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A B S T R A C T

 INTRODUCTION 
As we know that change is the only constant, hence the accounting policies also transformed from 
ancient traditional systems to modern systems. Due to globalization and competition among the 
countries for attaining leadership at the economic front and to present their organizations globally, there 
is a need for more and more funds. The adoption of global accounting standards helps to raise capital 
from foreign markets and compete with other countries. If we intend to raise capital compared with the 
country of origin where our entity operates, we need to understand the accounting rules and regulations 
of that country from which we plan to raise capital. In this scenario, we cannot isolate ourselves from the 
rest of the world and the developments taking place around us. This led to the need for the International 
Financial Reporting Standards (IFRS). During the period of late Dr. Pranab Mukharjee, as Finance 
Minister of India, IFRS adopted India with the Indian version of accounting standards. This 
convergence resulted in IndAS. This helps to bring about uniformity, rationalization, comparability, 
transparency, and adaptability of financial statements. This also facilitates the cross-border flow of 
money, global listing in different stock exchanges, and eliminates the cost of reinstatement of financial 
statements. 

A positive response to IFRS implementation was received from firms already equipped with excellent 
pre-adoption data [1]. The adjustments in the stock cost, after the IFRS adoption, in various industries 
were found. Co-development of stock cost diminished after embracing IFRS and the extent of the effect 
of IFRS appropriation varied from company to company [2]. In line with the discoveries from an 
overview of literature by hook (2018), IFRS has improved the straightforwardness and commonality of 
financial statements through point by point exposures [3]. 

Regarding the effect of the adoption of IFRS on the speculator's financial presentation in securities 
exchanges, we found that in the post-IFRS environment, the resilience of stock return to risks had been 
higher [4]. There exists an opposite view to some earlier researches that IFRS adoption guarantees better

 We analyzed the effect of combining with IFRS on the stock market performance of selected jewelry 

organizations recorded in S&P BSE 100. The period of seven years from 2013 to 2019 was chosen and 

Ordinary Least Square (OLS) regression model was utilized for the examination. The results revealed 

that the worth of financial statements was high on converging with IFRS. The effect of budget 

(financial) report factors on the Indian Stock Market was proved to be evident regarding PAT. Be that 

as it may, all financial variables showed a huge relationship with securities exchange market 

indicators. 

KEYWORDS : Indian financial reporting standard; jewelry organizations; convergence of Indian 

financial reporting standard; stock market; performance; financial statements. 

Eurasian Chemical Communications (ECC) (Volume- 06, Issue - 01, January - April 2024)                                             Page No. 1



accounting data. They believed that there was a strong aversion to acceptance and adoption of IFRS 
from several business organizations [5]. With the assistance of financial ratios and accounting figures, 
contrasts between local GAAP and IFRS-based budget reports and the impact of IFRS on the budgetary 
account of 140 organizations whose stocks were traded on the Istanbul Stock Exchange, Turkey were 
found. They uncovered that the financial statements computed as per GAAP and IFRS were measurably 
extraordinary. These critical contrasts were recognized to be existing in inventories, fixed assets, long-
term liabilities, and investors' equity accounts [6]. The union of Indian Accounting Standards and IFRS 
impact on Multinational Enterprises and giant global accounting firms could deliberately tamper with 
accounts related to monetary assets to suit their interests, in total disregard to the interests of the public. 
Similarly, the effect of IFRS on 238 organizations was investigated in Greece. It was found that IFRS 
significantly affected the financial position of those organizations and announced execution just as on 
equipping and liquidity [7]. Overall, the effect on shareholders' value and total compensation was 
positive, while the impact on liquidity was negative. In any case, the significant effect on liquidity and 
overall gain was experienced by organizations with examiners other than the Big4 evaluating and 
auditing firms [8]. The priority to run a business effectively is to have a decent financial reporting 
framework set up [9]. Accounting professionals and accounting bodies over the globe, from a decade 
ago, have attempted to set up a financial reporting framework that is blended, vigorous, and has broad 
applicability. There were market responses to the first-time adoption of IFRS [10]. Using Tobin's Q, 
researchers have examined the impact of the implementation of IFRS on Chinese organizations. Their 
examination did not discover considerable contrasts in the mean and median of Tobin's Q after the usage 
of IFRS. Instead, there was a substantial contrast in the standard deviation [11]. They reasoned that a 
year-by-year examination of the change neglected to uphold the desire that IFRS caused the expansion 
in the standard deviation [12]. 

THE OBJECTIVE OF THE STUDY 
The current study aimed at studying the effect of IFRS implementation on the stock exchange of the 
selected jewelry organization and proposing suggestions, if any, based on the findings. 

Hypotheses of the study 

H1: Adoption of IFRS by the sample gallery organizations has no impact on their stock market 
performances. 

H2: IFRS-conformed financial reportings of sample jewelry companies have a financial impact on their 
stock market performances. 

THE METHODOLOGY OF THE STUDY 
The study examined the financial data of 10 jewelry organizations recorded in S&P BSE100, which had 
embraced IFRS, with impact-analysis from April 01, 2016. Table 1 gives the rundown of 10 jewelry 
organizations, chosen for this investigation. The time of the examination was seven years, from 2013 to 
2019, including three years pre IFRS period from 2013 to 2015 and three years of the post-IFRS period 
from 2016 to 2019. The nitty-gritty separation of the examination time frame is given beneath in Table 2. 
The necessary information for this investigation was taken from CMIE-Prowess information bases. 
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TABLE 1 List of sample companies 
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TABLE 2 Period of the study 

FACTORS AND TOOLS UTILIZED IN THIS STUDY 
This examination utilized four fundamental factors to gauge the effect on securities exchange 
execution, in connection with the IGAAP and IFRS financial reporting by sample jewelry 
organizations. The four factors were Price to Book Ratio, Return on Equity, Profit after Tax, and Cash 
flow from Operations. With the end goal of the investigation and for testing the theory, the examination 
relied on tools like descriptive statistics, correlation, and OLS regression was utilized [16]. The 
investigation utilized key factors like Return on Equity, Profit after Tax and Cash flow from activities of 
financial statements and summaries that included Balance Sheet, Profit And Loss Statement, and Cash 
Flow Statement. The stock market performance of the sample organizations was inspected by utilizing 
Price to Book proportion. The OLS regression equation, utilized in this investigation, is given as 
follows: 

P/B =β+β1ROE +β2CFO +β3PAT +Ԑit it it it it 

Where, 
th

P/B  is the ratio of market price per share to book value per share of the i  company of the financial year t it
th

CFO  is the net cash flow from operating activities of the i  company of the financial year t it
th

ROE  is the return on net worth or equity of the i  company as at the end of the financial year t it
th

PAT  is the profit after tax of the i  company for the financial year t it

Ԑ  is the error term which is assumed to have a 0 mean and constant variation it

β1, β2, β3, β4 are slope coefficients 
β is the regular term. 

RESULTS OF THE STUDY 
The post effects of descriptive statistics demonstrating the attributes of sample ratios, arranged by 
utilizing IGAAP and IFRS, for the example time of seven years are introduced in Table-3. It is worth 
noting that the Price to Book ratio was the variable used to quantify the securities exchange execution 
and stock market performance. ROE, CFO, and PAT were the financial statement factors. The mean
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estimation of cost to book ratio of 5.28, during pre-IFRS and post-IFRS, demonstrated a decrease in the 
mean an incentive at 5.04, after joining with IFRS by the sample firms. The standard deviation went 
from 2.50 to 2.37 during the pre and post IFRS period, which additionally demonstrated a declining 
pattern. The Return on Equity ranged from the mean of 2.01 and standard deviation of 0.83 during the 
pre-IFRS period to the mean estimation of 3.30 and standard deviation of 3.12 during the post-IFRS 
period showed a slanting pattern of ROE on converging with IFRS. Correspondingly, the CFO ranged 
from a me9an estimation of 8019.05 and standard deviation estimation of 6568.99 during the pre-IFRS 
period, to a mean estimate of 8972.72 and standard deviation estimation of 9224.07 during the post-
IFRS period, which demonstrated a positive increment in the income on uniting with IFRS. At last, the 
profit after tax extended from a mean estimation of 8730.34 and standard deviation estimate of 6654.84 
during the pre-IFRS period, to a mean estimate of 8995.52 and standard deviation estimation of 7745.14 
during the post-IFRS period, showing a slanting pattern of the PAT on meeting with IFRS. Accordingly, 
it is reasoned that all three factors (ROE, PAT, and CFO) had a constructive effect on meeting with IFRS 
while the P/B ratio indicated a negative impact on joining with IFRS. The examination of skewness 
showed that all the estimations of sample organizations against sample factors were positive, which 
suggested that it was correctly followed. Be that as it may, the kurtosis values for all sample firms, 
against sample factors were seen to be more prominent than the three ones which demonstrated 
extraordinary leptokurtic distribution. 

