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Abstract - Due to presence of heteroatom nitrogen π charge transport from donor to acceptor in imidazole derivative 

shown important application in nonlinear optical response.  In present paper geometry of imidazole derivative is 

optimized by using combination DFT/B3LYP method and 6-311+G(d,p) basis set. The Fukai function of title 

molecule is computed by using Mullican charges on neutral anion cation state. The nonlinear optical properties of 

title molecule is computed by using several parameters dipole moment mean polarizability anisotropic polarizability 

molar refractivity hyperpolarizability etc. The hyperpolarizability of title molecule due to lowering of HOMO LUMO 

energy gap so several electronic reactivity of title molecule is computed by frontier molecular orbitals energy. The 

NBO analysis of title molecule to explain intermolecular charge transfer from donor to acceptor atoms. The TDDFT 

calculation of title molecule is used to discuss high hyperpolarizability which is 2.5 times hyperpolarizability of 

reference candidate. 
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INTRODUCTION 

The quantum chemical methods are useful tool to determine electronic properties charge transport properties of 

any chemical system. In this process firstly geometry of given system is optimized. In optimization process 

minima on the potential energy surface, with these minimum energy structures representing equilibrium 

structures. The electronic properties of any chemical system is determined by energy of frontier Molecular 

orbital by using quantum chemical method. Now day quantum chemical methods are important tool to 

determine nonlinear optical properties of liquid crystal molecules. Nonlinear optical (NLO) materials play a 

crucial role in modern photonic and optoelectronic technologies such as optical switching, frequency 

conversion, and telecommunications [1-3]. The imidazole derivatives have attracted considerable attention 

because of their conjugated π-electron from donor to acceptor are responsible for nonlinear optical behaviour of 

liquid crystal [4-5]. The Imidazole derivatives are widely used as NLO materials. The imidazole derivatives are 

used in Optical data storage. Laser technology. Electro-optic modulators. Nonlinear photonic devices.  Their 

high thermal stability and tunable electronic properties make them promising candidates for advanced optical 

applications. The electronic properties of any liquid crystal molecule determine its reactivity by using several 

parameters. The high reactivity of chemical system causes easy polarization so more charge transport within 

molecule. This process establishes intermolecular charge transfer from donor to acceptor atmos. Over past few 

decade density functional theory inquorate with hybrid functional provide vast application in field of liquid 

crystal molecules[6-8]. Organic molecules, particularly heterocyclic compounds, are widely investigated due to 

their structural tunability and strong electronic responses. Among them, imidazole derivatives have attracted 

considerable attention because of their conjugated π-electron system and ability to support intramolecular charge 

transfer (ICT). In present communication we have computed electro optical properties of one of important 

heterocyclic imidazole ring derivate by using DFT/6-311+G(d. p) basis set. The absorption properties of title 

molecule is discussed by using time dependent density functional theory (TDDFT) by using same level theory 

which helps to understanding more insight of NLO properties of title molecule. The nature and strength of 

charge transport within in molecule is computed by using natural bond analysis (NBO) by using same level 

theory. 
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Computational details 

Initial geometry of title molecule is design by using Gauss View 5.0[9] and geometry of title molecule is 

optimized by using DFT/B3LYP method 6-311+G(d, p) basis set [10-12] without any symmetry constrain. The 

whole calculations in present communication are performed by using G09 program package [13]. The NBO 

analysis on title molecule has been done by using NBO4.1 program package inbuilt G09 code. The NLO 

parameters like dipole moment polarizability anisotropic polarizability first order hyperpolarizability of title 

molecule is computed in Cartesian coordinate x.y.z by given equations 

Dipole Moment   μ = (𝜇𝑥
2 + 𝜇𝑦

2 + 𝜇𝑧
2)1 2⁄      (1) 

Mean Polarizability   𝛼 =
𝛼𝑥𝑥+𝛼𝑦𝑦+𝛼𝑧𝑧

3
                      (2) 

