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Abstract  The diiodobis(benzimidazole)Co(II) complex was obtained. The equilibrium geometry, harmonic vibrational 
frequencies and infrared intensities were calculated by density functional B3LYP method with the 6-31G(d,p) basis set and 
LANL2DZ for iodine. The experimental infrared spectrum was compared with calculated and complete vibrational 
assignment was provided. The scaled theoretical wavenumbers showed good agreement with the experimental values. The 
natural bond orbital analysis (NBO) was performed in order to study the intramolecular bonding interactions among bonds 
and delocalization of unpaired electrons. The calculated highest occupied molecular orbital (HOMO) and lowest unoccupied 
molecular orbital (LUMO) with frontier orbital gap were presented. The thermodynamic properties of the studied compound 
at different temperatures were calculated. 
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1. Introduction 
Benzimidazole possess wide spectrum of biological 

activities like including antibacterial, antifungal, antiviral, 
antiinflammatory, anticonvulsant, antidepressant, 
antihypertensive, analgesic, and hypoglycemic properties. 
Benzimidazole derivatives exhibit a wide variety of 
pharmacological properties including antitumor activity [1] 
and inhibition of nucleicacid synthesis [2]. The complexes of 
transition metal salts with benzimidazole derivatives were 
studied as models of some important biological molecules 
[3]. Metal complexes of biologically important ligands are 
more effective than free ones [4]. The complexe of 
[Co(benzimidazole)2I2] was reported [5]. 

The aims of this study is to calculate optimal molecular 
geometry, vibrational wavenumbers and various normal 
modes associated with of [Co(benzimidazole)2I2] complex 
and provide complete vibrational assignment for the IR 
spectra. The objective of the present work is to investigate 
the nature of bonding in an diiodobis(benzimidazole)Co(II) 
complex, by using natural bond orbital (NBO) analysis. It 
was shown that the results from NBO calculations can 
provide the detailed insight into the electronic structure of 
molecule. 

Density functional theory calculations are reported to  
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provide excellent vibrational frequencies of organic 
compounds if the calculated frequencies are scaled to 
compensate for the approximate treatment of electron 
correlation, for basis set deficiencies and for the 
anharmonicity [6-11]. 

2. Experimental  
The [Co(benzimidazole)2I2] complex was prepared 

according to the method outlined by Goodgame [12]. The 
infrared spectra were recorded on a Bruker Tensor 27 FT-IR 
spectrometer in the 4000 – 400 cm–1 range, with the samples 
embedded in KBr matrixes. The thermogravimetric analysis 
was performed on an apparatus STA 449 F3 JUPITER 
(Netzsch) for TG-DTG/DSC at heating rate 10°C min–1 from 
room temperature to 1000°C under flowing air (20 cm3 
min–1). 

3. Computational Methods 
The full optimization of [Co(benzimidazole)2I2] was 

carried out by Density Functional Theories (DFT) method 
using Gaussian 03 software [13]. It was used Becke’s three 
parameter hybrid exchange functional with Lee–Yang–Parr 
correlation functional (B3LYP) [14-16] with added 
polarization functions – 6-31G(d,p) and LANL2DZ [17-19] 
for iodine. All calculations were converged to 10–8 a.u. The 
absence of imaginary frequencies in the calculated 
vibrational spectrum confirms that the structure corresponds 
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to minimum energy. The population analysis was performed 
by the natural bond orbital method [20] at B3LYP/6-31G(d,p) 
and LANL2DZ for iodine using NBO program [21] under 
Gaussian 2003 program package. Natural bond orbital 
analysis stresses the role of intermolecular orbital interaction 
in the complex, particularly charge transfer. This is carried 
out by considering all possible interactions between filled 
donor and empty acceptor orbitals and estimating their 
energetic importance by second-order perturbation theory. 
For each filled orbital of the donor (Φi) and the empty orbital 
of the acceptor (Φj), the stabilization energy (∆Eij

(2)) 
associated with electron delocalization between donor and 
acceptor and it is calculated by equation (1) [22], 
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where qi is the donor orbital occupancy, εi and εj are NBO 
energies, Fij is Fock matrix element between the i and j NBO 
orbitals. NBO analysis reveals the intra- and intermolecular 
interactions; it is one of the appropriate methods for 
investigating hyperconjugative interactions.  