TABLE 3 Results of descriptive statistics for sample variables during the period 2013-2020 

Table 4 shows the post effects of connection between sample factors, i.e. P/B, ROE, PAT, and CFO. As 
expressed before, the P/B ratio symbolizes the securities exchange execution, and the other three 
factors, i.e. ROE, PAT, and CFO symbolize the budget summary, arranged under IGAAP and IFRS. The 
consequences of connection unmistakably showed that there was a negative relationship with the Price 
to Book Ratio during the pre- IFRS period, at - 0.081, and during the post-IFRS period at -0.025. As 
such, there was a converse connection between ROE and Price to Book Ratio. Also, there was a specific 
high relationship between the Price to Book Ratio and Profit after duty during the pre-IFRS period in 
0.683 and the post-IFRS period in 0.119. Likewise, the connection between the cost to book proportion 
and cash flows from operations was exceptionally certain, at 0.414, during the pre-IFRS period and with 
0.213, during the post-IFRS period. Thus, it is perceived that all three financial statement factors, i.e.
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ROE, CFO, and PAT had impacts over the securities exchange execution and stock market performance 
variable, i.e. P/B proportion during the investigation time frame. 

TABLE 4 Results of correlation analysis for sample variables during the period 2012-2020 

The results of Table 5 show the effect of IFRS on financial statements, arranged by utilizing IGAAP and 
IFRS, and on the stock market performance of the sample jewelry organizations, recorded in S&P 
BSE100. The OLS regression examination was used to contemplate the financial effect of IFRS on the 
stock market performance of the sample firms, during IGAAP revealing norm and IFRS detailing 
principles. The P/B proportion was considered as the dependent variable and ROE, PAT, and CFO as the 
autonomous factors, symbolizing the financial statements of IFRS and IGAAP in this examination. The 
results of the financial-related effect of merging with IFRS over the stock market performance of sample 
firms, during the examination time frame from April 01, 2013, to March 31, 2020, are summed up in 
Table 6, which delineates that the estimations of coefficients, for the year 2012, were at -1.957, -0.625 
and 0.526 for ROE, CFO, and PAT, with a consistent estimate of 6.857, regarding sample firms. As 
indicated by the results of coefficient esteems, a positive effect on securities exchange execution was 
made by a Profit After Tax (PAT) and a negative impact by two factors, in particular, ROE and CFO, 
concerning test firms for the year 2013. For the year 2014, the coefficient estimates were accounted for 
as - 0.208, 0.421, and 0.361, for ROE, CFO, and PAT, with an estimation of steady at 2.990. A positive 
effect on stock market performance was observed on account of CFO and PAT and an adverse effect for 
ROE, in the year 2014. The year 2015 coefficient accounted for as 0.156, -0.428, and 0.626, for ROE, 
CFO, and PAT individually with an estimation of steady 2.893. A positive effect on securities exchange 
execution was seen on account of ROE and PAT, and a negative impact for CFO was likewise recorded 
in 2014. From the above examination, plainly during the pre-IFRS period, budgetary factors, arranged 
by utilizing IGAAP, a variable of PAT demonstrated a critical positive effect on the securities exchange 
execution. 

TABLE 5 Result of regression analysis of sample variables for the period of 2012-2020 
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Like the post-IFRS time of 2016, the coefficient values were accounted for as 0.152, 0.479, and 0.097, 
for ROE, CFO, and PAT separately, with an estimation of consistency at 2.709. A positive effect on stock 
market performance was evident on account of the apparent multitude of three factors like ROE, CFO, 
and PAT, during the year 2016. Correspondingly, for the year 2017, the coefficient values were 
accounted for as -0.152, 1.137, and 1.117 for ROE, CFO, and PAT individually with an estimation of 
consistency at 4.814. It is apparent that the CFO and PAT had made substantial positive effects, and ROE 
had an adverse impact on the stock exhibition of sample firms. In 2018, the coefficient values were 
recorded as -0.272, -0.697, and 0.477, for ROE, CFO, and PAT individually, with an estimation of steady 
at 6.376. The factors, for example, CFO and PAT, indicated a nearly certain effect, and one variable, 
ROE, demonstrated a negative impact on the stock market performance of the sample factors. 
Consequently, it is perceived that PAT left essentially certain effects on the securities exchange 
execution of the sample organizations. Subsequently, the null hypothesis (H1) stating there lies no 
connection between the money related result of uniting to IFRS by the sample gallery organizations 
over its securities exchange execution was rejected. 

It should be noted that F-statistic, p-value, R-squared, and Adjusted R-squared were utilized to test the 
fitness of the regression model. In the year 2013, the Adjusted R-squared was 0.164 and the F value was 
1.687, from which it is perceived that only 16.4% of the variance in P/B ratio could be estimated through 
this model in 2013. For the year 2014, the Adjusted R-squared was 0.434, and F esteem was 3.912, 
which inferred that 42.4% variety in P/B ratio could be estimated by utilizing this model in 2014. In the 
year 2015, the Adjusted R-squared was 0.664, and the F value was 3.796, which could clarify 56.4% of 
the variance in the P/B ratio. During the post-IFRS period in 2016, the Adjusted R-squared was 0.164, 
and the F value was 0.662, which implied that only 14.4% of the variance in P/B proportion utilized this 
model in 2016. In 2017, the Adjusted R-squared was at 0.477, and the F value was 3.424 which showed 
that 43.7% of the variance in P/B proportion could be clarified through this model for 2017. In 2018 the 
Adjusted R-squared was 0.882, and the F value was 1.358. It was discovered that in 2018, 81.2% variety 
in P/B proportion was estimated by this model. This affirmed that the model was acceptable, and the 
factors were freely appropriated. 

CONCLUSION 
This study examined the factors of financial statements, arranged by utilizing GAAP and IFRS, and 
attempted to discover relations with the securities market performance of the sample Jewellery 
organizations recorded in S&P BSE100. Four primary factors, to gauge the financial effect of IFRS on 
the stock exchange execution of the sample Jewellery organizations were used. There were four factors - 
Price to Book Ratio (securities exchange variable), Return on Equity, Profit after Tax and Cash flow 
from Operations (three monetary factors), utilized by this examination. The post effects of this 
examination showed that the financial effect after converging with IFRS, significantly Profit after Tax, 
was fundamentally indicative of the stock returns in Indian [13]. The results of this examination are 
unique, concerning numerous global investigations, although they looked predictable[14]. 

