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ABSTRACT 

The infrared spectra of c
2
H

5
cno and c2T:I

5
cro from 4ooo to 

-1 
~50 em ha.ve been observed and c:. tent.ati ve e.ssi,gru;:.ent of the observe c. 

b~~ds has been made. 
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INTRODUCTION 

A sample· of c2R
5
cno was prepared and the vapor phase.infrareu 

spectra.of c2R
5

CHO and the c2H5cno were observed to determine the 

specificity of the deuteration. The vapor phase spectra of these compounds 

were not found in a search of the literature. Only the liquid phase 

Raman [11 and infrared·[ 2,3 J spectra of c2rr
5

cHO have been reported. 

The present investigation covers the infrared region 

from 450 to 4ooo cm-l A tentative assignment of the observed bands 

has been made on the basis of isotope shifts and assigP~nts in 

similar molecules. 

Technical grade propionaldehyde was fractionally distilled 

in ~itrogen atmosphere and the center fraction was transferred to 

a "JL' . ..J.um. line where it <ms dried over anhydrous copper sul:fate and 

further purified by .trap-to-trap distillations in vacuum. 

~: =-] K. W. F. Kohlrausch andF.Koppl, Z. physik chem. B2~c, 370 ( 1934). 

L 2] P.merice.n Petroleum Ir"sti tute Project 44; Carnegie Institute of 

Technology. S·:• IIJ. 1223 •. 

[3 j S. Pinch.as., Anal. Cb.em. 27 2 ( 1955). __ $ 
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The propionaldehyde-o.
1 

ivas synthesized using the reactions 

RCOOR' Na > RCD OD + R 'OD AcOD ~ 2 
( 1) 

( 2) 

where.R is c
2
H

5 
and R' is c

5
H

11
. The deutero acetic acid was prepared 

::.:om 99-·5 per cent D
2

0 and freshly distilled acetic anhydride. 

The procedure for reaction ( l) given by Hill et al [ 4 J was 

followed. The propanol·-d
3 

from Reaction (l) \..ras separated. from the 

reaction products by distillation and converted to the aldehyde by 

Reaction ( 2) using the procedure given by Blatt ( 5] The propionaldehyde-d
1

. 

obtained from the reaction was purified oy gas chromatograyhy, transferred 

to a yacuum line, dried over anhydrous copper sulfate and stored. at dry 

icc::. tr' nperature. . ., 

A sample of normal propionaldehyde was prepared by the same 

procedures. The infrared. spectrum of this sample. -vras identical with 

that of the sample of purified commercial propionaldehyde. 

The spectra vrere recorded 1vith a Perkin-Elmer l'1odel 21 

Infrared Spectrometer provided -vrith NaCl and CaF 
2 

optics and with a 

Perkin-Elmer Model l2C Spectrometer provided Hith KBr optics. The 
. -1 

spectral ra.:.1.ge from 450 to 4000 em was covered with these t1..ro 

instruments. A 10 em cell -vrith KBr 1dndovrs and an 11 em cell 1-lith NaCl 

windows w·ere employed. All spectra were of vapors at pressures bet1.reen 

lO a..'1d 235 mm Hg. 

[ 4] D·· G. :tii.ll, VI. A. Judge, P. S. Shells> S. vJ. Kanter and C. R. Rauser, 

J. P~. Chem. Soc. 74, 5599 (1952). 
.[5] A. H. Bla:~Jt.., Orga::.1icSynt,J:!esia Vol. ;rr (Hiley ... I~ewYork,.N. Y., 1943) 
:7. 51~1. 

-· 

., 
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Reproductions of the spectre.· are shmm in Figs. l and 2. 

::L'b.e ccndi tions of observation are given in the figure captions. The 

:freq_uencies and assignment of all the observed banda are given in Table l. 

DISCUSSION 

Propionaldehyde Cl.J.J.d propionaldehyde-d1 have, at most~ C
5 

symmetry since the only elerr.zmt of symmetry possible is a single plane. 

