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The vibrational spectra of 2-, 3-and 4-acetylpyridine
K. C. Mepnur
Department of Physics, Gauhati University, Gauhati-14
(Recetved 16 Septemnber 1976)

In infrared absorption spoctra in the rogion 4000—50 cm-! and the
lasor Raman spectra in pure liquid state have beon studied for 2-. 3- and
4-acetylpyridine. An cssentianlly complete assignment of the observed
frequencies is given.

1 INTRODUCIION

Tn extension of the oarlier study of the vibrational spectra of some substituted
pyridines (Medhi & Mukherjee 1965, Modhi 1965, 1972), the infrared and Raman
spectra of 2-, 3- and 4- acetylpyridine have been investigated in the pure liquid
state. A few charactoristic infrared bands were roported by Katritzky & Gardner
(1958), Katritzky & Hands (1958) and Katritzky et al (1958) togother with thoir
assignmonts in the case of the three isomoers of acotylpyridine in solution in
chloroform, and by Hideye Shindo (1957) in tho case of 2-acotylpyridine. Thore
appears to be no previous report on the Raman spectra of those moleculos.

Tho presont paper deals with a dotailod study of the infrared and Raman
spoectra of the three isomeric acetylpyridines. An ossentially complote assign-
ment of the observed vibrational frequenciex, basod on the state of polarization
of the Raman linos and comparison with the assignments proposed for the related
molecules (Groen el al 1963, Spinner 1963, Long & George 1963, Borezin & Klkin
1973, Mross & Zundel 1970), is presentod.

2. EXPERIMENTAL

The compounds used in this work were obtained from Koch-Light Labora-
tories Ltd., England. The samples woere purified by fractional distillation, and
in each case the proper fraction distilled at a constant temperature was collocted
for use in the experimentl.

The infrared absorption spectra in thé region 4000—400 cm~! were recorded
on a Beckman IR-12 spectrophotometer. The calibration of the instrument
was checked by the spoctrum of a polystyreno film. The far infrared spectra in
the range 500-50 cm~! were scanned in the pure liquid state using a Perkin-Elmer
Model 180 spectrophotometer and a 0.1 mm polyethylene cell. The Raman spectra
were taken on a Cary Model 82 laser Raman spectrophotometer and a Spex
Ramacomp 5. The spectra were excited by eithor the 48804 (60 mW) or 51454
(300 mW) line of an argon ion laser. The polarization of the Raman lines was
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measured for two different mutually perpendicular orientations of the analyser
in the scattered beam, while the plane of polarization of the laser beam was kept
fixed.

3. REesuLrs AND DIscussionNn

Tho observed infrared froquencies and Raman shifts of the three compounds
together with their approximate intonsitios and assignments arve listed in table
1-3. For comparivon the fundamental frequencies of pyridine (Wilmshurst &

’l‘ublc 1. Vibrational lrequvnc ies and assignments for 2- acctylpv'ndmo

Infra.ro(l (cm=~1) Re,ma.n ((-m-‘) Asmgnment
» “i;)‘(—)*(v_va o o ﬂlﬂ.% (2) dp A ;" fundamontal B
216 (w) a” fundamental,
—C-CH, Out-of plano doformation
302 (w) 366 (1) p a’ fundamontal
3956 (sh) a’ fundamental,
—C-OH, in-plane deformation
409 (w) a” and a” fundamentals,
’ —C=0 out-of-plane deformation
482 (vw) ~ 492 (0) w” fundamontal
590 (v) 90 (0) p o’ and o’ fundamentals, 7
~C=0 in-plane deformation
122 (m) 622 (2) p o’ fundamental
700 (w) a” fundamental
740 (8) 760 (3) p n’ fundamental
779 (vi) ~ 1783 (0) a” fundamental
203 (w) a” fundamental
963 (1) p &’ fundamental,
—(Hj in-plane rocking . /
954 (8) o” fundamental
996 (s) 995 (10) p a’ fundamental
1018 (m) a” fundamental,
— CH, out-of-plane vocking /, a
1043 (8) 1044 (5) p a’ {fundamental
1086 (m) 1086 (1) » &’ fundamental
1100 (vs) 1101 (1) p a’ fundamental
1146 (m) 1150 (0) p a’ fundamontal

1238 (vw) 1238 (2) p o fundamental, /
—0- CH, Btretchlng
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Table 1 (contd.)