There were some limitations. The investigation focused only on jewelry organizations, and 
consequently, it is tough. Besides, this examination did not use estimated accrual methodology to look 
at the effect of financial statements or reports, which demanded a change in research configuration, as 
utilized in the current investigation. Some different proposals for additional exploration fit in this area. 
The present work could have reached out by fusing accounting gatherings and the nature of accounting 
divulgence [15].In conclusion, it is recommended that the examination configuration, utilizing
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alternative dependent variables, e.g., stock returns, Tobin q, and panel data regression, could be used, 
contrasting the outcomes and OLS regression [16]. 
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FIGURE 1 The 2-dimensional view of TUC5C8[p;q] nanotube. 
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A B S T R A C T

 INTRODUCTION 
The entropy of a graph is a function depending both on the graph itself and on a probability distribution 
on its vertex set. This graph function originated in the problem of source coding in information theory 
and was introduced by J. Korner in 1973. Although the notion of graph entropy has its roots in 
information theory, it was proved to be closely related to some classical and frequently studied graph 
theoretic concepts. Chemical reaction network theory is an area of applied mathematics that attempts to 
model the behavior of real world chemical systems. Since its foundation in the 1960s, it has attracted a 
growing research community, mainly due to its applications in biochemistry and theoretical chemistry. 
It has also attracted interest of pure mathematicians due to the interesting problems that arise from the 
mathematical structures involved. 

Topological indices are arithmetic numbers about a graph of the chemical molecules [1-13]. Each 
molecule is canonically represented by a set of topological indices. Topological descriptors are derived 
from hydrogen-suppressed molecular graphs. Here, we computed weighted entropies of TUC C [p;q] 5 8

using some degree based topological indices. 

 The entropy of a graph is a function depending both on the graph itself and on a probability distribution on 

its vertex set. This graph function originated in the problem of source coding in information theory and was 

introduced by J. Krner in 1973. Although the notion of graph entropy has its roots in information theory, it 

was proved to be closely related to some classical and frequently studied graph theoretic concepts. In this 

article, we captured the symmetry present in the structure of molecular graph of nanotube. We computed 

entropies of TUC C [p;q] nanotube taking some degree-based topological indices as edge weights. 5 8

KEYWORDS : Nanotube; topological indices; weighted entropy; Zagreb indices; Randić index. 
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Definition 1. (Entropy). Let the probability 

TUC C [p;q] Nanotube 5 8

In the molecular graph of TUC5C8[p;q] with G=(V,E) there are two types of vertices in the graph G; 
namely degrees 2 and 3 as seen from the Figure 1. 

Let G=(V,E) be the TUC5C8[p;q]. Note that here p denotes the number of C C  nets horizontally and q 5 8

denotes the tube levels. The 2D lattice graph of TUC5C8[p;q] is shown in Figure 1. 

There are 3 kinds of edges in TUC C [p;q] as follows. 5 8

E ={uv∈E(TUC C )[p;q]: du=2;dv=2}; 1 5 8

E ={uv∈E(TUC C )[p;q]: du=3;dv=2}; 2 5 8

E ={uv∈E(TUC C )[p;q]): du=3;dv=3}; 3 5 8

Such that |E |=2p;|E |=4p;|E |=6pq-2p. 1 2 3

Now from this edge partition, we can have following results immediately. 

Entropies of TUC C [p;q] Nanotube 5 8

In this section we present our results. 

Theorem 1. The entropy of TUC C [p;q] with first Zagreb weight is 5 8

Proof. By Definition 1, we have 
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Theorem 2. The entropy of TUC C [p;q] with second Zagreb weight is 5 8

Proof. By Definition 1, we have 

Theorem 3. The entropy of TUC C [p;q] with second Modified Zagreb weight is 5 8

Proof. By Definition 1, we have 
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Theorem 4. The entropy of TUC C  with Augmented Zagreb weight is 5 8

Proof. By Definition 1, we have 

Theorem 5. The entropy of TUC C [p;q] with Hyper second Zagreb weight is 5 8
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Proof. By Definition 1, we have 

Theorem 6. The entropy of TUC C [p;q] with Redefined First Zagreb weight is 5 8

Proof. By Definition 1, we have 
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Theorem 7. The entropy of TUC C [p;q] with Re-defined 2nd Zagreb weight is 5 8

Proof. By Definition 1, we have 

Theorem 8. The entropy of TUC C [p;q] with Re-defined 3rd Zagreb weight is 5 8

Proof. By Definition 1, we have 
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A B S T R A C T

 INTRODUCTION 
It is widely accepted that methionine (α-amino-γ-methyl mercaptobutyric acid) is one of the sulfur-
bearing mono-carboxylic amino acids as one of the supplies of sulfur in body, which is essentially 
responsible for biological methylation reaction as well as prevention of disorders in the skin, hair and 
nail [1]. Although methionine has been considered as one of the essential amino acids, it is not 
synthesized in body and thus may be readily provided from the food supplies so pharmaceuticals can be 
commercially provided in the market. In addition, it is crucial for forming the blood protein, globulin as 
well as albumin, contributes to the reduction of the level of cholesterol via elevating the lecithin 
generation in livers, and keeps the cells' normal growth [2]. This drug has been proposed to be helpful 
for curing acquired immune deficiency syndrome (AIDS)-related myelopathy [3] as well as different 
kinds of cancers [4]. Furthermore, it is found in the humans' fluids such as in the blood plasma [5,6], 
urine and serum [7]. However, abnormal concentrations of methionine largely cause the coronary artery 
disease in humans [8] as well as hypermethioninemia and hyper-homocysteinemia in the infants [9]. 
Consequently, variations in the concentrations of methionine in human fluids have correlation with 
numerous acute illnesses. Due to its clinical and physiological significance, the determination of 
methionine in human fluids is very important. Over the past years, many analytical methods have been 
developed to detect methionine like high-performance liquid chromatography (HPLC)[10], 
colorimetric [11,12], enzymatic [13], capillary electrophoresis–UV [6], photoelectrochemical [14], gas 
chromatography–mass spectrometry [15], spectrophotometric [16] and electrochemical techniques 
[17-19]. 

On the other hand, electrochemical sensors fulfil several needs specifically because of simplified 
preparation, higher sensitivity and selectivity and faster responses [20-31]. In case of the use of the

 This study reported the electrochemical sensor for sensitive determination of methionine based on 

CuO nanoflowers (CuO NFs) supported on glassy carbon electrode (GCE). Therefore, we utilized 

cyclic voltammetry (CV), chronoamperometry (CHA) as well as differential pulse voltammetry (DPV) 

for characterizing the sensor performance. This CuO NFs/GCE has been found to have very good 

electrochemical catalytic activity toward methionine oxidation. The oxidation overpotential of 

methionine decreased significantly and its oxidation peak current increased dramatically at CuO 

NFs/GCE. Moreover, the sensor showed a linear response for detecting methionine in the broad 

ranges from 1.0-300.0 μM with a low limit of detection (LOD) equal to 0.3 μM. Finally, we employed 

CuO NFs/GCE as a highly sensitive tool to analyze methionine in real sample (urine). 

KEYWORDS : Electrochemical Sensor; voltammetric determination; nanosensors. 
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unmodified electrodes for detecting this analyte, many challenges like decreased sensitivity, slower 
electron transfer kinetics, duplicability, decreased stability on a wide range of solution compounds, as 
well as greater overpotential would occur, in which the electron transfer processes will be seen [32]. 
Nonetheless, chemical modification of the electrodes surfaces has been considered as one of the current 
approaches for designing the electrochemical sensors that is a developed strategy of the electro-
chemical analyses [33-43]. 

Since nano-materials enjoy very acceptable features, researchers have largely considered them. 
Moreover, nano-particles (NPs) may function as the conduction centers simplifying the electron 
transfer and providing larger catalytic surface area. Researchers have also presented diverse 
nanomaterials to modify the surface of electrodes and ameliorate their electro-chemical features [44-
51]. 

In addition, experts in the field have been considerably attracted by the transition metal oxides because 
of their manifold features like thermal durability, different optical and electrical features as well as 
mechanical strength that led to their extensive utilization in particular in sensing interfaces [52,53]. 
Amongst diverse metal oxides, researchers have commonly applied copper oxide (CuO) for sensors 
because of their innate catalytic and electronic characteristics. Furthermore, CuO nano-structure shows 
numerous morphologies using the controlled synthetic processes that may exhibit effective electron 
transfer in the small sizes [54,55]. 

