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A B S T R A C T   

The 2-Bromo-1H-imidazole-4,5-dicarbonitrile (2B1HID) molecule is studied by quantum mechanical and 
vibrational spectroscopic methods. Atoms In Molecules (AIM) was carried out to find the topological studies and 
know the type of bonding present in it. The calculations of NBO studies are used to determine the solidity. By 
HOMO and LUMO analysis various chemical parameters and band gaps were determined. The TD-DFT approach 
is used with the help of simulated UV–Vis with various solvents to know the electronic transition. Explanation of 
the Fukui function and studies of Molecular Electrostatic Potential demonstrate the molecule’s bioactive nature 
and reactive areas. NLO studies were carried out to find Non-linear applications of the molecule. Thermodynamic 
studies confirm that this molecule’s important parameters increase with an increase in temperature. By using 
drug-likeness, the drug characters of the molecule are obtained. By molecular docking, the target protein and the 
ligand reactions were examined.   

1. Introduction 

Life cannot exist without a functional kidney. The kidney is the 
complex organ that regulates blood pressure, red blood cell count, fluid 
volume bone density, and acts as a key homeostasis regulator. Nephron 
production occurs throughout the fetal stage in humans, as in most 
mammals, with the ultimate nephron count being determined prior to or 
shortly after birth. The discovery that human nephron numbers vary by 
a factor of ten between individuals, that newborns are unable to develop 
new nephrons, and that there is a distinct inverse link between nephron 
quantity and renal illness has brought the development of the kidney 
back into the spotlight [1–4]. For blood filtration, solute and water 
excretion/absorption, and body fluid equilibrium, the vertebrate kidney 
is essential for the elimination of metabolic waste. The nephron is the 
main component of the kidney and it is physically and functionally 
conserved throughout vertebrates. It is made up of two main compo-
nents: the renal tubules and the glomerular. The glomerulus produces 
ultrafiltrate, which travels into the tubules where it is successively 
changed by selective solute reabsorption and secretion [5–6]. Based on 

the prediction of the organic compounds biological activity using the 
PASS online, this titled compound is used to treat renal failure treatment 
[7–9]. 

A careful review of the literature reveals that vibrational spectro-
scopic studies, docking experiments, and there have been no quantum 
analyses for evaluating the chemical’s precise target. This encourages 
research into comprehensive DFT in the compound’s vibrational spec-
troscopic and the electronic transition was studied by UV–Vis using 
different solvents. Natural bond orbital analysis (NBO) is a technique 
that may be used to find the stability of 2B1HID. The topological char-
acteristics and electron energy density are obtained by applying the 
concept of atoms in molecules (AIM). Using bandgap it is possible to 
determine a molecule’s reactivity and stability. Utilising the concept of 
molecular electrostatic potential (MEP), the reactive area and molecule 
shape are determined. NLO and thermodynamic studies have also been 
carried out on this compound. The ADME drug-likeness studies confirm 
the drug characters of the title compound. Finally, the molecular 
docking experiments show how the heading molecule interacts with 
many proteins in an appropriate way, which explains its potential for 

* Corresponding author at: Department of Physics, Vels Institute of Science, Technology and Advanced Studies (VISTAS), Chennai, Tamil Nadu 600117, India. 
E-mail address: mawrence2051971@gmail.com (M. Lawrence).  

Contents lists available at ScienceDirect 

Journal of Molecular Liquids 

journal homepage: www.elsevier.com/locate/molliq 

https://doi.org/10.1016/j.molliq.2023.122744 
Received 26 May 2023; Received in revised form 25 July 2023; Accepted 2 August 2023   

mailto:mawrence2051971@gmail.com
www.sciencedirect.com/science/journal/01677322
https://www.elsevier.com/locate/molliq
https://doi.org/10.1016/j.molliq.2023.122744
https://doi.org/10.1016/j.molliq.2023.122744
https://doi.org/10.1016/j.molliq.2023.122744
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molliq.2023.122744&domain=pdf


Journal of Molecular Liquids 388 (2023) 122744

2

renal disease treatment and antifungal properties. 

