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he molecular structure of acrolein is a

natural choice for inclusion in the present
research series. The molecular structure of
this molecule was studied by microwave
spectroscopy in 1966! and more recently
by electron diffraction.? When the latter
results appeared, however, the experi-
mental part of the investigation reported
here was already carried out, and 1t was
decided to continue the structure study.
Even if the structural results may be of
somewhat reduced interest, it might be
worth while to compare results obtained
by different electron diffraction labora-
tories.

The experimental data for the electron
diffraction study of acrolein were recorded
at two camera distances, approximately
48 cm and 19 em. The data were combined
to give an experimental molecular intensity
function (sM(s)-function) in the s-range
1.25—45.0 A-. The molecular structure
was studied by least squares refinements
of the experimental molecular intensity
function and by following the progress on
radial distribution functions. In the struec-
ture analysis all C=C—H angles were
assumed to be equal and the CH bond
distance in the aldehyde group was assumed
to be 0.02 A larger than the other CH
bond distances.

Table 1 lists the final results for the
internuclear distances and mean amplitudes
of vibrations for acrolein. The distances
are arranged in order of increasing inter-
nuclear distance so that it will be easy to
identify them in Figs. 3 and 4 which show
the experimental and theoretical radial
distribution functions when two different
damping constants are applied. The solid
bars represent relative contributions from
the internuclear distances listed in Table 1.
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Table 1. Observed internuclear distances and
mean amplitudes of vibrations for acrolein.
(All values are given in A units).

Distance  74(1)  a(rg(1)) u a(u)
C,—H, 1.0787 0.0021 0.0776  0.0020
C,—H, 1.0987 0.0790 ¢

C=0 1.2093 0.0006 0.0382  0.0006
C=C 1.3401 0.0011 0.0439  0.0008
c-C 1.4807 0.0013 0.0548  0.0010
O---H, 1.9964 0.1000¢

Cy---Hy  2.1153 0.1000¢

C,-oH,  2.1924 0.1000¢

C,---H,  2.2098 0.1000 4

O.-C, 2.3860 0.0636  0.0015
Cye-Cy 2.4420 0.0787  0.0027
Cs'--H;  2.6368 0.14004

C,--Hy 2.6674 0.16004

0---H, 2.6917 0.13764 - -
C,---Hgt  3.4402 0.1000°

0:-C; ~  3.5566 0.0722  0.0024
O--"H, -3.8651 0.1300 4

O---Hg'  4.4798 0.12004

% Assumed values.

The numbering of the atoms in acrolein
is illustrated in Fig. 1. Table 1 and Figs. 3
and 4 include all internuclear distances
except the hydrogen-hydrogen distances.
Some of the mean amplitudes of vibra-
tions in Table 1 are marked with an
index a. They are assumed values and are
approximately the same as wu-values cal-
culated from spectroscopic data.®
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Fig. 1. Acrolein. Molecular model which shows
the numbering of the atoms.
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Fig. 2. Aocrolein. Experimental ( ) and
theoretical (- - =) molecular intensity functions
and the difference between them.
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Fig. 3. Acrolein. Experimental ( ) and
theoretical (- - -) radial distribution functions

and the difference between them. Artificial
damping constant: 0.0009.
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Fig. 4. Acrolein. Experimental ( ) and

theoretical (- - =) radial distribution functions

and the difference between them. Artificial
damping constant: 0.0024.
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Table 2. Comparison of structural results for acrolein. (Bond lengths in A units and angles in

degrees).

Parameter Present study St.dev.? Ref. 1 (MW) © Ref. 2 (ED)°
C,—H, 1.09874 1.108 4-0.003 1.12340.027
C,—H, 1.0787 0.0021 1.0864-0.005 1.0944-0.010
C=C 1.3401 0.0011 1.345--0.003 1.33540.005
Cc-—-C 1.4807 0.0013 1.4704-0.003 1.4784-0.005
C=0 1.2093 0.0006 1.2194-0.005 1.2084+0.003

/.CCC 119.85 0.371 119.83-+0.167 121.04-0.7
/.CCO 124.69 0.230 123.27+0.333 124.04-0.7
/C=C—H 121.69 1.711 121.424-0.167 ¢ 120.741.3
/. C,CH, 115.62 1.002 115.104-0.167 114.74-1.3

% The standard deviations are results from the least squares refinements of all parameters

simultaneously. ?

7, Structure. ¢ Zero-point average structure. ¢ C,—H, assumed to be 0.02 A

larger than C,—H,. ¢ Average of the three C=C—H angles.

The experimental molecular intensity
function is shown in Fig. 2 together with
the theoretical sM(s)-function calculated
for the final molecular model.

Cherniak and Costain ! report a negative
value for the ground state inertial defect
(4=—0.0212 amu-A?) in their microwave
study of acrolein. They state that this
might be an indication that the molecule
is not exaectly planar, but conclude that
other observations make it reasonable to
assume that acrolein has a planar trans
structure. When non-planarity is allowed
for in the present least squares refinements,
a torsion angle of 11.2° around the C,—C,
bond gives slightly better results than an
all-planar molecular model. The torsion
angle around C,;—C, leads to reductions in
the longer internuclear distances which
are of the same order of magnitude as
might be expected because of shrinkage
effects. (The O---C; distance is for
example reduced from 3.5628 A to 3.5566
A.) As a result of the present study it can
therefore be concluded that the molecule
does not deviate significantly from a
planar trans conformation.

In Table 2 the molecular parameters
obtained in the present investigation are
compared with the recently reported
microwave ! and electron diffraction ? re-
sults. The standard deviation values listed
in column 3 are those resulting from the
least square refinements when all param-
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eters were varied simultaneously and when
a diagonal weight matrix was applied.
The error limits for the determined param-
eters are probably about three times
larger than the standard deviation values.
It will be seen from Table 2 that the ob-
served bond distances are in best agree-
ment with the results of Kuchitsu et al.?
while the observed bond angles correspond
most closely to those determined by
Cherniak and Costain.! All the observed
parameters are, however, in satisfactory
agreement with both the earlier structure
studies.
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