In the present work, a simplified, sensitive as well as precise electroanalytical procedure to determine 
methionine has been shown to be possible by utilizing synthesized CuO NFs modified GCE. The CuO 
NFs/GCE exhibit greater electrocatalytic activity, wide linear range and high sensitivity for 
determination of methionine over unmodified GCE. The CuO NFs/GCE was successfully employed for 
sensitive detection of methionine in urine sample. 

EXPERIMENTAL PHASE 

Instruments and chemicals 
An Autolab potentiostat/galvanostat (PGSTAT 302N, Eco Chemie, the Netherlands) was utilized to 
measure electrochemicals. A platinum wire as the auxiliary electrode, CuO NFs/GCE as the working 
electrode and an Ag/AgCl/KCl (3.0 M) as reference electrode were used for electrochemical 
measurements. The ortho-phosphoric acid as well as the respective salts (KH2PO4, K2HPO4, K3PO4) 
with a pH ranging between 2.0 and 9.0 were utilized to procure buffer solution. The pH values were 
measured using a pH-meter (Metrohm 692 model, Herisau, Switzerland). Methionine and all other 
reagents were of the analytical grade, and they were obtained from Merck (Darmstadt, Germany). The 
phosphate buffer solution (PBS) was produced from concentrate phosphoric acid and its salts. 

Preparation of electrode 
The GCE was modified with CuO NF using a simple drop-casting method. To prepare the CuO NF stock 
solution in 1 mL of aqueous solution, the CuO NF (1 mg) was distributed by 30-minute ultrasonication. 
After that, a 5 μL CuO NF suspension was dropped on the screen-printed working electrode surface. 

Then, the solvent was evaporated at an ambient temperature. 
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RESULTS AND DISCUSSION 

Electrochemical behaviours of methionine on the various surface of electrodes 
For studying electrochemical behaviours of methionine based on pH, providing an optimized pH-value 
could be of high significance to obtain acceptable outputs. Hence, the modified electrode was used for 
running experimentations under different pH amount ranging from 2.0 to 9.0. In the last step, the most 
promising outputs were seen in the case of electrooxidation of methionine at the pH equal to 7.0. 

Figure 1 depicts CVs for methionine oxidation, at bare GCE (a), and CuO NFs/GCE (b) in 0.1 M PBS 
(pH of 7.0) solution containing 100.0 μM methionine at scan rate of 50 mV s-1. The anodic peak 
potential for methionine oxidation on the bare GCE was about 1280 mV, while on the CuO NFs/GCE, 
the peak potential was around 1000 mV. This reduction of around 280 mV proposes that the CuO NFs 
possesses highly efficient electrocatalytic activity considering the oxidation of methionine. 

FIGURE 1 CVs of (a) bare GCE and (b) CuO NFs/GCE in the presence of 100.0 μM 
-1 methionine. Scan rate was 50 mVs

EFFECT OF SCAN RATE ON THE RESULTS 
The relationship among scan rate and peak current presented promising data with respect to 
electrochemical mechanisms. Hence, the influence of scan rate onto the peak current of methionine was 
studied by LSV in the range of 10 to 400 mVs-1 in PBS (0.1 M, pH equal to 7.0) (Figure 2). The 
electrode response of methionine was a diffusion-controlled process since the peak current of oxidation 
was proportional to the square root of the scan rate (Figure 2, inset). 
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FIGURE 2 CVs of CuO NFs/GCE in 50.0 μM of methionine at different scan rates; (10, 30, 50, 
-1 1/2 

100, 200 and 400 mV s ). Inset: Variation in the peak current vs. v

Chronoamperometric analyse 
Chronoamperometric study was used for calculating the diffusion coefficient (D) of methionine on the 
surface CuO NFs/GCE at an optimum condition. Figure 3 displays chronoamperometric results of 
diverse concentrations of the methionine sample in PBS considering pH of 7.0. In addition, Cottrell 
equation is proposed in the case of the chronoamperometric analyses of electroactive moiety on the 

 −5 2
basis of the mass transfer restricted states [56]: Hence, D mean value equaled to 2.0×10  cm /s. 

FIGURE 3 Chronoamperograms of CuO NFs/GCE in different concentration of methionine. 
(0.1, 0.5, 1.5 and 2.0 mM) Insets: (A) Plots of I vs. t -1/2. (B) Plot of the slope against 

methionine concentration 
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Calibration plot and detection limit 
In this step, DPV was applied for determining methionine content with different concentration gradients 
at a pH of 7.0 (Figure 4). It was found that the peak currents of methionine oxidation at CuO NFs/GCE 
surface linearly depended on methionine concentrations above the range of 1.0–300.0 μM. The linear 
equation was as follows: y=0.0588x+0.2534, and the correlation coefficient was 0.9995. Also, the 
detection limit, Cm, of methionine was obtained using the following equation: 

C =3s /m m b

The detection limit was 0.3 μM. 

Analysis of real samples 
Finally, the performance of CuO NFs/GCE as a new electrochemical sensor for analyzing of methionine 
in different samples of urine was evaluated. Table 1 shows obtained data as well as the recovery data 
proved the ability CuO NFs/GCE as a sensitive sensor in the case of the analysis of methionine in real 
samples. 

FIGURE 4 DPVs of CuO NFs/GCE in different concentrations of methionine (1.0, 5.0, 20.0, 
50.0, 75.0, 100.0, 150.0, 200.0, 250.0 and 300.0 μM). Inset: plot of the peak current vs. 

methionine concentration 

Table 1. The application of CuO NFs/GCE for the determination of methionine in urine (n=5) 

CONCLUSION 
This research provided one of the effective affordable analytical procedure for sensing methionine in 
PBS with the use of a CuO NFs modified GCE. The results indicated the greater surface area of electrode
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by the presence of CuO NFs that led to the effective interface for electrochemical reaction of 
methionine. By DPV, the proposed modified electrode linearly responded in the broad ranges from 1.0-
300.0 μM with the LOD equal to 0.3 μM. Also, the results showed CuO NFs/GCE sensitivity to 
determine methionine in urine samples with reasonable accuracy, which reflected the possible 
utilization of this technique to detecting methionine in real samples. 
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A B S T R A C T

INTRODUCTION 
Hypertension is another name for high blood pressure. The prolonged increased blood pressure has been 
identified as one of the main risk factors for stroke, kidney failure and heart attacks [1,2]. These 
problems may be less likely to occur if blood pressure is controlled. Therefore, the first-line medication 
for hyper-tension contains thiazide-diuretics, angiotensin converting enzyme inhibitors, angiotensin 
receptor blocker as well as calcium channel blockers [3]. 

Researchers consider hydro-chlorothiazide (i.e., 6-chloro-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-
sulfonamide 1,1-dioxide) as one of the thiazide diuretics [4]. Hydrochlorothiazide has been proposed as 
one of the drugs with the widespread utilizations worldwide to treat the high blood pressure since the 
advent of chlorothiazide in 1957. Hydrochlorothiazide functions on the kidney and inhibits sodium and 
chloride ions re-absorption into the nephron-contoured tubules. Moreover, it prevents water re-
absorption and decreases the blood pressure. Additionally, hydrochlorothiazide has uses in curing the 
renal tubular acidosis, edema, diabetes insipiddus and preventing the kidney stone [5,6]. Notably, half-
life of hydrochlorothiazide is variable from 6-15 h and approximately 50% to 60% of the oral 
administration of the drug excreted via urine [7]. An over-dose of hydrochlorothiazide of the patients' 
loss fluid and electrolyte and the reported symptoms have been dizziness, sedation or impaired 
consciousness, hypo-tension as well as cramps in the muscles [8]. Hence, the determination of 
hydrochlorothiazide in human fluids and pharmaceutical compounds is very important. 

