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that  one is occupied by zinc; another, with the para- 
meters (0-75, 0-80, 0-30), corresponds to the interstitial 
ions. Each of these latter forms three bonds to water 
molecules of mean length 2.15+0.05 J~, and three to 
oxygen ions 1.95±0-05 A, and is thus identical with 
the Zn ion. Since the oxygens are already bonded to 
Mn 4+, however, a redistribution of the manganese 
valency electrons is necessary to preserve the balance 
of charge, and ~ additional divalent ions between the 
oxygen and water sheets will give rise to an equal 
number in the Mn 4÷ layer. This type of electrical de- 
fect, here localized in the vicinity of the interstitial 
ions, is better known in the tungsten bronzes. I t  has 
been demonstrated for psilomelane (Wadsley, 1953a) 
and is believed to be eommon to many complex 
manganese oxides. 

The octahedron coordinated to an additional ion 
shares an edge with a Zn octahedron and a face with 
the Mn octahedron immediately below. Chalcophanite 
specimens with appreciable values of ~ probably re- 
present a partial transition to another structural type. 
In order to. avoid face sharing, a considerable re- 
grouping of the Mn sheet must be made for a stoi- 
chiometric compound (~ = 1) to have a stable con- 
figuration, and the prediction of this proposes many 
difficulties. 

The writer desires to thank Dr A. L. G. Rees for 
the provision of some laboratory facilities, Dr A. McL. 

CHALCOPHA:NITE,  ZnlVln30 7.3I-I20 

Mathieson and Mr R. C. Croft for helpful discussion, 
and Prof. Kathleen Lonsdale for advice on matters 
of crystallographic convention. 
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A Stencil Method for Computing Structure Factors 
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A method of using the I)ormay tables for the systematic computation of structure factors is de- 
scribed. The advantages of the method are that it is rapid, that the required apparatus is simple 
to construct, and that it makes use of existing tables. In addition, a complete record of the con- 
tribution of each atom to every structure factor is obtained. 

Introduction 
There is a need for a simple rapid method for calculat- 
ing structure factors systematically, comparable with 
those available for summing Fourier series. The 
method proposed by Beevers & Lipson (1952) is a 
step in this direction, but its use is limited to the 
stages in a structure determination at which the atomic 
parameters can be expressed to the nearest 1/120th of 
the cell edge; the modification suggested for finer sub- 
division makes the method much more cumbersome. 
Strips with finer subdivision would be too extensive 

to produce en masse. Strips with fixed amplitude are 
quite practicable (Alexander, 1953), but require re- 
petitive multiplication, a process that  necessitates a 
calculating machine and is bound to slow down the 
calculations to some extent. 

I t  occurred to the authors tha t  it might be practic- 
able to keep the apparatus within reasonable bounds 
by using stencils of the type employed in certain 
methods of Fourier synthesis (Patterson & Tunnell, 
1942; Robertson, 1948). I t  was further discovered 
that  cosine tables of the type required already existed 
in the form of those published by Dormay & Ham- 



(+) (-) o 

H .  L I P S O N  ARID P .  i~. P I N . N O C K  

1 2 3 4 5 6 7 8 9 

42~°420 420 420 420 420 420 420 419 419 419 /,90 990 0 500 

0 1419 418 418 418 418 417 417 417 480 980 I 0 51 0 41 9 41 9 

20 520 417 416 416 416 ( ~ 2 4 1 5  414 41 4 41 4 41 3 41 3 470 970 

30 530 413 412 412 411 410 410 @ 3  409 408 407 407 460 960 

40 540 407 406 405 405 404 403 403 402 @4400 399 450 950 

50 550 399 399 398 397 396 395 394 393 392 391 391 440 940 

60 560 3 ~ s 3 9 0  389 388 386 385 384 383 382 381 380 430 930 

70 570 380 379 (~6377 375 374 373 372 371 369 368 420 920 

580 368 367 365 364 (~7362 360 359 357 356 355 410 910 80 

590 355 353 352 350 349 347 (~8344 343 341 340 400 900 90 
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Fig. 1. Section of page of Donnay  tables corresponding to by 
right of the diagram can be disregarded. Successive holes 
of the product  cos 2~thx.eos 2~(0.181). 

= 0.181 (cos 2~ky  = 0.420). The values of x at  the left and 
expose values, which are correct to two significant figures, 

burger (1948). These will be referred to as the Donnay 
tables. 

