SHORT COMMUNICATIONS

Z |Fo—|F|/Z F,, was 11 % after six cycles of least squares,
anisotropic temperature factors being used in the final three
cycles.

Inspection of observed and calculated F values showed
that strong reflections were significantly affected by extinc-

Table 2. Observed and calculated structure factors

For unobserved reflections the values are (10/)/3)Fmin, where
Fmin is the minimum F observed in the corresponding region
of reciprocal space; those values are marked with an asterisk.

, 10F, 10OF 108 10F, , 10F, 10F

125 -367 393 271 238 248

Table 3. Interionic distances and angles

Distances Angles
Y-O(1) 2:299+0-008 A O(1)-Y-0(2) 155:6+0-4°
O(1)-Y-0(@3) 92-6+0-4
Y-O(5) 2-443+0-008 O(5)-Y-0(6) 65-1+0-4
O(5)-Y-0O(7) 135:3+04
V-0 1-706 + 0-008 0O(5)-V-0(6) 100904
O(5)-V-0(9) 1139+04
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tion. To minimize the extinction effects, the single crystal
F,’s for strong reflections (Fo = 100) except for 020 and 040
peaks were replaced by the corresponding powder structure
factors. Both single-crystal and powder data were placed
on a common scale by comparing observed structure fac-
tors with those calculated in the preceding refinement. The
020 and 040 reflections, together with unobserved reflec-
tions, were given zero weight in the least-squares cycles,
although included in the final calculation of the R index.
The refinement of these combined single-crystal and powder
data was complete after three cycles, giving R=67%.
Table 1 gives the values of the positional and thermal par-
ameters. Observed and calculated structure factors (final
refinement) are listed in Table 2. Table 3 lists interionic
distances and angles computed from the structural param-
eters determined in the present work, and Fig. 1 shows that
part of the unit cell which is relevant to the values listed
in Table 3.

Grateful acknowledgment is made to Mr T.Peters for
supplying single crystals of YVO,4 and to Mr A. A.Calvano
for his help in taking X-ray measurements.
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On versions of a procedure for scaling X-ray photographs. By G.C.Forp and J.S. ROLLETT, University Computing

Laboratory, 19 Parks Road, Oxford, England

(Received 18 August 1967)

Two modifications of a method for placing batches of X-ray data on a common scale have been proposed.
One of these is an iteration which converges very slowly, and hence yields results with computing errors
which are difficult to estimate reliably. This note describes an alternative which gives better convergence
and suggests circumstances in which particular methods will be quickest.

The scaling method devised by Hamilton, Rollett & Sparks
(1965) (HRS) has been modified by Fox & Holmes (1966)
(FH), who found a more appropriate, but slightly more
difficult, method of solving the singular set of simultaneous
equations for the scale-factor changes. Monahan, Schiffer
& Schiffer (1967) (MSS) have proposed a modification
which gives a set of independent equations for the scale
factors. In this note we show that the MSS method con-
verges very slowly on the test case used by HRS and FH
so that any convergence criterion based on the size of the
shifts may allow large errors in the results. We therefore
describe an approximation to HRS which yields faster con-
vergence than the MSS method. Convergence rates are
given in Table 1 and we indicate circumstances in which
particular methods are likely to be useful.

Table 1. Numbers of iterations required to reduce the max-
imum indicated shift in a scale-factor to various levels

Maximum shift in any scale factor

Method 0-5 0-05 0-005 0-0005 0-00005
FH 3 4 5 6 7
HRS 4 5 6 7 8
FR 6 7 9 12 16
MSS 3 14 55 >126

The 14 parameter problem used as a test was that employed
by HRS, FH. The final Gp varied from 0-7884 to 60622 and
the initial Gp were unity. The value of G; was kept at unity
throughout.

These methods minimize ZZ Wy (F2
spect to Gp.