Numerous methods have been designed to detect hydrochlorothiazide, including HPLC [9], liquid 
chromatography tandem mass spectrometry [10], ultraviolet spectrophotometry [11], and

 The present research presented a novel modification approach for modifying a glassy carbon 
3+electrode on the basis of the Ce3+/NiO hexagonal nanoparticles (Ce /NiO hexagonal NPs/GCE). In 

so doing, we devised the new modified electrode for using as one of the sensitive sensors for detecting 

the trace amounts of hydrochlorothiazide. Moreover, it is an acceptable electrocatalyst for catalytic 

oxidation of hydrochlorothiazide by shifting the overpotential toward less positive potential and 

enhancing catalytic current in comparison to the bare GCE. In a concentration range 0.1 to 700.0 μM 

in a phosphate buffer solution (PBS) at a pH of 7.0, the responses were linear and hydrochlorothiazide 

detection limit for this method was 0.03 μM (S/N=3). Furthermore, this sensor successfully detected 

hydrochlorothiazide in hydrochlorothiazide tablets and urine samples with satisfactory recovery 

ranges, indicating a promising application in biological samples, pharmaceutical compounds 

analysis and clinical diagnosis. 

KEYWORDS : Electrochemical sensors; nanochemistry; voltammetry. 
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electrochemistry [12]. Although such methods are sensitive, there are restrictions such as high costs and 
complex analysis processes which are cumbersome for analysis. In contrast, electrochemical methods 
have become prominent in analyte detection because of their low cost, rapid response time, high 
sensitivity, simplicity and selectivity [13-24]. 

According to the studies, electro-chemical procedures with the use of the chemically modified 
electrodes (CMEs) have a widespread utilization as the selective and sensitive analytical techniques to 
determine trace amount of electroactive prominent compounds [25-35]. However, a major feature of 
CMEs is their capability of catalyzing the electrode procedure through considerable decline in the over-
potential on the basis of the un-modified electrodes. Consequently, choosing materials for constructing 
diverse modified electrodes to detectanalyte is of high importance. 

Recently, nanomaterials have been widely used as modifier in electrochemical detection due to their 
very good electrical conductivity, larger surface areas [36-43]. In addition, nickel oxide (NiO) that is 
one of the p-type semiconductors with the broad band gap equal to 3.7 eV in the room temperature and 
the increased isoelectric point (IEP) of ~10.7, is of particular interest in the environmental, energy as 
well as biological researches because of their effective electro-catalytic features, acceptable oxygen-ion 

-1conductivity, non-toxicity, bio-compatibility, specific capacity equal to 2785 Fg  and porosity features 
[44-49]. Nevertheless, for electrochemical applications, the increased conductivity has been proposed 
as one of the prime parameters for improving its electrochemical functions. Therefore, for 
improvements in the electrical features of metal oxides, researchers typically run heteroatom doping. 
Conventionally, metallic dopants have entered the lattice of metal oxides for elevating its 
electrocatalytic behaviors [50]. As an instance, in the published investigations, some researches 

+ 3+ 3+ 3+
confirmed doping heteroatoms like Li , La , Co  as well as Y  for improving its electro catalytic 

3+
behaviors for diverse utilizations [51-54]. Herein, we used rare earth ions (Ce ) doping to improve the 
electrocatalytic performance of NiO nanostructures. 

The present work aimed at employing the electrochemical method for determination of hydrochlorot-
3+hiazide at the synthesized Ce /NiO hexagonal NPs modified GCE. An excellent electrocatalytic 

activity was observed regarding hydrochlorothiazide oxidation with the increased oxidation peak 
current and decrease of overpotential. Also, using this developed sensor, the determination of 
hydrochlorothiazide was carried out in tablets and urine samples. 

EXPERIMENTAL SECTION 

Instruments and chemicals 
An Autolab potentiostat/galvanostat (PGSTAT 302N, Eco Chemie, the Netherlands) was utilized to 
measure electrochemicals. A platinum wire as the auxiliary electrode, CuO NFs/GCE as the working 
electrode and an Ag/AgCl/KCl (3.0 M) as reference electrode were used for electrochemical 
measurements. The ortho-phosphoric acid as well as the respective salts (KH PO , K HPO , K PO ) with 2 4 2 4 3 4

a pH ranging between 2.0 and 9.0 were utilized to procure buffer solution. The pH values were measured 
using a pH-meter (Metrohm 692 model, Herisau, Switzerland). 

Hydrochlorothiazide and all other reagents were of the analytical grade, and were obtained from Merck 
(Darmstadt, Germany). The phosphate buffer solution (PBS) was produced from concentrate 
phosphoric acid and its salts. 
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Preparation of electrode 
3+The GCE was modified with Ce /NiO hexagonal NPs using a simple drop-casting method. To prepare 

3+
the CuO NF stock solution in 1 mL of aqueous solution, the Ce /NiO hexagonal NPs (1 mg) was 

3+
distributed by 30-minute ultrasonication. After that, a 5 μL Ce /NiO hexagonal NPs suspension was 
dropped on the glassy carbon working electrode surface. Then, the solvent was evaporated at an ambient 

3+
temperature. The surface areas of the Ce /NiO hexagonal NPs/GCE and the bare GCE were obtained by 

6 3+
CV using 1mM K Fe(CN)  at different scan rates. Using Randles-Sevcik formula [55] in Ce /NiO 3

hexagonal NPs/GCE, the electrode surface was found 0.156 cm2 which was about 4.96 times greater 
than bare GCE. 

RESULTS AND DISCUSSION 

Electrochemical behaviours of hydrochlorothiazide on the various surface of electrodes 
For studying electrochemical behaviours of hydrochlorothiazide based on pH, providing an optimized 
pH-value could be of high significance to obtain acceptable outputs. Hence, the modified electrode was 
used for running experimentations under different pH amount ranging from 2.0 to 9.0 (Figure 1). In the 
last step, the most promising results were seen in the case of electrooxidation of hydrochlorothiazide at 
the pH equal to 7.0. 

3+FIGURE 1 Plot of Ip vs. pH obtained from DPVs of Ce /NiO hexagonal NPs/GCE in a 
solution containing 100.0 μM of hydrochlorothiazide in 0.1 PBS with different pHs (2.0, 3.0, 

4.0, 5.0, 6.0, 7.0, 8.0 and 9.0) 

3+
Figure 2 depicts CVs for hydrochlorothiazide oxidation, at bare GCE (a), and Ce /NiO hexagonal 
NPs/GCE (b) in 0.1 M PBS (pH of 7.0) solution containing 100.0 μM hydrochlorothiazide at scan rate of 

-1
50 mV s . The anodic peak potential for hydrochlorothiazide oxidation on the bare GCE was about 1150 

3+mV, while on the Ce /NiO hexagonal NPs/GCE, the peak potential was around 800 mV. This reduction 
3+of around 350 mV proposes that the Ce /NiO hexagonal NPs possesses highly efficient electrocatalytic 

activity considering the oxidation of hydrochlorothiazide. 
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FIGURE 2 CVs of (a) bare GCE and (b) CuO NFs/GCE in the presence of 100.0 μM 
 -1hydrochlorothiazide. Scan rate was 50 mVs  

Effect of scan rate on the results 
The relationship between scan rate and peak current shows promising data with respect to electroch-
emical mechanisms. Hence, the influence of scan rate onto the peak current of hydrochlorothiazide was 
studied by LSV (Figure 3). The electrode response of hydrochlorothiazide was a diffusion-controlled 
process since the peak current of oxidation was proportional to the square root of the scan rate (Figure 3, 
inset). 

