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ABSTRACT. Bewsophenone has boon subgected o norpmsl coordinale (reatinent
asswnung the phenyl groups to be pomt massos.  The Wilson £-¢/ mubrix jucthod has boon
employod 1o obtam the secalar equation m order (o enleulato the fundamentul frequencies,

[n caleulatmg the thermodynwnie propertios, coutribubions from the rg {requencies are also
meluded,

INTRODUCTION

The infrared spectrum of henzophenone s not found in Iiterature m adl jts
aspeets, although several workers mention the carbonyl frequency.  However,
the Raman spectrum of honzophenone has been 1ecorded among others by Kohl-
rausch and Pongratz (1934), Lestrade (1952) and Puranik (1953). No attempt
appears to have heen made to subjeet the molecule to normal coovdimate treatment.

EXPERIMENTAL

The wirared spectrum was recorded with a Perkin-Elmer Infrared Spectro-
phiotometer Model 21 with NaCl optics. The spectium was recorded m nujol
mull and m solations of CCl,.  The spectrum m solutions of CCl; wus moro
extensive but 1t did not exhibit any shult in the frequencies recorded in the mull,

The Raman speetrum of mollen henzophenone was recorded by wsmg &
Hilger Raman Source Unit and Fuess Glass Spectrograph having a dispersion of
19A/mm m A4358 region.  In order to get the spectrum of molten henzophenone,
the melt 18 poured in the Raman tube in the Uit and the flow of the cooling
wator uirculation 1s slowed down and regulated so as to keep the temperature of
the cell shghtly above 49°C which is the melting point of benzophenone.  In this

_wuy the substance can be retained in molten state for a consilerable time.

Benzophenone of Merek make ws recrystallised by dissolving it in anhydrous

absolute ethyl alcohol.

RESULTS

The Raman spectrum of benzophenone melt and its infrared spectrum in
solutions in CCl, are given in Table 1. The Raman spectrum of the substunce us
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recorded by Lestrade 18 given [or comparison.
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agroe more closely with those reported by Kohlrausch and Pongratz.
ments proposed are also indicated m Table T,

TABLE 1

Raman and infrared frequencies in e~

The present results, however,

The assign-

Ruman Tutrured
————— — — Assignments
Authors Lestrade Authors
148 (2) - —
221 (2) 223 (5) -
277 (2) -— -- R-C.R doformation.
— 387 (1) -
406 (2) 410 (1) — (! (C24) Ting
567 (2) 459 (1) — (-0 =0 deformalion,
- 579 (2) —
616 (3) 612 (6) — C (c2g) ring.
- — 609 (x) (“H out-of-plane bending.
721 (2) — 717 (1)
764 (2) —- —
810 (1) — -
845 (2) - 846 (w)
— — N7 (8) (“H out-ol-plane bending.

1003 (h)
1027 (3)

1151 (4b)

1281 (1)
1322 (1)

1448 (0)

1492 (0)

1600 (7)
1658 (5)

3052 (2D)

943 (1)
996 (10)
1023 (3)

1155 (5)

1282 (3)

1451 (1)
1491 (1)
1542 (1)
1578 (1)
1600 (10)
1661 (5)

939 (1u)

971 (w)  1674—699 =975,

—_ C-C (u2g) ving.

1028 (1)

(-} in-plano bending.

1136 (m)
1148 (an) C-R symmetrie strotoh.
1176 (w) 569+4+612=1171,
1220 (w)

1249 (w) 8451406 =1251.

1274 (vr) C-R antisymmctric stroteh,

1307 (x)

1316 (%) 1600 —277 = 1328,
1989 (w) 1603 —221. 1382,
1449 (%) 1600 ~148 = 1452,

1475 (sh)
1403 (in) 721 |-764=1480.

1581 (m) ring.

1603 (s) C=0C stroteh,
L1674 (vs) (!=0 stroteh,

1689 (w) 2 X 845=1690.
3053 (w) C-H strobch,
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NORMAL COORDINATE TREATMENT
If the phenyl groups m henzophenone are assumed to be point masses the
molecule can be treated ws a four hody problem having the synmmetry ot the point
gronp ('y with a distribution (34,, 2B, B,). All the normal vibrations are both
Raman and infraved active,  The Normal coordmate ticatment has been curried
out by the authors according to the Wilson I-G matrix method. The following
symbols ave used for the equiibrium values of hond distances and interbond
angles which are shown m the Fig. 1.

e ! LY
/
/N
Q. Q
R = CyH;
g, 1

In accordance with the whove notation an example of the possible types of
the potential constants arvising out of different nteractions wre

Ja — C-R strotching constant.
Je = <RCR bendmg constant. )
Jop = <RCR and C == 0 angle hond interaction constant.,
Jap = C-R and - OCR hond-angle mteraction constant, the prime indicating
that the bond and the angle do not have a common hond.,
The most general (uadvatic expression for the potential energy has the
cocfficients given in Table TL.