The molecules :b.ave 15 a' and:• 9 a' 1 rrJ.Odes of motion c:.nd all the modes 

are infrared-active and Rams.n-acti ve. _A1.J. assig11..ment of the :fundamental 

modes for the t•ro :rr,olecules is given in Table 2. The Raman frequencies 

in the table are from Kohlrausch and Koppl lL l J . 
The c

2
E

5 
hydrogen strech and hydrogen deformation motions 

1.:ere assigned vlith reference to the corresponding assignments by 

Nolin and Jones [ 6 J for 3-pentanone. The CH
2 

t\vist and rock motions 

were assigned in accordance 1.rith assignments in paraffins [ 7 J . The 

assignment of the motions involving the CCHO {CCDO) group followed directly 

from.the observed frequency shifts on deuteration and from the corresponding 

assignments in the acetaldehydes [ 8] . 
-l The CH in-plane bend is set at 1395 em although a band was 

-1 
not observed in the infrared spectrum. The Raman frequency 1392 em 

can be assigned as this motion since this frequency is not found in the 

Raman spectrum of propionyl chloride ( 9 J . No band was observed which 

could be assigned. as the a'' CD wag, but the ba.nd should be found in 
-l the region ~. ~0 to 660 em The band is expected to be very weak since, 

by analogy ·..:i th the findings in the acetaldehyde a [8], the ba.nd should 

(6 J B. Nolin and R. N. Jones, J. Am. Chem. Soc. 75 1 5626 (1951) •. 

[ 7] J. K. Brown, N. Sheppard ~nd D. M. Simpson7 Phil. Trans Roy Soc. 

(London) A247, 35 (1954). · 

[8] J·;·c. EVS-1'1s and. H. L. Bernstein, Can. J. Chem. 34-,1083 (1956). 

[9] IC W. rri tz Kohlre.usch, Rar.a.anspecktren ( ,J. H. Edwards 7 Ann Arbor, 

~~ch.j 1945), p. 282~5· 

·· .. 
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Figure 1. Spectrum of propiona.ldehyde, CH
3

cH
2

CHO. 

·:· Optics (press~~ in mm Hg): a, CaF
2 

(lO); b~ CaF
2

(20); 

c, NaCl (235); d, CaF
2 

(40); e, NaCl (54); f, KBr (lOl). 
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Fi~re 2. Spectrum of propiona1dehyde-~, cn
3
cn

2
CDO. 

·.· . 

Optics (pres·sure in _mm· Hg): a, CaF2 (10); b, CaF2 (22); 

c_, NaC1. (235); ·a, CaF
2 

(43).; e, NaC1 (34 h f, KBr (101). 
I . 
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Table 1. Infrared frequencies (in cm-1) 
• of the ;propionaldehydes 

CH3CH2CHO c:a:
3
cn2coo 

-1 IntensitY- Assignment !J) -1 Intensity Assignment Vcm em 

3840 "<1 2721 + 1195; 3820. wah 2993 + 856 
2993 + 850 

378o \-1 2066 + 1730 
3612 "1!1? 2721 + 895 
3490 :m 2 X 1750 3453 m 2 X 1730 
3220 vw 2720 + 507 
3154 w 1750 + 1423 3170 V1:T· 1730 + 1465 

304o VlfBh 2066 + 2 X 507 
2993 vs v2; ~6 2993 . va v2; v16 ,. 
2943 ('Z) vw . ~i'l) 2946(?) vw ;,17( ?) 
2919 vs ·.Vl/3 2917 VB .1.11, 3 
2813. VB} Fermi doublet of 2815 'W 14oO overtones 

14oO overtones 
and .v4 

:.~),:... 
2721 vs . .&)4 2719 'W 1350 overtones; 

Residual CH
3

CH2CHO 

2504 vw 1423 + 1094 2539 vw . 1465 + 1092 
24o2 w 1750 + 664 2427 ~"'•' vw 1334 + 1092 

. 2331 vw 1468 + 848 2356 vw 1251 + 1099 
2316 vw 1465 + 856 

2251 vw 1146 + 1105 2195) w 2 X 1092 ... .4 2181 2 X 1()94 ' 'i-1 2180 '<l 

2101 r.rw~ 1465 + 664 
2026 "'fltl ,1384 + 664 2066 vs j./4 
1960 vw 1105 + 858 2050 VS 
1930 vw 1094 + 848 
1850 vw 1340? 507 1887 'W 1092 + 794; 

1763 
1384 + 496 

:. vs v5 .. ·· 1746 VB .v5 174);, ~72~ 
. I ..... 