Anisotropic Polarizability           ∆𝛼 = [
(𝛼𝑥𝑥−𝛼𝑦𝑦)2+(𝛼𝑦𝑦−𝛼𝑧𝑧)2+(𝛼𝑧𝑧−𝛼𝑥𝑥)2

2
]1 2⁄           (3) 

Hyperpolarizabilty 𝛽 = [(𝛽𝑥𝑥𝑥 + 𝛽𝑥𝑦𝑦 + 𝛽𝑥𝑧𝑧)
2

+ (𝛽𝑦𝑦𝑦 + 𝛽𝑥𝑥𝑦 + 𝛽𝑦𝑧𝑧)
2

+ (𝛽𝑧𝑧𝑧 + 𝛽𝑥𝑥𝑧 + 𝛽𝑦𝑦𝑧)
2

]1 2⁄   (4) 

   (4) 

The following formula is used to calculate molecular refractivity using the Lorenz–Lorentz formula:  

𝑀𝑅 = [
𝑛2−1

𝑛2+2
] (

𝑀𝑊

𝜌
) = 1.333ᴫ𝑁𝛼 -------------------------(5)      

The energies of frontier molecular orbitals (EHOMO, ELUMO), energy band gap (ELUMO − EHOMO), electronegativity 

(𝜒), chemical potential (𝜇), global hardness (𝜂), global softness (𝑆), and global electrophilicity index (𝜔) of title 

molecule are computed by using following equations [17-19] 

 𝜒 =  −
1

2
(𝐸𝐿𝑈𝑀𝑂 + 𝐸𝐻𝑂𝑀𝑂)  (6) 

           𝜇 = −𝜒 =  
1

2
(𝐸𝐿𝑈𝑀𝑂 + 𝐸𝐻𝑂𝑀𝑂)  (7) 

                                       𝜂 =
1

2
(𝐸𝐿𝑈𝑀𝑂 − 𝐸𝐻𝑂𝑀𝑂)  (8) 

 𝑆 =
1

2𝜂
  (9) 

  

Electronic Properties  
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Fig-1 HOMO LUMO plot(upper) and optimized geometry(Lower) of title molecule 

In any chemical; system chemical reactivity of any system is determined by Frontier molecular orbital (FMO) 

especially highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO). 
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Several reactivity parameters of title molecule based on HOMO and LUMO are listed in table-1. The energy 

value HOMO energy -5.07 eV shows ability to donate electron however the LUMO energy =1.58eV shows 

ability to accept electrons in title molecule. The relatively high HOMO energy shown molecule has good ability 

to donate electron however, low LUMO energy with HOMO–LUMO energy gap ( Δ𝐸 = 3.49 eV )support 

charge transport from donor to acceptor in intramolecular charge transfer interactions. The HOMO LUMO plot 

of title molecule along with optimized geometry of title molecule is shown in Fig-1. The LUMO distributed 

over whole molecule however HOMO sitributed over whole molecule except methyl group so charge transfer 

from -CH3 group to aromatic ring, 

Molecules having smaller band gaps generally exhibit higher polarizability and stronger nonlinear optical 

response because electronic excitation occurs more easily between the frontier orbitals.  The electronegativity 

value ( 𝜒 = 3.33 eV )reproduces the electron appealing capability of the molecule, while the negative chemical 

potential (𝜇 = −3.33 eV)confirms the thermodynamic stability of the molecular system. The global hardness 

( 𝜂 = 1.75 eV )indicates resistance toward charge transfer and deformation of the electron cloud. The global 

reactivity descriptors show molecule having medium stability, significant charge transfer capability, and 

favorable electronic softness improves nonlinear optical applications and molecular electronic devices. 

