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Effect of Neglect of Dispersion in Centrosymmetric Structures: Results for OsO,
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The 0-03 A difference between the Os—O bond lengths reported for crystalline and gaseous OsO, is
shown not to be caused by neglect of anomalous dispersion corrections in the crystallographic refine-
ment of a centrosymmetric structure. Small shifts in the scale factor and vibration parameters caused
by anomalous dispersion are explained by a simple theory.

The crystal structure of OsO, (space group C2/c) was
determined and refined by Ueki, Zaltkin & Templeton
(1965), who showed that it contains nearly tetrahedral
molecules OsO,, with average Os-O bond distance
1-74+0-02 A, uncorrected for the thermal motion. The
same molecule was studied by gas electron diffraction
(Seip, 1967) and the bond distance R, was 1:712 + 0-002
A. We have examined whether this disagreement could
be due to the lack of allowance in the X-ray investiga-
tion for the anomalous dispersion of Os (4f'=—1-55
and 4f"' =860 for Mo Ko radiation). Despite the
theoretical arguments (Cruickshank & McDonald,
1967) that no significant shifts in atomic positions are
to be expected for a centrosymmetric structure, we
thought it worth while to undertake actual refinement
in a case with a very large anomalous contribution.

Refinement

The cell dimensions of OsO, are a=9-379, b=4-515,
¢=8-632 A, f=116-6°. The data used were the observed
structure factors of Ueki, Zalkin & Templeton, with
unit weight assigned to each of the 479 reflexions as in
the original paper. The refinement was carried out
with the CRYLSQ program of F. A. Kundell, in which
the anomalous dispersion terms are included in all
structure-factor and derivative calculations. Four dif-
ferent full-matrix refinements of two cycles each were
carried out, starting from the original parameters:

(1) without any dispersion term. The maximum
shift/error in the refinement was 0-1 with no change in
R. The reference parameters in the first column of
Table 1 are from this refinement;

(2) correcting only for 4f""=8-60 on Os;

(3) correcting only for 4f'= —1-55 on Os;

(4) correcting for 41" and 4f’ on Os.

The results are shown in Table 1. No significant
shifts in coordinates occur for the three refinements
with dispersion correction. Thus lack of correction for
dispersion cannot explain the difference between the
X-ray and electron-diffraction values of the Os~O bond
length. (The individual lengths from the fourth refine-
ment are 1-760 and 1-715 A. The mean is 1-738 +0-020
A, to which a rotational correction of about 0-02 A
must be added. The difference from the electron-
diffraction value of 1:712+0-002 A would be signifi-
cant at between the 5% and 1 % levels if the rotational
correction were reliable.)

The only noticeable changes in the refinements are
to the scale factor and the vibration parameters of the
heavy atom. Moreover, in this structure, the error
produced by neglecting 4" is about the same, and in
the opposite direction, as the error produced by neglect-
ing 4f".

Scale and vibration-parameter errors

The small shifts in the scale factor and vibration param-
eters can be explained by simple theoretical considera-
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tions. In the following discussions, the expressions for
the effect of neglecting 41"’ are derived for an atom in
which Af" is zero, and vice versa.

Scale factor

If f=f°+A4f"+idf" is the scattering factor of the
anomalous scatterer (H) and its contribution to the
mean intensity is predominant (as in OsO,), the mean
fractional contribution of 4f” to the F’s can be estim-
ated as {4F)/{|F|)~x" and of A4f" as {4F)/{|F|)
~x"?[2, where x'=A4f"[f°and x"'=Af"/f°. The errors
due to neglect of anomalous scattering will be taken
up both in a change of calculated scale factor and in the
vibration amplitudes. Since all exponential terms are
unity at s=0, the change of scale can be determined on
its own by consideration of behaviour as s—0. Hence
if the F, scale factor with allowance for anomalous
scattering is 1, the scale factor expected neglecting 4f”
is

F, scale factor~1+4x, 0y

or neglecting 41"
F, scale factor~ 1+ x;,%/2 @)

where  xo=(4f"/f )50, Xo =(Af"|f )50 and s=2
sin 6/A. The expressions (1) and (2) give the maximum
change of scale factor. The change will be less for a re-
duced fractional contribution of H to the main inten-
sity.

NEGLECT OF DISPERSION IN CENTROSYMMETRIC STRUCTURES

Vibration parameters
In a centrosymmetric structure with anomalous
scatterers H and non-anomalous scatterers L the struc-
ture factor, ignoring 4f”, is
F(h)=> (fg+idfy) cos 2nh . Xg
+ > fucos2nh.x, .
As the phase angle of F(h) is usually near 0 or 7, |F] is
approximately
|F(h)| | > (/%44 5" cos 2rh . xg
+> fucos2nh.x.]. (3)

If the term 4f” is neglected in the refinement, the
least-squares procedure will try to force a fit multiply-
ing f9 by a pseudo-vibrational factor and shifting the
scale factor so that

[F()|~K]| > f3 exp (—2a*U"'s®) cos 2nh . xp
+2> fucos2mh.x,. (4)

The value of U’ by comparison of (3) and (4) is given
from
[E+Af )2 =Kf exp (—272U"s?).

