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R e c e n t l y  Siegel (1956) has  inves t iga ted ,  b y  p o w d e r  
m e t h o d s ,  t h e  c rys ta l  s t r u c t u r e  of K B r F 4 ;  he  has  p roposed  

D4h- a s t r u c t u r e  based  on t h e  t e t r a g o n a l  space g roup  is 
I4/mcm, w i t h  four  molecules  in a u n i t  cell h a v i n g  the  
d imens ions  a -~ 6.174q-0-002/~ a n d  c -~ 11.103:t:0.002/~. 

A surpr is ing  fea tu re  of the  s t r uc tu r e  de r ived  b y  Siegel 
is t h e  conf igura t ion  of t h e  B r F ~  ion;  he  r e p o r t e d  i t  to  
be  to t r ahed ra l ,  whe reas  s t r uc tu r a l  t h e o r y  w o u l d  p red ic t  
t h a t  t h e  cen t ra l  b romine  a t o m  w o u l d  fo rm o c t a h e d r a l  
spad ~ orbi tals .  If ,  as expec ted ,  two  apica l  pos i t ions  are  
occupied  b y  u n s h a r e d  e lec t ron  pairs ,  t he  resu l t ing  con- 

Column (5): values calculated f igura t ion  of t h e  BrF~- ion w o u l d  be square .  
A br ief  s t u d y  of a t h r e e - d i m e n s i o n a l  m o d e l  of t he  hkl I~ o I~ c 

s t r u c t u r e  p roposed  b y  Siegel i nd i ca t ed  t h a t  re-posi t ion-  
(l) (2) (3) ing t h e  p o t a s s i u m  a n d  b romine  a t o m s  in to  d i f fe ren t  spe- 

cial pos i t ions  of t h e  space g roup  a n d  chang ing  the  z 002 65 94 
p a r a m e t e r  of t h e  f luor ine  a t o m s  b y  ¼ w o u l d  resul t  in an  110 97 l l 1 
a p p r o x i m a t e l y  squa re  conf igura t ion  for t h e  BrF~- ion;  112 203 219 
f u r t h e r m o r e ,  th is  a l t e r n a t i v e  a r r a n g e m e n t  w o u l d  resul t  200 93 91 

004 32 34 
in sa t i s fac to ry  i n t e r a t o m i c  d i s tances  a n d  p a c k i n g  gee-  202"[ 35 35 
m e r r y .  W e  h a v e  accord ing ly  looked  a t  th is  s t r u c t u r e  in 211*j 70 58 
some detai l ,  a n d  we bel ieve t h a t  i t  shou ld  be  a c c e p t e d  114 22 22 
in  p re fe rence  to  t h a t  p roposed  b y  Siegel. 213" 51 61 

T h e  rev ised  a t o m i c  pos i t iona l  p a r a m e t e r s  a re  220* 73 77 
204 110 110 

4 K  in  4(a) :  (0 ,0 ,¼) ;  ( 0 , 0 , ~ ) ;  (½,½,~);  (½,½,¼). 222 34 33 
4Br in 4(d): (0,½,0); (½,0,0); (½,0,½); (0,½,½). 310 0 4 

006 ~ ~ 0 3 
1 6 F  in 16(1): ( 0 , 0 , 0 ;  ½,½,½)÷ 312 ~ 90 91 
(x, ½+x, z); (~, ½-x, z); (½+x, ~, z); (½-~, ~, ~); 215. < 33 3 
(x, ½+x, ~); (~, ½-x, ~)-, (½+~, ~, ~); (½-~, x, ~)., 2241161 5758 5458 
w i t h  x ---- 0-152 a n d  z ---- 0.880. 321 0 3 

T h e  s y m m e t r y  assoc ia ted  w i t h  t h e  pos i t ions  of t he  314"~ 39 27 
b r o m i n e  a t o m s  is mmm, r a t h e r  t h a n  42m for t h e  pos i t ions  206"j 26 35 
p roposed  b y  Siegel. I n  a d d i t i o n  to  t he  change  of ¼ in 323 0 4 

400 23 23 
the  z p a r a m e t e r  of t h e  f luor ine  a toms ,  as n o t e d  above ,  t he  402 ~ 12 
x a n d  z p a r a m e t e r s  have  been  c h a n g e d  s l igh t ly  f rom those  411 ~ 24 9 
p roposed  b y  Siegel in o rder  to  improve  t h e  a g r e e m e n t  330 27 27 
b e t w e e n  obse rved  a n d  ca l cu la t ed  in tens i t ies  a n d  to  give t226 ~ 19 35 
a m o r e  s y m m e t r i c  s t ruc tu re ,  t332 ~ 43 45 