Infrared (cm-1)

1281 (vs)
1296 (vv)
1367 (vw)

1421 (s)
1437 (vs)

1466 (s)
1560 (m)
1568 (s)
1685 (vs)
1619 (w)
1659 (w)

1702 (vu)

1826 (vw)
1870 (w)
1908 (w)
1969 (w)
2107 (vw)
2190 (vw)
22,8 (vw)
2309 (w)
2369 (vw)
2444 (vw)
2480 (vw)
2518 (vw)
2637 (w)
2584 (vw)
2653 (w)
2670 (w)
2700 (vw)

2758 (vw)

Raman (cm-?)

128;2- ‘(2) P
1296 (2) p

1437 (2) p

1569 (1) p

1585 (6) p

1697 (5) p

FRaS . P

Assignment,

a” fundamental

a’ fundamental

o’ fundamental.
— OH, symmetric deformation

a’ fundamontal

a’ and n” fundamentals. )
— UH, asymmetric deformation

a’ fundamental
2x779=1558 (A’)

" Fundamoental

o’ fundamoental
6224-996=-1618 (A’)
622 41043=1665 (A’)

o’ fundamental, :
—- =0 strotching v

590} 1238 -~ 1828 (A’)
590 41281 - 1871 (A")
2% 954--1908 (A”)

954 4-1018=1972 (A”)
954 - 1146=2100 (A7)
05411238 =2192 (A")
954 - 1281 =2235 (A”)
7401568 = 2308 (A’)
779+ 1685 =2364 (A”)
740417022442 (A’)
779 41702=2481 (A"
1238 41281 = 2519 (A")
1100+ 1437=2537 (A’ or A*)
996 +-1685== 2581 (A’)
1206 41357 =2653 (A’)
11001568 ==2668 (A’
123&}421=2702 (A%)
1296 4 1465=2761 (A’)
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Table 1 (contd.)

infrumd (cm™?) ~Ra.mau (em~1) ) Assignment

TTaslow)  1238+1585=2823 (A")
2864 \w) 2x1437=2874 (A")
2926 (m) 2024 (2) p a’ and a” fundamentals,

—OH,; symmetric stretching
2082 (sh)

3011 (m) 3010 (1) p a’ and a” fundamentals,
— OH, asymmetric stretching

3060 (m) 3062 (2) p a’, o/, &’ and a’ fundamentals
3136 (m) 3138 (0) p 2x1568=3136 (A")
3166 (w) 3168 (0 p 2 x15685=3170 (A")
3388 (w) 2x1702=3404 (A')

(8) =strong ; (n)=mediwn ; (w) = wosk ; (v)= very ; (sh)=shoulder ;
p=rpolarizod ; dp=depolarizod.

Tablo 2. Vibrational froquencior and assignments for 3-acetylpyridinc

Infrarod (em-?) Roaman (em-1) Assignment
o T«.:z -(w; T T hes (l)_dpw a” fundamental T
221 (w) a” fundamental,
— C-OHj out-of-plane deformation
366 (w) 168 (0) p a’ fundamental
383 (w) a’ fundamental,
—C-CH, in-plane deformation
40h (w) a” and a” fundamontals,
—C==0 out-of-plane deforination
472 (w) a” fundamental
690 (vs) 591 (0) p a’ and a’ fundamentals,
— C=0 in plane deformation
623 (n) 624 (1) p o' fundamontal
704 (vs) a” fundamental -
749 (m) 751 (2) p a’ fundamental
809 (vs) a” fundamental
928 (w) a” fundamental
967 (0) p a’ fundamental,

—CHj; in-plane rocking
958 (vs) a” fundamental
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Infrared (cm-?)

1023 (v~)

1034 (sh)
1usl (shy)
1093 (x)
1118 ()
1127 (m)
1195 (n)

1242 (8)
1274 (vs)
1325 (sh)

1162 (vs)

1420 (vs)

1470 ()

14738 ()
1574 ()

1687 (va)
1629 (w)
1653 (w)

1690 (vi)

1779 (w)
1861 (w)
1925 (w)
1952 (w)
2021 (w)
2111 (vw)
2229 (vw)
2525 (vw)
2389 (vw)
2441 (vw)

Table 2 (contd).

