set. 

TRANSITION STATES AND INTERMEDIATE OF BAAD ALONG THE REACTION PATH 

BAAD were investigated using B3LYP/6-31G* and UB3LYP/6-31G* methods. The transition states 
1
TS1, 

1
TS3 and 3TS1 and a triplet Biradical Intermediate (

3
BR) were characterized along the reaction path by structural 

optimization using UB3LYP/6-31G* method. The transition state 
1
TS2 was characterized by structural optimization 

by B3LYP/6-31G*. 

1
TS1 is formed from the ground state of the reactant by elongation of O-O bond. The C-C distance in 

1
TS1 is 1.593 

Å. Both the C-O lengths are having the same value (1.407 Å). The dioxetane ring angles, C1-C2-O3 and C2-C1-O4 

are 97.2° and 97.1° respectively. The geometry of 
1
TS1 is characterized by the dihedral angle O4-C1-C2-O3=41.6° 

and the O-O distance is 2.182 Å. The potential barrier for the formation of 
1
TS1 is 28.2 kcal/mol. It is 5.8 kcal/mol 

lesser than the available experimental activation energy of BAAD (34 kcal/mol). 

The Biradical Minimum (
3
BR) possesses a Relative Energy (RE) of 28.9 kcal/mol. The C1-C2, O3-O4, C1-O4 

and C2-O3 lengths of 
3
BR are, respectively, 1.615 Å, 2.338 Å, 1.375 Å and 1.375 Å. The dioxetane ring angles, C1- 

C2-O3 and C2-C1-O4 of 
3
BR are increased from the value of 97.2° in 

1
TS1 to 100.3°. From the 

3
BR, stretching of 

C-C length resulted in triplet Transition State (
3
TS1). The potential barrier for the formation of 

3
TS1 is 28.9 kcal/mol 

which is 0.9 kcal/mol higher than that of 
1
TS1. The difference between the energies of 

3
TS1 state and 

3
BR intermediate 

is only 0.7 kcal/mol. The geometrical parameters of transition states of 
1
TS2 and 

1
TS3 are listed in Table 2 and also 

depicted in Figure 2. 

The potential barrier of 
1
TS2 is 50.0 kcal/mol. A transition state, 

1
TS3 in the singlet excited state (S ) is optimized 

using the time dependent (TD)-B3LYP calculations using 6-31G* basis set. The C1-C2, O3-O4, C1-O4 and C2-O3 

lengths are 2.025 Å, 2.148 Å, 1.320 Å and 1.318 Å respectively. The dioxetane ring angles, C1-C2-O3 and C2-C1-O4 

of BAAD are 86.2° and 86.1° respectively. The potential barrier for the formation of 
1
TS3 from S is 38.0 kcal/mol. 

when single point calculation done with UB3LYP/6-31G* method is also done at the TD-B3LYP/6-31G* the barrier 

is lowered to 24.8 kcal/mol. 

The barrier for the formation of 
1
TS3 (24.8 kcal/mol) is lower than the barriers of 

1
TS1, 

3
TS1 and 

1
TS2. The 

present study show that the feasibility of the chemifluorescent decomposition of AAD via the excited singlet transition 

state, 
1
TS3. The present analysis reveals that the formation of chemifluorescence than chemiphosphorescence from 

BAAD has a lower activation barrier of 24.8 kcal/mol as compared to the latter having the barrier of 29.1 kcal/mol. 

PRODUCTS FORMED FROM THE DECOMPOSITION OF BAAD 

The total energies of the products formed from the chemiluminescence and thermal decomposition of dioxetanes, 
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BAAD is summarized in Table 4. The geometrical structures of the 2-Adamantanone (AD) is shown in Figure 3. 

In the S0 state of 2-adamantanone, the C1-O4 length is 1.216 Å. The value is increased to 1.298 Å and 1.301 Å 

respectively for S1 and T1 states of 2-Adamantanone. The C atoms connected to C1 atoms are slightly increased to 

1.546 Å and 1.562 Å respectively for S1 and T1 states of AD from 1.527 Å in S0 of AD. The triplet excitation energy 

of 2-Adamantanone is 3.14 eV which is 0.16 eV which is 0.28 eV lesser than the experimental value (3.84 eV). 

MECHANISTIC ASPECTS OF BAAD 

It is concluded that the chemifluorescence decomposition of BAAD follows a concerted mechanism proceeds via 

a singlet excited transition state 
1
TS3 leading to the formation of adamantanone in the singlet excited state. 

In the first step, both the C-C and O-O bond lengths are stretching in a concerted manner leading to the transition 

state 
1
TS3. This transition state leads to the products, one adamantanone in the singlet excited state (S1) state and the 

 

other adamantanone in the ground (S0) state. The mechanism for the chemifluorescent decomposition of BAAD is 

shown in Scheme 1. It is evident from the experimental results that the chemiluminescent decomposition of BAAD 

also yields adamantanone in the singlet excited state (S1) along with the adamantanone in the triplet (T1) state. 

Chemiphosphorescence in BAAD is explained by the step-wise mechanism. From the reactant BAAD the triplet 

biradical 3BR is formed via the transition state 
3
TS1 from 

3
BR leads to the products 

3
AD (T1) and AD (S0). The 

  

activation barrier for the above process is 29.1 kcal/mol which is higher than that for the formation of the products 
1
AD (S ) and AD (S ). 

i. S
0
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Scheme 1 

The present study predicts the preference for the chemifluorescence process than the chemiphosphorescence process 

in AAD. The formation of 
1
TS1 from S is the rate determining step. The activation barrier is 28.8 kcal/mol which is 

5.8 kcal/mol lower than the experimental results (34 kcal/mol). The mechanism for the chemiphosphorescent 

decomposition of BAAD is shown in Scheme 2. 
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Figure 1. B3LYP/6-31G* optimized geometrical parameters of the BAAD. Bond length in Ǻ, bond angle and dihedral angle in 

degrees. 

Table 1 Selected bond lengths (Ǻ) and angles (°) in the dioxetane BAAD 
 

Parameters 
B3LYP/ 6-31G* optimized Geometries X-ray analysis 

BAADc BAADa DMTOHb 

C1-C2 1.574 (1.578) 1.549 1.584 
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C1-O4 1.472 (1.475) 1.476 1.485 

C2-O3 1.472 (1.475) 1.474 1.459 

O3-O4 1.481 (1.480) 1.491 1.497 

C1-C2-O3° 86.3 (86.3) -- -- 

C2-C1-O4° 86.3 (86.3)   

O3-O4/ C1-C2 0.941 (0.938) 0.963 0.945 

O4-C1-C2-O3° 20.5 (20.3) 21.3 7.7 

Energy (Hartree) -929.3598661 (-929.3789027)   

a: X-ray crystal structure of BAAD – adamatylideneadamantane 1,2-dioxetane 

b: X-ray crystal structure of DMTOH-1-aryl-5-(9-methylfluorene-9-yl)-4,4-dimethyl-2,6,7- trioxabicyclo [3,2,0] heptanes 

c: Numbers in parenthesis indicate the values in B3LYP/6-31+G(d) 
 

Table 2: Energies, selected bond lengths (Ǻ) and angles (°) of different transition states and triplet biradical intermediate of BAAD 

using UB3LYP/ 6-31G(d)a. Bond length in Ǻ, bond angle and dihedral angle in degrees, total energy in Hartree, and relative energy, 

relative energyb (RE) in kcal/moltr. 
 

TS/BR 1TS1 1TS3 3TS1 3BR 1TS3 1TS2 

C1-C2 1.593 1.751 1.979 1.615 2.025 1.840 

C1-O4 1.407 1.347 1.337 1.375 1.320 1.345 

C2-O3 1.407 1.347 1.285 1.375 1.318 1.344 

O3-O4 2.182 2.115 2.148 2.338 2.148 2.011 

C1-C2-O3° 97.2 92.9 88.7 100.3 86.2 86.7 

C2-C1-O4° 97.1 92.9 89.4 100.3 86.1 90.8 

O4-C1-C2-O3° 41.6 41.5 41.6 44.0 49.2 40.4 

ZPE 0.450859 0.450865 0.451335 0.450920 0.449264 0.4482337 

Frequency 401.9i 663.3i 115. 2i 67.1 919.6 i 1670.5 i 

Spin densities on O3,O4 0.79, -0.79 0.11, -0.11 0.68, 0.72 0.85, 0.85 0.36, -0.36 -- 

RE (kcal/mol) 28.2 37.4 29.1 28.9 24.8c 50.0 

a: For closed-shell singlet transition state, 1TS2, B3LYP/6-31G* method is used 

b: Reference energy is -929.3598662 a.u. for S0 ground state using B3LYP/6-31G* method 

c: Relative energy is calculated using TD-B3LYP/6-31G*//UB3LYP/6-31G* method 
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Figure 2. Optimized geometrical parameters of the dioxetane ring in the 1TS1, 3BR, 1TS2 and 3TS1 and 1TS3 of BAAD. Bond 

length in Ǻ, bond angle and dihedral angle in degrees. 

Table 3: Total Energies of 2-Adamantanone (AD) and Formaldehyde (FL); B3LYP/6-31G* for S0 and UB3LYP/6-31G* for T1 

states. 

 

Products Energy (Hartree) Relative Energy (kcal/mol) 

AD(S0) + AD(S0) -929.4732772 -71.17 

AD*(T1) + AD(S0) -929.3580991 -1.17 

AD(S0) + AD*(S1)
a -929.3321253 17.41 

AD*(T1) + AD*(T1) -929.242921 73.34 

AD (S0) + FL (S0) -579.2454792 -60.62 

AD (S0) + FL*(T1) -579.1375203 7.13 

FL (S0) + AD*(T1) -579.1303011 11.66 

AD*(T1) + FL*(T1) -579.0223422 79.4 

a: TD-B3LYP/6-31G* 

*: Excited state 
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AD (S0) 

 

 
AD (S1) 

Figure 3. Geometrical structures of the adamantanone (AD) in S0, T1 and S1 states. 

CONCLUSION 

Unlike the other systems, it is observed that the mechanism of the chemiluminescent decomposition of AAD prefers a 

concerted pathway via the transition state 1TS3 in the singlet excited state with a lower activation barrier of 24.8 kcal/mol. The 

step-wise biradical pathway possesses a higher activation barrier of 29.1 kcal/mol. The analysis reveals different mechanisms for 

the chemifluorescent and chemiphosphorescent in AAD. The results are in agreement with the earlier experimental study. 
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ABSTRACT 

Water samples were collected from the chemistry laboratory. Daily lab discharge water 

was collected for one week. Water sample was treated by biosortion technique using Ocimum 

sanctum, Cymbopogon citratus (Lemon Grass) and Aloe barbadensis miller. The water analysis 

was carried out before and after treatment. 35 physico-chemical parameters were analyzed. pH, 

electrical conductivity, total dissolved solid and total hardness were reduced to permissible 

limits. Percentage of reduction was high in sodium, calcium, magnesium, bicarbonate and 

chloride. The decrease in carbonates, bicarbonates, nitrates, chloride, sulphate and phosphate 

were high. Even though the concentration of trace metals was low, the biosorption had reduced 

the concentration further. It was evident from this work that Ocimum sanctum, Cymbopogon 

citratus (Lemon Grass) and Aloe barbadensis miller could be efficiently used for treating 

laboratory waste water.  

Keywords: Aloe barbadensis miller, biosortion, Cymbopogon citrates, Ocimum sanctum, total 

dissolved solid. 

I. INTRODUCTION 

Every natural response happen in water and it is the coordinated arrangement of organic 

metabolic responses in a fluid arrangement that is fundamental for the support of life. Human 

beings rely on water in one manner or other. It might be noticed that man's initial home and 

human advancement jumped up along the banks of waterways. In spite of the fact that the 

outside of our planet is about 71% water, just 3% of it is new. Of these 3% about 75% is tied up 
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in icy masses and polar ice sheets, 24% in groundwater and 1% is accessible as new water in 

streams, lakes and lakes appropriate for human utilization [1]. 

India faces a serious threat due to water pollution. Nearly 70% of surface water resources 

and groundwater reserves are contaminated by tones of various pollutants. These resources 

become unsafe for human consumption as well as for other activities. Because of the degradation 

of water quality, it will lead to water scarcity. In India, the Central Pollution Control Board 

(CPCB) in the year 1995 predicted that 18 major rivers are severely polluted. All these rivers run 

through urban area [2]. 

Wastes created in households, sewage, effluents from industries and agriculture run off 

pollutes the water resources. These wastes are loaded with chemicals and toxic substances which 

affect animals, plants and human beings. Solid wastes dumped in rivers and lakes affect the 

aquatic life. Due to the spilling of oil in sea pollutes the water becomes toxic for aquatic lives. 

Iron coagulants are ferric sulphate (Fe2 (SO4)3), ferrous sulphate (FeSO4) and ferric 

chloride (FeCl2). Iron compounds are generally cheaper, produce a heavier flocculent and 

perform over a wider pH range than aluminium coagulants. However, iron coagulants are not 

used as much as aluminium due to staining equipment, corrosiveness, and they require more 

alkalinity than alum. 

Although water treatment chemicals are effective and used worldwide, scientific 

evidence shows that exposure to chemicals during coagulation with metal salts could be 

associated with adverse health effects [3]. Aluminium, which is the major component of 

aluminium sulphate (alum), polyaluminium chloride (PAC) and polyaluminium silica sulphate 

(PASS), could induce Alzheimer’s disease and other similar related problems that are associated 

with residual aluminium in treated water [4]. 

It becomes important to pursue research for effective, more cheap and economic way of 

treating water using natural adsorbents. Hence the present work is carried out using Ocimum 

sanctum, Cymbopogon citrates and Aloe barbadensis to treat waste water from laboratory and 

paving way for reuse of lab water for domestic purposes. 
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II. MATERIALS AND METHODS 

Water samples are collected from the Chemistry laboratory of Sadakathullah Appa 

College. Daily lab discharge water is collected for one week. Sample was preserved by addition 

of sulphuric acid to pH < 2 (USEPA 600/4-82/029) and stored in refrigerator. Water sample was 

treated by biosortion technique using Ocimum sanctum, Cymbopogon citratus (Lemon Grass) 

and Aloe barbadensis miller. The leaves of Ocimum sanctum and Cymbopogon citratus (Lemon 

Grass) were collected and dried along with the gel of Aloe barbadensis miller. Then dried 

content were powdered. The weighed 5g powder was kept in muslin cloth and packed. This 

packet was put in the one litre water sample and then tightly closed. This set up was kept 

undisturbed for one week. After one week this sample is filtered and again the physico-chemical 

parameters were analyzed.  

The following physico-chemical parameters such as pH, electrical conductivity, total 

dissolved solids, salinity, total hardness, sodium, calcium, potassium, magnesium, bicarbonate, 

carbonate, chloride, sulphate, nitrate, phosphate and fluoride [5,6] were determined before and 

after treatment of water. 

III. RESULTS AND DISCUSSION 

The waste water collected from the laboratory was soaked with Ocimum sanctum, 

Cymbopogon citratus (Lemon Grass) and Aloe barbadensis miller. The water analysis was 

carried out before and after treatment and was tabulated in table 1 and represented in figure 1. 

The waste water was also analyzed for trace metals such as lead, arsenic, beryllium, 

cadmium, vanadium, chromium, nickel, molybdenum, silver, strontium, barium, rubidium, 

copper, iron, zinc, manganese, aluminium, cobalt, selenium and antimony before and after 

treatment of water. The results were tabulated in table 2 and represented in figure 2.   

pH level of laboratory water was above 8.5 which indicate that a high level of alkanity 

and minerals were present. High pH causes many problems such as 

 Scale build up on fixtures and shower doors. 

 Reduced water flow. 

 Scale accumulation at the bottom of tank water heater.  
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 Bitter taste. 

On treatment with Ocimum sanctum, Cymbopogon citratus (Lemon Grass) and Aloe 

barbadensis miller pH level was decreased and lies within the permissible level of 7.34 which is 

very much near to neutral pH. TDS permissible limit for domestic water was less than 300 mg/L. 

The laboratory water showed 20 times more than the allowed limit. The treatment made an 

effective purification of waste water and the TDS level fell to 50 mg/l. The value was reduced by 

99% from the before treatment value. A high level of TDS creates health problems in human. 

The presence of potassium, sodium and chloride increase the TDS level in water.  

The present study showed electrical conductivity of 11,280 and 74 μS/cm for waste water 

and treated water respectively. The permissible limit for EC must be less than 400 μS/cm.  The 

treated water indicated that the value was decreased by greater extent. High electrical 

conductivity was due to dissolved substances and the presence of heavy metals. These substances 

affect the aquatic life system when discharged untreated. 

The total hardness of the waste water was found to be three times more than the 

prescribed limit of 0- 60 mg/l. The value was declined to 19 mg/l after treatment with 

bioadsorbent. The hardness was well below the limiting value. The classification of water based 

on hardness was given in the table 3. 

 Based on the classification, the untreated very hard water had been changed to soft water 

after treatment. Hard water can cause the following effects: 

 Reduce the life of equipment,  

 Raise the costs of heating the water,  

 Lower the efficiency of electric water heaters, and clog pipes. 

The permissible limit for sodium in domestic water was 30- 60 mg/l. The untreated water 

exhibited 652 mg/l and the treated water had 62 mg/l. Although the treated water exceeds the 

limit, there was 90% reduction in the value. The level of calcium was reduced to 23 mg/l when 

treated with bioadsorbents which was below the permissible limit of 40- 80 mg/l. The potassium 

and magnesium levels were highly reduced from 56 mg/l to 6 mg/l and 562 mg/l to31 mg/l 

repectively. 94 % decline in magnesium values was observed. The classification of water based 
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on magnesium was tabulated in table S4. Based on magnesium level, the waste water was graded 

as very hard which had been modified to slightly hard. 

The carbonate and bicarbonate levels reached 101 mg/l and 0 mg/ l from 3 mg/l and 333 

mg/l respectively. The levels of carbonate and bicarbonate represent the alkalinity of the 

samples. When these salt increases, the usage of such water creates health issues. 

Chloride and sulphate amounts were reduced by 77% and 85% respectively. The amount 

of nitrate, phosphate and fluoride also showed slight decrease. Phosphorus is an essential 

element for plant life, but when there is too much of it in water, it can speed up eutrophication (a 

reduction in dissolved oxygen in water bodies caused by an increase of mineral and organic 

nutrients) of rivers and lakes. This method using can be used to prevent those conditions. 

Even though the concentrations of lead, arsenic, vanadium, nickel, strontium, barium, 

cobalt, selenium and antimony were very low, the bio-adsorbents were able to further reduce 

these amounts. Manganese, iron, copper, and zinc are essential micronutrients. When the 

concentrations of these elements increase, it creates serious threats to the environment. The 

bioadsorbents can effectively used to reduce the concentrations of micro nutrients and also trace 

elements. Concentration of beryllium and nickel were decreased to permissible limit. Similarly 

the concentrations of silver and molybdenum were declined below the limiting value of 0.2- 

0.3µg/l and < 10 µg/l respectively. Also aluminium concentration was reduced from 0.23 mg/l to 

0.15mg/l. 

The flavinoids and tannins present in Cymbopogon citratus provide antibacterial effect 

against gram positive bacteria. Quercitin and tannic acid contained in Cymbopogon citratus has 

efficacious effect against P. Aeruginosa [7]. In addition to antibacterial activity, Cymbopogon 

citratus possess antiamoebic, antifilarial and antifungal properties [8]. Studies reveal that 

aromatic grasses such as lemon grass, vetiver and palmarosa are used for phytoremediation of 

heavy metal contaminated sites. Also, Ocimum, Methe and Lavender help to remove metals [9]. 

Cymbopogon citratus is used to reclaim the toxic copper tailings [10]. Lead can be conveniently 

removed from waste water using lemon grass [11].  

 The effective bioadsorbtion capacity of lemon grass for metals such as lead, cadmium and 

zinc is proved by Hassan et al., [12]. Cymbopogon citratus is an efficient accumulator of 
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aluminium, zinc, cadmium, lead, chromium, arsenic and nickel [13,14]. The efficient biosorption 

of iron and lead using Ocimum sanctum is studied which revealed that alcohol, carboxylamino 

and sulphonic groups play significant role in biosorption [15]. The high phenolic contents in 

these medicinal plants pave way for removal of metals due to high metal chelation potential [16]. 

Ocimum sanctum is considered as queen of herbs as it shows antiviral, antioxidative and 

antimicrobial properties [17].             

 Aloe barbadensis miller is a hyper accumulator of chromium, copper, nickel, cadmium 

and lead [18]. Rai et al., [19] confirmed that aloe vera can be effectively used for the biosorption 

of potassium, sodium, calcium, magnesium, phosphorus, iron, copper, zinc, cadmium and lead. 

The surface studies of Aloe barbadensis miller is being carried out by Malik et al., in 2015 [20]. 

They showed that carboxyl group, hydroxyl group and carbonyl group are present on the surface. 

The mechanism for the removal of metals is that the electrostatic attraction between charged 

groups in cell wall and metals in the pH range of 1.0 to 4.0 [21]. At this pH range, ionic 

exchange will be the reason for the removal of metals and at high pH, the removal is possible by 

means of precipitation. High potential of antiviral, antibacterial and antifungal properties are 

shown by Aloe barbadensis miller [22,23].   

 The main reaction involved in metal removal in these plant leaves are chemical reaction 

between functional groups on the surface of adsorbent and metals which forms metal- organic 

complexes. When the pH varies, other possible mechanisms of diffusion, bulk transport in liquid 

phase and mass transport processes occur. The biosorption of Cymbopogon citratus for the 

metals are in the order Zn (II) > Cd (II) > Pb (II) [24]. The metal removal efficiency of Ocimum 

sanctum for iron is 73.62% and that of lead is 95.63%.  When Aloe barbadensis miller along 

with coconut husk is used for metal removal, the efficiency is found to be 99.99% for lead, 

86.41% for zinc, 91.97% for nickel and 93.21% for copper [25]. Different bioadsorbents show 

different removal efficiency for various metals. Hence the combination of these bioadsorbents 

will produce effective results. So, the three plant species are chosen to effect maximum removal 

of metals and to incorporate antimicrobial activities.  
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Conclusion 

The increasing population and the demand for underground water have created awareness 

for rain water harvesting and search of new techniques to reuse waste water. This methodology 

of using Ocimum sanctum, Cymbopogon citratus (Lemon Grass) and Aloe barbadensis miller for 

purification of most polluted laboratory waste water was cost effective and efficient. It can be 

applied to purify any water and the water can be used for domestic purpose. The proposed work 

can be extended to large scale waste water purification by constructing water tank made with 

three layers of sand and pebbles, sand and ceramic membrane coated with Ocimum sanctum, 

Cymbopogon citratus (Lemon Grass) and Aloe barbadensis miller leaf powders.  
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TABLE 1: Physico-chemical parameters of waste water collected from laboratory 

before and after treatment 

S. No. 
Physico-chemical 

parameters 

Value before 

treatment 

Value after 

treatment 

Standard 

value 

1 pH 8.55 7.34 7.0-8.0 

2 TDS mg/L 7400 50 Less than 300 

3 EC µS/cm 11280 74 < 400 

4 
Total hardness 

mg/L 
270 19 0-60 

5 Sodium mg/L 652 62 30-60 

6 Calcium mg/L 159 23 40-80 

7 Potassium mg/L 56 9 - 

8 Magnesium mg/L 562 31 17.1-60 

9 Bi carbonate mg/L 333 101 - 

10 Carbonate mg/L 3 0 Below 60 

11 
Chloride  888 201 >250 

12 Sulphate  651 89 1-770 

13 Nitrate  10 7 10 

14 
Phosphate  6 2 0.5 -1.5 

15 
 Fluoride  0.8 0.6 - 
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TABLE 2: Trace metals in waste water collected from laboratory before and after 

treatment. 

S. No. Trace metals 
Values before 

treatment mg/L 

Values after 

treatment mg/L 

 

Standard 

value 

 

 

1 Lead 0.006 0.001 400ppm 

2 Arsenic 0.23 0.16 0.05mg/L 

3 Beryllium 0.13 0.009 0.01µg/L 

4 Cadmium 0.33 0.02 0.005mg/L 

5 Vanadium 0.001 0 5.1µg/L 

6 Chromium 0.42 0.12 0.1mg/L 

7 Nickel 0.12 0.003 100-400µg/L 

8 Molybdenum 0.002 0 <10µg/L 

9 Silver 0.23 0.11 0.2-0.3µg/L 

10 Strontium 0.0001 0.0001 7.0mg/L 

11 Barium 0.001 0.001 2.0mg/L 

12 Rubidium 0.002 0.002 - 

13 Copper 0.13 0.05 <30mg/L 

14 Iron 0.23 0.12 1-3mg/L 

15 Zinc 0.45 0.14 
0.01-

0.05mg/L 

16 Manganese 0.56 0.12 <300µg/L 

17 Aluminum 0.23 0.15 - 

18 Cobalt 0.002 0 0.02-53.2µg/L 

19 Selenium 0.003 0.003 0.06µg/L 

20 Antimony 0.002 0.001 0.1-0.2µg/L 

TABLE 3: Classification of water based on hardness 

S. No.  Classification Hardness in mg-CaCO3/L 

1 Soft 0-60 

2 Moderately hard 61-120 

3 Hard 121-181 

4 Very hard ≥ 181 
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TABLE 4: Classification of water based on magnesium level. 

Classification Magnesium level (mg/L) 

Slightly hard 17.1-60 

Moderately hard 60-120 

Hard 120-180 

Very hard 180 & over 

 

Fig. 1: Variation of physico-chemical parameters of laboratory waste water before and 

after treatment 

  

 

 

 

 

 

 

 Fig. 2: Trace metals in waste water collected from laboratory before and after 

treatment. 
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ABSTRACT 
 
The aim of this study was to obtain and characterize ZnO and Co doped ZnO nanoparticles by Microwave assisted 
method. ZnO plays an important role in many semiconductors technological aspects. In this work, the Co doped 
ZnO nanoparticles prepared by varying the concentration of Co (CH3COO)2.4H2O. The synthesized nanomaterials 
were characterized by XRD, FT-IR and SEM with EDX. The XRD patterns showed that ZnO nanoparticles have 
hexagonal wurtzite structure. The FT-IR study confirms the presence of functional group in ZnO. SEM photographs 
show that the synthesized pure ZnO and Co doped ZnO were in the shape of nanoneedles and nanospheres. The 
average size of nanoneedles and nano-spheres  were found to be 25-35 nm and 20-30 nm. 
 
Keywords: ZnO, Co-ZnO,  Microwave, Antibacterial activity. 
_____________________________________________________________________________________________ 

 
INTRODUCTION 

 
Metallic oxide nanoparticles, specifically nano-scale ZnO, have gained considerable importance in recent years due 
to their wide range of applications in various fields of science notably biotechnology and pharmacology [1]. ZnO 
nanoparticles have been regarded as biocidal agents/disinfectants because of their safety, lower toxicity and 
biocompatibility towards     humans [2]. 
 
Number of synthesis methods are available for the preparation of pure and doped ZnO nanomaterials, like 
hydrothermal, hydrolysis, sol–gel, vapor condensation, spray pyrolysis and organic precursor flame decomposition 
[3].  In conventional synthesis, energy is transferred to the material through convection, conduction and radiation, 
which results in temperature gradient between surface and bulk. The microwave heating causes the uniform 
distribution of temperature between the surface and the bulk material and thereby leading to the fast formation of 
nanoparticles. The microwave dielectric heating has resulted in acceleration of the chemical transformations in a 
microwave field, which cannot be achieved easily by the conventional method [4-5]. 
 
Due to the outbreak of the infectious diseases caused by different pathogenic bacteria, the scientists are searching for 
new antibacterial agents. In the present scenario, nanoscale materials have emerged up as novel antimicrobial agents 
owing to their high surface area to volume ratio and the unique chemical and physical properties [6]. Nowadays, 
ZnO is more focussed by researchers due to its stability and antibacterial activity during rough and tough processing 
and safe materials for human and ecosystem [7]. Antimicrobial activity of ZnO has enhanced due to the presence of 
water molecules on its surface, these aqueous suspensions of ZnO and water generate free radicals of hydroxyl and 
oxygen species which is responsible for remarkable oxidative stress in treated bacterial cells. Recently, many 
complexes and nanomaterials of Co(II) showing antimicrobial [8]. But, there are significant results over antibacterial 
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activity of cobalt doped ZnO while both zinc and cobalt are the essential elements of human and animal health in 
trace amounts. Earlier reports have been mainly focused on optical, electrical and magnetic properties of Co doped 
ZnO NPs [9], whereas very few attempts have been made to study the antibacterial properties of Co doped ZnO 
NPs. Hence, in the present study, Co doped ZnO nanostructured materials have been successfully synthesized by the 
microwave assisted method. Further, the influence of Co dopant concentration on the structural, optical, and 
antibacterial properties of ZnO NPs has been investigated. 
 

MATERIALS AND METHODS 
 

2.1. Chemicals 
Zinc acetate dihydrate (Zn(CH3COO)2·2H2O), cobalt acetate tetrahydrate (Co(CH3COO)2·4H2O) and Sodium 
hydroxide  (NaOH) were purchased from Merck Private Limited as Analytical grade chemicals.  
  
2.2. Synthesis procedure 
Pure and Co doped ZnO with compositional formula Zn1-xCoxO (x = 0.00, 0.01, 0.03 and 0.05) were synthesized by 
Microwave assisted hydrothermal route. Appropriate amounts of zinc acetate  and cobalt acetate were dissolved in 
water and stirred using magnetic stirrer for 10 min. 1M  solution of NaOH was slowly added into above the mixture 
solution. Then PEG was added drop by drop into the above solution, which was stirred with a magnetic stirrer, until 
the pH reached 9.0 and the solution became green. The obtained solution was heated in a LG microwave oven at a 
power of 300W for 30 min. After microwave processing, the solution was cooled to room temperature. The resulted 
precipitate was separated by centrifugation, then washed with deionized water and ethanol for several times and 
finally the precipitate was dried in an oven at 60 °C for 24 h and calcinated at 400 °C for 1 h. ZnO nanoparticles 
were also prepared by the same procedure without the addition of cobalt acetate. 
   
2.3. Characterization 
Structural properties of the synthesized samples were characterized by powder x-ray diffraction (XRD) analysis 
(X’PERT-PRO diffractometer). Optical properties were analyzed with the help of UV–vis spectrometer 
(SHIMADZU-UV 1800 spectrometer). Functional group analysis of the synthesized samples was characterized 
using FT-IR (SHIMADZU- 8400) spectrometer. Morphological properties and composition of the samples were 
investigated using scanning electron microscopy (SEM, ZEISS Supra 40VP) with energy dispersive x-ray 
spectroscopy (EDX, Oxford). 
 
2.4. Antibacterial assay 
The antibacterial susceptibility test was performed by adopting the agar diffusion method [10]. Around 20 ml of 
Mueller-Hinton Agar was poured on to the petri plates and allowed to solidify in order to investigate susceptibility 
test against bacteria. Then 0.1 ml of standardized inoculums suspension was dispensed into the surface of the petri 
plates and allowed to dry for 5 min. The test solution was prepared with a known weight fraction in 0.01mg/mL of 
the samples were  dissolved in 5% dimethyl sulphoxide (DMSO). Sterile discs (6mm) from Himedia Ltd, Mumbai, 
were impregnated with 20 µl of the prepared samples (corresponding to 0.05 and  0.1mg / ml) was allowed to dry at 
room temperature. After drying, the discs with respective samples were placed on the surface of the plate using 
sterile forceps and gently pressed to ensure contact with the agar surface. The petri dishes were subsequently 
incubated at 37 ºC for 24 hours. After incubation the growth inhibition rings were quantified by measuring the 
diameter of the zone of inhibition in mm using transparent ruler in millimeter (including the diameter of the disc) 
from the lower surface of the petri dishes and the control is consisted of paper disc soaked with appropriate solvent 
and evaporated to dryness. 
 

RESULTS AND DISCUSSION 
 

3.1 XRD Analysis 
Fig. 1 shows the XRD pattern of pure and Co doped ZnO nanoparticles. The peaks that are observed at 2ϴ = 31.70o, 
34.42 o, 36. 19 o, 47.42 o, 56.50 o, 62.66 o and 67.74 o represents the hexagonal wurtzite structure of ZnO with lattice 
parameters (1 0 0), (0 0 2),(1 0 1), (1 0 2), (1 1 0), (1 0 3) and (1 1 2) (JCPDS card no. 891397). Thus, X-Ray 
diffraction studies confirmed that the synthesized materials were ZnO and Co doped ZnO with hexagonal phase. 
Also, all the diffraction peaks agreed with the reported JCPDS data and no characteristic peaks were observed other 
than ZnO. The average crystallite size is estimated by measuring the change in full-width at the half-maximum of 
the diffraction peaks using scherrer’s formula [11] D = Kλ/(βcosθ), where K is the scherrer constant, λ the X-ray 
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wavelength, β the peak width of half maximum, and θ is the Bragg diffraction angle. The average crystallite size is 

found to be ∼45, ∼42, ∼21, and ∼10 nm correspond to Co concentration (x = 0.00, 0.01, 0.03 and 0.05), respectively. 
The results of the analysis indicate that the average crystallite size tends to decrease with increasing Co 
concentrations.  
 

 

 
 

Fig. 1 XRD pattern of pure ZnO and Co doped ZnO NPs 
 

3.2 UV- Vis Analysis 
The UV-Vis spectrum of the ZnO and Co doped ZnO nanoparticles were observed by dispersing the powder in 
deionized water. Fig. 2(a), shows the UV-Vis spectrum of pure ZnO and Co doped ZnO nanoparticles. From the Co 
doped ZnO shows the higher optical absorption in the visible region than pure ZnO. The fundamental absorption 
which corresponds to electron excitation from the valence band to conduction band can be used to determine the 
value of the optical band gap. The value of the optical band gap is calculated by extrapolating the straight line 
position of (αhν) 2 vs hν. It is obviously clear that doped ZnO NPs shows reduced the band gap energy than the pure 
ZnO  (Fig. 2b) and it is better than the earlier report. The remarkable changes that, there is a decrease in the band 
gap for the Co doped ZnO which shows the clear red shift. 

 
Fig 2 (a) UV–vis absorption spectra of ZnO and Co doped ZnO NPs 
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Fig. 2 (b) Tauc plot of (αhν)2 versus (hν) of  ZnO and Co doped ZnO NPs 

 
3.3 FT-IR Analysis 
The FT-IR spectra of ZnO and Co doped ZnO NPs recorded in the range 4000–400 cm−1 are shown in Fig. 3. The 
broad band located around 3450 cm−1 is due to O – H stretching vibration of adsorbed water molecules, while the 
band located about 1625 cm−1 is due to O–H bending vibration of the same atmospheric water [12]. The 
characteristic band at 2350 cm−1 is due to      O = C = O stretching vibrations of residual CO2 that is adsorbed on 
particles surface. The strong absorption band at 444 cm−1 is due to Zn–O stretching mode of ZnO nanoparticles [13]. 

 
 

Fig. 3 FT-IR spectrum of ZnO and Co doped ZnO NPs 
 

3.4 SEM Analysis 
Surface morphological studies of undoped and Co doped ZnO NPs have been carried out using a scanning electron 
microscope. Fig. 4 shows representative SEM images for the Zn1-xCoxO with (x = 0.00, 0.01, 0.03 and 0.05). These 
images show the presence of large aggregates of smaller individual nanoparticles of various sizes. Pure ZnO showed 
needle shaped microstructure, while the Co doped ZnO  nanoparticles were obtained as nanospheres. For the pure 
ZnO, the average grain size was found to be around 25-35 nm. The average grain size slightly tends to decrease with 
increasing the Co doping. This tendency was also observed in the XRD measurements.  
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Fig. 4. SEM images for representative samples of Zn1-xCoxO with (a) x = 0.0, (b) x = 0.01, (c) x = 0.03  and (d) x = 0.05 
 
3.5 Elemental analysis (EDS) 
The chemical compositions of synthesized Co doped ZnO NPs were measured by EDS spectra and shown in Fig. 5. 
The EDS spectrum showed signals of all the expected elements Zn,O and Co, which confirms the presence of Co2+ 
ions which are substituting the Zn2+ ions in the Zn matrix. Hence, these results conclude that Co ions have been 
doped into the ZnO lattice without any impurities. 
  

 
 

Fig. 5 EDS spectrum of Co doped ZnO NPs 
 

3.6. Antibacterial activity 
Antibacterial activity of the synthesized ZnO and Co doped ZnO NPs were evaluated using agar diffusion method. 
Figs. 6(a)–(f) shows the three different concentrations of bare ZnO and Co doped ZnO NPs suspensions tested 
against Salmonella typhi and Klebsiella pneumonia. This indicates the biocidal action of both the samples. For 
Salmonella typhi, bare ZnO NPs exhibited a maximum inhibition zone of 16 mm whereas Co-doped ZnO exhibited 
inhibition zone of 25 mm. In addition, against Klebsiella pneumonia with zone of inhibition of 18 mm is observed 
for Co-doped ZnO while 14 mm is measured for bare ZnO NPs. It is apparent that, as the concentration of 
nanoparticles increases the inhibition zone also gets increased. Also, Co-doped ZnO obtained better results in both 
the bacterial strains.  
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Fig. 6 Antibacterial-screening results against of Salmonella typhi and Klebsiella pneumonia with Pure ZnO and Co doped ZnO NPs 
 

CONCLUSION 
 

Nanostructured Zn1−xCoxO (x = 0.00, x = 0.01, x = 0.03 and x = 0.05) nanopowders have been successfully 
fabricated by microwave-assisted  method further analyzed through X-ray diffraction, UV-Visible spectrum, 
Scanning electron microscopy and Fourier transform infrared spectroscopy to analyzing the influence of Co doping 
on structural and optical properties of ZnO Nanoparticles.  From XRD analysis it is witnessed that average 
crystalline size decreased with increase of dopant (Co) concentration. SEM images showed the formation of needle 
like ZnO nanoparticles and in the case of Co doped ZnO nanoparticles are almost spherical images due to the 
influence of Co doping. The vibration frequencies in the FT-IR spectra further confirm the formation of wurtzite 
structure. Further, focused on the applied part of synthesized cobalt doped ZnO nanoparticles as an effective and 
potent antibacterial agent against water borne bacteria. The future studies will probably witness important novel 
developments in applied nanoresearch regarding antimicrobial agent. 
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ABSTRACT 
 
In this paper, a green synthesis of ZnO nanoparticles using Phyllanthus embilica stem extract as a reducing/capping 
agent. The prepared ZnO nanoparticles were characterized using fourier transform infrared spectroscopy (FTIR), 
UV-visible diffuse reflectance spectroscopy (UV-vis-DRS), X-Ray diffraction (XRD) and Scanning Electron 
Microscopy (SEM). The synthesized ZnO nanoparticles are wurtzite hexagonal structure with an average average 
crystallite size of ZnO prepared using Phyllanthus embilica stem extract was smaller (25.96 nm) when compared to 
the same ZnO prepared using a chemical method (36.73 nm). FT-IR spectra revealed the functional groups and the 
presence of protein as the stabilizing agent for surrounding the ZnO nanoparticles. The antibacterial activity of the 
ZnO was tested against gram negative bacteria Salmonella typhi and Klebsiella phnemonea by disc diffusion 
method. ZnO nanoparticles were subjected to antimicrobial studies and significant results were obtained. 
 
Keywords: Metal Oxide, Nanomaterial, XRD, Antibacterial activity 
_____________________________________________________________________________________________ 

 
INTRODUCTION 

 
ZnO is abundant in nature and environmentally friendly. These characteristics make this material attractive for many 
applications [1, 2]. The bacteriostatic and fungistatic behaviour of ZnO is well studied and utilized in personal care 
products. Zinc oxide is a material with many important and diverse applications. Approximately, 45% of the world 
year production of ZnO is used in the rubber industry to control the vulcanization process and as additive [3].  In the 
methanol synthetic process ZnO is part of the Cu, ZnO, Al2O3 catalyst [4].  In the pharmaceutical industry ZnO is 
applied in ointments because of its antiseptic properties [4].  The optical properties make ZnO also suitable for many 
applications, like as a pigment in paints, as a UV filter in products for sun protection and for the production of LEDs 
and TFTs [5].  In this wide range of applications ZnO is used often in the form of particles and the size of the 
particles plays an important role. 
 
A number of synthetic routes have been employed to synthesize ZnO nanoparticles such as sol-gel processing, 
homogeneous precipitation [6], mechanical milling [7], organometallic synthesis [8], microwave method [9], spray 
pyrolysis [10], thermal evaporation [11] and mechano-chemical synthesis [12]. These methods used in organic 
solvents and toxic reducing agent majority of which are highly reactive and are  unsafe to the environment, to avoid 
such implications and for sustainable synthesis of ZnO nanoparticles by biological approaches. Biosynthesis of 
nanoparticles is a bottom up approach where in the main reaction occurring is reduction/oxidation. Among the 
various biosynthetic approaches, the use of plant extracts has advantages such as easy availability, safe to 
metabolites. The plant extract has been used as a reducing and capping agent for the synthesis of nanoparticles 
which could be advantageous over chemical methods. Microbial contamination is a serious issue in healthcare. 
Hence, the developments of antimicrobial agents have attracted increasing attention in recent times [13]. The 
developments of nanoparticles with antimicrobial properties are of considerable interest now. ZnO is an 
antimicrobial agent and the particles are effective to inhibit both gram positive and gram negative bacteria [14, 15]. 



M. Sheik Muhideen Badhusha et al Der Pharmacia Lettre, 2016, 8 (11):218-223 
______________________________________________________________________________ 

219 
Scholar Research Library 

This study, therefore, is aimed to evaluate the toxicity of biological and chemically synthesized ZnO nanoparticles 
along with bulk formulations against plant and human pathogens under laboratory conditions. 
 

MATERIALS AND METHODS 
 

2.1 Preparation of aqueous Phyllanthus embilica stem extract: 
The collected Fresh stem of Phyllanthus embilica was washed thrice with tap water and twice with distilled water to 
remove the adhering salts and other associated contaminants and they were cut into small pieces. 10 g of the stem 
was taken and boiled with 100 ml of double distilled water at 100 ˚C for half an hour. During the procedure of 
boiling, a light brown coloured solution was formed and which was cool at room temperature. After that, the boiled 
extract was filtered through Whatman No.1 and was stored in the refrigerator at 4 ˚C for further studies. 
 
2.2 Synthesis of ZnO nanoparticles by chemical precipitation method: 
ZnO nanoparticles were prepared by simple precipitation method. Zinc acetate used as the precipitator 0.1 M Zinc 
acetate and 0.52 M of potassium hydroxide were dissolved separately in 50 ml distilled water in two glass beakers 
with magnetic stirring, Potassium hydroxide was added to Zinc acetate solution dropwise with constant stirring 
which led to the rapid formation of white precipitation, it was stirred for 2 h to form a homogeneous precipitate. 
After filtering, the precipitate was washed with distilled water and dried at 80˚C for 5 h. The obtained nanoparticle 
was calcinated at 500 ˚C for 1 h.  
 
1.3 Synthesis of ZnO nanoparticles by green method: 
For the synthesis of ZnO nanoparticles, 50 mL of extract was taken and boiled at 60oC. Then, 5.5g of zinc acetate 
was added to the solution. This mixture was then boiled and stirred by using magnetic stirrer until it becomes brown 
coloured paste. Then it transferred to a ceramic crucible cup and calcinated at 500 ˚C for 3h. Finally, obtained brown 
coloured powder. The material was powdered using a mortar and pestle so, that got a fine powder.  
 
2.4 Characterization of ZnO nanoparticles 
The optical properties were investigated using a UV-Vis-DRS were recorded in air at room temperature in the wave 
length range of 200-800 nm using Shimadzu UV - 2450 spectrophotometer. Surface structure was characterized by a 
Fourier-transform infra red (FT-IR) spectrophotometer (JASCO FT-IR 460 plus). The crystalline structure of the 
nanoparticles was studied by an X-ray diffractometer (XRD; XPERT PRO X-RAY) with Cu Kα radiation at 25 ºC 
and the structural assignments were made with reference to the JCPDS powder diffraction files. The surface 
morphology was examined using scanning electron microscopy (SEM) (JSM 6701F - 6701) in both secondary and 
backscattered electron modes and the elemental analysis was also detected.  
 
2.5 Measurement of antimicrobial activity 
ZnO nanoparticles in sterilized distilled water were tested for their antimicrobial activity by the agar diffusion 
method. Two microbial strains, Salomonella and Klebsiella were used for this analysis. The samples ZnO(chemical) 
and ZnO(Green) are dissolved in dimethyl sulfoxide (DMSO) and their concentrations are fixed at 200 mg/mL 
(minimum inhibitory concentration) and Ketoconazole was used as a reference drug. A lawn of test organism was 
made on the agar plate using a sterile cotton swab and then the antimicrobial discs (Whatman No.1. filter disc with 
samples at 200 mg/mL) were placed on the agar plate. All the plates were incubated at 37 0C for 24 h. The zone of 
inhibition was measured and expressed as millimetre in diameter [16]. 
 

RESULTS AND DISCUSSION 
 

3.1 UV –Visible spectroscopy 
Optical properties of ZnO nanoparticle become important as the size of particle is reduced to nanoscale. Fig(1) 
shows the UV-visible absorption spectra of ZnO nanoparticle Synthesis by chemical method and green method. The 
absorption coefficient (λ) where calculated an plotted for direct transition (λhν)1/2 Verses hν of the sample the value 
of the band energy (Eg) of ZnO NPs synthesized by chemical method was an increase in band gap of ZnO  NPs 
synthesized by  green method. The band gap energy of samples is determined by the formula αhν = Ed(hν- Eg)2  

where ,α is absorption coefficient, hν is the energy of photon ,Eg is the direct band gap and Ed is the constant.  By 
plot  of (αhν)2 vs  hν and extra plotting the linear region of  the curve to absorption equal to zero as shown in the 
Fig(2a) and Fig(2b) gives the value of direct band gap (Eg). The unique exciton absorption and bang gap energy of 
ZnO (chemical) and green ZnO are shown in Table 1  
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Fig.1 UV-vis-DRS of ZnO (chemical) and ZnO (green) 

(a)                                                                                              (b) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) 
Fig.2 Tauc plots of (a) ZnO (chemical) (b) ZnO (green) 

 
Table 1: UV –Visible absorption intensity and band gap energies ZnO nanoparticles synthesized by chemical and green method  
 

SAMPLES ABSORPTION INTENSITY ( λ) BAND GAP(eV) 
ZnO (Chemical) 413nm 3.0 eV 

ZnO (Green) 443nm 2.8 eV 

  
3.2 Powder XRD studies 
The end product in the chemical synthesized ZnO nanoparticles was pale white powder where in green synthesized 
ZnO is brown powder. XRD is used to investigate the changes of phase structure and crystallite size of the 
synthesized nanoparticles before and after addition of plant extract. Fig. 3 Shows the XRD pattern of chemical ZnO 
and green ZnO nanoparticles. From the diffractogram of XRD are very well matched with the hexagonal wurtzite 
structure by comparison with the data from JCPDS card No. 89-1397. 
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(a)                                                                                (b) 
 

Fig.3 XRD patterns of a) ZnO (chemical) b) ZnO (green) 
 

These peaks are broad, suggesting that the crystallites have sizes in the nanometer range and the diameter D was 
calculated using Debye-Scherrer formula[17]  D = Kλ/(βcosθ), where K is the scherrer constant, λ the X-ray 
wavelength, β the peak width of half maximum, and θ is the Bragg diffraction angle. The broad diffraction peaks of 
the sample after adding plant extract shown in Fig.3b confirmed that the crystal structure of ZnO nanoparticles was 
not altered during the plant extract.  The XRD peaks give the diameter of about 25 nm for green synthesized ZnO 
and about 36 nm for chemical synthesized ZnO nanoparticles.  
 
