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I t  is useful to be able to place observed X-ray intensities 
on an absolute scale as a routine procedure. With  the 
increasing availabili ty of electronic computers  this ideal 
is capable of a t ta inment .  Using an I.B.M. 1620 computer  
all intensities observed in this laboratory are being so 
scaled. 

The scale factor used is tha t  given by Kar tha  (1953) as 

.V f~rn (V/2~)  ~ ~ef~($)d$ - .F~(O)  
k=l  0 

c = ~ o ~ ( H )  (1) 
H 

where 

and 

V = volume of the uni t  cell, 

Fo(H) = observed magni tude  of the structure factor 
on a relative scale, 

f~(~) = atomic scattering factor of the kth atom, 
corrected for thermal  motion,  

= (4z sin 0)/2. 

The integration limit ~m corresponds to the max imum 
observed value of ~. 

The use of this method  requires at least an approx- 
imate knowledge of the thermal  parameters  of the atoms. 
In  our procedure such an approximate  value of the mean 
tempera ture  factor is obtained by Wilson's method  (1942). 
This value appears to be good enough in most  cases but  
it has not  been completely checked out with compounds 
containing atoms of widely different atomic numbers.  

The major  problem in programming the Kar tha  proce- 
dure is evaluat ion of the integral (1). Numerical  integra- 
t ion is of course always possible but  the t ime required 
to carry out the integrat ion with the precision desired 
is comparat ively long. Ei land et al. (1957) have suggested 
an expression for the scattering factor which gives a 
ra ther  good fit with the tabula ted curves (except at  
ra ther  high angles, which region is less impor tan t  in the 
present  context).  This expression is, 

f0 (sin 0) = A  exp ( - a  sin S 0) + B  exp ( - b  sin s 0) 

where A ,  a, B ,  b are constants depending on the a tom 
involved, or 

f0(~) = A  exp ( - a ' ~  2) + B  exp ( - b ' ~  ~) (2) 
where 

and 

a' = a2~/16~ e, 

b' = b2~/16~ e, 

2 = wavelength of X-rays. 

Taking anomalous scattering into account the scattering 
factor becomes : 

f (~)  -- fo(~) +Af"  +iAf ' "  
and 

f2(~) = [f0(~) + Af ' ]  ~ + A f  "'~ 

= fo2(~) + 2fo(~)/If' .-l-Af "° + ~If ''~. (3) 

The correction to be applied to f2(~) for thermal  
vibrat ion is exp ( - M  sin ~- 0/2 ~-) where M is the  mean  
tempera ture  factor obtained by the Wilson method .  
Expressed in terms of ~ this becomes exp [ - M ~ e / 1 6 ~ ] .  
On mult iplying (3) by the tempera ture  correction and 
subst i tut ing (2) for f(~) we obtain:  

6 

]=1 
where 

f~s(~) = square of complete scattering factor corrected 
for temperature ,  

and the a} and [1} are constants for a given atom and 
temperature factor. The integral in equation (1) then 
becomes : becomes : 

° 

exp ( - f l~2 )d~ .  
0 j=l -~=~% 

(a) 

To integrate these integrals it is convenient  to change 
the variable from ~ to Yi=~Vfll. On making  the  ap- 
propriate substi tut ions and carrying out the  integrat ion 
the result involves the error integral, 

V~ tY~,: 2 q~(Yi) = exp ( - y ~ ) d y j .  
~0 

This integral may  be evaluated using a polynomial  
approximat ion given by Hastings (1955). This approx- 
imation is good to 1 in 10 s, which is adequate  for scale 
factor calculation. On making  these subst i tut ions the  
integral in (1) takes the form: 

6 
.~, [alq~(yrn,i)--[1t exp (-y2m,/) ] , (4) 
?'=1 

where 
al = VA~[2~/ (M/2  +a22)] z/2 

a2 = 1 6 V A B [ z / [ M  + (a +b)22]] 3/2 

a 3 = VBS[2x/(M/2+b):)]3/s  
0% = 1 6 V A ( A f ' ) [ u / ( M  +a22)] 3/2 

o% = 1 6 V B ( A f ' ) [ ~ / ( M  +b22)] z/~ 

a6 = 8 V[(Af ' )  s + (Af")~](~/M) a/2 

[11 = 2 V A ~ m / ( M / 2  + a22) 

[12 = 8 V A B ~ m / [ M  + (a +b)22] 
[1z = 2 VB2~m/(M/2 + b22) 

