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Vibrational Spectra of 2,2-Dimethylpropanal 
By Gene A. Crowder, Department of Chemistry and Killgore Research Center, West Texas State University, 

1.r. and Raman spectra were obtained for 2.2-dimethylpropanal, and a vibrational assignment has been suggested. 

Canyon, Texas 7901 5 

VIBRATIONAL spectra have been reported for several 
compounds that contain the tertiary butyl group bonded 
to a carbon atom. Included in this list are t-butyl 
cyanide ,I 2,2-dimet hylbut ane ,2* 3,3-dimet hylbut-1 -ene ,3 
and 3,3-dimethylbut- 1 - ~ n e . ~  Vibrational assignments 
have been discussed for all these compounds. The 
Raman spectrum was also reported for pivalaldehyde 
(2,2-dimethylpropanal) almost forty years ago, but 
there has apparently been no i.r. work reported, nor has 
a vibrational assignment been attempted. Such a study 
is of interest because of the similarity in structure 
between this compound, Me,CCH=O, and that of 3,3- 
dime thylbut- 1 -ene, Me&CH=CH,. Theref ore, i.r. spec- 

G. A. Crowder, J .  Phys. Chem., 1971, 75, 2806. 
R. G.  Snyder and J. H. Schachtschneider, Spectvochinz. Ac ta ,  

1965, 21, 169. 

tra have been obtained and the Raman spectrum has 
been redetermined, resulting in the observation of several 
bands not reported in the previous work. 

EXPERIMENTAL 
1.r. spectra were obtained with a Beckman IR-12 spectro- 

photometer which was calibrated against atmospheric water 
vapour and carbon dioxide bands. The wavenumbers were 
read from the instrument a t  the band peaks and should be 
accurate to f l  cm-1 for the sharp bands. Raman spectra 
were obtained with a Jarrell-Ash 25-100 dual monochroma- 
tor photon-counting spectrometer equipped with an Argon 
laser by Dr. P. Devlin. The wavenumbers of the Raman 
bands were read from the spectra and are not expected to 

4 K. W. F. Kohlrausch and F. Koppel, 2. Phys .  Chern., 1934, 
N. Sheppard, J .  Chem. Phys., 1949, 17, 455. 

834, 370. 
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be as accurate as the i.r. wavenunibers. The sample of 
piValaldehyde was from Chemical Samples Co., and was 
stated to be 990/, pure. No appreciable amounts of im- 
purity were detected by g.1.c. 
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FIGURE 1 1.r. spectrum for liquid pivalaldehyde. Pathlength, 
0.015 mm above 500 cm-l, 0.1 mm below 600 cm-l. Back- 
ground transmittance below 500 cm-l is S0--f30~0 

stretching region. The three methyl groups will have 
5a’ + 4a” vibrations, but only one Rarnan band in this 
region, a t  2978 crn-l, is depolarized. This band must be 
assigned to the three a” antisymmetric stretches and the 
Raman band at 2932 cm-l is assigned to all three a’ anti- 
symmetric stretches. The three methyl symmetric 
stretches are distributed as 2a’ + a”, and there is no 
depolarized Raman band that can be assigned to  the a” 
mode. 

The C-H stretch of tlie aldehyde group apparently is 
in Fermi resonance with the overtone of the in-plane 
C-H bend, which is common for aldehydes,6 but the two 
frequencies for pivalaldehyde are a little lower than 
normal. 

There is a very strong 
band and a weaker band (although still intense) in the 
region 1700-1800 cm-l. The 1770 cm-l i.r. band seems 
to be too strong to be due to an overtone or combination 
mode, and therefore probably arises from Fermi reson- 
ance of tlie overtone of the 885 cm-l band with the car- 
bony1 stretch. The low-frequency band is much the 

CarbofLyZ stretchiw vibration. 

RESULTS AND DISCUSSION 
1.r. spectra for pivalaldehyde liquid and vapour are 

shown in Figures 1 and 2, and the liquid-state Raman 
spectrum is shown in Figure 3. The observed wave- 
numbers are listed in the Table, along with the band 
assignments. These conventional descriptions are only 
approximate because most of the normal modes are 
mixtures of group vibrations. 

In its most symmetrical configuration, a molecule of 
pivalaldehyde belongs to  the C, point group and will have 
Raman polarized (u’) and depolarized (a“) bands. 
However, nearly all the a” bands are coincident with a’ 
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FIGURE 2 1.r. spectrum for pivalaldehyde vapour 

bands, and therefore nearly all bands are polarized to 
some extent. 

Vibrationat Assignment.-Car~o?t-~~drogen stretching 
zqibrations. Several bands were observed in the C-H 

G. Sbrana and V. Schettino, J .  Mol. Spctroscopy, 1970, 
33, 100. 
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FIGURE 3 Ranian spectrum for liquid pivalaldehyde 

stronger of the two and therefore has the most v(C=O) 
character. A similar observation was made for propion- 
aldehyde and b~tyraldehyde,~ although for those two 
compounds, the doublet is 1690, 1720 cm-l, with the high- 
frequency band being the more intense and therefore 
possessing more carbonyl character. The observation of 
the Fermi doublet in pivalaldehyde at 1730, 1770 cm-l is 
therefore similar to that observed for the other aldehydes. 