3.3 FT-IR spectral studies 
The FT-IR spectra showed the presence of bonds due to O-H stretching around 3423 cm-1. Peak at 1405 cm-1 may be 
assigned to symmetric stretching of the carbonyl side groups in the amino acid residues of the protein molecules 
[18]. The band at 1022 cm-1 corresponding to C-N stretching vibration of amine [19]. The peak at around 1340 cm-1 
present in green ZnO signified amide III band of the random coil of protein [20]. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
Fig.4 FT-IR spectrum of a) ZnO (chemical) b) ZnO (green) 

 



M. Sheik Muhideen Badhusha et al Der Pharmacia Lettre, 2016, 8 (11):218-223 
______________________________________________________________________________ 

222 
Scholar Research Library 

3.4 Morphological studies: 
The SEM images of ZnO (chemical) and ZnO (green) are shown in Fig. 5a and 5b which shows that the chemically 
synthesized ZnO nanoparticles are spherical shaped with particle size of 25 - 35 nm which is in line with the results 
from XRD while the Green synthesized ZnO nanoparticles were obtained as nanospheres with particle size of 15 -25 
nm which proves the role of Phyllanthus embilica extract to change in the size and morphology of ZnO 

nanoparticles. 
 

Fig. 5 SEM images of a) ZnO (chemical) b) ZnO (green) 
 

3.5 Antibacterial activity 
The antimicrobial activity of the ZnO nanoparticles was tested against gram negative bacteria Salmonella typhi and 
Klebsiella phnemonea. The results for the antimicrobial activity of ZnO (chemical) and green ZnO are shown in 
Table 2 and it is observed that green ZnO showed excellent anti-bacterial activity against Salmonella typhi and 
Klebsiella phenomena. The remarkable antimicrobial activities of green ZnO nanoparticles are due to the generation 
of surface oxygen species which leads to the killing of the pathogens [20]. 
 

Table 2: Antimicrobial activity of ZnO nanoparticle s synthesized by chemical and green methods 
 

Sample Salmonella typhi Klebsiella phnemoniea 
ZnO(Chemical) 10 11 

ZnO(Green) 12 12 
Control R R 
Standard 06 R 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)                                                                    (b) 
Fig. 6 The zone of inhibition of ZnO (chemical) against Salmonella typhi and Klebsiella pneumonia 
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(a)                                                                   (b) 
Fig. 7 The zone of inhibition of ZnO (green) against Salmonella typhi and Klebsiella pneumonia 

 
CONCLUSION 

 
ZnO nanoparticles are successfully synthesized via gree method using Phyllanthus embilica plant extract. The 
structure, morphology and size of the prepared ZnO nanoparticles were characterized by XRD, FT-IR and SEM 
analysis. UV-vis DRS studies confirmed the indirect band gap 2.8 eV. The average grain size lies between 25 to 
35nm were found from XRD. The FT-IR spectra revealed the functional groups of stretching bands for ZnO Nps 
were found around 800 – 400 cm-1. The synthesized ZnO Nps was studied for antibacterial activities against diseases 
pathogenic bacteria like Salmonella typhi and Klebsiella phenomena. Finally, the present study is so helpful and 
useful to the human and animals. In addition, the green synthesized ZnO Nps are inexpensive, stable and eco-
friendly without side effect of human being.       
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([FHVV� VXOSKDWH� FRQWHQW� LQGXFHV� FDWKDUWLF� HIIHFW� RQ�
KXPDQ�KHDOWK��5DR�DQG�0DPWKD���������

7KH�FKORULGH�UDQJHV�IURP����WR������PJ�OLW��7KH�PHDQ�
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VDPSOHV�� FKORULGH FRQWHQW� RI� 6�� 6�� 6���6� 	 6� OLH�
RXW�RI�WKH�%,6�SHUPLVVLEOH�OLPLWV��7KLV�HQVXUHV�WKDW�WKH�
FKORULGH�LRQV�DUH�SUHVHQW�PDLQO\�LQ�WKH�IRUP�RI�KLJKO\�
VROXEOH� VDOWV� OLNH� 1D&O� DQG� .&O� &KORULGH� LQ� H[FHVV�
�!����PJ�OLW��LPSRUWV�D�VDOW\�WDVWH�WR�ZDWHU�DQG�SHRSOH�
ZKR� DUH� QRW� DGDSWHG� WR� KLJK� FKORULGHV� FDQ� EH�
VXEMHFWHG�WR�OD[DWLYH�HIIHFWV��3DUNDVK�HW�DO��������� $OO�
WKH� VDPSOH� VWDWLRQV� DUH� FRDVWDO� DUHD� DQG� WKH� VRLOV� DUH�
VDQG�VRLOV� 7KH�SRVVLEOH� UHDVRQ� IRU� WKH�KLJK� OHYHOV�RI�
FKORULGH�FRQWHQW�LQ�WKH�VDPSOLQJ�VWDWLRQV LV�PDLQO\�GXH�
WR�LPSURSHU�GLVSRVDO�RI�VHZDJH�DQG�VHSWLF�WDQN�

)OXRULGH XVHG� LQ� WKH� LQVHFWLFLGHV�� GLVLQIHFWDQWV� DQG�
SUHVHUYDWLYHV� LV� WKH� SRWHQWLDO� VRXUFH� RI� IOXRULGH�
SUHVHQW� LQ� WKH�JURXQG�ZDWHU� 7KH\�DUH� IRXQG� LQ� ODUJH�
TXDQWLWLHV� LQ� VXSHU� SKRVSKDWH�� EULFN� PDNLQJ� DQG�
DOXPLQLXP� H[WUDFWLRQ� SURFHVV� 8VH� RI� SKRVSKDWH�
IHUWLOL]HUV�PD\�DOVR�FRQWULEXWH�WR�KLJK�IOXRULGH�FRQWHQW�
LQ� WKH� JURXQG� ZDWHU� )OXRULGH� LV� WKH� PRVW� H[FOXVLYH�
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Abstract: Extracellular biosynthesis of silver nanoparticles (Ag-NPs) using the Saccharomyces 

cerevisiae (Yeast) was carried out. The pH of the medium play a vital role in the synthesis of control 

shaped and sized nanoparticles. Morphological observation and characterization of biosynthesized 

silver nanoparticles were performed by UV-Visible spectroscopy, Scanning electron microscopy and 

Fourier transform infrared spectroscopy. The biosynthesized silver nanoparticles showed a 

maximum absorption in the visible region Saccharomyces cerevisiae strains showed a maximum 

absorption at 420-460 nm respectively and the size was ranged from 60-110 nm and 10-40 nm 

respectively. The antibacterial activities of silver nanoparticles (Ag-NPs) were studied with 

Staphylococcus aureus (Gram-positive) and Escherichia coli (Gram-negative). The silver 

nanoparticles were synthesized at pH 6 that showed maximum antibacterial activity. This method is 

a promising eco-friendly alternative to chemical method. 

Keywords: Saccharomyces cerevisiae, Biosynthesis, Extracellular synthesis, Nanoparticles, 

Antimicrobial activity 

Introduction 

One of the most important criteria of nanotechnology is that of the development of clean, 

nontoxic and environmentally acceptable ‘‘green chemistry’’ procedures, involving 

organisms ranging from bacteria to fungi and even plants
1,2

. The interactions between 

microorganisms and metals have been well documented and the ability of microorganisms to 

extract and accumulate metals is already employed in biotechnological processes such as 

bioleaching and bioremediation. 

 It is known that a large number of organisms, both unicellular or multi cellular, are able 

to produce inorganic nanomaterials, either intracellularly or extracellularly. It seems that 

especially the yeast and fungi are very good candidates for the synthesis of silver 

nanoparticles because these types of biomasses are easily handled
3
. 
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 Yeast being a member of the class Ascomycetes also called sac fungi in kingdom fungi, it 

has been taken into regular use as media supplement in different culture procedures and this 

organism itself has been a very good source of different enzymes and vitamins. Eco-friendly 

approach for nanomaterials synthesis should not use toxic chemicals in the synthesis protocol. 

In the present effort, the baker’s yeast (Saccharomyces cervasae) has been taken in order to 

assess its potential as candidate fungal genera for the transformation of silver nanoparticles
3
.  

 In this study, the silver nanoparticles were synthesized by an extracellular synthesis 

process using Saccharomyces cerevisiae cell culture and then the effect of pH on the 

synthesis of silver nanoparticles was examined by changing the pH of the aqueous cell 

filtrate with 0.1 N sodium hydroxide and hydrochloric acid.  The synthesized nanoparticles 

were characterized. The antibacterial activity of silver nanoparticles was examined against 

E. coli and Staphylococcus aureus 

Experimental  

Silver nitrate, nutrient agar, nutrient broth, luria bertani medium, sodium chloride, 

hydrochloric acid were obtained from Himedia Pvt.Ltd., India. Yeast (Saccharomyces 

cerevisiae) was isolated from graph juice. Pathogens Staphylococcus aureus and 

Escherichia coli were isolated from clinical samples.  

Extracellular synthesis of silver nanoparticles 

Saccharomyces cerevisiae was inoculated at 0.5% level in 2 L Erlenmeyer flasks containing 

1L growth medium (2% tryptone, 1% yeast extract and 2% glucose, pH 5.6). The flasks 

were incubated at 30 
o
C on a rotary shaker set at 100 rpm. Upon attaining the mid-log phase 

(between 9 and 10 h, O.D.600=2), the cells were separated from the culture medium by 

centrifugation (5000 rpm) and the cell-free medium was used for the recovery of 

precipitated silver nanoparticles. 1 mM of silver nitrate was added to the cell-free medium to 

the synthesis. The silver nanoparticles were incubated further in dark for 24 h. The UV 

absorption spectrophotometer reading was taken at different time intervals to monitor the 

synthesis of silver nanoparticles extracellularly.  

Effect of pH on the extracellular synthesis of silver nanoparticles 

The influences of pH on the extracellular synthesis of silver nanoparticles were carried out by 

changing the pH of the cell-free medium. The different pH was taken (4 and 6) to examine the 

effect of pH on the synthesis of silver nanoparticles using Saccharomyces cerevisiae. The pH 

of the cell-free medium was changed using 0.1 N hydrochloric acid and 0.1 N sodium 

hydroxide. UV spectrophotometer was used to take the absorption at 24 h of incubation. 

Characterization of biosynthesized silver nanoparticles 

The UV absorbance spectra were taken at various time intervals at different wavelength. 

Scanning electron microscope used to identify the shape of the synthesized silver 

nanoparticles. The functional groups of biologically synthesized dried nanoparticles 

observed using Fourier Transform Infrared Spectrometer.  

Antibacterial activity of silver nanoparticles 

The antibacterial activity of biosynthesized silver nanoparticles was carried out against 

Staphylococcus aureus and Escherichia coli. Various concentrations (10 µL, 20 µL, 30 µL, 

40 µL and 50 µL) of silver nanoparticles were synthesized with different pH (4 and 6). The 

well-diffusion method was used to determine the antibacterial activity of silver nanoparticles. 
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The well was formed in the medium using cork borer. The silver nanoparticles were pipette 

out into the wells, and then the plates were incubated at 37 
o
C for 24 h. After 24 h of 

incubation, the plates were observed for the zone of inhibition.  

Results and Discussion  

Extracellular synthesis of silver nanoparticles 

The preliminary confirmation for the formation of silver nanoparticles was the visual 

observation of colour change of the aqueous solution of yeast culture. Before the addition of 

silver nitrate the culture was in yellow colour. After the addition of silver nitrate, the 

extracellular culture colour changed to white precipitate and at 24 h of reaction, the colour of 

the solution changed to brown (Figure 1). Synthesized silver nanocrystals using Sacharomyces 

cerevisiae they obtained the similar colour changes during the formation of silver nanoparticles
4
.   

 

Figure 1. Culture filtrate with silver nitrate solution at the (a) beginning of the reaction and 

(b) after 24 h of reaction 

Characterization of biosynthesized silver nanoparticles 

UV Absorption spectrum 

The UV absorption spectral studies were carried out to confirm the formation of silver 

nanoparticles using Sacharomyces cerevisiae. Figure 2 shows the peak found at 420 nm. The 

peak appears very broad with number of sub peaks and shoulders and it is proposed that 

such a broad peak indicates that there exists a wide range of nanoparticle sizes. 

 Figure 3 shows the effect pH on the synthesis of silver nanoparticles at pH 6. The 

maximum production of silver nanoparticles occurred. The absorption peak occurred at 420 

nm and 460 nm for pH 6 and pH 4 respectively. The band at 420 nm indicated the spherical 

shape of nanoparticles, whereas at 480 nm the particles are different shapes
5
.  

SEM 

Silver nanoparticles were synthesized using pH 4. The synthesized particles were hexagonal 

in shape and the size of the nanoparticles was in the range of 60-110 nm. Figure 4a and 

Figure 4b shows the SEM images of the silver nanoparticles synthesized using pH 6. The 

particles were spherical and the obtained particles are 10-40 nm in size. The size of 

nanoparticles is high at acidic pH, because the nucleation process for the formation of silver 

nanocrystal at acidic pH is slow. The low amount of large size particles were formed. While 

at high pH, more nucleation process occurred because of the accessibility of –OH ions. Thus 

high amount of small size particles formed
6
. 



909       Chem Sci Trans., 2016, 5(4), 906-911 

 
 

Figure 2. UV- Absorption spectrum, the peak found at 420 nm the peak appears very broad 

with number of sub peaks and shoulders and it is proposed that such a broad peak indicates 

that there exists a wide range of nanoparticle sizes 

 

 

Figure 3. UV-Spectrophotometer absorption of the effect of pH on the synthesis of silver 

nanoparticles. Inset shows the colour variation at pH-4. The synthesis of silver nanoparticles 

is low and at pH-6 the production of silver nanoparticles is high 

 

Figure 4. SEM image of the synthesized silver nanoparticles (a) pH 5, (b) pH 9 
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FTIR 

The FTIR spectrums of silver nanoparticles were synthesized using Sacharomyces 

cerevisiae (Figure 5). The band at 3412 cm
-1

 and 2918 cm
-1

 represent the O-H, C-C 

stretching vibration
7
. The band at 1634 cm

-1
 represents the –NH stretching vibration of the 

amide group
8
. The bands at 1381 cm

-1
 and 1058 cm

-1
 represent the aromatic and aliphatic 

amines of C-N stretching vibrations of protein
9
. The FTIR results confirmed that protein 

might be responsible for the formation of silver nanoparticles
10,11

. 

 

 

Figure 5. FTIR Spectrum of biosynthesized silver nanoparticles using Saharomyces 

Cerevisiae 

Antibacterial activity 

The well diffusion method was used to provide evidence for the antibacterial activity of 

biosynthesized silver nanoparticles against E.coli and Staphylococcus aureus Figure 6 and 

Figure 7 shows the antibacterial activity of silver nanoparticles synthesized using pH 4 and 

pH 6 against E.coli and Staphylococcus aureus. The antibacterial activity of silver 

nanoparticles indicated by the formation of the zone and the zone of inhibition measured as 

mm/diameter. The maximum zone of inhibition occurred at 50 µL concentration of silver 

nanoparticles. The silver nanoparticles synthesized using pH 6 show higher antibacterial 

activity against E.coli and Staphylococcus aureus
12,13

.  

 

Figure 6. Antibacterial activity of biosynthesized silver nanoparticles synthesized using  pH 

4  against E.coli and Staphylococcus aureus  

Wavelength, nm 

T
ra

n
sm

it
ta

n
ce

, 
%

 



911       Chem Sci Trans., 2016, 5(4), 906-911 

   

Figure 7. Antibacterial activity of biosynthesized silver nanoparticles synthesized using pH 6 

against E.coli and Staphylococcus aureus  

Conclusion   

The silver nanoparticles were synthesized using Saharomyces cerevisiae by extracellular 

method. The different sized and shaped nanoparticles formed while changing the pH of the 

aqueous solution. The proteins which are present in the bacteria may be a possible reason for 

the synthesis of silver nanoparticles. The pH of the aqueous solution plays an important role 

in the antibacterial activity of silver nanoparticles. The smallest nanoparticles synthesized 

using pH 6 showed more antibacterial activity than large particles which are synthesized 

using original pH and pH 4.  
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The study was conducted to evaluate the ground water quality of Kallur, 

Tirunelveli district, India. Groundwater samples were collected from five 

locations S1, S2 S3, S4, S5 and  these samples were analyzed for more than 

15 water quality parameters. High coefficient of variance indicates variability 

of physico-chemical parameters in ground water. From correlation analysis it 

was observed that very strong correlations exist between total hardness of 

samples S2, S3, S4, S5 and TDS of S1 exceeds the permissible limit. 

Potassium concentration (26 mg/l), chloride concentration (610 mg/l), and 

ammonia concentration (0.8 mg/l) are very higher than standard values. 

Biological parameters such as COD and BOD also analysed. 
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Introduction:- 
Water is the vital for the survival of any type of life. On a normal, a person expends around two liters of water each 

day
1
. Groundwater resource is under threat from pollution either from human life style manifested by the low level 

of hygiene practiced in the developing nations
2
. With increasing industrialization, urbanization and growth of 

population, India’s environment has become fragile and has been causing concern
3
. Pollution of water is due to use 

of fertilizers in agriculture and man- made activities
4,5

. Once the ground water contaminated, its quality cannot be 

restored by stopping the pollutants from the source, therefore it becomes very important to regularly monitor the 

quality of groundwater.  

 

Many studies have been carried out and reported in literature. Trace metal concentration and physico-chemical 

analysis of ground water of  Tadpatri, India, by S. Ramanjulu  et al.  The physico-chemical characteristics and 

concentration of twelve trace metals in the ground water of Tadpatri (India) were reported
6
. Ground water quality 

assessment in Dharmapuri district has been done by K.P. Elango et.al., Cations and anions concentration of most of 

the locations are within the  permissible limit, indicating that the water is suitable  for drinking and irrigation 

purposes
7
. Study of ground water quality has helped in evolving a management plan for ground water development.  

 

In the present study groundwater samples were analysed the physico-chemical parameters such as pH, turbidity, 

electrical conductivity, total dissolvedsolids (TDS), total alkalinity, acidity, total hardness, calcium, magnesium, 

sodium, potassium, iron, manganese, ammonia, nitrite, nitrate, chloride, fluoride, sulphate, phosphate, 

dissolvedoxygen (DO), biochemical oxygen demand (BOD) and chemical oxygen demand (COD) respectively. 

 

 

http://www.journalijar.com/
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Materials  and methods:- 
Polythene cans of two liter capacities were used for the collection of water samples.  Acids, alkalis, indicator, buffer 

reagents and mineral salts were analytical grade of high purity purchased from Merck India and it is used without 

further purification. All the other reagents used were of reagent grade.  

 

Sites of Collection:-  
Five ground water samples S1, S2, S3, S4 and S5 were collected from bore wells and hand pumps around Kallur, 

Tirunelveli district. The table 1. indicates where the water samples was collected.  

 

             TABLE:1 Places of the water samples collected 

 S.No. Sample Place Source 

1 S1 Near Railway station HP 

2 S2 Near water tank PP 

3 S3 Middle street HP 

4 S4 Durkaiamman koil Street HP 

5 S5 Near Govt. Hr. Sec. School PP 

 

Results and Discussion:- 
Physico-Chemical  Characteristics:- 

The physico-chemical characteristics such as pH, turbidity, electrical conductivity, TDS, total alkalinity, acidity and 

total hardness of all the five samples were showed in Table 2.   

 

Table 2: Physicochmical Parameters of the Ground water from the Kallur Area 

Sample pH Turbidity 

(NTU) 

EC(µmhos/cm) TDS(mg/l) TA(mg/l) Acidity(mg/l) TH(mg/l) 

S1 7.29 3 436 279 160 20 160 

S2 7.69 1 1250 825 240 28 368 

S3 7.39 3 3048 2134 448 35 920 

S4 7.51 2 2003 1402 320 31 500 

S5 7.79 0 2867 2007 400 32 600 

 

pH:- 

The pH of  natural water is neutral (i.e. 7.0) due to the buffering capacity of the carbonate - bicarbonate system in a 

water solution
6
. pH is also an important factor in water analysis, since it enters into the calculation of acidity, 

alkalinity and processes  like coagulation, disinfection and corrosion control. The limit of pH value of drinking 

water is specified to be 6.5-9.2 (WHO standard).  In the present study, pH value varies from 7.29 to 7.79  which are 

found to be weakly alkaline.   

 

Turbidity:- 
WHO permissible limit for Turbidity is between 5-25 NTU. Falling within the permissible limit, the turbidity values 

of present study ranges from 0 to 3.  

 

Electrical Conductivity:- 

The electrical conductivity of water is due to dissolved and dissociated   inorganic substances. WHO permissible 

limit for electrical conductivity is 300 µmhos/cm.  The variation in EC ranges between 436 and 3048 µmhos/cm in 

water samples. The high values of electrical conductivity may be due to the high concentrations of ionic consitutents 

present in the water bodies under study and reflect the pollution by domestic wastes
7
.  

 

Total Dissolved Solids:- 

TDS indicates the general nature of the water quality or salinity. WHO permissible limit for TDS is 500 mg/l.  

Water containing more than 500 mg/l of TDS is not desirable for drinking water purposes, In the present study the 

Concentrations of the total dissolved solids are in the range between 279 and 2134 mg/l.  Since the samples S3 and 

S5 have high values of TDS, they cannot be used for drinking as well as for construction purpose
8
.  So people of this 

area have laxative and sometimes the reverse effect due to the high solid content
9
.  However, the possibilities of 

higher concentration of TDS in this area are due to higher withdrawal of ground water leading to poor sanitation and 
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Pollution by domestic wastage. The untreated water, which shows higher value of TDS is ingested, would lead to 

gastrointestinal disorder.   

 

Total Alkalinity:- 
The high level alkalinity indicates the presence of bicarbonates in the water body.  Bicarbonate represents the major 

form since they are formed in considerable amount from the action of carbonates upon the basic materials in the soil.  

The WHO permissible limit is 120 mg/l.  In the present study it varies from 120 to 448 mg/l. All the samples 

exceeded the permissible limit.  

 

Acidity:- 
Acidity in all the samples lie within the range of 20 mg/l to 35 mg/l.  WHO permissible limit is 30-150 mg/l.  All the 

samples well below the permissible limits.  

 

Total Hardness:- 
In the study area, total hardness varies from 160 to 920 mg/l. Calcium and Magnesium along with their carbonates, 

sulphates and chlorides makes the water hard  both temporary and permanent
10

. The desirable limit according to IS 

limit is 300 mg/l.  All the water samples of the study area except S1 exceeds the permissible limit. 

 

Trace Metals In Water:- 
The basic radicals or cations present in the water samples are Calcium, Magnesium, Sodium, Potassium, Iron and 

Manganese are given in Table-3.  

Table-3 Inorganic constituents of water Samples mg/l 

Sample Ca Mg Na K Fe Mn 

S1 38 15 22 1 0.18 0 

S2 96 31 84 26 2.24 0 

S3 320 29 215 15 0 0 

S4 160 24 240 25 0.12 0 

S5 216 14 350 15 0 0 

 

Calcium:-  
Calcium is an essential mineral required for diverse physiological and biochemical functions in the human body

11
.  

Hardness of water mainly depends upon the amount calcium salts.  Calcium concentration in the present study 

ranges between 38 and 320 mg/l.  The calcium content of samples S2, S3, S4 and S5 exceeds the permissible limit 

75 mg/l, and are not suitable for domestic applications. 

 

Magnesium:- 
Hardness also depends upon the amount of the Magnesium salts

10
.  In the study area its concentration varies from 10 

to 31mg/l. Thus the Magnesium content in the present study is within the WHO permissible limit 50 mg/l.  

 

Sodium:- 
Sodium concentration observed in the study area is between 22 and 350 mg/l. Sodium rich water may cause the 

ground water alkaline in the presence of bicarbonate ions.  Alkalinity mainly depends upon the amount of sodium 

salts. Alkalinity of water is a measure of its capacity to neutralize acids. Sodium ranks sixth among the elements in 

order of abundance and is present in most natural waters.  Soil permeability may be affected by a high sodium 

content.  

 

Potassium:-   
Alkalinity also depends upon the amount of Potassium salts.  Figure 1 shows potassium concentration observed in 

the study area is between 1 and 26 mg/l. The Potassium concentration of samples S2, S3, S4 and S5 exceeds the 

permissible limit.               
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Figure.1 Potassium concentration in S1, S2, S3, S4 and S5 samples. 

Iron:- 

Iron in the ground water is mostly in the form of inorganic complexes. The concentration of iron in the study area 

ranges from 0.00 to 2.24 mg/l.   The main source of iron in ground water is the weathering of rock and discharge of 

waste effluents on land.   

 

Manganese:-  
Hardness in water causes by the presence of divalent metallic cation Manganese. Concentration of  Manganese in 

natural water is generally 0.2 mg/l or less.  More than 0.2 mg/l precipitates upon oxidation and causes undesirable 

tastes. The Manganese content in the study area is 0.00 mg/l.  Thus all the samples in the study area are well within 

the permissible limit.  Water in these areas are safe of domestic purpose. 

 

Major constituents (anionic):- 

Phosphate:-  
Phosphorous is essential for the growth of organisms and phosphorous present as phosphate in natural water is a 

growth limiting nutrient.  The concentration of phosphate in all the water samples in the study area ranges from 0 to 

0.16 mg/l.  The values are well within the WHO permissible limit of 0.64 mg/l.  

 

Nitrite And Nitrate:- 
Nitrate is widely present in the environment.  Natural waters are naturally deficient of nitrates, this  restricts the algal 

growth.  Some groundwater naturally has high nitrate concentration. The results indicates that the concentration of 

nitrate varies from 4 to 7 mg/l. In the present study, the concentration of nitrite ranges from 0.03 to 1.79 mg/l.   

 

Sulphate:- 
Higher concentration of sulphate may induce diahorrea, whereas lower concentration causes the laxative effect and 

respiratory diseases.  It was observed that the stagnated water had familiar pungent odour of H2S even at surface 

level. Sulphate in the study area lies  between 21 and 235 mg/l. The sulphate content of samples in the study area 

other than S4 are well below the permissible limit 235 mg/l.  

 

Chloride:- 

Chloride in the form of Cl
- 

ions is one of the major inorganic anions in water.  The water containing 250 mg/l 

chloride may have a detectable salty taste if the cation is sodium. WHO permissible limit for chloride is 200 mg/l.  

Figure-2 shows the concentration of chloride in all the samples in the study area ranges between 20 and 610 mg/l.  
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The higher chloride content in ground water may be attributed to the presence of soluble chlorides from rocks, saline 

intrusion, connate and juvenile water. 

   

 
Figure 2. Chloride concentration in S1, S2, S3, S4 and S5 samples 

Ammonia:- 

Figure-3 shows the ammonia concentration ranges from 0 to 0.8 mg/l.  The WHO permissible limit is 0.5 mg/l.  

Mixing sewage water and septic tank  nearer to the water sources causes an increase in the concentration of 

ammonia.  Concentration of Ammonia in all the  samples are with in the permissible limit. 

 

                    
Figure.3 Ammonia concentration in S1, S2, S3, S4 and S5 samples. 

 

Fluoride:- 
Excess Fluoride  intake paralyses the fluoride metabolism and  are deposited over teeth and skeletal structures which 

lead to many health problems
13 

called fluorosis. The concentration of fluoride in the present study ranges from 0 to 

0.6 mg/l.   The results indicate that all the samples contain fluoride well below the permissible limit 1.5 mg/l.   

 

 

 



ISSN 2320-5407                               International Journal of Advanced Research (2016), Volume 4, Issue 3, 913-918 
 

918 

 

 

BOD and COD:- 
The BOD and COD parameters measure not only the oxidatively decomposable organic components but also the 

level of pollution. WHO permissible limit for BOD and COD is 6 and 7 mg/l respectively.  BOD values ranges from  

2  to 3.1 mg/l  and COD values ranges from 2 to 4.1  mg/l were noted in the present investigation.   

 

Conclusion:- 
pH values for the study area varies from 7.29 to 7.79.  Among the five samples, All of them within the permissible 

limit (WHO 6.5-9.2). pH values has been reported all the samples are said to be weakly alkaline in nature because 

due to bicarbonate salts. Except S1, all the samples  exceeded the permissible limit of TDS.  Hence they are not 

suitable for domestic purposes. The Total Hardness values  of S2, S3, S4 and  S5 samples  are exceeded the 

permissible limit.  Hardness in water is mainly due to its Calcium and Magnesium contents. Hardness make the 

water unsuitable for several domestic operations such as washing, cooking etc. Remaining samples have well below 

the permissible limit of 300 mg/l, ICMR. Hardness of water mainly depends upon the amount calcium salts.  

Calcium concentration in the present study ranges between 38 and 320 mg/l.  WHO permissible limit for calcium is 

75 mg/l.  The calcium content of samples S2, S3, S4 and S5 exceeds the permissible. Potassium concentration for 

the water samples varies from 1 to 26 mg/l,  About 80% of the samples such as  S2, S3, S4, S5  exceeded the 

Standard permissible limit of 10 mg/l, WHO.   
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Abstract: Quantum chemical calculations were carried out to study the molecular structure for indacaterol. To 

investigate the optimized molecular structure, bond length, bond angle and tetrahedral angels, Mullikan atomic 

charges, HOMO, LUMO energy levels, energy gap, dipole moment, total energy and some other physical 

parameters, DFT calculations were carried out using 6-31G basis set with B3LYP. 

Keywords: Dipole moment, HOMO-LUMO energy gap, Indacaterol, Mullikan charges. 

 

I. Introduction 
Indacaterol is a drug used for the treatment of chronic obstructive pulmonary disease (COPD). It’s 

chemical name is 5-{(1R)-2-[(5,6-diethyl-2,3-dihydro-1H-inden-2-yl)amino]-1-hydroxyethyl}-8-hydroxy-

2(1H)-quinolinone maleate. It is an ultra long acting beta adrenoceptor agonist. According to WHO, there are 

more than two hundred million people have moderate to severe COPD worldwide. It is in essential need of the 

theoretical properties. B3LYP/DFT/631-G basis set is used to calculate some physical properties of the target 

molecule with the help of Gaussian 09 software. 

 

II. Computational details 
The combination of quantum chemical calculation is very effective to understand the structure and 

behavior of the compound. The various analysis of the present study of the compound under investigation are 

carried out by DFT with three parameter hybrid [1,2] functional (B3) [3] for the exchange part and Lee Yang–

Parr [4] (LYP) correlation functional using 6-31G basis set. The Gaussian 09 package is used for this calculation 

[5]. 

 

III. Result and Discussion 
3.1 Optimized molecular structure 

The list of atoms for the target molecule is shown in Table 1. The optimized molecular structure is 

shown in Fig 1. The optimized bond length, bond angle and tetrahedral angles for Indacaterol molecule at both 

levels of theory are listed in Tables 2,3 and 4 respectively. 

 

  
Fig 1: The 2D and 3D optimized molecular structure of Indacaterol 

 

Table 1: The atom list of Indacaterol 
1 2 3 4 5 6 7 8 

C C C C C C C C 

9 10 11 12 13 14 15 16 

C C C C C N C C 

17 18 19 20 21 22 23 24 

O C C C C C O N 

25 26 27 28 29 30 31 32 

C C O C C H H H 
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33 34 35 36 37 38 39 40 

H H H H H H H H 

41 42 43 44 45 46 47 48 

H H H H H H H H 

49 50 51 52 53 54 55 56 

H H H H H H H H 

57        

H        

 

Table 2: Bond length of optimized Indacaterol molecule by 631-G calculation 
Sl .no Code Bond Bond distance (Å) Sl .no Code Bond Bond distance (Å) 

1  R1     R(1,2)                   1.5464           31   R31    R(12,13)                 1.3937           

2   R2     R(1,30)                  1.0965           32   R32    R(13,46)                 1.0879           

3   R3     R(1,31)                  1.0959           33   R33    R(14,15)                 1.4659           

4   R4     R(1,32)                  1.0959           34   R34    R(14,47)                 1.0193           

5   R5     R(2,3)                   1.5207           35   R35    R(15,16)                 1.5351           

6   R6     R(2,33)                  1.0977           36   R36    R(15,48)                 1.0976           

7   R7     R(2,34)                  1.0964           37   R37    R(15,49)                 1.1044           

8   R8     R(3,4)                   1.421            38   R38    R(16,17)                 1.4839           

9   R9     R(3,13)                  1.4066           39   R39    R(16,18)                 1.5186           

10   R10    R(4,5)                   1.5265           40   R40    R(16,50)                 1.0957           

11   R11    R(4,7)                   1.407            41   R41    R(17,51)                 0.9789           

12   R12    R(5,6)                   1.5361           42   R42    R(18,19)                 1.4295           

13   R13    R(5,35)                  1.1009           43   R43    R(18,29)                 1.3943           

14   R14    R(5,36)                  1.099            44   R44    R(19,20)                 1.4487           

15   R15    R(6,37)                  1.0961           45   R45    R(19,25)                 1.4144           

16   R16    R(6,38)                  1.0955           46   R46    R(20,21)                 1.3602           

17   R17    R(6,39)                  1.0962           47   R47    R(20,52)                 1.0838           

18   R18    R(7,8)                   1.3952           48   R48    R(21,22)                 1.459            

19   R19    R(7,40)                  1.0845           49   R49    R(21,53)                 1.0826           

20   R20    R(8,9)                   1.5159           50   R50    R(22,23)                 1.2532           

21   R21    R(8,12)                  1.4036           51   R51    R(22,24)                 1.3985           

22   R22    R(9,10)                  1.572            52   R52    R(24,25)                 1.3831           

23   R23    R(9,41)                  1.0961           53   R53    R(24,54)                 1.0129           

24   R24    R(9,42)                  1.1021           54   R54    R(25,26)                 1.4105           

25   R25   R(10,11)                 1.5565           55   R55    R(26,27)                 1.3935           

26   R26    R(10,14)                 1.4635           56   R56    R(26,28)                 1.3851           

27   R27    R(10,43)                1.0991           57   R57    R(27,55)                 0.9747           

28   R28    R(11,12)                 1.5145           58   R58    R(28,29)                 1.4079           

29   R29    R(11,44)                 1.0953           59   R59    R(28,56)                 1.0864           

30   R30    R(11,45)                 1.1022           60   R60    R(29,57)                 1.0826           

 

It is predicted that the longest and possibly weakest bonds are R1, R5, R10, R12, R20, R25, R28, R35 

and R39 involving C-C bonds. The shortest and possibly strongest bonds are R41and R57 involving O-H bond.  

 

Table 3: Bond angle of optimized Indacaterol molecule by 6-31G calculation 

Sl .no Code Bond Bond angle () Sl .no Code Bond Bond angle () 

1  A1     A(2,1,30)              110.8945           55  A55    A(8,12,11)             110.6888           

2  A2     A(2,1,31)              110.6033           56  A56    A(8,12,13)             119.7246           

3  A3     A(2,1,32)              111.401            57  A57    A(11,12,13)            129.585            

4  A4     A(30,1,31)            108.1923           58  A58    A(3,13,12)             120.7643           

5  A5     A(30,1,32)             108.0415           59  A59    A(3,13,46)             118.931            

6  A6     A(31,1,32)             107.5726           60  A60    A(12,13,46)            120.3035           

7  A7     A(1,2,3)               113.1311           61  A61    A(10,14,15)            116.6752           

8  A8     A(1,2,33)              108.5676           62  A62    A(10,14,47)            112.2483           

9  A9     A(1,2,34)              109.1776           63  A63    A(15,14,47)            110.1864           

10  A10    A(3,2,33)              108.8281           64  A64    A(14,15,16)            112.0089           

11  A11    A(3,2,34)              110.7046           65  A65    A(14,15,48)            108.8955           

12  A12    A(33,2,34)             106.1729           66  A66    A(14,15,49)            112.562            

13  A13    A(2,3,4)               121.9505           67  A67    A(16,15,48)            109.3157           

14  A14    A(2,3,13)              118.4691           68  A68    A(16,15,49)            106.933            
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15  A15    A(4,3,13)              119.5664           69  A69    A(48,15,49)            106.9627           

16  A16    A(3,4,5)               120.006            70  A70    A(15,16,17)            108.299            

17  A17    A(3,4,7)               118.9815           71  A71    A(15,16,18)            117.3853           

18  A18    A(5,4,7)               121.0051           72  A72    A(15,16,50)            106.6921           

19  A19    A(4,5,6)               116.2799           73  A73    A(17,16,18)            111.0973           

20  A20    A(4,5,35)              108.8641           74  A74    A(17,16,50)            103.928            

21  A21    A(4,5,36)              109.0978           75  A75    A(18,16,50)            108.5141           

22  A22    A(6,5,35)              108.4027           76  A76    A(16,17,51)            109.0385           

23  A23    A(6,5,36)              108.4157           77  A77    A(16,18,19)            118.851            

24  A24    A(35,5,36)             105.2162           78  A78    A(16,18,29)            122.1208           

25  A25    A(5,6,37)              111.757            79  A79    A(19,18,29)            119.0269           

26  A26    A(5,6,38)              110.0556           80  A80    A(18,19,20)            124.2265           

27  A27    A(5,6,39)              111.605            81  A81    A(18,19,25)            119.2921           

28  A28    A(37,6,38)             107.5817           82  A82    A(20,19,25)            116.481            

29  A29    A(37,6,39)             107.9654           83  A83    A(19,20,21)            121.6817           

30  A30    A(38,6,39)             107.7003           84  A84    A(19,20,52)            118.4848           

31  A31    A(4,7,8)               120.7492           85  A85    A(21,20,52)            119.7913           

32  A32    A(4,7,40)              119.8168           86  A86    A(20,21,22)            122.4013           

33  A33    A(8,7,40)              119.4335           87  A87    A(20,21,53)            121.7888           

34  A34    A(7,8,9)               129.1896           88  A88    A(22,21,53)            115.8073           

35  A35    A(7,8,12)              120.2124           89  A89    A(21,22,23)            125.0916           

36  A36    A(9,8,12)              110.5972           90  A90    A(21,22,24)            113.9689           

37  A37    A(8,9,10)              102.9867           91  A91    A(23,22,24)            120.938            

38  A38    A(8,9,41)              113.4793           92  A92    A(22,24,25)            125.2027           

39  A39    A(8,9,42)              111.0859           93  A93    A(22,24,54)            116.8442           

40  A40    A(10,9,41)             112.7322           94  A94    A(25,24,54)            117.9529           

41  A41    A(10,9,42)             109.5127           95  A95    A(19,25,24)            120.2448           

42  A42    A(41,9,42)             107.0519           96  A96    A(19,25,26)            120.2644           

43  A43    A(9,10,11)             104.4006           97  A97    A(24,25,26)            119.4906           

44  A44    A(9,10,14)             117.2919           98  A98    A(25,26,27)            114.9554           

45  A45    A(9,10,43)             107.5829           99  A99    A(25,26,28)            120.0758           

46  A46    A(11,10,14)            111.9368           100  A100   A(27,26,28)            124.9675           

47  A47    A(11,10,43)            108.1677           101  A101   A(26,27,55)            112.474            

48  A48    A(14,10,43)            107.1117           102  A102   A(26,28,29)            120.1199           

49  A49    A(10,11,12)            103.4178           103  A103   A(26,28,56)            120.075            

50  A50    A(10,11,44)            111.9544           104  A104   A(29,28,56)            119.8051           

51  A51    A(10,11,45)            109.5582           105  A105   A(18,29,28)            121.1875           

52  A52    A(12,11,44)            114.1293           106  A106   A(18,29,57)            118.9597           

53  A53    A(12,11,45)            111.0329           107  A107   A(28,29,57)            119.8227   

54  A54    A(44,11,45)            106.7575               

 

From the Table 3, it is clear that A37, carbon atoms – 8,9,10 present in the five membered ring system 

shows the shortest angle while A57, carbons atoms 11,12,13  shows the largest angle. 

From the tetrahedral values in Table 4, it is clear that the atoms of D1, D8, D19, D22, D23, D30, D31, 

D32, D33, D35, D43, D44, D45, D46, D53, D54, D55, D56, D87, D88, D89, D90, D131, D132, D135, D136, 

D137, D139, D140, D141, D142, D143, D144, D145, D146, D147, D148, D149, D150, D151, D152, D153, 

D154, D155, D156 and D157 lie in same plane. 

 

Table: 4 Tetrahedral  angle of optimized Indacaterol molecule by 631-G calculation 

Sl .no Code Bond Bond angle () Sl .no Code Bond Bond angle () 

1  D1     D(30,1,2,3)            179.6524           81  D81    D(10,11,12,8)           17.085            

2  D2     D(30,1,2,33)            58.7415           82  D82   D(10,11,12,13)        -163.3913           

3  D3     D(30,1,2,34)           -56.5944           83  D83    D(44,11,12,8)          138.9567           

4  D4     D(31,1,2,3)             59.6169           84  D84    D(44,11,12,13)         -41.5196           

5  D5     D(31,1,2,33)           -61.294            85  D85    D(45,11,12,8)         -100.3317           

6  D6     D(31,1,2,34)          -176.6299           86  D86    D(45,11,12,13)          79.192            

7  D7     D(32,1,2,3)            -59.9717           87  D87    D(8,12,13,3)             0.0259           

8  D8     D(32,1,2,33)           179.1174           88  D88    D(8,12,13,46)         -179.5661           

9  D9     D(32,1,2,34)            63.7815           89  D89    D(11,12,13,3)         -179.4609           

10  D10    D(1,2,3,4)              87.9956           90  D90    D(11,12,13,46)           0.947            

11  D11    D(1,2,3,13)            -90.6379           91  D91    D(10,14,15,16)         177.9432           

12  D12    D(33,2,3,4)           -151.2412           92  D92    D(10,14,15,48)          56.9156           
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13  D13    D(33,2,3,13)            30.1254           93  D93    D(10,14,15,49)         -61.5179           

14  D14    D(34,2,3,4)            -34.9152           94  D94    D(47,14,15,16)         -52.5504           

15  D15    D(34,2,3,13)           146.4514           95  D95    D(47,14,15,48)        -173.578            

16  D16    D(2,3,4,5)               2.6785           96  D96    D(47,14,15,49)          67.9884           

17  D17    D(2,3,4,7)            -178.305            97  D97    D(14,15,16,17)          55.4567           

18  D18    D(13,3,4,5)           -178.7027           98  D98    D(14,15,16,18)         -71.2904           

19  D19    D(13,3,4,7)              0.3138           99  D99    D(14,15,16,50)         166.793            

20  D20    D(2,3,13,12)           178.3238           100  D100   D(48,15,16,17)         176.2411           

21  D21    D(2,3,13,46)            -2.0786           101  D101   D(48,15,16,18)          49.494            

22  D22    D(4,3,13,12)            -0.343            102  D102   D(48,15,16,50)         -72.4226           

23  D23    D(4,3,13,46)           179.2545           103  D103   D(49,15,16,17)         -68.2993           

24  D24    D(3,4,5,6)            -177.6214           104  D104   D(49,15,16,18)         164.9536           

25  D25    D(3,4,5,35)             59.6414           105  D105   D(49,15,16,50)          43.0369           

26  D26    D(3,4,5,36)            -54.6776           106  D106   D(15,16,17,51)        -106.512            

27  D27    D(7,4,5,6)               3.3824           107  D107   D(18,16,17,51)          23.7938           

28  D28    D(7,4,5,35)           -119.3548           108  D108   D(50,16,17,51)         140.303            

29  D29    D(7,4,5,36)            126.3262           109  D109   D(15,16,18,19)        -165.2877           

30  D30    D(3,4,7,8)               0.0282           110  D110   D(15,16,18,29)          14.286            

31  D31    D(3,4,7,40)           -179.7115           111  D111   D(17,16,18,19)          69.3413           

32  D32    D(5,4,7,8)             179.0345           112  D112   D(17,16,18,29)        -111.085            

33  D33    D(5,4,7,40)             -0.7052           113  D113   D(50,16,18,19)         -44.3166           

34  D34    D(4,5,6,37)            -61.4123           114  D114   D(50,16,18,29)         135.2571           

35  D35    D(4,5,6,38)            179.1202           115  D115   D(16,18,19,20)          -2.8007           

36  D36    D(4,5,6,39)             59.6019           116  D116   D(16,18,19,25)         177.4303           

37  D37    D(35,5,6,37)           61.5658           117  D117   D(29,18,19,20)         177.6122           

38  D38    D(35,5,6,38)           -57.9017           118  D118   D(29,18,19,25)          -2.1567           

39  D39    D(35,5,6,39)          -177.42             119  D119   D(16,18,29,28)        -177.9588           

40  D40    D(36,5,6,37)           175.2888           120  D120   D(16,18,29,57)           4.0389           

41  D41    D(36,5,6,38)            55.8213           121  D121   D(19,18,29,28)           1.6142           

42  D42    D(36,5,6,39)           -63.697            122  D122   D(19,18,29,57)        -176.3882           

43  D43    D(4,7,8,9)             179.3098           123  D123   D(18,19,20,21)         178.9093           

44  D44    D(4,7,8,12)             -0.3476           124  D124   D(18,19,20,52)          -3.4588           

45  D45    D(40,7,8,9)             -0.9495           125  D125   D(25,19,20,21)          -1.3158           

46  D46    D(40,7,8,12)           179.3931           126  D126   D(25,19,20,52)         176.3161           

47  D47    D(7,8,9,10)            163.1545           127  D127   D(18,19,25,24)        -178.8929           

48  D48    D(7,8,9,41)             40.977            128  D128   D(18,19,25,26)           1.2363           

49  D49    D(7,8,9,42)            -79.6964           129  D129   D(20,19,25,24)           1.3205           

50  D50    D(12,8,9,10)           -17.1618           130  D130   D(20,19,25,26)        -178.5502           

51  D51    D(12,8,9,41)          -139.3393           131  D131   D(19,20,21,22)           0.2105           

52  D52    D(12,8,9,42)            99.9873           132  D132   D(19,20,21,53)         179.5953           

53  D53    D(7,8,12,11)           179.8979           133  D133   D(52,20,21,22)        -177.3911           

54  D54    D(7,8,12,13)             0.3206           134  D134   D(52,20,21,53)           1.9938           

55  D55    D(9,8,12,11)             0.1815           135  D135   D(20,21,22,23)        -179.5874           

56  D56    D(9,8,12,13)          -179.3957           136  D136   D(20,21,22,24)           0.8649           

57  D57    D(8,9,10,11)            26.7374           137  D137   D(53,21,22,23)           0.9934           

58  D58    D(8,9,10,14)           151.2438           138  D138   D(53,21,22,24)        -178.5543           

59  D59    D(8,9,10,43)           -88.0377           139  D139   D(21,22,24,25)          -0.8665           

60  D60    D(41,9,10,11)          149.4167           140  D140   D(21,22,24,54)         179.2401           

61  D61    D(41,9,10,14)          -86.0769           141  D141   D(23,22,24,25)         179.565            

62  D62    D(41,9,10,43)           34.6416           142  D142   D(23,22,24,54)          -0.3284           

63  D63    D(42,9,10,11)          -91.52             143  D143   D(22,24,25,19)          -0.2338           

64  D64    D(42,9,10,14)           32.9864           144  D144   D(22,24,25,26)         179.6379           

65  D65    D(42,9,10,43)          153.7049           145  D145   D(54,24,25,19)         179.6585           

66  D66    D(9,10,11,12)          -26.6923           146  D146   D(54,24,25,26)          -0.4697           

67  D67    D(9,10,11,44)         -150.0108           147  D147   D(19,25,26,27)         179.8699           

68  D68    D(9,10,11,45)           91.7531           148  D148   D(19,25,26,28)           0.2725           

69  D69    D(14,10,11,12)        -154.5542           149  D149   D(24,25,26,27)          -0.0018           

70  D70    D(14,10,11,44)          82.1273           150  D150   D(24,25,26,28)        -179.5992           

71  D71    D(14,10,11,45)         -36.1088           151  D151   D(25,26,27,55)         179.9594           

72  D72    D(43,10,11,12)          87.6703           152  D152   D(28,26,27,55)          -0.4657           

73  D73    D(43,10,11,44)         -35.6482           153  D153   D(25,26,28,29)          -0.8531           

74  D74    D(43,10,11,45)        -153.8843           154  D154   D(25,26,28,56)         179.1297           
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75  D75    D(9,10,14,15)           65.7398           155  D155   D(27,26,28,29)         179.5923           

76  D76    D(9,10,14,47)          -62.7784           156  D156   D(27,26,28,56)          -0.4249           

77  D77    D(11,10,14,15)        -173.6299           157  D157   D(26,28,29,18)          -0.107            

78  D78    D(11,10,14,47)          57.8519           158  D158   D(26,28,29,57)         177.8783           

79  D79    D(43,10,14,15)         -55.2252           159  D159   D(56,28,29,18)         179.9102           

80  D80    D(43,10,14,47)         176.2566           160  D160   D(56,28,29,57)          -2.1045           

 

3.2 Mullikan charges 

The bonding ability of a molecule depends on the electronic charge on the chelating atoms. The atomic 

charge values have been obtained by the Mullikan population analysis [6]. To confirm the reliability of the 

result, the Mullikan population analysis of the target molecule has been calculated using B3LYP/6-31G basis 

set. The Mullikan charges are given in Table 5. From the results, it is clear 22 C is having very high value, since 

it attached with nitrogen atom and oxygen atom. Also 26 C shows higher value due to the attachment of oxygen 

atom. All the hydrogen atoms were found to possess positive charge. 