3+FIGURE 3 CVs of Ce /NiO hexagonal NPs/GCE in 100.0 μM of hydrochlorothiazide at 
-1different scan rates; (10, 30, 70, 100, 200, 300, 400, 600 and 800 mV s ). Inset: Variation in the 

1/2 peak current vs. v
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Chronoamperometric analyse 
Chronoamperometric study was used to calculate the diffusion coefficient (D) of methionine on the 

3+
surface Ce /NiO hexagonal NPs/GCE at an optimum condition. Figure 4 displays chronoamperometric 
results of diverse concentrations of the hydrochlorothiazide sample in PBS considering pH of 7.0. In 
addition, Cottrell equation is proposed in the case of the chronoamperometric analyses of electroactive 

-5moiety in the basis of the mass transfer restricted states [55]. Hence, D mean value equaled to 2.4 × 10  
2 -1cm  s . 

Calibration plot and detection limit 
In this step, DPV was applied for determining hydrochlorothiazide content with different concentration 
gradients at a pH of 7.0 (Figure 5). (Step potential=0.01 V and pulse amplitude=0.025 V). It was found 

3+
that the peak currents of hydrochlorothiazide oxidation at Ce /NiO hexagonal NPs/GCE surface 
linearly depended on hydrochlorothiazide concentrations above the range of 0.1–700.0 μM. The 
detection limit was 0.03 μM. The comparison of the results for the detection of hydrochlorothiazide 
with different modified electrodes in the literatures are listed in Table 1. 

3+FIGURE 4 Chronoamperograms of Ce /NiO hexagonal NPs/GCE in different concentration 
 -1/2of hydrochlorothiazide. (0.05, 0.5, 1.0 and 1.5mM) Insets: (A) Plots of I vs. t . (B) Plot of the 

slope against methionineconcentration 
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3+FIGURE 5 DPVs of Ce /NiO hexagonal NPs/GCE in different concentrations of 
hydrochlorothiazide (0.1, 1.0, 10.0, 40.0, 70.0, 100.0, 200.0, 300.0, 400.0, 500.0, 600.0 and 700.0 

μM). Inset: plot of the peak current vs. hydrochlorothiazide concentration 

TABLE 1 Comparing performance of purposed electrochemical sensor with others for 
detection of hydrochlorothiazide 
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Analysis of real samples 
3+Finally, the performance of Ce /NiO hexagonal NPs/GCE as a new electrochemical sensor for 

analyzing of hydrochlorothiazide in hydrochlorothiazide tablets and urine samples was evaluated. 
3+Table 2 shows obtained data as well as the recovery data proving the ability of Ce /NiO hexagonal 

NPs/GCE as a sensitive sensor in the case of the analysis of hydrochlorothiazide in real samples. 

3+
TABLE 2 The application of Ce /NiO hexagonal NPs/GCE for determination of 

hydrochlorothiazide in hydrochlorothiazide tablets and urine samples (n=5) 

CONCLUSION 
3+This research demonstrated the fabrication of Ce /NiO hexagonal NPs/GCE and the respective 

utilization to determine hydrochlorothiazide. The results showed catalysis of hydrochlorothiazide 
oxidation at a pH of 7.0 and the respective peak potential switched to a less positive potential at the 
surface of the modified electrode. Finally, this developed sensor can be successfully utilized to analyze 
hydrochlorothiazide in hydrochlorothiazide tablets and the urine sample. Hence, the sensor can be 
helpful with the acceptable analytical advancements. 
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A B S T R A C T

 INTRODUCTION 
Many attempts have been made to develop novel efficient and green synthetic methods for the 
preparation of heterocyclic compounds because of their high importance in the medicinal science. 
Heterocyclic compounds with the pyridine scaffold demonstrated a wide variety of biological effects 
such as antimicrobial, antihypertensive, A2A adenosine receptor antagonizing, cardiovascular, 
antipyretic, strong inhibitor of HIV-1 integrase, anti-inflammatory, and anti-parkinsonism properties. 
These multiple pharmaceutical effects have made them interesting synthetic targets. They are also 
selective inhibitors of IKK-β serine-threonine protein kinase. In fact, these outstanding pharmacophore 
skeletons are well-known for their biological effects [1-3]. An integral part of numerous natural 
products such as coenzyme vitamin B6 family and many alkaloids have been formed from the pyridine 
scaffold [4,5]. 

In the past decades, multicomponent reactions (MCRs) based on the synthesis of widespread and 
diverse heterocyclic compounds have been noticed in organic synthesis by chemists and scientists [6-9]. 
There are several works in the literature concerning the synthesis of 2-amino-4,6-diarylnicotinonitrile 
derivatives by MCRs [10-13]. We have also synthesized 2-amino-4,6-diarylnicotinonitriles in the

 The crystal structure of 2-amino-4-(2,4-dichlorophenyl)-6 phenylnicotinonitrile (ADPN) was 

determined by single crystal X-ray diffraction. The crystal structure showed two independent 

molecules with very similar geometric parameters and different environments. Density functional 

theory (DFT) and DFT dispersion corrected (DFT-D3) calculations were applied to study the 

structural and chemical properties of ADPN and its dimer. To have a better insight into the properties 

of the synthesized molecule, quantum chemistry calculations were performed. Based on the calculated 

results, the dispersion forces have remarkable effects on the stability of ADPN crystal. Moreover, 

hydrogen bond interactions between ADPN molecules due to molecular orbital interactions can be a 

driving force for the dimerization process. 

KEYWORDS : 2-Amino-4-(2,4-dichlorophenyl) -6-phenylnicotinonitrile; single crystal x-ray 

structure; DFT-D3; hydrogen bond; quantum chemistry calculation. 
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presence of acidic catalysts [14, 15]. We have reported the good cytotoxic activity and the potentiality to 
bind to the Eg5 binding site (as a validated molecular target) of 2-amino-4-(2,4- dichlorophenyl)-6-
phenylnicotinonitrile ADPN) [15]. In the context of our general interest in the synthesis of heterocycle 
compounds, using single crystal X-ray structure, and DFT studies [16-18], we report the 
characterization and crystal structure of continuation of ADPN. To have a better insight into the 
properties of the synthesized molecule, we performed quantum chemistry calculations. As shown in 
Figure 1, this derivative has been synthesized from the reaction of 2,4-dichlorobenzaldehyde, 
acetophenone, malononitrile, and ammonium acetate in the presence of boric acid as a green catalyst 
under microwave irradiation [14]. The structure of the title product 2-amino-4- (2,4-dichlorobenza 
dichlorophenyl)-6- phenylnicotinonitrile (ADPN) was determined by FT-IR, 1H NMR, and 13C NMR 
spectroscopic data [14] (See Figures S1 to S3 in Supplementary Information respectively). Moreover, 
single crystal X-ray analysis was performed in this work. 

Preparation of crystals 
After recrystallization of the target product from hot ethanol, the pure powder of 2-amino- 4-(2,4-
dichlorophenyl)-6- phenylnicotinonitrile (ADPN) was dissolved in hot ethanol. X-ray quality crystals 
were obtained in excellent yield after slow evaporation of the mother liquor at room temperature. 

FIGURE 1 Structure of 2-amino-4-(2,4- dichlorophenyl)-6-phenylnicotinonitrile 

RESULTS AND DISCUSSION 
Density functional theory (DFT) and DFT dispersion corrected (DFT-D3) calculations were used to 
study the structural and chemical properties of ADPN and its dimer. The structures of ADPN and ADPN 
dimer were optimized by using BP86 and BP86-D3 functionals with 6-31+G(d) basis set [19, 20]. In 
order to calculate the thermodynamic parameters during dimerization process frequency calculations 
were applied. The BP86-D3 functional in contrast to BP86 can describe dispersion interactions; 
therefore, by employing these functionals, dispersion interactions were calculated. 

To investigate the charge transfer and electrostatic interactions inside the ADPN dimer, natural bond 
orbital (NBO) analysis was performed [21]. By employing NBO analysis, we can study the molecular 
orbital and donor-acceptor interactions in ADPN dimer. Gaussian 09 computational package was 
applied for these quantum chemistry calculations [22]. 
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Finally, to determine the nature of interactions between ADPN in dimer structure quantum theory of 
atoms in molecules (QTAIM) [23], 2D- and 3D-non covalent interaction (NCI) [24] analyses were 
applied by using MultiWFN 3.4 [25]. 