[14 = 8 V A ( A f ' ) # m / ( M  +a22) 

[J 5 = 8 V B ( A f ' ) ~ m / ( M  +522) 

[16 -- 4V[(Af') 2 + (zlf")2]~m/M 

On subst i tut ing (4) in (1) the scale factor is seen to be: 

~ [aj~(ym, j)-[11 exp (-Y~m,:)] - 2 ' 2 ( 0 )  
k=l  ?'= k C---- 

Fo2(H) 
H 
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Although the expressions for the aj and flj seem ra ther  
forbidding in appearance,  in fact the 1620 can evaluate  
c in a very few seconds once the sum of the intensities 
is known.  Fu r the rmore  if anomalous  scat ter ing is not  
impor t an t  then  a4, a 5, a 6, f14, fls, fl8 are all zero. 
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KaBi undergoes a phase change at  280 °C. The low 
t empera tu re  form, a-K3Bi, has the  NaaAs, DO18, type  
s t ruc ture  (Brauer  & Zintl, 1937). The s t ructure  of the 
high t empera tu re  modification,  fl-KaBi, de te rmined  from 
powder  pa t te rns  t aken  a t  400 °C., is of the  Bi_Fa, DO a 
type.  

Samples of KaBi were crushed in a dry  box and loaded 
into 0.3 ram. quartz  capillaries. Powder  photographs  
were t aken  a t  about  400 °C. in a Central  Research  
Laboratories  high t empera tu re  powder  camera  using 
C u K a  rad ia t ion  (4=1.5418 A). These pat terns  were 
indexed as face-centered cubic wi th  a =8.805 _+ 0.005 A. 
The densi ty  calculated on the basis of four KaBi formula 
units per  un i t  cell is 3.17 g.cm. -a. 

The s y m m e t r y  and  composit ion of this phase suggest 
a s t ructure  of the DO a type  of BiF a and  this s t ruc ture  
was u l t imate ly  confirmed. Among other  compounds,  LiaBi 
(Zintl & Brauer ,  1935) and  fl-LiaSb (Brauer & Zintl, 
1937) also have  this same structure.  The atoms occupy 
the following positions of space group O~-Fm3m (Interna- 
tional Tables for X-ray Crystallography, 1952): 

4 Bi in 4a: (0, 0, 0) +face  centering, 
4 KI  in 4b: (½, ½, ½) +face  centering, 
8 K n  in 8c: (¼,¼,1; i , ~ , ~ ) + f a c e c e n t e r i n g .  

The intensities of the first 14 lines of a typical  powd.er 
pa t t e rn  were es t imated  by  visual comparison wi th  a 
s tandard  scale. After  correction of the intensities by the 
Lorentz-polar izat ion and  mult ipl ic i ty  factors, s t ructure  
factors were obta ined for each of the  16 contr ibut ing 
forms. These da ta  were used in a least squares ref inement  
to obtain isotropie t empera tu re  factors for each species 

Table 1. Powder pattern of fl-KaBi 

hkl do dc Io Ic 
111 5.07 A 5.08 A 75 66 
200 4.36 4.40 62 40 
220 3.10 3.11 100 160 
311 2.647 2.655 89 77 
222 2.540 2.539 27 22 
400 2-195 2.200 45 34 
331 2.013 2.020 48 46 
420 1.964 1.969 30 39 
422 1.795 1.797 55 71 

511 ~ 1.693 1.695 40 40 
333 J 
440 1.556 1.557 25 21 
531 1.489 1.488 37 41 

442 ~ 1-468 1.468 19 22 
60O J 
620 1-396 1.392 27 26 

* This work was performed under the auspices of the U.S. 
Atomic Energy Commission. 

t Present address: Department of Chemistry, University 
of Kentucky, Lexington, Kentucky. 

of a tom and a scale factor. The atomic form factors of 
James  & Brindley (1931) for neutra l  a toms were used 
in the calculated s t ructure  factors. The reliabili ty co- 
efficient, R =XIFo-Fcl/ZIFol,  was 0.10 after  these com- 
putat ions.  The isotropie t empera tu re  factors which 
resul ted are 2.2 fi.~ for Bi, 13.9 A -~ for KI,  and 9-5 / ~  
for K n .  The powder  pa t t e rn  is listed in Table 1; the  
the intensities have  been normal ized so t ha t  t h e  max-  
imum 10 is 100. 
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