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The analysis of the calculations carried out has
shown that with 7 < 3, the value of the primary extinc-
tion factor can be determined with an error of 1-5%
using the following approximate expressions:

yp=y2(1 —2tan ;) + yL 2 tan 6, (3.2)
with 0 < tan 6, < 0-5 and
tanh
Yp=Yp= ;e {1 + 0-445 exp[—1-64 tan® 6,
— 1.09(t — 2-6 cos 6,)*]}* (3.3)

with 0-5 <tan 6, < 1.

In the Bragg case the primary extinction factor for
the square-section parallelepiped is greater than the
factor for an infinite plate of the same thickness. This
difference is greatest for small Bragg angles.

Conclusions

On the basis of X-ray dynamical diffraction theory the
calculations of the primary extinction factor y, and of
the profile function of the scattering curve for a crystal
block in the form of a square-section parallelepiped
have been carried out. The calculations made it possible
to determine the character of the variation of the scat-
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tering curve as a function of the size of the crystal,
the zero Fourier coefficient of polarizability and the
Bragg angle. It has been found that the primary extinc-
tion factor, when the crystal size does not exceed the
extinction length (r < 1), does not depend on Bragg
angle and is determined only by the size of the crystal.
When 7 > 1 the relationship of primary extinction factor
to 7 is affected by the Bragg angle. When the Bragg
angle is small, the factor y, has oscillations which are
caused by the Laue diffraction contribution. Approxi-
mate relationships for estimating the primary extinction
factor have been found.
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Self-Crystallizing Molecular Models. V. Molecular Charge Density Contours
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Molecular models with magnetic multipoles, which are used for simulating crystal structures, should resemble
the actual molecules not only with respect to multipoles but also in shape. To obtain better knowledge of
molecular shapes, charge-density contours have been calculated and illustrated for H,, N,, F,, CO,, C,H,,
CH,, CF,, BF; and C,H,. The orthorhombic, low-temperature structure of solid acetylene established by
Koski & Sandor [4cta Cryst. (1975), B31, 350-353], has been discussed on the basis of the molecular shape
and the mechanism of phase transition from the cubic phase.

Introduction

The molecular models with magnetic multipoles,
reported in this series of papers (Kihara, 1963, 1966,
1970, 1975), were invented for the purpose of ex-
plaining the crystal structures of nonpolar molecules.

If the molecules do not possess any appreciable
electric multipoles, the crystal structures are governed
by the condition of closest packing of the molecules.

If, on the other hand, the molecules have sufficiently
strong electric multipoles, the electrostatic interaction
often governs the crystal structure. This electrostatic
multipolar interaction between molecules can be re-
placed by magnetic interaction between molecular
models with magnetic multipoles. A structure into
which these models are assembled will simulate the
actual crystal structure.

The molecular model should resemble the actual
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molecule not only with respect to the multipole
but also in shape. It is true that, in some respect, the
shape of a molecule may be simplified, or idealized, in
its model; the molecule of benzene, for example, is
represented by an axially symmetric model. However,
an oblate spheroidal model cannot be used for benzene.
Similarly, the molecule of cyanogen N=C—-C=N
cannot be represented by a model of convex shape.

In parts II and IV, a prolate spheroidal quadrupolar
model was introduced for acetylene HC=CH. Part IV
contains the following statement: ‘A cubic Pa3
structure with four molecules per unit cell and an
orthorhombic Pnnm structure with two molecules per
unit cell are formed by this model. The former simulates
the crystal structure of acetylene above —140°C; the
latter simulates, probably, the unestablished structure
below —140°C.’

The low-temperature modification of solid acetylene,
however, has been established by Koski & Sandor
(1975) to be Cmca with four molecules per unit cell, by
neutron powder diffraction study of C,D,. Thus it has
been revealed that a prolate spheroid does not correctly
represent the shape of the molecule of acetylene.

Better knowledge of the shape of molecules is now
needed. The present paper starts from a correct
understanding of the molecular shape — the shape of the
electron cloud in a molecule.