X-Ray crystallography 
The structure determination of ADPN was carried out on an Oxford Diffraction Xcalibur κ-geometry 
four-circle diffractometer equipped with an Atlas CCD detector and graphite-monochromated Mo Kα 
radiation (λ=0.71073 Å). The data collection was carried out at 100(2) K with the use of the Oxford- 
Cryosystems 800 series cryocooler. Diffraction data were corrected for the polarization and Lorentz 
effects. Data collection, cell refinement, along with data reduction and analysis were carried out with the 
CrysAlisPro program package [26]. Analytical shape-based absorption correction was introduced. The  
crystal structure was solved using SHELXT-2014 [27] and refined by a full-matrix least squares method 
with the anisotropic thermal parameters for all non-H atoms with the use of SHELXL-2014 [28]. 
Hydrogen atoms were located in different Fourier maps. In the final refinement cycles, C/N-bound H 
atoms were put in their calculated positions and refined with a riding model, so that C–H=0.95 Å, 
N–H=0.88 Å and with Uiso(H)=1.2Ueq(C/N). One of two independent molecules is slightly 
orientationally disordered, 2,4-dichlorophenyl substituent was split into two positions with the 
geometry of minor part restricted to be the same as the major. Figures were prepared using the 
DIAMOND program [29]. The crystallographic information file (CIF) was deposited with The 
Cambridge Crystallographic Data Centre (http://www.ccdc.cam.ac.uk/; deposition number CCDC 
1882629 and published as ESI. 

Crystal data for ADPN. C18H11Cl2N3, Mr=340.20, colorless block, crystal dimensions 0.50 × 0.38 × 
0.34 mm, monoclinic, sp. gr. P21/c, a=9.421(3), b=27.617(6), c=12.501(4) Å, β=106.31(3)°, 

3 −1
V=3121.6(16) Å , T=100(2) K, Z=8, μ=0.42 mm  (for Mo Kα, λ=0.71073 Å), analytical shape-based 
absorption correction, T =0.89, T =0.91, 34539 measured reflections, 7849 unique (R  =0.028), min max int

6415 observed (I >2σ(I)), (sin θ/λ)  = 0.696 Å−1, 448 parameters, 28 restraints, R=0.036, wR = 0.091 max
−3(observed refl.), GOOF=S=1.03, (Δρ ) = 0.35 and (Δρ )=−0.27 e Å . max min

The molecular structure of the title compound was confirmed by single-crystal X-ray crystallography. 
The independent part of the structure and the numbering scheme are shown in Figure 2. It consists of two 
independent molecules referred to as A and B. Molecule A is slightly disordered over two positions with 
2,4-dichlorophenyl ring atoms' occupancies equal to 96.63(12)% and 3.37(12)%, respectively. The 
geometric parameters of the molecules A and B are quite similar, seeming to be related by a non-
crystallographic pseudoinversion center at around (0.49, 0.37, 0.47). The root mean-square distance 
between respective atoms of overlaid A and inverted B molecules is equal to 0.071 Å (a minor part of the 
disorder is neglected). The molecule of the title compound consists of three rings: central pyridyl ring, 
phenyl, and 2,4-dichlorophenyl rings. Average planes fitted to the rings form the following dihedral 
angles in A and B molecules: 13.35(7)° and 13.48(7)° for Ð(N1/C5, C6/C11), 57.59(9)° and 54.32(7)° 
for Ð(N1/C5, C13/C18). 

Main intermolecular interaction is observed between independent A and B molecules leading to the 
formation of the dimer by a pair of hydrogen bonds between the amino group hydrogen atom and the 
nitrogen atom of the nitrile (Figure 3), with the following geometrical parameters: N2A–H2AB×××N3B, 
D–H 0.88 Å, H×××A 2.26 Å, D×××A 3.0685(19) Å, Ð(D–H×××A) 152.2° and N2B–H2BB×××N3A D–H 0.88 
Å, H×××A 2.20 Å, D×××A 3.0117(19) Å, Ð(D–H×××A) 153.4°. There are no other strong or intermediate
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hydrogen bonds in the crystal structure. Above mentioned dimers are further connected by stacking π-π 
i iinteractions into tetramers: C13B/C18B×××(C13B/C18B)  Cg×××Cg  3.81 Å, interplanar distance 3.45 Å, 

offset 1.62 Å (symmetry code: (i) 1-x, 1-y, 2-z). These tetramers are connected into chains (Figure 3) in 
an axis direction through Cl×××Cl interactions between symmetry related Cl2B atoms: Cl2B×××Cl2Bii 
3.131 Å (symmetry code: (ii) -x, 1-y, 2-z). 

FIGURE 2 Asymmetric part of the structure of 2-amino-4-(2,4-dichlorophenyl)-6-
phenylnicotinonitrile along with the numbering scheme. The Minor part of the disordered 2,4-
dichlorophenyl ring is shown by transparent lines. Atomic displacement ellipsoids are shown 

at the 50% probability level 

FIGURE 3 Crystal packing of the ADPN structure. The minor part of the disordered 2,4-
dichlorophenyl ring and C-bound hydrogen atoms are omitted for clarity. Hydrogen bonds, π-

π, Cl×××Cl interactions are shown with orange, blue, and green broken lines, respectively 



Eurasian Chemical Communications (ECC) (Volume- 06, Issue - 01, January - April 2024)                                             Page No. 39

Structural analysis 
Figure 4 shows the optimized structures of ADPN and ADPN dimer in the gas phase. According to Table 
1, the calculated structural parameters are in good agreement with crystallographic data. For example, 
the calculated bond lengths for C15–Cl16, C15–C17, C13–H14, C9–C10, and C2–N3 are 1.75, 1.40, 
1.09, 1.49 and 1.37 Å and the experimental bond length for the corresponding bonds are 1.73, 1.38, 0.97, 
1.48 and 1.35 Å, respectively. Moreover, the calculated H14–C13–C15 and C11–C13–C15 angles by 
theoretical methods confirmed the experimental values. The calculated values for these angles are 
117.75 and 118.79 ̊, which are in good agreement with the experimental results. 

Moreover, the structural analysis confirmed the hydrogen bond (H-bond) formation between ADPN in 
the dimer structure. The calculated N–H bond length of the ADPN monomer is 0.98 Å, which due to 
dimerization increases to 1.03 Å, confirming a remarkable interaction or H-bond formation between 
ADPN monomers. To analyze the conformation properties of ADPN dihedral scan calculation for 
C6/C9/C10/C11 angle was applied. According to the obtained results, there are three structural 
conformers for ADPN, as shown in Figure S4 in Supplementary Information. Based on the calculated 
energies, the conformer 2 (Figure S4) has the most stable structure, which is consistent with the 
crystallographic data. Moreover, NMR calculations were employed at the BP86/6-13G(d) level of 
theory. The calculated NMR spectra (see supporting information) clearly show the difference in 
geometrical properties for the ADPN. 

FIGURE 4 The optimized structures of ADPN monomer (A) and its dimer (B) with atom 
numbering at BP86/6-31+G(d) level of theory 

TABLE 1 The calculated geometrical parameters of ADPN and its dimer at BP86/6-31+G(d) 
level of theory (bonds and angles are in Å and degree, respectively) 
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Table 2 shows the thermodynamic parameters of the ADPN dimerization process. Calculated values of 
binding energy (ΔE), enthalpy energy (ΔH), and Gibbs energy (ΔG) by BP86-D3 functional are greater 
than those from BP86 functional, which confirms an important contribution of dispersion forces. 
According to Table 2, the negative values of ΔE show the considerable stability of ADPN dimer and the 
negative values of ΔH reveal that the dimerization process is exothermic. Moreover, the calculated 
values of ΔG by different functionals confirmed that the dimerization process is favorable from the 
thermodynamic point of view. 