 

Table 5: Mullikan atomic charges of Indacaterol (Hartree) 

Sl. 

No 

Atoms Atomic charges with 

B3LYP 

Sl. 

no 

Atoms Atomic charges with 

B3LYP 

Sl. 

no 

Atoms Atomic charges with 

B3LYP 

1 C    -0.398892 20 C    -0.092165 39 H     0.140695 

2 C    -0.316669 21 C    -0.163114 40 H     0.120137 

3 C     0.071831 22 C     0.506772 41 H     0.136876 

4 C     0.085315 23 O    -0.470661 42 H     0.142955 

5 C    -0.326371 24 N    -0.787431 43 H     0.138033 

6 C    -0.410013 25 C     0.320134 44 H     0.142010 

7 C    -0.195206 26 C     0.245138 45 H     0.139564 

8 C     0.068281 27 O    -0.639857 46 H    0.116046 

9 C    -0.317758 28 C    -0.129374 47 H     0.275737 

10 C     0.023848 29 C    -0.157536 48 H     0.138440 

11 C    -0.313620 30 H     0.131596 49 H     0.131058 

12 C     0.082292 31 H     0.138839 50 H     0.148660 

13 C    -0.199152 32 H     0.139910 51 H     0.363617 

14 N    -0.589553 33 H     0.132681 52 H     0.173499 

15 C    -0.085881 34 H     0.132069 53 H     0.154086 

16 C     0.024189 35 H     0.145855 54 H     0.354835 

17 O    -0.608652 36 H     0.145341 55 H     0.385164 

18 C     0.002986 37 H     0.139700 56 H     0.127041 

19 C     0.030804 38 H     0.131869 57 H     0.174004 

 

3.3 Dipole moment, Quadrupole moment and various energies 

The dipole moment is the first derivative of the energy with respect to an applied field. It is a measure 

of the asymmetry in the molecular charge distribution and is given as a vector in three dimensions. The 

theoretical  dipole moment (in Debye) is shown in Table 6. The total dipole moment is found to be 7.0504 

Debye. 

Table 6: The Dipole moment (in Debye) of Indacaterol 

B3LYP/6-31G 

X Y Z Total 

-6.0446     3.2090 -1.6949 7.0504 

The predicted quadrupole moment for the target molecule is given in Table 7. It is clear that the 

molecule is slightly elongated along the XX axis in both levels of theory.  

 

Table 7: The quadrupole moment of Indacaterol 

B3LYP/6-31G 

XX YY ZZ 

-229.5692    -155.9353    -171.2368 

 Thermo chemical analysis for the molecule is carried out at 298.15K and 1 atmospheric pressure. The 

energies of thermal, constant volume heat capacity and entropy due to electronic, translational, rotational and 

vibrational energies are given in Table 8. It is seen that vibrational energy accounts for almost all of the total 

energy. It is observed that the constant volume heat capacity due to vibrational energy is greater than all other. 

Similarly, the translational energy causes more entropy. 

Table 8: Various energies of Indacaterol 
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Parameters 

B3LYP/6-31G 

E  

(Thermal) 

KCal/Mol 

CV 

Cal/Mol-

Kelvin 

S 

Cal/Mol-Kelvin 

 Total 321.175             104.734             183.275 

 Electronic 0.000 0.000 0.000 

Translational 0.889 2.981              43.792 

 Rotational 0.889 2.981 37.013 

 Vibrational 319.397 98.772 102.471 

 

The zero point correction, thermal correction to energy, thermal correction to enthalpy, thermal 

correction to Gibbs free energy, sum of electronic and zero point energy, sum of electronic and thermal 

energies, sum of electronic and thermal enthalpies and sum of electronic and thermal free energies are shown in 

Table 9. It is clear that the data are well correlated for both levels of theories. 

 

Table 9: Thermo-chemistry of Indacaterol 

Parameters B3LYP/6-31G 

(Hartree/Particle) 

Zero-point correction 0.484975 

Thermal correction to Energy 0.511825 

Thermal correction to Enthalpy 0.512769 

Thermal correction to Gibbs Free Energy 0.425689 

Sum of electronic and zero-point Energies -1265.789516 

Sum of electronic and thermal Energies -1265.762667 

Sum of electronic and thermal Enthalpies -1265.761723 

Sum of electronic and thermal Free Energies -1265.848803 

 

3.4 Electrostatic Potential Map (ESP) 

ESP gives the electrostatic potential at location on a particular surface most commonly a surface of 

electron density to over all molecular size. In this target molecule (Fig 3) the colors near red represent large 

negative values [electron rich] while the colors near blue represent large positive values [electron poor] and the 

colors green and yellow represent intermediate values of the potential. [7] In this case, red, green, and yellow 

colors appeared near –-OH, aromatic regions, -NH groups respectively. 

 

 
Fig 3: Electrostatic potential map of Indacaterol 

 

3.5 HOMO – LUMO and total energy  

From the Table 10, it is clear that the energy gap between HOMO and LUMO are high and hence the molecule 

is found to be stable. The total energy of the target molecule is found to be -1266.2744917 a.u. 
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a. (HOMO)    b.(LUMO) 

Fig 4: HOMO and LUMO of Indacaterol 

 

Table 9:  Physical parameters of Indacaterol 
 6-31G 

HOMO (a.u) -0.21177 

LUMO (a.u) -0.05805 

Energy gap (a.u) -0.15372 

Total energy (a.u) -1266.2744917 

 

IV. Conclusion 
In this present study, computational methods are used to predict the molecular dynamics of indacaterol. 

The equilibrium geometry of Indacaterol molecule was analyzed at DFT/B3LYP/6-31G basis set. The HOMO, 

LUMO, energy gap, dipole moment and total energy etc., were calculated theoretically, The ESP has also been 

used to understand the activity of the molecule. 
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ABSTRACT 

          A unique biodegradable polyester film was made from naturally accessible Maravetti crude (Hydnocarpus 

wightianus), formic acid, and 30% hydrogen peroxide utilising a stepwise polymerisation technique. The polymer was created 

by reacting resin with styrene. UV, FTIR, and NMR spectral studies were utilized to identified the structural characteristics of 

the polymer product. The biodegradability of the polyester film was investigated using a soil burial test. The thermal 

deterioration was investigated using TG-DTA analysis at various time intervals. The cross-linking potential of the polymers 

was determined using DSC analysis. Tensile and impact strength were assessed, as well as other mechanical parameters. The 

resultant polymers have acceptable mechanical characteristics and cure quickly. 

Keywords: Cross-linking; Degradation; Polymer Soil Burial; Styrene. 

  

 

1. INTRODUCTION 

  In our world over 6.3 billion plastics are 

generated, only 9% is recycled, 12% incinerated, 79% 

accumulated in natural environment. In the production of 

plastics, monomers used which are derived from fossil 

hydrocarbons. Most of the plastics are slow to degrade 

(Roland et al. 2017). Because of increasing prize of 

petroleum and environmental awareness, researchers are 

interested in the synthesising of polymers from 

renewable resources of plants. Plant oils are considered 

building blocks of polymers due to their low cost, 

availability and eco-friendly (Barnes et al. 2009). Active 

functional groups such as double bonds, ester groups and 

hydroxyl groups, on the triglyceride chain make the 

polymer to be chemically modified and to synthesis 

polymers with desirable properties (Wang et al. 2008). 

Hydnocarpus is a kind of Hydnocarpus. Wightiana seed 

oil, also known as chaulmoogra oil or Maravetti oil, 

comes from the seeds of the Wightiana plant. As a paste 

suspended in gum or as an emulsion, it has been used in 

medicine as an antibiotic for the treatment of many skin 

diseases and leprosy (Nortan, 1994). The oil is unusual in 

not being made up of straight chain fatty acids but acids 

with a cyclic group at the end of the chain.   

2. EXPERIMENTAL METHODS 

2.1 Materials  

The thermal deterioration was investigated using 

TG-DTA analysis at various time intervals. The cross-

linking potential of the polymers was determined using 

DSC analysis. Tensile and impact strength were assessed, 

as well as other mechanical parameters. The resultant 

polymers have acceptable mechanical characteristics and 

cure quickly. In the curing procedure, benzoyl peroxide 

was used as a radical initiator and N, N-Dimethyl aniline 

was used as an accelerator. 

2.2 Synthesis of Hydnocarpus wightianus Oil 
Polyol 

 Three-necked reagent flask with a water 

condenser was filled with 100 g of Hydnocarpus 

wightianus oil. 100 mL formic acid (97%) and 55 mL 

hydrogen peroxide (30%) were added to the flask, which 

was vigorously stirred about 16 hr. Externally, the 

temperature was maintained below 400 °C. The emulsion 

was then put into a separating funnel and removed using 

ether. The polyol resin from Hydnocarpus wightianus oil 

was obtained by drying the ether layer over anhydrous 

sodium sulphate.  

2.3 Synthesis of Polyesters 

 The polyol resin product was heated in a three 

necked  reagent flask and maleic anhydride was added in 

1:2 ratio at    70 ⁰C. Morpholine was used as a catalyst. 

After 2 hrs. a viscous liquid with golden yellow colour 

was formed which indicates the formation of 

oligomerised Hydnocarpus wightianus oil fumarate 

resin. 
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2.4 Synthesis of Polyester Film from 
Oligomerised Hydnocarpus wightianus Oil 
Fumarate Resin and Co-Monomer Styrene 

 Utilizing the homopolymer (Oligomerised 

Hydnocarpus wightianus oil fumarate resin) and styrene 

at various concentrations, aliphatic polyester was 

synthesised using a free radical addition polymerisation 

process with benzoyl peroxide as catalyst and Dimethyl 

aniline as accelerator. At room temperature, the viscous 

liquid is poured into a glass mould covered with silicon 

oil. From homo polymer and styrene, polyester thin films 

of various concentrations such as 1:0.5, 1:1, and 1:2 were 

synthesised. Finally, the yellow polyester sheets were 

taken out of the mould. 

2.5 Characterisation of Resins 

               The UV and FTIR analysis were carried out for 

Hydnocarpus wightianus oil, hydroxylated Hydnocarpus 

wightianus oil and also the resin. The 1H-NMR spectra 

for epoxy resin, polyols and pre-polymers were dissolved 

in CDCL3 and recorded using BRUKER AVANCE III, 

400 MHz FT NMR SPECTROPHOTOMETER. Cured 

samples were also checked to see the degree of curing.  

3. RESULT AND DISCUSSION 

3.1 FTIR Analysis 

 The FTIR spectra of Hydnocarpus wightianus oil, 

Hydroxylated Hydnocarpus wightianus oil and the resins 

were recorded between 500 cm-1 to 4000 cm-1 (Rohan et 

al. 2018). In hydroxylated MVO, the FTIR spectra 

showed a strong absorption band at 3522.74 cmˉ1,due to 

the presence of free-OH group in the molecule, which is 

absent in MVO. A strong absorbance band in 1734.85 

cmˉ1 is due to the presence of C=O in esters. A strong 

band in 2927.68 cmˉ1 due to the symmetrical-C-H bond 

in –CH2-group of the side chain. 

 

 

 

          

 

Fig. 1: FTIR spectra of MVO, Hydroxylated MVO and MVO Resin                                                                                                
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 Table 1. FT-IR probable assignment 

Probable 

assignment 

MVO 

(cm-1) 

Hydroxylat

ed MVO  

(cm-1) 

MVO 

Resin 

(cm-1) 

-CH2 Group 2927.68 2966.31 2926.78 

-C- O Group 

in GM 
2848.67 2847.7 - 

C=O in esters 1745.46 1733.89 1734.85 

Terminal CH3 

Groups 
1 194.82 1200.61 1202.53 

Carboxyl 
Group of 

acids 

1160.10 1163 1163.96 

-CH-CH-

Stretching  
1092.60 1084.88 1082.96 

CH2-

sequences of 

the aliphatic 

chains  

720.36 722.29 755.08 

-OH Group 3161.11 3522.74 3536.24 

 

3.2 UV Analysis 

 The ultraviolet spectra of the resin, hydroxylated 

triglyceride oil, and resins have been studied (220 nm - 

800 nm). The electronic absorption band in the resin 

sample was at 239 nm. When compared to the original 

oil, the hydroxylated resin showed a blue shift, which is 

due to the hydroxyl group being substituted at the 

unsaturated moiety. The replacement of the hydroxyl 

group at the olefinic double bond, as well as geometric 

distortion, cause a drop in absorbance as compared to 

parent oil. The substitution of the fumarate group caused 

a significant red shift in electronic absorption in the resin, 

as well as a distortion in the molecule's shape owing to 

the insertion of the fumarate group (Priya et al. 2015). 

3.3 H1NMR spectral studies 

The H1NMR spectra recorded from resin of 

chosen resin are shown in Fig 3. The peaks in H1NMR 

for quantitating unsaturated fatty acids are those of the 

terminal methyl protons (0.85-0.89 ppm), olefinic 

protons (5.4-5.6 ppm), methylene -CH2- (1.1-1.6 ppm) 

protons attached to alliylic carbon (2.01-2.05 ppm) and 

protons attached to the bis-allyllic carbons (2.2 - 2.7 

ppm). The corresponding olefinic protons peak in the 

hydrolysis products have almost disappeared, revealed 

the double bonds in resin is replaced by the hydroxyl 

group. This peak is shifted to 8.1 ppm in the chosen resin 

due to the de-shielding effect of hydroxyl and 

carboxylate ester linkages (Shakina et al. 2012).  

 

 

 

Fig. 2: UV spectra of MVO, Hydroxylated MVO and     MVO 
Resin 



 Sahaya Maria Jeyaseeli et al. / J. Environ. Nanotechnol., Vol. 8(4), 01-07 (2019) 

 

4 

 

Fig. 3: NMR Spectrum of MVO Resin  

3.4 XRD Pattern of Polymer Composite 

From XRD analysis, average crystallite size is 

7.02 nm. Peak is narrow, hence the polymer composite is 

crystalline (Birendra Pratap Singh et al. 2012). 

 

 Fig. 4: XRD pattern of MV polymer  

3.5 Thermal Analysis 

The degree of cross linking influenced the properties of 

the polymer, which was associated with the monomer's 

functionality. The thermosetting resin's curing outcomes 

may be checked using DSC. The peak temperature for the 

sample with cross linker is 527.19 ⁰C, indicating that this 

resin will cure the fastest at this temperature. For this 

resin, the start of the cure peak is 412.00 ⁰C, and the total 

heat of the reaction is 3853J/g (Li et al. 2017). 

 

 
 

 
 

 Fig. 5: DSC thermograms of polymer composite and 
without cross linker 

The peak for the chosen material without cross 

linker is 527.8 ⁰C, indicating the fastest cure for this resin 

will occur at the temperature. The onset of the cure peak 

for this resin is 471.64 ⁰C and the total heat of the reaction 

is 2964J/g. It can be seen that resins with cross linker 

released out more heat during the curing process, which 

indicate more double bonds inside the resin. TGA for 

resins was conducted to identify their degradation 

characteristics. 
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Fig. 6: TGA, DTA thermograms of sample with and without cross linker 

The resin with cross linker was stable up to   150 

⁰C with no significant weight loss, the initial weight loss 

was observed at 157.21 ⁰C, indicating the loss of volatiles 

and moistures. Significant weight loss began at 306.36 

⁰C due to the degradation of the resin. When the 

temperature reached 499.46 ⁰C, weight loss was 

recorded. The maximum rate of decomposition occurred 

at 525.21 ⁰C; the residual mass is around 0.009847 mg. 

The resin without cross linker was stable upto130 ⁰C with 

no significant weight loss; the initial weight loss was 

observed at135.91 ⁰C, indicating the loss of volatiles and 

moistures. Significant weight loss began at 320.35 ⁰C due 

to the degradation of the resin. When the temperature 

reached 511.25 ⁰C, weight reduced was found. The 

maximum rate of decomposition recorded at 528.22 ⁰C; 

the residual mass is around 0.256 mg. It is clear that for 

resins with cross linkages are more resistive to 

temperature, this is due to cross linkages increased the 

cross linking network of the oil. The percentage of 

residue is some what lower than resins without cross 

linkage (Sathishkumar et al.    2013). 

3.6 FTIR-ATR Analysis  

The samples were analysed over the range of              

400 cm-1 – 4000 cm-1 with a spectrum resolution of              

4 cm-1. All spectra were averaged over 64 scans. The 

cross linking was confirmed through the ATIR 

spectralstudies.              

The strong peaks observed at 1737.76 cm-1 and 

1754.23 cm-1 indicate that the surface of the sample with 

and without cross linker are comprised predominantly 

with ester linkages (Shakina et al. 2014). 

  

 
 

 Fig. 7: ATR Spectrum of polymer composite with and without cross linker  
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Fig. 8: SEM Photographs of polymer composite with   and without cross linker 

 3.7 SEM Analysis 

 SEM micrographs reveal that the composite 

without cross linker has stronger bonding than the 

composite with cross linker. As indicated by the virtually 

total absence of holes surrounding the matrix and the lack 

of bio-flour breaking during tensile fracture, these results 

obviously offer strong interfacial adhesion and excellent 

wetting (Prabha et al. 2015). 

3.8 Microbial Studies 

 Antibacterial activities were found in the sample 

by Agar well diffusion method using bacterial strains 

Actinomycetes Israelii and Aeromonas hydrophilla. As  

prepared biopolyesters showed potential antibacterial 

characteristics against micro organisms. Antifungal 

present in the sample was detected by Agar well diffusion 

method using fungal strain Aspergillus Niger. The newly 

prepared biopolyesters   showed potential antifungal 

activity against micro organisms (Shakina et al. 2012). 

4. CONCLUSION 

The fatty acid from Hydnocarpus wightiana seed 

oil was used to create Bio-based thermoset resin. It was 

hydroxylated using hydrogen peroxide and formic acid, 

and then maleic anhydride was added to the resulting 

resin. The resins that were obtained were utilised to make 

bio-based composites. The mechanical properties of the 

composite shows better flexural strength and impact 

strength.  
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Multi Scale Plant Based Polymer Matrix: Synthesis, 
Biodegradation And Thermal Studies  

 
T. Sahaya Maria Jeyaseeli, I. Antony Danish, J. Shakina 

 
Abstract: In this study, cross linked polymers were synthesized from plant oils (Maravetti and Neem oil).Plant oil triglycerides were reacted with maleic 
anhydride and were treated with a monomer. The resulting polymer products were studied by FT-IR. The cross- linking ability of the polymers were 
checked by DSC analysis.TGA analysis was conducted to identify the thermal degradation patterns. NMR studies carried out to identify the nature of 

polymer.SEM analysis confirmed that the polymer was biodegradable. The synthesized polymers were characterized by solubility studies, soil burial test 
and microbial studies. The synthesized polymers may serve as a replacement in many applications. 
 

Keywords: cross-linking, degradation, microbial, neem oil, polymer, solubility, soil burial 
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1. INTRODUCTION 
Due to the environmental issues, vegetable oils are used as 
raw materials for their inherent biodegradability, low cost, 
societal favorably advantages and availability [1]. Bio-based 
polymers show better properties than petroleum products [2]. 
Because of lack of food value, Non-edible vegetable oil is used 
as alternative source of resin synthesis [3]. The widespread 
use of synthetic polymers in technology and in everyday life is 
an accepted feature of modern civilization. Plant oils are 
mainly constituted by triglycerides. The modification of 
triglycerides can be performed using the reactivity of the 
functional groups in their structure.  Hydnocarpus Wightiana 
seed oil or chaulmoogra oil also known as Maravetti oil.  
Chemical constituents of Maravetti oil are Chaulmoogric acid, 
hydnocarpic acid, apigenin, hydnocarpin, fixed oils, tannins. 
The Maravetti oil has been shown to be highly active against 
fungal plant pathogens including Aspergillus Niger and 
Rhizopus Nigricans   and also having anti bacterial activity 
against Actinomycetes Israelii and Aeromonas Hydrophilla [4]. 
The three most  fatty acids of this type are 11 - cyclopent - 2- 
enyl-undecanoic (hydnocarpic), 13 - cyclopent - 2- enyl -
tridecanoic (chaulmoogric) and 13 – cyclopent – 2 –enyltridec 
- 6 - enoic (garlic) acids and lower cyclic homologues ,myristic 
acid, palmitic acid, stearic acid, palmitoleic acid, oleic acid, 
linoleic acid and linolenic acid [5]. Azadirachta indica oil known 
as neem oil is composed mainly of triglycerides and contains 
many triterpenoid compounds, which are responsible for the 
bitter taste.It has the Iodine value 65-95. It is hydrophobic in 
nature; in order to emulsify it in water for application purposes, 
it must be formulated with appropriate surfactants. It has been 
used as an antiseptic, antifungal, antipyretic and antihistamine 
[6].It is rich in medicinal properties which are what makes it a 
great ingredient in cosmetics and other beauty products: 
soaps, hair oil, hand wash soap etc. It can treat a bunch of 
skin diseases and is known to be an excellent mosquito 
repellent. It can be used to protect other plants. 

 
 

TABLE 1 
FATTY ACID COMPOSITION OF OILS 

Acid Maravetti   oil Neem oil 

Hydnocarpic   acid            22.9           - 

Chaulmoogri   acid            35.0           -  

Gloric  acid            12.8  

Lower cyclic homologs            4.6           - 

Myristic acid(C14:0)            0.8  

Palmitic acid(C16:0)            5.6        16-33 

Stearic  acid(C18:0)            4.7          9-24 

Palmitoleic acid(C16:1)            0.5            - 

Oleic acid(C18:1)            3.6         25-54 

Linoleic acid(C18:2)            1.8          6-16 

 
TABLE 2 

PHYSICAL PROPERTIES OF OILS 
Property Maravetti oil Neem oil 

Refractive index,at40⁰c 1.472 1.432 

Iodine value 98-103 65 to 95 

Saponification value 198-204 160 to205 

Acid value 25.0% 24.2% 

Melting point 20-25⁰C 25⁰C 

Specific gravity(at 25⁰C) 0.950-0.960 0.852- 0.95 

 

2.  EXPERIMENTAL 
Maravetti oil (MVO) and Neem oil (NMO) were purchased from 
local market, Formic acid (97%) (Rankem), Hydrogen peroxide 
(30%) (Rankem)  were used in the first step functionalisation. 
Maleic acid (Rankem) and Morpholine (Rankem).Benzoyl 
peroxide (Rankem) was used as a radical initiator and N, N-
Dimethyl aniline (Rankem) was used as accelerator in the 
curing process. Styrene (Rankem) was used as a vinyl co-
monomer. 
 
2.1 Synthesis of Maravetti / Neem oil polyol 
100 g of Maravetti / Neem oil was taken in a three necked 
flask fitted with condenser and thermometer.100 ml of 97% 
formic acid   and 55ml of 30% hydrogen peroxide was added 
and the reaction mixture was vigorously stirred over 16h. Ice 
water bath was used externally to keep the temperature below 
40⁰C.The resulting emulsion was poured into a separating 
funnel and extracted with ether. The ether layer was dried over 
anhydrous sodium sulphate and the resulting product was 
polyol resin from Maravetti / Neem oil.  
 
2.2 Synthesis of polyesters 
The polyol resin was heated in a three necked flask and 
maleic anhydride was added in 1:2 ratio at 70

0
C. Morpholine 

was used as a catalyst. After 2 hours a golden yellow viscous 
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liquid formed indicating the formation of oligomerised 
maravetti / neem oil fumarate resin. 
 
2.3 Synthesis of polyester film from oligomerised 
maravetti or neem oil fumarate resin and co-monomer 
styrene 
Synthesis of aliphatic polyester was carried out by free radical 
addition polymerization reaction using the homopolymer 
(oligomerised maravetti or neem oil fumarate resin) and 
styrene at different concentration with benzoyl peroxide as 
catalyst and Dimethylaniline as accelerator. The viscous liquid 
is transferred in to glass mould coated with silicon oil at room 
temperature. The polyester thin film of different concentration 
such as 1:0.5, 1:1 and 1:2 were synthesized from 
homopolymer and styrene. Finally the yellow colored 
polyesters sheets were removed from the mould.     

 
Figure 1.  MVO polymer film sheet 

 

 
Figure 2. NMO polymer film sheet 

 
2.4 Characterization of polymers 
UV and FT-IR spectroscopy were used to characterize the 
synthesized resins in order to testify the chemical modification 
reactions. The UV and FTIR analysis were carried out for MVO 
and NMO, hydroxylated MVO and NMO and also the 
respective resins. Cured samples were also checked to see 
the degree of curing. The 

1
H-NMR spectra for epoxy resin, 

polyols and pre-polymers were dissolved in CDCl3 and 
recorded using BRUKER AVANCE III, 400 MHz FT NMR 
SPECTROPHOTOMETER. The mechanical studies of the 
biopolyesters were determined using Dumbbell shaped cut 
from the specimen .The Thermo Gravimetric Analysis (TGA) 
was done by using TGA instrument. The Differential Scanning 
Calorimetry (DSC) analysis was done by a TA instrument.XRD 
analysis was used to calculate crystal size of the polymers. 
SEM analysis was carried out to know about the surface 
property of the polymer. Microbial studies were carried out by 
agar diffusion method. 
 

3. RESULT AND DISCUSSION 
 
3.1 UV analysis  
UV spectra of MVO and Hydroxylated MVO and MVO Resins 
have been investigated (220 nm - 800 nm).The MVO sample 
showed an electronic absorption band around 239 nm. 
Similarly UV spectra of NMO and Hydroxylated NMO and 
NMO Resins have been investigated (180 nm - 520 nm).The 
NMO sample showed an electronic absorption band around 
262 nm.The hydroxylated resin exhibited a blue shift when 

compared with the corresponding parent oil which is attributed 
to the substitution of hydroxyl group at the unsaturated moiety. 
There is also decrease in the absorbance in comparison with 
that of parent oil is due to the substitution of the hydroxyl 
group at the olefinic double bond and also distortion of 
geometry. The substantial red shift in electronic absorption 
exhibited in resins due to the substitution of the fumarate 
group and also due to the distortion in geometry of the 
molecule by the introduction of fumarate group [7]. 
 
3.2 IR analysis of the synthesized resins 
The FTIR spectra of MVO, Hyroxylated  MVO and MVO 
Resins are recorded between 500 cm

-1 
to 4000 cm

-1
[8]. In 

hydroxylated MVO, the FTIR spectra showed a strong 
absorption band at 3522.74 cmˉ

1
, due to the presence of free-

OH group in the molecule, which is absent in MVO. A strong 
absorbance band in 734.85 cmˉ

1
 is due to the presence of 

C=O in esters. A strong band in 2926.78 cmˉ
1 

is due to the 
symmetrical aliphatic-C-H bonding in –CH2- group of the side 
chain of triglyceride moiety. In hydroxylated NMO, the FTIR 
spectra showed a strong absorption band at 3565.17 cmˉ

1
,due 

to the presence of free -OH group in the molecule, which is 
absent in NMO. A strong absorbance band in 1726.17 cmˉ

1
 is 

due to the presence of C=O in esters. A strong band in 
2927.74 cmˉ

1
 is due to the symmetrical -C-H bond in –CH2-

group of the side chain.                                                    
 

TABLE 3 
FT-IR PROBABLE ASSIGNMENT 

Probable 

assignment 

MVO 

(cm
-1

) 

HMVO 

(cm
-1)

 

MVO 
Resin 

(cm
-1

) 

NMO 

(cm
-1)

 

HNMO 

(cm
-1)

 

NMO 
Resin 

(cm
-1)

 

-CH2 Group 2926 2966.31 2926.7 2927.7 2927.7 2929.6 

-C- O Group in 
GM 

2848.67 2847.7 - 2854.4 2855.4 2855.4 

C=O in esters 1745.46 1733.89 1734.8 1745.4 1726.1 1729.0 

TerminalCH3Gr
oups 

1194.82 1200.61 1202.5 1209.2 1400.2 1460.0 

Carboxyl 

Group of acids 
1160.10 1163 1163.9 1167.8 1178.43 1374.1 

-CH-CH-

Stretching  
1092.60 1084.88 1082.9 1072.3 1076.2 1058.8 

CH2-
sequences of 

the aliphatic 
chains  

720.36 722.29 755.08 649 725.18 723.26 

-OH Group 3161.11 3522.74 3536.2 3658.7 3565.1 3268.1 

MVO= Maravetti Oil, NMO = Neem Oil, HMVO =Hydroxylated 
Maravetti Oil, HNMO = Hydroxylated Neem Oil 
 
3.3 

1
NMR spectral studies                      

The H
1
NMR spectra recorded from resin of MVO are shown in 

figure 3. The peaks in H
1
NMR for quantitating unsaturated 

fatty acids are those of the terminal methyl protons (0.86 -0.88 
ppm), olefinic protons (5.3-5.6 ppm), methylene -CH2- (1.2-1.6 
ppm) protons attached to alliylic carbon (2.00-2.04 ppm) and 
protons attached to the bis-allyllic carbons (2.2-2.6 ppm).The 
corresponding olefinic protons peak in the hydroxylated 
product has almost disappeared, showing the double bonds in 
oil is replaced by the hydroxyl group. This peak is shifted to 
8.0 ppm in the MVO resin due to the deshielding effect of 
hydroxyl and carboxylate ester linkages [9].  
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Figure 3. 

1
H NMR Spectrum of MVO Resin  

 
Figure 4.

 1
H NMR Spectrum of NMO Resin 

 
The H

1
NMR spectra recorded from resin of NMO are shown in 

figure 4. The spectra show the double bond hydrogen at 5.37 
to 5.26 ppm. The corresponding olefinic protons peak in the 
hydroxylated product has almost disappeared; showing the 
double bonds in oil is replaced by the hydroxyl group. This 
peak is shifted to 8.0 ppm in the NMO resin due to the 
deshielding effect of hydroxyl and carboxylate ester linkages.  
 
3.4 XRD pattern  
XRD is a primary technique to determine the degree of 
crystallinity in polymers. The XRD patterns of the MVO and 
NMO polymers shows that they are semi crystalline. The 
results suggest that the MVO polymers have sharp peak 
compared to NMO polymer, so the MVO polymers are more 
crystalline than NMO polymers [10].  
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Figure 5.XRD patterns of MVO polymer        
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Figure 6. XRD Patterns of NMO polymer 

 
3.5 Thermal analysis:                       
TGA for polymer was conducted to identify their degradation 
characteristics. The MVO polymer was stable up to130 ⁰C with 
no significant weight loss; the initial weight loss was observed 
at135.91⁰C, indicating the loss of volatiles and moistures. 
Significant weight loss began at 320.35⁰C due to the 
degradation of the resin. The maximum rate of decomposition 
occurred at 527.42⁰C, the residual mass is around 0.2557 mg. 
The residue percentage is 2.896%. 

 
Figure 7. TGA, DTA thermograms of MVO polymer 

 
 

 
Figure 8.  TGA, DTA thermograms of NMO polymer 

             
The NMO polymer was stable up to120 ⁰C with no significant 
weight loss; the initial weight loss was observed at 243.11⁰C, 
indicating the loss of volatiles and moistures. Significant 
weight loss began at 334.99⁰C due to the degradation of the 
resin. When the temperature reached 431.54⁰C, weight loss 
was recorded. The residual mass is around 0.5444 mg .From 
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this, we see that polymers are more resistive to temperature 
increasing.The residue percentage is 7.434%.Thermal 
analysis indicates that both the polymers are semi crystalline 
in nature [11]. 
 

TABLE 4. 
THE TGA DATA OF CROSS LINKED POLYESTERS 

Polyesters 
Initial loss 

Temp/C 

Significant 

Temp/C 

90%weight 

loss Temp/C 

Derivative 

Temp/C 

Residue 
(Wt %) 

MVO 213.14 320.35 501.45 527.42 2.896 

NMO 243.11 334.99 431.54 539.4 7.434 

 
TABLE 5.  

THE DTA DATA OF CROSS LINKED POLYESTERS 

Polyesters 
Exothermic response(⁰C) 

Exo1 Exo2 Exo3 

    MVO 353.18 423.10 527.42 

    NMO 301.20 503.34 539.41 

Properties of polymer affected by the cross linking degree, 
which correlated with the degree of functionality of the 
monomer.DSC can be used to check the curing results of the 
thermosetting resin. Both the MVO and NMO polymers were 
analyzed by DSC. 

 
Figure 9. DSC thermogram of MVO polymer 

   
Figure10.DSC thermogram of NMO polymer 

 
TABLE 6. 

THE DSC DATA OF CROSS LINKED POLYESTERS 

Polyesters 
Onset 

temperature 

(˚C) 

Derivative 
Temperature 

(˚C) 

Heat of 
exotherm 

(J/g) 

MVO 470.73 528.6 2965 

NMO 534.98 539.26 4469 

 
The peak for the MVO polymer is 528.6⁰C indicating the 
fastest cure for this resin will occur at the temperature. The 
onset of the cure peak for this resin is 470.73⁰C and the total 
heat of the reaction is 2965 J/g. The peak for the NMO 
polymer is 539.26⁰C, indicating the fastest cure for this resin 
will occur at the temperature. The onset of the cure peak for 
this resin is 534.98⁰C and the total heat of the reaction is 4469 
J/g. It can be seen that Neem resins released out more heat 
during the curing process, which indicate more double bonds 
inside the resins [12].                  

3.6 Mechanical Analysis 
Tensile strength helps to determine the effectiveness and 
behavior of a material when a stretching force acts on it. 
Mechanical properties of the polymers were evaluated based 
on tensile studies, the tensile strength of the polyesters MVO 
and NMO were 14.50 MPa and 2.90 MPa respectively. From 
this, MVO polymer possesses more tensile strength than NMO 
polymer [13].  
 
3.7 SEM analysis 
Scanning electron microscope is a multifold tool for the 
characterization of polymers and shows the information about 
the surface topography and properties of polymer [14].It is 
possible to identify all the different elements that the polymers 
contain. surface of both the MVO and NMO polymer 
composites have symmetric chain units in parallel and network 
patterns, among them Neem oil polymer has a good  network 
pattern.   
 
3.8 Swelling Property 
The percentages of swelling in polyesters were studied 
systematically. The polymeric samples were allowed in 
alkaline and acidic medium for 72 hours at room temperature. 
All the polymeric samples show minimum swelling in both acid 
and alkaline medium.  
 
3.9 Soil Burial Method 
After soil burial test the Scanning electron micrographs of 
MVO and NMO are represented in figures 11 and 12. Hollow 
cavities and cracks appear in the SEM images of the 
polyesters. From the SEM pattern the biodegradation pattern 
was more in NMO polymer than the MVO polymer due to its 
low tensile and crosslink density. The IR spectrum of MVO 
polymer (after soil burial) clearly depicts the breaking of ester 
linkage and the complete degradation of the functional groups 
[15]. 
 

    
 

Figure11. SEM images of MVO after soil burial 
 

    
 

Figure12.SEM images of NMO after soil burial 
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Figure13.IR Spectra of MVO Polymer before the soil burial 

 

 
Figure14.IR Spectra of MVO Polymer after the soil burial 

 

4 CONCLUSIONS                                            
Bio-based polymers were synthesized from MVO and 
NMO.From UV analysis; we infer that the MVO & NMO oils 
have ethylenic double bonds. In FTIR analysis, the presence 
of functional group is confirmed. Thermal analysis indicates 
that both the polymers are semi crystalline in nature. From the 
XRD patterns of the polymers, it shows that they are 
crystalline. SEM analysis shows that they have good network 
pattern. The antimicrobial activity of these bio polyesters is 
also realised to some extent. NMO polymer has more 
antibacterial activity. In this experimental investigation; we infer 
that they are biodegradable and environmental friendly.                    
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Abstract 
Thermal Analysis (TA) is an essential analytical technique in the polymer research. In 

polymer science Thermal Characterization of Polymers is an extreme analysis and brief 

assessment of the application of thermal analysis this technique is used for evaluation of 

comparative thermal stability of different polymers. The following materials were 

synthesized from Odal, Chennakai, Neem and Thennamarakudi oils. They were synthesized 

and characterized by UV-Visible and IR Spectra.NMR spectral studies carried out to identify 

the nature of the polymer formed. SEM analysis confirmed that the polymer was 

biodegradable in nature. The thermal degradation at different time intervals was analyzed by 

TG-DTA analysis. TGA analysis was conducted to identify the thermal degradation 

patternsand to determine product performance. The cross-linking ability of the resins was 

checked by DSC analysis. 

 

Keywords: Polymer, Cross- linking, Biodegradability, Thermal analysis, Degradation,  
 

Introduction 
Researchers are attracted towards polymeric materials due to economic and environmental 

concerns. The utilization of renewable resources for the production of polymeric materials 

can reduce the plastic pollution.
i 
Vegetable oils are considered as good starting materials for 

polymer production. Due to ready availability, their low cost and versatile applications, 

vegetable oils are encouraging renewable resources for polymers. The plant oils are 

composed of triglycerides which can be modified using the reactivity of the functional groups 

in their structure.
ii 

Synthesis of resins from plant oil involves chemical modifications of 

unsaturated oils to undergo crosslinking. This cross linking was responsible for good 
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mechanical and thermal properties of the resins.
iii 

Synthesis of polymers from renewable resources of plants is attractive because of increasing 

price of petroleum.
iv

 Biodegradable and inexpensive polymers are obtained from low cost and 

readily available raw materials.
v 

Plant oil is a biodegradable triglyceride with unsaturation.
vi 

It 

has unsaturated double bonds which are easily reactive and induce functional groups 

including epoxy, hydroxyl and other more active double bonds.The chemical modification 

of the triglyceride of plant oil   is preferred, enabling the synthesis of oligomeric triglyceride 

resin in the way to target polymeric materials. The chemical transformation of the non- edible 

oil triglyceride affords a wide variety of monomers for the synthesis cross linked structural 

polymers. The modification of triglycerides can be performed using the reactivity of the 

functional groups in their structure. 

 
Experimental 
Materials  
Odal, Chennakai, Neem and Thennamarakudi oils were purchased from local market, Formic 

acid (97%) (Rankem), Hydrogen peroxide (30%) (Rankem)  were used in the first step 

fractionalization. Maleic anhydride (Rankem) and Morpholine (Rankem) .Benzoyl peroxide 

(Rankem)   was used as a radical initiator and N, N-Dimethyl aniline (Rankem) was used as 

accelerator in the curing process. Styrene (Rankem) was used as a vinyl co-monomer. 

Synthesis of plant oil polyol 
100 g of Odal / Chennakai / Neem / Thennamarakudioil was taken in a three necked flask 

fitted with condenser and thermometer.  100 ml of 97% formic acid   and 55 ml of 30% 

hydrogen peroxide was added and the reaction mixture was vigorously stirred over 16h. Ice 

water bath was used externally to keep the temperature below 40˚C.  The resulting emulsion 

was poured into a separating funnel and extracted with ether. The ether layer was dried over 

anhydrous sodium sulphate and the resulting product was polyol resin from Odal / Chennakai 

/ Neem / Thennamarakudi oil. 
Synthesis of polyesters 
The polyol resin was heated in a three necked flask and maleic anhydride was added in 1:2 

ratio at 70
0
C. Morpholine was used as a catalyst. After 2 hours a golden yellow viscous liquid 

formed it indicates the formation of oligomerised Odal / Chennakai / Neem / 

Thennamarakudi oil fumarate resin. 

Synthesis of polyester film from oligomerised Odal / Chennakai / Neem / 
Thennamarakudi oil fumarate resin and co-monomer styrene 
Synthesis of aliphatic polyester was carried out by free radical addition polymerization 

reaction by using the homopolymer (oligomerised Odal / Chennakai / Neem / 

Thennamarakudi oil fumarate resin) and styrene at different concentration using 

benzoylperoxide as catalyst and Dimethylaniline as accelerator. The viscous liquid is 

transferred in to glass mould coated with silicon oil at room temperature. The polyester thin 

films   were synthesized from homopolymer and styrene. Finally the yellow colored 

polyesters sheets were removed from the mould.      
Characterization of polymer 
Double-beam UV/visible spectrometer is used to verify the characteristic absorption of the 

polymer composites. Fourier transform infrared (FTIR) spectra of polymers were obtained 

using Shimadzu FT-IR spectrophotometer using KBrpellet at wave-lengths between 4000 

cmˉ
1
 and 400 cmˉ

1
 at 27˚C. ATR spectra were obtained using BRUKER Optic GmbH FTIR 

SPECTROMETER with KBR crystal in the range of 4000cm
-1 

– 400cm
-1

. The 
1
H-NMR 

spectra for epoxy resin, polyols and pre-polymers were dissolved in CDCL3and recorded 

using BRUKER AVANCE III, 400 MHz FT NMR SPECTROPHOTOMETER. The 
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chemical shift in ppm for 
1
H NMR Spectra were obtained relative to TMS

reference. TG/DTA thermo grams of the post

10˚C minˉ
1
   in the range of 40

ELMER, DIAMOND TG/DTA. The SEM analysis of the polymers was obtained

VEGA3TESCAN. 

 
Result and discussion 
UV Analysis 
Figure 1 shows the UV spectra of Odal/ Chennakai/ Neem / Thennamarakudi oil, 

hydroxylated triglyceride oil resins and O

800 nm). The oil samples (Odal, Chennakai, Neem and Thennamarakudi) showed an 

electronic absorption band around 238,295.50,262 and 270.50 nm respectively. The 

hydroxylated resins exhibited a blue shift when compared with the corresponding parent oil 

which is attributed to the substitution of hydroxyl group at the unsaturated moiety.

 

  

(a)                                                                                                     

 

(c) 

 

 

et al. / Heterocyclic Letters Vol. 10| No.2|321-332|Feb-April| 2020 

H NMR Spectra were obtained relative to TMS

reference. TG/DTA thermo grams of the post-polymers were obtained at a scanning speed of 

in the range of 40˚C- 700˚ C under the flow of nitrogen gas using PERKIN 

ELMER, DIAMOND TG/DTA. The SEM analysis of the polymers was obtained

1 shows the UV spectra of Odal/ Chennakai/ Neem / Thennamarakudi oil, 

hydroxylated triglyceride oil resins and O-PTF resins. They have been investigated (230 nm 

(Odal, Chennakai, Neem and Thennamarakudi) showed an 

electronic absorption band around 238,295.50,262 and 270.50 nm respectively. The 

hydroxylated resins exhibited a blue shift when compared with the corresponding parent oil 

the substitution of hydroxyl group at the unsaturated moiety.

                                                                                                    

 
(d) 
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H NMR Spectra were obtained relative to TMS as internal 

polymers were obtained at a scanning speed of 

˚ C under the flow of nitrogen gas using PERKIN 

ELMER, DIAMOND TG/DTA. The SEM analysis of the polymers was obtained using 

1 shows the UV spectra of Odal/ Chennakai/ Neem / Thennamarakudi oil, 

PTF resins. They have been investigated (230 nm - 

(Odal, Chennakai, Neem and Thennamarakudi) showed an 

electronic absorption band around 238,295.50,262 and 270.50 nm respectively. The 

hydroxylated resins exhibited a blue shift when compared with the corresponding parent oil 

the substitution of hydroxyl group at the unsaturated moiety.
vii 

 

                                                                                                    (b) 
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(e) 

(f) 

(g) 

(h) 

Figure  1. UV Spectrum of   (a) Odal oil (b) Hydroxylated

chennakai oil (e) Hydroxylated

Hydroxylated Neem oil (i)Neem Resin (j) Thennamarakudi oil 

(k)HydroxylatedThennamarakudi oil (l) Thennamarakudi Resin
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(i) 

 

(j) 

(k) 

(l) 

. UV Spectrum of   (a) Odal oil (b) Hydroxylated Odal oil (c) Odal Resin (d) 

chennakai oil (e) Hydroxylated Chennakai oil (f) Chennakai Resin (g) Neem oil (h) 

Neem oil (i)Neem Resin (j) Thennamarakudi oil 

)HydroxylatedThennamarakudi oil (l) Thennamarakudi Resin 

 

 

 

 

 

 

Odal oil (c) Odal Resin (d) 

Chennakai oil (f) Chennakai Resin (g) Neem oil (h) 

Neem oil (i)Neem Resin (j) Thennamarakudi oil 
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FTIR spectral analysis 
                Figure2 shows the IR spectra of Odal/ Chennakai/ Neem / Thennamarakudi oil, 

hydroxylated triglyceride oil and resins. They have been investigated between 500 cmˉˡ to 

4000 cmˉˡ. In hydroxylated triglyceride resins, FT-IR spectra showed a strong absorption 

band at 3772.5, 3770.58, 3565.17 and3172.68 cm
-1

respectively,due to the presence of free –

OH group in the molecule.The corresponding peaks are completely reduced in the  resins 

indicates the entire OH group get substituted.
viii 
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Figure2. IR Spectrum of  (a) Odal oil (b) HydroxylatedOdal oil  (c) Odal Resin (d) 

Chennakai oil (e)HydroxylatedChennakai oil (f) Chennakai Resin (g) Neem oil (h) 

HydroxylatedNeem oil (i) Neem Resin (j) Thennamarakudi oil (k) 

HydroxylatedThennamarakudi oil (l) Thennamarakudi Resin 
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Table1:FT-IR probable assignment of  Odal and Chennakai oil 

Probable 
assignment 

Odal 
oil 
(cm-1) 

HydroxylatedO
dal oil(cm-1) 

Odal 
Resin 
(cm-1) 

Chennak
ai oil 
(cm-1) 

Hydroxylat
ed 
Chennakai 
oil (cm-1) 

Chennak
ai 
Resin(c
m-1) 

-CH2 Group 
2925.8

1 
2961.49 

2961.4

9 
2926.78 2960.53 2926.78 

-C- O Group in 

GM 

2306.7

1 
2308.71 

2854.3

4 
2852.52 2347.21 2853.49 

C=Oin esters 
1747.3

9 
1732.92 

1751.2

4 
1746.42 1746.42 1783.07 

TerminalCH3Gro

ups 

1197.7

1 
1119.6 

1199.6

4 
1195.78 1464.83 1199.64 

CarboxylGroupo

f acids 
1163 1159.14 

1401.1

9 
1160.1 1164.92 1171.68 

-CH-CH-

Stretching  

1086.8

1 
1087.78 

1087.7

8 
1088.74 1085.85 1077.17 

CH2-sequences 

of the aliphatic 

chains  

752.19 723.26 748.33 750.26 723.26 751.22 

-OH Group 3634.6 3772.5 
3545.8

8 
3547.81 3770.58 3736.82 

 

Table2: FT-IR probable assignment of Neem and Thennamarakudi oil 

Probable 
assignment 

Nee
m oil 
(cm-

1) 

Hydroxylate
dNeem 
oil(cm-1) 

Nee
m 
Resi
n 
(cm-

1) 

Thennamar
akudi oil 
(cm-1) 

Hydroxylat
ed 
Thennamar
akudi oil 
(cm-1) 

Thennamar
akudi 
Resin(cm-1) 

-CH2 Group 
2927.