1.1. Computational method 

The DFT technique is used to compute the structure of 2B1HID using 
the Gaussian 09 application with the aid of B3LYP / 6–311++G (d, p) 
approach [10] and GaussView 06 [11] was used to derive the geometric 
parameters and other molecular features. AIM calculations are carried 
out using a multiwfn program [12]. All calculations were performed 
using DFT and TD-DFT concepts. Using AutoDock Suite 4.2.1 [13] the 
ligand–protein interactions were calculated. Using PyMol [14] and VMD 
[15] programs the visible representations are generated. 

2. Results and discussions 

2.1. Optimization of the structure 

The stable and optimized structure of 2B1HID is displayed in Fig. 1. 
The investigational values were obtained from a similar structure [16]. 
The XRD indicates that the structure is monoclinic, P21/n, with in-
tercepts of 7.3217 Å (6), 12.8128 Å (11), and 7.5202 Å (6) and sym-
metry Z = 4. Table 1 displays the bond analysis of 2B1H1D. The 
obtained bond length for C-N results are within the theoretical range of 
1.305 to 1.156 Å. The length of the N–H bond is roughly 1.010 Å due to 
the intense interaction between the nitrogen and hydrogen atoms. The 
C–C bonds have a longer bond length of 1.420 Å. 

2.2. Vibrational analysis 

From Table 2., 2B1HID has 27 vibrational modes. Based on the vi-
brations, unscaled values were obtained. For the basis set B3LYP a small 
scaling factor of 0.96 is used. The Raman and IR values are tabulated 
along different functional groups along with corresponding PED values. 
The calculated IR and Raman spectra are shown in Fig. 2 and Fig. 3. 

2.3. N–H vibration 

3400 to 3700 cm− 1 is the range for N–H stretching vibrations 
[17,18]. Here unscaled values are observed at 3629 cm− 1 and the 
reduced factor values are at 3487 cm− 1. The IR intensity is 67 and the 
Raman activity is 12. 

2.4. C–C vibrations 

The mixed mode vibrations including stretching vibrations of C–C 
was located at 1571, 1371, and 1180 cm− 1, and the scaled frequencies 
are observed at 1510, 1317, and 1134 cm− 1[19,20]. 

2.5. C–N–H vibrations 

The C–H–N vibrations are observed at 1571, 1485, 1419, and 1180 
cm− 1 and the related scaled values are 1510, 1427, 1363, and 1134 
cm− 1 [21]. These vibrations exist with the mixed vibrations along with 
the stretching vibrations of NC. The PED contributions are 13%, 15 %, 
15%, and 44% respectively and these values are quite low due to the 
presence of mixed mode vibrations. 

2.6. C-N vibrations 

1335 to 1250 cm− 1 and 1650 to 1550 cm− 1 is the range for C-N vi-
brations. The bands observed at 1485, 1419, 1371, and 1281 cm− 1 and 
their related scaled values are 1427, 1363, 1317, and 1231 cm− 1. The 
PED contributions are 36%, 61%, 58%, and 71% respectively. 

2.7. AIM study 

The bonding between two atoms is calculated based bond’s critical 
point. The quantum theory is utilized to study the type of energy and 
bonds [22,23]. Fig. 4 displays the molecular structure of the AIM. The 
AIM parameters are tabulated in Table 3. The bond is covalent when ∇2 

ρBCP and HBCP < 0. It is said to be partially covalent if ∇2ρBCP > 0 as well 
as H BCP < 0. If ∇2 ρBCP > 0 and HBCP > 0, then it represents the weak 
bond. 

The interaction energy of the hydrogen bond is obtained by  

EH…X = ½(1/4 ∇ 2ρ − 2 Gc)                                                                  

From Table 3, Br1-C8 has higher internal energy compared to other 
bonds. 

2.8. Non-covalent interactions – DORI analysis 

The covalent and noncovalent interactions are studied using a single 
function called density overlap regions indicator (DORI) [24,25]. It was 
discovered that, with the right isovalue selection, the DORI isosurface 
may display both covalent and noncovalent interaction zones, and sign 
(2) can also be mapped onto DORI isosurfaces to simplify interaction 
nature analysis. DORI depict the covalent and non-covalent interactions. 
From Fig. 5, there are two noncovalent interactions available between 
N4 and N5 and another one at the centre of the cycle. Fig. 6 describes the Fig. 1. Optimized geometric structure with atom numbering of 2B1HID.  