Carbon-hydrogen bending vibrations. The CH, deform- 
ations are easily assigned as given in the Table. The 
C-H in-plane bend of the aldehyde group is assigned to  
the 1380 cm-l Raman band, which appears only as a 
shoulder of the 1367 cm-l i.r. band. This assignment 
fits the Fermi resonance doublet involving the overtone 
of the C-H bend better than would assignment of the 
C-H bend to 1367 cni-l. 

The C-H out-of-plane wag of the aldehyde group is 
generally quite weak,6 and can be assigned to the very 

N. B. Colthup, I,. H. Daly, and S. E. yberly ,  ‘ Introduc- 
tion to Infrared and Raman Spectroscopy, Academic Press, 
New York, 1964. 
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1.r. vapour 
-3470vw 

2969 

2‘319111 
2 883ms 

2696s 

-1736 

1666vw 
1493 

1476 

I 45 7sh 

1371s - 1 2 77\v 
1217111 
1 180~s  

-115ovw 
1 122l-w 

104i 

3 036 
0421nw 
930w 

-878~h 

773 

767 
726w 

593m 

1.r. and Raman spectral data a for pivalaldehyde 
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2 x v(c=O) 
A4ssignment 

v(CH,), asym u” (3) 
2 x 8(CH,) 
v(CH,), asym a’ (3) 
v(CH3), sym a’ 
v(CH,), sym a’ 

Fernii doublet a’ 

2 x 1380 + v(C-H) 
Fernii doublet 

2 x 885 + v(C=O) a’ 

885 4- i65  

6(CH,), asym a’, a’’ 

6(CH,), asym a’, a’’ 
6(CH,), asym a’, a” 

8(CH,), sym a’ 
8 (C-H) , in-plane a‘ 
6(CH,), sym a‘, a” 

v(CC,), asym a’, u” 
v(C-c) a’ 

p(CH,) a‘, a” 

p(CH,) a’ 
p(CH,) a’, a” 

P(CH3) a’ 

y(C-H) a‘’ 

v(CC,), S~‘I l1  a‘ 

2 x 350 
2 x 321 
S(CC0) a’ 

Skeletal 
bends 

a s = Strong, in = medium, w = weak, v = very, sh = shoulder. 
the Raman hands, or are labelled as d for depolarized, or p for p < 0.1. 

Depolarization ratios, 30.05, are given in parentheses for 

weak 800 cm-l band. The corresponding wavenumber 
in propionaldehyde is 805 cm-1.6 

Carbon-cayboB stretching vibrations. By comparison 
with other t-butyl compounds, the C-C stretch involving 
the aldehydic carbon atom can be assigned to the band 
at 1277 m-l .  The value for Me&CH=CH, is 1271 ~ r n - l . ~  
The CBut group will have two antisymmetric (a’ + &‘I) 

and one symmetric (a‘) CC, stretches. The antisym- 
metric CC, stretch in Me&CN is doubly degenerate and 
was assigned to  a depolarized Raman band at 1209 
cm-l. For pivalaldehyde, the i.r. band at 1220 cm-l can 
be assigned to both antisymmetric stretches. The 
Raman band is partialIy polarized, indicating an over- 
lapping of the a’ and a” bands. 

The symmetric CC, stretch can undoubtedly be 
assigned to the intense Raman band at 763 cm-l. This 
value is higher than has been observed previously for this 
vibration in other compounds, probably because of 
mixing with S(C-C=O). 

MethyZ rocking vibratiom. The four bands observed 
at 885, 930, 943, and 1041 cm-l in the i.r. spectrum can 
confidently be assigned to  methyl rocking modes. How- 
ever, there are six such vibrations, distributed as 3a’+ 
3a”. The 885 cm-l band can be assigned solely to an a’ 
rock and the 1041 cm-l band is assigned t o  an a‘, a” pair 
by comparison with t-butyl cyanide, whose corresponding 
values are 880 (a,) and 1033 cm-l (e). One of the 930, 
943 cm-l pair must represent both an a‘ and a“ rock, 
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corresponding to the other type e rock in Me&CN at 
939 cm-l. This pair is assigned to the 930 cm-l band by 
analogy with Me3CCH=CH,. Although these bands are 
discussed here as being due to methyl rocking modes, 
there is normally mixing between methyl rocking and 
C-C stretching ~o-ordinates.~.~ 

Skeletal bending vibrations. The skeletal bending 
modes consist of the CCO bend (a’), which can be 
assigned to the intense highly polarized Raman band at  
591 cm-l, two CC, rocks (a‘ + a”), and the three CC, 
deformations (2a’ + a”). These last five modes must 
be assigned to the last five bands listed in the Table, but 
the order is uncertain. For t-butyl cyanide, the type e 
CC, rock was assigned as 578 cm-l and the CC, deform- 
ations were assigned as 375 (a,) and 360 cm-l (e). How- 

Acta, 1963, 19, 117. 
’ J. H. Schachtschneider and R. G. Snyder, Spectvochim. 

ever, for t-butyl fluoride,8 the C-F rock (e) was assigned 
as 335 cm-l and the CC, deformations as 461 (e) and 409 
(a,). The main difference lies in the rocking frequencies, 
and both assignments were supported by normal co- 
ordinate calculations. 

There is a very weak depolarized Raman band, 
observed as a shoulder at ca. 245 cm-l, that may be a 
methyl torsion, or two overlapping torsions, as predicted 
by Ronn and Woods from their microwave studies. 
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Devlin for obtaining the Raman spectra. 
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