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INFRARED SPECTRA AND VIBRATIONAL FEATURES
OF ACETOPHENONES IN THE RANGE 700-50 <:|:n_1

S. Ghersetti, S. Giorgianni and A. Passerini
Department of Organic Chemistry; University of Venice
Calle Larga - S. Marta 2137, Venezia (Italy)

G. Spunta
Laboratorio dei Composti del Carbonio Contenenti Eteroatomi
C.N.R., Ozzano Emilia (Italy)

Although various structural properties can be determined by investiga-
ting the far-infrared, the lack of systematic results for most classes of
organic molecules seems to hinder a number of workers from undertaking stu-
dies in this region. As a part of an extensive investigation in this field
(1), we report here the data and our interpretation for a group of acetophe-
nones.

The spectra, from 700 to 400 cm_l, were recorded on Perkin-Elmer 225
and 180 Spectrophotometers, and from 400 to 50 cm_l on a vacuum operating
Hitachi-Perkin Elmer F.I.S. 3 spectrophotometer (for further details see
(2,3)). Most of the compounds were commercially available; a few were syn-
thesized by conventional methods. All were purified by vacuum distillation
and/or vacuum sublimation. Sample purity was checked spectroscopically.

The first studies by Garrigou-Lagrange et al. (4), and Lebas (5) were
limited to the molecule of acetophenone. Later, Mross and Zundel (6) presen—

ted results also for its ds— and d8~ derivatives.
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392 GHERSETTI ET AL.

The far-infrared data of the acetophenones investigated are presented
in tables 1 and 2: the wavenumbers are for 0.4M solutions in CC14. For a bet-
ter understanding, the vibrational absorptions were divided into two catego-
ries: a) those somewhat related to the motions of the benzene ring and b)
those internal of the substituent groups. It should be noted that the in-
terpretation made here shows a rather consistent pattern throughout the

series of compounds.

a) Ring vibrations: These vibrations comprise in-plane and out-of-plane
skeletal and X-sensitive modes. Their assignment was mostly made with re-
ference to the spectra of simpler disubstituted benzene derivatives, for
some of which quantitative results are now available (7-10). The assigned
frequencies are given in table 1 where the Wilson's numbering convention
was used (10).

Three out-of-plane skeletal modes (4, 16a and 16b) which are not sen-
gitive to the mass of the substituents and two X-sensitive modes (YC-X and
Yo-v$ X = -Cl,—Br,-CHB,-OCH3,—SCHB;

fied in the spectral range investigated.

Y = —COCH3) were observed and identi-

The assignment of the in-plane vibrations (radial skeletal modes 1, 12,

6a, 6b, and X-sensitive modes v ) however does not appear so

c-x’ 8C-X’ BC-Y

straightforward, since as result of strong coupling effects no simple pat-
tern can be predicted. For several compounds the actual values of the mo-

tions labelled 1, 12, and v were not reported since they are located

c-X

above 700 cm_l. For the same reason the column related to the Ve-y stret—

ching mode was omitted. The two X-sensitive bending vibrations, i.e. BC—X

and 8, ., were observed in the range 320-140 em L. It may be noticed that
only one of these (i.e. BC-Y) shifts when the carbonyl group is H-bonded
(see below). Therefore it seems that in acetophenones the BC-Y vibration

predominantly involves the in-plane bending mode of the -COCH3 group while
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the expected coupling with the BC—X mode (10) is probably only feeble.

b) Internal vibrations of polyatomic substituent groups: The wavenumbers

of the vibrations arising from the -COCH, group as well as from other po-

3

lyatomic groups (-OCH -SCH3) and lying below 700 cn ! are listed in table

3’
2. Since no vibrational mode of the benzene nucleus was left unidentified

(see above) there is no doubt in assigning to the —-COCH, group three bands

3
at about 580, 490, and 360 cln_1 which were observed throughout the com-
pounds investigated. By taking as reference the spectrum of acetone (bands
near 530, 490 and 390 cm_l), such absorptions should be related to two in-
-plane (BCO, BCCC) and one out-of-plane (YCO) bending modes. However althou-
gh the molecule of acetone has been investigated in some details, only the
assignment of the band at 530 cm_1 (BCO) seems out of doubt, while for the
bands at 490 and 390 cm_1 no conclusive interpretation was reached yet (un-—
certainty in the countours of the i.r. vapor phase bands, and conflicting
results on the depolarization degree of the Raman line at 490 cm_1 (11-14).
It may be recalled that in acetone only the BCCC mode is expected to be po-—
larized. On the other hand, Raman results (6) for the unsubstituted aceto-

1

phenone assume the line at 580 cm ~ to be depolarized and the line at 360

cm-1 polarized (no Raman line was reported around 490 cm_l). On the basis
of such features the band at 580 cm_l, which should correspond to the ab-
sorption at 530 cm-1 in acetone, can be described as the BCO mode and the
band at 360 cm._1 as the BCCC mode. It follows that the absorption observed
in infrared at 490 cm_1 would be associated to the Yeo vibration.

Some complexity in the spectra of 3-substituted acetophenones was also

. . . . . -1
noticed. First, it was observed a medium weak absorption near 600 cm

1

which could not be identified. Second, the band at about 580 cm (B..)

co

consistently appeared in these compounds as a doublet (see table 2). Doubt

remains concerning the interpretation of this fact since no further absor-
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ption is expected in this range and besides, attempts to relate it to a
Fermi resonance were not successful. Also the presence of two conformers
having slightly different spectral features could not be proved at this
stage of work: in fact the carbonyl stretching band at about 1700 cm_1 was
found to be a singlet, and on the other side the 2-substituted acetopheno-
nes, for some of which the existence of a conformational equilibrium was
established (15),do not show a similar trend unless to consider a weak
band near 530 cm-l.

To assign the bands related to the methoxy- and thiomethoxy- groups,
the vibrational results for anisoles (16) and thioanisoles (17) were
used as reference. Vibrations which can be approximately described as in-

-plane bending modes (B ) and torsions around the 0-¢ and S-¢ bond

coc’ BCSC
were observed respectively in the range 260-285 cm_1 and 98-120 cm—l. The

strong band at 577 cm_1 in the spectrum of 4:CH,0- acetophenone does not

3
appear to have any counterpart in the other derivatives and remains unassi-
gned.

Finally the medium broad band at about 75 cm-1 seems not to be cha-
racteristic of acetophenones since it has been already found in the solu-
tion spectra of several series of organic compounds (2).

Following previous investigations performed in this laboratory (1-3),
the spectra of ternary systems (i.e. phenol (0.5M), X—QCOCHS(O.AM), CClA)
were also examined in order to test the spectral behaviour of the H-bon-
ded complexes as well as to establish the relative sensitivity of the hy-
drogen bonding stretching vibration (vc) to the effects of the ring sub-
stituents. No major modifications in the spectra of the complexes were ob-
served; only the band related to the BCOCH3 bending mode (see above) moved
toward higher frequencies (the observed wavenumbers, which refer to 1:1

complexes with phenol, are reported between brackets in table 1). The vy
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values of the complexes with phenol (see table 2) although scarcely sen-

sitive to the substituent parameter, linearly correlate with those. Rela-

tions of this type were already observed by us in other series of compounds

(2,

10.

11.

12.

13.

14.

15.

16.

17.

18.

18).
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