Table 1.  Some optimized geometrical parameters of 
[Co(benzimidazole)2I2] 

4. Results and Discussion 
1. Geometry Optimization 

It is well known that DFT methods work better for systems 
containing transition metal atoms. For these reasons, it was 
decided to use the B3LYP level for analysis of 
[Co(benzimidazole)2I2] complex. The visualization of the 
optimized geometrical structure and atomic labeling of 
diiodobis(benzimidazole)Co(II) complex are presented in 
Figure 1. The optimized geometry is shown in Table 1. 

Since the crystal structure of the title compound is not 
available till now, the optimized structure can only be 
compared with other similar systems for which the crystal 
structures have been solved. For example, the optimized 
bond lengths of C–C in phenyl ring fall in the range from 
1.390 to 1.410 Ǻ for B3LYP/6-31G(d,p) method which are 
in good agreement with those in crystal structure of aniline 
(1.380 – 1.403 Ǻ) [23] and dibromobis(benzimidazole)Zn(II) 
(1.323 – 1.393 Ǻ) [24].  

As can be seen from Figure 1, the Co atom is coordinated 
square-planar by two I- anions and two benzimidazole 
ligands. The optimized bond length of Co–I is 2.670 Ǻ is in 
good agreement with this in crystal structure of similar 
complex (Hg–I – 2.767 Ǻ) [25] and Co–N distance of 1.922 
Ǻ is in good agreement with this in crystal structure of 
dibromobis(benzimidazole)Zn(II) (Zn–N – 2.008 Ǻ) [24]. 
Also the bond distances and angles within the benzimidazole 
molecules are comparable to those obtained earlier for the 
free benzimidazole [26]. 
2. Vibrational Spectral Analysis 

The vibrational spectra of [Co(benzimidazole)2I2] was 
calculated by DFT with B3LYP functional having extended 
basis sets 6-31G (d,p) and LANL2DZ for iodine. 
Frequencies recorded experimentally for [Co(benz-
imidazole)2I2] are compared with the calculated obtained by 
DFT (Figure 2). 

It is well known that the harmonic frequencies by DFT 
calculations are usually higher than the corresponding 
experimental quantities due to the facts of the electron 
correlation approximate treatment, the anharmonicity effect 
and basis set deficiency, etc. [27]. In order to improve the 
calculated values in agreement with the experimental values, 
it is necessary to scale down the calculated harmonic 
frequencies. The experimental assigments of IR for 
vibrations, IR theoretical and relative intensities were 
reported in Table 2. 

These assignments are important to understand the 
molecular structure of the title molecule. Any discrepancies 
noted between the observed and the calculated wavenumbers 
due to the fact that the calculations were actually performed 
on single (isolated) molecules in the gaseous state contrary to 
the experimental values recorded in the solid state. Thus 
some reasonable deviations from the experimental values 
seem to be justified [28].  

C–H vibrations: The frequency of the C–H stretching 
vibrations of the present case are observed at 3312 and 3116 
cm-1 and they are in good agreement with Augus et al. [29] 
and Bailey et al. [30] The theoretically computed values for 
C–H stretching vibrations assigned to aromatic C–H stretch 
(3302–3215 cm-1) are in excellent agreement with 
experimental assignments. The frequencies 1238, 1188, 
1139 and 974 cm-1 are assigned to C–H in-plane bending 
vibrations. The theoretically calculated C–H in-plane 
bending vibrations are assigned in the region 1282–996 cm-1 
coincides exactly with literature data [31, 32]. Hence the 
bands at 765, 681 and 584 cm-1 are assigned to give C–H 