Table 1 
Geometrical parameters optimized in 5ADCPP, bond length (Å) and bond angle 
(◦).  

Bond length (Å) Bond angle (◦) 

Br1-C8  1.873 Br1-C8-N2  121.5 
N2-C6  1.382 Br1-C8-N3  125.8 
N2-C8  1.362 C6-N2-C8  106.8 
N2-H11  1.010 C6-N2-H11  126.3 
N3-C7  1.374 N2-C6-C7  104.7 
N3-C8  1.305 N2-C6-C9  123.1 
N4-C9  1.156 C8-N2-H11  126.9 
N5-C10  1.154 N2-C8-N3  112.7 
C6-C7  1.388 C7-N3-C8  105.2 
C6-C9  1.410 N3-C7-C6  110.5 
C7-C10  1.420 N3-C7-C10  122.5   

N4-C9-C6  179.2   
N5-C10-C7  179.3   
C7-C6-C9  132.2   
C6-C7-C10  127.0  
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contour map of the title compound. Around the Br1 atom, more 
concentric circles imply the negative region. Similarly, more concentric 
circles are available around all the carbon atoms. It describes the size 
and shape of the molecule in 2D representation. 

2.9. NBO 

By using second-order perturbation theory, the donor and acceptor 
orbital along with the inter and intramolecular reactions for all the 
electronic structures can be determined using the given equation 
[26–28]. 

E2 = ΔEij = qi
F(i, j)2

Ei− Ej 

E2 – stabilization energy 
qi – Orbital (donor) occupancy 
Ei and Ej – orbital energies 
F(i,j) – Fock and Kohn-Sham elements of matrix. 
The important interactions are listed in Table 4. The range of π(N3- 

C8) to π*(C6-C7) has the maximum stabilization energy, with a value of 
65.47 kcal/mol. With an energy value of E2 48.01 kcal/mol, from LP1 
(N2) lone pair electrons of N2 is donated to π*(N3-C8). The donor’s LP1 
(N2), π (C6-C7), and π(N3-C8) transfer energy to orbital of acceptors π* 
(C6-C7), π* (N4-C9), and π* (C6-C7) with stabilization energies of 35.32 
kcal/mol, 25.83 kcal/mol, and 20.99 kcal/mol are important transitions 
for the stability of 2B1HID. 

Table 2 
Simulated vibrational frequency with assignments for FODHCC.  

No Calculated DFT/B3LYP/6–311 þ G(d,p) Assignments (PED)a 

Unscaled 
cm¡1 

scaledb 

cm¡1 
IR 
intensityc 

Raman 
activity 

1 3629 3487 67 12 γNH(100) 
2 2352 2260 7 62 γNC(85) + γCC(12) 
3 2336 2245 20 100 γNC(85) + γCC(12) 
4 1571 1510 14 20 βCNC(37) + βHNC(13) 

+ βNCN(15) + γCC(22) 
5 1485 1427 84 13 γNC(36) + βHNC(15) 

+ βNCN(12) 
6 1419 1363 7 8 γNC(61) + βHNC(15) 

+ βCNC(20) 
7 1371 1317 62 14 γNC(58) + γCC(24) 
8 1281 1231 23 6 γNC(71) + βCNC(10) 
9 1180 1134 2 1 γNC(14) + γCC(24) +

βHNC(44) 
10 1143 1099 17 0 γNC(42) + βCNC(15) 
11 990 951 9 2 γNC(23) + βNCN(45) 

+ βCNC(22) 
12 712 685 0 1 τCNCN(56) +

OUTCCNC(23) 
13 701 673 1 1 γBrC(11) + γCC(68) +

βNCN(11) 
14 680 653 2 0 τHNCN(20) + τCNCN 

(48) + OUTBrNNC(15) 
15 662 636 2 0 βNCC(29) + βCCC(27) 

