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ABSTRACT. Inductive and resonance effects play an imortant role in determining carbony) stretching
frequencies of ketones. Hydrogen bonding, dielectric effects, and steric effects are all factors which deter-
mine the carbonyl stretching frequency, vc-o of ketones in solution. The vc-q frequencies were shifted
by approximately 27 em™' each by substituting to a phenyl group for a methyl group in acetone. The
vec=o frequency for ketones shifted differently in various solvents and increased with increasing the volume
ratio of the ketones in water solutions. The vc-o frequency for ketones shifts continously at constant
concentration of ketone in solutions of (CH;),SO/CCl, and CHCI/CCl, with changing of the mole ratio
of two solvents. The vc-o frequency was also affected by changing concentration in either CCl, or {CH;3),50
solution and in either CCly or CHCl; solution.
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Table 1. The vc-o frequencies for 10 mol% of ketone in various solvents

Solvent (A) (A-B) {A-C) {©) "
Acetone (cm™") Acm™!  Acetophenone (cm™)  Acm~!  Benzophenone (cm™)

Hexane 1716.6 250 1691.6 525 1664.1 0
CCl, 1714.3 27.5 1686.8 523 1662.0 86
Toluene 1714.0 273 1686.7 525 1661.5 -
Benzene 17125 26.2 1686.3 51.8 1660.7 82
Acetonitrile 1712.3 282 1684.1 53.3 1659.0 -
Nitrobenzene 17116 288 1682.8 54.1 1657.5 148
Chloroform 1709.2 286 1680.6 53.9 1655.3 231
Dimethylsulfoxide 1708.1 278 1680.3 529 1655.2 19.3
Ethanol 1708.1 313 16768 575 1650.6 37.1
Methanol 1706.5 301 1676.4 56.2 1650.3 413
Acm™! 10.1 152 138
Pure’ 1707.5 270 1680.9 59.6 16483

9AN: Solvent acceptor number’, *Pure: The frequency for vc-o of pure solvents of ketone.
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Fig. 1. Raman spectra of ketones (514.5 nm exitation)
(a) Acetone, (b) acetopenone, (¢} benzopenone.
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Fig. 2. A plot of the perturbed vc-o frequencies for
a 10% solution of ketone vs. the acceptor number
(AN) of the solvent.
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Table 2. The ve=o frequencies for volume % acetone
in water solutions

Volume % Frequency (ve=o)} (cm™")
100 1695.0
20.0 1696.3
40.0 1698.0
60.0 1700.8
80.0 1702.8
90.0 1704.7
100.0 17075
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Fig. 3. The plot of vc-p for acetone vs. its concentra-
tion in water.
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Table 3. The v¢-o frequencies for 10 mol% ketone in dimethyl sulfoxide and/or carbontetrachloride solution

Mole% (A) (A-B) (B) (A-C) ©)
DMSO/CCL Acetone {cm™") Acm™! Acetophenone (cm™Y) Acm™!? Benzophenone (cm™'}
0.00 1713.3 26,5 1686.8 51.3 1662.0
25.30 1710.7 269 1683.8 517 1659.0
4770 1708.3 2568 1682.5 50.7 1657.6
67.50 17088 271 1681.7 520 1656.8
85.00 1710.3 29.2 1681.1 4.0 1656.3
100.00 1708.1 278 1680.3 529 1655.2
Acm™! 52 6.5 68
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Fig. 4. The plots of vc=o frequencies s. the mole (%)
in DMSOQ/CCI, solution.
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Table 4. The vc—o frequencies for 10 mol% ketone in chloroform and/or carbontetrachloride solution

Mole% A) (A-B) B) (A-O) ©
DMSO/CCL,  Acetone {cm™") Acm™! Acetophenone {(cm™?) Acm™! Benzophenone (cm™")

0.00 1714.3 275 1686.8 523 1662.0
23.00 17131 284 1684.7 53.3 1659.8
44.60 1712.7 294 1683.3 54.8 1657.9
64.70 17119 29.8 1682.1 55.0 1656.9
83.30 17102 28.7 16815 539 1656.3
100.00 1709.2 286 1680.6 539 1655.3
Aem™! 5.1 6.2 6.7

Journal of the Korean Chemical Society



ggt AHee) Jhnd ARRF o)FoA Wit FiE}: AE 993

O: Acetone
O: Acetophenone
T a: Benzophenone

o 1]

Mole (&) CHCI,/CC),

60
v C=0,cm™'

Fig. 6. The plots of v¢-o for 10% solution of ketone
in CHCL/CCl, solution.

ole otMEe] ¢ 5lem™!, oM EH=e] < 62
cm™!, WEM=o] o 6.7cm™! FEo|t), o]FL A
EE7 CHCL e 42 %) A5 DMSO%9
W32} Azargs Ferl A9 Aok AL ¢
9)e}. aivkabd DMSO/CCL E38-o0ol A ve-o A}
ol 77} 62, 65, 68cm™"0]7] wFolc},

ey} Table 37 49) A-Bo} A-C3g Hd #)
EE A7 el 9 Fase DMSO/CClL,
Eg-2viel A B} CHCL/CCL7F Ao AA E%v)
oA 2k 15em™! ve-o7t B RE FHFERLR o]
Fstdck o]l CHCL/CCl, &¢4o7l AEY
#d7] 28| ale} DMSO/CCl, E£8H-4vjo) 4 ek
Aed o] 24 S2EYE v Y3 £ 9
).
Fig. 63} 7& Table 4] AAE 1Po2 Yehyj
qdc}, Fig. 62 CHCL/CCLS Ev|&d & 10%
AL veeo ITE EAFF Aoy DMSO/CCLE
B5el A9 ZL @42 g,

