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although only around 10 % of the total
naphthalene present is converted at higher
protein concentrations, an appreciable fraction
of the very small amount of hydrocarbon added
may rapidly dissolve into microsomal struec-
tures rich in lipids where it is not immediately
accessible to oxidation during the limited time
period during which the reaction was followed.
By adding 156—20 ul of & 4 X 102 M unlabelled
naphthalene solution in ethanol the range of
linearity was extended as shown in Fig. 2. A
more detailed analysis of the microsomal
oxidation of hydrocarbons will be published
elsewhere.® The Fenton reagent as expected,’
efficiently oxidized naphthalene.
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Several investigations have been per-
formed on the molecular structure of
oxalyl chloride, C,04Cl,. Luvalle ! obtained
from electron diffraction data the bond
distances and angles listed in Table 1.
Groth and Hassel suggested that the mole-
cule in the solid phase is nearly in the
planar trans form.? The X-ray diffraction
method had been used. Contrary to what
had been reported earlier,® Hencher and
King claimed that a satisfactory analysis
of the infrared and Raman spectra of
oxalyl chloride can be made by assuming
the molecules to be in the planar trans
form only.* A dipole moment for oxalyl
chloride in the benzene solution has been
reported.® However, microwave investiga-
tions on oxalyl chloride in the gas phase
did not indicate any dipole moment.®
Because of the conflicting opinions which
are found in the literature as to the struc-
ture of oxalyl chloride, it was decided to
make further investigations by the electron
diffraction method.

Ezxperimental. The electron diffraction data
were obtained at the University of Oslo. The
nozzle-to-plate distances were about 48 and 19
(cm). A modified s® sector was used. The data
were treated according to the procedure de-
scribed by Almenningen et al.” An experimental
background was first drawn and later on

Table 1. Least-squares results. Distances rg(1)®
and root-mean-squares amplitudes of vibration
(u) both with standard deviations (g) in A.
Uncertainty of wavelength is also included

in o,.

rg(1) o, u Ty
C—C 1.534(1.50%) 0.003 0.033 0.003
C—0 1.189 (1.20 @ss.r) 0.002 0.045 0.001
C—Cl 1.749 (1.721) 0.003 0.058 0.001
C—0 2410 0.005 0.058 0.003
0—Cl 2.602 0.004 0.061 0.002
C—Cl 2.732 0.070 0.004

/. CCO: 124.1° (123°1), / CICO: 123.5° (123°1).
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adjusted by considering the observed and the
calculated radial distribution (RD) curve for
Angstrém values less than 1. The experimental
molecular intensity function (s-M(s)) was ob-
tained for s values from 1.25 to 42.25 (A1),
The RD curves were obtained by Fourier
transformations of the modified intensity func-
tions 8- M(s)-exp(—0.0009s%). The structure was
refined by the least-squares methods on the
intensity functions treating separately the
distances which are depending on the angle of
internal oscillation about the C—C bond. For
these distances the weight functions were
chosen proportional to exp[—4.0 sin%(v/2)].
The angle of internal rotation v is equal to zero
for the planar trans form and calculations were
done for v =0, 6 ..... 180 (°). Complex
scattering amplitudes were used.

Structure determination. Each COCl group
and adjacent carbon atom are assumed to
be coplanar. Approximate values for the
bond distances and bond angles were
obtained from the experimental RD func-
tion. Some double bond character of the
C—C bond might be expected if delocalisa-
tion of the s electrons of the carbonyl
groups are assumed. Accordingly, planar
molecular models were first considered. On
the experimental RD curve there is no
peak which might be assigned to the C1—Cl
distance for the model in the c¢s form.
The calculated RD curve based on the
trans form of the molecular model agreed
quite well with the observed one, apart
from the outer regions of these curves.
Better agreement for this region was ob-
tained when internal oscillation about the
C—C bond was assumed. The weight func-
tions of the distances O—0, O—Cl, and
Cl—Cl which are depending on the angle
of oscillation, were chosen proportional to
oxp[—4.0 sin%*(v/2)], after having tried
various functions. The w values of these
bonds were assumed independent of the
angle of rotation and were chosen equal
to 0.070 A (0—0), 0.090 A (0—Cl), and
0.080 A (C1—Cl). The attempt of improv-
ing these w values in the least-squares
refinement was unsuccessful. This has not
yet been studied further. The structural
parameters obtained from the least-squares
calculations are listed in Table 1. The
calculated curves (Figs. 1 and 2) are based
on these values. For comparison, the RD
curves based on the models in the trans
and in the cis form are also drawn in Fig. 2.