74 
2927.74 

2929.

67 
2925.81 2926.78 2928.71 

-C- O Group 

in GM 

2854.

45 
2855.45 

2855.

42 
2854.4 2854.45 2855.42 

C=Oin esters 1745.

46 
1726.17 

1729.

06 
1746.42 1730.99 1734.85 

TerminalCH3

Groups 

1209.

28 
1400.22 

1460.

01 
1196.75 1116.71 1168.78 

CarboxylGrou

pof acids 

1167.

82 
1178.43 

1374.

19 
1162.03 1145.75 1132.14 

-CH-CH-

Stretching  

1072.

35 
1076.21 

1058.

85 
1086.81 1073.31 1055.95 

CH2-

sequences of 

the aliphatic 

chains  

649 725.18 
723.2

6 
753.15 723.26 671.18 

-OH Group 3658.

71 
3565.17 

3268.

15 
3161.11 3172.68 3635.57 
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1 NMR spectral studies 
            In this study, the NMR spectrum of plant oils, the peak at 4.0

presence of methylene protons.The peak at 2.6

ethylenic bond. The peak at 5.2ppm shows the olefin proton present in pla

chemical shift associated at 4.1ppm shows methylene protons of ester associated with 

triglycridemolecule.In the 
1
H-NMR spectrum of polyol of plant oils show the presence of 

hydroxyl group at 8.0 ppm. Thus the formation of polyol confirmed 

chemical shift at lower region from 5.2

respectively. 

(a) 

(b) 

(c) 
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In this study, the NMR spectrum of plant oils, the peak at 4.0-5.2 ppm shows the 

presence of methylene protons.The peak at 2.6-2.1ppm indicate the presence of hydrogen in 

ethylenic bond. The peak at 5.2ppm shows the olefin proton present in plant oils.

chemical shift associated at 4.1ppm shows methylene protons of ester associated with 

NMR spectrum of polyol of plant oils show the presence of 

hydroxyl group at 8.0 ppm. Thus the formation of polyol confirmed from these studies. The 

chemical shift at lower region from 5.2-0.7 ppm supports oleic and saturated fatty acids 

 

 

(d) 

(e) 

(f)

 

5.2 ppm shows the 

2.1ppm indicate the presence of hydrogen in 

nt oils.
ix   

The 

chemical shift associated at 4.1ppm shows methylene protons of ester associated with 

NMR spectrum of polyol of plant oils show the presence of 

from these studies. The 

0.7 ppm supports oleic and saturated fatty acids 
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(g) 

Figure3. NMR Spectrum of (a) Odal oil (b) 

HydroxylatedChennakai oil (e) Chennakai Resin (f) HydroxylatedNeem oil (g) Neem Resin 

(h) Thennamarakudi oil 

 

 XRD pattern  
 XRD is primary techniques

size of crystallites can be determined from XRD patterns using Scherer’s equation.XRD 

patterns of the polymers have sharp peak indicate that they are crystalline.

(a)                                                                                         

 

                                                                

                     (c)                                                                              (d)

 

Figure4.   XRD patterns of (a) Odal oil (b) Chennakai oil(c) Neem oil (d) Thennamarakudi 

oil 

 

 Thermal analysis: 
The Odal polymer was stable up to

loss was observed at 359.39⁰c, indicating the loss of 
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NMR Spectrum of (a) Odal oil (b) HydroxylatedOdal oil (c) Chennakai oil (d) 

HydroxylatedChennakai oil (e) Chennakai Resin (f) HydroxylatedNeem oil (g) Neem Resin 

primary techniques to determine the degree of crystallinity in polymers.

size of crystallites can be determined from XRD patterns using Scherer’s equation.XRD 

patterns of the polymers have sharp peak indicate that they are crystalline. 

                                                                                        ( b)  

                                                                 

(c)                                                                              (d) 

XRD patterns of (a) Odal oil (b) Chennakai oil(c) Neem oil (d) Thennamarakudi 

The Odal polymer was stable up to 80 ⁰c with no significant weight loss; the initial weight 

c, indicating the loss of volatiles and moistures.
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HydroxylatedOdal oil (c) Chennakai oil (d) 

HydroxylatedChennakai oil (e) Chennakai Resin (f) HydroxylatedNeem oil (g) Neem Resin 

to determine the degree of crystallinity in polymers.
x   

The 

size of crystallites can be determined from XRD patterns using Scherer’s equation.XRD 

 

 

XRD patterns of (a) Odal oil (b) Chennakai oil(c) Neem oil (d) Thennamarakudi  

c with no significant weight loss; the initial weight 
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weight loss began at 397.15⁰c due to the degradation of the resin. When the temperature 

reached 432.48⁰c, weight loss was recorded. The residual mass is around 0.07298 mg .From 
this we see that polymers are more resis

percentage is 1.200%. 

 

 

            Figure 5.TGA, DTA thermograms

  

 The Chennakai polymer was stable up to100 

weight loss was observed at 355.209

Significant weight loss began at400.03

temperature reached 452.76⁰c, weight loss was recorded. The residual percentage 1.454%.

The Neem polymer was stable up to120 

loss was observed at 243.11⁰c, indicating the loss of volatiles and moistures. Significant 

weight loss began at 334.99⁰c due to the degradation of the resin. When the 

reached 431.54⁰c, weight loss was recorded. The residual mass is around 0.5444 mg

residue percentage is 7.434%.Thermal analysis indicates that both the polymers are semi 

crystalline in nature.The peak for the Neem polymer is 539.26

for this resin will occur at the temperature.The onset of the cure peak for this resin is 

534.98⁰c and the total heat of the reaction is 4469J/g

 

                          Figure 6.  TGA, DTA thermograms of Neem polymer

The Thennamarakudi polymer was stable up to120 

initial weight loss was observed at243.11

Significant weight loss began at 334.99

temperature reached431.54⁰c, weight l

mg.The residue percentage is 7.434.The peak for the sample is 501.21

cure for this resin will occur at the temperature.The onset o

473.09⁰c and the total heat of the reaction is 3508J/g
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c due to the degradation of the resin. When the temperature 

c, weight loss was recorded. The residual mass is around 0.07298 mg .From 
this we see that polymers are more resistive to temperature increasing. The residue 

TGA, DTA thermograms of  Odal polymer and Chennakai polymer

The Chennakai polymer was stable up to100 ⁰c with no significant weight loss; the initial 

was observed at 355.209⁰c, indicating the loss of volatiles and moistures. 

Significant weight loss began at400.03⁰c due to the degradation of the resin. When the 

c, weight loss was recorded. The residual percentage 1.454%.

eem polymer was stable up to120 ⁰c with no significant weight loss; the initial weight 

c, indicating the loss of volatiles and moistures. Significant 

c due to the degradation of the resin. When the 

c, weight loss was recorded. The residual mass is around 0.5444 mg

residue percentage is 7.434%.Thermal analysis indicates that both the polymers are semi 

crystalline in nature.The peak for the Neem polymer is 539.26⁰c, indicating the fastest cure 

for this resin will occur at the temperature.The onset of the cure peak for this resin is 

c and the total heat of the reaction is 4469J/g 

TGA, DTA thermograms of Neem polymer 

The Thennamarakudi polymer was stable up to120 ⁰c with no significant weight 

initial weight loss was observed at243.11⁰c, indicating the loss of volatiles and moistures. 

Significant weight loss began at 334.99⁰c due to the degradation of the resi

c, weight loss was recorded.The residual mass is around 0.5444 

mg.The residue percentage is 7.434.The peak for the sample is 501.21⁰c,indicating the fastest 

cure for this resin will occur at the temperature.The onset of the cure peak for this resin is 

c and the total heat of the reaction is 3508J/g 

 

c due to the degradation of the resin. When the temperature 

c, weight loss was recorded. The residual mass is around 0.07298 mg .From 
tive to temperature increasing. The residue 

 

Chennakai polymer 

c with no significant weight loss; the initial 

c, indicating the loss of volatiles and moistures. 
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c, weight loss was recorded. The residual percentage 1.454%. 

c with no significant weight loss; the initial weight 

c, indicating the loss of volatiles and moistures. Significant 

c due to the degradation of the resin. When the temperature 

c, weight loss was recorded. The residual mass is around 0.5444 mg.The 

residue percentage is 7.434%.Thermal analysis indicates that both the polymers are semi 

the fastest cure 

for this resin will occur at the temperature.The onset of the cure peak for this resin is 
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                 Figure7. TGA, DTA thermograms of Thennamarakudi  polymer

 

Thermal analysis indicates that the polymers are semi crystalline in 

 

SEM analysis 
Scanning electron micrographs of Odal, Chennakai, Neem and Thennamarakudi oilpolymers 

are shown in figure8. Surface SEM images of the polyesters   have symmetric chain units in 

parallel, uniformly distributed and has a good network 

        
    (a) 

         
    (b) 

          
     (c) 

        
     (d) 
                          
Figure8. SEM photographs of (a) Odal oil polymer 

polymer  (d) Thennamarakudi polymer
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TGA, DTA thermograms of Thennamarakudi  polymer 

Thermal analysis indicates that the polymers are semi crystalline in nature. 

Scanning electron micrographs of Odal, Chennakai, Neem and Thennamarakudi oilpolymers 

are shown in figure8. Surface SEM images of the polyesters   have symmetric chain units in 

parallel, uniformly distributed and has a good network pattern.
xii 

 

 

 

 

SEM photographs of (a) Odal oil polymer   (b) Chennakai polymer (c) Neem 

polymer  (d) Thennamarakudi polymer 
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Scanning electron micrographs of Odal, Chennakai, Neem and Thennamarakudi oilpolymers 

are shown in figure8. Surface SEM images of the polyesters   have symmetric chain units in 

Chennakai polymer (c) Neem 
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Conclusion 
We have synthesized plant oil polymers from Odal, Chennakai, Neem and Thennamarakudi 

oils were synthesised. The reaction mechanism was determined by FTIR and H
1
 NMR 

spectroscopy.  XRD patterns   show that they are crystalline. SEM analysis shows that they 

have good network pattern. Thermal analysis confirms the thermal stability of the polymers. 

In this experimental investigation, it is possible to develop low cost polyesters from naturally 

available non-edible oil for consumer applications. 
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ABSTRACT
In this experimental stud)A there are did iereut composite samples were f iabricated ky using

coconutfober using oligomeric polymer resin. Scarming electron microscopy (SEh® analysis is
carried out to study the fober matrix interfiaces and analyse the structure Of the fractured and
water absorbed surf ;aces. The lower weighi Of FRP materials makes handling and installation
significantly easier than in case Of steel plates. Degradation stud,ies show that the pressure
sensitive adhesives a'SA) is biodegradrble. These may be suitable fior non occlusive PSA tapes
there ly decrease the level Of skin irritation considerably and also .minimfae the incidence Of
bacterial inif;ection. It allows the migration and transmission Of moisture. It also serves as a
bacteriostatic-preverttthegrowthOfbacteriaontheplasticsurf;ace.TheresultsshorvthatNeem
oil -based PSAfrlms and tapes .have great potential to replace petro-based PSAs fior a broad
range Of applications inclndingflexible electronics and niedical devices because Of their thermal
stability transparenqh Chemical resistance, and potential biodegradability f tom triglycerides.

Keywords: Green materials, Polymer, Transparency, Degradation, Moisture                           ,

I. INTRODUCTION
Plant fibres can also be regarded as fillers to replace the more expensive polymers and improve the

green credentials of the final composite parts. The concern for the environmental pollution and the preven-
tion of resources has atracted researchers to develop new eco-friendly green materials based on sustainability
principles. Synthesis of polymers from renewable resources of plants is attractive because of increasing price
of petroleum. Biodegradable and inexpensive polymers are obtained from low cost and readily available raw
materials.

Neem oil is a biodegradable triglyceride with unsaturation. It has unsaturated double bonds which are
easily reactive and induce functional groups including epoxy, hydroxyl and other more active double bonds.
The chemical modification of the triglyceride ofNeem oil   is preferred, enabling the synthesis of oligomeric
thglyceride resin in the way to target polymeric materials. The chemical transformation of the non- edible
oil triglyceride affords a wide variety of monomers for the synthesis of cross linked structural polymers. The
modification of triglyceride can be performed using the reactivity of the functional groups in their structure.
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2. EXPERIMENTAL

2.1 MATERIALS
Neem oil O{MO) was purchased from local market, Formic acid (97°/o) (Rankem), Hydrogen perorfe

(30°/o) (Rankem)  were used in the first step functionalization. Maleic anhydride  (Rankem) and Morphch[
(Rankem). Benzoyl peroxide (Rankem) was used as a radical initiator and N, N-Dimethyl aniline (Rank-
was used as accelerator in the curing process. Styrene (Rankem) was used as a vinyl co-monomer.

2.2 SYNTHESIS 0F NM0 POLYOL
100gofNMOwastakeninathreeneckedflaskfittedwithcondenserandthermometer.100mlof9`

formic acid   and 55 ml of 30% hydrogen peroxide was added and the reaction mixture was vigorously stird!11

over 16h. Ice water bath was used extemally to keep the temperature below 40° C.The resulting emulsion -
poured into a separating firmel and extracted with ether. The ether layer was dried over anhydrous s-
sulphate and the resulting product was polyol resin from NMO.

2.3 SYNTHESIS 0F POLYESTERS
The polyol resin was heated in a three necked flask and maleic anhydride was added in 1 :2 rafro -

70°.C.Morpholinevyasusedasacatalyst.-After2hoursagoldenyellowviscousliquidformeditindicates-
formation of oligomerised NMO fumarate resin.

2.4 SYNTHESIS 0F POLYESTER FILM FROM 0LIGOMERISED NMO FUMARATI
RESIN AND CO-MONOMER STYRENE                            .

Synthesisofaliphaticpolyesterwascarriedoutbyfreeradicaladditionpolymerisationreactionb}~-
ingthehomopolymer(oligomerisedNMOfumarateresin)andstyreneatdifferentconcentrationusingbenz*
peroxide as catalyst and Dimethyl aniline as accelerator. The viscous liquid is transferred in to glass n"
coated with silicon oil at room temperature. The polyester thin film of different concentration such as I ail
1 : 1 and 1 :2 were synthesised from homo polymer and styrene. Finally the yellow coloured polyesters sh-
were removed from the mould.

2.5 CHARACTERISATI0N 0F RESINS
The UV and FTIR analysis were carried out for NMO, hydroxylated NM0 and also the res

'H-NMR spectra for epoxy resin, polyols and pre-polymers were dissolved in CDCL3 and recorded

BRUKERAVANCE111,400MHzFTNMRSPECTROPHOTOMETER.Curedsanpleswerealsochec
see the degree of curing. The Thermo Gravimetric Analysis (TGA) was done by using TGA instrum
Differential Scarming Calorimetry (DSC) analysis was done by a TA instrument.

3. RESULT AND DISCUSSION

3.I UV ANALYSIS
The UV spectra of NMO, hydroxylated triglyceride oil and the resin have been investigated (-

rm-800rm).TheNMOsampleshowedanelectronicabsorptionbandaround239nm.Thehydroxylatedc]
exhibitedablueshiftwhencomparedwiththecorrespondingparentoilwhichisattributedtothesubstitlin
ofhydroxylgroupattheunsatratedmoiety.Thereisalsodecreaseintheabsorbanceincomparisonwitht-
of parent oil is due to the substitution of the hydroxyl group at the olefinic double bond and also distortin
of geometry.Thesubstantialredshiftinelectronicabsorptionexhibitedintheresinduetothesubstitution±
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the fumarate group and also due to the distortion in geometry of the molecule by the introduction of fumarate

group.

-    -       -       i-
Fig.1. UV Spectra of NMO, Hydroxylated
NMO and resin

3.2 IR SPECTRA
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An invaluable tool in organic structure determination and verification involves the class of electro-
magnetic radiation (EM) with frequencies between 4000 and 400 cm-i (wave numbers). The category of EM
radiation is termed infrared (IR) radiation, and its application to organic chemistry is knovyn as IR spectroscopy.
Radiation in this region can be utilized in organic structure determination by making use of the fact that it is
absorbed by inter atomic bonds in organic compounds.  The samples were analysed over the range 500cm-I
to 4000cm-I. The strong peaks absorbed at 1732.92cm-I indicate that the surface of the polymer is c6.inprised

Predominantly with esterlinkages.                                                                                                                           .'. L`
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Fig.2. IR Spectra of NM polymer

33 SEM ANALYSIS

Probable assignment Neem Polymer
-C-O- Group in GM 2359.74
C=O esters 1732.92
Terminal -CH&-Groups 1487.01

Carboxy Group of acids 1362.61
-CH-CH- Streching 1085.85
CH2-sequence of the aliphatic 630.68
chains

Table I.FT-IR probable assignment
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Scanning electron microscope is a technique to find out the surface morphology of the samriles. SEM
ricrographs show the strong bonding in polymer.                                                                                         :,.`: ;i`:
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Fig.3. SEM images of NM polymer

3.4 SWELLING PROPERTIES
Crdsslinkdeusityandvoidsplayanimportantroleindetermihingthepropertiesofcrosslinkedpoly-

Theeffectivecrosslinkdensityisthetotalsumofchemicalandphysicalcrosslinks.Theswellingstudiesof-
newly prepared polyesters have been carried out in solvents having different solubility parameters, meth-
(13.5), ethanol (12.3), dimethylacetamide (10.8), tetra hydro furan (9.3) and dimethyl formanide (12. I I I-
these polyesters undengo slight swelling in solvents methanol, ethanol, tetrahydrofuran, dimethyl forlnadE[
and benzene and undengo appreciable swelling in and dimethyl acetanide alone. Low swelling in sol`-
methanol, ethanol, tetrahydrofuran, N, N-dimethyl formanide and benzene reveal that present polyestas B
alsocrosslinked.Duetothehigherdegreeofswelling(swellingcoefficient)onlyinN,Nrdimethylaceta-
itisunderstoodthatthesolubilityparameterofthenewpolyesteris10.8.Thevalueoftheswellingcceffi-
(degreeofswelling)ofthepolyestersinN,N-dimethylacetamidearecharacteristicofacrosslinkedsy-
Molecularweightsofcrosslinkedpolymersarealsocharacterizedbythebackbonechainlength.Themolet+
weightbetweencrosslinksMcindicatesthedegreeofcrosslinking.ThehighervalueofMc,theloweris-
crosslink density. The effective crosslink density of polymers is the total sum of chemical cross links.  FL
oilswereuedtopreparebiostablepolyestersusingcondeusationpolymerization.Inthepresentstudiesad+
tion polymerization and cross linking was adopted to generate void free polyesters. The present cross link
biopolyestersCPBonlyswellanddonotdissolveinanon-reactivesolvent.Thedegreeofswellingina-
reactivesolventdeteminesthedegreeofcrosslinkingandthemolecularweightbetweenthecrosslinksL1±
molecular weights between cross links and the cross link density and the present materials confirm de c-
linked character. The cross link density of the biopolyesters based on poly OrMO fumarate) is compararirty
higher than the other oil based polyesters. The cross link density of the cross lihked biopolyesters based -
styreneiscomparativelyhigherthantheconespondingvinylbasedmaterials.

3.S STABILITY IN ORGANIC SOLVENTS
Thenon-reactivechemicalenvirormentinfluencesthestabilityofpolyestersbysolvationanddis-

sionofpolymers.Diethyletherwhichiscompatiblefordissolutionofvegctableoilresiusandaliphaticorg+
solvent,dimethylacetanidewhichiscompatibleforthedissolutionofpolyestersareselectedfortheplt-
studies on the   effect of organic solvents. In addition to these two organic solvents, the commonly used -
matic solvent viz toluene and betpene are used in the present study. The polyesters show largest degraddr
rate,thisisduetothehydrophobicnafureofthispolymernetworkthatrisesfromlongaliphatichydrocarha
chain of fatty acid part of the oil chemical stnicture.

3.6 BIODEGRADATION
Biodegradationisthedecompositionoforganicmaterialbymicroorganisins.Thetermbiodegradain

isofenuedinrelationtosewngetreatment,environmentalremediationandtoplasticmaterials.BiodegradaLE
polymersarepolymerswhichbreckdownafteritsplanneduse.ThedegradationofthepolymerresultsindlE
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formation of natural byproducts such as oxygen, nitrogen, carbon dioxide, water, biomass and inorganic salts.
In general biodegradable polymers break down to form gases, salts, and biomass. Complete biodegradation is
said to occur when there are no oligomers or monomers left. The breakdown of these polymers depend on a
variety of factors including the polymers.

0.498g weight of NM film was buried in the soil mixed with municipal sewage sludge for six months.
The Fig.4 shows the photograph ofpolyesters after soil burial degradation test for 30 days. The original polymer
film exhibits a relatively smooth surface. However after 30 days in the soil, large number of holes, cavities,
and pin hole were observed in polymer film and the polymer surface was attacked by the microorganism under
soil envirorment.

Fig.4. Biodegradation test (degradation 30   days,       60days, 70days)

4. CONCLUSION
•    The purpose of this work i.s to prepare high molecular weight polymers and it would be alternative petro-

leum based polymeric materials such as plastic and rubber materials.
•    The outcome of these studies has revealed that the prepared cross linked bio polyesters are potential bio-

degradable material for various consumer application like package materials and agricultural applications.
•    The cured polyester films are biodegradable and used for medical purpose as absorbable sutures and agri-

cultural films. In bio-compatibility and bio-degradability play an important role.
•    Development of biodegradable polymers for consumer applications, that can fulfill processing and property

requirements for many applications in which biodegradability would be an important materials property
is a major challenge.
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ABSTRACT
NovelbiodegradablepolyesterfilmwassynthesisedfromnaturallyavailableMaravetti

oil, formic acid and 30% hydrogen peroxide by stepwise polymerisation technique. The

polymer was prepared by resin react with styrene. The UV:, FTIR and NMR spectral studies
carried out to identify the nature Of the polymer formed. SEM analysis corfumed that the

polymerwasbiodegradableinnature.Thebiodegradabilityofthepolyesterfrlmwasstud:e_d
by soil burial test. The thermal degradation at different time irttervals were analyse? by
TG-DTA analysis. The cross-linking ability Of the polymers was checked by DSC analysis.
Mechanical properties  like  tensile  strength and impact  strength were  characterized.
The resulted polymers  have  satisfied mechanical performance  and fast curing speed.

Keywords: Cross-linking, Degradation, Polymer, Soil Burial, Styrene

1. INTRODUCTION
In our world over 6.3 billion plastics are generated, only 9°/o is recycled, 12% incinerated, 79°/o accu-

mulated in natural envirorment. In the production of plastics, monomers used which are derived from fossil
hydrocarbons. Most of the plastics are slow to degrade. Because of increasing prize of petroleum and envi-
rormental awareness; researchers are interested in the synthesising of polymers from renewable resources of

plants.Plantoilsareconsideredbuildingblocksofpolymersduetotheirlowcostavailabilityandeco-ffiendl}-.
Active functional groups such as double bonds, ester groups and hydroxyl groups, on the triglyceride chain
mckethepolymertobechemicallymodifiedandtopreparepolymerswithdesirableproperties.

Hydnocarpus Wightiana seed oil or chaulmoogra oil also known as Maravetti oil. It has been used in
medicine as antibiotics for the treatment of several skin diseases and leprosy as a mixture suspended in gun
or as an emulsion. The oil is unusual in not being made up of straight chain fatty acids but acids with a cyclic

group at the end of the chain.

2. EXPERIMENTAL

2.1 MATERIALS
Maravettioilquvo)waspurchasedfromlocalmarket,Fomicacid(97%)(Rankem),Hydrogenperox-

ide(30%)(Rankem)wereusedinthefirststepfunctionalization.Maleicanhydride(Rankem)andMorpholinc

(Rankem). Benzoyl peroxide (Rankem) was used as a radical initiator and N, N-Dimethyl aniline (Rankemt
was used as accelerator in the curing process. Styrene (Rankem) was used as a vinyl co-monomer.
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2.2 SYNTHESIS 0F MARAVETTI OIL POLYOL
100gofMVOwastakeninathreeneckedflaskfittedwithcondenserandthermometer.100mlof97°/o

formic acid   and 55 ml of 30°/o hydrogen peroxide was added and the reaction mixture was vigorously stirred
over 16h. Ice water bath was used extemally to keep the temperature below 40°C.The resulting emulsion was

poured into a separating furmel and extracted with ether. The ether layer was dried over anhydrous sodium
sulphate and the resulting product was polyol resin from MVO.

2.3 SYNTHESIS 0F POLYESTERS
The polyol resin was heated in a three necked flask and maleic anhydride was added in 1 :2 ratio at

70°C.Morpholinewasusedasacatalyst.After2hoursagoldenyellowviscousliquidformeditindicatesthe
formation of oligomerised MVO fumarate resin.

2.4 SYNTHESIS 0F POLYESTER FILM FROM 0LIGOMERISED MV0 FUMARATE
RESIN AND CO-MONOMER STYRENE

Synthesisofaliphaticpolyesterwascarriedoutbyfreeradicaladditionpolymerisationreactionbyus-
ingthehomopolymer(oligomerisedMVOfumarateresin)andstyreneatdifferentconcentrationusingbenzoyl

peroxide as catalyst and Dimethyl aniline as accelerator. The viscous liquid is transferred in to glass mould
coated with silicon oil at room temperature. The polyester thin film of different concentration such as 1 :0.5,
1 : 1 and 1 :2 were synthesised from homo polymer and styrene. Finally the yellow coloured polyesters sheets
were removed from the mould.

2.5 CHARACTERISATI0N 0F RESINS
The UV and FTIR analysis were carried out for MVO, hydroxylated MVO and also the resin. The

]H-NMR spectra for epoxy resin, polyols and pre-polymers were dissolved in CDCL3 and recorded using

BRUKERAVANCE111,400MHzFTNMRSPECTROPHOTOMETER.Curedsampleswerealsocheckedto
see the degree of curing. The Themo Gravimetric Analysis (TGA) was done by using TGA instrument. The
Differential Scaming Calorimetry (DSC) analysis was done by a TA instrument.

3. RESULT AND DISCUSSION

3.1 UV ANALYSIS
TheUVspectraoftheMVO,hydroxylatedMVOandfortheresinhavebeeninvestigated(220rm-800

rm).TheMVOsampleshowedanelectronicabsoaptionbandaround239nm.Thehydroxylatedoilexhibiteda
blueshiftwhencomparedwiththecorrespondingparentoilwhichisattributedtothesubstifutionofhydroxyI

group at the unsafurated moiety. There is also decrease in the absorbance in comparison with that of parent
oil is due to the substitution of the hydroxyl group at the olefinic double bond and also distortion of geometry.
The substantial red shift in electronic absorption exhibited in the resin due to the substitution of the fumarate

group and also due to the distortion in geometry of the molecule by the introduction of fumarate group.

_air             -.-, ~                  ,,

Fig.1. UV spectra of MVO, Hydroxylated MVO and MV Resin
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3.2 XRD PATTERN 0F POLYMER COMPOSITE
ThismoduleprovidesanintroductiontoX-rayDiffractionC{RD),whichisaversatile,non-destructive

technique that reveals detailed information about the chemical composition and crystallographic structure of
materials.

From XRD analysis, average crystallite size of the MV polymer is 7.02 nm. Peak is narrow; hence the

polymer composite is crystalline.

Pt--h r2Tl-.) Cei]p.. (C`|)

Fig.2.XRD pattern of MV polymer

3.3 FT-IR ANALYSIS
TheFT-IRspectraofMVO,hydroxylatedMVOandtheresinwererecordedbetween500cm-]to4000

cm-`[5].In hydroxylated MVO, the FTIR spectra showed a strong absorption band at 3522.74 cm-I,due to the

presence of free-OH group in the molecule, which is absent in MVO. A strong absorbance band in  1734.85
cm-I is due to the presence of C=O in esters. A strong band in 2926.78 cm-`due to the symmetrical-C-H bond
in {H,-group of the side chain.

Fig.3.IR spectra of MVO, hydroxylated MVO and MV resin

TABLE 1: FT-IR PR0BABLE ASSIGNMENT
Probable assigrment MVO(cm-I)

Hydroxylated MV resin (cm-
MVO (cm-I) I)   2926.78

-CH, Group-C-0Group in GMC=OinestersTerminalcH`GroupsCarboxylGroupofacids-CH-CH-StretchingCri2-sequencesofthe  ali- 2926.78 2966.31

2848.67 2847.7 -

1745.46 1733.89 1734.85

1194.82 1200.61 1202.53

1160.10 1163 1163 .96

1092.60 1084.88 1082.96

720.36 72:2..2!) 755.083536.24
phatic chains
-Ori Group 3161.11 3522.74
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3.4 THERMAL ANALYSIS
Properties of polymer affected by the cross linking degree, which correlated with the degree of func-

tionality of the monomer.DSC can be used to check the curing r.esults of the thermosetting resin. Both resins
with cross linker and without cross linker were analysed by DSC. The peak for the sample with cross linker
is 527.19°c, indicating the fastest cure for this resin will occur at the. temperature. The onset of the cure peak
for this resin is 412.00°c and the total heat of the reaction is 3853J/g.

The peak for the sample without cross linker is 528.6 °c, indicating the fastest cure for this resin will
occur at the temperature. The onset of the cure peck for this resin is 470.73°c and the total heat of the reac-
tion is 2965J/g. It can be seen that resins with cross linker released out more heat during the curing process,
whichindicatemoredoublebondsinsidetheresins.TGAforresinswasconductedtoidentifytheirdegradation
characteristics.

The resin with cross linker was stable up to 150°c with no significant weight loss; the initial weight
loss was observed atl 57.21°c, indicating the loss of volatiles and moisfures. Significant weight loss began at
306.36°c due to the degradation of the resin. When the temperature reached 499.46°c, weight loss was re-
corded. The maximum rate of decomposition occurred at 525.21°c; the residual mass is around 0.009847 mg.
Theresinwithoutcrosslinkerwasstableupto130°cwithnosignificantvyeightloss;theinitialweightlosswas
observed atl 35.91°c, indicating the loss of volatiles and moisfures. Significant weight loss began at 320.35°c
due to the degradation of the resin. When the temperature reached 510.45°c, weight loss was recorded. The
maximum rate of decomposition occurred at 527.42°c; the residual mass is around 0.2557 mg. From this,
we see that for resins with cross linker are more resistive to temperature increasing, this is due to cross linker
increased the cross linking network of the resins. The residue percentage is lower than resins without cross
linker.

Fig.4.DSC thermograms of polymer composite and without cross linker
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Fig.5.TGA, DTA thermograms of sample with and without cross linker

3.5 FTIR-ATR ANALYSIS
_--------_
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The samples were analysed over the range of 400cm-1-4000 cm-I with a spectrum resolution of 4cm-I .

All spectra were averaged over 64 scans. The cross linking was confirmed through the ATR spectralsfudies.
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The strong pecks observed at 1737.76 cm-I and 1754.23 cm-I indicate that the surface of the sample
with and without cross linker are comprised predominantly with ester linkages.

Fig .6.ATR Spectrum of polymer composite with and without cross linker

3.6 SEM ANALYSIS
SEM micrographs show the strong bonding in composite without cross linker than in with cross linker.

Theseresultsclearlyprovidestronginterfacialadhesionandgoodwetting,asevidencedbythealmostcomplete
absence of holes around the matrix.

Fig.7.SEM Photographs of polymer composite with   and without cross linker
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3.7 DNA BINDING ASSAY
A polymer binds to DNA through intercalation usually results in hypochromism and bathochromism,

due to a strong stacking interaction between a polymer and the base pairs of DNA.

0ZP 4060

Fig.8.PlotsPlotsof[DNA]/(€a-€f)versus[DNA]
20DTable.2 uD vaules ol polymer treatea

Drug Treated Concentration ODValue

5-0 Hg/ml of the R 0 0.17

10HMCTDNA+50Hg/mloftheR 10 0.43

20HMCTDNA+50Hg/mloftheR 20 0.479

30prcTDNA+50Hg/mloftheR 30 0.53

40HMCTDNA+50Hg/mloftheR 40 0.576

50LLMCTDNA+50LLg/mloftheR 50 0.697

TheintrinsicbindingconstantKbofthepolymerwithCT-DNAwas-3.717xl04

3.7 MICR0BIAL STUDIES
AntibacterialspresentinthesampleweredetectedbyAgarwelldiffusionmethodusingbacterialstrains

Actinomycetes Israelii and Aeromonas hydrophilla.ri_

Ertym

Fig.9.Effect of MV polymer against Actinomycetes

rf     rs     ¢S     *fyS      gr§
E rtym
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S. poly- Name of the test
Zone of inhibition (mm)

S00 2SO loo SO
ABNo mersample organism Hg/ Hg/ pg' pg/

nil ill ml ml

I. W Actinomycetes israel i i 9.5 6.5 5.5 2.5 15.5

2. MV Aeromonashydrophilla 6.5 5.5 2.5 I.5 ® 12.5

Fig.10.EffectofsampleagainstAeromonasHydrophllla
Table: 3 Means of zone of inhibition

The newly prepared biopolyesters showed potential antibacterial activity against micro organisms.
AntifungalpresentinthesanplewasdetectedbyAgarwelldiffusionmethodusingfungalstrainAspergillus
Niger. The newly prepared biopolyesters   showed potential antifungal activity against micro organisms.

4. CONCLUSION
WehavesynthesizedBio-basedthermosetresinfromHydnocaapuswightianaseedoilfattyacid.Itwas

hydroxylatedbyhydrogenperoxideandformicacid;theresultedresinwasmodifiedbymaleicanhydride.The
obtained resins were used in the preparation of the bio based composites. The composites were characterised
bydifferentmechanicalanalysisandshowedrelativelygoodflexuralandimpactstrengthwhichiscomparable
with the glass fibre reinforced composites.

ACKNOWLEDGEMENTS
The authors wish to thank the management and Principal, Sarah Tucker College (Autonomous),

Tirunelvelifortheirsupporttoundertakethisresearchprogramme.TheauthorsacknowledgethestaffofCE-
CRI, Karaikudi for the assistance in the evaluation of polymer samples.

5. REFERENCE
1.Norton,SA(Octoberl994).Usefulplantsofdematology.I.Hydnocaapusandchaulmoogra.Joumalofthe

AmericanAcademyofDematology.31(4):683-6.doi:10.1016/sO190-9622(08)81744-6.PMID8089304.
2.   K.Priya Rajini and S.Begila David,Synthesis and Comparative Study of Novel Cross Linked Biopolymers

from Lin.seed Oil,Int.Journal of Engineering Research and Applications,Vol.5,Issue 8(Part-5) August
2015,ppO9-15

3.   Roland Geyer, Jema R. Jambeck, Kara Lavender Law (2017). Production, use and fate of all plastics ev-
ermade.ScienceAdvances,3(7),el700782.doi:10.1126/sciadv.1700782.

4.   Wang H J, Rong M Z and Zhang M Q (2008) Biodegradable Foam Plastics Based on Castor Oil, Biomac-
romolecules, 9, 615-623.

5.J.Shakina,K.SathiyaLekshmiandG.AllenGnanaRaj(2011)SynthesisandcharacteirsationofNovelcross
linkedbiopolyestersfromoliveoilaseco-friendlybiodegradablematerials.E-JoumalofChemistry2012.
9(1),181-192

6.   Banes, D. K. A., Galgani, F., Thompson, R. C., & Barlaz, M. (2009). Accumulation and fragmentation of

plasticdebrisinglobalenvirorments.PhilosophicalTransactionsoftheRoyalSociety8:BiologicalSci-
ences,364(1526),1985-1998.doi:10.1098/rstb.2008.0205

7.   Bio polymer-based materials from polysaccharide properties, processing, Characterization and sorption
Applications.ByRohanS.Dassanayake,SanjitAcharyaandNoureddineAbidiSubmitted:February28th
2018.Reviewed:Augustl3th2018Published:November5th2018,D0I:10.5772/intechopen.80898

Sarah Research Journal -ISSN2319-5134       Vol8    Issue-1 June - 2020  48



8.   Shakina J  , Sathiya Lekshmi K , Allen Gnana Raj G , Microbial degradation of synthetic polyesters from
renewable resources,  Indian Journal of science, 2012,1(1), 21-28

9.   Synthesis and properties of a novel bio based polymer from modified soy bean oil Iop Conf. Series: Ma-
terials science and Engineering 1 7(2017) 012010 doi: 10.1088/1757-899X/170/1 /012010

10. G.S.Prabha Littis Malar,S.Begila David,  Studies on polyester elastomers using palm olein for drug
delivery,IJSEAS-Volume-1,Issue-5,August(2015).

11. Shakina et al.Polymers from renewable resources: polyester resin based upon acid anhydride-cured hy-
droxylated soybean oil, Indian Journal of Science, 8(20), 44-54(2014).

12. Sathish Kumar et.al.Characterization of natural fiber and composites-A review.Journal of Reinforced Plastics
and Composites.32 (19)1457-1476

13. Birendra Pratap Singh et al. Synthesis and characterization of Inorganic Polymer Nano-Composites, Der
Chemica Sinica, 2012, 3(2):521-526.

SarahResearchJoumal -ISSN2319-5134      Vol 8    Issue -I June - 202o  49



 

                                                                  Shakina et al., J Adv Sci Res, 2021; ICITNAS: 299-305                                                               299                     

 
"Special Issue: International Conference on Innovative Trends in Natural and Applied Sciences -2021” 

 
Journal of Advanced Scientific Research 

                                        

Available online through http://www.sciensage.info 
  

 

RECENT ADVANCES IN MECHANICAL BEHAVIOR OF FIBRE REINFORCED SMART  
BIODEGRADABLE POLYMERS 

 

T. Sahaya Maria Jeyaseeli1, I. Antony Danish2, J. Shakina*1, P. Tharmaraj3 
1Department of Chemistry and Research Centre, Sarah Tucker College, (Autonomous) Tirunelveli, Tamilnadu, India 

2Department of Chemistry and Research Centre, Sadakathullah Appa College (Autonomous) Tirunelveli, Tamilnadu, India 
3Department of Chemistry and Research Centre, Thiyagarajar College, Affiliated to Madurai Kamaraj University, 

Madurai, Tamilnadu, India 
*Corresponding author: shakinajudson@gmail.com 

ABSTRACT 
Fibre-reinforced polymer composites have been developed from the reaction of fumarate resin with natural material 
Perch fibre. The composite material is fabricated by hand layup technique. The fabricated composite material was tested 
for its mechanical properties such as Tensile Strength, Flexural Strength and Impact Strength. The composite specimens 
for the above-mentioned test were prepared as per the ASTM standards. The fibre reinforcement influenced the 
improvement of mechanical properties of polymers and surface morphology of the polymer was analysed by Scanning 
Electron Microscope. Moisture absorption and vibration damping with polymers and its effect on mechanical properties 
can also be studied. Tensile strength, flexural strength and impact strength were observed and compared to each other. 
Tensile test showed maximum ultimate tensile strength for untreated 80 mm length fibre compared to others. Flexural 
test showed maximum ultimate flexural strength for untreated 80 mm length fibre compared to others. Impact test 
showed higher impact energy for treated 40 mm length fibre compared to others.  
 

Keywords: Biodegradable, Eco-friendly, Thermoset, Mechanical, Moisture, Vibration. 
 

1. INTRODUCTION  
Natural fibres are recently attracted towards researchers 
due to their low cost, eco-friendly, low density, good 
mechanical properties and as a renewable source              
[1]. Natural fibres offer many technological and 
environmental benefits to reinforce low density 
materials with high strength and is favourable as a 
reinforcement in making lightweight polymers with 
good mechanical properties [2]. A special benefit of 
using fibre reinforced polymer is its biodegradability and 
extremely available from a renewable resource. As fibre 
contents increases, the mechanical properties such as 
tensile, impact and flexural strengths of these properties 
also increases [3]. Different kinds of tests have been 
performed on the polymer composites and the reports 
reveal that they have interesting mechanical properties 
[4]. Due to various chemical treatments on fibres, the 
hydrophilic behaviour of the fibres was reduced to 
improve mechanical strength in natural fibre reinforced 
polymers [5]. Fibre reinforced polymers assist to  
expand strength and ductility without increase in 
stiffness [6]. 

2. EXPERIMENTAL 
2.1. Materials 
Azadirachta Indica oil (AIO) and Thennamarakudi oil 
(TKO) were purchased from local market, Formic acid 
(97%) (Rankem), Hydrogen peroxide (30%) (Rankem) 
were used in the first step fractionalization. Maleic 
anhydride (Rankem) morpholine (Rankem) and benzoyl 
peroxide (Rankem) was used as a radical initiator and N, 
N- dimethyl aniline (Rankem) was used as accelerator in 
the curing process. Styrene (Rankem) was used as a 
vinyl co-monomer. 
 

2.2. Synthesis of plant oil polyol 
A 100 g of AIO/TKO was taken in a three necked flask 
fitted with condenser and thermometer.100 mL of 97% 
formic acid and 55 mL of 30% hydrogen peroxide was 
added. Ice water bath was used externally to keep the 
temperature below 4°C. The reaction mixture was 
vigorously stirred over 16hr.The resulting emulsion was 
poured into a separating funnel and extracted with 
ether. The ether layer was dried over anhydrous sodium 
sulphate and the resulting product was polyol resin 
obtained from AIO/ TKO. 
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2.3. Synthesis of polyesters 
The polyol resin was heated in a three necked flask and 
maleic anhydride was added in 1:2 ratio at 70°C. 
Morpholine was used as a catalyst. After 2 hours a 
golden yellow viscous liquid formed it indicates          
the formation of oligomerised AIO/TKO fumarate 
resin. 
 
2.4. Synthesis of polyester film from oligo-

merised AIO/TKO fumarate resin and co-
monomer styrene 

Synthesis of aliphatic polyester was carried out by free 
radical addition polymerization reaction by using the 
homopolymer (oligomerised AIO/TKO fumarate resin) 
and styrene at different  
concentration using benzoyl peroxide as catalyst and 
N,N-dimethyl aniline as accelerator. The viscous liquid 
is fabricated with different weight ratio of Perch fish 
fibre and is transferred in to glass mould coated with 
silicone oil at room temperature. The polyester thin 
films were synthesized from homopolymer and styrene. 
Finally, the fibre reinforced polyesters sheets were 
removed from the mould. 
 

2.5. Characterization of Polymers 
Double-beam UV/visible spectrometer is used to verify 
the characteristic absorption of the polymer composites. 
Fourier transform infrared (FTIR) spectra of polymers 
were obtained using Shimadzu FT-IR spectrophoto-
meter using KBr pellet at wavelengths between 4000 
cm-1 and 400 cm-1 at 27°C. SEM analysis was carried out 
to know about the surface property of the polymer.  
The mechanical studies of the biopolyesters were 
determined using dumbbell shaped cut from the 
specimen according to ASTM D3039 standards. 
 
3. RESULT AND DISCUSSION 
3.1. UV analysis 
Figure 1shows the UV spectra of AIO and TKO, 
hydroxylated triglyceride oils and their resins. They 
have been investigated (230 nm-800 nm). The AIO and 
TKO samples showed an electronic absorption band 
around 262 nm and 270.50 nm, respectively. The 
hydroxylated resins exhibited a blue shift when 
compared with the corresponding parent oil which is 
attributed to the substitution of hydroxyl group at the 
unsaturated moiety. 

 
 

Fig. 1: UV Spectra of a) AIO b) HAIO c) PAIOFRS  d) TKO e) HTKO and f) PTKOFRS 
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3.2. FTIR spectral analysis 
Table 1 shows the IR spectra of AIO, TKO, 
hydroxylated triglyceride oils and their resins. They 
have been investigated between 500 cm-1 to 4000cm-1. 
In hydroxylated triglyceride oils, FT-IR spectra showed 

a strong absorption band at 3565.17cm-1and 3172.68 
cm-1, respectively due to the presence of free -OH 
group in the molecule.  The corresponding peaks are 
completely reduced in the resins indicates the entire OH 
group get substituted. 

 
Table 1: FT-IR probable assignments of AIO and TKO 

Probable assignment AIO 

 

HAIO(cm-1) 
AIOFRS 
(cm-1) 

TKO 
(cm-1) 

HTKO 
(cm-1) 

TKOFRS 
(cm-1) 

- CH2 Group 2927.74 2929.67 2925.81 2926.78 2928.71 
-C- O Group in GM 2854.45 2855.45 2855.42 2854.4 2854.45 2855.42 

C=O in esters 1745.46 1726.17 1729.06 1746.42 1730.99 1734.85 
TerminalCH3Groups 1209.28 1400.22 1460.01 1196.75 1116.71 1168.78 

CarboxylGroupof Acids 1167.82 1178.43 1374.19 1162.03 1145.75 1132.14 
-CH-CH-Stretching 1072.35 1076.21 1058.85 1086.81 1073.31 1055.95 

CH2-sequences of the aliphatic chains 649 725.18 723.26 753.15 723.26 671.18 
-OH Group 3658.71 3565.17 3268.15 3161.11 3172.68 3635.57 

 

          

        

          
 

Fig. 2: IR spectrum of a) AIO b)HAIO c)PAIOFRS d)TKO e)HTKO and f)PTKOFRS 
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3.3. XRD Pattern 
XRD patterns explain the crystallographic structure of 
polymers. AIO and TKO polymers have broad peaks 
indicate that they are semi crystalline in nature.  
 

 
 
Fig. 3: XRD Patterns of a) AIO polymer b) TKO 
polymer 
 
3.4. SEM analysis 
Scanning electron micrograph provides the information 
about surface morphology of polymers. Figure 4 and 5 
represent the SEM images of untreated and treated AIO 
and TKO polymers. They have symmetric chain units in 
parallel and have a good network pattern. The SEM 
images show the adhesion between the fibres and 
matrix. 
 

 
 
Fig. 4: SEM images of a) untreated AIO b) 
treated AIO 
 

 
 
Fig. 5: SEM images of a) untreated TKO b) 
treated TKO 

The above images are of sample with composition of 30 
%Perch Fish Fibres and 70% Resin. Figure 4 shows 
image of surface without any fracture. There are some 
voids seen in image which are caused because of 
manually stirred resin mixture and it also may be caused 
because of random orientation of fibres.   
SEM images prove that the polymer composite has 
strong bonding between resin and fibres and it also 
shows that the fibres are completely immersed within 
resin.Scanning electron microscopy (SEM) study 
revealed excellent interfacial bonding between the fibre 
and the resin matrix of AIO/fish fibrereinforced 
fumarated hybrid composite that evince the 
improvement in the tensile and flexural properties of 
the material. Moreover, when compared to other 
composites, AIO/ Perch fish fibre and TKO/ Perch fish 
fibre composite absorbs more energy during impact 
loading that makes the material a good competitor in 
automotive and textile sectors. 
 