148o 1478 
1468 s· 71)9 1465. s Jl 
1456 1455 . ~- 9 

11~34 1430 
1423 s :J 1419 s ~0 1410 10 1410 

. 1381.'- m ~ 1383 m JIB 
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',, 
Table 1. (continued) 

Q 

CH
3
cH2CHO CH

3
CH2CDO 

_, v -1 VCi!i ... Inte:msity .Assi[.Am""nt c:m Intensity Assignment 

134-9 ""'-, .;J 
131~4 v l34o lll· 1334 m 

1332 12 
1321~ 

12 
.. 

1261 1257 
1254 w v19 1251 v 
1247 1241 19 . 

. 1146 :m i '1194 'W ~(?) or combination 
•1129 1134 i-TSh v6 

1119'1 vwsh 
"" 1099 

1105 1092 s J)13; J)
1 

Overlapped 
109b.- s -,}7 108o 

1020 
1003 m 2 X 507 995 

984 m · 2 X 496 
978 ' 

907 863 
895 8 v11 856 B ·-v 
883 849 11 

858 I . 8o4 
848 8 -~0 794 6 )120 G836 783 . ·. 

791 vw .J. 22 .. 

768 753 
760 vw· },}21 .. 747 vw v~n 
745 740 

672 660 
661~ 6 l/14 653 6 .v14 652 644 

., 
-, 519 509 • B yl5 15 507 ··:· 496 s 

~. 

~· 

' 

. : '. . ~ 
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be '"ee.ker than the CH band in propionaldehyde which is a very 1-1eak 

band. The presence of a strong broad band at 653 cm-l in propional-~ 
may make detection of the band difficult even with long path lengths. 

The Raman spectrum or the infrared spectrum of the solid may reveal 

the frequency of this mode. 

The a 1 and a 1 1 cR
3 

rock motions were assigned to bands 

'"hich behave in an analogous manner to banda observed in the corresponding 

acetaldehydes in this frequency·region and assigned to these modes of' 

motion. The frequency shifts observed·upon deuteration are quite large 

for a group which is isolated from the site of deuteration, but thG 

sbifta undoubtedly result from interactions of tbe same nature as 

those proposed to e~'"Plain J~;he findings in the acetaldehyde a [ 8 ] • 

. /· 

.. ,. 

·,: 

' . 

' I 
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Desig-· 
Syn:rmetry nation 

a' v 
l 

Y2 

l3 
·,· )}4 

,1)5 
/.)6 

" ]}7 
.v8 

v9 
~10 

.1)11 
:1)12 

!)13 
... 

.vl4 
v15 

,:,IV 
:-

"" v16 

.vl7 
1)18 

l)19 

.V2o 
~21 

.v22 
A)23 
vz4 

Table z. Assignments for 

the propionaldehyd.e sa · 

CH3c:s:2CRO 

... Infrared 

Notion -1, (em _ 

CR
3 

sym. str. 2919 

cH
3 

e.s;ym. str. 2993 

CH2 sym. atr. 2919. 

CH str• 2813) 
2721) 

co str. 1744. 
cc str. 1129 
cc str. 1094- ,. 

" 

CH3 sym. def • 1384 
CR3 asym. def. 1468 
CH2 sym. def. 1423 
cH3 rock . 895 
CH2 .wag 1340 
CH wag -1395 
CCC def • 664 
CCOdef. 509 
CH3 asym. str. 2993 
CH2 e.sym. str. 2943 

.cH3 asym. def. 1468 
CH2 twist 1254 
cH3 rock 848 
CH2 rock 76o 
CH wag 791 
cH

3
·torsion 

· CRO torsion . 

CR3cH2CDO 

Raman Infrared 
# -1) <,em ~ (cm-1) 

2939) Fermi 2919. 
2883) doublet 

2978 ·2993 

2939 2919 

2823) Ferini 2050 
2724) doublet 

1722 1729 
1089 1134 

108o 

1383 
1454. 1465 
11a6 " 1419 

'. 

893 856 

1334 
1392 1094 

666 653 
512 496 

2978 . 2993 

2939 291~· 

llir5~~ 1465 
1246 1251 

846 794 
747 

.. ;, :>660 

A . . . 

· ~e ~SJ:llE!,D. t':requencies used in "'chis assignment- are from. Kohlrausc~. [ 9] 
... ·. : . . . . . . 

... 
'' .... 

. . 
:; :: 
. . 

: .... · ~-4· ...... ~; • .;~~-:~--~ ;,.· .•.. -. 

.. : 

. . ' . 

. :•· 

. ·'... ,· .. 
. _: -~- ··. . : . ' . ~ ' ~ : . 

/' 
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