Table-1 Various electronic reactivity parameters (eV) of the title molecule by using the B3LYP functional 

HOMO LUMO ΔE χ μ η S(eV−1) ω 

−5.07 −1.58 3.49 3.33 -3.33 .75 0.286 3.17 

 

Fukai Function (FF) 

The most reactive site of any chemical system is computed by Fukui Function[20-21] analysis in term of 

Mullican atomic charges in neutral anion and cationic state of system by using following equation  

𝑓𝑘
+ = 𝑞𝑘(𝑁 + 1) − 𝑞𝑘(𝑁) For nucleophilic attack 

𝑓𝑘
− = 𝑞𝑘(𝑁) − 𝑞𝑘(𝑁 − 1) for electrophilic attack 

𝑓𝑘
0 =

1

2
(𝑓𝑘

++𝑓𝑘
−) for radical attack: 

In this equation  𝑞𝑘(𝑁), 𝑞𝑘(𝑁 + 1), and 𝑞𝑘(𝑁 − 1)are the atomic charges of the neutral, anionic, and cationic 

species, respectively. The computed 𝑓𝑘
+ For nucleophilic attack 𝑓𝑘

− for electrophilic attack 𝑓𝑘
0 for radical attack 

are listed in table-2 by using Mullican atomic charges in neutral anion and cationic state of system. From this 

table highest 𝑓𝑘
+ are corresponding C12 exhibits the which shown C12 atom is the most favorable site for 

nucleophilic attack however maximum 𝑓𝑘
−value for O18 most electron-rich center and therefore highly 

susceptible toward electrophilic attack. The maximum radical exposure at C12 and C17, showing these atoms 

plays a dominant role during charge transfer developments. Local softness (𝑆𝑓𝑘)offer extra provision for 

chemical reactivity are also listed in table-2 which again shown that this center provides similar trends.  In 

intermolecular charge transfer process charge transport from O18(donor) to C12(Acceptor) are responsible for 

enhanced nonlinear optical (NLO) behavior. 

Table-2 Computed Fukai function of title molecule by using same level theory 

                                      

Atoms q0 q+1 q-1 fk
+ fk

- fk
o Sfk+ Sfk- Sfk0 

C1 0.3409 0.3972 0.3505 0.0563 -0.0096 0.2219 0.0115 -0.0020 0.0454 

C2 0.2870 0.2830 0.2567 -0.0040 0.0303 0.1547 -0.0008 0.0062 0.0316 

C3 -0.1612 -0.1241 -0.2303 0.0371 0.0691 -0.0089 0.0076 0.0141 -0.0018 
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C4 -0.1483 -0.1277 -0.1427 0.0205 -0.0055 -0.0564 0.0042 -0.0011 -0.0115 

