Indian J. Phys. 64B (2), 152-159 (1990)

Infrared and ultraviolet absorption spectra of some tri-
substituted benzenes and their dipole moments in the
first excited elcctronic states

M K Aralakkanavar, A M Joshi, Rekha Rao, K Suryanarayana Rao and
M A Shashidhar

Department of Physics, Karnatak University, Dharwad-580 003, India

Received 11 July 1989, accepted 28 August 1989

The near ultraviolet and the vibrational spectra of aniline, benzonitrile, their mpno
and di derivatives have bkeen studied in detail by different investigators (Gr\Qen
1961, Green and Harrison 1979, Goel et al 1978, 1979, Goel and Agarwal 1982,
Ginsberg et al 1946, Ginsberg and Matson 1947, Varsanyi 1974, Huded et al 1987,
Shashidhar and Suryanarayana Rao 1966 and Evans 1960). As a part of our
research programme and in continuation of our work on some aspects of the spectra
of benzene derivatives, the present communication reports the study on the
vibrational analyses of the infrared and UV absorption spectra of 3,4- and
3,5-difluoroanilines, 3-chloro-4-methyl benzonitrile and 3,5-difluorobenzonitrile
(hereafter referred to as compounds |, 1I, Il and IV). The solvatoghromic shift
of the 71" < m system of the compounds in different solvents have been utilised
to calculate the electric dipole moments in the upper electronic states.

Compounds | and Il are liquids while compounds IIl and IV are solids.
They were obtained from Aldrich Chemical Co., USA and used to record the
absorption spectra. The experimental methods adopted to record the i.r. and
uv spectra and the accuracies in the measurement of band positions are the
same as that given in our earlier work (Shashidhar 1971).

Compounds | and Il may be considered as belonging to the point group
C, while compounds Il and IV may be considered as belonging to C,, point
group if we consider the substituents to behave as a single mass point and coplanar
with the ring. -

The 36 and 42 normal modes of vibration for compounds | and Il will
have the distribution 25a’+ 11a” and 29a’+13a”, all of these being active in
i.r. spectrum. Under C,, symmetry of compounds Il and IV, the 36 -and 33
normal modes of vibration will have the distribution 13a,+3a;+12b,+8b,
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and 120, +3a,+11b, +7b, with all spacies active in i.r. spectra except a,. The
infrared absorption spectra of the compounds studied were analysed keeping
in view the symmetry of the molecules, the analysed i.r. spectra of similar

molecules. The fundamental vibrational frequencies along with thier assignments
are given in Table 1.

The electronic absorption spectra of the compounds lie approximately in the
region A 3090 to A 2550 A and the bands are degraded to the red. The bands
observed in this region corresponds to the forbidden electronic transition *B,, <- A,
of benzene. Under the reduced symmetry of C, or C,, of the compounds the
above forbidden transitions become A"« 'A" in C, and B, <« 'A,inC,, and
they are allowed.

The effect of temperature on the band system has facilitated the choice of
the bands at 33258, 35624, 35334 and 35745 as the 0,0 band in compounds
1, I, 11l and IV respectively. The identification of the fundamentals chosen in the
compounds has been mainly done on the basis of the intensities of the bands
and the available literature of other trisubstituted benzenes. The fundamentals
so chosen are also listed in Table 1. The strong bands on the longer wavelength
side with spacing 24 cm~! in compound 1, 26 cm™! in compound I, 30 cm~* in
compound 1l and 45 cm~' in compound IV have been indetified as sequence
intervals.

Table 3. Values of electric dipole moments.

Ground state Excited state
electric di- electric di-
Molecule pole moment pole moment 0 in degrees
1, n Debye p. in Debye
units units
Compound | 4.05 5.87 53"
Compound Il 2.83 4.07 66°
Compound 111 3.75 6.18 58"
Compound IV 2.54 5.35 78"
The electric dipole moment of compounds I, IL, 11l and IV in the first excited

electronic state has been calculated using a new method given by Ayachit et al
(1986) from the solvent effect on their electronic spectra. The vy, values observed
for 1A’ <« 'A’ /1B, <« 1A transition which are given in Table 2 are used to calculate
W, and 6, the direction of u,. The values of refractive index (n) and dielectric
constant (D) of solvents used are taken from literature (Weast 1973-74) and are also
given in Table 2. The dipole moment in the ground state (u,.) has been calculated
using the method of vectorial addition of group moments (Smallwood and Herzf.eld
1930) and are given in Table 3. The molecular radius has been calculated using
the method of atomic increments (Edward 1956).
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The relevant plots obtained for the observed system of the compounds are
given in Figures 1a, b, c and d. The values of p, and 8 determined are given in
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Figure I. X vs Y plot for (a) compound |, (b) compound 11, &c) compound Il
and (d) compound IV.

Table 3. It is expected that the values of i, should be greater for the upper state
(Jaffe and Orchin 1962). In the present work this expected behaviour is observed.

Acknowledgment
The authors (KSR and MAS) gratefully acknowledge with thanks the financial
support by CSIR, New Delhi in the form of a research scheme.

References

Ayachit N H, Deshpande D K, Shashidhar M A and Suryanarayana Rao K 1986 Spectrochim,
Acta 42 585

Edward J T 1956 Chem, and Ind. (GB). 774 -

Evans J C 1980 Spectrochim. Acta 16 428

Ginsberg N and Matson F A 1947 J. Chem. Phys. 13 167

Ginsberg N, Robertson W N and Matson F A 1946 J. Chem, Phys. 14 511

Goel R K and Agarwal M 1 1982 Spectroc him. Acta 38A 583

Goel R K, Gupta S K and Sharma S N 1978 Pramana 11 541



Infrared and ultraviolet absorption spectra etc 159

Goel RK, Sharma S D and Sharma S N 1979 Indian ], Pure Appl. Phys. 17 55

Green J H S 1961 Spectrochim, Acta 17 607

Green J H S and Harrison D J 1979 Spectrochim, Acta 32A 1279

Huded E V, Ayachit N H, Shashidhar M A and Suryanarayana Rao K 1987 Indian ]. Pure Appl.
Phys. 25 289

Jaffe H H and Orchin M 1962 Theory and Applications of ultraviolet spectroscopy (New York :
John Wiley)

Shashidhar M A 1971 Spectrochim. Acta 27A 2363

Shashidhar M A and Suryanarayana Rao K 1966 Indian ). Phys. 40 53

Smallwood H B and Herzfeld K F 1930 J. Am, Chem. Soc, 52 1919

Varsanyi G 1974 Assignments for vibrational spectra of seven hundred benzene derivatives (London :
Adam Hilger)

Weast R C 1973-74 CRC Handbook of chemistry and physics 54th edn. (Cleveland, USA: CRC

Press)



