
INTRODUCTION

Vibrational spectroscopy is used extensively in organic
chemistry, besides for the identification of functional group
of organic compounds, for studies on molecular conformation,
reaction kinetics, etc. Assignment for complex systems can
be proposed on the basis of frequency agreement between the
computed harmonics and the observed fundamentals. Due to
the biochemical importance of 1,4-naphthaquinone the normal
coordinate analysis and vibrational spectral studies of 2,3-
dichloro-1,4-naphthaquinone have been carried out in the
present investigation. Consideration of these factors motivated
to record infrared and Raman spectra of the compound. Normal
coordinate analysis of the compound was carried out to obtain
a more complete description of the molecular motions involved
in the fundamental vibrations of dichloro naphthaquinone. It
appears that no work has been reported on the complete
vibrational analysis of this molecule. Hence in the present
investigation, an effect has been made to record the spectra
and to assign the observed fundamental modes of vibrations.
Essentially all the functional frequencies have been assigned.
The assignment is supported by normal coordinate analysis
with a simplified general valence force field. The interaction
force constants have been transferred intact from the ab initio

force fields of structurally related compounds. The calculated
frequencies are in very good agreement with experiment. The
PED (potential energy distribution) obtained in the analysis
provides some insight into the nature of normal modes of 2,3-
dichloro-1,4-naphthaquinone [C10H4O2Cl2].

Normal coordinate analysis: A normal coordinate analy-
sis for 2,3-dichloro-1,4-naphthaquinone have been carried out,
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using the observed frequencies from the recorded spectra for
the first time during this study. The evaluation of force constants
are made on the basis of general valence force field, by applying
Wilson's FG matrix mechanism1,2 using the final set of force
constants so calculated, the potential energy distribution has
been calculated using the relation

a

iaiiLF
PED

λ
=

where Fii = Potential constant, Lia = L matrix element and λa =
4π2C2νa.

EXPERIMENTAL

The pure sample of 2,3-dichloro-1,4-naphthaquinone was
obtained from Lancaster Chemical Company, UK and used as
such without further purification for the spectral measurements.
FT-Raman spectra was recorded on a computer interfaced
BRUKER IFS model interferometer equipped with FRA 106
FT-Raman accessories. The spectra was recorded in the region
3500-100 cm-1 using Nd:YAG laser operating at 200 mW
power continuously with 1064 nm excitation. The room tempe-
rature mid infrared spectrum of the compound was measured
in the region 4000-400 cm-1 at a resolution of ± 1 cm-1 using
Perkin-Elmer FTIR Spectrum RX1 model spectrometer
equipped with an MCT detector, a KBr beam splitter and globar
source. Boxcar apoization was used for the 250 averaged
interferogrames collected for the samples. The FT-IR spectrum
was recorded at Archbishob Casimir Instrumentation Centre
(ACIC), St. Joseph's College (Autonomous) Trichirappalli- 620
002. The FT-Raman spectrum was recorded at ICP Centre,
Central Electrochemical Research Institute (CECRI), Karaikudi
630 006.



Force constants: The best fit force constants obtained in
the study for the compound is listed in Table-1. The objective
of this investigation is to find out the stretching, bending and
interaction force constants corresponding to each substitutent
and its position in the ring. The stretching force constants
observed in the study and the interaction force constants are
slowly introduced in force constant refinement process in
order to minimize the difference between the observed and
calculated frequencies. In general, the values of principal and
interaction force constants obtained in the present investigation
are fairly in agreement with the literature. The set of force
constants reported here reproduces the observed frequency
fairly well.

TABLE-1 
VALENCE FORCE CONSTANT OF 2,3-DICHLORO-1,4-

NAPHTHAQUINONE (UNITS OF m dyne Å,  
m dyne rad-1 AND m dyne rad-2) 

Types of 
constants Parameters Coordinates 

involved Values 

ft C-C 3.367 
fr C=C 7.307 
fp C=O 11.207 
fq C-Cl 3.728 

Stretching 

fs C-H 4.586 
fα CCC 0.556 
fβ CCO 1.063 
fγ CCCl 0.562 

Bending 

fθ CCH 0.325 
ftr CC CC 0.278 
fts CC CH 0.224 
ftp CC CO 0.380 
ftq CC CCl 0.291 

Stretching-
stretching 

frq CC CCl 0.306 
ftα CC CCC 0.216 
ftθ CC CCH 0.185 
ftβ CC CCO 0.223 
Fpγ CO CCCl 0.269 
fqγ CCl CCCl 0.285 

