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A normal coordinate analysis on quiniodochlor has been carried out with a systematic set of symmetry coordinates 
following Wilson's F-G Matrix method. The potential constants evaluated for the molecule are found to be in good agreement 
with literature values thereby confirming the vibrational assignments. To check whether the chosen set of vibrational 
frequencies contribute maximum to be potential energy associated with the normal coordinates of the molecule, the potential 
energy distribution has been evaluated. 
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1 Introduction 

Quiniodochlor is used as anti-bacterial and anti-
fungal drug in the treatment of skin infections. An 
extensive work has been carried out on the title 
compound and its derivatives in recent years 1-5. The 
characteristic vibrational frequencies of this drug have 
been identified and assigned on the basis of their 
relative intensity, characteristic positions and 
correlation of vibrational bands of related compounds. 
Probable assignment has been made but no attempt 
has been made on normal coordinate analysis. Hence, 
in the present work, normal coordinate analysis has 
been carried out on the basis of Cs symmetry. 

2 Experimental Details 
The pure sample of quiniodochlor was obtained 

from Sigma Chemical Company, USA and used as 
such. The FTIR and FT-Raman spectra of the sample 
were recorded in the region 4000-400 cm-1 and 4000-
100 cm-1 respectively using BRUCKER IFS 66V 
FTIR spectrometer at RSIC, Chennai, India. The 
FTIR and FT-Raman spectra are presented in Fig. 1. 

3 Normal Coordinate Analysis 
Quiniodochlor has 48 fundamental modes of 

vibration under Cs symmetry point group which are 
distributed as Γvib = 31 A′ + 16A", all the funda-

mentals are active both in the infrared and Raman. In 
the present work only 31 modes are considered. The 
structure, orientation of the principle axes and the 
nomenclature of the parameters of the quiniodochlor 
molecule are shown in Fig. 2. A set of symmetry 
coordinate has been arrived using the knowledge of 
projection operator and the character table pertaining 
to the Cs point group symmetry. The symmetry 
coordinates thus obtained are as follows: 

A′ species 
 

S1 = ΔD; S2 = Δh;  S3 = 1/       [Δa1 + Δa2 + Δa3 + 

Δa4 + Δa5 + Δa6] 
 

S4 = 1/      [Δd1+Δd2]; S6=ΔT; S7=Δt; S8=Δr; S9=Δl 
 

S10 = 1/     [ΔR1 + ΔR2 + ΔR3]; S11 = 1/     [Δα1 + Δα2 + 

Δα3 + Δα4 + Δα5 + Δα6] 
 

S12 = 1/      [Δβ1 + Δβ2]; S13 = Δγ’;  S14 = 1/      [Δε1 + 

Δε2 + Δε3]; S15 = 1/      [Δω1 + Δω2] 
 

S16=Δχ; S17 =1/    [Δσ1 + Δσ2]; S18 = 1/     [Δθ1 + Δθ2]; 

S19 = 1/     [Δφ1 + Δφ2] 
 

S20 = Δτ 
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A" Species 
 
S21 = 1/       [2Δa1 - Δa2 - Δa3 + 2Δa4 - Δa5 - Δa6]; 

S22 = 1/      [Δd1 - Δd2];  
 
S23 = 1/      [Δb1 - Δb2]; S24 = 1/       [2ΔR1 - ΔR2 - ΔR3] 
 

S25 = 1/       [2Δα1 - Δα2 - Δα3 + 2Δα4 - Δα5 - Δα6]; 

S26 = 1/       [Δβ1 - Δβ2]; 
 
S27 = 1/      [2Δε1 - Δε2 - Δε3]; 

S28 = 1/     [Δω1 - Δω2]; S29 = 1/      [Δσ1 - Δσ2] 
 
S30 = 1/      [Δθ1 - Δθ2]; S31 = 1/       [Δφ1 - Δφ2] 
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Fig. 1 ⎯ Vibrational spectra of quiniodochlor (a) FT - Raman spectrum (b) FTIR spectrum 
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where Δ’s represent changes in the corresponding 
bond distances and bond angles. The required 
structural data were taken from literature5. 

4 Results and Discussion 
A normal coordinate analysis for quiniodochlor 

has been carried out using the observed wave 
numbers from FTIR and FT-Raman spectra. The 
evaluation of force constants is made on the basis of 
general valence force field by applying Wilson's F-G 
matrix method. The initial set of force constants for 
the quiniodochlor have been taken from related 
molecules. This set of force constants was 
subsequently refined by keeping a few interaction 
constants fixed throughout the refinement process. 