A l t h o u g h  on theore t i ca l  g rounds  this  rev ised  s t r u c t u r e  413 ~ 23 20 
is more  reasonab le  t h a n  t h a t  de r ived  b y  Siegel, t h e  proof  008 / 27 23 
of its correc tness  m u s t  lie in t h e  a g r e e m e n t  b e t w e e n  420 43 43 

217 19 20 
ca l cu la t ed  a n d  obse rved  intensi t ies .  U n f o r t u n a t e l y ,  t he  325 0 2 
i n t e n s i t y  d a t a  r e p o r t e d  b y  Siegel h a r d l y  suffice, e i the r  404 ) 45 45 
in number or in quality, to distinguish between the two 316 / 50 60 
s t ruc tu res .  Aside  f rom t h e  smal l  changes  in t he  para-  422 19 20 
m e t e r s  of t he  f luor ine  a toms ,  t he  differences b e t w e e n  the  118 18 14 
two  s t ruc tu re s  are  m a n i f e s t e d  in on ly  one class of reflec- 334 0 2 
t ions ,  those  w i t h  1 odd ,  w h i c h  con ta in  con t r ibu t ions  f rom 208 28 28 

415 18 12 
t h e  f luor ine  a t o m s  a lone  a n d  of w h i c h  on ly  six a re  re- 424 35 37 
p o r t e d  to  be  observed .  Two of t h e  six are  obscured  b y  431 - -  - -  
i m p u r i t y  lines, two  o thers  are  f r om a poor ly  reso lved  510 18 13 
g roup  of four  ref lect ions ,  a n d  a f i f th  has  been  on ly  ap- 406 ] 18 16 
p r o x i m a t e l y  m e a s u r e d .  512 ~ 37 39 

* Contribution No. 2168 from the Gates and Crellin Labo- ~ 2 2 8  27 27 
ratories of Chemistry. 327 0 2 

I n t e n s i t y  d a t a  for  K B r F  4 a re  l is ted in T a b l e  l ;  t h e  
obse rved  a n d  ca l cu la t ed  I½ va lues  in t h e  second  a n d  

Tab le  1. Intensity data 

The brackets surrounding poorly resolved lines and the 
asterisks indicating interference by an impuri ty  line axe 
Siegel's. The reflections are in order of increasing sin (0), 

as listed by Siegel 

Columns (2) and (3): values given by Siegel 
Column (4): values calculated by us from Siegel's parameters 

from our parameters 

(4) (5) 

95.6 68.1 
101.0 108.2 
217.7 210.0 

89.2 98-0 
33.5 26-6 
34-4 43.7 
60-3 73.6 
19.2 12.5 
65-1 45.0 
79-7 76.2 

111.9 109.6 
31.7 29.2 

0.9 O-4 
3.9 8-1 

93.7 100.5 
3-8 33-0 

56.8 58.7 
54-3 59.5 

2.9 9.5 
45.4 49-7 
27.9 20.1 

3.6 6.6 
22.9 19.7 
11.5 14.6 
14.3 13-4 
27-4 26.3 
11-0 13.7 
46.0 41.5 
18.5 9.7 
24-2 29.6 
44.1 43.9 
21.7 12.0 

0-3 5.8 
46.6 51.4 
61.5 53'8 
19.7 18.2 
14.5 18.1 
2.9 4.2 

28.2 26.2 
1-4 9.0 

37.1 36.5 
1.1 2.7 

12.6 10"6 
15.8 11.8 
39.0 38-1 

1.4 2.0 
27.5 27.8 

1-7 2-5 
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Fig. 1. (a) The project ion on to (001) of the  a toms  between z = --¼ and z = 5- The potass ium ions at  z = ~¼ are omi t ted .  
(b) The project ion on to (001) of the  a toms  between z ---- 0 and z = ½. The bromine a toms at  z ---- 0 and z ---- ½ are omi t ted .  