Basis  of the method  

The Donnay tables give values of A cos 2~x for dif- 
ferent amplitudes A;  on each page, x varies from 0 
to 0.250 in intervals of 0.001 and on the separate 
pages A varies from 10 to 1000 in intervals of 10. 

Stencils are used to extract the required values of 
cos 2zehx or sin 2~hx. For example, if x = 0.012, a 
stencil is made to expose the table at positions cor- 
responding to successive values of hx, namely 0-000, 
0.012, 0-024, etc. For cosine determination the hole 
corresponding to h = 0 is placed at x = 0.000 (Fig. 1) 
and for sine values the stencil is reversed, the same 
hole being placed at x = 0.250. For higher values of 
x the stencils become more complicated and, of course, 
changes of sign must be indicated; these may be 
indicated directly on the stencils, but it is found prefer- 
able to list the signs at the side, since then the same 
stencil can be used for four different values of para- 
meter ( x , - x ,  ½+x, ½-x) for both cosines and sines. 
A typical stencil is shown in Fig. 2. To complete a 
set of structure factors of the type Z cos 2zhx cos 2gky, 
each atom is considered in turn. The amplitude A of 
the Donnay tables is made equal to cos 2~ky (to two 
significant figures) for a particular value of k, and the 
successive values of cos 2zehx cos 2zky are then read 
off, again to two significant figures, by means of the 

stencil for the particular value of x. The next value 
of cos 2gky is ascertained, the appropriate page of 
the Donnay tables selected, and the process repeated. 
When the entries have been completed the totals are 
found. 

For structure factors of the type cos 2z(hx+ky), 
the expression may be expanded into the form 

cos 2~hx cos 2~ky-sin 2zhx sin 2~ky . 

This expansion does not double the work because the 
two sums obtained can be used to obtain both .F(hkO) 
and F(]~kO). 

Variations of this procedure are possible and may 
occur to others who may use the method. For example, 
it has been decided to produce separate stencils for 
odd and even indices because very often the formulae 
are different and only alternate values are required 
from a stencil. This will not double the number of 
stencils; the same one can be used for x and ¼+x, 
with appropriate orientation of the stencil and adjust- 
ment of the signs. 

Pract ica l  details  

So far the method has been used only with circles 
drawn on tracing paper. Successive values of hx were 
obtained from a calculating machine, and the signs 
were checked from the tables produced by Buerger 
(1941). The stencils are almost self-checking: practi- 
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o I + 1 - 1 + 1 -  
I + 1 - - 1 - 1 +  

21 -1 -1 -1 -1 -1 -  
I - -  I-I- I-t- t - -  

~ I-I+1-1-t- 
I - - I - I - I + 1 - -  
1 + 1 - - 1 + 1 - -  
I-t- I - -  I - -  I-I- 

8 I +  I - - I - t - I - -  
9 1 + 1 ~ 1 - - 1 +  
1 0 1 - - 1 + 1 - - 1 +  
1 ~ 1 - - 1 + 1 + 1 - -  
1 2 1 - - 1 + 1 - - 1 +  
13 - - I + 1 + 1 - -  
14+--  + 1 -  
1~1+ I - - I -  I-i- 
~51-1- I - - I +  I -  
~7l- I - I - I+1-  
1~1-  I - I - I -  I +  
1 9 1 - 1 + 1 - 1 - 1 -  
~ o 1 - 1 + 1 - 1 +  
~ 1 1 + 1 - 1 -  I-I- 
~ I-I- I -  I - t - I - -  
2~1+ I - I -  I-I- 
2 ~ 1 + 1 - 1 ~ 1 -  
251-- I+1- t -  1-- 

2 6 l - -  I + I - - 1 - F  
271- -1+1"+1- -  
~81-t- I - - I - I "  1-- 
291+1- -1 - -1 -1 -  
301-1-1- -1+1- -  

Cosine 

c D o ~ ~15 I+1-1-1-t-1~1 
11 l + l - - 1 - t - 1 - - 1 6 z I  

I I I - I - l -  I -I- I - - I LZ l  
I - I  i - I - i - i - i  4-i9~ i 

I - 1 + 1 - 1 + 1 ~ 1  
+ 1 - 1 - 1 + 1 ~ 1  

- -  - I-i-I - I  - t - I~1  
( 7 3 - I - I - I + 1 - - 1 ~ 1  
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1 7 1 \  ' + ' - ' - ' + " "  I - - I + 1 - - 1  -i- IZl, I 
I+1  12 14-1--1- -1÷19~1 
I - - I  I - - I + 1 - - 1 + 1 ~ 1  
I+1  I - - I + l + l - - I ~ t l  
I - - I  + I - - I + I - - I ~ L I  
I - - I  I - - I + I + I - - I Z L I  
I-i-I I - - I + I - - I + I L L I  