Parameters Parameters 

Bond length (Ǻ) Bond angle (degree) 
Co–N2(11) 1.922 N2(11)–C3(12)–N4(13) 112.1 

Co–I32(33) 2.670 C3(12)–N4(13)–C5(14) 107.9 
N2(11)–C3(12) 1.319 N4(13)–C5(14)–C6(15) 105.0 
C3(12)–N4(13) 1.358 C5(14)–C6(15)–N2(11) 108.8 

N4(13)–C5(14) 1.388 C6(15)–N2(11)–C3(12) 106.1 
N2(11)–C6(15) 1.397 C5(14)–C7(16)–C8(17) 116.6 
C5(14)–C6(15) 1.409 C7(16)–C8(17)–C9(18) 121.5 

C5(14)–C7(16) 1.396 C8(17)– C9(18)–C10(19) 121.6 
C7(16)–C8(17) 1.391 C9(18)–C10(19)–C6(15) 117.5 
C8(17)–C9(18) 1.410 C10(19)–C6(15)–C5(14) 120.3 

C9(18)–C10(19) 1.390 C6(15)–C5(14)–C7(16) 122.5 
C10(19)–C6(15) 1.399 N2–I32–N11–I33 -17.3 

Bond angle (degree) C3(12)– N2(11)–Co–N11(2) -153.2 

I32–Co–I33 163.5 C10(19)– C6(15)–N2(11)–Co 1.4 
N2–Co–N11 174.4 C6– N2–N11–C15 48.4 

Co–N2(11)–C6(15) 127.1 C6– N2–N11–C12 -128.0 
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out-of-plane bending vibration. The calculated C–H 
out-of-plane bending vibrations are assigned in the region 
756–587 cm-1 also coincides exactly with literature data. 

N–H vibrations: Tsuboi [33] reported the N–H stretching 
frequency at 3481 cm-1 in aniline. In the present work (N–H) 
stretching is assigned to the band at 3543 cm-1. The 
theoretically calculated value by B3LYP/6-31G(d,p) and 
LANL2DZ for iodine at 3682 cm-1 shows good agreement 
with experimentally. The N–H in-plane bending and N–H 
out-of-plane bending are assigned to the bands at 1492 and 
491 cm-1 which agrees well with Venkateswaran and Pandya 
[34] and Evans [35]. The calculated values for N–H in-plane 
bending and N–H out-of-plane bending are 1501 and 495 
cm-1.  

C=N, C–N vibrations: The identification of the C–N 
stretching frequency is a difficult task since there are 
problems in identifying these frequencies from other 

vibrations. Pinchas et al. [36] assigned the C–N stretching 
band at 1368 cm-1 in benzamide. Kahovec and Kohlreusch 
[37] identified the stretching frequency of the C=N band in 
salicylic aldoxime at 1617 cm-1. Refering to the above 
workers, the bands at 1299 cm-1 and 1503 cm-1 are assigned 
to C–N and C=N stretching, respectively. The theoretically 
computed values are 1302 and 1564 cm-1.   

Carbon vibrations: The vibrational frequencies at 1621 
and 1597 cm-1 are assigned to C=C stretching. The 
theoretically computed values are 1679 and 1647 cm-1, 
respectively. The vibrational frequencies at 1461, 1404, 433 
and 428 cm-1 are assigned to C–C stretching. The 
theoretically computed values are 1447, 1404, 441 and 430 
cm-1. 

Co–N and Co–I vibrations: The vibrational frequencies at 
340 and 238 cm-1 are theoretically assigned to Co–N and 
Co–I stretching. 