Discusston. From this investigation on
oxalyl chloride in the gas phase it may be
concluded that the planar trans form is
the equilibrium conformation but that the
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Fig. 1. Experimental (A) and theoretical (B)
molecular intensity curves.
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Fig. 2. Radial distribution curves, A, experi-
mental curve and B through D theoretical
curves. B, final model, C, model in the planar
trans form, and D, model in the planar cis form.
Artificial damping constant: k& = 0.0009 A2,

torsional oscillation about the C—C bond
has rather large amplitudes. The C—C
distance obtained (1.53¢4 A) does not
indicate any double bond character of this
bond.

A full account of this investigation including
also diffraction data obtained with 130 cm
between nozzle and plate, will be published
later.
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Infra,red and Raman spectra of silicon
tetraisocyanate (Si(NCO),) have been
interpreted both by assuming pseudo 7'y
symmetry (not necessarily linear SiNCO
group)! and by assuming ‘“‘true’” 7T; sym-
metry (linear SINCO group) 2 for the molec-
ular structure. As electron diffraction and
other studies on molecules containing iso-
cyanate groups give the bond angle at the
nitrogen atoms different from 180° (Table
1), it was of interest to investigate Si(NCO),
also by electron diffraction.

Experimental. The compound was prepared
using the method of Forbes and Anderson.?
The electron diffraction data were obtained
at the University of Oslo. The nozzle-to-plate
distances were about 19 and 48 (cm). A modi-
fied s® sector was used. The data were treated
according to the procedure described by
Almenningen et al.* The experimental back-
ground was adjusted by considering the ob-
served and the calculated radial distribution
(RD) curve for Angstrém values Jess than 1.
The experimental molecular intensity function
(s-M(8)) was obtained for s values from 1.5 to
45.0 (A1). The RD curves were cbtained by
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Fourier transformations of the modified inten-
sity functions s.M(s)-exp(—0.0036s%). The
structure was refined by the least-squares
methods on the intensity functions assuming
the N—O distance of the NCO group to be
“independent” and treating separately the
distances depending on the angle of rotation of
the NCO groups about the Si—N bonds. These
distances were calculated for every 30° of angle
of rotation. Complex scattering amplitudes
were used.

Structure determination. The molecular
models considered were based on the as-
sumption of linear NCO groups and
tetrahedral arrangement of the nitrogen
atoms. Approximate values of the inter-
atomic distances were obtained from the
experimental RD curve which gave only
the Si—N distance resolved. Various
structures were tried and satisfactory

ment was obtained when assuming the
N —C bond distance somewhat longer than
the C—O bond distance and the bond
angle at the nitrogen atom about 150°.
In order to obtain agreement for the outer
regions of the RD curves various “rigid”
models and models based on rotating NCO
groups were tried. “Non-bonding” repul-
sions were considered for the postulations
of the “rigid” models and of the various
probability functions for assumed internal,
hindered rotation of the NCO groups about
the Si—N bonds. Best agreement was ob-
tained however, when free rotation was
assumed. The u values of the distances
which are depending on the angle of rota-
tion, were assumed independent of this
angle and were chosen equal to 0.10 A
(N—C and N—O) and 0.15°A (C—0, C—C,
and O—O0). The attempts of improving
these u values in the least-squares refine-
ment were unsuccessful. This has not yet
been studied further. The structural param-
eters obtained from the least-squares refine-
ment are listed in Table 1. The calculated
curves are based on these values (Figs. 1
and 2). For comparison, the RD curve
based on one of the “rigid’’ models, the one
of symmetry D,; and the eclipsed configu-
ration, is also drawn in Fig. 2. The RD
curve based on the model of the same
point group but of the staggered configura-
tion is even more unfavourable.

Driscussion. The N—O distance for the
NCO group is obtained 0.008 A shorter
than the sum of the N—C and C—O bond
distances. This may be assumed due to
“ghrinkage effects””. The wvalues of the
bond distances and the bond angle at the