3.5. Mechanicalproperty 
The mechanical properties of the polymers prepared 
were shown in Table2. To evaluate the tensile 
properties of the TKO and AIO polymers, tensile tests 
were conducted according to ASTM D3039 to measure 
the force required to break the polymer composites.  
 
Table 2: Mechanical properties of the polymers 

Polymer    
sample 

Tensile 
strength 
(Map) 

%of 
Elongation 

Flexural 
strength 
(Mpa) 

lexural 
Strain 
(%) 

TKO 28.9 16.4 26.43 7 
TKO1 30.5 16.08 25.2 7.2 
TKO2 31.3 14.18 27.5 6.7 
TKO3 32.5 18.94 26.6 7.1 
AIO 4.9 20.57 34 7.9 
AIO1 6.6 18.4 32.5 8.2 
AIO2 6.9 23.9 33.2 8.5 
AIO3 10.39 19.4 36.3 7 

 
A standard specimen is subjected to gradually increasing 
uniaxial tensile load until it fractures. Tensile strength of 
developed TKO and AIO polymers were found to be 
28.9 Mpa and 4.9Mpa. Fig.6 shows the comparison of 
AIO and TKO polymers of a) Tensile and Flexural 
strength b) Elongation and Flexural strength c) Impact 
strength. Among the polymers, tensile strength is high 
in TKO polymer due to higher cross link density and 
flexural strength is high in AIO polymer [8]. From the 
graph, elongation and flexural strain is greater in AIO 

  

c   d   

  

a   b   
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polymer and impact strength of TKO polymer is greater 
than AIO polymer. Figure 7 shows that the tensile and 
impact strength of various fibre ratio of TKO and AIO 
polymer. From the graph, tensile and impact strength is 
greater in TKO polymer and flexural strength is greater 
in AIO polymer. 
 
3.6. Moisture Absorption of Polymers 
Fig. 8 shows the curves of percentage of water 
absorption as a function of time in sea water, distilled 
water and drinking water. To measure the strength or 
quality of the polymer, the water absorption tests were 
performed according to ASTM D570 on a universal test 
machine. From the graph, water absorption increases 
with absorption time [9]. Due to the high cellulose 
content, the percentage of weight of the fibre in the 
polymer increased as the moisture absorption was 
decreased. Moisture absorption of fibre reinforced TKO 
and AIO polymers causes the swelling of fibre as a result 
of the formation of micro cracks at fibre-matrix space. 
Due to the damages of the fibre, interfacial bonding and 
the strength is decreased, which in turn caused 
degradation of polymers. 
 
3.7. Vibration damping with Polymers 
Dampers based  on polymers have many applications 
due to their low cost, light weight and flexibility. The 
damping factor was determined by using free vibration 
method as per ASTM standard (D 790). The damping 
factors were calculated by taking the values of successive 
peak from the vibration response graph. From the 
graph, damping factor increases with frequency [10]. 
Fibre reinforced TKO and AIO polymers exhibit greater 
vibration damping because fibres are stiff and the fibre-
matrix interface increases the damping properties and 
energy dissipation. 
 

 

 

 
 
Fig. 6: Comparison of TKO and AIO polymers of 
a) Tensile and Flexural strength b) Elongation  
and Flexural strength c) Impact strength 

a 
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b 

 
C

 
 

Fig. 7: Various fibre ratio of AIO and TKO polymers   of a) Tensile b) Impact c) Flexural strength 
 

a 

     
b 

    
C 

    
 

Fig.  8: Water Absorption curves of AIO and TKO polymers in a) sea water b) distilled water c) drinking 
water 
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Fig. 9: Damping curves   of a) AIO polymer b) TKO polymer 
 
4. CONCLUSION 
We have successfully synthesized fibre reinforced 
polymers. Mechanical characterization of newly 
synthesised polymers was studied. AIO based polymeric 
material was more flexible compared to TKO based bio 
material. TKO based polymer has more stiffness than 
AIO based polymer. Tensile strength and impact 
strength is high in fibre reinforced polymers of TKO 
and flexural strength, elongation and flexural strain is 
high in fibre reinforced polymers of AIO moisture 
absorption increases; the degradation of TKO and AIO 
polymers will also increase. They exhibit greater 
vibration damping. The newly prepared polymer is 
biodegradable. 
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A B S T R A C T   

Parkinson’s disease is a neurodegenerative disorder that damages the nervous system. The treatment of this 
disease is carried using tolcapone as a drug combination with Levodopa. Tolcapone is investigated by the B3LYP/ 
6-311G method by using DFT calculations. HOMO-LUMO results and fingerprint analysis reveal that it is a hard, 
stable molecule with hydrogen bond donor and acceptor system. According to NBO analysis, the presence of 
hydrogen bond, conjugation of double bonds, and CT nature enhances the stability. Fukui function analysis 
suggests that this molecule is more prone to nucleophilic attack. Multiwfn 3.8 is used to interpret the following 
results. NCI interaction study reveals that it is having steric effect, Van der Waals force, and hydrogen bond. 
Hole-electron interaction studies reveal that S1, S5, and S6 undergo a charge transfer excitation. The simulated 
Scanning Tunneling Microscope (STM) analysis shows that the tunneling current is located at C12 and H26.   

1. Introduction 

Parkinson’s disease is a common neurodegenerative disorder that 
damages the nervous system like the slowness of movement and balance 
impairment. A huge volume of research has shown that the treatment of 
Parkinson’s disease (PD) is carried using tolcapone as a drug combina-
tion with Levodopa. In the past decade, it is reported that, a common 
neurodegenerative disorder that causes major damage to the nervous 
system is due to Parkinson’s disease. It results in rest rigidity, tremor, 
balance impairment, and slowness of movement, and this disability can 
be cured through the pharmacological correction of brain dopamine 
deficiency in Parkinson affected patients [1–2]. 

A huge volume of continuous research has shown that levodopa is 
considered an important drug for the healing of Parkinson’s disease. On 
oral intake, Levodopa undergoes decarboxylation in the presence of 
aromatic acid decarboxylase in the brain after crossing the blood–brain 
barrier and to produce dopamine in the periphery [3–4]. The mecha-
nism of action of levodopa showed that the inhibition of COMT would 
reduce the degradation of levodopa, hence the administration of it with 
a dopamine decarboxylase inhibitor (DDCI), will increase the dopamine 
simulation. Hence there will be a reduction in the exposure to levodopa. 

Tolcapone is a strong, nitrocatechol-type inhibitor of the enzyme cate-
chol-O-methyltransferase (COMT) [5]. Tolcapone is used as an add-on to 
levodopa with carbidopa combination of levodopa with benserazide 
medications. Levodopa is a prodrug for dopamine [6]. When compared 
with levodopa and catecholamines, tolcapone is highly selective and 
binds with the central nervous system (CNS) with a superior affinity [7]. 
Thus tolcapone hinders the 3-O-methylation of levodopa by generating 
3-O-methyldopa, which is a key metabolite to compete with levodopa to 
cross the blood–brain barrier. As a result, the concentration of levodopa 
will be more when it reaches the CNS. The previously remaining con-
centration of levodopa is converted into dopamine at the CNS. The 
degradation of dopamine is inhibited by tolcapone which in turn con-
trols the COMT activity. Hence, tolcapone improves the bioavailability 
thereby diminishing the clearance of levodopa and subsequently dopa-
mine from the CNS [8]. The clinical trials in PD have established that 
tolcapone improves the benefits of levodopa [9]. 

Owing to its pharmacological importance, but with limited reports 
on the structural characteristics, tolcapone attracted us to conduct a 
study on the NBO and excitation studies etc., The observations from the 
NBO analysis will further enlighten to understand the stability of the 
molecule. Also, the NCI analysis confirms the presence of intra- 
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molecular hydrogen bond enhances the stability of the molecule. 

2. Computational details 

The electronic structural calculation is performed for the target 
molecule by using the Gaussian 16 W package [10]. The molecule is 
viewed by Gauss View 6. The software is implemented on an Intel® 
Core™ i-7 8700 CPU @ 3.20 GHz processor with 32 GB RAM. All the 
calculations are carried out by using the Density Functional Theory 
(DFT) and Becke’s three-parameter functional (B3LYP) method with the 
6-311G basis set [11–12]. Usually, B3LYP along with DFT calculation is 
widely used and shows better results with experimental values [13]. 
Multiwfn 3.8 tool is used to calculate various parameters like NCI, 
Shaded surface map with a projection of LOL, hole – electron interac-
tion, and STM analysis. VMD 1.9.3 is used to visualize some results. 

The NBO analysis highlights the role of intermolecular orbital in-
teractions or exchange transfer in a molecule. It is always calculated by 
considering all possible interactions between filled donor and empty 
acceptor NBOs. Also, it is estimating their energetic importance by 
second-order perturbation theory. The stabilization energy (Ea) com-
bined with electron delocalization between electron donor NBO (i) and 
electron acceptor NBO (j) is calculated according to the following 
equation [14–15]. 

E2 = (ΔEij) = qi
(F(i, j))2

Ej − Ei
= qi

(Fi,j)
2

ΔE
(1) 

where q → is the orbital occupancies Ei and Ej are diagonal elements 
and Fi,j is the off diagonal NBO Fock matrix element. 

3. Results and discussion 

3.1. Optimization and electronic structure analysis 

The geometry of tolcapone has consecutive electron donors (OH 

groups) and acceptors (NO2 group) in one of the phenyl rings. So it is 
essential to carryout conformational analysis and the conformations 
along with their energies are produced in Fig. 1. The conformer Fig. 1(b) 
with the least energy (-970.86 a.u.) is considered for further in-
vestigations. The absence of negative frequency values in the imaginary 
frequency calculations for the selected minimum energy conformer 
Fig. 1(b) confirms that the molecule is completely converged and attains 
minimum energy configuration. The complete optimization of the 
molecule is further confirmed by Gausssum 03 tool and the picture is 
produced in Fig. 1. 

The bond length, bond angle, and dihedral angles are calculated for 
the optimized tolcapone molecule in the gaseous phase and are repro-
duced in supplementary Table S1. The shortest bond length is seen be-
tween 16O-30H (0.976 Å) and the longest bond length is located at 
13C–15C (1.510 Å). The shortest bond angle is located on 27H–15C-29H 
as 107.2◦ and the largest bond angle is seen at 4C–6C-17O as (126.3◦). 
The calculated bond angle, bond distance, and dihedral angles between 
C, H, N, O are compared with the literature values and they agree well 
[16]. 

3.2. Natural charge analysis 

The calculation of Mulliken atomic charge of a molecule or complex 
has a vital role in the application of chemical calculations, since atomic 
charges affect the physical properties like molecular polarizability, 
dipole moment, electronic structure, and other various properties of a 
molecular system [17–18]. But the natural analysis is an alternative to 
conventional Mulliken population analysis. It seems to reveal numerical 
stability and to better explain the electron distribution in a molecule. 
The charge distribution on the atom reveals the formation of pairs of 
donor and acceptor, which can involve the charge transfer (CT) in the 
molecule. The atomic charge has been used to explain the process of 
electronegativity equalization and CT in chemical reactions [19–20]. 

The natural charges for the title molecule are calculated by the 

Fig. 1. Geometry and optimization of tolcapone conformers  
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B3LYP/6-311G method is displayed in Table 1 and shown in Fig. 2. It is 
important to mention that C4, C5, C6, C7, and C13 atoms of the title 
compound exhibit positive charge since all the substituents like –OH, 
–NO2, –CH3 are attached with these carbons while C1, C2, C3, C8, C9, 
C10, C11, C12, (carbons in the aromatic ring without any substituents), 
and C15 atoms exhibit negative charges. Among these C7 (carbonyl 
carbon) has the highest charge of 0.511 a.u. whereas the lowest charge is 
located on C15 (methyl carbon). 

All the oxygen atoms are carrying negative charges. Among these, 
O20 is having a very high amount of charge (-0.321 a.u.) while the 
lowest charge is seen on O17 (-0.682 a.u.). The charge on N18 is 
determined as 0.448 a.u. All the hydrogen atoms are having a positive 
charge. The lowest charge among hydrogen atoms is located on H25 
(0.207 a.u.) while the highest charge is placed on H31 (0.509 a.u.). The 
presence of a negative charge on oxygen atoms and a net positive charge 
on hydrogen atoms may reveal the formation of an intra-molecular 
interaction in solid forms [21]. 

3.3. HOMO – LUMO calculations 

The HOMO – LUMO values are very important quantum mechanical 
descriptors. They play a vital role to govern a wide range of chemical 
interactions [22]. The Frontier Molecular Orbital (FMO) provides an 
insight to determine properties like molecular electrical transport, 
conductivity, biological properties, chemical reactivity, kinetic stability, 
etc., of a chemical structure [23]. Also, the gap between HOMO and 
LUMO explains molecular stability [24]. The energy gap is greatly 
responsible for the spectroscopic and chemical properties of a chemical 
structure [25]. The HOMO LUMO values are calculated by B3LYP/6- 

311G level of theory. The various physical parameters calculated from 
HOMO – LUMO are displayed in Table 2. The HOMO and LUMO is 
displayed in Fig. 3. 

The HOMO appears all over the phenyl ring except the nitro group 
and LUMO has developed over the phenyl ring except one of the –OH 
groups of the target molecule. The energy gap is found to be 3.292 eV. 
This large gap shows that the molecule is a stable one. The electron 
affinity (Ea) and ionization potential (IP) can be calculated from HOMO 
and LUMO energies IP = -EHOMO and Ea = - ELUMO. The formulae to 
calculate hardness, softness, and chemical potential are given below 
[26]. 

Hardness η =
1
2

(
δ2E
δN2

)

V =
1
2

(δμ
δN

)
V =

(IP − Ea)
2

(2)  

Chemical potential μ =

(
δE
δN

)

V = −
(IP − Ea)

2
(3) 

Where V represents external potential and E denotes the electronic 
energy of N electron system 

Softness S =
1
η (4) 

The ionization potential and electron affinity of the target molecule 
are 6.949 and 3.657 eV respectively. The chemical hardness, softness, 
and electronegativity values are calculated as 1.646, 0.608, and 5.303 
eV respectively. From the values shown in Table 2, it is clear that the 
molecule is hard and stable. 

Table 1 
Natural atomic charges for tolcapone molecule  

Natural atomic charge (a.u.) 
Atom Charge Atom Charge 

C1 − 0.120 O17 − 0.682 
C2 − 0.146 N18 0.448 
C3 − 0.189 O19 − 0.435 
C4 0.016 O20 − 0.321 
C5 0.284 H21 0.264 
C6 0.294 H22 0.241 
C7 0.511 H23 0.227 
C8 − 0.141 H24 0.213 
C9 − 0.140 H25 0.207 
C10 − 0.171 H26 0.207 
C11 − 0.205 H27 0.212 
C12 − 0.209 H28 0.207 
C13 0.017 H29 0.216 
O14 − 0.545 H30 0.487 
C15 − 0.594 H31 0.509 
O16 − 0.664    

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

1C 3C 5C 7C 9C 11C 13C 15C 17O 19O 21H 23H 25H 27H 29H 31H

Natural Charge 

Fig. 2. Plot of Natural atomic charges for tolcapone.  

Table 2 
HOMO – LUMO energy gap and other physical relationship for tolcapone  

Sl. no Parameter Formula Charge (eV) 

1 HOMO  − 6.949 
2 LUMO  − 3.657 
3 Energy gap  3.292 
4 Ionization potential IP = - EHOMO 6.949 
5 Electron affinity Ea = - ELUMO 3.657 
6 Electro negativity χ =

IP + Ea
2  

5.303 

7 Hardness η =
IP − Ea

2  
1.646 

8 Chemical potential μ = -(X) − 5.303 
9 Softness S =

1
η  

0.608  

Fig. 3. Frontier energy gap of the target molecule  
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3.4. Fingerprint plot of tolcapone 

The fingerprint plot defined in the framework of Hirshfeld surface 
analysis is very helpful to investigate the noncovalent interactions like 
hydrogen bond donor and acceptor in molecular system. For tolcapone 
molecule, the fingerprint plot is analyzed with the help of the Multiwfn 
3.8 tool and shown in Fig. 4. X and Y axes in this plot correspond to 
parameters di and de, respectively. The plot is created by binning (di, de) 
pairs in certain intervals and colouring each bin of the resulting 2D 
histogram as a function of the number of surface points in that bin, 
ranging from purple (few points) through green to red (many points). 
Black region means there are not surface points. 

From Fig. 4, we could able to see a pair of spikes at the bottom left of 
the plot. The observation hints that tolcapone behaves as both hydrogen 
bond acceptor (the lower spike di > de) and hydrogen bond donor (the 
upper spike di < de). The donor and acceptor numbers for tolcapone are 
determined from swissADME (http://www.swissadme.ch/index.php). 
The numbers of donor and acceptor of tolcapone are found to be 2 and 5 
respectively. 

3.5. Second order perturbation theory analysis 

Interaction of electron delocalization can be quantitatively reflected 
using stabilization energy E(2). It is estimated based on the theory of 
second-order perturbation [27]. The stabilization energy can be calcu-
lated by 

E(2) = ΔEi,j = qi
F2

i,j

Ei − Ej
(5) 

where E(2) is orbital stabilization energy; qi is the occupancy of 
donating orbitals; Ei and Ej are the energy of NBO donor and acceptor 
respectively and Fi,j is the Fock matrix element between NBO orbitals i 
and j [13]. 

The NBO calculation of some selected donors and acceptors are 
displayed in Table S2 along with the electron density, E(2), E(j)–E(i), 

and f(i,j) values. The NBO analysis, stabilization energy E(2) is used to 
characterize the interaction between occupied and unoccupied NBO 
type Lewis orbitals, since they contribute to the electron delocalization 
from bonding (BD) or lone pair (LP) orbitals to anti-bonding (BD*) or-
bitals [28]. The larger the E(2) value, the more intensive is the inter-
action between the donors and acceptors [29]. 

For the title molecule, tolcapone, the LP (3) O19 → π(N18-O20) has a 
very strong interaction of 128.30 kJ/mol favors the stabilization of the 
molecules greatly. The donor π (C4-C6) to the acceptor π*(N18-O20) has 
the stabilization energy of 38.83 kJ/mol also supports the stabilization. 
A hydrogen bond is seen between O19 of the nitro group with nearby 
hydrogen of O17-H31 group. The stabilization energy is found to be 
16.10 kJ/mol. Due to the presence of an intra-molecular hydrogen bond, 
the molecule is stabilized further. The stabilization energy of 27.62 kJ/ 
mol for the donor–acceptor system of O16 LP(2) → σ*(C3-C5) helps for 
the stabilization. The interaction between the donor O17 → the acceptor 
σ*(C4-C6) plays a vital role in the CT excitation with 33.12 kJ/mol. In 
this molecule, the presence of conjugation in the aromatic ring, 
hydrogen bond, and charge transfer between molecules help the mole-
cule’s stabilization. Along with these stabilization energies, other 
donor–acceptor systems enhance the stability of the molecule and hence 
this title molecule is highly stable. 

3.6. Fukui function 

DFT is one of the best methods to realize familiar chemical concepts 
like electronegativity, electron affinity, ionization potential, and 
chemical potential etc., Kolandaivel et.al., initiated the atomic de-
scriptors to calculate the local reactive sites of the molecule [30]. In this 
present work, the optimized geometry is used in a single point energy 
calculation, which has been carried out at the DFT level theory for the 
anions and cations for the title molecule along with neutral molecule. 
The individual atomic charge calculated by NPA (Natural Population 
Analysis) and MPA (Mulliken Population Analysis) have been used to 
determine Fukui function. Usually Fukui function is calculated [31] by 

Fig. 4. Finger print plot of tolcapone  
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f +j = qj(N + 1) − qj (6)  

f −j = qj(N) − qj(N − 1) (7)  

f 0
j =

1
2
[
qj(N + 1) − qj(N − 1)

]
(8) 

Table S3 shows the fk+, fko and fk- values for the title molecule, tolca-
pone which is calculated by NPA and MPA gross charges at the DFT level 
of theory with the basis set B3LYP/6-311G. From Table S3, it is clear that 
for MPA analysis the 19O, 31H and 17O are having more positive values 
for cation, neutral and anions respectively. They are more prone to 
nucleophilic attacks. The NPA analysis suggests that the N18 is having 
more positive value and hence it is more prone to nucleophilic attack. 
The order of nucleophilic attack for the cationic, neutral and anionic 
attack is 18 N > 7C > 31H > 30H > 6C. The values which are almost 
equal or equal to zero denote the chance for radical attacks. The atoms 
which are having negative charges are more prone to electrophilic 
attack. If anyone compares the three kinds of attacks, it is possible to find 
out that the nucleophilic attack has a larger reactivity compared to the 
other electrophilic and radical attacks. 

3.7. Shaded surface map with a projection of localized orbital locator 
(LOL) analysis 

Multiwfn 3.8 tool is used to interpret the shaded surface map with a 
projection of LOL to analyze the electron depletion area and electron- 
rich area [32]. Schmider and Becke explained that Localized Orbital 

Locator (LOL) is a function that is used for locating localized high 
localization regions [33]. It is defined as, 

LOL(r) =
τ(r)

1 + τ(r) (9) 

Where τ(r) (dimensionless variable) is g0(r) / g(r). It always depends 
on positive one electron kinetic energy and defined as, 

g(r) =
1
2
∑

∇Ψi(r)∇ψ i(r) (10) 

where ΨI (r) is the Hatree – Fock or the Kohn Sham orbital. 
In a particular region, the larger LOL is more likely the electron 

motion is restricted within it. For the target molecule, the shaded surface 
map with a projection of localized orbital locator is analyzed and shown 
in Fig. 5 (a). In this, the high electron depletion regions between the 
valence shell and inner shell are represented by blue color circles around 
the nucleus. Most of them are appeared in the phenyl rings. The red color 
area represents the high localized electron regions. In order to stabilize 
the molecule, the electrons lean to be localized in the outer side of the 
molecule tolcapone. 

The same study is performed for the case of entacapone, a molecule 
with a similar structure, which is also used as a drug to treat Parkinson’s 
disease and shown in Fig. 5 (b). Like tolcapone, entacapone also shows a 
high electron depletion area around the nucleus. Electrons are richer in 
–NH2 and –OH groups which are attached with the nucleus. Like tol-
capone, electrons are occupying the outer side of the molecule and thus 
the molecule is stabilized. 

             (a) Tolcapone     (b) Entacapone 

Fig. 5. Shaded surface map with a projection of localized orbital locator (LOL) analysis of tolcapone and entacapone (Here the Z-axis is LOL)  

                      (a) tolcapone          (b) entacapone 

Fig. 6. The non covalent interactions in tolcapone and entacapone by NCI analysis  
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3.8. Study of weak interactions 

Multiwfn 3.8 software is used to study the weak interaction of the 
molecule tolcapone. Atoms in a molecule (AIM) theory is useful to 
explain the weak interaction within a molecule. Reduced Density 
Gradient (RDG) isosurface function is used to calculate the non-covalent 
interaction and is defined as, 

RDG(r) =
1

2(3π2)
1/3

|∇ρ(r)|
ρ(r)4/3 (11) 

NCI plot is generated by plotting Reduced Density Gradient (s) versus 
sign of λ2 (Eigen values the electron density of Hessian matrix) multi-
plied by the density ρ. The plot indicates spikes in the low-density 
gradient region. It is a classic trace of NCI interaction is stronger and 
stronger when it moves away from zero [34]. The NCI plots of RDG for 
tolcapone and entacapone molecules are shown in Fig. 6 (a) and (b) 
respectively. From Fig. 6, it is evident that the spike around − 0.040 a.u. 
is due to the presence of a hydrogen bond. The spikes near − 0.010 to +

0.010 a.u. are due to the presence of weak Van der Waals attraction. The 
spikes near + 0.020 a.u. represent the presence of the steric effect. Since 
the structures are almost similar, they produce an almost similar pattern. 

The isosurface of the molecules, tolcapone and entacapone are 
compared with each other and reproduced in Fig. 7. The blue color 
isosurface is developed for both the molecules near –NO2 and –OH in-
dicates the presence of hydrogen bond which is responsible for the 
spikes near − 0.040 a.u. in the NCI plot. The red isosurface have seen in 
the middle of the benzene ring of both the molecules indicate the 
presence of a steric effect. They are responsible for the spikes above 
0.020 a.u. in NCI plots. Low electron densities (greenish-red isosurface) 
have appeared around the benzene rings of the molecules in which –OH 
and –NO2 groups are present. 

3.9. Study of orbital overlap distance function D(r) 

The quantitative analysis orbital overlap length function D(r) on 
molecular electron density isosurface of tolcapone is studied with the 
Multiwfn 3.8 software. The selected minima and maxima values are 
listed in Table 3. 

The isosurface of maxima and minima for tolcapone is shown in 
Fig. 8. In Fig. 8, the red spheres represent the maxima and the blue 
spheres represent minima. From 

Fig. 8 and Table 3, it is clear that the maxima is developed on C12 
(385.87 kcal /mol) whereas the minima is located on C9 (219.76 kcal/ 
mol) [35]. 

3.10. Hole – Electron interaction analysis 

Multiwfn 3.8 is a very big and strong tool to perform electron exci-
tation analysis. It also provides very deep insight into all types of elec-
tron transfer characters. It is a very practical way to reveal the nature of 
the electron excitations [36]. Tolcapone has two –OH groups (electron 
donors) with a π linker (benzene) and a strong electron-withdrawing 
group (–NO2) on one part of its structure. In the other part, it has a 
–CH3 group (electron donor), a π linker (benzene), and an electron- 
withdrawing group 

(-COR). Hence it is decided to investigate the electron excitation 
properties for this molecule of interest. 

First, the molecule is optimized by B3LYP/6-311G method. Then 

           (a) tolcapone      (b) entacapone 

Fig. 7. Reduced Density Gradient (RDG) isosurface function for tolcapone and 
entacapone derived from VMD 1.9.3 software. 

Table 3 
Maxima and minima isosurface values of tolcapone.  

Maxima Minima 
Atom number Energy (kcal/mol) Atom number Energy (kcal/mol) 

C12 385.87 C6 295.86 
C2 379.95 C9 219.76 
C3 361.48 H25 220.11 
C5 361.45    

Fig. 8. Maxima and minima isosurface values of tolcapone.  

Table 4 
Hole – electron interaction properties for tolcapone.  

Excitation Sm(a.u.) Sr(a.u.) D index(Å) H index(Å) τ index(Å) Excitation energy(eV) Coloumb attractive energy (eV) Δr(Å) Λ 

S1 0.2535 0.5161 2.336 2.181 0.925 3.368 5.2727 2.5766 0.4384 
S2 0.2608 0.5030 0.691 1.609 − 0.400 3.538 8.7643 1.0375 0.4807 
S3 0.2496 0.5162 0.860 1.888 − 0.221 3.661 7.2624 1.3989 0.5447 
S4 0.2596 0.5150 0.651 1.790 − 0.592 4.051 8.0711 0.9975 0.5011 
S5 0.3385 0.6469 1.882 2.282 0.330 4.457 5.6033 2.8114 0.4880 
S6 0.0722 0.2581 5.125 2.469 3.227 4.607 3.2292 5.8393 0.1656  
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TDDFT calculation is carried out with the CAM-B3LYP basis set with the 
IOp(9/40 = 4) keyword. The six lowest singlet excited states are 
analyzed. The Sm, Sr, D index, H index, and τ index, excitation energy, 
Coloumb attractive energy, Δr, and Λ (Lambda) values are analyzed at 
the same level of theory and erected in Table 4. The hole-electron dis-
tribution, chole – celec function, Sr function and Charge Density Differ-
ence (CDD) are collected and shown in Fig. 9. 

The large D index value is observed at S0 → S6 excitation (5.125 Å) 
and can be obviously considered as charge transfer (CT) excitation. Also 
from Fig. 9, for S0 → S6 it can be seen that the distance between the 
centre of the blue (hole) and green (electron) isosurfaces (centeroids of 
chole – celec) is large. The D index for S0 → S1 (2.336 Å) and S0 → S5 
(1.882 Å) are also high and they may follow CT excitation. 

The Sr index values of all the excited states are relatively larger 
(except S0 → S6) and may follow n → π* transition on the benzene ring 
(or) nitro group (or) keto group. For π → π* transition, the values should 
be around 0.8 a.u. The absence of these values predicts that there is no π 
→ π* transition in lower six excitation states. 

The breadth of the average distribution of hole and electron is 
denoted by the H index. It can be observed that the hole and electron 

map that both the hole and electron of S0 → S2, S3, and S4 are 
distributed in the local region. So that their H index values are not large. 
Since the distribution of hole and electron corresponding to the excita-
tion from S0 → S1, S5 and S6 are evidently wider, their H index values 
are larger. 

The τ indices of S0 → S1, S5, and S6 are positive, indicating that the 
separation of hole and electron is palpable. So we can understand that 
these three excitations are of charge transfer (CT) type. The τ indices for 
other excitations from S0 → S2, S3, and S4 are perceptible negative 
values, proposing that the degree of separation of hole and electron is 
very low. Thus they follow the local type (LE) of excitation. 

The hole – electron Coulomb attractive energy indicated in Table 4 is 
associated with the electron excitation characteristics and the most 
influential factor should be the D index. The larger the D index is, the 
farther the distance between the main distribution of hole and electron, 
and the Coulomb energy weakens. From the data, it is evident that the 
Coulomb attraction energy for S0 → S6 is the smallest one (3.2292 eV) of 
that of all the other excitations. For the excitation of S0 → S1, S2, S3, S4, 
and S5, since their D index values, are small, and according to the H 
index, the spatial extent of this hole and electron is very narrow. So the 

Fig. 9. The hole-electron distribution, cole – celec function, Sr function and charge density difference (CDD) of tolcapone for lowest six excitation states.  
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corresponding Coulomb attraction energy is very strong. 
The Δr values imply that the excitation from S0 → S1, S5, and S6 may 

have strong CT character since they have large Δr values, 2.5766, 

2.8114, and 5.8393 eV respectively. For other excitations, they are very 
small. (In the original paper, the Δr value suggests using 2.0 Å as a 
criterion for distinguishing LE and CT excitations). Since S1, S5, and S6 
are having positive τ values, as well as high Δr values, they only follow 
CT excitation and the other excitations follow the local type of excitation 
(LE). 

It is evident that the Lambda (Λ) is nearly inversely proportional to 
the Δr values. The larger the hole – electron overlapping extent, 
generally the shorter is the hole – electron separation distance. Here the 
Λ value, 0.1656, which is obtained for S0 → S6 excited state is shorter 
when compared to other values. 

By the analysis of the above isosurface maps (Fig. 9) and Table 4, the 
following conclusions are made. 

S0 → S1 CT type of excitation of n-π* on the nitro group and benzene 
ring 

S0 → S2 LE type of excitation of n-π* on the nitro group 
S0 → S3 LE type of excitation of n-π* on the C––O group 
S0 → S4 LE type of excitation of n-π* on the nitro group 
S0 → S5 CT type of excitation of n-π* on the nitro group and benzene 

Fig. 10. Fragmentation pattern for IFCT calculation for the title molecule.  

Table 5 
Transferred electrons between the fragments and net transferred electrons for the title molecule at S1 transition.  

excitation Donor OH 1 
(Fragment 1) 

Benzene 1 
(Fragment 2) 

OH 2 
(Fragment 3) 

Nitro 
(Fragment 4) 

CH3 

(Fragment 
5) 

Benzene 2 
(Fragment 6) 

CO 
(Fragment 
7) 

S1 Transferred electrons between fragments 
(diagonal terms corresponds to amount of 
intrafragment electron redistribution)         
OH 1 0.0000 0.0007 0.0001 0.0014 0.0000 0.0000 0.0000  
Benzene 1 0.0003 0.0232 0.0018 0.0467 0.0000 0.0007 0.0006  
OH 2 0.0003 0.0026 0.0002 0.0052 0.0000 0.0001 0.0001  
Nitro 0.0000 0.0035 0.0002 0.0070 0.0000 0.0001 0.0001  
CH3 0.0000 0.0068 0.0005 0.0137 0.0000 0.0002 0.0001  
Benzene 2 0.0000 0.1516 0.0116 0.3049 0.0000 0.0048 0.0041  
CO 0.0018 0.1282 0.0098 0.2577 0.0000 0.0040 0.0034  
Net transferred electrons between fragments         
Donor OH 1 

(Fragment 1) 
Benzene 1 
(Fragment 2) 

OH 2 
(Fragment 3) 

Nitro 
(Fragment 4) 

CH3 

(Fragment 
5) 

Benzene 2 
(Fragment 6) 

CO 
(Fragment 
7)  

OH 1 — 0.0004 0.0000 0.0013 − 0.0000 − 0.0018 − 0.0015  
Benzene 1 — — − 0.0008 0.0432 − 0.0068 − 0.1508 − 0.1275  
OH 2 — — — 0.0049 − 0.0005 − 0.0116 − 0.0098  
Nitro — — — — − 0.0136 − 0.3048 − 0.2576  
CH3 — — — — — 0.0001 0.0001  
Benzene 2 — — — — — — − 0.0000  
CO — — — — — — —  

Table 6 
Transferred electrons between the fragments and net transferred electrons for the title molecule at S5 transition.  

excitation Donor OH 1 
(Fragment 1) 

Benzene 1 
(Fragment 2) 

OH 2 
(Fragment 3) 

Nitro 
(Fragment 4) 

CH3 

(Fragment 
5) 

Benzene 2 
(Fragment 6) 

CO 
(Fragment 
7) 

S5 Transferred electrons between fragments 
(diagonal terms corresponds to amount of 
intra-fragment electron redistribution)         
OH 1 0.0001 0.0171 0.0014 0.0442 0.0000 0.0005 0.0012  
Benzene 1 0.0020 0.2013 0.0158 0.5198 0.0002 0.0060 0.0135  
OH 2 0.0001 0.0137 0.0011 0.0354 0.0000 0.0004 0.0009  
Nitro 0.0002 0.0207 0.0016 0.0533 0.0000 0.0006 0.0013  
CH3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  
Benzene 2 0.0000 0.0039 0.0003 0.0101 0.0000 0.0001 0.0003  
CO 0.0001 0.0086 0.0007 0.0221 0.0000 0.0003 0.0006  
Net transferred electrons between fragments         
OH 1 — 0.0151 0.0012 0.0440 0.0000 0.0005 0.0011  
Benzene 1 — — 0.0023 0.4991 0.0002 0.0050 0.0050  
OH 2 — — — 0.0338 0.0000 0.0001 0.0002  
Nitro — — — — 0.0000 − 0.0095 − 0.0207  
CH3 — — — — — − 0.0000 − 0.0000  
Benzene 2 — — — — — — 0.0000  
CO — — — — — — —  
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ring 
S0 → S5 CT type of excitation of n-π* on the nitro group 

3.11. The inter-fragment charge transfer (IFCT) analysis 

The inter-fragment charge transfer (IFCT) is a technique that is 
derived based on the hole – electron analysis for quantitatively inves-
tigating the amount of charge transfer between different fragments for 
So → S1, S0 → S5, and S0 → S6. For this type of calculation, the opti-
mized molecule with B3LYP/6-311G basis set is subjected to the analysis 
with usual TDDFT/CAMB3LYP basis set, IOp(9/40 = 9) keyword and n 
= 6 states condition. 

For this molecule, there are two benzene rings attached to the keto 
group. The fragmentation patterns are mentioned in Fig. 10. 

The inter fragment charge transfer (IFCT) for S0 → S1, S0 → S5, and 
S0 → S6 transition details are shown in Tables 5 – 7 respectively. In each 
table, the upper portion represents the transferred amount of electrons 
between the fragments and the bottom portion explains the net trans-
ferred electrons respectively. The diagonal terms in the upper portion of 
S1, S5, and S6 represent the amount of intra-fragment electron 
distributions. 

For the S0 → S1 excitation, from Table 5, it is clear that 0.0007 
electrons are donated from fragment 1 (–OH 1) to fragment 2 (benzene 

1) and at the same time 0.0003 electrons are back donated to fragment 1 
by fragment 2. So the net electrons transfer from fragment 1 to fragment 
2 is 0.0004 electrons. Likewise, all the electron distribution is mentioned 
in Table 5. From the data, it is clear that the electron-donating group, i. 
e., fragment 1 (–OH) transfers 0.0004 electrons to the π linker (benzene) 
and also transfers 0.0013 electrons to the electron-withdrawing group 
(–NO2). This transfer of electrons from an electron-donating to the 
electron-withdrawing group through a π linker causes charge transfer 
(CT) excitation in S0 → S1. Also, it is noted that fragment 3 (–OH 2) 
group donates 0.0049 electrons to the nitro group, while fragment 2 
(benzene) governs 0.0432 electrons. In this excitation state, the nitro 
group (electron-withdrawing group) withdraw electrons from both 
electron donors (–OH groups) through the π linker, benzene ring. 

Likewise for the S0 → S5 excitation, from Table 6, it is clear that 
0.0171 electrons are donated from fragment 1 (–OH 1) to fragment 2 
(benzene 1) and at the same time, 0.0020 electrons are back donated to 
fragment 1 by fragment 2. So the net electrons transfer from fragment 1 
to fragment 2 is 0.0151 electrons. Likewise, all the electron distribution 
is mentioned in Table 6. From the data, it is clear that the electron- 
donating group, i.e., fragment 1 (–OH) transfers 0.0151 electrons to 
the π linker (benzene) and also transfers 0.0440 electrons to the 
electron-withdrawing group (–NO2). This transfer of electrons from an 
electron-donating to electron-withdrawing group through a π linker 

Table 7 
Transferred electrons between the fragments and net transferred electrons for the title molecule at S6 transition.  

excitation Donor OH 1 
(Fragment 1) 

Benzene 1 
(Fragment 2) 

OH 2 
(Fragment 3) 

Nitro 
(Fragment 4) 

CH3 

(Fragment 
5) 

Benzene 2 
(Fragment 6) 

CO 
(Fragment 
7) 

S6 Transferred electrons between fragments 
(diagonal terms corresponds to amount of 
intra-fragment electron redistribution)         
OH 1 0.0001 0.0007 0.0000 0.0014 0.0000 0.0000 0.0000  
Benzene 1 0.0003 0.0232 0.0018 0.0467 0.0000 0.0007 0.0006  
OH 2 0.0000 0.0026 0.0002 0.0052 0.0000 0.0001 0.0000  
Nitro 0.0000 0.0035 0.0003 0.0070 0.0000 0.0001 0.0000  
CH3 0.0000 0.0068 0.0005 0.0137 0.0000 0.0002 0.0001  
Benzene 2 0.0018 0.1516 0.0005 0.3049 0.0000 0.0048 0.0040  
CO 0.0015 0.1282 0.116 0.2577 0.0000 0.0041 0.0034  
Net transferred electrons between fragments         
OH 1 — 0.0004 0.0000 0.0013 − 0.0000 − 0.0018 0.0015  
Benzene 1 — — − 0.0008 0.0432 − 0.0068 − 0.1509 − 0.1275  
OH 2 — — — 0.0049 − 0.0005 − 0.0116 0.0098  
Nitro — — — — − 0.0136 − 0.3048 − 0.2576  
CH3 — — — — — 0.0001 0.0001  
Benzene 2 — — — — — — − 0.0000  
CO — — — — — — —  

Fig. 11. STM image for tolcapone.  
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causes the charge transfer (CT) excitation in S0 → S5. Also, it is noted 
that the fragment 3 (–OH 2) group donates 0.0338 electrons to the nitro 
group, while fragment 2 (benzene) governs 0.4991 electrons. In this 
excitation state also, the nitro group (electron-withdrawing group) is 
withdrawing electrons from both electron donors (–OH groups) through 
the π linker, benzene ring. 

It is surprising that the transfer of electrons from electron donor 
(–OH 1) to a neighboring benzene ring through keto group (>C––O). 
Fragment 1 (–OH 1) transfers 0.0011 electrons to the keto group (frag-
ment 7) and thus transfers 0.0005 electrons to fragment 6 (benzene 2). 
The fragment 3 (–OH 2) also involves in the transfer of electrons feebly 
to the neigbouring benzene ring, fragment 6 (0.0001 electrons) through 
keto group (0.0002 electrons) which has the double bond in its 
structure. 

Similarly for the S0 → S6 excitation, from Table 7, it is clear that 
0.0007 electrons are donated from fragment 1 (–OH 1) to fragment 2 
(benzene 1) and at the same time 0.0003 electrons are back donated to 
fragment 1 by fragment 2. So the net electrons transfer from fragment 1 
to fragment 2 is 0. 0.0004 electrons. Likewise, all the electron distri-
bution is mentioned in Table 7 for this transition. 

From the data, it is clear that the electron-donating group, i.e., 
fragment 1 (–OH) transfers 0.0004 electrons to the π linker (benzene) 
and also transfers 0.0013 electrons to the electron-withdrawing group 
(–NO2). This transfer of electrons from an electron-donating to an 
electron-withdrawing group through a π linker causes charge transfer 
(CT) excitation in S0 → S6. Also, it is noted that the fragment 3 (–OH 2) 
group donates 0.0049 electrons to the nitro group, while fragment 2 
(benzene) governs 0.0432 electrons. In this excitation state also, the 
nitro group (electron-withdrawing group) withdraw electrons from both 
electron donors (–OH groups) through the π linker, benzene ring. In this 
excitation, both the electron donors (fragments 1 and 3) transfers 0.0015 
and 0.0098 electrons to the keto group respectively. But in this transi-
tion, no electrons flow beyond the keto group. 

3.12. Simulating constant height of STM image for tolcapone 

Multiwfn 3.8 is used to calculate the simulated STM (Scanning 
Tunneling Microscope) image and is plotted in Fig. 11. The maximum 
local density of states (LDOS) value is calculated as 0.0061 a.u. In this 
map, the brighter the white, the larger the LDOS and thus the stronger is 
the tunneling current (I). According to Tersoff – Hamann model, the 
tunneling current is positively proportional to LDOS. In this case, ‘I’ is 
more predominant at the benzene ring (at C12 and H26) in which – CH3 
group is attached. 

4. Conclusion 

For the title molecule, tolcapone, Mulliken charge analysis, HOMO- 
LUMO related physical properties, NBO analysis, stabilization energies, 
and delocalization properties are studied along with Fukui functions etc. 
Based on the results, the following conclusions are made. 

i) The molecule is prone to nucleophilic attack rather than elec-
trophilic and radical attacks  

ii) Electron depletion areas are seen in aromatic rings  
iii) The molecule has weak Van der Waals interaction, intra- 

molecular hydrogen bond, and steric effects  
iv) The maximum isosurface energy is found in C12 and the minima 

is present on C9  
v) Three CT excitations (S1, S5, and S6) are found within the lowest 

six excitations  
vi) The tunneling current is found to be maximum at C12 and H26 

for tolcapone 
vii) The molecular structure of tolcapone is compared with entaca-

pone, a drug for Parkinson’s disease, produces almost similar NCI 
plots and shaded surface map with LOL surfaces. 
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A B S T R A C T

Anthracene-9,10-dicarboxaldehyde (ADCA) is a polynuclear aromatic compound that has a planar structure with
double bonds which are in conjugation. The molecule is subjected to theoretical investigation with DFT/B3LYP/6-
311þþG(d,p) basis set to find out the electronic structural properties and stability. Theoretical and experimental
vibrational analyses are carried out. NBO studies predict that the molecule has high stability. NCI interaction
studies reveal that Van der Waals force and steric effect are seen in the molecule. A shaded surface map with a
projection of LOL analysis pointed out that electron depletion area is seen in this molecule. The tunnelling current
is more in the boundary rings than the central ring. It is docked with the protein 4COF and the binding energy is
found to be -6.6 kcal/mol. Electrons excitation analysis is performed and found that local excitation takes place
for the lowest five excitations. The aromaticity of the molecule is also thoroughly investigated.

1. Introduction

Poly-nuclear aromatic compounds like anthracene are having a π
conjugated electron system which has a great impact in many research
areas like material science [1, 2]. The organic π electron systems have
attracted great interest from both the scientific communities and in-
dustrialists on the basis of the potential applications as active elements in
LED (Light-emitting electrode). The distribution of electron clouds on the
aromatic moiety determines the optical and electro-physical properties.
Ionization potential and electron affinity are always related to this kind
of charge carriers. The mobility of the charge from one place to another is
a key factor for the development of new organic optoelectronic material
or devices. Normally anthracene and its derivatives have applications in
organic electroluminescence investigations [3, 4, 5] and molecule con-
ductivity studies [6]. The rich π conjugated system has a rigid planar
structure.

The arrival of computational practices assists to predict the properties
of molecules and to explore the chemical dependences. Usually DFT
approach can give more accurate results than semi empirical methods
[7]. This molecule has three rings, i.e., two terminals and one centre ring

with electron withdrawing substitution at the two corners of it. So it is
decided to check how the aromaticity is varied? Properties like electronic
structure, NBO (Natural Bond Orbital), NLO (Non Linear Optical), ESP
(Electrostatic Potential), Frontier energy gap, Mulliken charge predic-
tion, and theoretical spectral analysis, etc., are useful to interpret about a
molecule completely. But unfortunately there is no such work has been
done on this molecule. Hence it is decided to explore the properties by
DFT and wave function analysis for the structurally important molecule.
DFT investigation of anthracene-9,10-dicarboxaldehyde is carried out to
investigate all the above said properties clearly. Since the molecule is a
planar poly-nuclear ring system, the stability is expected to be very much.
So we tried to identify which parameters are helpful to enhance the
stability of this molecule. A thorough NBO study is carried out to know
about the stability of the molecule. Wave function analyses which furnish
more clarity about the structural properties like, NCI (Non Covalent
Interaction), Shaded surface map determination, Hole-electron excita-
tion, aromaticity determination, etc., are carried out.

The molecule under investigation is checked with PASS online tool to
have an idea about the choice of proteins to bind. Interestingly the results
suggested that this moleucle can be docked well with around 200
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proteins of various domains. From the results, it is found that this
molecule under investigation can be used for phobia disorders. The
human protein 4COF is related to this disease so it is decided to extend for
molecular docking. The docking pattern of the target molecule with
4COF protein is investigated by PyRx tool and viewed by PyMOL
programme.

2. Computational details

The gas-phase molecular geometry is optimized in the neutral state
with the help ofDFTusing theB3LYP functionals. Becke's three-parameter
hybrid exchange functional [8] combined with the Lee-Yang-Parr corre-
lation functional basis set [9] with the diffuse function namely 6-311þþG
basis is implemented in Gaussian 16 package [10]. A valence double zeta
set augmentedwithdpolarisation functionwith s and pdiffusion functions
for each atom except for hydrogen is also included.

Basis sets with diffuse functions are important for systems where
electrons are relatively far away from the nucleus and systems with low
ionization potentials and so on. Unrestricted B3LYP formalism is used to
carry out all the calculations. Recently DFT has appeared as a steadfast
standard method for the theoretical research of geometrical and elec-
tronic properties like ionization potential, electronic excitation spectrum,
etc., They have high accuracy for the wide range of the systems.

Multiwfn 3.8 tool is used to calculate NCI, shaded surface map, hole
electron transfer, aromaticity, and simulated STM (Scanning Tunneling
Microscope) deeply. PyRx and PyMOL tools are used to investigate the
docking studies.

3. Experimental details

The FT-IR spectrum for the molecule is recorded in the 4000–400
cm�1 region with a Nicolet 1S5R FT-IR spectrometer using KBr pellets
(AR) with diamond crystal plate. The UV-Visible spectrum is recorded by
double beam UH-5300 spectrophotometer by dissolving 0.5 mg of the
sample in 10 ml of absolute ethanol.