 

 

Figure 1.  Optimized geometrical structure and atomic labeling of [Co(benzimidazole)2I2] 

Table 2.  Some experimental and calculated characteristic frequencies (cm-1), IR intensity and probable assignments of [Co(benzimidazole)2I2] 

Calculated 
frequencies IAbs 

Experimental 
frequencies Assignments Calculated 

frequencies IAbs 
Experimental 
frequencies Assignments 

3682 172 3543 w ν(N-H) ipb 1156 25 1188 m ν(C-H) ipb 
3302 11 3312 s ν(C-H) ipb 1136 19 1139 s ν(C-H) ipb 
3215 30 3116 w ν(C-H) ipb 996 2 974 m ν(C-H) ipb, Rband 

1679 6 1621 m ν(C=C), Rband 756 72 765 s ν(C-H) opb 
1647 10 1597 m ν(C=C), Rband 642 3 681 m ν(C-H) opb, Rband 
1564 110 1503 s ν(C=N), Rband 587 7 584 s ν(C-H) opb, Rband 

1501 20 1492 m ν(N-H) ipb 495 135 491 w ν(N-H) opb 
1447 82 1461 s Rband 441 18 433 s Rband ipb 
1404 11 1404 s Rband 430 12 428 s Rband opb 
1302 13 1299 s ν(C-N) 340 6 – ν(Co-N) 
1282 48 1265 s ν(C-H) ipb 238 16 – ν(Co-I) 

Scale factors of 0.9613 for calculated frequencies with B3LYP/6-31G(d,p)  
s - strong; m - medium; w - weak; vw - very weak 
ν - stretching; Rband – ring deformation; ipb – in-plane bending; opb – out-of-plane bending 
IAbs-Theoretical infrared intensities 
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Figure 2.  IR spectrum of [Co(benzimidazole)2I2], 1 – calculated, 2 – experimental 

3. Natural Bond Orbital Analysis 
The Natural Bond Orbital (NBO) analysis of 

[Co(benzimidazole)2I2], has provided the detailed insight 
into the nature of electronic conjugation between the bonds 
in this molecule. Table 3 collects the natural charges on 
atoms in the investigated compound. The largest negative 
charges (−0.583) are located on two nitrogen atoms, N2 and 
N11. The larges positive charge (0.681) is located on Co 
atom. 

NBO analysis is an efficient method for study of the 
intra-molecular and inter-molecular bonding and interactions 
among bonds, and also provides a convenient basis for 
investigation charge transfer or conjugative interactions in 
molecular systems. This analysis also provides the study of 
filled NBOs (donors) and empty NBOs (acceptors) and their 
interactions with the stabilization energy E(2) resulting from 
the second-order perturbation theory. The larger E(2) value, 
the more intensive is the interaction between electron donors 
and acceptors, i.e. the more electron donating tendency from 
electron donors to acceptors and the greater the extent of 
conjugation of the whole system. This interaction results a 
loss of occupancy from the concentration of electron NBO of 
the idealized Lewis (bond or lone pair) structure into an 
empty (anti-bond or Rydberg) non-Lewis orbital.  

Table 3.  The NBO atomic charges of [Co(benzimidazole)2I2], calculated 
by the B3LYP method with 6-31G(d,p) basis set and LANL2DZ for iodine 

Atom Natural 
charges Atom Natural 

charges 

Co1 0.681 C5(14) 0.133 
I32(33) −0.486 C7(16) −0.262 

N2(11) −0.583 C8(17) −0.230 
N4(13) −0.559 C9(18) −0.240 
C3(12) 0.269 C10(19) −0.221 

C6(15) 0.131   

Table 4 lists the selected values of the calculated second 
order interaction energy (E(2)) between donor–acceptor 
orbitals in [Co(benzimidazole)2I2]. The strongest interactions 
are the electron donations from a lone pair orbital on the 
nitrogen atoms, LP(1)N2(11) to the antibonding acceptors 
LP(6)*Co and LP(8)*Co orbitals which result in 
stabilization of the system. These interactions increases 
ED(0.164, 0.067e) (LP(6)*Co and LP(8)*Co) that weakens 
LP(1)N2(11) ED(0.880) leading to stabilization of 31.10 
kcal/mol and 9.62 kcal/mol. There occurs a strong 
intramolecular hyper-conjugative interaction of N2(11)–C3(12) 