Ruian (cm-1)

1035 (10) p
1078 (0) p

1091 (sh)

1195 (1)

1243 (0) p
1272 (1)

1417 (0)

1480 (1)
1574 (sh)

158G (3) 1

1686 (3) 1

Assigninont.

a” fundmmontal,
--(H4 out-of-plano rocking

A’ fundemontal
a’ fundamontal
o’ fundamoental
u’ Tundarontaul
w/ fundamoniul

u’ fundamental,
— (-OH,; strotehing

a’ Tundamental
o’ fundamental
623704 = 1327 (A”)

i’ fundamental,
—CH, symmotre doformation

o’ tundamoental

w’ and o” flundamentals,
-~ C1y osymimetric deformation

u’ lundamentn)

o fundamental

w’ Mundamontal
HY0--1034 1624 (A)
7044058 1662 (A’)

a’ fuundainental,
—C=0 stretching

5;)’;):-}-.1195.—; 1785 (A7)
590 --1274 = 1864 (A')
809 --1118=1927 (A”)
5904 1162= 1962 (A’)
749-1-1274:=2023 (A')
749413622111 (A")
809 41420 .--2229 (A”)
958 +-1302-=2320 (A”)

2 3¢ 11952390 (A”)
068 +1478=2436 (A")
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Table 2 (contd).

Infrared (cm-2) Raman (cm~1) Assignment
2RI (vw) T T 1003+1420-2513 (AY) T

2643 (vw) 2 %1274=2548 (A’)

2606 (vw) 1242 |1362=2604 (A’)

2646 (vw) 95841690 =2048 (a”)

2866 (w) 12744 1587=2861 (A’)

2425 (m) 2921 (2) p o’ fundamental,

— CHj; symmetrio stretching
2972 (m) 2968 (0) u’ and a” fundamentals,
} —CH,; asymmetric stretching
3011 (m) 3006 (0)
5083 (m) a’ fupdamental
JU09 (2) p a’ and a’ fundamontals

3089 (m) 3089 (sh) a’ fundamontal

3168 (w) 25,1587 =3174 (A")

3367 (m) 2x1690=3380 (A’)

Table 3. Vibrational frequencies and assignments for 4-acetylpyridine

Tufrared (cin~?) Ruaman (em~?) Assignment,
T "15—8 (w) T 160 (1) dp a” fundumental
219 (w) u” fundamental,
' —C-CH, out-of-plane deformation
3568 (w) 364 (1) p o’ fundamental
417 (w) a” and a” fundamentals,
— C=0 out-of-plane deformation
466 (vw) u” fundamental
590 (vs) 589 (0) p 8’ and a’ fundamentals,
—C==0 in-plane deformation
601 (vs) 603 (0) o’ fundamental
G664 (w) 666 (2) dp a” fundamental
786 (w) 739 (3) p &’ fundamental
B17 (vu) a” Fundamental
870 (w) a” fundamental
962 (1) p a’ fundamental,

—CHj in-plane rooking
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Table 3 (contd.)

Infrared (cm-1)

Raman (em™?)

Assignment

963 (s)
993 (s)
1021 (m)

1098 (g)
1083 (m)
1115 (w)
1220 (m)
1263 (s)

1267 (vs)
1324 (m)
1362 (vs)

1410 (vs)
1423 (sh)

1494 (m)
1557 (s)

1697 (1n)
1627 (w)
1666 (m)
16986 (vs)

1774 (sh)
1854 (w)
1949 (w)
2001 (w)
2097 (vw)
2149 (vw)
2177 (vw)
2209 (vw)
2315 (w)
2886 (w)

903 (10) p

1064 (1) p
1084 (3) p

1214 (2) p

1267 (2) p
1324 (0)

1402 (1) p
1556 (0)
1696 (2) p

1694 (3) p

a” fundamental
a’ fundamental

a” fundamental,
— CH; out-of-plane rocking

a’ fundamental
o’ fundamental
a’ fundamental
o’ fundamental

a’ fundamental,
— C-CH,, stretching

a’ fundamental
o’ fundamental

' fundamental,
—CHy symmetric deformation

a’ fundamental

a’ and a” fundamentals,
—- CHy asymmetric deformation

a’ fundamental
a’ fundamental
a’ fundamental
601-4-1021=1622 (A")
5900-1-1063=1653 (A’)
a’ fundamental,

'.?T—" 0 stretching
817-1-963=1780 (A")
65904 1267=1857 (A’)
5904 1362-=1952 (A’)
6904 1410=2000 (A’)
601-1-1494=2095 (A’)
5690-15567=2147 (A’)
8174-1362=2179 (A”)
993+ 1220=2213 (A’)
817+ 14984=2311 (A")
1021+ 1362==2383 (A”")
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Table 3 (contd.)

