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Electron Diffraction and Molecular Structure: Carbonyl
Compounds!

By RarLre W. DORNTE?

This investigation was undertaken to determine the effect of the oxygen
double bond on the valence angles of the carbon atom. Previous work?
has shown that the angle between the halogen atoms of disubstituted
methanes is 125° and becomes 115° in the case of the trisubstituted meth-
anes. It seems desirable, therefore, to study this effect in carbonyl
compounds and to determine their molecular structures.

The angular intensity of electrons diffracted by gas molecules with
random orientation may be calculated by the equation®
sin x;;

I = kI3 —
2

(1)
in which

xij = 4wl sin 6/2/\ (1a)
I is the relative intensity of electrons scattered at the angle 6, % is a con-
stant under the experimental conditions, the ¥'s are the electron scattering
coefficients of the atoms, J;; is the distance between the ith and jth atoms
of the molecule and M is the wave length of the electrons. The double
summation extends over all atoms of the molecule considered. The self-
consistency of Wierl’s results® and their agreement with x-ray diffraction
data have shown that Z, the atomic number of the atom, may be sub-
stituted for  in Eq. 1 rather than the expression derived by Mott.® This
simplified calculation of the theoretical intensity curves has been employed
in the present work.

Experimental Procedure.—The procedure for electron diffraction is to
allow a narrow beam of electrons to intersect a gas stream and to register
the diffracted electrons on a photographic plate. The apparatus followed
essentially the design by Wierl.” A hydrogen discharge served as a source
of electrons which were accelerated by constant potential D. C.2 The
accelerating potential was measured by a calibrated electrostatic’ volt-
meter. The electrons entered the diffraction chamber through a circular
slit (0.1 mm.) in the electron nozzle which was at right angles to the gas
nozzle. A trap immediately above the gas nozzle condensed the gas
entering the diffraction chamber, which was evacuated by a high speed
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diffusion pump.® A mechanical shutter interrupting the electron beam
controlled the time of exposure. The diffraction photographs were photo-
metered with a Zeiss recording microphotometer; the diameters of the
diffraction rings were measured on the enlarged photometer curves. This
procedure avoided the physiological error inherent in measurements on the
diffraction picture.

Preparation of Materials.—Carbonyl sulfide was obtained by dropping
50¢7 sulfuric acid on potassium thiocyanate. The gas was purified by
. passage through a concentrated solution of potassium hydroxide, concen-
trated sulfuric acid, calcium chloride and charcoal. The product was con-
densed and fractionated.

The carbonyl chloride was a Kahlbaum product which was dried over
phosphorus pentoxide and frac-
tionated. /'\

Carbonyl bromide was pre- 7 , N
pared by the action of concen-
trated sulfuric acid on carbon

tetrabromide and purified by /," cOS \
shaking with mercury and frac- ' \
tionation. :

The acetyl chloride and PATIRY /-/_\\
bromide were obtained from the 2 . / X
Eastman Kodak Company and

. P4 \ \
were fractionated. '/_/ “ CQC], COBr, %

Results and Discussion .

The photographs were ob- \ / \
tained with electrons having a A\

wave length corresponding to 4 X

4.3. kv. Figure 1 shows typlcal /_' CHCOCI .\\_' CHCORr
microphotometer curves of the

diffraction pictures. The ab- gy | Microphotometer curves of electron dif-
scissas of these curves have been fraction photographs.
enlarged two-fold to emphasize
the ‘“‘bumps’’ indicating the diffraction maxima. In Table I are recorded,
(1) the x values of the diffraction maxima, calculated for a definite mo-
lecular model, (2) the experimentally determined values of sin ©/2/\ for
each maximum and (3) /, the corresponding carbon-oxygen interatomic
distance in A.

For carbonyl sulfide the relative intensity equation becomes

inx sin 1.40 x 2.40 x
;}" 2ZcZo *i—- + 82625 ‘1 o +220Zs “‘; e T+ 242 (2)
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TABLE 1
x (Sin 6/2)/N  I{C-0in &) x (Sin ©/2)/7  (C-0in A.)
Carbonyl Sulfide Acetyl Chloride
5.85 0.412 1.13 3.30 0.232 1.13
8.60 .604 1.13 5.80 .400 1.15
10.75 759 1.13 8.55 .597 1.14
C-S = 1.58 = 0.08 A. 11.50 794 1.15
C-0=1.13 = 0.05 c-0 =1.14 = 0.05 A.
Carbonyl Chloride 8_8 = 15421 : 808)
3.10 0.221 1.11 <C—1C—C1 _ ligo N 1(‘)},(
5.40 .385 1.12
8.05 588 1.09 Acetyl Bromide
12.40 .854 1.14 3.15 0.217 1.15
Cc-0 =1.12 = 0.02 A. 5.30 .376 1.12
c-Cl1 = 1.80 = 0.04 7.75 . 547 1.13
Cl-0 =2.62 = 0.05 10.50 742 1.12
<Cl-C-Cl = 110° = 5° 12.80 .903 1.13
Carbonyl Bromide g_g = i;z : 88;’ A
L e 1n CBr = =2.06=0.10
715 503 <C-C-Br = 110° =10
8.70 .610 .
11.05 776 1.13
C-0 =1.13 = 0.02 A,
C-Br =2.056 = 0.04
Br-O =2.85 = 0.06
<Br-C-Br = 110° = 5°