+ βCCN(21) 
16 552 531 47 0 τHNCN(76) + τCNCN 

(14) 
17 533 512 1 1 τNCCN(37) + τNCCC 

(29) + OUTCNCC(15) 
+ OUTCCNC(11) 

18 528 507 0 0 γCC(37) + βCNC(49) 
19 489 470 1 1 βNCC(53) + βCCC(14) 

+ βCCN(10) 
20 461 443 0 0 τNCCN(32) + τNCCC 

(33) + τCNCN(25) 
21 319 307 1 1 γBrC(68) 
22 293 282 3 0 βBrCN(47) + βNCC(40) 
23 254 244 3 0 τNCCC(11) +

OUTBrNNC(44) +
OUTCCNC(12) +
OUTCNCC(15) 

24 154 148 3 0 τNCCN(10) + τNCCC 
(13) + OUTCCNC(32) 
+ OUTCNCC(31) 

25 134 129 2 0 βNCC(27) + βCCC(12) 
+ βCCN(19) + βBrCN 
(35) 

26 107 103 2 2 βNCC(36) + βCCC(33) 
+ βCCN(25) 

27 101 97 3 0 OUTBrNNC(33) +
OUTCCNC(21) +
OUTCNCC(23) 

d Relative Raman intensities normalized to 100. 
a υ - stretching, β - bending, τ – torsion, vw – very weak, w – weak, m – me-

dium, s – strong, vs – very strong. 
b scaling factor: 0.961 for B3LYP/6–311++G(d,p). 
c Relative absorption intensities normalized with highest peak absorption 

equal to 100. 

Fig. 2. Simulated FT-IR spectrum.  

Fig. 3. Simulated FT-Raman spectrum.  
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2.10. Frontier molecular orbital 

It is crucial to find the bioactive nature, and electrical as well as 
optical characteristics using the frontier molecular orbital analysis 
[29,30]. The HOMO and LUMO values are used to determine the 

chemical potential, chemical hardness, and chemical softness and are 
tabulated in Table 5. This molecule appears to be relatively stable and 
bioactive based on its band gap value of 5.1008 eV as shown in Fig. 7. 
The ionization potential is 7.8459 eV and it is comparatively very low. 
The term “electron affinity” and its numerical value of 2.7451 refer to 
the energy changes that occur when an atom gains an electron. The 
chemical potential is − 5.2955 eV and it suggests high stability. Thus, the 
compound 2B1HID can be implied to be biologically active. 

2.11. Effect of solvents – UV–Vis study 

UV light is employed in a variety of biological studies and in-
vestigations. The solvents such as ethanol, methanol, and DMSO were 
used for simulating the UV–Visible spectra using the TD-DFT method 
[31,32]. A new correlation function with hybrid exchange named CAM- 
B3LYP procedure is followed [33,34]. With 2B1HID, the UV absorption 
spectrum varies depending on the concentration of each and every sol-
vent. Depending on the solvent’s polarity, a pi-pi transition or an n-pi 
transition takes place. Table 6 displays each solvent’s maximum ab-
sorption wavelength, energy, frequency (F), and assignments, including 
ethanol, methanol, DMSO, and gas. The primary transition for 2B1H1D 
occurs at 243.98 nm, 244.80 nm, 244.21 nm, and 237.88 nm for 
methanol, DMSO, ethanol, and at the gas phase. The majority of HOMO 
to LUMO contribution (94%) is observed with the addition of methanol 
as the solvent. Fig. 8 displays the UV–Vis spectra of 2B1H1D’s in the gas 
phase and with the solvents; each spectrum obtained for the solvents 
contains two dominating peaks. 

Fig. 4. AIM molecular diagram of 2B1HID.  

Table 3 
Bonding, density, ellipticity, Internal energy of 5ADCPP by AIM theory.  