TABLE TI
Iy)) Ady Ads Aa ABy AB;
AD fo fpa fpa JfDa fop fog
Ady fa faa fda Jan fap
Ady fa fda fag S8
Aa f a .f of f off
ABy fa e

AB2 I8
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The symmetry coordinates for the
Type A,
R, = AD.
Ry = 1/\/3(Ady+Ady).
By = 1/4/6(2Aa—A—AR).

i

Type B,

il

By = 1/4/3(Ad, —Ady).
By = 1VUAR-—=AB,)

The symmetry coordmates are normalised and orthogonal.  From the
potential energy matrix and the matrix formed from the eoefficients contained
m the symmetry coorchnates the # matrix elements ave formed,  The £ matrices
are a8 follows. For type A,

Fn Fu 1’11 a fp \,/:2]',,(, '\/(2/:;)(,/‘[)&_./.])”)
Py Fy ) = Jat faa 1/3(2faa- fup—["ap)
By 3@ 2 oA-fp Fgp 4 o

For {ype B,
( Fy Iy ) ( Ju Jaa Jap -Jap )
' Frr fﬁ _.fﬂ[J

The structural parameters of henzophenone were not available to the anthors,
cither from X-ray or cleetron diffraction data. ITowever, the values of hond
distances given by Karl Hauptman et «l. (1957) {or p-p dimethoxy henzophenone
and the value of inter hond angles given hy Glasston (1935) are found suitable for
the molecule under investigation in ealeulating the ¢ mudrix clements.  These
values are :

C—R —=1.464,0— 0 — 134, <RCR = 131° and <20 = O—R = 11430,
The cloments of ¢ matrices were evaluated with the help of Decius (1948) Tables.
The actual values of the elements of ¢ matrices for classes 4, and B, are given
below. The out of plane vibrations [alling under the class B, have not bheen
discussed in this papor.

Gy Gy Gy 878205108 —2:04183 102 T-6582 x 10%
G Gy ) = 25067 X 102 —4-4914 X 10%
e, 1.2791 x 10%
Gye O 9-0887 x 1022 —9-5886 X 10%
s ) - 1-5856 % 10%° )
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The potential constants for the molecules having similar structures us hou-
zophenome were transferred fo this molecule.  Probably in view of the facl that
the phenyl groups wre assumed to he point. masses the bond-angle and the angle-
angle interaction terms were very critical — After a few madifications the obsorved
freqnencies were reproduced by caleulations, the difference in their vatues being
well within one per cent. The potential constants* thus finally wrived at ave
Jp =130, fa==T125, fo = 1B, fa— 173, foq— 275, fau=- 15, fop =107,
Fap = 0.626, frp = 1.2, fpg = -2.0, [y — 0.4 and fyp =~ 0.33.

The observed and the caleulated values of the froquencies of the normal
vibrations considering’the phenyl group {o be a point mass arve given in Table T1T.

TABLE ITT

obsorved
Type —_ —————— —— Culeulatod
Roman lufrared

1668 1674 1664

Ay 1151 1148 1160
277 — 273

By 1281 1274 1278
567 — 561

TITERMODYNAMIC PROPERTIES

The heat content, [ree energy, entropy and heat sapacity at constant pressure
“for henzophenone with vigid rotator and harmonic oscillator approximation have
boen caleulated. The contributions from the normal vibrations discussed in
this paper and the contributions from the rmg frequencies are included in calculat-
ing the thermodynamic properties, for the ideal gascous state at one atmospheric
pressurce for twelve temperatares in 100-1000°K range. Since no data were avail-
able for the vibrational frequencies in the gaseons state of the molecule, the ob-
served values as recordec by the authors are used. The thermodynumic proporties
are given in Table TV.

¥Bond constants and hond-hond interaction constants are given in md/A, bond-angle
interaction torms in md/rad, angla constants and angle-angle intcraction constants arce given
in mdA[rad?.
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TABLE 1V

Heat content, free energy. entropy and heat capacity {or henzophenone

TK (T T - (=BT 8 Cp°
—I—(J_UA——- a ;) 01 h—ﬁli.'lﬁ 59 79 ——;] .30
200 1176 57 82 69 58 18 07
273 14 12 61.81 05 23.57
303 15 33 63 35 78 08 26 65
400 10 11 G7 73 87 51 33 51
500 22 9o 7 75 95 08 40.30
600 20 62 75 39 104 ol 406 87
700 29 51 80.23 111,24 50 43
800 32 33 84 89 118 23 53,83
900 a5 12 89 44 125 09 57 12
1000 37 86 93.85 131 71 62 33

N. B The jnoments of imertan of the molecule in w wa A2 wre T, =54.945, I),= 272,194
and I; =327.130. The temperalures are given m K and the other quantities ure in cal.
deg—1 molo—1,
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