4. Results and discussion

4.1. Electronic structure determination

The molecule, anthracene-9,10-dicarboxaldehyde (ADCA) is opti-
mized to obtain the fully converged structure. The convergence and full
optimization are confirmed by GaussSum 3.0 tool. The absence of
imaginary frequencies determined by Gaussian 16W tool also reveals that
the molecule is fully optimized. The investigated molecule has 28 atoms
and 122 electrons. It is found to be neutral and singlet in nature. The 2D
and optimized 3D structures of the target molecule are shown in Figure 1
(a) and (b) respectively.

The atom numbering list generated by the Gaussian 16W software is
listed in Table 1. The bond angle, bond distance, and dihedral angles for
the optimized structure are determined by the DFT/B3LYP/6-
311þþG(d,p) basis set in the gaseous phase and listed in Table S1
(Supplementary Table 1). Trotter investigated the crystal structure of 9-
anthraldehyde. The bond length and bond angle results are compared
with the above results and found good [11]. Byru et.al., has published a
DFT work on the derivative of anthracene-9-carboxaldehyde, in which
they specified the electronic structural properties along with XRD data.
The measured values of the target molecule are in good agreement with
the previous literature reports [12, 13, 14]. The average C–H bond length
in anthracene molecule is estimated as 1.08 Å theoretically. The shortest
C–H bond length of 1.076 Å is observed at 3C–19H and 13C–25H
respectively. The longest bond of 1.492 Å is observed at 7C–15C and
9C–16C respectively. Two aldehyde carbons are attached to the aromatic
ring. The calculated average bond angles between CCC are found to be
120.3� which are in good agreement with the reported experimental
value of 120.9�. Likewise, the average bond angle between CCH is found
to be 118.8�. The bond angle between CCH of aldehyde groups
[(7C–15C–27H) and (9C–16C–28H)] are found to be 114.9� respectively.
The angle between the CCO of aldehyde groups (9C–16C–18O) and
(7C–15C–17O) are found to be 127.7� respectively.

4.2. Mulliken charge analysis

Mulliken charge for the target molecule is calculated at the same level
of the basis set and is given in Table 2 and the plot generated is shown in
Figure 2. From Table 2 and Figure 2, it is clear that the two oxygen atoms
17O and 18O are having almost the same charge (�0.215 a.u.). 1C, 2C,
7C, 8C, 9C, 10C are having positive charges and remaining carbon atoms
are possessing negative charges.

1C is having greater charge of 0.8063 a.u. while the 4C is having the
least charge of -0.7181 a.u. All the hydrogen atoms are having a positive
charge. Among these 27H and 28H hydrogen atoms are having 0.1575
a.u. each since they are attached with carbonyl carbons. 21H and 26H
atoms are having the charge of 0.1779 a.u. each respectively.

Figure 1. (a) The 2D and (b) optimized 3D structures of ADCA.

Table 1. The atom numbering list of ADCA.

1 2 3 4 5 6 7

C C C C C C C

8 9 10 11 12 13 14

C C C C C C C

15 16 17 18 19 20 21

C C O O H H H

22 23 24 25 26 27 28

H H H H H H H
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4.3. Chemical reactivity

Density functional theory is a very useful framework for the study of
chemical reactivity. Four decades ago DFT theory of chemical reactivity
has been born. It provides the electronic structure of the chemical species
[15]. Using HOMO and LUMO values the chemical reactivity parameters
are calculated for ADCA using DFT with B3LYP/6-311þþG(d,p) level of
theory, and the values are listed in Table 3. The HOMO and LUMO are
seen on overall molecule and exposed in Figure 3.

Electron affinity and ionization potential: Electron affinity (A) and
ionization potential (I) measure the ability of chemical species to accept
and donate one electron (Eqs. (1) and (2)). They are defined as,

A¼ � ELUMO (1)

I¼ � EHOMO (2)

EHOMO and ELUMO are the energies of highest occupied and lowest un-
occupied molecular orbitals respectively.

Electro negativity and chemical potential: Electronegativity (χ) is one
of the most used chemical concepts, a tendency of an atom or group that
attracts an electron towards itself (eqn.3). It is the minus of chemical
potential (μ). According to Mulliken [16, 17] it is defined as,

χ¼ Iþ A
2

(3)

Using Koopman's theorem [16, 17, 18], the electron affinity and
ionization potential can be replaced by the lowest unoccupied molecular
orbital (LUMO) energy and highest occupied molecular orbital (HOMO)
energy respectively (eqn.4).

χ¼ � μ ¼ �EHOMO þ ELUMO

2
(4)

Global hardness and softness: Global hardness (η) is equal to the en-
ergy difference between the occupied and unoccupied molecular orbitals
(eqn.5). It is related to another molecular property global softness (S)
(eqn.6). It is a reciprocal of hardness [17].

η¼ELUMO � EHOMO

2
(5)

s¼1
η (6)

Electrophilicity and net electrophilicity: The ability of an electrophile
to accept electrons from the nucleophile is called electrophilicity (eqn.7).

Table 2. Mulliken charge of ADCA by B3LYP/6-311þþG(d,p) method.

Atom Charge (a.u.) Atom Charge (a.u.)

1C 0.8063 15C -0.4298

2C 0.6310 16C -0.4300

3C -0.6784 17O -0.2158

4C -0.7181 18O -0.2159

5C -0.4100 19H 0.1885

6C -0.3066 20H 0.0435

7C 0.5712 21H 0.1779

8C 0.6310 22H 0.1827

9C 0.5714 23H 0.0436

10C 0.8063 24H 0.1828

11C -0.7180 25H 0.1885

12C -0.3067 26H 0.1779

13C -0.6782 27H 0.1575

14C -0.4100 28H 0.1575

Figure 2. Mulliken charge plot of ADCA by B3LYP/6-311þþG(d,p) method.

Table 3. Chemical reactivity parameters of ADCA at B3LYP/6-311þþG(d,p)
level.

S. No Physical parameter Charge (eV)

1 HOMO -6.3003

2 LUMO -3.4989

3 Energy gap (ΔE) 2.8014

4 Ionization potential (I) 6.3003

5 Electron affinity (A) 3.4989

6 Electronegativity (χ) 4.8996

7 Chemical hardness (η) 1.4007

8 Global softness (S) 0.7139

9 Chemical potential (μ) -4.8996

10 Electrophilicity index (ω) 8.5693

11 Net electrophilicity (Δω�Þ -4.8997

12 Electron donating capability (ω�) 11.1942

13 Electron accepting capability (ωþ) 6.2945

14 Additional electronic charge (ΔNmax) 3.4979
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In DFT, electrophilicity has been calculated by both chemical potential
and hardness [19, 20].

ω¼ μ2

2η (7)

Using electron-accepting (ωþ) and electron-donating (ω�) powers, net
electrophilicity (Δω�) (eqn.8) have been proposed [21].

Δω� ¼ωþ � ðω�Þ (8)

where

ω� ¼ ð3I þ AÞ2
16ðI � AÞ (9)

ωþ ¼ ðI þ 3AÞ2
16ðI � AÞ (10)

The additional electronic charge is defined as (eqn.11)

ΔNmax ¼
�μ
η

(11)

The energy difference between HOMO and LUMO of ADCA is 2.8014
eV. So this molecule can be a stable molecule. The global hardness,
softness, chemical potential, electronegativity, and electrophilicity index

of ADCA are found to be 1.4007, 0.7139, -4.8996, 4.8996, and 8.5692 eV
respectively.

4.4. Molecular electrostatic potential (ESP) analysis

Molecular electrostatic potential of a molecule gives information
about the properties like molecular size, dipole moment, shape, elec-
tronic density, hydrogen bonding interactions, and chemical reactivity
etc., [22]. In molecular electrostatic potential, the surfaces are repre-
sented in red, blue, light blue, yellow, and green colors. The red colour
represents the electron-rich (partially negative charge) area whereas the
blue colour represents the electron poor (partially positive charge) lo-
cations. Light blue colour represents slightly electron-deficient region
while the yellow colour represents a slightly electron-rich domain. The
green colour represents a neutral charge location [23]. The electrostatic
potential map for the title molecule is investigated by
B3LYP/6-311þþG(d,p) method and the electrostatic potential map with
different colour representation is shown in Figure 4 (a). The region of red
colour (electron-rich) is located around the oxygen atoms of the two
aldehyde groups in which electrophilic attack is possible. Blue colour
region (electron-poor) region is spread all over the molecule around
hydrogen atoms which is prone to nucleophilic attack. The contour map
of the investigated molecule is also analysed and shown in Figure 4 (b).
From the map it is clear that the contour map spreads through all the
atoms.

Figure 3. HOMO – LUMO of ADCA
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4.5. Non linear optical effect

The dipole moment, mean polarizability and first-order hyper-
polarizability of the title compound is calculated by DFT/B3LYP/6-
311þþG(d,p) level of theory based on finite field approach. The first
order hyperpolarizability is a third rank tensor that can be described by
the 3 � 3 � 3 matrix. Due to Kleinman symmetry [24] the 27 component
of the 3D matrix can be reduced to 10 components.

The β components are defined as the coefficient in the Taylor series
expansion (eqn.12) of the energy in the external electric field, which is
weak and homogenous. This expansion is as follows

E¼E0 � μαFα �
1
2
ααβFαFβ � 1

6
βαβγFαFβFγ þ… (12)

where E0 is the energy of the unperturbed molecules, μα, ααβ and βαβγ are
the component of the dipole moment, polarizability and first-order
hyperpolarizability respectively. Using x, y, z components the dipole
moment, polarizability and hyperpolarizability are defined as follows
(Eqs. (13), (14), (15), and (16)) [25, 26],

μ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
μ2x þ μ2y þ μ2z

q
(13)

α¼αxx þ αyy þ αzz

3
(14)

Δα¼ 1ffiffiffi
2

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
αxx � αyy

�2 þ �
αyy � αzz

�2 þ ðαzz � αxxÞ2 þ 6α2
xx

q
(15)

βtot ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðβxÞ2 þ

�
βy
�2 þ ðβzÞ2

q
(16)

where,

βx ¼ βxxx þ βxyy þ βxzz

βy ¼ βyyy þ βyzz þ βyxx

βz ¼ βzzz þ βzxx þ βzyy

The polarizability and first-order hyper polarizability values of the
Gaussian 16W output in atomic units, and the calculated values are
converted into electrostatic units (For α, 1 a.u. ¼ 0.1482 � 10�24 e.s.u.;
for β, 1 a.u. ¼ 8.6391� 10�30 e.s.u.) [27]. They are shown in Table 4. As
seen in Table 4, the calculated dipole moment, polarizability, anisotropy
of polarizability and first-order hyperpolarizability of the title molecule
are found to be 0.3621 Debye, 31.7134 x 10�24 and 0.8989 x 10�30 e.s.u.
respectively.

4.6. Natural bond orbital analysis

The natural bond orbital analysis is a useful method to provide in-
formation about the interactions of both filled and virtual orbital spaces.
It can enhance the prediction of inter and intra-molecular interactions.
The natural bond orbital analysis has been performed by Gaussian 16W
program package at the DFT/B3LYP/6-311þþG(d,p) method. The elec-
tron donor-acceptor overlap orbitals on its stabilization energy E(2)
arises from second-order perturbation theory and it can be calculated
from the following equation (eqn. 17) [28],

Eð2Þ¼ qi Fði; jÞ2
εj � εi

(17)

where, qi is the population of donor orbitals; εi, εj are the diagonal ele-
ments of NBO orbitals; F(i,j) is the off-diagonal NBO Fock matrix element
between i and j NBO orbitals. Some important interactions between the
donor-acceptor NBOs are shown in Table S2 (Supplementary Table 2).

The largest stabilization energy shows that bonding σ (7C–15C) to
anti-bonding σ* (4C–20H) orbital having the highest E(2) value of 96.27
kcal/mol. The interaction between σ (1C – 7C) → σ* (9C–10C); σ (2C –

4C) → σ* (4C–20H); σ (7C – 8C) → σ* (9C–10C) stabilizes the molecule
with the energy of 49.76, 54.83 and 91.15 kcal/mol respectively. The σ
(16C–18O) → σ* (9C–10C) helps the molecule to stabilize with the en-
ergy of 62.90 kcal/mol. The interaction between lone pair to anti
bonding orbital shows LP (1) 17O → σ* (9C–10C) and σ* (4C–20H)
interaction gives stabilization energy of 73.58 and 26.08 kcal/mol
respectively. The interaction of LP(1) 18O → σ* (4C–20H) system also
enhances the stability by 90.94 kcal/mol. NBO analysis revealed that the
π (3C – 5C)→ π* (4C – 6C), π (4C – 6C)→ π* (13C–14C), π (11C–12C)→
π* (2C – 9C) and π (13C–14C)→ π* (11C–12C) interactions give a strong
stabilization energy of the title compound by 35.33, 34.37, 36.65 and
17.43 kcal/mol respectively. The presence of other conjugated double
bonds and their interactions also enhance the stability further.

Figure 4. (a) ESP and (b) contour diagram of ADCA.

Table 4. Dipole moment, polarizability and hyper polarizability of the target
molecule determined by DFT method using the basis set B3LYP/6-311þþG(d,p).

Parameters B3LYP/6-311þþG(d,p) Parameters B3LYP/6-311þþG(d,p)

αxx 231.128 βxzz -5.1214

αyy 163.052 βyyy -3.5436

αzz 247.793 βxxy 2.2736

αTot 31.7134 � 10�24 e.s.u βyyz 2.8320

Δα 60.4370 � 10�24 e.s.u βzzz 90.2024

μTot 0.3621 Debye βxxz 3.2548

βxxx 2.1240 βyzz 3.6820

βxyy -35.7641 βTot 0.8989 � 10�30 e.s.u.
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4.7. Hole electron interaction analysis

The hole-electron analysis module of Multiwfn 3.8 is reasonably very
authoritative to analyze all kinds of electron excitations that take place
within a molecule. It is useful to analyze the electronic excitation char-
acter of a molecule. The molecule under investigation is first optimized
by the B3LYP/6-311þþG(d,p) basis set. Then time-dependent density
functional theory (TDDFT) calculation is carried out for the five lowest
singlet excited states. The CAM-B3LYP method is employed with IOp(9/
40 ¼ 4) keyword. The.fch file is generated and analyzed. The various
results obtained are tabulated in Table 5. The hole-electron distribution,
Chole-Celectron function, Sr, and Charge density difference (CDD)
functions are shown in Figure 5.

The Sr index values are greater than 0.5 a.u. for all excitations (the
theoretical upper limit is 1), which is a larger value, inferring that about
half part of hole and electron has perfectly matched. This prediction
confirms the presence of a typical local type of excitation (LE). The Sr
indices value for the entire excited state is relatively larger. Particularly
the excitation from S0 → S4 is rather large up to 0.8547 a.u. The main
reason for this higher value is highly localized π-π* type of excitation is
present on the aromatic ring. In the other excitations, only n-π* type of
excitation is involved.

The H index reflects the breadth of the average distribution of hole
and electron. Table 5 gives information about the H index and it is found
to be large. Since the distribution of hole and electron corresponding to
all the excitations from S0 to S5 are evidently wider, their H indices are
evidently larger (Figure 5).

All the τ index values are negative (much less than zero) which means
there is no significant separation of hole and electron distributions. This
also confirms the absence of charge transfer (CT) type of excitation and
insists on the presence of LE type of excitation only.

The hole-electron Coloumb attractive energy is closely related to
electron excitation properties. Always D index influences on it. The larger
the D index is, the farther the distance between the main distribution
regions of hole and electron, and thus the weaker the Coulomb attractive
energy. Among all the excitations, S0→S4 is slightly larger (5.2152 eV).
From the above results, we can conclude that,

S0 → S1: LE type of excitation with n→π* transition
S0 → S2: LE type of excitation with n→π* transition
S0 → S3: LE type of excitation with n→π* transition
S0 → S4: LE type of excitation with π→π* transition
S0 → S5: LE type of excitation with n→π* transition

According to Kasha's rule, the first excited state (S0→ S1) of a singlet
system is usually the critical state to emit fluorescence and hence plays an
important role in molecular photo-physics [29].

The percentage of the hole–electron for all the excitation states are
investigated and reproduced in Table 6 and shown in Figure 6. From
Table 6 and Figure 6, we can easily understand that S0→S1 has more
percentage of holes and electrons (97 and 98 respectively).

4.8. Aromaticity determination

The wave function of the title molecule is generated at the B3LYP/6-
311Gþþ(d,p) level of theory. Since the title molecule has three fused

aromatic ring structure, it is decided to find out the electron conjugation
character. The Multicenter bond order and Normalized multicenter bond
order are calculated by using Multiwfn 3.8 tool and listed in Table 7,
which indicates that the central aromatic ring has weaker electron
conjugation character than the boundary rings for the title molecule.
Becke's fuzzy atomic space is used to study the aromaticity of different
rings of the title molecule.

Aromaticity cannot be observed directly. So several definitions are of
aromaticity have been proposed [30]. The aromatic nature of a molecule
can be evaluated from its structural, magnetic, and energetic properties
[31, 32, 33, 34, 35, 36]. The PDI (Para Delocalization Index), FLU
(Fluctuation Index), PLR (Para Linear Response index) and HOMA
(Harmonic Oscillator Measure of Aromaticity) values are calculated from
Multiwfn 3.8 package and listed in Table 7 for the molecule ADCA. PDI
value is just the average of the DIs (Delocalisation Index) between
8C–14C, 10C–12C, 13C–11C for left; 1C–10C, 2C – 8C, 9C – 7C for center
and 1C – 6C, 2C – 5C, 4C – 3C for right rings. From the PDI values, it is
concluded that the electron delocalization is stronger in boundary rings
than the central ring. So it is also evidence that the boundary rings are
having stronger aromaticity.

From the FLU values, it is observed that the central ring has higher
values than the boundary rings. Hence it is evident that the boundary
rings are more typical aromatic system (benzene) and hence possess
larger aromaticity than the central ring. The PLR value also validates this
conclusion that boundary rings have larger aromaticity than the central
ring. Since the HOMA values of boundary rings are larger than the center
ring and it also confirms the aromaticity is larger in boundary rings than
the middle ring of the target molecule.

4.9. Simulated scanning tunnelling microscope (STM) analysis

Scanning tunnelling microscope is a powerful tool to record the
spatial variations of the tunnelling current in the junction between a
sharp metallic tip and a conducting probe surface [37]. Simulating
scanning tunnelling microscope images for the title molecule and the
anthracene molecule are generated and analysed by using Multiwfn 3.8
tool and is shown in Figure 7 (a) and (b) respectively. The local density of
states (LDOS) value for the investigated molecule and anthracene are
found to be 0.0009 and 0.0003 a.u. respectively at V ¼ - 2V and Z ¼ 2.2
Å. In these maps, the brighter the white, the larger is the LDOS and thus
the stronger the tunnelling current (I). The Tersoff-Hamann model shows
that I is positively proportional to LDOS. It can be seen that I signal is
more prominent over the two boundary six-membered rings than the
central ring for ADCA and anthracene molecules.

4.10. Non-covalent interaction analysis

Non-covalent interaction, otherwise called as RDG, which is a
powerful tool to understand the non-covalent interaction within a
molecule. RDG (eqn.18) is defined as,

RDGðrÞ¼ 1

2ð3π2Þ1=3
jrρðrÞj
ρðrÞ4=3

(18)

When sign(λ2)ρ (a.u.) is plotted against RDG, some spikes are

Table 5. Various excitation parameters of ADCA.

Excitations Sm (a.u.) Sr (a.u.) D index (Å) H index (Å) τ index (Å) Excitation energy (eV) Coulomb attractive energy (eV)

S1 0.4845 0.7751 0.000 3.037 -1.974 2.626 5.0374

S2 0.2756 0.5489 0.007 3.246 -2.576 2.935 5.0510

S3 0.2971 0.5748 0.007 3.273 -2.574 3.138 5.0095

S4 0.5698 0.8547 0.001 2.960 -2.222 3.487 5.2152

S5 0.3521 0.6414 0.000 3.036 -1.967 3.692 5.0240
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developed. According to the sign(λ2) and the ρ values, the following re-
gions are defined well.

Strong attraction: halogen bond and hydrogen bond (ρ> 0 and λ< 0).
Van der Waals interaction: (ρ � 0 and λ � 0).
Strong repulsion: Steric effect in the ring and gage (ρ > 0 and λ > 0).

The NCI (Non-Covalent Interaction) for the title molecule and
anthracene are investigated with the help of Multiwfn 3.8 program and
the pictures obtained are reported in Figure 8. From Figure 8, it is evident
that the target molecule has a steric effect and Van der Waals in-
teractions. The spikes around -0.020 and þ0.010 a.u. represents the Van
der Waals force of attraction. The spike developed around 0.020 a.u.
epitomizes the steric effect present in the ring. In order to prove these
facts, two cube files (.cub) are generated by Multiwfn 3.8 and viewed in
VMD 1.9.3 tool and the isosurface formed is shown in Figure 8 itself. The
brownish green colour spheres represent the presence of Van der Waals
force in the molecule and the red spheres in the middle of aromatic rings
represent the presence of steric interaction. The same study is carried out
for anthracene molecule. In the case of anthracene, the spikes in the
negative sign area are missed due to the absence of Van der Waals forces.
The spike near þ0.020 a.u. is responsible for the steric effect, which is
shown as a red sphere in the isosurface of all the aromatic rings.

4.11. Shaded surface map with a projection of LOL investigation

LOL (eqn.19) is a function for locating high localisation regions and it
is defined by Schmider and Becke [38, 39].

Figure 5. The Hole-Electron distribution, Chole-Celectron function, Sr, and CDD representations for all the excitations.

Table 6. Hole-electron percentage involved in various electronic excitations of
ADCA.

Excitations MO Occupancy Hole (%) Electron (%)

S1 61 2.0000 97.265 0.000

62 0.0000 0.0000 98.490

S2 60 2.0000 82.395 0.000

62 0.0000 0.0000 94.491

S3 58 2.0000 85.676 0.000

62 0.0000 0.0000 92.236

S4 59 2.0000 69.376 0.000

62 0.0000 0.0000 80.311

S5 57 2.0000 86.561 0.000

62 0.0000 0.0000 96.590
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LOLðrÞ¼ τðrÞ
1þ τðrÞ (19)

where the dimensionless variable τ(r) is g0(r)/g(r) and always depends
on positive one electron kinetic energy density where, φi(r) are the
Hartree – Fock of the Kohn-Sham orbitals. The larger the LOL is in a
particular region, the more likely the electron motion is cramped within
it. The shaded surface map with a projection of localised orbital locator
(LOL) for the title molecule, (ADCA) and anthracene are analysed and the
result is evinced in Figure 9 (a) and (b) respectively. In Figure 9, the blue
colour in all the carbon atoms represents the depleted electron regions
and red colour is related to high localized electron regions. Also, it is
evident that all the carbons are having electron depleted area and aro-
matic hydrogen atoms are having high localized electron regions. It is
also evident that the electrons tend to be localised in the outer side of the

rings to stabilise them. Since the backbones of both the rings are same,
anthracene also produces similar type of shaded surface map.

4.12. Vibrational studies

4.12.1. Vibrational assignments
Vibrational spectroscopy is the measurement of the interaction be-

tween IR radiation and the matter. It is used to study and identify the
chemical structure and functional groups in solid, liquid and gaseous
forms. The target molecule has 28 atoms in various planes and it un-
dergoes 78 group vibrational modes and finger print vibrations are
possible. They are distributed as 28 out of plane vibrations and 50 in-
plane vibrations. By adopting DFT/B3LYP/6-311þþG(d,p) basis set,
the theoretical vibrations are calculated for the title molecule and have
been presented in Table 8. The experimental and theoretical IR spectra

Figure 6. Plot of hole-electron percentage involved in various electronic excitations of ADCA.

Table 7. Various aromaticity parameters of ADCA.

Aromatic ring Multicenter bond order Normalized bond order PDI FLU PLR HOMA

Left 0.0465 0.5996 0.0688 0.0168 0.3821 0.6233

Centre 0.0386 0.5813 0.0549 0.0213 0.3652 0.5673

Right 0.0464 0.5995 0.0688 0.0168 0.3821 0.6233

Figure 7. Simulated Scanning Tunnelling Microscope (STM) image of (a) ADCA and (b) anthracene.
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are jointly shown in Figure 10 as (A) and (B) respectively. The scaling
factor used to calculate the scaled value is 0.967. When compared with
the theoretical values, experimental values are found to be lesser. For this
study, the results are compared with the work done by Jeyachitra et.al.,
on 10-methyl anthracene-9-carboxaldehyde and found that the results
are in good agreement with them [40].

4.12.2. C–H vibrations
Eight C–H bonds are present in the poly-aromatic anthracene moiety

and two hydrogen atoms are attached with the two aldehyde groups. The

C–H stretching vibrations for anthracene can be observed around 3095-
2850 cm�1 [41]. For the present molecule, the signals at 3154, and 3132
cm�1 are allotted to aromatic C–H stretching. The signals at 3081 and
3080 cm�1 are fixed to aromatic symmetric C–H stretching while the
signal at 3066 cm�1 is allotted to aromatic asymmetric C–H stretching.
Based on the literature, it is found that the aromatic C–H in-plane
bending and out-plane bending modes of vibrations are located in the
region 1300-940 cm�1 and 1000–720 cm�1 respectively [42, 43]. In this
investigated molecule, the in-plane bending and out-plane bending
modes of vibrations are located at 1514, 1484, 1453, 1427, 1420, 1415,

Figure 8. The non covalent interaction of (a) ADCA and (b) anthracene.

Figure 9. Shaded surface map with projection effect of electron localization function (ELF) in the central QM structures of (a) ADCA and (b) anthracene. In this figure,
the Z-axis is Localised Orbital Locator (LOL).
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1366, 1265, 1249, 1222, 1216, 1172, 1169, 1154, 1094, 1036 cm�1 and
988, 987, 962, 959, 949, 947, 839, 754, 739 cm�1 respectively. Some of
the in-plane bending vibrations are found well above the expected values
may be due to the influence of the two aldehyde groups present in the
molecule. The other vibrational signals are located below the expected
region. Aromatic C–H butterfly style of vibrations are found at 734 and
726 cm�1. C–H stretching of aldehyde group can be observed at 2917 and
2916 cm�1 respectively for both the aldehyde groups. The C–H of alde-
hyde groups produces signals at 1514 and 1484, 1453 and 1415 cm�1 for
in-plane bending while their out-plane bending vibrations are located at
962, 959, 949, 947 cm�1 as very weak signals.

4.12.3. C¼O vibrations
The carbonyl group vibration is always prominence its location be-

tween 1750 and 1600 cm�1 as a strong intense peak [44]. Two aldehyde
groups are attached with the middle aromatic ring of anthracene directly
and it is possible to obtain two C¼O vibrational peaks. They appear at
1682 and 1673 cm�1 in the simulation spectrum. Interestingly the
experimental value is also found to be placed exactly on 1673 cm�1 as a
single strong peak.

4.12.4. C–C vibrations
The poly-nuclear system, anthracene has carbon atoms in its skeleton.

They are having some C–C and C¼C bonds. The entire C¼C and C–C
stretching vibrations will be observed in the region 1650–1400 cm�1

[40]. In this molecule of interest, the C¼C stretching vibrations are
located at 1610, 1597, 1537, 1521, 1514, and 1372 cm�1. The C–C
stretching vibrations are located at 1320, 1304, 1265, 1249, and 1094
cm�1. The peaks appear in the expected region are in good agreement
with the literature which insists the core bond steadiness. The CCC
in-plane bending vibrations are observed at 989, 922, 883 cm�1 with
strong intensities. The CCC out-plane bending vibrations have been seen
at 739, 723, 650, 635, 579, 574, 556, 500, 481, 449, 376, 333 cm�1. The
middle ring of anthracene molecule breaths at 1222 cm�1 and the ter-
minal rings breathe at 1029 cm�1.

Table 8. Theoretical and experimental vibrational analysis for the investigated
molecule.

SL.
NO

Experimental
(cm�1)

Theoretical (cm�1) Intensity Assignment of
vibrations

Unscaled Scaled

1 3444 3261 3154(w) 19.6876 ν(CH)aro
2 — 3261 3154(w) 11.7990 ν(CH)aro
3 — 3239 3132(vw) 0.1174 ν(CH)aro
4 — 3239 3132(w) 16.7834 ν(CH)aro
5 — 3186 3081(w) 11.1489 νs(CH)aro
6 2923 3185 3080(w) 21.5008 νs(CH)aro
7 — 3170 3066(w) 3.4093 νas(CH)aro
8 2853 3170 3066(w) 10.3916 νas(CH)aro
9 2361 3016 2917(vw) 0.2173 ν(CH)ald
10 1827 3016 2916(S) 125.4329 ν(CH)ald
11 — 1740 1682(vw) 0.0009 ν(CO)
12 1673 1730 1673(VS) 696.2012 ν(CO)
13 — 1665 1610(w) 11.0639 ν(CCC)aro
14 — 1651 1597(vw) 0.0030 ν(CCC)aro
15 — 1589 1537(vw) 0.0018 ν(CCC)aro
16 1527 1573 1521(w) 15.9255 ν(CCC)aro
17 — 1566 1514(vw) 0.0002 ν(CCC)aro, δ(CH)ald
18 — 1535 1484(vw) 0.0000 δ(CH)aro, δ(CH)ald
19 — 1503 1453(w) 18.6415 δ(CH)aro, δ(CH)ald
20 — 1476 1427(w) 24.5438 δ(CH)aro
21 1443 1468 1420(w) 47.7916 δ(CH)aro
22 — 1464 1415(vw) 0.0097 δ(CH)ald, δ(CH)aro
23 — 1419 1372(vw) 0.0002 ν(CCC)aro
24 — 1413 1366(vw) 0.0002 δ(CH)aro
25 1350 1365 1320(m) 91.3256 δ(CH)aro
26 — 1348 1304(m) 56.6941 δ(CH)aro
27 — 1308 1265(vw) 1.0133 δ(CH)aro, δ(CH)aro
28 1279 1291 1249(w) 32.3180 δ(CH)aro, δ(CCC)aro
29 — 1263 1222(vw) 0.0002 α(CCC)aro, δ(CH)aro
30 — 1257 1216(vw) 0.0002 δ(CH)aro
31 — 1212 1172(vw) 0.0004 δ(CH)aro
32 1180 1209 1169(w) 36.3148 δ(CH)aro
33 1167 1193 1154(w) 36.1447 δ(CH)aro
34 1114 1131 1094(vw) 0.0001 δ(CH)aro, δ(CCC)aro
35 1022 1072 1036(w) 23.6337 δ(CH)aro
36 — 1070 1035(vw) 0.0011 ν(CC)ald-aro
37 — 1064 1029(vw) 0.0077 α(CCC)aro
38 — 1023 989(S) 110.3002 δ(CCC)aro
39 — 1021 988(vw) 0.0063 δ(CH)aro
40 — 1020 987(w) 1.3988 γ(CH)aro
41 — 995 962(vw) 0.0000 γ(CH)aro, γ(CH)ald
42 — 991 959(vw) 0.0383 γ(CH)aro,γ(CH)ald
43 — 982 949(vw) 0.6203 γ(CH)aro, γ(CH)ald
44 — 979 947(vw) 0.0000 γ(CH)aro, γ(CH)ald
45 890 953 922(vw) 0.0000 δ(CCC)aro
46 — 913 883(w) 30.2829 δ(CCC)aro
47 — 868 839(vw) 0.0150 γ(CH)aro
48 799 867 839(w) 4.0290 γ(CH)aro
49 — 780 754(vw) 0.0000 γ(CH)aro
50 — 765 739(vw) 0.0003 γ(CH)aro
51 — 764 739(S) 116.8936 γ(CCC)aro
52 745 759 734(S) 101.2938 β(CCC)aro
53 — 751 726(w) 13.6584 β(CCC)aro
54 — 748 723(vw) 0.0001 γ(CCC)aro
55 655 672 650(vw) 0.0000 γ(CCC)aro
56 — 657 635(w) 14.2354 γ(CCC)aro
57 593 599 579(w) 28.1706 γ(CCC)aro

Table 8 (continued )

SL.
NO

Experimental
(cm�1)

Theoretical (cm�1) Intensity Assignment of
vibrations

Unscaled Scaled

58 — 593 574(vw) 0.0000 γ(CCC)aro
59 562 575 556(w) 20.5710 γ(CCC)aro
60 — 517 500(vw) 0.0000 γ(CCC)aro
61 — 497 481(vw) 0.1079 γ(CCC)aro
62 454 475 459(vw) 0.0000 γ(CCC)aro
63 — 455 440(w) 3.4996 γ (CCCC)

64 — 425 411(vw) 0.0000 γ (CCCC)

65 — 411 397(vw) 0.0000 γ (CCCC)

66 — 389 376(w) 5.8765 γ(CCC)aro
67 — 344 333(vw) 0.0000 γ(CCC)aro
68 — 329 318(vw) 0.0000 γ (CCCC)

69 — 287 277(vw) 0.0002 γ (CCCC)

70 — 277 268(w) 7.0224 γ (CCCC)

71 — 271 262(w) 9.7337 δ(CH)ald
72 — 233 225(vw) 0.0000 γ (CCCC)

73 — 160 155(vw) 0.0238 γ(CH)ald
74 — 158 152(w) 13.9439 γ(CH)ald
75 — 126 122(vw) 0.5092 γ (CCCC)

76 — 67 65(vw) 0.5156 γ (CCCC)

77 — 56 54(vw) 0.0004 γ (CCCC)

78 — 18 17(w) 6.5780 γ (CCCC)

VS – Very Strong; S – Strong; m – medium, w – weak, vw – very weak; s –

symmetric; as – Asymmetric; ν - stretching; δ - in plane bending; γ - out plane
bending; α - breathing mode; β - Butterfly type; aro – aromatic; ald - aldehyde.
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4.12.5. CHO vibrations
The aldehyde carbon attached with the nucleus undergoes stretching

and is observed at 1035 cm�1. The aldehyde in-plane bending and out-
plane bending vibrations are observed at 262, 155, and 152 cm�1

respectively.

4.12.6. CCCC and CCCO vibrations
The CCCC and CCCO out plane vibrations for the title molecule are

seen at 440, 411, 397, 318, 277, 268, 225, 122, 65, 54, and 17 cm�1.

4.13. UV-visible spectral analysis

The UV Visible spectrum of the target molecule is analysed theoret-
ically from fully optimized ground state structure using ZINDO calcula-
tion at the B3LYP/6-311þþG(d,p) basis set in ethanol solvent.
Experimental UV also has been recorded in ethanol solvent and the two
spectra are put together shown in Figure 11. GaussSum 3.0 is used to
investigate the other properties like energy, oscillator strength, major
contributions and minor contributions etc., and listed in Table 9. Two
peaks have appeared for the experimental spectrum (418 and 276 nm)
and three spectral values (480, 405, and 398 nm) are obtained for the
simulated UV spectrum.

The absorption band appeared at 480 nm in ethanol with molar ab-
sorption coefficient (ε) of 20801.85 cm�1 arises due to the major elec-
tronic transitions from HOMO to LUMO which makes 97%. The
absorption band appeared at 405 nm with molar absorption coefficient

(ε) of 24662.01 cm�1 arises due to the major electronic transitions from
HOMO-4 to LUMOþ2 (32%), HOMO-3 to LUMO (40%), while minor
transitions include HOMO-3 to LUMOþ3 (16%), HOMO-3 to LUMOþ6
(2%). Similarly, the peak appeared at 398 nm with molar absorption
coefficient (ε) of 25090.29 cm�1 arises due to the major electronic
transitions from HOMO-4 to LUMO (34%), HOMO-4 to LUMOþ3 (18%),
HOMO-3 to LUMOþ2 (35%), while minor transitions include HOMO-9 to
LUMOþ2 (3%), HOMO-4 to LUMOþ6 (3%) and HOMO-2 to LUMO (2%).
The oscillator strengths for the three absorptions are evaluated as 0.4777,
0.0019 and 0.0 respectively.

4.14. Docking studies

4.14.1. In silico prediction of activity spectra for substance (PASS)
The prediction for the activity of anthracene-9,10-dicarboxaldehyde

is done with the help of computer programme PASS online server. It
predicts the activity spectrum of the compounds as probable activity (Pa)
and probable inactivity (Pi). The ratio varies between 0.000 and 1.000. If
Pa > 0.7 means, the probability of pharmacological action is high, and if
0.5 < Pa < 0.7, the probability of pharmacological action is less. If Pa is
less than 0.5, the compound is unlikely to show pharmacological action
[45]. The prediction of activity spectra for substance (PASS) for the target
molecule is analysed to find a better choice. From the results obtained, it
is decided to carry out docking studies on phobic disorder treatment [Pa
< 0.7 (0.849) and Pa> 0.017]. Phobia is a type of anxiety disorder which
results in a rapid onset of fear. In Asia, 2-4 % and in Western world 6–8 %

Figure 10. Experimental (A) and simulated (B) IR spectra of ADCA.
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of people are affected by Phobia. Women are affected by phobias about
twice of often as men [46]. Many phobia cases end with suicide.
Considering these views, it is decided to carryout research on phobia. So
4COF protein is selected for docking.

4.14.2. Preparation of protein
The X – ray crystal structure of human gamma-aminobutyric acid

receptor, GABA(A)R-beta3 homopentamer (PDB ID: 4COF) is retrieved
from protein data bank (https://www.rcsb.org/structure/4COF). Before
docking, the structure of the protein is prepared by using Discovery
Studio 4.1 Visualizer (https://discover.3ds.com/discovery-studio-
visualizer-download). Water molecules and the small ligands like
hetero-atoms are removed from the protein to make the complex
receptor-free of any ligand before docking. Polar hydrogen atoms are
added to the protein which is a very essential and crucial step for the
computation of partial atomic charges. The force field applied is
CHARMm and the partial charge applied is Momany–Rone. Finally, the

protein is subjected to energy minimisation. Ramachandran plot is
analyzed for the prepared protein and found that more than 90% of
residues fall under the most favoured region.

4.14.3. Preparation of ligand
The 2D structure of the title molecule is drawn with the help of

Chemsketch software (https://www.acdlabs.com/resources/
freeware/chemsketch/index.php) and saved as .mol file which is then
converted to energy minimized 3D structure with the help of Avogadro
tool (https://avogadro.cc/) and saved as .pdb. Optimisation of ligand
leads to a stable conformation of coordinates with minimum energy. The
force field applied is MMFF94 with steepest descend algorithm. The
various properties of the ligand are checked for Lipinski's Rule of five
from which is presented in Table 10. From that, we could see that the
present molecule obeys the rule. SwissADME (http://www.swissadme.ch
/) online tool is used to calculate the other properties like bioavailability,
drug-likeness etc., and exposed in Table 10. This molecule obeys all the
theories and has good drug-likeness property. Also, the bioavailability
score is found to be 0.55.

Figure 11. Theoretical (A) and experimental (B) UV – Visible absorption
spectra of ADCA.

Table 9. Experimental and theoretical electronic absorption spectra of ADCA.

No. Wavelength (nm) Energy (cm�1) Oscillator strength Major contributions Minor contributions

Experimental Theoretical

1 — 480.7266 20801.85 0.4777 HOMO→ LUMO (97%) —

2 418.0 405.4819 24662.01 0.0019 H-4→Lþ2 (32%),
H-3→LUMO (40%)

H-3→Lþ3 (16%)
H-3→Lþ6 (2%)

3 276.0 398.5605 25090.29 0.0 H-4→LUMO (34%),
H-4→Lþ3 (18%),
H-3→Lþ2 (35%)

H-9→Lþ2 (3%),
H-4→Lþ6 (3%),
H-2→LUMO (2%)

Table 10. Various properties of the ligand ADCA.

1 Molecular formula C18H14O2

2 Molecular weight 262.10

3 Number of HBA 2

4 Number of HBD 0

5 MolLogP 4.59

6 MolLogS -4.56 (in Log(moles/L)) 7.28 (in mg/L)

7 MolPSA 27.35 A2

8 MolVol 272.35 A3

9 pKa of most Basic/Acidic group <0./16.79

10 Number of stereo centers 0

11 nviolations 0

12 nrotb 2

13 Volume 243.12

14 Druglikeness Yes

15 Lipinski Yes

16 Ghose Yes

17 Veber Yes

18 EGAN Yes

19 Muegge Yes

20 Bioavailability score 0.55

Table 11. Docking results and hydrogen bond interaction of ADCA with 4COF.

PDB
ID

Ligand Binding
affinity
(kcal/mol)

No. of
hydrogen
bonds
developed

H bond
distance
(Å)

Atom of
Ligand

Residue
of protein

4COF ADCA -6.6 2 2.5 Oxygen SER-427

3.2 Oxygen LEU-294

J. Jebasingh Kores et al. Heliyon 7 (2021) e08377

12

https://www.rcsb.org/structure/4COF
https://discover.3ds.com/discovery-studio-visualizer-download
https://discover.3ds.com/discovery-studio-visualizer-download
https://www.acdlabs.com/resources/freeware/chemsketch/index.php
https://www.acdlabs.com/resources/freeware/chemsketch/index.php
https://avogadro.cc/
http://www.swissadme.ch/
http://www.swissadme.ch/


4.14.4. Docking
PyRx is a powerful tool that can be used for docking of ligands with

proteins. The target molecule is docked with 4COF and the results are
analyzed with the help of PyMOL software. Two hydrogen bonds are
developed strongly between the ligand and the protein. The docking
results are shown in Table 11.

The two oxygen atoms present in the two aldehyde groups of the
aromatic rings are bonded with the residues SER-427 and LEU-294 with
the hydrogen bond distance of 2.5 and 3.2 Å respectively. The docking
score is found to be -6.6 kcal/mol. It clearly suggests that the ligand fits
well with the protein, 4COF. The docking pattern viewed by PyMOL is
shown in Figure 12.

5. Conclusion

Anthracene-9,10-dicarboxaldehyde is a wonderful molecule with a
multinuclear planar system with conjugated double bonds. It has many
significant applications in medicinal and industrial fields. The electronic
structure and its properties are analyzed theoretically by DFT/B3LYP/6-
311þþG(d,p) basis set by using Gaussian 16W software. All the bond
angle, bond distance and dihedral angles are perfectly matched with the
earlier reports well. From the HOMO – LUMO values, it is clear that the
molecule is a hard molecule and it is stable. The ESP studies reveal that
the molecule is more prone to electrophilic attack near the oxygen atoms
of aldehyde groups. NBO study interprets that this is a stable molecule
due to high conjugation of double bonds. By using Multiwfn 3.8 tool, the
aromaticity of the molecule is determined. It is found that the aromaticity
of the central ring is lower than the terminal rings. The STM studies
inform that the terminal rings are having more tunneling current than the
central ring. The NCI study reveals that the molecule is having steric
effect and Van der Waals force of attraction within the molecule. The
hole-electron transfer analysis proposes that all the lowest five excita-
tions are of LE type only. Electron depletion area and LOL are determined
and interpreted thoroughly for the title molecule through a shaded sur-
face map. IR spectrum is recorded theoretically and experimentally to
analyze the various types of vibrations. By using PyRx and PyMOL tools,
the docking pattern of the small molecule with 4COF protein is per-
formed and reported.
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INTRODUCTION

A number of synthetic methods have already been reported
in literatures for the preparation of magnetite nanoparticles.
Among them the co-precipitation technique is possibly
the simplest and most competent chemical pathway to obtain
magnetite nanoparticles. The main advantage of the co-
precipitation process is that it can be easily scaled up for bulk
preparation. However, the control of particle size distribution
is limited, because only the kinetic factors control the growth
of the crystal. Size controlled magnetite nanoparticles of range
10-40 nm were prepared through co-precipitation method
[1-3]. The magnetite nanorods with anisotropic property have
been synthesized by reverse co-precipitation technique with
the support of magnetic field. The magnetic fluid has been
synthesized from magnetite nanoparticles and hydrophilic
surfactant Tween 80 through co-precipitation for the appli-
cations in MRI and magnetic fluid hyperthermia. In the co-
precipitation process, two stages are involved (i) a short burst
of nucleation occurs when the concentration of the species
reaches critical super saturation and (ii) slow growth of the
nuclei by diffusion of the solute to the surface of the crystal.
To produce monodisperse iron oxide nanoparticles, these two
stages should be separate, i.e., nucleation should be avoided
during the period of growth [4-7].

The magnetite nano crystals of size 2-4 nm can be
synthesized by a chemical co-precipitation method in which
the particle size was controlled by the reaction temperature
[7-13]. The mechanism of the first stage of formation of
magnetite nanoparticle synthesized by chemical precipitation
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technique and the rate of nanoparticle formation is high in its
initial period of time and then found decreasing due to the
decrease in the number of combining molecules in the solu-
tion. Thus the rate of nanoparticle growth depends on its size
because the mean size of nanoparticles depends on the physical
properties of the medium (viscosity, temperature, etc.) [14-
17]. Magnetite particles with an average size of 39 nm and good
monodispersity have been synthesized by co-precipitation at
70 °C from ferrous Fe2+ and ferric Fe3+ ions by a tetra methyl
ammonium hydroxide solution, followed by hydrothermal
treatment at 250 °C. Further this report explains the conversion
of magnetite to other iron oxide phases at elevated temperature
[18,19]. Hence the above reports show that the synthesis of
magnetite nanoparticles by co-precipitation technique can be
achieved only by adding organic stabilizer or tedious reaction
setup. In this work the pure magnetite nanoparticles were
prepared by using inorganic precursors with facile chemicals.

EXPERIMENTAL

The magnetite nanoparticle is prepared by using analy-
tical grade of iron(II) perchlorate [Fe(ClO4)2, Alfa Aesar] and
iron(III) perchlorate [Fe(ClO4)3, Sigma Aldrich] as iron pre-
cursor solution in the 1:2 M ratio, respectively. Sodium
hydroxide (1 M, Fisher India) is used to maintain the pH of
the solution to be 9. Water utilized in the experiments was
Milli-Q (Millipore) deionized water. Septum sealed twin neck
100 mL round bottom flask is employed as a reaction container
and it was maintained in an inert atmosphere by an argon
balloon to prevent the oxidation of magnetite to maghemite
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conversion during the process. Both the iron precursor solutions
were added in equal amount of 10 mL each and stirred with
magnetic pellet. The colour of the solution was monitored till
turns into yellow colour. The pH of the reaction is increased
by adding 10 mL of 1 M NaOH dropwise using a syringe.
With continuous stirring for 10 min, the solution turns
into black colour colloidal which indicates the formation of
magnetite nanoparticle. The black colour colloidal solution
was washed with water for several times to remove the
unreacted excess of alkali, carefully dried and used for further
characterization. To optimize the formation of magnetite
nanoparticle the process has been carried out with different
temperatures such as 30, 40 and 50 °C.

RESULTS AND DISCUSSION

The co-precipitation technique is the simplest possible
method and most competent chemical pathway to obtain
magnetite nanoparticles. Magnetite nanoparticles are usually
prepared by ageing a mixture of ferrous and ferric perchlorate
salts in aqueous medium. In this co-precipitation process, the
chemical reaction has been deduced by the following stoichio-
metric equation (eqn. 1) which represents the formation of
magnetite nanoparticles from 1:2 mixture of Fe2+ and Fe3+.
The pH of solution is attuned to 9 by adding 1 M NaOH solution.

Fe2+ + 2Fe3+ + 8OH– → Fe3O4 + 4H2O (1)

The present work is based on the combination of iron(II)
perchlorate and iron(III) perchlorate as a (precursor) formu-
lating materials for the preparation of magnetite nanoparticles.
This co-precipitation reaction is represented in eqn. 2.

Fe(ClO4)2 + 2Fe(ClO4)3 + 8NaOH →
Fe3O4 + 4H2O + 8Na(ClO4) (2)

To optimize the size and shape of the nanoparticle the co-
precipitation reaction has been regulated with two different
parameters like temperature and concentration of iron pre-
cursor solution.