TABLE 2 The calculated thermodynamic parameters (kcal·mol-1) of the ADPN dimerization 
process by different functionals 

-1The calculated dispersion binding energy (ΔEdis) for the dimerization process is -8.03 kcal·mol . 
According to the structural analysis, each dimer can form two N–H···N bonds, so the H-bond 

-1interaction energy for each bond is -4.01 kcal·mol . These results are in good agreement with the 
reported values in the literature [30]. It is well worth mentioning that the negative values of the 
calculated dispersion thermodynamic parameters reveal that dispersion forces have a considerable role 
in the crystal stability of ADPN. 

Quantum reactivity indices and molecular orbital interaction 
To investigate the electrostatic and donor−acceptor interactions between ADPN in dimer structure, we 
did NBO analysis. By employing this method, stabilization energy values, E(2), were calculated. Using 
the NBO method, it is possible to find related information about the interactions of orbitals. Second-
order perturbation theory analysis was employed to calculate the donor−acceptor interactions. In this 
analysis, the stabilization energy, E(2), is related to the molecular orbital interactions; when the E(2) 
energy between a donor and an acceptor group is large, there is a strong interaction. For each donor 
orbital (i) and acceptor orbital (j), E(2) is associated with i → j delocalization and is given by equation 1: 

2
E(2)= ΔE = q {F  (i,j) / (E  –E )}                                   (1) i,j i j i

th
where q  is the i  donor orbital occupancy, E  and E  are diagonal elements, and (i,j) are off-diagonal i i j

elements of the Fock matrix. 

Table 3 shows the most important donor-acceptor interactions between lone pair (Lp) electrons of N 
atoms and bonding orbitals (σ and π) as a donor with antibonding orbitals (σ* and π*) of different bonds 
as an acceptor. The calculated E(2) values for the ADPN monomer shows strong orbital interactions 
between bonding orbitals of N1–C2 bond (πN1C2) with antibonding orbital of C21–C23 bond (π* ). C21C23

In dimer structure, there are considerable orbital interactions for π  → π* , π  → π* , π  → C2C6 C7N8 C2C6 C9C10 N1C12

π* . The calculated E(2) values for the interaction between LP electrons of N8 and N31 atoms with an C2C6

antibonding orbital of N26–H28 and N3–H5 bond, respectively, confirming H-bond formation between 
ADPN monomers. In other words, the origin of the dimer stability is H–bond formation because of 
strong molecular orbital interactions between (Lp) electrons of N atoms and σ*  orbitals. NH
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To investigate the reactivity of ADPN and its dimer, the HOMO-LUMO analysis was applied. Based on 
the HOMO and LUMO, we can describe the reactivity of a molecule. E  and E  are HOMO and LUMO H L

energies, respectively. The lower value of ELUMO, indicates that the molecule would accept electrons. 
Figure 5 shows the HOMO and LUMO diagrams of ADPN and its dimer. According to Figure 5, the 
HOMOs locate on heteroatoms of ADPN, while LUMOs show a contrast pattern. In other words, 
LUMOs extend to the whole molecule in comparison to HOMOs, especially for the dimer structure. 

-1TABLE 3 The calculated E(2) values (kcal·mol ) for different donor- acceptor interactions at 
BP86/6-31+G(d) level of theory 

According to Table 4, due to dimerization EL and EH values decrease and dimer structure has a lower 
band gap (ΔE ) in comparison to the ADPN monomer. This result indicates that the dimerization L-H

increases the reactivity of the ADPN molecule. Moreover, the calculated chemical potential (μ) reveals 
that dimerization process elevates the stability of ADPN, which is according to the calculated 
thermodynamic parameters. Based on the calculated electrophilicity index (ω) values for monomer and 
dimer structure, dimer has a lower electron affinity in comparison to monomer. Actually, the charge 
transfer between ADPN molecules can be a reason for decreasing the electron affinity. 

FIGURE 5 The HOMO and LUMO diagrams of ADPN (A) and its dimer (B) at BP86/6-
31+G(d) level of theory 
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TABLE 4 The calculated quantum reactivity indices (eV) of ADPN and its dimer at BP86/6-
31+G(d) level of theory 

Topological and NCI analysis 
To investigate the nature of the interaction between the ADPN molecules in dimer structure, we 
obtained topological parameters of the H-bonds by applying QTAIM analysis (Table 5). This method 
calculates the topological parameters at the bond critical points (BCPs). The value of electron density 
(ρ) at the BCP shows the strength of a given bond. Laplacian (L(r)) represents the curvature of the 
electron density in a three-dimensional space at the BCP of the atomic interaction. Generally, a negative 
value of Laplacian shows covalent interactions, while a positive Laplacian confirms the electrostatic 
interactions. If the ratio of the kinetic energy density (G) and potential energy density (V) (-G/V) is less 
than 0.5, the interaction is covalent. When the ratio is between 0.5 and 1, the interaction is partly 
covalent. If the −G/V ratio is greater than 1, the interactions are non-covalent. Therefore, by applying 
the ratio of –G/V, we can determine the nature of the interactions. 

According to Table 5, the calculated ρ of the N3–H5 bond is higher than N8···H28 interaction. In other 
words, internal interactions are stronger than those of external. The calculated negative values of 
Laplacian for N3–H5 and N26–H28 bonds reveals a covalent character for these bonds. Moreover, the 
calculated –G/V ratios for N8···H28 and N3–H5 interactions are greater than 1.0, confirming H-bond 
formation between ADPN molecules. 

TABLE 5 The calculated topological parameters at the BCP of the ADPN dimer at BP86/6-
31+G(d) level of theory 

By employing NCI analysis, it is possible to determine the nature of the interactions based on electron 
density and the sign of the second derivative in the perpendicular direction of the bond (λ ). The NCI 2

analysis provides a 2D plot of the reduced density gradient, RDG, in which the sign of λ2 shows the 
nature of the interaction. 

The -λ  confirms a bonding interaction, such as hydrogen bonds, whereas +λ  shows nonbonding 2 2

interactions and van der Waals (vdW) interactions can be determined by negligible values of λ . 2

According to Figure 6-A, the red, green, and blue ovals indicate repulsion interactions, vdW, and H-
bond, respectively. The -λ  (Figure 6-A), confirms H-bond formation between ADPN molecules. 2

Moreover, a 3D- NCI plots were applied, which is also represented in Figure 6-B. In this plot, the blue, 
red, and green isosurfaces reveal H-bond, repulsive, and vdW interactions, respectively 



Eurasian Chemical Communications (ECC) (Volume- 06, Issue - 01, January - April 2024)                                             Page No. 43

FIGURE 6 The 2D- (A) and 3D-NCI (B) plots of the ADPN dimer 

According to Figure 6-B, the blue isosurfaces between CN and NH groups confirm H-bond interactions 
between ADPN molecules. And green isosurfaces between N atoms of the ring and CH groups reveal a 
considerable vdW interaction inside the ADPN molecules. NCI analysis reveals that H-bond formation 
between ADPN molecules is one of the important factors on the stability of dimer structure. 

CONCLUSION 
In summary, we prepared single crystal of 2-amino-4-(2,4-dichlorophenyl)-6-phenylnicotinonitrile 
(ADPN) and characterized it by X-ray single crystal diffraction. Quantum chemistry calculations were 
applied by using different functionals to investigate the structural and chemical properties of ADPN and 
its dimer. The calculated structural parameters are in good agreement with experimental data and the 
obtained dispersion parameters confirmed that dispersion forces have a considerable role in the stability 
of ADPN crystal. Based on the obtained results from DFT calculations, the nature of the interactions 
was determined, which can provide remarkable information about the structural features of the reported 
compound. Moreover, NCI analysis revealed that H-bond formation between ADPN is a driving force 
for the dimerization process and the main origin of this interaction is donor-acceptor interaction 
between molecular orbitals. 
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