(i) C-H vibrations ⎯ The C-H stretching 
vibrations of a heterocyclic aromatic compound fall in 
the region 3100-3000 cm-1. In this region the bands 
are not much affected by the nature and position of 
the substituents6. In the present work band observed at 
3028 cm-1 (υ10) in FTIR and 3025 cm-1 in FT Raman 
is assigned to C-H symmetric stretching. The bands 
observed at 3100 cm-1 (υ24) in FTIR and 3105 cm-1 in 
FT-Raman are assigned to C-H asymmetric 
stretching. 

(ii) C-O stretching ⎯ The band due to the C-O 
stretching vibrations of lactones occurs in the region7 
1370-1160 cm-1. In the present work, the bands 
observed at 1270 cm-1 (υ8) in IR and 1275 cm-1 in 
Raman are assigned to C - O stretching vibration. 

 
 

Fig. 2 ⎯ Structure, nomenclature of parameters and the orientation of the principle axes of quniniodochlor 
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(iii) C-Cl vibration ⎯ The C-Cl stretching 
vibrations8 give generally strong bands in the region 
760-505 cm-1. In the present work, the bands observed 
at 649 cm-1 (υ6) in IR and 650 cm-1 in Raman are 
assigned to C - Cl stretching vibration. 

The remainder of the observed frequencies and 
their corresponding assignments are presented in 
Table 1. 

 
 

Table 1 ⎯ Vibrational assignment, force constants and PED values of quiniodochlor 

Symmetry 
coordinate Frequency (cm-1) Assignment Force const ×102 N/m PED % 

 FTIR FTRaman    

A′ Species 

S1 1498(w) 1500(s) C - C stretching 6.7000 98 

S2 563(s) 566(w) C - I stretching 3.0200 92 

S3 1459(m) 1463(w) ring C • • •  C symmetric stretching 6.8100 90 

S4 1489(s) ⎯ ring C • • •  N symmetric stretching 6.4500 99 

S5 1575(s) 1580(w) ring C • • •  C symmetric stretching 7.1400 93 

S6 649(vs) ⎯ C - Cl stretching 3.8400 85 

S7 3120(w) 3125(m) C - H stretching 6.9370 99 

S8 1270(s) 1275(w) C - O stretching 4.9500 92 

S9 3218(m) ⎯ O - H stretching 6.9100 82 

S10 3028(w) 3205(m) C - H symmetric stretching 7.1100 94 

S11 470(w) 475(m) C - C - C symmetric bending 1.0170 38 

S12 450(w) 445(m) C - C - N symmetric bending 1.3074 60 

S13 420(w) 415(m) C - N - C symmetric bending 0.4390 52 

S14 548(w) 550(m) C - C - C symmetric bending 1.0070 62 

S15 597(w) 595(m) C - C - O symmetric bending 0.3554 62 

S16 438(w) 440(m) C - O - H bending 0.7951 45 

S17 405(w) 410(m) C - C - I symmetric bending 0.8320 40 

S18 1095(w) 1090(m) C - C - H symmetric bending 0.5347 38 

S19 462(w) 460(m) C - C - Cl symmetric bending 1.0571 46 

S20 953(vs) 950(w) C - C - H bending  0.6460 52 

A" Species 

S21 1645(m) 1640(w) ring C • • • C  asym stretching 7.0300 99 

S22 1540(w) 1545(s) ring C • • • N  asym stretching 6.6200 90 

S23 1604(m) 1610(w) ring C • • • C  asym stretching 7.1900 93 

S24 3100(m) ⎯ C - H asym stretching 6.3210 99 

S25 510(w) 505(m) C - C - C asym bending 1.0770 62 

S26 536(w) 535(m) C - C - N asym bending 1.3384 58 

S27 576(w) 575(m) C - C - C asym bending 2.0720 45 

S28 620(w) 615(m) C - C - O asym bending 0.4226 48 

S29 426(w) 425(m) C - C - I asym bending 0.9041 62 

S30 1200(m) 1205(w) C - C - H asym bending 0.4620 64 

S31 497(m) 490(w) C - C - Cl asym bending 1.0710 70 
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5 Potential Energy Distribution 
 

To check whether the chosen set of vibrational 
frequencies contribute the maximum to the potential 
energy associated with the normal coordinates of the 
molecule, the potential energy distribution has been 
calculated using the relation PED = Fii L2

ik / λk. PED 
is the contribution of the ith symmetry coordinate to 
the potential energy of vibration whose frequency is 
υ, Fii is the force potential constant, Lik is the L matrix 
element and λk = 4π2C2υ2. The calculated force 
constants and the potential energy distribution are 
presented in Table 1. 
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