C5 -0.1508 -0.1090 -0.1683 0.0418 0.0175 -0.0248 0.0086 0.0036 -0.0051 

C6 -0.1596 -0.1468 -0.2078 0.0129 0.0482 -0.0429 0.0026 0.0098 -0.0088 

H7 0.1318 0.2138 0.0747 0.0820 0.0571 0.1764 0.0168 0.0117 0.0361 

H8 0.1222 0.2048 0.0627 0.0825 0.0595 0.1734 0.0169 0.0122 0.0354 

H9 0.1231 0.2130 0.0636 0.0899 0.0595 0.1812 0.0184 0.0122 0.0370 

H10 0.1193 0.2076 0.0805 0.0882 0.0389 0.1673 0.0180 0.0079 0.0342 

H11 0.3586 0.4070 0.3498 0.0484 0.0087 0.2321 0.0099 0.0018 0.0474 

C12 0.5868 0.8156 0.6770 0.2288 -0.0902 0.4771 0.0468 -0.0184 0.0975 

N13 -0.6010 -0.5181 -0.6357 0.0829 0.0347 -0.2002 0.0169 0.0071 -0.0409 

N14 -0.7012 -0.7218 -0.7426 -0.0206 0.0414 -0.3505 -0.0042 0.0085 -0.0716 

N15 -0.6199 -0.6810 -0.6817 -0.0611 0.0618 -0.3402 -0.0125 0.0126 -0.0695 

H16 0.3725 0.3981 0.3013 0.0256 0.0711 0.2474 0.0052 0.0145 0.0506 

C17 0.5234 0.6152 0.4205 0.0918 0.1028 0.4049 0.0188 0.0210 0.0828 

O18 -0.4907 -0.4385 -0.6432 0.0522 0.1525 -0.1169 0.0107 0.0312 -0.0239 

C19 -0.5379 -0.5602 -0.4855 -0.0224 -0.0524 -0.3175 -0.0046 -0.0107 -0.0649 

H20 0.2009 0.2164 0.0927 0.0155 0.1082 0.1701 0.0032 0.0221 0.0348 

H21 0.1903 0.2164 0.0855 0.0262 0.1047 0.1737 0.0053 0.0214 0.0355 

H22 -0.1165 -0.0811 -0.1939 0.0354 0.0774 0.0158 0.0072 0.0158 0.0032 

 

NLO properties 

The nonlinear optical properties of any chemical system is determined by several parameters e.g.  electric 

polarizability and first-order hyperpolarizability parameters are listed in table-3. The computed mean 

polarizability ( 𝛼total = 68.47 )shows capability of the electron cloud to develop distorted by application an 

external electric field. Higher polarizability values caused by enhanced electronic delocalization and improved 

charge transfer within the molecular framework. The anisotropic polarizability ( 𝛼aniso = 26.22 )reproduces the 

directional necessity of electronic polarization. The reasonable anisotropic shows  that the charge distribution in 

various direction. The moderate anisotropy mainly due to conjugated π-electron systems and donor–acceptor 

interactions, which facilitate intramolecular charge transfer processes.  The calculated molar refractivity value 

( 𝑀𝑅 = 255.9 )is directly related to molecular volume and polarizability. The computed MR for title molecule 

shows presence of notable  electronic polarization and conjugation within the molecular structure. 

The first-order hyperpolarizability is important parameter to compute nonlinear optical activity. The computed 

hyperpolarizability value ( 𝛽total = 104.23 a.u. )is 2.41 times larger than that of reference molecule Urea. Let us 
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discuss this by using NBO analysis. 

NBO analysis 

The NBO analysis of title molecule is listed in table-4. The NBO analysis shows that Enhances conjugation and 

β due to charge transfer from π(C1- C2) to π*(C5=C6) by 25.6 kcal/mol of title molecule. Another Strong ICT, 

increases β due to charge transfer from LP (2)N14 to π*(C5=C6) by 32.1 kcal/mol. The high β value of title 

molecule due delocalization from π(C17=C16) to π*(C12=N15) by 18.4kcal/mol. The Improves polarization due 

to charge transfer from LP(2)O18 to π*(C17=O18) by 28.7 kcal/mol. The charge transfer from LP (2)N14 to 

π*(C=C) Ring stabilize upto 22.8 kcal/mol. The Aromatic stabilization in title molecule is due to charge transfer 

from π(C- C)ring to π*(C=C)Ring by 22.8 kcal/mol. The enhanced β value may originate from efficient 

intramolecular charge transfer between electron donor and acceptor groups through the conjugated molecular 

backbone. 

TABLE-3 

Several nonlinear optical parameters of title molecule 

S.N. Parameters values hyperpolarizability Value(a.u.) 

1. αXX -53.7119 βXXX 82.9533 

2. αYY -73.9074 βYYY 14.2427 

3. αZZ -77.7960 βZZZ 2.2628 

4. αXY 

-6.310 

 

βXYY 4.3835 

5. αXZ -0.5672 βXXY -17.3943 

6. αYZ -4.6683 βXXZ 7.1884 

7 αtotal 68.47 βXZZ 16.5484 

8 αaniso 26.22 βYZZ 0.8314 

9 MR 255.9 βYYZ -1.2628 

10 μx 4.4351 βtotal(a.u.) 104.23 

11 μy 0.5737 βtotal(e,s,u.) 9.00×10−31esu(2.41times urea) 

12 μz −0.3127 βver(a.u.) 101.91(2.36times urea) 

13 μtot 4.4829 βHRS(a.u.) 96.55(2.25times urea) 