Fig 78 CHCl/CCl, Eg-golol 4 ofME2] veoo
ol iR o} AE(HES =, Wz
ve=0 FE A AR = A1 Reln DMSO/CC,
e} 3 FYAHL ol o] A syl
el Fig. T8 Fig 59 vl B Lol 3o

Yol. 37, No. 12, 1993

1720
| O Acetone—Benzophenone

LAt 0 : Acetone—Acetophenone

116

V14

1712+ O,

1710}
(o]

g

Veo. 77
one in CHCI/CCH,

1708257660~ "% 680 55 7700

v CmOem™
Ketones In CHCly/CCl,

Fig. 7. The plots of ve=o [requencies obtained for
acetone in CHCL/CCL solution #s, the vc-o frequen-
cies for the other ketones.

& AE3} CHClCCLS 3% 7 DMSO/
CCl, EHeohol N o] A gs) Aol Pojn & 4
et

i B

1 $4-80 322 634 Loirc} F4
oA o Fon F2 £3-2v] Ale]e] 44
ol 7)1 AR 5 gk

2. &oirastell i3t ve-of] W oM B3l me]
152cm™ 2 713 Zon Y2AE R obhEo) 742}
138 2 10.1 cm~ 'Y}

3. ofdl &) Wd7] HAl Hd7)E & ANy X3
wojc}h < 27cm™! W HpZo g o Fsidrh
o] A& H\d 7] X ol At FTHA} of Fo) 43
2o AsagRg R o age A ¢ 5 A
et

4. SPAE B& A7l FAaZAY 3l
Ye BrZ o o] Filg on 0(eF oA 8l 4
90 E9%71 2 JINe 9 125em™! % 3}
T2 o] Fslsirh

5. DMSOs} 222X 52 AEs) N2 vss
Fadthe 39 B3 A LY A7)
DMSOxc} oF 254 v =ZA| Jepd})

2 B8 ¥

1. R. A. Nyquist, Appl Spectrosc, 49, 336 (1986).



94 FOE - HBA - FHE

2. L. J. Bellamy, Advance in Infrared group Freque-
ncies, p. 157, Richard Clay, Ed, The Chaucer
Press Ltd., Bungay, Suffolk, 1968.

3. M. M. Wohar, J. K. Seehra, and P. W. Jagodzinski,
Spectrochim. Acta, 44A, 999 (1938).

4, R. A. Nyquist, Appl Spectrosc, 44, 1405 (1990).

5. R. A. Nyquist, The Interpretation of Vapor-Phase
Infrared Spectra: Group Frequency Data, p.303,
Sadtler Research Laboratories, Philadelphia, 1984.

6. R. A. Nyquist, The Interpretation of Vapor-Phase
Infrared Spectra: Group Frequency Data, Vol 1,
p. 341, Sadtler Research Laboratories, Division of
Bio-Rad Laboratories, Inc., Philadelphia, 1984.

7. R. A. Nyquist, Appl. Spectrosc., 43, 1208 (1989).

8. R. W. Taft, Steric Effects in Organic Chemistry,
p-595, M. S. Newman, Ed., J. Wiely & Sons, New
York, US.A., 1956.

9, R. W, Taft, Jr., Steric Effects in Orgenic Chemis-
try, p. 598, M. S. Newman, Ed., J. Wiley & Sons,
New York, U.S.A.1956.

10. V. Gutmann, The Donor-Acceptor or Approach
to Molecular Interactions, p.29, Plenem Press,

New York, US.A,1978.

11. H. W. Thompson, R. W. Needham, and D. Jame-
son, Spectrohim. Acta 9, 208, 303 (1957),

12. K. B. Whetsel and R. E. Kagarise, Spectrochim.
Acta, 18, 315 (1962).

13. K. B. Whetsel and R. E. Kagarise, Spectrochim.
Acta, 18, 329 (1962).

14. K. B. Whetsel and R. E. Kagarise, Spectrochim.
Acta, 18, 341 (1962).

15. R. A. Nyquist, V. Chrzan, and J. Houck, Appl. Spe-
chrosc, 43, 981 (1989).

16. R. A. Nyquist, C. L. Putzig, and L. Yurga, Appi.
Spectrosc., 43, 983 (1989).

17. R. A. Nyquist, C. L. Putzig, and L. Yurga, Appl.
Spectrosc, 43, 1049 (1989).

18. R. A, Nyguist, Appl. Spectrosc, 44, 426 (1990).

19. R. A. Nyguist, Appl. Spectrosc, 44, 433 (1990),

20. R. A. Nyguist, Appl. Spectrosc, 40, 79 (1986).

21. R A. Nyguist, Appl. Spectrosc, 43, 1053 (1989).

22. R. A. Nyguist, S. E. Settineri, and D. A. Luoma,
Appl. Spectrosc, 45, 1641 (1991).

Journa! of the Korean Chemical Society