from N4(13) )–C5(14)  of πN4(13)–C5(14) → π*N2(11)–C3(12) which 
increases ED(0.200e) that weakens πN4(13)–C5(14) ED(0.914e) 
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leading to stabilization of 16.53 kcal/mol. Also there occurs 
a strong inter molecular hyper conjugative interaction of 
N2(11) – C3(12) and C7(16)–C8(17) from N4(13)–C5(14) of 
π*N4(13)–C5(14)→ π*N2(11) – C3(12) and π*N4(13)–C5(14)→ 
π*C7(16)–C8(17) which increases ED(0.200e) and ED(0.159e) 
that weakens the respective bonds N4(13)–C5(14) ED(0.405e) 
leading to stabilization of 52.43 and 39.54 kcal/mol 
respectively. The hyper conjugative interaction of LP(4)I32(33) 
→ LP(5,6,7)*Co leading to stabilization of 31.57, 16.42 and 
25.20 kcal/mol. 

The frontier orbitals (highest occupied molecular orbital – 
HOMO and lowest unoccupied molecular orbital – LUMO) 
are very important in defining reactivity. The HOMO 
exhibits the ability to donate an electron and LUMO as an 
electron acceptor serves the ability to obtain an electron. The 
frontier orbitals (HOMO, LUMO) of [Co(benzimidazole)2I2] 
calculated by B3LYP/ 6-31G(d,p) and LANL2DZ for iodine 
are plotted in Figure 3.  

Energy of frontier orbitals and energy of the gap are: 
EHOMO = –520.1378 kJ/mol 
ELUMO = –155.7972 kJ/mol 
ΔELUMO–HOMO = 364.3406 kJ/mol 

High values of EHOMO have a tendency of the molecule to 
donate electrons to appropriate acceptor molecules with low 
energy, empty molecular orbitals. The energy of the lowest 
unoccupied molecular orbital indicates the ability of the 
molecule to accept electrons. The lower value of ELUMO, the 

more probable it is that the molecule would accept electrons. 
Consequently, concerning the value of the energy of the gap 
ΔELUMO–HOMO, larger values of the energy difference will 
provide low reactivity to a chemical species. Lower values of 
the energy difference will render good inhibition efficiency, 
because the energy to remove an electron from the last 
occupied orbital will be low. The results for the calculations 
of the ionization potential (I) and the electron affinity (A) by 
application of the Koopman’s theorem [38] are shown. 
According to the Hartree–Fock theorem, the frontier orbital 
energies are given by: I = – EHOMO = 520.1378 kJ/ mol; A = – 
ELUMO = 155.7972 kJ/mol. This theorem establishes a 
relation between the energies of the HOMO and the LUMO 
and the ionization potential and the electron affinity, 
respectively. Although no formal proof of this theorem exists 
within DFT, its validity is generally accepted. 
Electronegativity (χ), chemical potential (µ) and global 
hardness (η), their operational and approximate definitions 
for [Co(benzimidazole)2I2] are: χ = – µ= (I + A)/2 = 
337.9675 kJ/mol; η = (I – A)/2 = 182.1703 kJ/mol. 
4. Thermodynamic Properties 

The values of some thermodynamic parameters (such as 
zeropoint vibrational energy, thermal energy, molar capacity 
at constant volume, rotational constants, entropy and dipole 
moment) of title molecule by DFT/B3LYP/6-31G(d,p) 
method and LANL2DZ for iodine at 298.15 K in ground 
state are listed in Table 5.  