Infrared (em- Raman (e ) Assipnient
0445 (w) 1OKS | 1362— 2445 (A7)
2527 (vw) 21267 —2531 (A7)
2580 (vw) 1267 0 132425001 (A7)
2025 (vw) 1267 § 1362 - 2629 (A")
2655 (w) 1063 F 15397 == 2660 (A7)
2707 (vw) 12200, 199 - 2711 ()
2769 (vw) 1410 ¢ 13622772 (A7)
2860 (w) 1267 1597 2864 (A
2887 (w) 1324 | I1557-=288) (A’)
2923 (in) 2022 (2) p a’ fundainontal,

- CH symmeteie stretehing,

2972 (w) 2072 (0) p a’ fundamental.
— (Hg asynonetvie steetehing

2087 (w) 1123 | 15667 2980 (A" or A”)
3009 (1) 3010 (sh) n” fundamental,
- C'Hy asymmietvie sheteline
3031 (m) 3031 (0) a’ Tundamental
3047 () 3050 (sh) a’ fundamental
3066 () 3066 (2) p A’ findumental
3082 (m) A/ andnmental
3152 (w) 1A 1 1507 — 3154 (A)
J3A8L () 21696 3392 (A)

RBernstein 1957) and 2., 3- and 4-acetylpyridine are collocted in table 4 The
laser Raman spectra and the portions of the infrared spectra (3500-500 cm=7)
in the liquid state ave reproduced in Tigures 1(a). (b) and (¢) and Figures 2(a). (b)
and (¢) respectively.,

Fach of the three isomerie acotylpyridine molecules is assumed to mve the
Cs symmetry, and the forty-two normal modes of vibration are distributed amongst
the svmmetry species as follows :

28a’ -+ 14a”

According to the seleetion rules all the vibrations are active hoth in the infrared
and Raman spectra. While the species @' should give rise to polarized Raman
lines, the spocios «” will have depolarized Raman lines.
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Tahle 4. Fondamental vibrational frequencies of pyridine, 2.0 3- and

+-acetylpyridine
[The internal vibrations of the acetyl group are not included|

Symmetry Mode No. — - — “‘flf‘mmfnlwr_(‘_.{“—l) e
Rpeeies (Wilson 193.4) Pyridine 2-Aceiyl- 3-Acoly]- +-Acetyl
e o - pyridine pyriding pyridine
o’ | 992 Ceen g oen
2 3054 3062 3059 3066
[ 6On (390} (591) (58Y)
&n 1H83 LH8H LH86G 16596
O 1218 1150 2y 1214
12 1030 750 h 739 Vv
13 (3054) 1086 1003 L1084
18 TO6R 1044 1078 1064
19a 1482 1166 1478 1494
200 3036 (3062) (30H9} 3017
3 (1218) 1282 1242 1267
Gl 652 622 624 GOV
i (3036) (3062) 3053 3031
Sh 1572 1569 1574 1507
11 1375 1296 1272 1324
i 1148 101 1118 1115
181 1085 366 368 364
L9, 1439 1421 1420 1410
20 3083 (3062) 3080 3.82
n 10a T 886 -
liin 374 409) (105) (417)
170 OR1] 951 958 063
4 749 T00 704 606
a” ) 042 a03 028 875
10b B386) 779 800 817
1 700 482 472 46H

16D 405 162 164 160

() Frequency assignod more than once.
--- Frequency not observed,
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Species o'

. of tl;e nineteen ' modes of vibration that can be derived from pyridine,
our involve essentially stretching of the C-H bonds. The polarized Raman line
observod at 3062 cm-1 with its infr ared counterpart at 3060 em=! in 2-ucetyl-
pyridine, and the Raman shift at 3059 cm- '

D ot ! and tho infrared bands at 3053 and
‘cm in 3-acetylpyridine, and the Ramon lines at 3031 and 3066 cm—! and

the infrared frequencios at 3047 and 3082 em-? in 4-acetylpyridine are assignod
to the C-H valence oscillations.

"The pairs of well-resolved bands at 1569 and 1585
m-1, 15687 and 1574 em~?, and 1597 and 1657 em ! in the case of the three molo-

cules respectively are readily identificd with th highest, ring stretching froquen.
cios. The next highost C-C (C-N) stretching modes bolonging to the a' class are
expected in the 1400 em= region, and thoy may be ropresented by the infrared
froqquoncies at 1421 and 1465 em—2, 1420 and 1478 em-1, and 1410 and 1494 cn-?
observed in the three isomors ol acetylpyridine respectively.  The Raman spoctra
of 2-, 3- and 4-acotylpyridine show vory intense and highly polarized lines at 995,
1035 and 993 cm~! respeetively and they are unambiguously assigned to the ring
broathing mode. The remaining mode being derived primarily from  carbon
stretching may be attributod to the observed [requencies at 1296, 1272 and 13
cmtin 2-, 3- and 4-acotylpyridine respectively.