Charge-density contours

The contours of charge density in atomic units are
illustrated in Figs. 1-9 for typical nonpolar molecules.
‘1 A.U.” means the unit length in atomic units, or the
Bohr radius, 0-529 A. The outermost contour indicates
a charge density 0-002, or 0-002 e per cubic Bohr
radius. It has been confirmed that this contour repre-
sents the size and shape of the molecule in gaseous and
solid states. The density value of the nth contour from
the outermost is 0-002 x 271,

For CH, and for CF, the charge-density distribution
is shown by a set of density contours in a plane of

H —
2 1 AU.

Fig. 1. Electron-density distribution in hydrogen. The density value
of the nth contour from the outermost is 0-002 x 2"~ ! in atomic
units.
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symmetry; for BF; and for C,H,, in two orthogonal
planes of symmetry.

All these contours have been calculated on the basis
of Snyder & Basch’s (1972) table of molecular wave

N
1 AU.
Fig. 2. Electron-density distribution in nitrogen.

Fig. 3. Electron-density distribution in fluorine.

©J<1©

—
W, 1au.
Fig. 4. Electron-density distribution in carbon dioxide.

< =

—i
(ol 1 AU
Fig. 5. Electron-density distribution in acetylene.
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functions, which are composed of Gaussian rather than
exponential functions. The use of a set of Gaussian
functions, however, does not affect the results as long

—
CHy 1 AU.

Fig. 6. Electron-density distribution in methane.

—
CFy 1 AU

Fig. 7. Electron-density distribution in carbon tetrafluoride.

BF2

1 AU
Fig. 8. Electron-density distribution in boron trifluoride.
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as the density is larger than 103 in atomic units. The
charge-density contours for N,, F, and CH, are con-
sistent with the results of other authors (Bader,
Hennecker & Cade, 1967; Turner, Saturno, Hauk &
Parr, 1963).

For H,, N,, CO, and CF,, these figures consolidate
the foundation of our molecular models (Models 1, 2
and 11 in part IV).

Phase transition in solid acetylene

On the basis of Fig. 5, the molecular model of
acetylene should be as in Fig. 10. By this model the
othorhombic Cmca and Pnnm structures can be formed
as well as the cubic Pa3 structure. It is not possible,
therefore, to explain the reality of Cmca by means of
our molecular model alone.

The following is, however, a satisfactory explanation.
Since the thermal motions result in the enlargement
of the effective size of molecules, the molecular shape
at high temperatures is effectively closer to a sphere

—
1 AU

Fig. 9. Electron-density distribution in ethylene.

CoMy

Fig. 10. Magnetic model of the acetylene molecule.
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than at low temperatures. The high-temperature
structure of solid acetylene is in fact cubic Pa3, the
characteristic structure into which quadrupolar spheres
are assembled. This cubic structure (Fig. 11) can
change to Cmca (Fig. 12) by rotation of the molecules
through an angle 45°, whereas the rotation of some
molecules through 90° is necessary for the transition
to Pnnm (compare Fig. 11 and Fig. 12 in part II). The
barrier to Cmca is possibly lower, thus favouring the
transition to this structure.

A unit cell of the Cmeca structure in which our
molecular models are assembled has the ratios a/c =
a 0-85 and b/c = 0-95, which correspond to a/c =

0-896 and b/c = 0-970 observed by Koski & Sandor
Fig. 11. Cubic Pa3 structure simulating the crystal structure of  (]975),
acetylene at high temperatures.

One of the authors (TK) thanks Dr H. K. Koski for
useful information. Thanks are due to Dr K. Miyoshi
for valuable advice on the display of charge-density
contours.
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Elimination of Extinction by a Temperature Gradient
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Experiments with crystals of a KNCS.C,,H,,0, complex show that the integrated intensities of reflections
showing strong extinction can be raised to their expected kinematic values when the crystal is subjected to a
temperature gradient. The intensity increases are accompanied by a broadening of the diffraction peaks and
are reversible with no detectable hysteresis. These observations seem to be incompatible with the mosaic-
crystal model. Local variations in the extinction behaviour have been detected by using a fine incident beam
and suggest inhomogeneity of crystal texture. The intensity increases are probably connected with a
reduction in the mean size of the perfect crystal domains, i.e. with a decrease of the mean spatial correlation
length within the crystal.

Introduction present paper describes some experiments that bear on

this problem. It is shown that application of a temper-

Extinction is one of the most serious problems in ature gradient (TG) to a crystal during the diffraction
accurate X-ray diffraction intensity measurements. The process can reduce, or in some cases even eliminate,