BCP Atoms ρBCP ∇2 ρ DelSqRho Ellipticity G V H MOD(V)/G D. E(int) kcal/mol 

1 N2 - C8  0.3139  − 0.7836  0.2541  0.2448  − 0.6855  − 0.4407  2.8003  − 0.7294 
2 N3 - C8  0.3724  − 1.1255  0.2851  0.2658  − 0.8129  − 0.5471  3.0587  − 0.6151 
3 N2 - C6  0.2983  − 0.7131  0.2344  0.2296  − 0.6375  − 0.4079  2.7765  − 0.7843 
4 N3 - C7  0.3186  − 0.9130  0.1657  0.1760  − 0.5803  − 0.4043  3.2966  − 0.8616 
5 C6 - C7  0.3129  − 0.8500  0.3501  0.1114  − 0.4353  − 0.3239  3.9070  − 1.1485 
6 C6 - C9  0.2899  − 0.8082  0.1146  0.0837  − 0.3695  − 0.2858  4.4136  − 1.3533 
7 N4 - C9  0.4768  − 0.2621  0.0262  0.7934  − 1.6523  − 0.8589  2.0826  − 0.3026 
8 C7 - C10  0.2867  − 0.8053  0.1011  0.0785  − 0.3583  − 0.2798  4.5648  − 1.3954 
9 N5 - C10  0.4783  − 0.2461  0.0247  0.8015  − 1.6645  − 0.8630  2.0768  − 0.3004 
10 Br1 - C8  0.1694  − 0.1517  0.0826  0.0645  − 0.1668  − 0.1024  2.5883  − 2.9970 
11 N2 - H11  0.3369  − 1.7556  0.0403  0.0449  − 0.5288  − 0.4838  11.7658  − 0.9456  

Fig. 5. DORI analysis of 2B1HID.  
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2.12. Molecular electrostatic potentials (MEP) 

MEP is useful for analyzing the structural function of the compound 
[35–37]. It gives significant and practical information about the binding 
process, charge transfer, and reactive areas vulnerable to electrophilic 
and nucleophilic assaults. Fig. 9 displays the reactive zones of the 
2B1H1D present. The various reactive areas are represented by different 
coloured surfaces. Electrophilic reactivity is constituted by red, and 
nucleophilic reactivity is constituted by blue. As the negative potential 
areas have been found around the nitro group, the MEP investigation of 
the molecule indicated promising places around the NC group. 

Fig. 6. Contour diagram of 2B1HID.  

Table 4 
Second order perturbation theory analysis of Fock matrix in NBO basis for 5ADCPP.  

DonorNBO(i) Type ED/e AcceptorNBO(j) Type ED/e E(2) E(j)-E(i) F(i,j) 
kcal/mol a.u. a.u. 

N2-C6 σ  1.974 Br1-C8 σ*  0.044  5.22  0.92  0.062 
N3-C7 σ  1.959 Br1-C8 σ*  0.044  8.90  0.86  0.078 
N3-C8 π  1.839 C6-C7 π*  0.402  20.99  0.34  0.080 
N4-C9 σ  1.994 C6-C9 σ*  0.030  6.95  1.52  0.092 
N4-C9 π  1.977 N2-C6 σ*  0.028  5.76  0.77  0.059 
N5-C10 σ  1.994 C7-C10 σ*  0.034  6.90  1.52  0.092 
C6-C7 σ  1.966 C6-C9 σ*  0.030  5.01  1.24  0.071 
C6-C7 π  1.772 N3-C8 π*  0.398  14.60  0.27  0.059 
C6-C7 π  1.772 N4-C9 π*  0.090  16.76  0.39  0.075 
C6-C7 π  1.772 N5-C10 π*  0.070  14.19  0.41  0.071 
C6-C9 σ  1.981 N4-C9 σ*  0.009  6.96  1.64  0.096 
C7-C10 σ  1.982 N5-C10 σ*  0.009  7.09  1.64  0.097 
Br1 LP(2)  1.960 N2-C8 σ*  0.051  6.03  0.71  0.059 
Br1 LP(3)  1.923 N3-C8 π*  0.398  14.06  0.28  0.061 
N2 LP(1)  1.567 N3-C8 π*  0.398  48.01  0.27  0.103 
N2 LP(1)  1.567 C6-C7 π*  0.402  35.32  0.30  0.093 
N3 LP(1)  1.913 N2-C8 σ*  0.051  8.12  0.79  0.072 
N3 LP(1)  1.913 C6-C7 σ*  0.037  5.50  0.94  0.065 
N4 LP(1)  1.974 C6-C9 σ*  0.030  11.43  1.02  0.097 
N5 LP(1)  1.974 C7-C10 σ*  0.034  11.29  1.02  0.096 
N3-C8 π  0.398 C6-C7 π*  0.402  65.47  0.03  0.063 
C6-C7 π  0.402 N4-C9 π*  0.090  25.83  0.09  0.088 
C6-C7 π  0.402 N5-C10 π*  0.070  20.67  0.11  0.088 

‘ 

Table 5 
Calculated energy values of 5ADCPP.  

