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Chloroxylcnol is one or the important antiseptic with the molecular formul a CxH~CIO. A normal coordinate analys is 
has been carried out for chloroxylenol for the first time with a systematic set or symmetry coordinates following Wil s,m's 
F-G matri x method based on C point group symmetry. The rrequency assignments for the bands in the Fourier transrorm 
inrrared spectrum of chloroxy lenol have been presented . A reasonable set of potenti al constants eval uated ro r thi s 
molecu le is round to be in good agreement with literature values for simil ar compounds. To check whether the chosen set 
or vibrational frequencies con tribute max imum to the normal modes or vibration or the molecule, the potential energy 
distribution has been eva luated. The potential energy distribu ti on va lues obtained rell cct the correctness or the 
assignments made. 
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I Introduction 

Ch loroxy lenol is an important ant isept ic u:,ed 
co mmonly fo r treat ing wounds and sterilizing 
surgical in struments . In the present work , 
vibrat ional analysis of chloroxyleno l has been 
carri ed out, using Wil son's F-G matrix method 
under C point group symmetry. For the first time, a 
detailed frequency assignment has been made using 
Four ier Transform Infrared (FriR) spectrum of 
chloroxylenol. Work on related mo lecules and 
similar compounds has been referred to for solving 
the secular equation . Potentia l energy distribution 
obtained as an outcome of the theoretical 
cons iderations is used to confi rm the frequency 
assignments done using the infrared spec trum. 

2 Experimental Details 

The sample of chl oroxy lenol with hi gh-grade 
purity was procured from a leadi ng pharmaceuti cal 
company SO Fine Chemicals. Chennai and wa~ 
used as such without any further purifica ti on. The 
FTIR spectrum of the samp le was recorded in the 
4000-400 cm·1 range by using BRUKER JFS 6(1 V 
spectrophotometer at RSIC, fiT Chennai, India. 
Chl oroxy lenol was mixed wi th KBr and pressed 
into discs for record ing the spec trum. The Fr!R 

spectrum of ch loroxylenol is presented in Fig. I . A 
detailed interpretati on of the vibrational bands of 
the samp le is summarized in Table I. 

3 Normal Coordinate Analys is 

Chloroxylenol, a derivati ve of phenol. belongs 
to the C, point group symmetry with thirty-three 
fundamental vibrat ions distributed as C,h = 23 A' + 
10 A". All the th irty-three modes are act ive both in 
infrared and Raman. Of the twenty-three 
fundamentals in A' species , onl y fourteen , and out 
of ten fundamental s in A" spec ies, only five are 
considered in the present work . The structure, 
orientatio n of the principal axes and the 
nomenclature of the parameters of chl orox ylenol 
molecule are presented in Fig. 2. The structural 
parameters have been taken from the Sutton Table. 

3.1 Symme1·ty coordinates 

The sy mmetry coordinates arc constructed 
using the set of internal coordinates. The sy mmetry 
coordinates fo r the ring are the same as th ose of 
benzene whi le those for the hydroxy l group; 
chlorine and 1nethyl grou ps are constructed 
sat isfy ing the C, point group symmetry with the 
knowledge of project ion operators. The foll ow ing 
are the set of symmetry coord inates for the specific 
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modes of vibration taken into considerat ion in the 
present case. 

A' species 

51 = I /.J6 [(L'lr 1+L'lr2+6r,+L'lr4+L'l r,+L'lrr,)] 

5;_ =I i .J6 [(L'lr 1+L'lr2+L'l r,-L'lr4+L'lr5-L'lrr. )] 

S, =I /.J6 [(L'lr 1-2L'lr2+6r,+L'lrr2L'l r ,+L'l rr. )] 

54 = L'lD 

5,= 6T 

511 = 61? 

