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Abstract: The ground state vibrations of 2-Phenyl-4,5-dihydro-1H-imidazole were 

accounted for through investigational and theoretical techniques. The computed 

optimized properties and vibrational frequencies were correlated with the investigational 

values with good agreement, indicating good harmony. 

 

Introduction 

In present days, the derivatives of 

the Imidazole compound found to have 

NLO properties. Because of the high 

molar extinction coefficient imidazole is 

used in metal-free organic dyes. 2-

imidazoline is the isomer derivative from 

imidazole. Imidazole’s show the most 

important biological and pharmacological 

activities such as anesthetic [1], 

antidiabetic [2], antihypercholesterolemic 

[3], antiphlogistic [4], and blood pressure 

lowering agent [5,6].  

The main object of this 

investigation is to study the geometry, 

vibrational wavenumbers, UV-Vis 

absorption spectrum, etc., of 2-Phenyl-4,5-

dihydro-1H-imidazole. In this chapter, we 

characterize and describe the structural 

parameters and vibrational parameters, of 

2-Phenyl-4,5-dihydro-1H-imidazole, both 

theoretically and experimentally. 

 

 

Investigational Details 

            The compound 2-phenyl-2-

imidazoline (2PI) was obtained from 

Sigma Aldrich chemical company and was 

used as such in the following subsequent 

spectroscopic 

Investigations without any 

further purification about 302
0
 K. The FT-

IR spectra are recorded by the KBr pellet 

method.  

Computational details 

All the computational details used 

to perform all the calculations viz., the 

methods, calculation procedure, 

software/programs, scaling procedure, 

obtaining P.E.D. 

Results and discussion 

The optimized geometrical 

parameters with a high-level basis set are 

summarized in Table 5.1 according to Fig 

1. A potential energy surface (PES) scan 

for C3-C4-C5-H15 dihedral angle is 

performed. The form of the potential 

energy curve as a The global minimum 
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energy for the title molecule is computed 

to be 454.9756695 Hartrees. 

 

Fig 1: Optimized Molecular structure of 2-Phenyl-4,5-dihydro-1H-imidazole 

along with numbering of atom 

 

While Experimental crystal data 

of 2PI is not presented, Experimental data 

of the reference molecule 2-[2-(2-

Hydroxyethoxy)zphenyl]-4,z4,z5,z5-

tetramethyl-2-imidazoline-1-oxyl 3-oxide 

[9] was taken for comparison. These 

deviations may be caused because the 

theoretical calculations of the compound 

were executed in the gas phase while 

investigational calculations were done in 

the solid state 

Vibrational analysis 

           The title compound is a nonlinear 

molecule having 21 atoms with Cs 

symmetry with 57 normal modes of 

internal vibrations. Total vibrations were 

active in Raman and IR. The task of 

assigning vibrational frequencies was 

done by NCA-normal coordinate analysis. 

The internal coordinates were identified. 

We constructed non-redundant local 

symmetry coordinates as listed in table 5.3 

from the guidelines of author Fogarasi 

[10, 11]. Later computed force fields from 

the DFT method were transformed to the 

vibrational coordinates. 

           Complete analysis with FT–IR 

experimental frequencies and IR 

intensities are reported i. All vibrations 

are active in both IR and Raman. The 

investigational FT–IR spectra along with 

the corresponding simulated spectra of 

2PI are illustrated in Fig 2.   

 

Fig 2: (a) Investigational, (b) Theoretical FT-IR spectra of 

2-Phenyl-4,5-dihydro-1H-imidazole 
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Carbon–Hydrogen Vibrations 

            Ring structures have acute or 

average spikes between 3100 – 3000zcm
−1

 

[12]. FTzRaman band noticed at 3065 

cm
−1

 belongs to C-H stretching vibrations 

of PED percentage 99. The benzene in-

plane C-H bending vibrations and their 

derivatives are observed in the range 

1300-1000 cm-
1
 [13]. The computed and 

experimental frequencyz1122 cm
−1

 is 

distributed to in-plane C-Hzbending 

vibration. 

Methylene Group Vibrations  

             The final result is that the IR peak 

appears broadened, as it is an average of 

all these slightly different absorptions. 

For  CH2 group frequencies, the 

asymmetric vibrations examined 3000 - 

2900 cm
−1 

region.The stretching 

asymmetric vibrations observed at 2842 

and 2855 cm
−1

 were compared to a week 

dip at 2946 cm
−1

 in mid IR spectrograph.  

Conclusions 

2-Phenyl-4,5-dihydro-1H-imidazole is 

characterized by vibrational spectroscopic 

techniques election of enough exchange-

correlation functional and basis set.  
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