G,F3)? with re-
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The MSS method calculates the scale factor Gp,r for the
pth of the n batches at iteration r and the scaled structure

factors F2, for reflection 4 at iteration r from:
F%,r—_— z (Gp,r—llrh_xz:whp)/ z (Gg,r——lwhp) (1)
P P
GP-": f(Flzn,rF%pwhp)/ ’Z[(F%,r)zwhp ’ ’ (2)
g

where wap is the weight given to the observational equation
for reflexion 4 in batch p. Usually w,,=1/c3, and o, is the
standard deviation of reflection 4 in batch p

The iterations terminate when [(F2,—F3,_))/F%, .l <¢
for all #, and MSS use ¢=0-003. It can be seen from Table 1
that we require many iterations to get stable values of G».
This is because MSS yields changes in Gp,r which are as
small as 1/30 of the errors in Gp,r. Error estimates based
on the shifts can therefore underestimate the errors by this
factor. This behaviour can be explained by formulating the
MSS equation to give shifts in Gp,». The MSS equations
then have the same right-hand sides as the HRS equations
but the matrix of the HRS equations is replaced by a diag-
onal matrix with larger elements.

We have used a method in which equation (2) is replaced
by

o Frp—

AI’= z {whp(F%,r)z + w%pF ZF% er”' 1)/
h

(2 w,G3_ ) @)

Gp,r=Gp,r1+ Z (WapF7,F3,)Ap
G,, r—1 Z [(whp(F%,r)Z]/Ap . (4)

This is a correct diagonal approximation to the HRS
equations. It can be unstable because the shifts can be too
large. We have dealt with this in the method called FR in
Table 1 by limiting the shifts, normalizing to make G, ,=1
for all » and then applying a simple acceleration device.
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The procedure is to replace equation (4) by

Co,r=G, 1+ f WioF 2, F3,)[Ap— Gy f wa(F.02/ 4,

©)
Dy, -=max(Cp,r, 05 Gp,r_1) ©
Ep,r =Dp.r/Dl.r (7)
ir =E;,~Gr_,, where Gr=(Gy,r, ..., Gn,r) etc. ®)
Gr =G;_,+ar where &)
ar =i/(1—K)and (10)
K =ary.i:/ar1.2r1. an

K is set equal to 0 in cycle 1 and is limited so that K<0-3
to avoid excessive extrapolation. Note that similar accelera-
tion of the MSS process would have little effect unless
dangerously large values of 1/(1— K) were used.

We conclude that the FR method is likely to be the
quickest if the number of scale factors is greater than 4
and the whole of the calculation can be performed in a
rapid-access store. If, on the other hand, the data must be
fetched from a slow peripheral device such as magnetic
tape then the FH method has fewest cycles and the original
HRS method should only be used if an efficient latent roots
and vectors routine is not available. The MSS method is
relatively slow and does not provide a reliable estimate of
the computing error.
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Misuse of the ‘riding’ model in correcting bond lengths for effects of ther malmotion*®. By GEorGE M. BrOWN,
Chemistry Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, U.S.A.

(Received 9 October 1967)

Some examples are cited of misuse of the ‘riding’ model of Busing and Levy. The appropriateness of the
model for a particular bond should be assessed by consideration of the physical situation. Meaningful use
of the model can lead only to positive bond-length corrections.

In recent reports of crystal-structure analyses several
authors have incorrectly used the ‘riding’ model of Busing
& Levy (1964) as embodied in the computer program
ORFFE of Busing, Martin & Levy (1962), with the result
that ‘corrections’ to bond lengths for the effects of thermal
motion have been reported which are totally devoid of
meaning. Instances of misuse of the riding model have been
noted in oral presentations, in manuscripts prepared for
publication, and, surprisingly, in at least six published
papers. The occurrence of such errors may result in part
from the fact that the program ORFFE was widely dis-

* Research sponsored by the U.S. Atomic Energy Com-
mission under contract with Union Carbide Corporation.

tributed before the appearance of the paper (Busing &
Levy, 1964) which presented the theory of the riding-model
correction.

One misconception evidenced in the published papers
(Enrione, Boer & Lipscomb, 1964; Boer, Streib & Lips-
comb, 1964; Hall, Perloff, Mauer & Block, 1965; Boer,
1966; Voet & Lipscomb, 1967; Friedman & Lipscomb,
1966) is the notion that the mean interatomic separation
$ as calculated by Busing & Levy can be less than the
separation Sy of the mean positions of the two atoms or,
in other words, that corrections for thermal motion can be
negative. Busing & Levy (1964) show that S is never less
than So. The program ORFFE, however, will allow the
unwary user to compute a value of S less than Sp. The