57 = I /"Vl [(6d,+L'ld2)] 

5x =I /.J6 [(L'lu,+L'lu2+6u,+L'lu4+L\u5+L'lur.)] 

s) = 11.J2 [(L'ly ,+L'ly2)J 

5 10 = 11.J2 [(L'l8,+L'l82)] 

5,, = 11.J2 [(L'l t ,+L'lt2)] 

5,'- = 1 ; .J4 [(L'lo,+L'lo2+L'lo,+L'lo4)J 

5,, = 11.J4 [(L'lp ,+L1B2+L1B,+L1B4)J 

A" species 

5,, = I 1.Y2 [(L'ld,-L'ld2)] 

5 , ~> = 11.J2 [(L'ly,-L'ly2)] 

517 = 11...J2 [(L'lt 1-L'lt2) ] 

51x = I!.Y6 [(L'lu,+L'lu2-L'lu,+L'lu4+L'lu5-L'lur,)] 

51•1 =I !.Y6 [( -L'la,-26a2-L\a3+L'la4+2L'la,+L'lar,)] 

where L'lr is the change in bond length C-C; L'lD the 
change in bond length C-0; L'lT the change in bond 
length 0-H; L'lR the change in bond length C-C I; L'lt 
the change in bond length C-X ; L'ld the change in 
bond length C-1-1; L'la the change in bond angle C­
C-C; L'lB the cha nge in bond angle C-C-H; b.y the 
change in bond angle C-C-0; L'lo the change in 
bond angle C-C-X ; L'l8 the change in bond angle C­
C-C I; L'l<p the chan ge in the angle C-0-H. 

3.2 Kinetic energy matrix elements and secular 
equation 

The e leme nts of the inverse kinetic energy 
matrix have been derived from the re lation C=Bp.B' 
where B is the matrix formulated using the vectors 
eva luated from the expression of the symmetry 
coordinates in terms of the Cartesian displacement 
coordinates, B' is the transpose of B matrix and ~Li s 

the diagonal matrix of the rec iprocal masses of the 
atoms in the molecule . The method of kinetic 
constant re lates the off-diagonal e lements of the F 
matrix to its diagonal e leme nts through the relation 
F,/Fii =K,/Kii (i<j , i =I ,2,3 , ... ). 

Tab le I - Fourier transform infrared freq uencies 
of chloroxylenol 

Frequency 
(cnf 1

) 

548 
582 
625 
680 
7 11 
720 
763 
807 
841 
1032 
1052 
111 8 
1150 
1191 
1252 
1609 
28 10 
2872 
3652 

Descripti on 

v 1, C-C-H deformation 
v12 C-C-X deformat ion 
v.1 C-C-0 symmetric bend 
v111 C-C-CI deformation 
v11 C-CI stretch 
v111 C-C-0 asymmetric bend 
Vx C-C-C symmetric bend 
v1x C-C-C asymmetric bend 
v1•1 C-C-C asymmetri c bend 
v14 C-0-H bend 
v 11 C-CH, symmetric stretch 
v1 C-C symmetri c stretch 
v4 C-0 st retch 
v17 C-CH, asymmetric stretch 
v, C-C asymmetri c stretch 
v2 C-C asymmetri c stretch 
v7 C-H symmetri c st retch 
v15 C-H asymmet ri c stretch 
v5 0 -H stretch 

3.4 Vibrational analysis 

The presence of ring in the structure of 
chloroxylenol along with the 0-H group naturally, 
makes chloroxylenol to assume C, point symmetry. 
The assignments for the fundamental modes of 
vibrat ions have been made in terms of band 
position, shape and intensity. The vibrational 
frequencies of benzene, pheno l and penta­
chlorophenol are used as guidelines for the 
ass ignments of fundamental vibrat ions of 
ch loroxylenol. 