Table 4.  Second-order interaction energy (E(2), kcal/mol) between donor and acceptor orbitals in [Co(benzimidazole)2I2] 

Donor NBO (i) ED (i)/e Acceptor NBO (j) ED (j)/e E(2) kcal/mol E(j) – E(i) a.u. F(i,j) a.u. 

n1 N11 0.880 n6* Co1 0.164 31.10 0.49 0.160 

n1 N11 0.880 n8* Co1 0.067 9.62 0.61 0.100 

πN13-C14 0.914 π*N11-C12 0.200 16.53 0.33 0.098 

π*N4-C5 0.405 π*N2-C3 0.200 52.43 0.02 0.053 

π*N4-C5 0.405 π*C7-C8 0.159 39.54 0.08 0.094 

π*N13-C14 0.405 π*N11-C12 0.200 52.43 0.02 0.053 

π*N13-C14 0.405 π*C16-C17 0.159 39.54 0.08 0.094 

n2 I32 0.974 n7* Co1 0.123 11.37 0.67 0.116 

n4 I32 0.801 n5* Co1 0.343 31.57 0.13 0.086 

n4 I32 0.801 n6* Co1 0.164 16.42 0.30 0.090 

n4 I32 0.801 n7* Co1 0.123 25.20 0.53 0.152 

n2 I33 0.974 n7* Co1 0.123 11.37 0.67 0.116 

n4 I33 0.801 n5* Co1 0.343 31.57 0.13 0.086 

n4 I33 0.801 n6* Co1 0.164 16.42 0.30 0.090 

n4 I33 0.801 n7* Co1 0.123 25.20 0.53 0.152 

n1 N2 0.880 n6* Co1 0.164 31.10 0.49 0.160 

n1 N2 0.880 n8* Co1 0.067 9.62 0.61 0.100 

πN4-C5 0.914 π*N2-C3 0.200 16.53 0.33 0.098 
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Figure 3.  Electron distribution of HOMO – 1 and LUMO – 2 for [Co(benzimidazole)2I2] 

 

Figure 4.  Thermo-gravometric analysis of the [Co(benzimidazole)2I2] 

Table 5.  The calculated thermodynamical parameters of 
[Co(benzimidazole)2I2] at 298.15 K in ground state 

Parameters Calculated 
Zero point vibration energy (kcal mol–1) 146.54812 

Rotational constants (GHz)  
A 0.19547 
B 0.12567 
C 0.10028 

Rotational temperature (K)  
A 0.00938 
B 0.00603 
C 0.00481 

Thermal energy (kcal mol–1)  
Total 159.287 

Translational 0.889 
Rotational 0.889 
Vibrational 157.509 

Molar capacity at constant volume (cal mol–1 K–1)  
Total 74.305 

Translational 2.981 
Rotational 2.981 
Vibrational 68.343 

Entropy (cal mol–1 K–1)  
Total 161.760 

Translational 44.793 
Rotational 36.121 
Vibrational 79.467 

The global minimum energy obtained for structure 
optimization is –2165.2787052 a.u. The standard 
thermodynamic functions enthalpy (∆Hm°), entropy (Sm°) 
and heat capacity (Cp,m°) for the title compound were 
obtained using DFT/B3LYP method with 6-31G(d,p) and 
LANL2DZ for iodine on the basis of vibrational analysis and 
statistical thermodynamics [39]. The vibrational frequencies 
are scaled by 0.9613 [40]. 

The stoichiometric composition of the phase synthesized 
was confirmed by the thermo-gravometric analysis carried 
out. Figure 4 shows TG/DTG/DSC curves of decomposition 
of the titled compound synthesized. 

It was determined from the TG curve that 
[Co(benzimidazole)2I2] is stable up to about 473 K (200oC), 
after that temperature begin decomposition of the molecule. 
That's why the enthalpies, entropies and heat capacities 
observed at different temperatures going from 100K to 450 
K and listed in Table 6. 

