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Abstract

synthesized between imidazole-based donors and dimethyl 

stronger donor–acceptor interactions in the less polar solvent. 

to further validate donor strength. N-methylimidazole exhibited 

and the most favourable global reactivity descriptors—chemical 

donating ability compared to imidazole.
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1. Introduction

are also reported to be used as biosensors for the non-destructive analysis 
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Five-membered nitrogen-containing heterocycles are frequently 

donor ability is attributed to the presence of a pyridine-like nitrogen atom 

Despite containing two strong electron-withdrawing ester groups 

which not only exhibit an electron-withdrawing nature but also exert 
resonance stabilization and partly delocalization of electron density away 

them an attractive subject for novel investigations to uncover subtle donor-

transition energy spectrophotometrically.
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2. Methodology

2.1. Experimental Study

2.1.1. Materials and Instrumentation
All solvents and chemicals used in this study were of analytical and 

from Sigma-Aldrich (USA)

nm.

2.1.2. Preparation of stock solutions

dichloromethane and acetone as solvents. To determine their absorption 

characterized to determine their  values.

2.1.3. Analysis of stoichiometric ratio
Spectrophotometric analysis based on Job’s continuous variation method 

were prepared and analyzed by mixing donors and acceptor in equal 

Mole-ratio technique was employed in the determination of the formation 



Mapana - Journal of Sciences

kept greater than the donor while keeping concentration of donor constant.

the calculation of formation constant (K
(

[D]  and [A]  = baseline concentrations of donors and acceptor

By plotting the graph between [D]  or [A] [D]

0) and transition 
energy (ECT) 

0 = -RT ln KCT

R = gas constant

T = temperature in Kelvin degrees

The charge transfer energy (E

ECT CT nm

 = absorption maxima of synthesized complexes.

2.2. Theoretical Study

from the experimental studies. These computational investigations were 
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3. Results and Discussion

3.1. Experimental results

allowed transitions with high molar absorptivity and occur at shorter 
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resulting in weaker absorption and longer wavelength bands. 

Job’s method of continuous variation. The corresponding plots for the 
interactions of imidazoles with DMAD in dichloromethane and acetone are 

ability of N-methylimidazole. The N-methyl group increases ring electron 

molecules through sequential donor–acceptor interactions. Additional 

Table 1: Spectrophotometric data for the charge transfer complexes in 
dichloromethane and acetone

CT 
Complex

Imidazole (D): 
DMAD (A) 

(1a)

N-methylimi-
dazole (D): 

DMAD (A) (2a)

Imidazole 
(D): 

DMAD 
(A) (1b)

N-methylimi-
dazole (D): 
DMAD (A) 

(2b)
In dichloromethane In Acetone

 (nm)
(donor) 

(nm)
(Acceptor)

 (nm)

KCT

(mol-1)

(cm-1mol-1)
ECT

(eV)
0

(KJ mol-1)



Mittal et al.

exhibited the higher K
to imidazole in both solvents. The solvent-dependent variation in the 

in higher K

constants. These results underline the crucial role of solvent polarity and 

The linear plots further supported these observations and found to be 
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 is accompanied by the minimum transition energy (E

3.2. Theoretical Results
The global reactivity descriptors of donor calculated with the help of 

Table 2: 

Molecule
Imidazole N-methyl imidazole

Gas phase DCM Acetone Gas phase DCM Acetone

EHOMO (au)

ELUMO (au)

au

eV

eV

SeV
-1

µeV
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eV

eV

The optimised geometries of imidazoles and their energy gap is also 

Figure 9: Optimized geometries of imidazole and N-methyl imidazole

Figure 10:
level in gas phase.
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donating ability of N-methylimidazole. Methyl substitution enhances 

its lower K

ability. 

FMO analysis has also been carried out theoretically at the same level in 

Table 3: 

Com-
pound

HOMO (eV) LUMO (eV)
HOMO (donor) – 
LUMO (acceptor) 
energy gap (eV)

Gas 
phase

Acetone DCM
Gas 

phase
Acetone DCM

Gas 
phase

Acetone DCM

Imidazole

N-methyl 
imidazole

DMAD - - -
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Figure 11:
complexes

transfer and donor-acceptor interaction behavior discussed above.
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Figure 12:
N-methylimidazole with DMAD

4. Conclusions
The present study successfully demonstrated the formation and 

Spectrophotometric and DFT analyses consistently revealed that 

favourable global reactivity descriptors. The enhanced donor ability is 

donor–acceptor systems in optoelectronic and sensing applications.
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spectrophotometric studies of charge transfer interaction between donor 

transfer molecular complexes formed in the reaction of imidazole and 

dione dioxide with iodide and its application to the development of a highly 

computational study of d
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spectroscopic kinetic and computational studies on charge transfer complexes 