Parameters Values eV 

HOMO(eV)  − 7.8459 
LUMO(eV)  − 2.7451 
Ionization potential  7.8459 
Electron affinity  2.7451 
Energy gap(eV)  5.1008 
Electronegativity  5.2955 
Chemical potential  − 5.2955 
Chemical hardness  2.5504 
Chemical softness  0.1960 
Electrophilicity index  5.4976  
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2.13. Fukui function 

The quantitative values of charges of each and individual atom for 
the entire molecule is represented by the Fukui function which is based 
on Mulliken charges [38,39]. The Fukui function is calculated by, 

f ( r→) =

(
∂ρ
∂N

)

υ( r→) =

(
δμ

δυ( r→)

)

N 

The core calculation of the Fukui technique is employed atomic 
marking to identify the parts of the molecular region that are zonally 
reactive. The dual descriptor of each atom of the Fukui function is shown 
in Table 7. Due to the lower dual descriptor, C6 may be a target for an 
electrophilic assault. The reactivity sequence for the electrophilic 

condition is predicted by the table using MPA [40,41] schemes and it is 
in the order of C6 > C7 > N4 > N5 > C8. The nucleophilic attack is in the 
order of C9 > Br1 > N3 > C10 > N2 > H11. In comparison with 
nucleophilic and radical attacks, 2B1HID has a stronger electrophilic 
attack. These results show that the 2B1HID molecule has a stronger 
biological activity. 

2.14. Non-linear optical effects 

Non-linear optical features are shown by organic materials used in 
many optical effects [42,43]. The DFT approach is used to calculate the 
2B1HID ’s NLO activity. The prototype molecule called urea is used to 
check the NLO properties of the heading compound. As urea is widely 
applied as a significant drug for comparison purposes. The obtained NLO 
values for 2B1HID are shown in Table 8. The β value of 2B1HID is 
3.1380 × 10− 30 esu and the total μ is 2.6179 D. It exemplifies 2B1HID 
has potent NLO characteristics. 

Fig. 7. Frontier molecular orbital of 2B1HID.  

Table 6 
The UV–vis absorption wavelength (λmax) and oscillator strength (f) for 5ADCPP.  

Solvent Energy 
(cm-1) 

Wavelength 
(nm) 

Osc. 
Strength 
(f) 

Major contribs 

Methanol 40,987  243.98  0.3426 HOMO->LUMO 
(94%) 

44,734  223.54  0.0005 HOMO->L + 1 (85%) 
49,363  202.58  0.0001 H-3->LUMO (12%), 

HOMO->L + 2 
(− 16%), HOMO->L +
4 (45%) 

dmso 40,850  244.80  0.3538 HOMO->LUMO 
(94%) 

44,729  223.57  0.0005 HOMO->L + 1 (85%) 
49,367  202.56  0.0001 H-3->LUMO (11%), 

HOMO->L + 2 
(− 15%), HOMO->L +
4 (45%) 

Ethanol 40,949  244.21  0.3472 HOMO->LUMO 
(94%) 

44,726  223.58  0.0005 HOMO->L + 1 (85%) 
49,353  202.62  0.0001 H-3->LUMO (12%), 

HOMO->L + 2 
(− 16%), HOMO->L +
4 (44%) 

gas 42,038  237.88  0.2916 HOMO->LUMO 
(94%) 

44,062  226.95  0.0002 HOMO->L + 1 (82%) 
48,465  206.33  0.0002 HOMO->L + 2 (41%), 

HOMO->L + 4 (28%)  

Fig. 8. Simulated UV spectrum of 2B1HID with various solvents.  