Stretch-bend 

fqα CCl CCC 0.099 

fαα CCC CCC 0.037 
fαθ CCC CCH 0.053 
fαγ CCC CCO 0.083 
fβγ CCO CCCl 0.072 

Bend-bend 

fβθ CCO CCH 0.038 

 

RESULTS AND DISCUSSION

The structural point of view 2,3-dichloro-1,4-naphtha-
quinone molecular belongs to Cs point group symmetry. The
compound has 48 normal mode vibrations, these can be
classified into 33A' and 15A" according o symmetry species
of Cs point group symmetry. The A' and A" species represent
the in plane and out -of-plane vibrations, respectively. The
observed frequencies of the compound together with relative
intensities, probable assignments, calculated frequencies and
PEDs are presented in Table-2. The vibrational assignments
are discussed below:

C-H Vibrations: The aromatic structure shows the
presence of CH stretching vibrations in the region 3100-3000
cm-1 which is the characteristic region for the ready identi-

fication of CH stretching vibrations3,4. Accordingly, the Raman
bands observed in this study at 3173, 3081, 3031 and 2988
cm-1 are assigned to CH stretching modes of vibrations for the
compound. The frequency shift is due to inclusion of chlorine
atoms in the ring5. The in-plane and out-of plane bending
vibrations are listed in the Table-2.

C=O Vibrations: The carbonyl bonds are the most charac-
teristic bands of infrared and Raman spectra. Both the carbon
and oxygen atoms of the carbonyl group move during the
vibration and they have nearly equal amplitudes. The carbonyl
frequencies can be considerable altered by intra molecular
hydrogen bonding. A great deal of structural information can
be derived from the exact position of the carbonyl stretching
absorption peaks. Normally carbonyl group vibrations5,6 occur
in the region 1750-1500 cm-1.

Accordingly in the present study the FTIR band observed
at 1671cm-1 and the IR bend at 1591 cm-1 for the compound
have been designated to C=O stretching vibrations. The FT-
Raman bands observed at 1135 and 1122 cm-1 and FT-IR band
at 1133 cm-1 are due to in-plane bending vibrations of carbon
and oxygen modes. The out-of-lane bending modes of C=O
vibrations are assigned at 782 and 765 cm-1 are identified in
Raman and infrared spectra, respectively. The assignments of
C=O in-plane and out-of-plane bending vibrations made in
this study are also supported by the literature7.

C-C Vibrations: The C-C stretching vibrations appears
in the region from 1600-1100 cm-1 and consequently are of
little value for structural study. In 2, 3-dichloro-1,4-naphtha-
quinone the bands identified at 1586, 1559, 1474, 1165, 1093,
1085 and 1032 cm-1 in the Raman and 1452, 1382, 1349 and
1050 cm-1 bands in he infrared spectra have been assigned to
C-C stretching vibrations.

C-Cl Vibrations: Strong characteristic absorption due to
the C-Cl stretching vibration was observed in this study. The
position of the band is being influenced by the nature of the
halide atoms substituted at the 2nd and 3rd position of the
naphthalene derivatives. Chloro compounds absorb strongly
in the region 750-650 cm-1 due to the C-Cl starching vibrations8.

The strong FT-Raman bands obtained a 688 and 640 cm-1

for compound have been designated to carbon-chlorine stretching
vibration. The fundamental vibrations arising from C-Cl in-
plane and out- of plane bending modes are observed in their
respective characteristic regions and they were depicted in
Table-2. The C-Cl assignments proposed in this study are also
in agreement with the literature9.

Vibrational coupling with neighboring carbon atoms may
result into a shift in the absorption frequencies of the respective
compounds. The predominant values of PED obtained for other
groups of vibrations listed in Table-2 are also supporting the
assignments proposed in this study.

Conclusion

A complete vibrational analysis of 2,3-dichloro-1,4-naph-
thaquinone have been carried out. A normal coordinate analysis
has been performed that supports the assignments and reveals
the mixing of the symmetric bending vibration of this molecule.
A force constant in internal coordinate representation is com-
pared well with their characteristic value. The assignment of
most of the fundamental provided in this work if believed to
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be unambiguous. The calculated and observed frequencies
agree well with the better frequency fit. The results confirm
the ability of the methodology applied for interpretation of
the vibrational spectra of the molecule in the solid phase.
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