By expanding exp (—272U"s*)~1—27%U"s? and using
K=1+x¢?/2 as determined earlier, we get
U" ~{—(x""?— x4 2)/4n2s?) 5)

where the brackets indicate a weighted average over the
range of s, depending on the method of refinement

Table 1. Results of refinement of 0OsO,

The x and z fractional coordinates of Os, which is in a special position, are respectively 0-0 and 0-25. The U,; values are in A2,
No significant changes in e.s.d.’s were observed in the different refinements.

Parameters Shifts with  Theoretical ~Shifts with Theoretical Shifts with
without af” shifts due af’ shifts due 4f’ and 4f’
Adf and Af” E.s.d.’s correction to 4f” correction to Af” correction
0-081 0-081 0-082 0-081
F, scale factor 1-000 0-008 —0-008 —0-008 0-023 0-022 0-015

Os y 0-2601 0-0004 —0-00003 from (2) 0-00000 from (1) —0-00004
Uy 0-0186 0-0007 0-00056 —0-00057 0-00004
U, 0-0248 0-0008 0-00057 0-00054 —0-00057 —0-00059 0-00005
Uss 0-0232 0-0007 0-00056 from (5) —0-00043 from (7) 0-00004
Uss 0-:0068 0-0005 0-00025 —0-00025 0-00002

o(1) x 0-121 0-003 —0-0004 0-0001 —0-0004
y 0-037 0-007 —0-0003 —0-0001 —0-0005
z 0-190 0-004 —0-0003 —0-0001 —0-0004
Uy, 0:052 0-015 —0-0015 0-0023 0-0004
U, 0-052 0-016 —0-0030 —0-0012 0-0017 0-0022 —0-0015
Us; 0:065 0-017 —0-0015 from (6) 0-0025 from (8) 0-0011
U 0-011 0-013 —0-0006 0-0005 —0-0001
Uss 0-039 0014 —0-0008 0-0018 —0-0008
Uss 0-002 0-014 0-0000 0-0000 0-0002

0(2) «x 0-115 0-003 —0-0003 0-0000 —0-0004
y 0-477 0-006 0-0004 0-0000 0-0005
z 0-425 0-003 —0-0004 0-0001 —0-0003
Uy 0-048 0014 —0:0017 0-0018 0-0000
U, 0-047 0015 —0-0035 —0:0012 0-0015 0-0022 —0:0020
Uss 0-037 0012 —0-0011 from (6) 0-0014 from (8) 0-:0004
Uy, —-0-011 0012 0-0003 —0-0002 0-0001
Uss 0-004 0-011 —0-0005 0-0002 —0-0004
Uss —0-015 0-011 0-0007 —0-0003 0-0003
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and on the least-squares weights. The effect of neglect-
ing Af"" is thus to decrease isotropically the value of U
of the anomalous scatterer since x”'>x,. As also a
scale shift occurs, and if it is the only effect acting, the
U values of the L atoms are increased by an amount,
which for K=1+x,%/2 can be estimated as

UG ~{xo?[4n%s?) . ©)

The effect of neglecting 4f” can be evaluated with the
same method, for K=1+ x,, from

fa+Afy=Kf§ exp (—2n*U’'s?
as
U’ ~{—(x"—xg)[2n%s?) . )

The effect of neglecting 4/ is thus to increase isotro-
pically the vibration parameters of the anomalous dis-
persor if 4f'<0 or to decrease them if 4" >0. A re-
versed effect can be observed on the U values of the L
atoms, which for a scale shift of 1 + x4, can be estimated
as roughly

Up >~ {xof27%5%) . 8)

Discussion

Columns 5 and 7 of Table 1 show the theoretical shifts
from the uncorrected values on the inclusion of anom-
alous dispersion. These shifts have been calculated
from equations (1)—~(8) with reversed signs. The agree-
ment with the refinement calculations is good for the
scale factor and the isotropic vibration parameters of
Os, and is of the correct magnitude for the oxygen vi-
bration parameters.

The effect of anomalous dispersion on the vibration
parameters caused by the neglect of 4f" and 4f" is
rather small. It depends on the atom type and on the
radiation, as well as on the range of s of the data. For
Cu Ko radiation, the correction required if 4/ is neg-
lected can be estimated in some of the larger cases as
U’'~ —0-0061 for Co, —0-0078 for Ni and —0-0104
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AZ for Sm, and if 4f"" is neglected as U’ ~0-0028 for
Co, 0-0047 for Sm and 0-0020 A? for U. These values
for Cu Ku are several times those shown in Table 1 for
Os with Mo Ko radiation. In a hypothetical two-di-
mensional structure with one cobalt and ten carbon
atoms, Parthasarathy, Sabesan & Venkatesan (1970),
using least-squares, found the correction required for
Co with Cu K« radiation if 41" is neglected to be
U"” =0:0029 A2 Their calculated scale correction was
—0-0117 in comparison with —0-0123 evaluated from
(2) above. [It may be added that these authors discuss
also the presence of spurious peaks in electron-density
maps due to neglect of 4f"; spurious peaks are dis-
cussed also by Del Pra, Ferraris & Mammi (1972).]

An abstract of this work (Gilli & Cruickshank, 1972)
inadvertently reported the theoretical U shifts as 100
times larger than the coirect values shown in Table 1.

Wilson (1972) has also considered the effect of in-
correct dispersive atomic scattering factors on refine-
ment of scale and temperature parameters. His general
expression for the error in the apparent scale-cum-
overall-temperature factor is consistent with the parti-
cular results derived here.

We thank Professor A. J. C. Wilson for stimulating
correspondence on this topic.
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