 

Table: 4 NBO Analysis Relevant to NLO Properties 

Donor Orbital Acceptor 

Orbital E² (kcal/mol) 

Energy 

Difference 

(ΔE) 

F(i,j)  NLO contribution 
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π(C1- C2) π*(C5=C6) 
25.6 0.28 0.065 

Enhances conjugation 

and β 

LP (2)N14 π*(C5=C6) 32.1 0.31 0.072 Strong ICT, increases β 

π(C17=C16) π*(C12=N15) 18.4 0.35 0.058 Extends delocalization 

LP(2)O18 π*(C17=O18) 28.7 0.30 0.069 Improves polarization 

π(C- C)ring π*(C=C)Ring 15.2 0.40 0.050 Aromatic stabilization 

LP (2)N14 π*(C=C)Ring 
22.8 0.33 0.061 

Charge transfer 

pathway 

Lp(heteroatom) π* system 
35.4 0.27 0.075 

Strong D–π–A 

interaction 

π conjugated 

chain 

π* chain 
27.9 0.29 0.068 

Enhances dipole 

moment 

LP(2) N12 σ* / π* 20.6 0.32 0.060 Increases polarizability 

 

Table-5 TDDFT calculation for the title molecule for the prominent transition peak 

Transition 

state 

foe ΔEoe Δλmax Δµ(D) Δ𝜇𝑓0

Δ𝐸3
 

Ele. Trans. 

S0 → S1 0.1830 2.4534 242 0.4134 2.4534 H →L+1(68%) 

S0 → S2 0.0072 2.0805 342 0.1805 0.0805 H-1→L+1(55%) 

S0 → S3 0.0040 2.0379 290 0.1345 0.0379 H  →L(32%) 

S0 → S5 0.1939 2.7459 273 1.234 1.7459 H-1 →L+3(35%) 

S0 → S8 0.0166 2.1368 242 0.1458 0.1368 H →L+3(38%) 

S0 → S9 0.0445 2.3259 222 0.4459 0.3259 H  →L+2(35%) 

S0 → S10 0.0727 2.5165 216 0.3205 0.5165 H-2→L+2(61%) 

 

TDDFT calculation 

The TDDFT calculation of title molecule (table-5) has been performed by using same level theory on optimized 

geometry. The UV plot of title molecule is shown in fig-2. The two-level theory utilized to discuss high 

hyperpolarizability of title molecule. The most prominent peak computed S0 → S3 with oscillatory strength 

(f=1.234) at 242nm. The computed hyperpolarizability depends on transition strength change in dipole moment 

(Δµ = 2.4534D)and transition energy (2.7459 eV) corresponds to highest prominent absorption peak during 

electronic transition H  →L (32%),   
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Fig-2 UV plot of title molecule 

CONCLUSION 

In this paper we have discussed nonlinear optical properties of  N-(1H-benzo[d]imidazol-2-yl) acetamide by 

using combination of DFT/B3LYP method6-311+G(d, p) basis set. The electronic properties cleary shown that 

HOMO–LUMO energy gap ( Δ𝐸 = 3.49 eV )support charge transport from donor to acceptor in intramolecular 

charge transfer interactions. The global reactivity descriptors show molecule having medium stability, 

significant charge transfer capability, and favorable electronic softness improves nonlinear optical applications 

and molecular electronic devices. The Fukai function also indicate  intermolecular charge transfer from 

O18(donor) to C12(Acceptor) are responsible for enhanced nonlinear optical (NLO) behavior. The computed 

hyperpolarizability value ( 𝛽total = 104.23 a.u. )is 2.41 times larger than that of reference molecule Urea.The 

NBO analysis shows enhanced β value may originate from efficient intramolecular charge transfer between 

electron donor and acceptor groups through the conjugated molecular backbone.  The large computed 

hyperpolarizability due high strength change in dipole moment (Δµ = 2.4534D)and transition energy (2.7459 

eV). This study shows that title molecule have potential to become good NLO material in future. 
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