I ~ 0  I +  I - - I - -  I-I-loJ.I 
I - I  I - - I + l - - I ~ l  6 I 
I-I-I 14-1--1--1-1-1 9 
1=1 I-I.- I - - I - I - I - -  1 z 

I I - I + 1 - t - I - - 1  9 
I I + 1 - 1 + 1 - 1  

- f - I - - I - t -  I 6 - -  + l - f - I - - I  
I I - - I + 1 - - 1 + 1  

t l - - I - - I + l  
I .9 - - 1 + 1 - - 1 + 1 '  L I - - I  

- - I+1 - -1 -1 -1  I I I 10 
I I I I I I 

+ 1  I - - I  I I I I I 
4- I I t + ~ - ~ 1 - 9 9 q  
-F I I - - I  I - ,9~-~q. t t 'cq 

I .~uti  I 

Fig. 2. Stencil for x : 0.134, with h varying from 0 to 15. 
The four cob~mn~ of signs on the left are those of 

cos 2r~hx cos 2~/¢y under the following conditions: 

(i) x and --x with cos 2g/cy positive, 
(ii) x and --x with cos 2g/cy negative, 

(iii) ½--x and ½+x with cos 2gky positive, 
(iv) ½--x and ½+x with cos 2gky negative. 

The equivalent tables for sin 2ghx are inverted on the 
right. 

cally all  of t hem have  some pa t te rn  (Fig. 2) depar- 
tures f rom which are easily recognized. 

I t  is proposed to moun t  the  D o n n a y  tables on stiff 
card of the  same type  as tha t  f rom which the stencils 
are to be cut. W i t h  the  present  a r rangement  it is 
possible to obta in  the  contr ibut ion of a single a tom to 
100 reflexions in  about  20 min.  ; wi th  stiff card and  a 
board wi th  proper locating pins, this  rate  should be 
somewhat  increased. 

The ini t ia l  values of cos 2g/cy can be obtained very  
convenient ly  from the  tables produced by  Buerger 
(1941). I f  these are not  avai lable  then  the  p re l iminary  
tables m a y  be prepared b y  laying the appropriate  
stencils over the page of the Donnay  tables with 
A = 1000. 

The addit ions can be performed men ta l ly  since only 
two-figure accuracy is involved. (Three-figure ac- 
curacy could be obtained only b y  increasing the size 

of the  D o n n a y  tables to 1000 pages - - a  formidable  
bu t  not  impossible task.) The authors  have  found a 
smal l  Contex machine  useful;  i ts  essential  purpose is 
addi t ion only, bu t  for this  i t  is much  quicker t h a n  
other machines.  Posit ive and  negat ive  quant i t ies  are 
kept  separate and  the  difference between the  two is 
obtained menta l ly .  

Advantages  of the m e t h o d  

I t  is not  claimed tha t  the  method  can compete wi th  
methods  involving the  use of punched-card  or elec- 
tronic devices. I t  is in tended  as a simple device for 
general  labora tory  use, and  as such i t  has some 
definite advantages  over exist ing methods:  

1. I t  makes  use of exist ing tables. 
2. I t  is portable;  for a given problem all t ha t  is 

needed is the  Donnay  tables and  stencils equal  
in number  to the  number  of parameters  concerned 
in the  projection. 

3. I t  is cheap enough for several copies to be 
avai lable  in one laboratory.  

4. I t  leaves the  worker wi th  a complete record of the  
calculations. 

This last  point  is impor tant .  A complete record allows 
a detai led examinat ion  of the  changes t ha t  occur in 
the  structure factors as slight changes of pa ramete r  
are made ;  one can isolate the  effect of a single atom, 
and  so have  avai lable  the  type  of evidence t ha t  was 
much  used in early structure determinat ions,  bu t  which 
is now largely ignored. 

The method  has  been used in several invest igat ions 
in this  labora tory  and  is becoming increasingly popular.  

We wish to express our thanks  to Dr  C. A. Taylor  
for much  helpful  discussion and advice. One of us 
(P. R. P.) is indebted  to the  Depar tmen t  of Scientific 
and Indus t r ia l  Research for the  award of a mainte-  
nance grant.  
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