X-ray diffraction studies: The coprecipitation reactions
are carried out at different temperatures viz., 30, 40 and 50 °C
and the corresponding X-ray diffraction data are depicted
in Fig. 1(a-c), respectively. The X-ray diffraction pattern of
magnetite nanoparticle (Fig. 1b) prepared at 40 °C showed a
slight variation as compared to magnetite nanoparticle prepared
at 30 °C. The intensity of the peak for plane 311 is reduced for
magnetite nanoparticle synthesized at 40 °C which is the typical
diffraction for magnetite. The particle size of magnetite
nanoparticle corresponding to the most intense peak of 311
plane (2θ = 35.43) is found to be 98 nm. The particle sizes
were calculated by using Debye Scherrer equation (eqn. 3)
and the result is consistent with the scanning electron micro-
scopic results.

D = 0.98λ/β cos θ (3)

where, β = Xdiff × π/180.
X-ray diffraction for magnetite nanoparticle prepared at

50 °C [Fig. 1(c)] showed the peak found at 2θ = 75° representing
the maghemite diffraction associated with the magnetite peaks.

The result reveals that during the co-precipitation reaction,
the oxidation of magnetite into the most thermodynamically
stable iron oxide forms of maghemite has occurred at 50 °C.
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Fig. 1. XRD patterns of magnetite nanoparticle synthesized at various
temperatures in 1:2 M of iron(II) perchlorate and iron(III) perchlorate
(a) 30 °C, (b) 40 °C and (c) 50 °C

FT-IR spectral analysis: The FT-IR spectra of magnetite
nanoparticles synthesized by co-precipitation method at diffe-
rent temperatures 30, 40 and 50 °C were depicted in Fig. 2a-c.
The spectrum obtained for 30 °C shows the typical peak for
magnetite nanoparticles (Fig. 2a). The FT-IR spectrum acquired
for 40 and 50 °C show the high transmittance in the region of
1800-1200 cm-1 compared to the spectrum obtained for 30 °C
(Fig. 2b-c). Further the peak at 50 °C appeared at 900 cm-1

corresponds to the other iron oxide phases like maghemite
and hematite. Hence from the result it can be concluded that
at higher temperature (50 °C) the magnetite could oxidize to
its other iron oxide phases namely maghemite.
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Fig. 2. FT-IR spectra of magnetite nanoparticles synthesized at various tempe-
ratures in 1:2 M of iron(II) perchlorate and iron(III) perchlorate (a)
30 °C, (b) 40 °C and (c) 50 °C by co-precipitation method

Raman analysis: The influence of temperature on the
formation of magnetite nanoparticle has been evaluated by
means of Raman spectroscopy and the spectra are given in
Fig. 3a-c. The Raman spectrum of magnetite nanoparticle
synthesized at 40 °C shows the typical Raman active bands as
received magnetite. Further the increase of temperature to
50 °C leads to the formation of maghemite which is evident
from the characteristic peak of maghemite at 700, 500 and
350 cm-1 along with the magnetite peaks. Thus elevation of
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Fig. 3. Raman spectra of magnetite nanoparticles synthesized by co-precipi-
tation method at (a) 30 °C, (b) 40 °C and (c) 50 °C

reaction temperature results in the formation of maghemite.
Hence it is concluded that in the co-precipitation technique,
the optimum temperature for the formation of magnetite is 40 °C.

Vibrating sample magnetometer studies: Further the
M-H analysis has been carried out for the magnetite nano-
particles synthesized by co-precipitation at different tempe-
rature 30-50 °C and the hysteresis curves have been shown in
Fig. 4. MS value for the magnetite nanoparticle synthesized at
50 °C is 29.5 emu g-1 and magnetite nanoparticle prepared at
40 °C is 29 emu g-1. Hence increasing the temperature of the
co-precipitation reaction slightly varies the saturation magne-
tization value compared to the reaction carried out at 30 °C.
Further the existence of small coercivity confirms the ferro-
magnetic properties of magnetite nanoparticle.

Scanning electron microscopic analysis: The scanning
electron micrographs of the magnetite nanoparticle prepared
at an elevated temperature (40-50 °C) from 1 M concentration
of precursor solution have been shown in Fig. 5a-b. The tempe-
rature of the reaction has remarkable influence on the particle
distribution which can be evidenced by SEM micrographs.
The magnetite nanoparticle synthesized at 50 °C shows the
better particle distribution rather than at 40 and 30 °C.
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Fig. 4. VSM hysteresis curves of magnetite nanoparticles synthesized by
co-precipitation method at (a) 30 °C (b) 40 °C and (c) 50 °C

In co-precipitation technique, the effect of concentration
of iron precursors is optimized and it has been observed that
1:2 M ratio of iron(II) perchlorate and iron(III) perchlorate at
40 °C is the best among the other various conditions. Further
the effect of temperature shows the better particle distribution
but structural study shows the phase transformation of magnetite
to magnetite maghemite at elevated temperature 50 °C. The
overall SEM results show that the average size of the particles
exists as randomized and in the range of 70 to 336 nm. Hence
this technique is not efficient method for the synthesis of mono-
disperse nanoparticles.

Conclusion

The composition of iron(II) perchlorate and iron(III)
perchlorate media is best precursor for the preparation of mag-
netite nanoparticles. The size distribution of the nanoparticles
is controlled by optimizing the temperature of the reaction
medium. The optimum temperature for the synthesis of mag-
netite nanoparticles is 40 °C. At high temperature the magnetite
nanoparticles were transformed to the maghemite. It is evi-
denced by the Raman and FT-IR spectral studies. Further it is
confirmed by the X-ray diffraction studies. Scanning electron

Fig. 5. Scanning electron micrograph of magnetite nanoparticle prepared in 1:2 M of iron precursors at (a) 40 °C and (b) 50 °C

Vol. 29, No. 2 (2017) A Size Controlled Synthesis of Magnetite Nanoparticles in Pure Inorganic Medium  439



microscopic analysis provides an insight on the morphological
features of as-synthesized powders. The particle size has been
observed in the range of 80-150 nm and they are in uniform
size distribution.
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ABSTRACT 

 
The objective of water quality index calculation is to change complex water quality data into 

information that is understandable and useable by the public. In other word, water quality index is a tool used 
to summarize large amounts of complex, highly technical water quality data into a simple, easy-to-understand 
message. There are various water quality index calculation method developed in the world. The new index was 
applied to the sugar mill effluent and the results gave a quantitative picture for the water quality situation. 
Heber water quality index method has been successfully applied to measure water quality of effluent from 
sugar mill. The parameters analyzed were Temperature, pH, Total Solids, Turbidity, Dissolved Oxygen, 
Biochemical Oxygen Demand and Total Phosphate. The total HWQI values are in the range of 0.45-11.97. 
These values suggest that almost all the water samples collected during different months are bad in quality 
and must be treated before discharge. 
Keywords: Heber water quality index-1, total solids, turbidity, dissolved oxygen, biochemical oxygen demand, 
total phosphate. 
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INTRODUCTION 
 
Environmental pollution has become appreciable recently as it adversely affects human and the 

biosphere (Sabitha et al, 2009). Industrial wastes make the ground water polluted and unfit for human 
consumption (Nyroos, 1994). Chemical industries discharge tons of untreated effluents with heavy metals and 
toxic organic and inorganic pollutants into the ground water, making it poisonous for plants and living 
organisms (Gupta et al., 1997).In India, there are 369 sugar factories (Manohar Rao, 1987). Indian economy 
mainly depends on these industries which provide employment to large sectors. Tons of waste materials both 
organic and inorganic loads are released from sugar industries (Rajukkannu and Manickam, 1997). 

 
The effluents generated from Nizam Deccan Sugar factory at Bodhan, Nizamabad, District of Andhra 

Pradesh, India showed electrical conductivity between 1557-13050 µmhos/cm and higher BOD values 
(Dasarath et al., 2005). The studies proved that the water cannot be used for irrigation or human consumption. 
Studies of Nomulwar et al (2005)  on the sugar factory effluents revealed that most of the parameters such as 
colour, odour, total dissolved solids, chemical oxygen demand, total alkalinity, pH, temperature, phosphate 
and sulphate have exceeded ISI limits. The effluent contain high amount of total hardness, total dissolved 
solids, biological oxygen demand (BOD) and chemical oxygen demand (COD). 

 
The water quality standards and maximum pollution load for water body are framed by Total 

Maximum Daily Load (TMDL) regulations (Copeland 2002). Water quality index (WQI) is developed by 
regulatory agencies to indicate the quality of water in terms of water quality variables, such as dissolved 
oxygen (DO), conductivity, turbidity, total phosphorus, and fecal coliform, each of which has specific impacts to 
beneficial uses. 

 
The general WQI was developed by Brown et al., (1970) and improved by Deininger for the Scottish 

Development Department (1975). Overall index has been framed by Horton (1965). Water quality index 
provides sufficient information about the quality of water and proved to be effective tool. WQI is defined as a 
rating reflecting the composite influence of different water quality parameters (Atulegwu and Njoku, 2004). 

 
The following are the major objectives of this investigation: 
 

(a) To visit the sugar mill to collect important information regarding the nature of the effluent discharged. 
(b) To check whether the effluent discharged by the mill is properly treated or not. 
(c) To assess the quality of the collected water samples during different months using Heber Water Quality 
index (HWQI). 

 
The quality of water can be assessed using more than 35 parameters. As it is difficult to analyze all the 

parameters, important seven parameters related to climatic conditions are taken into consideration for 
framing new, effective and successful water quality index. Heber Water Quality index (HWQI) is a novel 
method to determine the quality of water (Rajendran et al., 1999). The parameters considered for calculating 
Heber Water Quality index (HWQI) are temperature, pH, total solids, turbidity, Dissolved Oxygen, Biochemical 
Oxygen Demand and total phosphate. 
 

MATERIALS AND METHODS 
 
Ground water forms the source for drinking and domestic usage in India. It becomes important to 

formulate a method which is reliable and cost effective to analyze water and predict the usability (Rajendran 
et al., 1999). The important parameters which determine the water quality as prescribed by National 
Sanitation Foundation (NSF) of USA, are temperature, pH, total solids, turbidity, Dissolved Oxygen, Biochemical 
Oxygen Demand and total phosphate. Analysis of these parameters provide weighing curve values (Q-values) 
and weightage factor from which the water quality index is determined.  

 
Ground water quality can be assessed using new water quality index. Temperature is an important 

parameter from which other data such as density, viscosity can be calculated. It also affects the chemical and 
biological reactions of organisms in water. Temperature variation causes depletion of oxygen dissolved in 
water, changes in taste and odour and also affects the rate of photosynthesis.  
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Temperature change and phosphate are not usually considered as pollutants as they change 
according to the climatic conditions (Rajendran et al., 1999). Since India is a tropical country, the variation in 
temperature of aquatic system is high. The contribution of thermal power plants to temperature change is also 
minimal. Hence the parameter gains less importance in calculating the index (Rajendran et al., 2000). Heber 
Water Quality Index (HWQI) makes use of the seven parameters namely temperature, pH, total solids, 
turbidity, Dissolved Oxygen, Biochemical Oxygen Demand and total phosphate (Kumar et al., 1993). The Heber 
Water Quality Index (HWQI) is formulated by arranging the seven parameters in decreasing order of 
importance with scores of 0-9 from low (0) to high value (9) and weighing curve value is assigned to each 
parameter.  
 
Sampling station 

 
Water samples were collected from sugar mill. Seven Water quality parameters for calculating HWQI 

were analyzed.  
 
From the effluent discharge stream of sugar mill, the effluent samples were collected in 2 litre 

polythene can (Rainwater et al., 1960). The bottles for sample preservation were thoroughly cleaned by rinsing 
with 8M Nitric acid solution, distilled water, double distilled water and effluent samples. It was stored in a 
refrigerator at temperature approximately 4ºC, after adding the necessary preservatives, (APHA, 1985). 
Preservatives are added to retard biological action. These samples were used for analysis of water quality 
parameters such as turbidity (AOAC, 1998), pH, temperature, total solids, (APHA, 1985; Jeffery et al., 1996), 
BOD and DO (USEPA, 1986; Young et al., 1981) and total phosphate (APHA, 1998). 

 
The percent saturation chart was used to determine the dissolved oxygen present in water at a given 

temperature. A straight line joining the water temperature of the sample site and the dissolved oxygen in mg/l 
is drawn. The percent saturation at the intercept on the sloping scale was recorded.  
 
Procedure for determining Q-value 

 
The test value line intersects the weighing curve and a horizontal line was drawn to the “Y “axis which 

is the point of intersection Q-value. It was recorded in the table. The weighing curve value (i.e., Q- value) for 
each test was multiplied by the weighing factor listed in the table for a particular test. Similarly, the weighing 
factors for different parameters such as pH, turbidity, BOD and total phosphate (according to HWQI) were 
determined. The overall water quality index (WQI) for the sampling station during different months was 
determined by adding the total of the seven test results.  

 
The weighing factor for the parameters was given in table 2. The overall HWQI values were calculated 

to be 39.37 (Table 3) during October, 38.69 (Table 4) during November, 24.79 (Table 5) during December, 
23.48 (Table 6) during January, 23.73 (Table 7) during February and 23.83 (Table 8) during March respectively 
which indicates that the effluent are bad during October and November whereas it is very bad during 
December, January, February and March as given by the quality rating table 1.  
 

Table 1: Quality Rating 
 

Range Quality 

90-100 Excellent 

70-90 Good 

50-70 Medium 

25-50 Bad 

0-25 Very Bad 
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Table 2: Weighing Factor for parameters 
 

S.NO. Parameter Weighing Factor 

1 pH 0.117 

2 Turbidity 0.09 

3 BOD 0.126 

4 DO 0.133 

5 Temperature - 

6 Total solids 0.09 

7 Total Phosphate 0.1 

 
Table 3: Heber Water Quality Index (HWQI) during October 

 

S.NO. Parameter Test Result Q-Value HWQI Weighing 
Factor 

Total 

1 pH 7.3 93 0.117 10.88 

2 Turbidity (NTU) 2.8 91 0.09 8.19 

3 BOD (mg/l) 59 5 0.126 0.63 

4 DO (mg/l) 84% 90 0.133 11.97 

5 Temperature ̊C 25 16 - - 

6 Total solids (mg/l) 1908 20 0.09 1.80 

7 Total Phosphate (mg/l) 0.522 59 0.1 5.9 

HWQI = 39.37 

 
Table 4: Heber Water Quality Index (HWQI) during November 

 

S.NO. Parameter Test Result Q-Value HWQI Weighing 
Factor 

Total 

1 pH 7.2 92 0.117 10.76 

2 Turbidity (NTU) 2.6 91 0.09 8.19 

3 BOD (mg/l) 51 5 0.126 0.63 

4 DO (mg/l) 71% 76 0.133 10.11 

5 Temperature ̊C 24.8 16 - - 

6 Total solids (mg/l) 1687 20 0.09 1.80 

7 Total Phosphate (mg/l) 0.391 72 0.1 7.2 

HWQI = 38.69 

 
Table 5: Heber Water Quality Index (HWQI) during December 

 

S.NO. Parameter Test Result Q-Value HWQI Weighing 
Factor 

Total 

1 pH 7.6 92 0.117 10.76 

2 Turbidity (NTU) 100 17 0.09 1.53 

3 BOD (mg/l) 153 5 0.126 0.63 

4 DO (mg/l) Nil 2 0.133 0.27 

5 Temperature ̊C 24.5 16 - - 

6 Total solids (mg/l) 839 20 0.09 1.80 

7 Total Phosphate (mg/l) 0.055 98 0.1 9.8 

HWQI = 24.79 
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Table 6: Heber Water Quality Index (HWQI) during January 
 

S.NO. Parameter Test Result Q-Value HWQI Weighing 
Factor 

Total 

1 pH 7.8 90 0.117 10.53 

2 Turbidity (NTU) 118 5 0.09 0.45 

3 BOD (mg/l) 159 5 0.126 0.63 

4 DO (mg/l) Nil 2 0.133 0.27 

5 Temperature ̊C 26.7 14 - - 

6 Total solids 
(mg/l) 

873 20 0.09 1.80 

7 Total Phosphate 
(mg/l) 

0.062 98 0.1 9.8 

HWQI = 23.48 

 
Table 7: Heber Water Quality Index (HWQI) during February 

 

S.NO. Parameter Test Result Q-Value HWQI Weighing 
Factor 

Total 

1 pH 7.4 93 0.117 10.88 

2 Turbidity (NTU) 126 5 0.09 0.45 

3 BOD (mg/l) 167 5 0.126 0.63 

4 DO (mg/l) Nil 2 0.133 0.27 

5 Temperature ̊C 26.5 14 - - 

6 Total solids (mg/l) 966 20 0.09 1.80 

7 Total Phosphate (mg/l) 0.065 97 0.1 9.7 

HWQI = 23.73 

 
Table 8: Heber Water Quality Index (HWQI) during March 

 

S.NO. Parameter Test Result Q-Value HWQI Weighing 
Factor 

Total 

1 pH 7.5 93 0.117 10.88 

2 Turbidity (NTU) 115 5 0.09 0.45 

3 BOD (mg/l) 147 5 0.126 0.63 

4 DO (mg/l) Nil 2 0.133 0.27 

5 Temperature ̊C 26.9 13 - - 

6 Total solids (mg/l) 897 20 0.09 1.80 

7 Total Phosphate (mg/l) 0.052 98 0.1 9.8 

HWQI = 23.83 

 
RESULTS AND DISCUSSION 

 
Dissolved oxygen is one of the most important parameters in water quality assessment and reflects 

the physical and biological processes taking place in it. The dissolved oxygen means oxygen is in dissolved state 
obtained by absorption from the atmosphere. It keeps water fresh and its depletion is a signal severe 
pollution. Most aquatic plants and animals need a certain level of oxygen dissolved in the water for survival. 
Dissolved Oxygen was mostly affected by chemical effluents as seen in the present study. The percent 
saturation level of DO was 84% and 71% during October and November whereas it became 0% during 
December to March (working season).   

 
The much of dissolved oxygen is consumed in waters of high BOD as Biochemical Oxygen Demand and 

Dissolved Oxygen are inversely related. Low BOD values (59 and 51 mg/l) were recorded during October and 
November where the DO was 84% and 71%. When the BOD reached high values of 153 mg/l, 159 mg/l, 167 
mg/l and 147 mg/l during December to March, the corresponding DO values were zero. 



ISSN: 0975-8585 

November–December 2018  RJPBCS 9(6)  Page No. 577 

 
pH is the measure of the intensity of acidity or alkalinity and measures the concentration of hydrogen 

ions in water. Depending upon the nature of the dissolved salts and minerals in water, it may be alkaline or 
acidic. For potable water, pH value should be between 6.5 and 8.5 and for public water supplies, the pH value 
cause tuberculation and corrosion. The higher values cause incrustation, sediment deposition, difficulty in 
chlorination and other ill-effects on the human using the water. The pH value is very important in industries 
since many chemical and Biochemical reactions take place at low pH value or high range of pH value. The 
control of pH value is particularly much important in the chemical flocculation or trade wastes, treatment by 
digestion of sewage sludges and of trade wastes. As for as the pH parameter is concerned the effluent is 
slightly alkaline which will not harm the aquatic system.  

 
The high total solids and turbidity might be due to the fact that the effluent was rich of some 

sulphates and chlorides. The total phosphorus of the effluent was very high during all the seasons which 
exceeded the standard limit of 0.0326 mg/l. It will stimulate the growth of algae and other aquatic plant forms, 
leading to a condition called “Eutrophication”. “Eutrophication” is a condition where a water body becomes 
loaded with nutrients and dissolved solids with a decrease in the transparency of the water column which in 
turn reduces the DO in water and light penetration. 
 

CONCLUSION 
 
 The overall water HWQI values for samples collected during different months were 28.98. This 
indicates that the quality ranking of the effluent was very bad. It poses serious threat to the environment. This 
method was found to be more suitable, reliable, less time consuming and less consumption of chemicals. From 
the data obtained by the analysis of the effluent taken from the sugar mill during different seasons, it was 
found that total HWQI value was 28.98 which suggest that the quality of the effluent was very bad. Based on 
the above findings and reasons, it was concluded that effective measures are to be taken before discharging 
the effluent into ground water system. In a developing country like India people especially living in semi urban 
area depend mostly on ground water for their drinking and other domestic uses. 
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Abstract 

Human body creates antioxidants to neutralize the free radicals which were 

produced in the body to destroy bacteria and viruses. Due to the increase in 

environmental toxins, the body is incapable of producing ample antioxidants. 

Citrus fruits loaded with high antioxidants supply the necessary antioxidants to get 

rid of these free radicals. The present study was undertaken to analyze the ascorbic 

acid content of the following fruits: cherry (Muntingia calabura), goose berry 

(Phyllanthus emblica), grapes (Vitis vinifera) and orange (Citrus sinensis). Vitamin c 

tablets were also analyzed for antioxidant content. Numbers of moles of 

antioxidant present in various fruits were analyzed using redox titration with 

Iodine and Indophenol method. The number of moles of antioxidant per 100 gm 

using redox titration was 0.0167, 0.056, 0.1725, 0.0645 and 70.5 for cherry, 

grapes, gooseberry, orange and vitamin C tablet, respectively and using 

Indophenol method were 0.3182, 0.0775, 0.0850, 0.0875 and 30.0000, 

respectively. The results of the analysis carried out on the fruits indicate that all the 

fruits contain ascorbic acid and in turn antioxidising activities at varied levels. As 

Vitamin C is rich in antioxidants, it is recommended to take cherry, grapes, 

gooseberry or orange in small quantity per day to fulfill the antioxidant 

requirement. Since overdose of ascorbic acid leads to nausea and diarrhea, it is 

recommended to adhere to natural fruits. Hence, it is preferable to take 3-70 gm of 

cherry or 15-20 gm of grapes or 7-14 gm of gooseberry or 13-20 gm of orange per 

day. This will enable the human free from diseases and to lead a healthy life. 

Keywords: Free radicals, Cherry (Muntingia calabura), Goose berry (Phyllanthus 

emblica), Grapes (Vitis vinifera), Orange (Citrus sinensis). 
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ABSTRACT 

Water samples were collected from the chemistry laboratory. Daily lab discharge water 

was collected for one week. Water sample was treated by biosortion technique using Ocimum 

sanctum, Cymbopogon citratus (Lemon Grass) and Aloe barbadensis miller. The water analysis 

was carried out before and after treatment. 35 physico-chemical parameters were analyzed. pH, 

electrical conductivity, total dissolved solid and total hardness were reduced to permissible 

limits. Percentage of reduction was high in sodium, calcium, magnesium, bicarbonate and 

chloride. The decrease in carbonates, bicarbonates, nitrates, chloride, sulphate and phosphate 

were high. Even though the concentration of trace metals was low, the biosorption had reduced 

the concentration further. It was evident from this work that Ocimum sanctum, Cymbopogon 

citratus (Lemon Grass) and Aloe barbadensis miller could be efficiently used for treating 

laboratory waste water.  

Keywords: Aloe barbadensis miller, biosortion, Cymbopogon citrates, Ocimum sanctum, total 

dissolved solid. 

I. INTRODUCTION 

Every natural response happen in water and it is the coordinated arrangement of organic 

metabolic responses in a fluid arrangement that is fundamental for the support of life. Human 

beings rely on water in one manner or other. It might be noticed that man's initial home and 

human advancement jumped up along the banks of waterways. In spite of the fact that the 

outside of our planet is about 71% water, just 3% of it is new. Of these 3% about 75% is tied up 
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in icy masses and polar ice sheets, 24% in groundwater and 1% is accessible as new water in 

streams, lakes and lakes appropriate for human utilization [1]. 

India faces a serious threat due to water pollution. Nearly 70% of surface water resources 

and groundwater reserves are contaminated by tones of various pollutants. These resources 

become unsafe for human consumption as well as for other activities. Because of the degradation 

of water quality, it will lead to water scarcity. In India, the Central Pollution Control Board 

(CPCB) in the year 1995 predicted that 18 major rivers are severely polluted. All these rivers run 

through urban area [2]. 

Wastes created in households, sewage, effluents from industries and agriculture run off 

pollutes the water resources. These wastes are loaded with chemicals and toxic substances which 

affect animals, plants and human beings. Solid wastes dumped in rivers and lakes affect the 

aquatic life. Due to the spilling of oil in sea pollutes the water becomes toxic for aquatic lives. 

Iron coagulants are ferric sulphate (Fe2 (SO4)3), ferrous sulphate (FeSO4) and ferric 

chloride (FeCl2). Iron compounds are generally cheaper, produce a heavier flocculent and 

perform over a wider pH range than aluminium coagulants. However, iron coagulants are not 

used as much as aluminium due to staining equipment, corrosiveness, and they require more 

alkalinity than alum. 

Although water treatment chemicals are effective and used worldwide, scientific 

evidence shows that exposure to chemicals during coagulation with metal salts could be 

associated with adverse health effects [3]. Aluminium, which is the major component of 

aluminium sulphate (alum), polyaluminium chloride (PAC) and polyaluminium silica sulphate 

(PASS), could induce Alzheimer’s disease and other similar related problems that are associated 

with residual aluminium in treated water [4]. 

It becomes important to pursue research for effective, more cheap and economic way of 

treating water using natural adsorbents. Hence the present work is carried out using Ocimum 

sanctum, Cymbopogon citrates and Aloe barbadensis to treat waste water from laboratory and 

paving way for reuse of lab water for domestic purposes. 
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II. MATERIALS AND METHODS 

Water samples are collected from the Chemistry laboratory of Sadakathullah Appa 

College. Daily lab discharge water is collected for one week. Sample was preserved by addition 

of sulphuric acid to pH < 2 (USEPA 600/4-82/029) and stored in refrigerator. Water sample was 

treated by biosortion technique using Ocimum sanctum, Cymbopogon citratus (Lemon Grass) 

and Aloe barbadensis miller. The leaves of Ocimum sanctum and Cymbopogon citratus (Lemon 

Grass) were collected and dried along with the gel of Aloe barbadensis miller. Then dried 

content were powdered. The weighed 5g powder was kept in muslin cloth and packed. This 

packet was put in the one litre water sample and then tightly closed. This set up was kept 

undisturbed for one week. After one week this sample is filtered and again the physico-chemical 

parameters were analyzed.  

The following physico-chemical parameters such as pH, electrical conductivity, total 

dissolved solids, salinity, total hardness, sodium, calcium, potassium, magnesium, bicarbonate, 

carbonate, chloride, sulphate, nitrate, phosphate and fluoride [5,6] were determined before and 

after treatment of water. 

III. RESULTS AND DISCUSSION 

The waste water collected from the laboratory was soaked with Ocimum sanctum, 

Cymbopogon citratus (Lemon Grass) and Aloe barbadensis miller. The water analysis was 

carried out before and after treatment and was tabulated in table 1 and represented in figure 1. 

The waste water was also analyzed for trace metals such as lead, arsenic, beryllium, 

cadmium, vanadium, chromium, nickel, molybdenum, silver, strontium, barium, rubidium, 

copper, iron, zinc, manganese, aluminium, cobalt, selenium and antimony before and after 

treatment of water. The results were tabulated in table 2 and represented in figure 2.   

pH level of laboratory water was above 8.5 which indicate that a high level of alkanity 

and minerals were present. High pH causes many problems such as 

 Scale build up on fixtures and shower doors. 

 Reduced water flow. 

 Scale accumulation at the bottom of tank water heater.  
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 Bitter taste. 

On treatment with Ocimum sanctum, Cymbopogon citratus (Lemon Grass) and Aloe 

barbadensis miller pH level was decreased and lies within the permissible level of 7.34 which is 

very much near to neutral pH. TDS permissible limit for domestic water was less than 300 mg/L. 

The laboratory water showed 20 times more than the allowed limit. The treatment made an 

effective purification of waste water and the TDS level fell to 50 mg/l. The value was reduced by 

99% from the before treatment value. A high level of TDS creates health problems in human. 

The presence of potassium, sodium and chloride increase the TDS level in water.  

The present study showed electrical conductivity of 11,280 and 74 μS/cm for waste water 

and treated water respectively. The permissible limit for EC must be less than 400 μS/cm.  The 

treated water indicated that the value was decreased by greater extent. High electrical 

conductivity was due to dissolved substances and the presence of heavy metals. These substances 

affect the aquatic life system when discharged untreated. 

The total hardness of the waste water was found to be three times more than the 

prescribed limit of 0- 60 mg/l. The value was declined to 19 mg/l after treatment with 

bioadsorbent. The hardness was well below the limiting value. The classification of water based 

on hardness was given in the table 3. 

 Based on the classification, the untreated very hard water had been changed to soft water 

after treatment. Hard water can cause the following effects: 

 Reduce the life of equipment,  

 Raise the costs of heating the water,  

 Lower the efficiency of electric water heaters, and clog pipes. 

The permissible limit for sodium in domestic water was 30- 60 mg/l. The untreated water 

exhibited 652 mg/l and the treated water had 62 mg/l. Although the treated water exceeds the 

limit, there was 90% reduction in the value. The level of calcium was reduced to 23 mg/l when 

treated with bioadsorbents which was below the permissible limit of 40- 80 mg/l. The potassium 

and magnesium levels were highly reduced from 56 mg/l to 6 mg/l and 562 mg/l to31 mg/l 

repectively. 94 % decline in magnesium values was observed. The classification of water based 
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on magnesium was tabulated in table S4. Based on magnesium level, the waste water was graded 

as very hard which had been modified to slightly hard. 

The carbonate and bicarbonate levels reached 101 mg/l and 0 mg/ l from 3 mg/l and 333 

mg/l respectively. The levels of carbonate and bicarbonate represent the alkalinity of the 

samples. When these salt increases, the usage of such water creates health issues. 

Chloride and sulphate amounts were reduced by 77% and 85% respectively. The amount 

of nitrate, phosphate and fluoride also showed slight decrease. Phosphorus is an essential 

element for plant life, but when there is too much of it in water, it can speed up eutrophication (a 

reduction in dissolved oxygen in water bodies caused by an increase of mineral and organic 

nutrients) of rivers and lakes. This method using can be used to prevent those conditions. 

Even though the concentrations of lead, arsenic, vanadium, nickel, strontium, barium, 

cobalt, selenium and antimony were very low, the bio-adsorbents were able to further reduce 

these amounts. Manganese, iron, copper, and zinc are essential micronutrients. When the 

concentrations of these elements increase, it creates serious threats to the environment. The 

bioadsorbents can effectively used to reduce the concentrations of micro nutrients and also trace 

elements. Concentration of beryllium and nickel were decreased to permissible limit. Similarly 

the concentrations of silver and molybdenum were declined below the limiting value of 0.2- 

0.3µg/l and < 10 µg/l respectively. Also aluminium concentration was reduced from 0.23 mg/l to 

0.15mg/l. 

The flavinoids and tannins present in Cymbopogon citratus provide antibacterial effect 

against gram positive bacteria. Quercitin and tannic acid contained in Cymbopogon citratus has 

efficacious effect against P. Aeruginosa [7]. In addition to antibacterial activity, Cymbopogon 

citratus possess antiamoebic, antifilarial and antifungal properties [8]. Studies reveal that 

aromatic grasses such as lemon grass, vetiver and palmarosa are used for phytoremediation of 

heavy metal contaminated sites. Also, Ocimum, Methe and Lavender help to remove metals [9]. 

Cymbopogon citratus is used to reclaim the toxic copper tailings [10]. Lead can be conveniently 

removed from waste water using lemon grass [11].  

 The effective bioadsorbtion capacity of lemon grass for metals such as lead, cadmium and 

zinc is proved by Hassan et al., [12]. Cymbopogon citratus is an efficient accumulator of 
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aluminium, zinc, cadmium, lead, chromium, arsenic and nickel [13,14]. The efficient biosorption 

of iron and lead using Ocimum sanctum is studied which revealed that alcohol, carboxylamino 

and sulphonic groups play significant role in biosorption [15]. The high phenolic contents in 

these medicinal plants pave way for removal of metals due to high metal chelation potential [16]. 

Ocimum sanctum is considered as queen of herbs as it shows antiviral, antioxidative and 

antimicrobial properties [17].             

 Aloe barbadensis miller is a hyper accumulator of chromium, copper, nickel, cadmium 

and lead [18]. Rai et al., [19] confirmed that aloe vera can be effectively used for the biosorption 

of potassium, sodium, calcium, magnesium, phosphorus, iron, copper, zinc, cadmium and lead. 

The surface studies of Aloe barbadensis miller is being carried out by Malik et al., in 2015 [20]. 

They showed that carboxyl group, hydroxyl group and carbonyl group are present on the surface. 

The mechanism for the removal of metals is that the electrostatic attraction between charged 

groups in cell wall and metals in the pH range of 1.0 to 4.0 [21]. At this pH range, ionic 

exchange will be the reason for the removal of metals and at high pH, the removal is possible by 

means of precipitation. High potential of antiviral, antibacterial and antifungal properties are 

shown by Aloe barbadensis miller [22,23].   

 The main reaction involved in metal removal in these plant leaves are chemical reaction 

between functional groups on the surface of adsorbent and metals which forms metal- organic 

complexes. When the pH varies, other possible mechanisms of diffusion, bulk transport in liquid 

phase and mass transport processes occur. The biosorption of Cymbopogon citratus for the 

metals are in the order Zn (II) > Cd (II) > Pb (II) [24]. The metal removal efficiency of Ocimum 

sanctum for iron is 73.62% and that of lead is 95.63%.  When Aloe barbadensis miller along 

with coconut husk is used for metal removal, the efficiency is found to be 99.99% for lead, 

86.41% for zinc, 91.97% for nickel and 93.21% for copper [25]. Different bioadsorbents show 

different removal efficiency for various metals. Hence the combination of these bioadsorbents 

will produce effective results. So, the three plant species are chosen to effect maximum removal 

of metals and to incorporate antimicrobial activities.  
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Conclusion 

The increasing population and the demand for underground water have created awareness 

for rain water harvesting and search of new techniques to reuse waste water. This methodology 

of using Ocimum sanctum, Cymbopogon citratus (Lemon Grass) and Aloe barbadensis miller for 

purification of most polluted laboratory waste water was cost effective and efficient. It can be 

applied to purify any water and the water can be used for domestic purpose. The proposed work 

can be extended to large scale waste water purification by constructing water tank made with 

three layers of sand and pebbles, sand and ceramic membrane coated with Ocimum sanctum, 

Cymbopogon citratus (Lemon Grass) and Aloe barbadensis miller leaf powders.  
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TABLE 1: Physico-chemical parameters of waste water collected from laboratory 

before and after treatment 

S. No. 
Physico-chemical 

parameters 

Value before 

treatment 

Value after 

treatment 

Standard 

value 

1 pH 8.55 7.34 7.0-8.0 

2 TDS mg/L 7400 50 Less than 300 

3 EC µS/cm 11280 74 < 400 

4 
Total hardness 

mg/L 
270 19 0-60 

5 Sodium mg/L 652 62 30-60 

6 Calcium mg/L 159 23 40-80 

7 Potassium mg/L 56 9 - 

8 Magnesium mg/L 562 31 17.1-60 

9 Bi carbonate mg/L 333 101 - 

10 Carbonate mg/L 3 0 Below 60 

11 
Chloride  888 201 >250 

12 Sulphate  651 89 1-770 

13 Nitrate  10 7 10 

14 
Phosphate  6 2 0.5 -1.5 

15 
 Fluoride  0.8 0.6 - 
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TABLE 2: Trace metals in waste water collected from laboratory before and after 

treatment. 

S. No. Trace metals 
Values before 

treatment mg/L 

Values after 

treatment mg/L 

 

Standard 

value 

 

 

1 Lead 0.006 0.001 400ppm 

2 Arsenic 0.23 0.16 0.05mg/L 

3 Beryllium 0.13 0.009 0.01µg/L 

4 Cadmium 0.33 0.02 0.005mg/L 

5 Vanadium 0.001 0 5.1µg/L 

6 Chromium 0.42 0.12 0.1mg/L 

7 Nickel 0.12 0.003 100-400µg/L 

8 Molybdenum 0.002 0 <10µg/L 

9 Silver 0.23 0.11 0.2-0.3µg/L 

10 Strontium 0.0001 0.0001 7.0mg/L 

11 Barium 0.001 0.001 2.0mg/L 

12 Rubidium 0.002 0.002 - 

13 Copper 0.13 0.05 <30mg/L 

14 Iron 0.23 0.12 1-3mg/L 

15 Zinc 0.45 0.14 
0.01-

0.05mg/L 

16 Manganese 0.56 0.12 <300µg/L 

17 Aluminum 0.23 0.15 - 

18 Cobalt 0.002 0 0.02-53.2µg/L 

19 Selenium 0.003 0.003 0.06µg/L 

20 Antimony 0.002 0.001 0.1-0.2µg/L 

TABLE 3: Classification of water based on hardness 

S. No.  Classification Hardness in mg-CaCO3/L 

1 Soft 0-60 

2 Moderately hard 61-120 

3 Hard 121-181 

4 Very hard ≥ 181 
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TABLE 4: Classification of water based on magnesium level. 

Classification Magnesium level (mg/L) 

Slightly hard 17.1-60 

Moderately hard 60-120 

Hard 120-180 

Very hard 180 & over 

 

Fig. 1: Variation of physico-chemical parameters of laboratory waste water before and 

after treatment 

  

 

 

 

 

 

 

 Fig. 2: Trace metals in waste water collected from laboratory before and after 

treatment. 
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ABSTRACT 

Green technique for the reduction of graphene oxide is utterly important on account of its 

industrial application. The available methods involve the use of hydrazine which is a very 

harmful chemical. Hence an eco-friendly method is to be suggested for producing reduced 

graphene oxide. The current study paves way for efficient, cost effective and greener synthesis 

of reduced graphene oxide using waste materials. The peels of Solanum tuberosum which is rich 

in polysaccharides are utilized for the reduction and stabilization of reduced graphene oxide. The 

extracted polysaccharides are tested and used for the reduction. The reduced graphene oxide is 

characterized using UV-Visible spectroscopy. The red shift of the spectrum to 274 nm and peak 

at 300 nm confirms the formation of reduced graphene oxide. 

Key words: graphene oxide, polysaccharides, Solanum tuberosum, red shift, reduced graphene 

oxide. 

I. INTRODUCTION 

Graphene, graphene oxide and their derivatives is currently the subject of a great deal of 

research, both in terms of their fundamental physical, chemical, and materials science properties, 

as well as the exciting promise of their practical applications in diverse fields [1]. The tuning of 

defects in graphene based materials is of interest for application in several areas. The remarkable 
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potential of graphene-based technologies has prompted researchers to explore several areas of 

application centered on the controlled reduction of graphene oxide to varying degrees and 

consequently also a partial restoration of its network system [2].  

 Graphene has wide applications in the industries. It is very difficult to prepare graphene 

in pure form and in large quantity. The reduction of graphene oxide which is hydrophilic to 

reduced graphene oxide which is hydrophobic and similar in structure to graphene is easy [3]. 

Reduced graphene retains the hexagonal structure of graphene with sp
2
 hybridized carbon-

carbon bonds with all the functional groups removed.  

Reduced graphene oxide with similar structure to graphene has wide range of 

applications. Reduced GO is preferable over graphene, because of the ease of production and 

low cost [4]. Bulk quantities can be produced at cheaper cost. The methods involved in the 

reduction of graphene oxide to reduced graphene are chemical reduction, thermal reduction, 

solvothermal, photolytic, hydrothermal and microwave irradiation. There are advantages and 

disadvantages involved in each process [5].  

The sheets of graphene oxide sheets are insulating with sheet resistance (Rs) of 1012 

Ω/sq. This is due to the presence of sp
3
 hybridized carbon cluster and other defects.  Reduction 

of graphene oxide can make it electrically conductive. Heat treatment of graphene oxide 

decomposes the oxygen functionalities and restores the sp
2
 carbon clusters which lead to higher 

electrical conductivity [6].   

Hence a greener, cost effective and easy method is to be designed for the bulk production 

of reduced graphene oxide. The present study involves an eco-friendly method utilizing the 

waste material for the production. Several nutritionally beneficial compounds were present in 
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Solanum tuberosum peels which can be utilized in many ways. The peel extract exhibits 

antioxidant property. Phenolic compounds are found predominantly (about 90%) in potato peels. 

Many researchers reported the presence of caffeic acid in Solanum tuberosum [7]. 

The peels also contain non-starch polysaccharides of about 30%. These polysaccharides 

show antioxidant properties. It exhibits radical scavenging activity and reducing capacity. 

Hence, it can be utilized in the reduction and stabilization of graphene oxide.  

II. MATERIALS AND METHODS 

Solanum tuberosum was obtained from a local market in Tirunelveli, Tamilnadu.  The 

adhered surface dust particles on the peels were removed by washing in tap water and then in 

distilled water. After washing, the peels were removed. The peels were dried at 50°C in an oven 

for 48 h and ground in a mixer grinder (Moulinex). It was then stored at room temperature (25 ± 

5◦C) until use. The methodology for the extraction of polysaccharides was done as suggested by 

Ding et al., (2012) with some modifications [8]. 

The peels (20 g) were mixed with 500 ml of distilled water in a 1 L flask, and boiled 

under reflux with a heating mantle. The solution was filtered and recovered after 4 hours. The 

extraction was repeated to ensure complete removal of polysaccharides. The filtrates obtained 

were combined and concentrated by means of a rotary evaporator maintained at 50°C under 

vacuum. Recovery of the polysaccharides was performed by ethanol precipitation for one night 

at -20°C, followed by centrifugation for 15 min at 5300xg. The polysaccharide was re-

solubilized in distilled water. A dialysis step against double-distilled water was carried out for 3 

days to remove inorganic salts, prior to freeze-drying for three days to obtain water-soluble 

polysaccharides [9, 10]. 
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Test for polysaccharides 

Iodine test 

1 ml of a given sample is taken in a clean, dry test tube. Control of 1ml of distilled water 

is taken in another tube. About 2-3 drops of Lugol’s solution is added to both the tubes and 

mixed in a vortex. The appearance of color in the test tube is observed. It is heated in the water 

bath until the color disappears. The test tubes are cooled. The appearance of color seen in the test 

tubes is noted. Appearance of blue black color indicates the presence of polysaccharides (starch) 

[11]. 

Reduction of graphene oxide 

1 g of graphene oxide powder was mixed with 5 g of polysaccharides and dissolved in 

250 ml water and stirred continuously for 72 hours. This process was done by using deionized 

water and centrifugation at 5000 rpm for 15 minutes.  The step was repeated twice along with 

ultrasonification of 10 minutes before every centrifugation to disperse sample in deionized 

water.  The product was dried in an oven at 80°C for 24 hours. 

Characterization 

 The dried powder was characterized using UV-Visible spectrophotomer. 
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III. RESULTS AND DISCUSSION 

A green method to reduce graphene oxide (RGO) was developed using polysaccharide 

obtained from Solanum tuberosum peels which acts as as both reducing agent and stabilizing 

agent. The reaction conditions are analyzed for optimum production of reduced graphene oxide 

and the product is characterized using UV-Visible spectrophotometer. Reduction of graphene 

oxide using polysaccharides obtained from waste proves to be an efficient and cost effective 

green methodology. The degree of reduction can be determined by λmax of UV–Visible spectrum. 

As conjugation increases, less energy is needed for π- π* transitions and the λmax value increases 

[12]. 

 The spectrum of graphene oxide has an absorption peak at 230 nm which is shifted to 

274 nm in reduced graphene oxide. This is red shift due to electronic configuration in reduced 

graphene oxide. The absorption peak at 230 nm is attributed to π- π* transition of aromatic C-C 

ring. The UV spectra of reduced graphene oxide on the other hand show the red shift at 274 nm. 

This absorption peak is due to n- π* transition of C-O bonds. The UV spectrum for graphene 

oxide and reduced graphene oxide are given in the figures 5.1 and 5.2 respectively.  

The optical absorption for graphene oxide appears at 230 nm corresponding to the π-

π* plasmon peak [13]. The nano meter scale sp
2
 clusters and chromophore units such as C=C, 

C=O and C–O are responsible for π-π* plasmon peak [11]. The conjugative effect of 

chromophore produces the π-π* plasmon peak for graphene oxide. n- π* transition of the 

carbonyl groups (C=O) appears as shoulder at 300 nm [14,15, 16]. 

The red shift to 274 nm suggests the presence of conjugation followed from graphene 

oxide after reduction. The peak at 300 nm in reduced graphene oxide results from the removal of 

oxygen. The change in color of the solution from brown to black also indicates the formation of 

reduced graphene oxide. Conventional methods involve the use of hydrazine which is very 
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harmful. This greener methodology provides cost effective route for the reduction of graphene 

oxide [17]. 

Although methodologies are available for reduction of graphene oxide using 

polysaccharides such as glucose, this method involves the use of polysaccharides extracted from 

waste peels. The incorporation of waste materials for the production of commercially important 

product paves way for cost effective, novel and eco-friendly process.   

IV. CONCLUSION 

The reduced graphene oxide has high commercial application. Hence an eco-friendly 

and cheap method to reduce graphene oxide will pave way for huge application in various fields. 

The present method involves the reduction of graphene oxide using easily available, cost 

effective and reuse of waste form vegetable (peels of Solanum tuberosum). The result indicated 

the formation of reduced graphene oxide which is characterized by UV-Visible spectrum with 

λmax at 230 and 274 nm for graphene oxide and reduced graphene oxide respectively. Further 

studies can be carried out to inspect the structural morphology and applications of reduced 

graphene oxide. 

V. REFERENCES 

1. B. L. Dasari, J. M. Nouri, D. Brabazon, and S. Naher, (2017). Graphene and derivatives – 

synthesis techniques, properties and their energy applications, Energy, vol. 140(1): 766–

778. 

2. B. C. Brodie, (1860). Researches on the atomic weight of graphite, Quarterly Journal of 

the Chemical Society of London, 12(1): 261–268.  

3. O. Leenaerts, B. Partoens, and F. M. Peeters, (2009). Water on graphene: Hydrophobicity 

and dipole moment using density functional theory, Phys. Rev. B, 79(23): 235440-5.  

Wutan Huatan Jisuan Jishu

Volume XVII, Issue X, October/2021

ISSN NO: 1001-1749

Page No:30



4. D. A. Dikin, S. Stankovich, E. J. Zimney, R. D. Piner, G. H. B. Dommett, G. 

Evmenenko, S. T. Nguyen, and R. S. Ruoff, (2007). Preparation and characterization of 

graphene oxide paper, Nature, 448(7152): 457–460. 

5. N. Syed, N. Sharma, and L. Kumar, (2017). Synthesis of graphene oxide (go) by 

modified hummers method and its thermal reduction to obtain reduced graphene oxide 

(rgo), Graphene, 6(1): 1-18.  

6. S. Pei and H.-M. Cheng, (2012). The reduction of graphene oxide, Carbon, 50(9): 3210– 

3228. 

7. Al-Weshahy A., Venket Rao A., (2009). Isolation and characterization of functional 

components from peel samples of six potatoes varieties growing in Ontario. Food Res. 

Int., 42: 1062–1066. 

8. Khawla Ben Jeddou, Fatma Chaari, SamehMaktouf, Oumèma Nouri-Ellouz, Claire 

Boisset Helbert and Raoudha Ellouz Ghorbel, (2016). Structural, functional, and 

antioxidant properties of water-soluble polysaccharides from potatoes peels, Food 

Chemistry, 205: 97-105. 

9. Yi Ding, Huhu Cheng, Ce Zhou, Yueqiong Fan, Jia Zhu, Huibo Shao and  

Liangti Qu, (2012). Functional microspheres of graphene quantum dots,  

Nanotechnology, 23(25): 6494-6498. 