Fig. 9. Molecular Electrostatic Potential (MEP) of 2B1HID.  

M. Lawrence et al.                                                                                                                                                                                                                              



Journal of Molecular Liquids 388 (2023) 122744

7

2.15. Effect of temperature 

The average body temperature of an adult ranges by 20 ◦C. The 
temperature variance of the 2B1HID thermodynamic characteristics was 
determined using the Perl script. Table 9 provides the computed values 
of the thermodynamic variables. The values of temperature are taken 
from 100 K to 1000 K. At 100 K the values are 289.70 J/Mol.k, 67.63 J/ 
Mol.k, and 4.74 KJ/Mol respectively. The values for the thermodynamic 
parameters increase to 610.87 J/Mol.k, 219.50 J/Mol.k, and 156.39 KJ/ 
Mol when the temperature is elevated to 1000 K. As illustrated in 
Fig. 10, the entropy, heat capacity, and enthalpy show a raise as the 
temperature raises. This demonstrates the high thermal stability of 
2B1HID [44,45]. 

2.16. Drug likeness 

The software SwissADME [46] computes the crucial drug parameters 
based on the input mol file which contains the basic atomic structure 
and composition. The crucial drug-like characteristics based on 

Lipinski’s rule are tabulated in Table 10 [47,48]. The HBA, HBD, RB, 
MR, and TPSA are the important parameters for Drug-Likeness. The 
chart demonstrates that for all of the aforementioned characteristics of 
the compound and there are no Lipinsky violations in it. The bioavail-
ability score for compound 2B1HID is 0.55. We deduce that the 2B1HID 
is appropriate to be used as the drug for renal disease from the afore-
mentioned parameter. 

2.17. Molecular docking 

The appropriate target protein for 2B1HID is chosen from the liter-
ature review and online way2drug software [49] utilized for renal dis-
ease medications. The docking parameters are displayed in Table 11. 
The protein ID 4ZRT is acquired from the protein data bank website, and 
the Ramachandran plot is used to assess the protein’s quality and 
whether the protein is not damaged [50]. This is a crucial protein pre-
sent in the Nephrin and is for the proper functioning of renal filtration 
[51]. Fig. 11 demonstrates that 4ZRT is a good-quality protein as its 
amino acids are present in designated areas. According to the literature 
review in the introduction section, the title compound is effective for 
renal disease. The obtained binding energy for the 4ZRT with 2B1HID is 
− 6.36 kcal/mol [52–55]. For 2B1HID the docking diagram is displayed 
in Fig. 12. This demonstrates the efficacy of 2B1HID as a compound for 
renal disease treatment. 

Table 7 
Condensed Fukui function ƒr and new descriptor (sƒ)r for 5ADCPP.  

Atom Mulliken atomic charges Fukui functions local softness Dual descriptor 

N (0,1) N þ 1 (− 1, 2) N-1 (1,2) fr þ fr - fr 0 srþ ƒrþ sr-ƒr- sr0 ƒr0 

Br1  0.0271  − 0.1456  0.2986  − 0.1727  − 0.2715  − 0.2221  − 0.0361  − 0.0568  − 0.0464  0.0988 
N2  − 0.1121  − 0.1570  − 0.0594  − 0.0449  − 0.0527  − 0.0488  − 0.0094  − 0.0110  − 0.0102  0.0078 
N3  − 0.0110  − 0.0677  0.0815  − 0.0567  − 0.0925  − 0.0746  − 0.0119  − 0.0193  − 0.0156  0.0358 
N4  − 0.1492  − 0.3548  0.0224  − 0.2056  − 0.1717  − 0.1886  − 0.0430  − 0.0359  − 0.0394  − 0.0339 
N5  − 0.1552  − 0.3339  0.0095  − 0.1786  − 0.1647  − 0.1717  − 0.0374  − 0.0344  − 0.0359  − 0.0139 
C6  1.3629  1.1727  1.3973  − 0.1902  − 0.0344  − 0.1123  − 0.0398  − 0.0072  − 0.0235  − 0.1558 
C7  1.6344  1.4770  1.6929  − 0.1574  − 0.0585  − 0.1079  − 0.0329  − 0.0122  − 0.0226  − 0.0989 
C8  0.2268  0.2187  0.2298  − 0.0080  − 0.0030  − 0.0055  − 0.0017  − 0.0006  − 0.0012  − 0.0050 
C9  − 1.7428  − 1.6928  − 1.6585  0.0500  − 0.0844  − 0.0172  0.0105  − 0.0176  − 0.0036  0.1344 
C10  − 1.4397  − 1.4252  − 1.4246  0.0145  − 0.0151  − 0.0003  0.0030  − 0.0032  − 0.0001  0.0296 
H11  0.3589  0.3085  0.4105  − 0.0504  − 0.0516  − 0.0510  − 0.0105  − 0.0108  − 0.0107  0.0012  