Equation 2 has been found to give the best correlation of the calculated
and observed maxima, and is based on a linear model with C-O = 1.13
and C-S = 1.58 A. A linear structure is consistent with the rather small
electric moment of carbonyl sulfide.® The crystal structure of solid
carbonyl sulfide has been determined by Vegard,!* who found a linear struc-
ture with C-O = 1.10 and C-S = 1.96 A. Dadieu and Kohlrausch!?
determined the interatomic distances, C-O = 1.04 and C-S = 2.38 A., from
the Raman effect and previous results on the infra-red absorption spec-
trum.!® The nuclear separations obtained in this investigation are in good
agreement with Wierl’s results for carbon dioxide and carbon disulfide’
and with the values C=0 = 1.13 and C=S = 1.63 A. which are derived
from the atomic radii formulated by Pauling.!* It seems probable that
the discrepancy among the several values for the interatomic distances
of carbonyl sulfide may arise from resonance between two or more Lewis

(10) C. P. Smyth, ‘“Dielectric Constant and Molecular Structure,’” The Chemical Catalog Co.,
1nc., New York, Appendix 1.

(11) L. Vegard, Z. Krist., 77, 411 (1931).

(12) A. Dadieu and K. W. F. Kohlrausch, Pkysik, Z., 38, 165 (1932).

(13) C. R. Bailey and A. B. D. Cassie, Proc. Roy. Soc. (London), A188, 375 (1932).

(14) L. Pauling, Proc. Nat. Acad. Sci., 18, 293 (1932),



Oct., 1933 MOLECULAR STRUCTURE OF CArRBONYL COMPOUNDS 4129

structures of the molecule as in the case of nitrous oxide.!* For phosgene
Eq. 1 becomes

I sin % sin 1.61 x sin 2.34 x 2 sin 2.64 x)
£ = 02c2o S5 4 4220 ST 4 a2z TRET ozt (1 4+ S50 ) +

Zi+2Zs (3

This intensity equation is based on a plane ‘‘Y” model with a 110° angle
between the carbon—chlorine bonds. Intensity curves were calculated
with this angle taking values from 100 to 135°, but the best correlation
of calculated and observed maxima was obtained at 110°. The intensity
distribution for carbonyl bromide is

I sin x sin 1.81 x sin 2.52 x 2 ( sm 1.97 x)
7= 22020 —— 4 4ZcZp: TR + Moznrm + 275, 197 +
Zo +2Zy @

which is based on the same model as phosgene. The carbon-oxygen inter-
atomic distance in carbonyl chloride and bromide (1.13 A.) agrees well
with the values obtained for formalde-
hyde (1.15 A.) by electron diffrac-
tion, and 1.2 A. from the absorption
spectra.’” The absorption spectrum cos
of phosgene®® indicates a plane “V”
structure similar to formaldehyde.
An angle greater than 110° might be
expected in carbonyl chloride and
bromide since an angle of 125° was
found in the methylene halides. This
difference seems reasonable when the
interaction of the dipoles is consid-
ered. The repulsion between the car-
bonyl group and the halogen atoms is
probably equal to the mutual repul- CH;COC!
sion of the halogen atoms.

The effect of the hydrogen atoms
was neglected in the 1ntens1.ty curves 2‘ 4' 6. 8‘ ; (‘) 1‘2 1'4* 1?5
for acetyl chloride and bromide. The . . .

Fig. 2,—Theoretical intensity curves.
hydrogen—-oxygen and hydrogen—
halogen interatomic distances are variable if free rotation ocecurs around
the carbon-carbon bond. Intensity curves were calculated for plane
structures with 115, 125 and 135° angles between the carbon-oxygen and
carbon-halogen bonds. A slightly better correlation of the maxima was
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possible for the usual tetrahedral model. The intensity equation for acetyl
chloride is

sz (B0 4 L) gy (o 8L g (110
sin 2.44 x sin 2.34 x 2 2
244 x ) +t22oZa—gg t 2ot Za ()

and the equation for acetyl bromide is

I _ sinx | sin2.11x% " sin 1.36 x (sin 1.82 x
R = 2Z°Z°( = T oils ) + 226 (1 * T36% ) +2ZcZm:\ 155 T
sin 2.62 x sin 2.53 x 2 2 .
2.62 x ) +2ZoZn —55a t 2o+ Zn: (6)

For these molecules the angle between the carbon—carbon bond and the
carbon-halogen bond is 110 = 10° while the other angles are each 125 =
10°. The molecular structures of acetyl chloride and bromide are quite -
similar to the structure of acetone!® which has been determined by the
same method. Interatomic distances common to the three structures are
in agreement.

Summary

The molecular structures of carbonyl sulfide, chloride and bromide, acetyl
chloride and bromide have been investigated by electron diffraction. The
results are in agreement with other structural determinations. Carbonyl
sulfide has been found to have a linear structure. The other molecules
have been represented by plane ‘Y’ models. An angle of 110° has been
found between the halogen atoms of carbonyl chloride and bromide. The
tetrahedral model has been found for acetyl chloride and bromide. The
carbon-oxygen interatomic distance has been found constant in the car-

bonyl compounds.
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