C-H vibrations - The band in the 3000 cnr 1 

region in the infrared spectrum arises due to C-1-1 
stretching of aromatic ring'. In the FfiR spectrum 
of chloroxylenol , the bands at 28 10 em·' and 2872 
em·' are assigned to the C-H symmetric and 
asymmetric stretch ing vibrations of the aromatic 
ring, respective ly. The force constants for C-H 
symmetric and asymmetric stretch ing vibrations 

are fixed as 5.0559x l02 N/M and 5 .5232x i02 N/M, 
respectively in the present investigat ion , which 

closely agrees with the reported va lues 5.0761 x I 02 
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/M (Ref. 2) and 5.5253x I 02 N/M (Ref. 3) for C-H 
symmetric and asymmetric stretch ing vibrati ons, 
respect ive ly. T he C-H bend ing vibrati ons appear at 
two d istinct regions 1300- 1000 em·' and 700-6 10 
cnr', clue to in-pl ane and out-of-p lane bend ing 
vibrati ons, respecti ve ll. T he band at I 032 em ' is 
assigned to C-H in-p lane bending vibrati on, which 
agrees we ll wi th the va lue reported by previous 
work on benzene' . T he force constant fo r C-C-H 
in-plane bendi ng vibrati on is arrived at 0.4848x I 02 

N/M, the corresponding value reported be ing 

0.474 1x i02 N/M (Ref. 3). 

0-H vibrations- T he hydroxy l groups of a lcoho ls 
and pheno ls, genera ll y give a strong absorpti on 
band in the 3650-3580 em·' region. The sharp band 
at 3652 e m·' in the FTIR spectrum is ass igned to 0-
H stretching vibrat ion. Pheno ls ex hibi t Cr,H5-0H 
deformati on band, cente red around 1200 cnr 1 (Ref. 
5). T he bend ing of C-0 -H is seen as a band at I 032 
em·' in the spectrum . The 0 -H fo rce constant va lue 

of 5.8880x I 02 N/M for chl oroxy leno l arri ved at in 
the present work. agrees with the corresponding 

va lue of 5.8392x I 01 NIM reported for 2,4,6 trinitro 
phenol2

. 

C-0 vihmtions- In the case of pheno ls, the C-0 
stretching vi brati on produces a strong band in the 
1200- 1000 em ' region. The band at I 150 cr1Y 1 in 
the spectrum is ass igned to C-0 stre tching 
vibrati on. Thi s is in good agreement with the 

li terature va lue7
. The C-0 force constant is fixed at 

5.5867x I 02 N/M. For paracetamol, the C-0 fo rce 

constant is reported to be 5.0 l35x I 01 /M (Ref. 3). 

Table 2- Potential constants and PED for chloroxylenol 

Symmetry Frequency Potential PED % 
coordinates (cm-1

) constants 
( 102 N/M) 

s, 1118 6.5843 X5 
s1 1609 6.7905 9X 
s, 1252 6.8143 !)2 

s~ 1150 5.5867 45 
s, 3652 5.88XO 75 
Sr, 71 1 3.7562 40 
s7 28 10 5.0559 99 
Sx 763 1.2556 41 
s.) 625 1 0429 60 
S111 680 1. !041 54 

s" 1052 4.5644 40 
sl1 582 0.2787 99 
s ~_~ 548 0.4848 99 
s,~ 1032 0.7763 30 
s,, 2872 5.5232 79 
S, r, 720 0.2732 40 
sl7 11 91 4 .7325 40 
s, x 807 0.9364 65 
s, ~ 84 1 0.9463 30 

C-C vibrations Gunasekaran ct ol.x have 
reported the ring C-C stretching vibrati on in the 
1625- 1530 cnr' region. T he C-C stretching 
vibrati on of the ring has been reported at 1325 em·' 
(Re f. 3). The sharp band observed at I I 18 cnr' in 