It can be observed that these thermodynamic functions are 
increasing with corresponding temperature ranging from 100 
to 450 K due to the fact that the molecular vibrational 
intensities increase with temperature [41]. The correlation 
equations between entropy, heat capacity, enthalpy changes 
and temperatures were fitted by quadratic formulas and the 
corresponding fitting factors (R2) for these thermodynamic 
properties are 0.9998, 0.9996 and 1 respectively. The 
corresponding fitting equations are as follows and the 

 



 International Journal of Materials and Chemistry 2016, 6(2): 19-27 25 
 

correlation graphics are  shown in Figures 5–7. 
Sm° = 308.78 + 1.3463.T – 0.0005.T2   (R2 = 0.9998) 
Cp,m° = 52.635 + 0.9078.T – 0.0002.T2   (R2 = 0.9996) 
∆Hm° = – 0.5553 + 0.0606.T – 0.0004.T2   (R2 = 1) 
All thermodynamic datas supply helpful information for 

the further study on the [Co(benzimidazole)2I2]. They can be 
used to compute the other thermodynamic energies 
according to relationships of thermodynamic functions and 
estimate directions of chemical reactions according to the 
second law of thermodynamics in thermochemical field. All 
thermodynamic calculations were done in gas phase and they 
could not be used in solution. 

Table 6.  Thermodynamic properties at different temperatures at the 
B3LYP/6-3G(d,p) level and LANL2DZ for iodine, for 
[Co(benzimidazole)2I2] 

T [K] Sm°[J mol–1 K–1] Cp,m° [J mol–1 K–1] ∆Hm° [kJ mol–1] 

100 436.14 144.08 9.67 

150 501.97 183.45 17.85 
200 560.35 224.80 28.05 
250 615.11 267.78 40.36 

298.15 665.83 309.10 54.25 
300 666.74 310.67 54.82 
350 718.75 351.79 71.40 

400 768.26 390.00 89.95 
450 816.23 424.74 110.34 

 
 

 

Figure 5.  Correlation graphic of entropy and temperature for [Co(benzimidazole)2I2] 

 

 

Figure 6.  Correlation graphic of heat capacity and temperature for [Co(benzimidazole)2I2] 
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Figure 7.  Correlation graphic of enthalpy and temperature for [Co(benzimidazole)2I2] 

5. Conclusions 
The equilibrium geometries and harmonic frequencies of 

diiodobis(benzimidazole)Co(II) complex were determined 
and analysed at DFT level of theory utilizing 6-31G(d,p) 
basis set and LANL2DZ for iodine. The difference between 
the observed and scaled wavenumber values of most of the 
fundamentals is good. Any discrepancy noted between the 
observed and the calculated frequencies may be due to the 
fact that the calculations were done on a single molecule in 
the gaseous state contrary to the experimental values 
recorded in the presence of intermolecular interactions. 
Therefore, the assignments made at higher levels of theory 
with only resonable deviations from the experimental values, 
seem to be correct. The Natural orbital charges calculated by 
B3LYP/6-31G(d,p) and LANL2DZ for iodine were 
presented. The transactions give stabilization to the structure 
were identified by second order perturbation energy 
calculations. Using NBO analysis the stability of the 
molecule arising from hyper-conjugative interaction and 
charge delocalization was analyzed. The strongest electron 
donation occurs from a lone pair orbital on the nitrogen 
atoms, LP(1)N2(11) to the antibonding acceptor LP*(6;8)Co 
orbitals and from a lone pair orbital on the iodine atoms, 
LP(2;4)I32(33) to the antibonding acceptor LP*(5;6;7)Co 
orbitals. The correlations between the statistical 
thermodynamics and temperature are also obtained. It is seen 
that the heat capacities, entropies and enthalpies increase 
with the increasing temperature owing to the intensities of 
the molecular vibrations increase with increasing 
temperature. The present quantum chemical study may lead 
to the understanding of properties and activity of 
[Co(benzimidazole)2I2]. 
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