In monosubstituted pyridines there are four planar modes which are more
substituent-sensitive.  Thus the polarized Raman lines at 366, 590. 760 and 1086
cem~! in 2-acetylpyridine, 364, 589, 739 and 1084 em~' in 4 acolylpyridine and

368, 591 and 751 em~' and the infrared band of medium strength at 1093 cm-?
in 3-acetylpyridine may he assigned to these modes.  The remuining fundamentals
belonging to this class are identifiod with the polarized Raman lines observod at
622, 1044, 1101, 1150 aud 1282 cm-! in Z-acotylpyridine, 624 and 1078 cm~!
and tho infrared bands at 1118, 1127 and 1242 em ! in 3-acotylpyridine, and the
polarized Raman linos at 1064, 1214 and (267 em~! and the infrared bands at
601 and 1115 en~! in d-acotylpyridine.

Species o”

. In the @ cluss there would he eight pyridine-like modes.
w163, 164 and 160 cm-1 in the case of 2-, 3-- and 4-acetylpyridine respectively
are observed to be depolarized. The corresponding infrared absorption froquencies
ocour at 160, 162 and 158 em-1. They may bo associated with the lowest non-
plannar ring angle deformation mode which is sensitive to the substituent. The
remaining " fundamentals are assigned to the obsorved frequencios at 409, 482,
700, 779, 903 and 954 cm—1in 2-acetylpyridine, 405, 472, 704, 809, 928 and 958 ¢m™!
in 3-actylpyridine, and 417, 465, 664, 817, 875 and 963 cm~! in 4-acetylpyridine,
Those assignments are in close agreement with thosc made in the caso of other
monosubstituted pyridines (Green ef al 1963).

6

The Raman lines

One fundamental belonging to
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this class being either very weak or coincident with some other fundamental is
loft unassigned. ‘

The internal vibrations of the acetyl group

Bosides theso twenty-seven pyridyl froquencies, there would be fifteen other

modes arising from the internal motions of the acetyl group. They may be
olagsified as follows :

() One C =0 stretch (') and two C = deformations—one in-plane
(@') and one out-of-plane (a”).

(ii) One CHy symmetric (a') and two CH, asymmetric (a’, a") stretches,
one CH, symmetric (a') and two CH, asymmetric (a’, a”) deformations,
two CH, rocking modes—one in-plane (a') and one out-of-plane (a”).
and one torsional mode (a”) of the CHy group.

(iii) Ono C-CH, strotch (a), one C-CHj in-plane deformation (a’) and one
C-CH; out-of-plane deformation (a”).

The C = O stretching frequencios are readily identified. The intenso infrared
band at 590 cm~! observed in the caso of the three molecules is assigned to the
C = O in-plano bonding mode, whilst the C = O out-of-plane deformation may
ho responsiblo for the infrared frequencies at 409, 405 and 417 em~?, which are
already assigned to another fundamental, in the case of 2-, 3- and 4-acetylpyridinc
respectivoly. Theso assignments are made in comparison with thosc proposed.
for acotone (Harris & Lovin 1972, Allkins & Lippincott. 1969, Cossee & Schacht-
schuvidor 1966). While tho CHy strotching and deformation frequencics arc
easily assigned, there remains some uncertainty in the assignment of the rocking
modes of the CHy group. The observed infrared bands at 1018, 1023 and 1021
em-! in 2., 3- and 4-acetylpyridine respectively are assigned to the out-of-plane
rocking mode of the methyl group, and the in-plane rocking mode may be re-
prosonted by the Raman shifts at 953, 957 and 962 om-2. Th torsional mode of
the CHj group is, however, left unidentified. The C-CH, stretching and in-plane
and out-of-plane bending modes aro assigned respectively to the frequencies at
1238 396 and 215 em™! in 2-acetylpyridine and 1195 383 and 221 cm~? in 3-acetyl-
pyridine. In tho case of the 4-isomer whilo tho C-CH, strotching and out-of-plane
bending modes aro idontified with the observed infrared bands at 1253 and 219 cm—?

respootivoly, tho in-plane deformation frequency is either very weak or coincident
with the fundamental at 3565 cm—2.

Overtones and combination bands

In addition to the above fundamental frequencies, other weak bands are
observed both in the infrared and Raman spectra. They may be assigned as
overtones or combination bands of the fundamental frequencies.
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