I 
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Fig. I - FT!R spectrum of chl oroxyleno l 
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the spectrum is ass igned to C-C symmetric 
stretching and the bands at 1252 and 1609 cm·1 to 
C-C asymmetric stretching vi brati ons. The C-C 
symmetric and asymmetric s tre tching force 

constants reported earlier as 6.5783x I 0 2 N/M and 

6.7905x I o~ N/M , respect ive ly' agree well with the 

respective 6.5843x l0~ N/M and 6.8143x l0~ N/M 
values of the present investigation. The ring 
symmetric bending result s in a band at 963 cm·1 

and the respective asymmetric bencings are seen as 
bands at 841 and 807 cm·1

• For paracetamol 
molecule , the C-C-0 bending vib rati on has been 
ass igned to the band at 607 cm·1 (Ref. 3). In the 
prese nt case, the C-C-0 symmetric and asymmetric 
bending vibrations are assigned to the 625 and 720 
e m 1 bands , respcct i vely. 

X 

H 

X 

t 
I 
I 
I 
I 
I T 

H 

z 

Fig. 2 - Structure. nomenclature of parameters and 
orielll~Hion of the pri11cipa l axes of chloroxylcno l molecule 

C-CH 1 vibmtions - The C-CH , stretching 
vibrati ons have been identified in the 950-1160cnY 1 

rcgion9
. The C-CH, symmetric stre tching vibration 

in chloroxylenol occurs at I 052 cm·1 whereas , the 
corresponding asymmetric stretching gives rise to a 
band at I 191 cm·1

• This is in tune with the reported 
values ' . The deformation of C-CH, has resulted in a 

band at 582 cm·1
, which agrees well with earli er 

workers~ . The deformation of C-C-H is seen as a 
band at 548 cm·1 in the spectrum of the sample' . 

C-CI vibrations Strong characteristic 
absorptions due to the C-CI st re tching are 
observed , the position of the band being affected 
by neighbouring atoms or groups- the smalle r the 
halide atom, the greater the inf luence of the 
neighbour. The C-CI stretching g ives genera ll y 
strong bands in the 760-505 cnr 1 region. The sharp 
band at 7 1 I cm·1 in the spect rum of ch loroxylenol 
is assigned to C-CI stretch ing vibration. The C-CI 
stretching force constant i:1 the present work is 

arrived at 3.7562x l02 N/M. This is in good 
aareement with the literature value9

• The C-CI 0 

deformation has resulted in a band at 680 cm 1
• Thi s 

band at 680 cm·1 appears as a shoulder to the band 
at 711 cm·1

• This agrees we ll with literature reports 
that, there appears to be no pure C-CI st retching 
vibration for aromatic halogen compounds. The C­

CI deformation force constant value of I .I 041 x I 0 ' 
N/M is a good one; the value obtained by earlier 

workers being I . I 084x I 02 N/M. 

3.5 Potential Energy Distribution 

A knowledge of the transformati on matri x L 
and the kinetic constant matrix K leads to the 
solution of the secular equation due to Wilson, 
y ielding the elements of the force constant matrix 
F. The frequency assignmenr is verified by 
evaluating the potential energy distribution (PED) 
using the relation , PED=F,jL;1

21A.1, where PED is the 
contribution of the symmetry coordinate to the 
potential energy of the vibration whose frequency 
is v F is the force constant, L,, is the L matri x l' II I 

element and A.1=4n?c2 1{ 

3.6 Results and Discussion 

In the present case, on ly the diagonal force 
constants have been taken into consideration. 
Solving the secu lar equation and fixin g the 
appropriate force constants have been carried out 
through several cycles with suitable increments 
without fixing any of the force constan ts . The PED 
for the vario:Js fundamenta l modes is given in 
Table I, and the force constants values are 
presented in Table 2. T he PED values for the 
fundamental modes indicate the correc tness of the 
frequency assignments made. The value of force 
constants presented in the current work agrees very 
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we ll wi th those reported by earli e r workers on 
si milar compound2 ·3 ·~. Thus, a compl ete vibrati ona l 
band assignment has been made ava ilable for the 
first time for chl oroxy leno l, using FIIR spectrum 
on the basis of C, po int group symmetry. The PED 
evaluated for the normal modes of vibrati on 
provide strong support to the work carried out. 
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