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A one-d imens iona l  integrat ing method for es t imat ing  the intensit ies  on upper-level  equi-  
inclination Weissenberg photographs.  By E. STANLEY,* National Research Council, Ottawa, Canada 

(Received 28 July 1954) 

The difficulty of es t imat ing  visually the  intensit ies of 
reflexions recorded on upper-level  Weissenberg photo-  
graphs, due to the  var ia t ions in the  size of the  spots and  
the  inadequacy  of the  eye as an in tegra t ing  device, has 
long been recognized. Methods for es t imat ing  and  correct- 
ing the  intensit ies have  been proposed by  K a a n  & Cole 
(1949) and  Scouloudi (1953); these are not  ent i rely satis- 
factory,  par t icular ly  when  the  axis of ro ta t ion  does not  
coincide wi th  a s y m m e t r y  axis of the  crystal. Phillips 
(1954) has proposed a m e t h o d  whereby  the  ex tended  
spots alone are corrected, using analyt ical  expressions 
for the  dimensions of the  spots. 

The two-dimensional  in tegra t ing  m e t h o d  of Wiebenga  
(1947) and Wiebenga  & Smits (1950) is not  available in 
most  laboratories and,  in ex t reme cases, m a y  no t  be 
sufficiently flexible to cover the  wide range of spot lengths 
encounte red  in upper- level  photographs.  In  equi-in- 
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cl ination photographs  the  distort ion of the  spots is re- 
s t r ic ted to a direct ion parallel  to the  camera axis, and 
in tegra t ion  in this direct ion only would make  the  visual 
es t imat ion  of the  intensit ies easier and  more reliable. 
This can be achieved by  using a mult iple-exposure 
technique.  Between  successive exposures the  camera is 
t rans la ted  parallel to its axis, i ndependen t  of the  carriage, 
by  a small distance. The incrementa l  t ransla t ion should 
be a reasonably small fraction of the  length  of the  
shortest  spot (say one-fifth) and  the  total  t ranslat ion 
should be greater  t han  the  length of the  longest spot. 
The dens i ty  es t imated  at  the  centre of each in tegra ted  
spot is then  direct ly re la ted to the required in tegra ted  
in tens i ty  and  can be es t imated  visually wi th  comparat ive  
ease. Most cameras are equipped with a vernier  scale 
which enables the  t ranslat ions to be made  wi th  sufficient 
accuracy since the  m i n i m u m  transla t ion likely to be 
required is about  0.1 ram. Fig. 1 shows two photographs 
of the  hkl8 reflexions of CaS2Oe.4H20 , p = 21-7 °, for 
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Fig. 1. (a) Ordinary upper-level equi-inclination Weissenberg photograph of the hkl8 reflexions of CaS206.4H~O , /t=21.7 °. 

Exposure 2.0 hr. (b) Multiple photograph of the same level consisting of 16 exposures of 10 min. each with incremental 
translation 0.1 ram. (The axis of rotation is a symmetry axis.) 
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comparison. I t  appears  t h a t  the  uniform central  pa r t  of 
the in tegra ted  spot is quite long, indicat ing t h a t  the  orig- 
inal  reflexions had  a f la t - topped dis t r ibut ion and  t h a t  
the to ta l  t rans la t ion  could have  been reduced. Table 1 

Table 1 

Non -integrated Integrated 

0 (°) Top Bottom Top Bottom 

16 56 22 20 20 
20 40 20 14 12 
30 6 4 2 3 
32 28 16 9 10 
34 22 12 7 7 
40 28 22 10 16 
42 11 7 4 3 
44 18 11 5 5 
50 11 8 4 5 
70 20 14 8 7 
71 8 6 4 3 

gives the  visual ly  es t imated intensi t ies  of the reflexions 
on bo th  halves of the  two films. (The c axis of calcium 
di th ionate  t e t r ahyd ra t e  is an  axis of symmetry . )  

Al though the me thod  can be used direct ly  b y  adjus t ing  
the camera between exposures i t  would not  be difficult 
to devise a simple mechanism which could be f i t ted to 

exist ing cameras to give the  camera the  required in- 
cremental  t rans la t ion  a t  the  end of each traverse.  

The proposal  of W h i t t a k e r  (1953) to uncouple the  
oscillation and  t rans la t ion  motions of the  Weissenberg 
goniometer,  and  allow the  camera to oscillate ( through 
a small  distance) parallel  to the  axis independent  of the 
crys ta l  oscillation, would achieve the  same resul~ in 
providing a l inear in tegra t ion  of the spots. The in tegra ted  
spots would be short  s t reaks perpendicular  to the single 
layer  line and  some of the  advantages  of the  Weissenberg 
pho tograph  would be lost. 

I am grateful  to Dr  D. C. Phil l ips for giving me access 
to the manuscr ip t  of his theoret ical  work on this  subject,  
prior to publicat ion,  which led to this  method.  
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A recent  X- r ay  examina t ion  of Cs~I 8 showed this  com- 
pound  to contain I~  ions in weak interact ion wi th  Is 
molecules (Havinga,  Boswijk & Wiebenga,  1954). I t  was 
t h o u g h t  interest ing to compare the  dimensions of the  
I~- ion  cons t i tuent  in Cs2I 8 wi th  those of the I~- ion in 
tri-iodides. I t  appeared,  however,  t h a t  no da ta  on the 
tri-iodides were available which could be expected to be 
suff icient ly accurate  for th is  purpose. For  CsI a only 
lmit-cell  dimensions and  space group have  been deter- 
mined  (Bozorth & Paul ing,  1925). The s t ructure  of 3 - -  
NH4I  3, isomorphous wi th  CsI 3, was inves t iga ted  b y  
Mooney (1935). The I~- ion was reported to be l inear to 
wi th in  3°; the  two I - I  distances in the ion were found to 
be different (2-82 and  3-10 /~). According to the au thor  
herself, however,  this  difference migh t  be fictitious, the  
analys is  being based only on qua l i ta t ive ly  es t imated  
intensit ies,  mak ing  use of t r ial-and-error  methods.  I t  
was therefore decided to re-invest igate the  crystal  struc- 
ture  of one of the tri-iodides. CsI 3 was chosen because, 
w i t h  this  compound,  an  accurate  de te rmina t ion  of bo th  
an ion  and  cat ion coordinates should be possible. 

Making use of NaC1 powder diagrams superimposed on 
ro ta t ion  photographs ,  the  lat t ice constants  were deter- 
mined :  

a=6 .86 ,  b-~9.98, c----11.09 A i A ( C u K a ) = l . 5 4 1 8  A ) .  

Values for these unit-cell  dimensions, derived inde- 
penden t ly  from various photographs  made  in different 
cameras, showed a s tandard  deviat ion of approx imate ly  
0.01 A. The lat t ice constants  are in fair agreement  wi th  
those reported b y  Bozor th  & Paul ing  (1925). 

The characterist ic  absences (hO1 for l odd and  hk0 for 
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Fig. 1. Electron-density projection along [100]. Contour inter- 
vals: 10 e.• -2 (with 10-electron line dotted) except on 
cesium ions (heavy lines), where the interval is 20 e.A -2. 