Table 8 
The calculated dipole moment μ (D), polarizability (α0), first-order hyper-
polarizability (βtot) components of 5ADCPP.  

Parameters Values Parameters Values 

μx  − 2.1503 βxxx  125.6076 
μy  1.4931 βxxy  − 30.5286 
μz  − 0.0003 βxyy  − 65.4068 
μ(D)  2.6179 βyyy  109.7976 
αxx  148.8877 βzxx  − 0.9623 
αxy  1.4660 βxyz  0.7237 
αyy  108.3838 βzyy  − 0.4260 
αxz  − 0.0021 βxzz  − 2.4912 
αyz  − 0.0020 βyzz  3.7415 
αzz  52.1359 βzzz  0.1487 
αa(e.s.u)  1.5285E-23   
Δα (e.s.u)  4.0202E-23 βtot (e.s.u)  3.1380E-30  

Table 9 
Variation of thermodynamic properties with temperature.  

T (K) S (J/mol.K) Cp (J/mol.k) ddH (kJ/mol) 

100  289.70  67.63  4.74 
200  347.85  103.57  13.33 
298.15  394.80  132.32  24.97 
300  395.62  132.79  25.22 
400  437.06  155.45  39.67 
500  473.73  173.14  56.14 
600  506.57  187.00  74.18 
700  536.25  197.94  93.44 
800  563.28  206.67  113.69 
900  588.04  213.73  134.72 
1000  610.87  219.50  156.39  

Fig. 10. Variation of thermodynamic properties with temperature.  

M. Lawrence et al.                                                                                                                                                                                                                              



Journal of Molecular Liquids 388 (2023) 122744

8

3. Conclusion 

Theoretical investigations of the 2B1HID molecule were determined 
using quantum chemical calculations using DFT. The stability of the 
molecule was determined at N3-C8 to C6-C7 by 65.47 kcal/mol found by 
NBO research. With respect to BCP, the AIM topological analysis is used 
to know the type of bond present in the molecule. The non-covalent 
interactions are studied using DORI analysis. The HOMO and LUMO 
energy difference reveals the molecule’s biochemical function. 
Nonlinear optical studies demonstrate the 2B1HID compound’s useful-
ness as an NLO material. MEP studies and Fukui analysis were done to 
determine the 2B1HID molecule’s reactive zones. The UV–Vis spectrum 
is simulated for different solvents and the maximum absorption wave-
length is obtained for DMSO. The thermal stability of the compound is 
determined using Perl script. 2B1HID can be used for renal disease and it 
is supported by drug-likeness and docking investigations with a lower 
binding energy of − 6.36 kcal/mol. 
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Table 10 
ADME Characters of 5ADCPP.  

Molecule H-bond acceptors H-bond donors MR TPSA Lipinski violations Bioavailability Score 

2-Bromo-1H-imidazole-4,5-dicarbonitrile 3 1  35.72  76.26 0  0.55  

Table 11 
Molecular docking with ligand and 4ZRT target protein.  

Protein (PDB ID) Bonded residues No. of hydrogen bond Bond distance (Å) Estimated Inhibition Constant (μm) Binding energy (kcal/mol) Reference RMSD (Å) 

4ZRT GLN266 5  1.9  21.73  − 6.36  15.341  
GLY220   1.8     
ILE219   2.1     
GLY218      

SER215  2.7     
2.1        

Fig. 11. Ramachandran plot of 4ZRT.  
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