10. Juan Yu, Hai-Yu Ji, Yu-Fang Wang and An-Jun Liu, (2018). Polysaccharides from 

Pomelo Peels: Extraction, Optimization and their Antioxidant Activity In Vitro, Current 

Topics in Nutraceutical Research, 17(1): 56-63. 

11. Blance, D.E., GaillardNorman, S., Thompson Alfred J., Morak, (1969). The interaction 

of polysaccharides with iodine: Part I. Investigation of the general nature of the reaction, 

Carbohydrate Research, 11(4): 509-519. 

12. D.C. Marcano, D.V. Kosynkin, J.M. Berlin, A. Sinitskii, Z. Sun, A. Slesarev, J.M. Tour, 

(2010). Improved synthesis of graphene oxide, ACS Nano, 4 (8): 4806-4814. 

Wutan Huatan Jisuan Jishu

Volume XVII, Issue X, October/2021

ISSN NO: 1001-1749

Page No:31

https://www.sciencedirect.com/science/article/abs/pii/S0308814616302783#!
https://www.sciencedirect.com/science/article/abs/pii/S0308814616302783#!
https://www.sciencedirect.com/science/article/abs/pii/S0308814616302783#!
https://www.sciencedirect.com/science/article/abs/pii/S0308814616302783#!
https://www.sciencedirect.com/science/article/abs/pii/S0308814616302783#!
https://www.sciencedirect.com/science/article/abs/pii/S0308814616302783#!
https://www.sciencedirect.com/science/article/abs/pii/S0308814616302783#!
https://www.sciencedirect.com/science/article/abs/pii/S0008621500812598#!
https://www.sciencedirect.com/science/article/abs/pii/S0008621500812598#!
https://www.sciencedirect.com/science/article/abs/pii/S0008621500812598#!


13. Goki Eda,Yun-Yue Lin,Cecilia Mattevi,Hisato Yamaguchi,Hsin-An Chen,I-Sheng 

Chen,Chun-Wei Chen,Manish Chhowalla, (2010). Blue Photoluminescence from 

Chemically Derived Graphene Oxide, Advanced Materials, 22(4): 505-509. 

14. W. Cai, R.D. Piner, F.J. Stadermann, S. Park, M.A. Shaibat, Y. Ishii, R.S. Ruoff, (2008). 

Synthesis and solid-state NMR structural characterization of <sup>13</sup>C-labeled 

graphite oxide, Science, 321(5897): 1815-1817. 

15. Lawrence Verbit, (1965). The Benzene Ring as an Optically Active Chromophore, 

Journal of the American Chemical Society, 87(7): 1617-1619. 

16. Haruo Hosoya, Jiro Tanaka, and Saburo Nagakura, (1962). Ultraviolet absorption spectra 

of monomer and dimer of benzoic acid, Journal of Molecular Spectroscopy, 8(1-6): 257-

275.  

17. Adere Tarekegne Habte and Delele Worku Ayele, (2019). Synthesis and Characterization 

of Reduced Graphene Oxide (rGO) Started from Graphene Oxide (GO) Using the Tour 

Method with Different Parameters, Advances in Materials Science and Engineering, vol-

2019, https://doi.org/10.1155/2019/5058163. 

 

 

 

 

 

 

Figure 1 UV- Visible spectrum of Graphene oxide 
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  Figure 2 UV-Visible spectra of Reduced Graphene oxide 
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Abstract: The use of plants for medication in India is common among tribal and 
ethnic groups. The phytochemical constituents present in the plants ensure 
antibacterial, antifungal and anti-cancer properties. The present study is initiated to 
study the antimicrobial property of Carica papaya peels and Glycyrrhiza glabra 
roots. The extracts of these components are prepared in different ratios and analyzed 
for antimicrobial and phytochemical constituents. The results showed that the 
presence of phenol, saponins, flavonoids, steroids, terpenes and reducing sugar in the 
extract. The extract in the ratio of 2:1 exhibited effective antibacterial activity against 
Klebsiella pneumoniae whereas the ratio of 1:1 had effectiveness against 
Pseudomonas aeruginosa and Stapylococcus aureus. The antifungal studies provided 
the data that 1:1 extract is effective against Rhizopus microspores while 2:1 ratio 
proved to be effective against Aspergillus flavus and Candida albicans. 

Keywords: Carica papaya, Glycyrrhiza glabra roots, phenol, Klebsiella pneumonia, 

Stapylococcus aureus, Rhizopus microspores. 

1. Introduction 

Treatment with medicinal plants is the prime medication in many countries. Most of 
the world’s population depends on crude plants for medicinal use. The tree barks, 
leaves, stem, flowers and roots are utilized for medication (Barrett and Kieffer 2001). 
The active phytochemical constituents are made use as starting materials for the 
preparation of drugs. The side effects produced in consuming the synthetic drugs 
provided importance to the ancient medicinal plant constituents. Numerous plants 
which are used in folk medication are approved as medicines by extracting the 
bioactive component of the mixture. An example is morphine extracted from opium.   
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Research on medicinal plants involves numerous fields of study and analysis. The 
different field of study involved is botanist to collect plants, ethnopharmacologist to 
diagnose the medicinal value, chemist to analyze the component responsible for 
therapeutic action and pharmacologist to isolate and make it suitable for medication 
(Baker et al., 1995). The phytochemical constituents are important source of new 
drugs and lead compounds (Newman et al., 2000; Newman et al., 2003).  

India occupies an important place in the plant resources. About lakhs of traditional 
medicinal practitioners are available in India. Millions of people receive the welfare 
of Siddha, Unani and Ayurvedic medicine. Recent years the medical field is attracted 
much towards the use of plants. The reason lies in non-toxic and lack of side effects 
of using natural cure (Mukherjee 2001). The traditional medicine requires extensive 
research with technological advances and logical justifications to be utilized. 

The use of plants as medicine has started from vedic period. Charak Samhita described about 
341 medicinal plants in 1900 BC. Bagbahtta of Sind, Madhab Nidana and Bhava Mishra 
wrote books on medicinal plants. About 1250 plants have been utilized in Ayurveda. Many 
Ayurvedic plants have now been used in preparing modern medicines. Nearly 70% of organic 
constituents in British Pharmacopoeia of 1932 are derived from plants. The lacking in the use 
of traditional medicine lies in the backlog of research in the plant derived products and 
scientific reasoning of the components (Miller and Gerean 1992). 

Antibacterials derived from plants have served better than syntheitic due to lesser side effects. 
The active components of plant origin are a best alternative to control pathogens 
(Kumaraswamy et al., 2008). The bioactive components are essential for the determination of 
therapeutic action and medicinal value of the plants. The chemical constituents mostly found 
in plants are flavonoids, alkaloids, phenolic compounds and tannins. Ethnopharmacological 
information in phytochemistry will pave way for discovery of new therapeutic agent with 
fewer side effects (Chhetri et al., 2008). The phenolic compounds and flavonoids present in 
plants have therapeutic values such as anti-inflammatory, analgesic, antimicrobial and 
antitumour properties (Wink, 1999). Flavonoids can also act as antioxidants (Gurib-Fakim, 
2006). 

Recent advancement in technology and isolation processes pave way for the extraction and 
purification of phytochemical constituents. Numerous plant species still remain unexplored. 
Some examples of plant components with high efficiency are mevastatin obtained from 
pencillin, quinine, rapamycin and etoposide (Kingston et al., 1992). According to the World 
Health Organization report, around 20, 000 medicinal plants are used worldwide as medicine.  

The demand for herbal drugs is increasing day by day. The efficacy, lack of side effects and 
therapeutic long term action make these drugs essential for analysis of bioactive components. 
People rely on Ayurveda for medicinal purposes during ancient times and the period changed 
when their hope shifted to allopathic medicine. Now due to lack of long term therapeutic 
effects and safety, the attention is much diverted to herbal medicines. Hence it becomes 
important to analyze the bioactive ingredients of these plants for effective medicinal use. 
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International Pharmacopoeia has included several herbal drugs and traditional medicines. The 
guidelines and methodology must be regularized for the usage of these bioactive components. 
The plants must be chosen based on easy availability, phytochemical components and 
therapeutic value.           

Glycyrrhiza glabra is one of the oldest traditional medicinal plants of India. The components 
of the plant are saponins, flavonoids, glycyrrhizin and in addition the root exhibits sugar and 
proteinous substances. Glycyrrhizin, a triterpenoid compound, represents the sweet taste of 
root. The yellow shade of G.glabra is due to the flavonoid substance such as liquiritin, 
isoliquiritin (a chalcone) and other compounds. The concentrates are frequently utilized as an 
enhancing agent in present day medication. The plant has been used as pigments, food 
additives, insecticides and in perfume industries. It has been used in folk medicine to reduce 
fever and curing tooth aches (Kumar and Dora, 2012). Alkaloids present in the roots are 
active constituent with therapeutic value. 

Licorice hinders the growth and cytopathology of numerous random DNA and RNA viruses. 
Glycyrrhizic corrosive represses cyclooxygenase movement and prostaglandin development, 
as well as by implication restraining platelet aggregation (Acharya et al., 1993). Specifically, 
glycyrrhizin has antiviral action against and is prepared to do irreversibly inactivating the 
virus. Although it is an extensively studied plant, the effect of the root components against 
some particular bacteria and fungus remains unexplored (Ajagannanavar et al., 2014).  

Not only plant parts but also the wastes obtained from the fruits can also be used for 
medicine. One such plant is Carica papaya where the peels of fruits contain bioactive 
ingredients. The peels are rich in phenol, vitamin c, fibres, copper, sulphur, calcium, iron, 
magnesium and potassium. The presence of phenol provides antioxidant property. Also, 
vitamin c content helps to cure inflammation and can be utilized for antimicrobial activities 
(Didier et al., 2017).  

The present study is carried out to analyze the combined effects of extracts of Glycyrrhiza 
glabra root and Carica papaya peels in different ratios against certain bacteria and fungi. 

2. Materials and Methods 

Carica papaya peels were cut in to small pieces and weighed. Samples were exposed to air 
dry for three days, lyophilized for 8 hours using a freeze dryer and exposed to temperatures of 
50 °C and 80 °C using a laboratory oven for 3 hours. About 2 g of coarse powder was packed 
in Soxhlet apparatus using ethyl acetate, ethanol and hexane. The extract was collected and 
stored after evaporating the solvents. Fresh roots of Glycyrrhiza glabra Linn commonly 
known as athimathuram were collected. They were washed and shade dried for 5 to 6 
days.The dried samples were finely ground into powder. The fine powdered roots of 
Glycyrrhiza glabra were weighed to determine the dry weight. The extraction was carried out 
using Soxhlet apparatus with chloroform as solvent. About 10g of dried G. glabra was 
dissolved in 100 ml of chloroform and stirred using stirrer. The sample and solvent was 
maintained at 1:10 ratio. After extraction, the contents were filtered using Whatmann filter 
paper No.1. The filtrate was kept on a hot water bath at 75 °C to concentrate the product by 
evaporating the residual solvents in the filtrate. The samples are mixed with one another in 
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two different ratios. Sample A and B. Sample A has the ratio of 1:1 (Carica papaya peel 
extract 1ml and extract of Glycyrrhiza glabra root 1ml)  and  sample B has the ratio of 2:1 
(papaya peel extract 2ml and extract of Glycyrrhiza glabra 1ml), then the samples were 
analyzed for antimicrobial activity and phytochemical constituents. The presence of bioactive 
components such as phenols, saponins, flavonoids, steroids,terpenes and reducing sugars were 
tested. The samples were examined for antibacterial activity against Klebsiella pneumoniae, 
Pseudomonas aeruginosa and Stapylococcus aureus. Antifungal study was carried out against 
Aspergillus flavus, Rhizopus microspores and Candida albicans (Yogeshi et al., 2004; Perez 
et al., 1990).    
3. Results and Discussion 
Phytochemical analysis indicated the presence of phenol, saponins, flavonoids, steroids, 
terpenes and reducing sugar in the extract. The phytochemical constituents are tabulated in 
table 1 

Table 1 Antibacterial activity of extracts of Carica papaya peels and roots of 
Glycyrrhiza glabra 

 Phytochemical test Result 
Phenol + 

Saponins + 

Flavonoids + 

Steroids + 

Terpenes + 

Reducing sugars + 

Antibacterial activity  
In the present study the samples were subjected to evaluate its antimicrobial activity. Sample 
A represents Carica papaya peel extract of 1ml and Glycyrrhiza glabra extract of 1ml 
whereas Sample B represents the papaya peel extract of 2ml and Glycyrrhiza glabra of 1ml. 
Sample B was highly active against Klebsiella pneumoniae than Sample A. The zone of 
inhibition of sample A was 18 whereas sample B showed 16 against the bacteria 
Pseudomonas aeruginosa. The result for Stapylococcus aureus was similar to that of 
Pseudomonas aeruginosa, since sample A showed high zone of inhibition than sample B. 
Samples A and B displayed nearly equal activity against Pseudomonas aeruginosa. The 
antibacterial results are tabulated in table 2. 

Table 2 Antibacterial activity of extracts of Carica papaya peels and roots of 
Glycyrrhiza glabra 

Microorganisms 
 

Zone of inhibition 

A* B* 

Klebsiella pneumoniae 15 20 
Pseudomonas aeruginosa 18 16 

Stapylococcus aureus 20 14 
*Sample A - Carica papaya peel extract 1ml and extract of Glycyrrhiza glabra 1ml 
*Sample B- Carica papaya peel extract 2ml and extract of Glycyrrhiza glabra 1ml 
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Figure 1 Antibacterial activity of Sample A and Sample B against Klebsiella pneumonia, 
Pseudomonas aeruginosa and Stapylococcus aureus 

Antifungal activity  
Sample B was effective against Aspergillus flavus and Candida albicans than sample A. The 
zone of inhibition of sample B was 12 against Aspergillus flavus. Both samples A and B 
showed higher zone of inhibition for Rhizopus microspores. The antifungal activity was 
tabulated in table 3. 

Fukai et al. (2002 a) reported certain flavonoids of licorice such as glabridin, glabrene, 
licochalcone A, licoisoflavone B which showed antibacterial activity against drug resistant H. 
pylori. Fukai et al. (2002 b) further reported antibacterial activity of flavonoid against 
methicillin resistant strain of S. aureus. The presence of these flavonoids resulted in the 
antibacterial activity of Glycyrrhiza glabra. The antimicrobial activity was reported due to the 
presence of glycyram and licuroside. Glabridin in Glycyrrhiza glabra was the main reason for 
antifungal activity (Fatima et al., 2009). 
Table 3 Antifungal activity of extracts of Carica papaya peels and roots of Glycyrrhiza 

glabra 

Microorganisms 
Zone of inhibition 

A* B* 

Aspergillus flavus 10 12 
Rhizopus microsporus 18 16 

Candida albicans 15 16 
*Sample A - papaya peel extract 1ml and extract of Glycyrrhiza glabra 1ml, *Sample B- papaya peel extract 2ml 
and extract of Glycyrrhiza glabra 1ml 
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Figure 2 Antifungal activity of Sample A and Sample B against Aspergillus flavus, 
Rhizopus microspores and Candida albicans 

The antibacterial activity of papaya peel was due to the presence of alkaloids and tannins 
(Khalili et al., 2012). The result was further supported by Maria et al., (2019). Their study 
showed that the presence of phytochemicals such as terpenes, alkaloids and saponins contents 
in peels of papaya which result in antimicrobial activity. 
The mixture of extract was active against Klebsiella pneumoniae bacteria which cause 
severe infections in lungs, bladder, brain, liver, eyes, blood, and wounds. Also the extract was 
very much effective against Rhizopus microspores which can cause mucormycosis in 
immune-compromised humans. 

 
4. Conclusion 

The extracts of Carica papaya peels and roots of Glycyrrhiza glabra were effective against 
bacteria such as Klebsiella pneumonia, Pseudomonas aeruginosa and Stapylococcus aureus. 
The extract showed efficient antifungal activity against Aspergillus flavus, Rhizopus 
microspores and Candida albicans. The different ratio of mixtures depicted varying activity. 
The efficiency of the extract can be further increased by analyzing different ratio mixtures 
and separating the active components. 
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Highlights: 

 A novel pyrene based fluorescent probe, 4-phenyl-2-(pyren-1-yl)-1,8-

naphthyridine (Pyr-1), was designed and synthesized using Qun-β-CD catalyst.  

 Dependence of photoluminescence of Pyr-1 on solvent polarity strongly validates 

photoinduced electron transfer, which also finds support from DFT studies. 

 The red shifted “turn-on” fluorescence enhanced by the addition of Ni2+ ion is 

explained via a Photoinduced Electron Transfer (PET). 

 Detection limit as low as 2.56 x 10-7 M. 

 The confocal laser scanning micrographs of HeLa cells confirmed the cell 

permeability of  Pyr-1 and its ability to selectively detect Ni2+ ions in living cells. 

 

Abstract: A novel pyrene based fluorescent probe, 4-phenyl-2-(pyren-1-yl)-1,8-naphthyridine 

(Pyr-1), was designed and synthesized through tandem cyclization of pyrenealdehyde, amine and 

alkyne in the presence of quinolinium modified β-CD (Qun-β-CD) in water. Pyr-1 was 

characterized by 1H NMR, 13C NMR and ESI–MS spectra and was used as a selective “turn-on” 

and naked eye sensor for Ni2+ ion over other cations. The localized frontier molecular orbitals 

(DFT studies) and the solvent polarity dependent photoluminescence characteristics strongly 

validate the presence of photo induced electron transfer from pyrene to 1,8-naphthyridine unit in 

Pyr-1. Upon Ni2+ addition, the fluorescence was shifted to 450 nm due to the formation of a 

square planar 2:1 complex of pyr-1 with Ni2+ at room temperature even in the presence of other 
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interfering ions such as Cd2+ and Hg2+. The resultant excimer emission and conquest of 

photoinduced electron transfer (PET) from pyrene moiety to the 1,8-naphthyridine part is 

supported by DFT studies. The sensor also exhibited very low cytotoxicity and strong 

fluorescence emission in living cells, indicating its potential applicability as a novel chemosensor 

for selective detection of Ni2+ ions in biological environment also. 

 

 

Keywords: Novel pyrene based fluorescent sensor, Qun-β-CD, Ni2+ “turn-on” Sensing, 

Excimer emission, Fluorescence Imaging Studies in HeLa Cells.  

 

Introduction  

 Fluorescent chemosensors have been widely applied in diverse fields such as biology, 

chemistry and medicine. Most of the recent research in this area is focused on design and 

synthesis of organic luminescence materials and their utility in diverse applications [1]. Due to 

their significantly higher quantum yield and excellent photostability the development of organic 

luminescence probes achieved importance in of materials chemistry also. Among the various 

types of fluorophores known, pyrene shows unique photophysical properties and is widely useful 

as an environmentaly benign sensor system [2-3]. Pyrene derivatives are used for constructing 
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various types of tunable chemosensors, tunable in numerous microenvironments due to their 

advantages properties such as polarity sensitive vibronic emission, longer fluorescence lifetime, 

high charge carrier mobility, π-π staking behavior and chemical stability [4-6]. 

 To detect many biologically important metal ions in solution the design and synthesis of 

supramolecular systems are very useful in the field of supramolecular chemistry. In this context, 

study of systems involving aggregation of various probes held together by non-covalent 

interactions such as electrostatic [7], hydrogen bonding [8], dispersion interactions [9], 

solvophobic effects [10] and π-π stacking [11] are significant. Among them, the π-π stacking 

interaction is widely known in synthesis of aggregation types of supramolecular probes which 

are more common in both chemical and biological systems [12-16] and are widely used as 

fluorescence probes for many biological systems such as, DNA, lectin, pH sensing, etc [17-19].   

 Metal ion recognition with selectivity and sensitivity is of immense interest due to their 

cost effective, simple, quantitative and qualitative detection of environmentally toxic metal ions 

and also to understand the role of biological systems. Among the various transition metal ions, 

nickel is an essential metal for supporting life [20-23], which is also an essential nutrient for 

living organisms. It is involved in biological processes such as, metabolism, respiration and 

biosynthesis [24] and is extensively used in a wide variety of metallurgical processes such as, 

electroplating, pigments of paints, ceramics, surgical, rods for arc welding and dental prostheses 

[25] and magnetic tapes of computers and nickel-cadmium batteries [26]. Nickel is also well 

known for its chemical toxicity, which includes effects on the gastrointestinal systems, blood and 

kidneys [27]. In biological system loss of nickel, is harmful to prokaryotic and eukaryotic 

organisms and with limited epidemiological evidence, soluble nickel reacts as an enhancer of 
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cancer risk followed by certain forms of insoluble nickel. Several methods are used to detection 

of nickel such as, atomic absorbance spectrometry (AAS) [28], inductively coupled plasma-

optical emission spectrometry (ICP-OES) [29], electrothermal atomic absorption spectrometry 

(ETAAS) [30], flame atomic absorption spectrometry (FAAS) [31], spectrophotometry and 

inductively coupled plasma-mass spectrometry (ICP-MS) [32]. Recently, nickel sensors based on 

potentiometric methods are also employed [33-36].  Despite this, most of the reported 

chemosensors for nickel have drawbacks such as, poor water solubility, low sensitivity and 

selectivity [37]. Therefore, development of new fluorescent probes to selectively sense for 

nickel, by overcoming the above mentioned issues and also a “turn-on” chemosensor would be 

desirable [38-40]. This prompted us to develop selective chemosensor for nickel in the 

acetonitrile as a solvent. To the best of our knowledge, no reports are available for the detection 

of nickel ion using pyrene derivatives.  

Cyclodextrins (CDs) as simple naturally occurring macrocyclic oligosaccharides, possess 

a hydrophobic cavity that selectively binds substrates and catalyzes chemical reactions through 

formation of host–guest complexes via noncovalent interactions [41-44]. Modification of 

cyclodextrins offers enormous opportunities and challenges for chemists, ranging from achieving 

solubility in a desired solvent to selective and specific catalysis. In addition, modified 

cyclodextrins act as ligands for various metal ions. As part of our continuing interest in 

developing greener methods for the synthesis of bioactive compounds, we have recently 

successfully utilized per-6-amino-β-cyclodextrin, and pyridinium modified β-cyclodextrin as 

useful hosts as well as catalysts for a large number of organic transformations [45-48]. 

Encouraged by these efforts and aiming further to demonstrate the efficiency and generality of 

these modified cyclodextrins as unique supramolecular hosts/catalysts, a novel quinolinium 
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modified β-cyclodextrin (Qun-β-CD) is synthesized. It is soluble in water and exhibits excellent 

catalytic activity in tantem cyclization reactions starting from simple and easily available starting 

materials under much milder reaction conditions, in the absence of metals. 

 In this study,  using a quinolinium modified β-cyclodextrin (Qun-β-CD) as catalyst, a 

one-pot synthesis of a novel, 4-phenyl-2-(pyren-1-yl)-1,8-naphthyridine (Pyr-1) probe, and its 

characterization using NMR and ESI-MS spectroscopic techniques and study of its 

photophysical applications [49] are reported. The sensor probe (Pyr-1) is also found to display 

bio-analytical applications in living systems. 

Experimental Section   

General Methods 

Reactions were carried out under aerobic conditions. All chemicals were used without 

further purification as commercially available without otherwise noted. Electrospray ionization 

mass spectrometry (ESI-MS) analyses were recorded in LCQ Fleet, Thermo Fisher Instruments 

Limited, US. ESI-MS was performed in positive ion mode. NMR spectra were recorded at 300 

MHz on a Bruker spectrometer. All 1H NMR and 13C NMR spectra were measured in DMSO-d6 

and CDCl3 with TMS as the internal standard. FT-IR spectral analyses were performed using a 

JASCO FT/IR-410 instrument by the KBr pellet technique in the range of 4000–500 cm−1.  

Sensor titrations 

Compound Pyr-1 was dissolved in CH3CN and Pb2+, Al3+, Ag+, Cu2+, Fe3+, Ni2+, Hg2+, 

Zn2+, Na+, Co2+, Cr2+, In2+, Cd2+, and Mn2+ metal cations were dissolved in water medium at 

1×10-3 M concentration from their respective chloro and acetate salts.  

General procedure for the synthesis of quinolinium modified β-cyclodextrin (Qun-β-CD) 

ACCEPTED M
ANUSCRIP

T



7 

 

N-pentylquinolin-8-amine (0.66 mmol) was added to a solution of dried mono-tosyl-β-

CD (0.22 mmol) in 1 mL DMF. The reaction medium was heated at 90 °C for 48 h. the reaction 

mixture was then cooled to room temperature and the product was precipitated with acetone (4 

mL). The solid was collected by filtration and washed with acetone (2 x 2 mL). Pure product is 

obtained via acetone diffusion in DMF. The solid was then dissolved in deionised water (12 mL) 

and anion exchange from tosylate to chloride was performed using an Amberlite IRA-410 Cl- 

resin to yield Qun-CD as a brown solid (0.15 mmol, 72 %), which was analyzed by NMR 

spectroscopy (300 MHz, CDCl3, T=300 K, TMS=0 ppm), and ESI-MS. Melting point  220 °C. 

Elemental analysis for this Qun-CD (3) was also carried out and the values are as follows: 

calculated, Carbon, 49.36; Hydrogen, 6.12; Chlorine, 2.33; Nitrogen, 2.16; Oxygen, 39.35 

(Figures S1-S3, See supporting information).  

General procedure for the synthesis of compound Pyr-1 

A reaction tube equipped with a magnetic stirring bar was charged with quinolinium 

modified β-cyclodextrin (Qun-CD) (0.1 mmol, 1 mol%) dispersed in water (2 mL) for 15 min. 

Aniline (109 μL, 1.2 mmol), benzaldehyde (122μL, 1.2 mmol) and phenylacetylene (110 μL, 

1mmol) were added with the above reaction mixture at room temperature. After 5 h of stirring 

the solvent was evaporated under reduced pressure. After completion of the reaction, the product 

was extracted with ethyl acetate, filtered, dried with sodium sulphate, and concentrated under 

reduced pressure. The resulting crude product was purified by passing it through a column of 

silica gel 60–120 mesh using petroleum ether/ethyl acetate (9:1 ratio) as the eluent, afford Pyr-1 

(113 mg, 92%) as a yellow solid, m.p. = 138–140 ˚C. 1H NMR (300 MHz, CDCl3) 9.33-9.28 (t, 

1H), 9.05-9.02 (d, 1H), 8.82-8.79 (d, 1H), 8.61-8.53 (m, 1H), 8.32-8.29 (m, 2H, J = 8.7 Hz,), 

8.19-8.17 (m, 2H , J = 8.7 Hz,), 8.04-8.00 (m, 4H, J = 7.8 Hz,), 7.50-7.48 (m, 1H), 7.42-7.36 (m, 
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4H), 7.27-7.20 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 153.63, 150.78, 138.72, 138.06, 136.46, 

133.10, 131.88, 131.72, 131.54, 130.57, 130.10, 129.14, 128.93, 128.60, 128.30, 127.69, 127.34. 

127.12, 126.96, 126.67, 126.45, 125.43, 124.92, 123.91, 121.87, 119.52. Elemental analysis: cal. 

(%) for C30H18N2: C, 88.64; H, 4.46; N, 6.89 found: C, 88.12; H, 4.28; N, 6.92 ESI-MS (m/z) 

calcd for C30H18N2:406.15, found: 427.09 (M+Na)+ (Figures S4-S6, See supporting information). 

MTT Assay 

 HeLa cells were seeded at 8000 cells in 96-well plates and incubated for 24 hours with 

5% of CO2 at 37 °C. Different concentrations of Pyr-1 were added to each well and the plates 

were incubated in a humidified CO2 incubator for a further 12 h at 37 °C. 100 μL of MTT (3-

(4,5-dimethylthiazol-2-yl)-2,5-tetrazolium bromide) reagent (1 mg/ mL) was added to each well. 

After 4 h of incubation, the medium was replaced with 100 μL of dimethyl sulfoxide (DMSO) 

and the wells were incubated at 37 °C for 1h with shaking. The cytotoxicity of Pyr-1 was 

exhibited as the percentage of absorbance in a SpectraMax M5 microplate reader at a wavelength 

of 490 nm.  

Cell Imaging 

 HeLa cells were developed in modified Eagle’s medium supplemented with 10% FBS 

(fetal bovine serum) at 37 ◦C and were incubated with Pyr-1 (5.0 µM) in PBS buffer, pH = 7.54, 

containing 1% DMSO as co-solvent. After incubation, the cells were washed thrice with buffer 

to eliminate excess of probe present in the extracellular media and growth medium. The cells 

were now imaged through the fluorescence microscope. The probe-treated cells were further 
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incubated with NiCl2 (5.0 µM in H2O) for 1h at 37 ˚C and imaged again with a fluorescence 

microscope. 

Results and Discussion 

Synthesis and AIE properties of Pyr-1 

 The pyrene based chemosensor 4-phenyl-2-(pyren-1-yl)-1,8-naphthyridine (Pyr-1) was 

synthesized as depicted in Scheme 1. As a part of our group’s interest to develop modified 

cyclodextrins for sensor and catalytic applications,[50-52] we have synthesized a novel quinoline 

modified cyclodextrin (Qun-β-CD) which is used as a catalyst to synthesis Pyr-1 through tandem 

cyclization of pyrenealdehyde, amine and alkyne in water as solvent in 88%. Pyr-1 is 

characterized by its 1H, 13C-NMR and ESI-MS analyses (Fig S4 – S6).  

(Scheme 1) 

The UV-Vis absorption and emission spectra of Pyr-1 are recorded in different solvents 

(Fig S8a). In UV-Vis spectra, peaks are observed at λmax values of 355, 362 and 394 nms 

characteristic of absorbance by pyrene unit. It is well known that pyrene derived molecules 

exhibit aggregation induced emission characteristics. Hence the presence of pyrene unit in Pyr-1 

stimulated a study on the aggregation induced emission (AIE) of Pyr-1 in THF:water solvent 

mixtures (Fig. 1a). At 0%, water Pyr-1 exhibits a weak emission peak at 410 nm due to a 

photoinduced electron transfer from pyrene to 1,8-naphthyridine unit of Pyr-1, and there is no 

excimer emission. However, upon incremental addition of water, improved excimer emission is 

observed with red shifted peaks at 460 nm. Maximum excimer emission is noticed in 60% and 

90% water. This shift in λmax and increase in intensity in emission spectra are attributed to 
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aggregation and subsequent excimer emission from the pyrene unit. The addition of water 

increases the polarity of the solvent medium with a subsequent hydrophobic aggregation between 

pyrene entities. Due to the presence of monomers also along with excimers, the combination of 

both the peaks is present (Figure. 1a). 

Theoretical Studies 

 To understand the emission spectra of Pyr-1 during solvent polarity variations DFT 

computational studies are performed using Gaussian 09 program (Figure S8b). The possible 

electronic transition involved in Pyr-1 was calculated using TD-DFT method and the results, 

involve charge transfer from pyrene to 1,8-naphthyridine unit. The basic set B3LYP was used for 

the pyr-1 and 631G(d) was applied to the basic set for all the atoms which provide reasonably 

good quality results in reasonable time scales. Visualization of the optimized structures and the 

MOs were performed using Gauss view 5.0. The frontier molecular orbital of Pyr-1 is shown in 

figure 1(b). The HOMO is mainly localized on the pyrene unit and LUMO is mainly localized on 

the 1,8-naphthyridine unit. On the other hand, HOMO-1 is localized on the quinoline unit and 

LUMO+1 is pyrene unit.  

(Figure 1) 

The localized frontier molecular orbitals of Pyr-1 clearly indicate that the molecule may 

redistribute the charge upon excitation. This result is in agreement with the experimentally 

observed solvent polarity dependent emission characteristics of Pyr-1. The calculated energy gap 

between HOMO and LUMO of Pyr-1 is 3.40 eV. 

Sensor Studies  
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The potential sensing ability of Pyr-1 probe was studied in CH3CN and all metal ions 

were taken as 1×10-3 M concentrations. In the senor titration of Pyr-1, 20 µM of Pyr-1 was added 

to an ACN solution followed by addition of 20µM (1 equiv.) of metal ions (Pb2+, Al3+, Ag+, 

Cu2+, Fe3+, Ni2+, Hg2+, Zn2+, Na+, Co2+, Cr2+, In2+, Cd2+, and Mn2+) in H2O. Surprisingly, Pyr-1 

displays selectivity towards metal ions showing enhancement in absorbance in the UV-Vis peaks 

at 362 and 394 nms (figure 2a) respectively. The fluorescence measurements were also carried 

out to study the interaction of Pyr-1 with other metal ions. Figure 2b shows the fluorescence 

spectra of  Pyr-1 in the presence of other metal ions such as, Pb2+, Al3+, Ag+, Cu2+, Fe3+, Ni2+, 

Hg2+, Zn2+, Na+, Co2+, Cr2+, In2+, Cd2+, and Mn2+. Pyr-1 displayed a marked increase in excimer 

emission with a red shift to 450 nm from 420 nm (figure 2b) selectively, upon addition of Ni2+ 

ions. The emission intensity at 420 nm was not affected even in the presence of other metal 

cations. 

To confirm the specific selectivity, the sensory responses of Pyr-1 is also evaluated with 

other metal cations such as, Pb2+, Al3+, Ag+, Cu2+, Fe3+, Ni2+, Hg2+, Zn2+, Na+, Co2+, Cr2+, In2+, 

Cd2+, and Mn2+. However, the probe of Pyr-1 is selective only to Ni2+ ions. The photograph of 

Pyr-1 with different metal ions under day light indicates its selectivity towards Ni2+ ion via pale 

green emission, as depicted in figure 2c.  

(Figure 2) 

To obtain a better insight into the response mechanism of Pyr-1 toward Ni2+ ions, 

spectroscopic titrations were also carried out under the same working conditions. As shown in 

Fig.3a, when excited at 350 nm, the fluorescence band at 420 nm is increased in intensity and 

also a red shift is ensued due to an increase in the formation of excimer emission when 
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increasing the concentration of Ni2+ ions from 0 to 40 µM. A satisfactory Boltzmann correlation 

exists between the fluorescence intensity and the concentration of Ni2+ ions within the range 

from 0 to 40.0 µM.  

(Figure 3) 

A similar behavior is also observed in UV-Vis spectra also as shown in Fig. 3b, after 

addition of higher amounts of Ni2+ ions, the bands at 362 and 394 nm gradually increased in 

intensity, which can be ascribed to the charge transfer from pyrene to 1,8-naphthyridine unit. 

With the concentration of Ni2+ ions is varied upto 0-40 µM, the maximum absorbance changes 

were observed in Fig. 3b. 

As selectivity is  significant for evaluating the performance of sensing systems, in the 

present study the selectivity of probe 1 is also extended to various other metal ions, such as Pb2+, 

Al3+, Ag+, Cu2+, Fe3+, Ni2+, Hg2+, Zn2+, Na+, Co2+, Cr2+, In2+, Cd2+, and Mn2+. From the results 

shown in Fig. 4a, it can be perceived that only Ni2+ ions prompted fluorescence enhancement, 

whereas other metal ions lead to a minor or no fluorescence variations. This indicates clearly that 

the present Pyr-1 based chemosensor has good selectivity towards Ni2+ ion over the other 

competing cations. The effect of other concomitant cations on nickel ion detection is also 

determined. The fluorescence response of the present sensing system towards Ni2+ ions in the 

presence of alkali, alkaline earth and other transition metal ions are shown in Fig. 4b. The results 

indicate that the presence of the other selected metal ions does not exhibit any interference with 

Ni2+ binding to the probe, representing that these co-existing ions have insignificant interference 

effects on Ni2+ sensing by the present Pyr-1 system. Fluorescence response is linearly 

proportional to the concentration of Ni2+ in the range of 0-40 µM. From figure 4c, the value of 
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linearly dependent co-efficient (R2) is found to be 0.9937. The detection limit (LOD) is measured 

to be 2.5×10-7 M. From the fluorescence data, the stoichiometry of 2Pyr-1+Ni2+ was calculated 

through Job’s plots as shown in Fig. 4d, by plotting mole fraction Vs intensity of Pyr-1 at 450 nm 

in the presence and the absence of respective metal ion concentrations. Upon addition of 0-40 

µM of Ni2+ ions the fluorescence maximum of Pyr-1 was enhanced with a red shift to 450 nm. 

But, after the addition of 0.5 equiv. (20 µM) of metal ions, the peak at 450 nm was slightly 

quenched.  

 The Job’s plot, plotted between mole fraction Vs intensity indicates the formation of 2:1 

stoichiometry complex. Furthermore, the formation of 2:1 complexes was also confirmed from 

ESI-MS data (supporting information fig S7).  

(Figure 4) 

The proposed binding mechanism is depicted in Scheme 2. In the absence of Ni2+ ions, 

Pyr-1 exhibits weak emission attributed to photoinduced electron transfer from pyrene unit to the 

1,8-naphthyridine  unit. Upon addition, Ni2+ ion binds to two molecules of Pyr-1 via their 1,8-

naphthyridine units to from a square-planer complex, the driving force being π-π staking 

interaction between the two pyrene units.  

(Scheme 2) 

This is supported by ESI-MS data (supporting information, fig. S7) which gives the most 

direct evidence by comparing the mass spectra of compound Pyr-1 and 2Pyr-1+Ni2+. The peak at 

m/z = 427.09 corresponds to [pyr-1+Na]-, (See supporting information fig S3) when Ni2+ ions are 

added to Pyr-1, the peak at m/z = 427.09 disappear and another peak at m/z = 871.23 [2Pyr-
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1+Ni2++H]+ is clearly observed, which indicates the formation of the complex 2Pyr-1+Ni2+. To 

study the reversible and the reproducible nature of the probe Pyr-1 upon Ni2+ addition, EDTA 

titrations were performed (Scheme 2). As shown in figure S9 (in supporting information), the 

fluorescence of 2Pyr-1+Ni2+ is quenched by the addition of EDTA, suggesting that Ni2+ has been 

removed from the probe indicating complete reversibility due to the interaction of EDTA with 

Ni2+. These results thus clearly indicate the capability of the present 2Pyr-1+Ni2+ system for 

quantitative detection of Ni2+ and its reversibility upon EDTA addition.  

To gain additional support and to know the theoretical basis of photophysical properties 

of Pyr-1 and their Ni2+ complex, density functional theory (DFT) calculations were carried out 

using Gaussian 09 program.  

Figure 5, the geometries of Pyr-1 and 2Pyr-1+Ni2+ adduct were optimized with B3LYP, 

6-311G (d,p) and LANL2DZ basis sets. The absorption properties and their corresponding 

oscillator strengths of the Pyr-1 and 2Pyr-1+Ni2+ were calculated by time dependent DFT 

calculations with the optimized geometries using same basis sets already mention in above 

(Figure S10). As shown in figure 5, for Pyr-1 the HOMO is localized on pyrenyl unit, 1,8-

naphthyridine unit acting as a LUMO, representing that the Photoinduced electron transfer (PET) 

takes place from pyrenyl unit to the 1,8-naphthyridine unit resulting in weaker emission, when 

Ni2+ binds with nitrogen atoms of 2Pyr-1+Ni2+ unit, the PET process is inhibited through CHEF 

effect40 and excimer formation and subsequent emission excimer significant resulting in 

remarkable fluorescence enhancement with a 20 nm red shift. 

(Figure 5) 
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Live cell imaging 

 The potential for biosensing selectively a guest species in living cells is of very 

importance for biological applications.12 Utility of Pyr-1 for imaging of Ni2+ ions in living cells 

was examined using confocal fluorescence microscope studies. The potential efficacy of Pyr-1 is 

now evaluated for fluorescence imaging of Ni2+ in living cell. The cytotoxicity of this probe to 

HeLa cells was evaluated by standard MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) assay (figure S11). The results indicate that the probe is non-toxic 

to the HeLa cells under the experimental conditions. To observe the applicability of our probe in 

biological systems, it is applied to human cervical cancer cells (HeLa). HeLa cells pretreated 

with Pyr-1 for 6h had no noticeable effect on the number and morphology of HeLa cells (Figure 

S12). Here, both the receptors and Ni2+ ion were endurable to uptake by the cells and the images 

of the cells by fluorescence microscopy with 325 nm excitation are displayed in figure 6. HeLa 

cells incubated with Pyr-1 (5.0 µM, 1% DMSO) exhibited almost no fluorescence in the 

intracellular region. After adding NiCl2 (5.0 µM) to the cells, strong intracellular fluorescence 

are now observed. These results clearly demonstrate the practical applicability of the present 

probe for Ni2+ ions detection in living cells by fluorescence imaging. These results also 

demonstrate clearly that the present sensing platform has the potential for monitoring 

intracellular Ni2+ions. 

(Figure 6) 

Despite their relevance and biological significance, not many sensors are reported for 

sensing of Ni2+ ions. The sensing ability of the present Pyr-1 systems towards Ni2+ ions is also 

associated with other reported literature methods (Table 1).  
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(Table 1) 

Comparison of the results indicates that the present pyrene system (entry 21) exhibits 

better ability for Ni2+ detection compared than to other systems as the previous reported systems 

require organic solvents (entries 1, 4, 7, 10, 15 and 19), mixture of solvents (entries 2, 3, 5, 6, 8, 

9, 11-13, 16-18, 20). Also many of the reported sensors involve poorer selectivity. On the other 

hand the present sensing system is cost-effective, selective, exhibits a simple naked-eye sensing 

and can be utilized in live cell imaging and sensing of Ni2+ ions in water. 

Conclusions  

A novel pyrene based fluorescent probe, 4-phenyl-2-(pyren-1-yl)-1,8-naphthyridine  

(Pyr-1), was designed and synthesized through tandem cyclization of pyrenealdehyde, amine and 

alkyne in the presence of quinolinium modified β-CD (Qun-β-CD). Pyr-1 was characterized by 

1H NMR, 13C NMR and ESI–MS spectra and was used as a selective “turn-on” and naked eye 

sensor for Ni2+ ion over other cations. The localized frontier molecular orbitals (DFT studies) 

and the solvent polarity dependent photoluminescence characteristics strongly validate the 

presence of photoelectron transfer from pyrene to 1,8-naphthyridine unit in Pyr-1. Upon Ni2+ 

addition, the fluorescence was shifted to 450 nm due to the formation of a square planar 2:1 

complex of pyr-1 with Ni2+ at room temperature even in the presence of other interfering ions 

such as Cd2+ and Hg2+. The resultant excimer emission and suppression of photoinduced electron 

transfer (PET) from pyrene moiety to the 1,8-naphthyridine part is supported by DFT studies. 

The developed sensor also exhibited very low cytotoxicity and strong fluorescence emission in 

living cells, indicating its applicability as a novel chemosensor for selective detection of Ni2+ 

ions in biological environments too. 
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Figure Captions  

Scheme 1 Synthetic route to 4-phenyl-2-(pyren-1-yl)-1,8-naphthyridine (Pyr-1) 

Figure 1 a) Emission spectra of Pyr-1 in THF:water solvent mixture, b) selected frontier 

molecular orbitals for Pyr-1. 

Figure 2 (a and b) UV-Vis and Fluorescence spectra of Pyr-1 (40 µM in CH3CN) λex = 

350 nm; (c) photograph of sensor selectivity of Pyr-1 visualized is daylight. 
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Figure 3 (a) Fluorescence (λex = 350 nm) intensity changes as a function of Ni2+ ions 

concentration from 0-40 µM and (b) UV-Vis sensor titrations of Pyr-1 (40 µM in 

CH3CN) with 0–40 µM of Ni2+ ions in H2O 

Figure 4 a) Histogram representing selectivity of Pyr-1 (20 µM in CH3CN) towards       

20 µM (1 equiv.) of metal ions; (b) Bar chart illustrating fluorescence response in the 

selectivity of Pyr-1 for Ni2+ ion in the presence of other metal ions (2.5×10-6 M). The 

blue bars represent the fluorescence intensity of Pyr-1 in the presence of other metal ions. 

The brown bars represent the change in fluorescence intensity that occurs upon 

subsequent addition of Ni2+ to the solution containing Pyr-1 and other metal ions; (c) 

linear fitting plot and error plot for the detection limit calculation of Ni2+ ions (d) Job’s 

plot (based on emission intensity changes) between mole fraction of Pyr-1 and intensity), 

representing the 2 : 1 (2Pyr-1 Ni2+) complex. 

Scheme 2 Plausible mechanism of Pyr-1complexation with Ni2+ ion and removal of Ni2+ 

by EDTA. 

Figure 5 Frontier molecular orbitals of Pyr-1 and 2Pyr-1+Ni2+ obtained from the DFT 

calculations using Gaussian 09 program 

Figure 6 Bright field image and fluorescence image of HeLa cells (a) Bright field image 

HeLa cells incubated with Pyr-1 (5.0 µM) for 1h. (b) Fluorescence image of HeLa cells 

incubated with Pyr-1. (c) Overlay images of HeLa cells incubated with Pyr-1. d) Bright 

field image of Pyr-1 treated HeLa cells again incubated with Ni2+ (5.0 µM).                      
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(e) Fluorescence image of Pyr-1 treated HeLa cells with Ni2+. (f) Overlay images of Pyr-1 

treated HeLa cells with Ni2+. 
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Table 1 Comparison table for pyrene and Ni2+ based chemosensor systems. 

S. 

No 

Sensing Probe Sensor for Medium Detection 

Limit 

Biological 

Studies 

Ref. 

 

 
 Pyrene Based Chemosensors       

 

1 Triazole based pyrene  Piciric acid THF 0.46 - 36 

2 Furan-pyrene Al3+ EtOH:H2O 1.04 - 38 

3 Pyrenamide based dipodal probe 3,5-dinitro 

salicylic acid 

DMSO:H2O 1 - 53 

4 Cu-pyrene complex Picric acid THF:HEBS 1.20 - 54 

5 Pyrene based fluorescent  Fe3+ and Fe2+ ACN:H2O 2.61 - 55 

6 PHP Cu2+ ACN:H2O 0.04 RAW264.7 56 

7 Pyrene-biginelli reaction Zn2+ and Fe3+ ACN 7.94 - 57 

8 2-((pyren-1-

ylmethylene)amino)ethanol 

Al3+, Cr3+ and 

Fe3+ 

H2O 2 RAW264.7 58 

9 N,N-bi[4(1-pyrene)-

butyroyl]ornithine 

Fe3+ and Pb2+ H2O:ACN 0.1 - 59 

10 1-(pyren-1-yl)-N,N-bis-(pyridine-2-

ylmethyl)methanamine 

 

Cu2+ and Fe3+ Methanol 3 - 60 

 Chemosensor for Ni2+      

 

11 Rhodamine dyes Ni2+ and Co2+ DMSO:H2O - - 61 

12 Imidazole derivative  Ni2+ DMSO:H2O 2.8 - 62 

13 Napthalene based fluorescent  Ni2+ DMSO:H2O  A. puberula 63 

14 pyrene tetrasulfonic acid Ni2+ and Na+ H2O 0.64 - 64 

15 chalcone Ni2+ MeOH 5.14 HeLa 65 

16 Quinoline-appended pyrazoline Ni2+ H2O:DMSO 0.5 MG 63 66 

17 2-(2-Fluorobenzoyl)-N-(2-

Methoxyphenyl) 

Ni2+ H2O:ACN - L-929 67 

18 Quinoline based 

chemosensor 

Ni2+ and Zn2+ DMSO:H2O 6 A-549 68 

19 Coumarin derivatives  Ni2+ EtOH 0.5 - 69 

20 2-(1-H-benzo[d]imidazol-2yl)-N-

phenyl-hydrazine-carbothioamide 

Ni2+ ACN:H2O 16 - 70 

 

21 Novel Pyrene derivative (Pyr-1) Ni2+ H2O 0.3 HeLa This 

Work 
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