Tab l e  1 (cont.) 

hkl lo~ Ie~ Ic~ Ic~ 
(1) (2) (3) (4) (5) 

336 ~ 17 16.1 23.0 
521 / 20 12 8.8 11.9 
318 ~ 9 8.4 3.3 
219 ) 12 5 5.6 11.3 

0,0,10 ~ 17 10 9.8 6.0 
514 J 10 9.5 11.4 
426 13 9 8.7 11.1 
523 ~-~ 18 11 12.2 9.3 
440 ] 23 19 19.1 20.8 
417 f - -  9 10.0 4.2 
435 - -  - -  0.1 2.1 

1,1,10 25 25 25.1 23.2 
442 ~-~ 12 9 9.0 8.3 
530 ,-~ 0 5 4.3 7.1 

2,0,10 0 4 3.4 6.6 
532 22 28 28.3 29.5 
408 18 17 18-1 13.5 

t We have calculated sin 2 (0) for 226 to be 0.2982, 
while Siegel reports  a value of 0.3004; accordingly,  the  order 
of listing of 226 and 332 has been inver ted to agree wi th  our  
calculations. 

~: F r o m  the calculated sin 2 (0) values for 433 and 228, 
0"4331 and 0.4332, respectively,  it is very improbable t ha t  
these two reflections could have been resolved and we have 
therefore added  brackets.  

t h i r d  c o l u m n s  a re  r e p r o d u c e d  f r o m  Siegel 's  p u b l i c a t i o n *  
whi le  t h e  las t  t w o  c o l u m n s  c o n t a i n  ou r  c a l c u l a t e d  va lues  
for  b o t h  s t r u c t u r e s .  W e  h a v e  u s e d  T h o m a s - F e r m i  a t o m i c  

* I t  is no t  clear how Siegel was able to deduce individual  
values of Io~ from the observed intensities of poorly resolved 
lines; fur thermore,  the listing of /½ values is un fo r tuna te  
since the  quant i t ies  are no t  addi t ive  for unresolved lines 
containing contr ibut ions  from diffraction planes having dif- 
ferent  multiplicities. 

f o r m  f ac to r s  for  n e u t r a l  b r o m i n e  (Internationale Tabellen, 
1935) a n d  B e r g h u i s  et al. (1955) f o r m  f ac to r s  for  K + 
a n d  F ,  a n d  h a v e  i n t r o d u c e d  a t e m p e r a t u r e  f a c t o r  w i t h  
B = 2 A 2, fo l lowing  Siegel ;  we  h a v e  i n c l u d e d  t h e  L o r e n t z  
a n d  p o l a r i z a t i o n  a n d  m u l t i p l i c i t y  f ac to r s  in  t h e  c a l c u l a t e d  
I½ v a l u e s  a n d  h a v e  i n t r o d u c e d  a n  empi r i ca l  scale  f a c t o r  
of 1/(10~/2). F o r  a few r e f l e c t i o n s - - n o t a b l y ,  314, 226, 
a n d  415---we h a v e  ca l cu l a t ed ,  f r o m  t h e  p a r a m e t e r s  g i v e n  
b y  Siegel,  v a l u e s  s i gn i f i c an t l y  d i f f e r en t  f r o m  t h o s e  re- 
p o r t e d  b y  h i m .  I n  a d d i t i o n  we  h a v e  i n c l u d e d  t h r e e  re- 
f l e c t i o n s - 4 3 1 ,  433, a n d  435- - -which  were  o m i t t e d  b y  
h i m .  

D r a w i n g s  of t h e  r e v i s e d  s t r u c t u r e  of  K B r F  a are  g i v e n  
in F ig .  1 (a) a n d  F ig .  1 (b), w h i c h  s h o w  t h e  e n v i r o n m e n t s  
of t h e  b r o m i n e  a t o m s  a n d  p o t a s s i u m  a t o m s ,  r e s p e c t i v e l y .  
I t  s h o u l d  be  n o t e d  t h a t  t h e  f luo r ine  a t o m s  f o r m  a n e a r l y  
r e g u l a r  s q u a r e  a n t i p r i s m  a b o u t  t h e  p o t a s s i u m  ion,  w h e r e a s  
in  t h e  s t r u c t u r e  p r o p o s e d  b y  Siegel t h e  f luo r ine  a t o m s  
f o r m  a s o m e w h a t  d i s t o r t e d  cube  a b o u t  t h e  p o t a s s i u m  ion.  
T h e  i n t e r a t o m i c  d i s t a n c e s  s h o w n  in F ig .  1 m a y  be com-  
p a r e d  w i t h  t h e  p r e d i c t e d  v a n  de r  W a a l s  d i s t a n c e s  of  
3.30 /~ for  B r - F ,  2.74 /~ for  K + - F ,  a n d  2-70 /~ for F - F .  

A l t h o u g h  on  t h e  bas is  of t h e  i n t e n s i t y  a g r e e m e n t  
r e p o r t e d  in  T a b l e  1 t h e r e  is l i t t le  t o  choose  b e t w e e n  t h e  
t w o  s t r u c t u r e s ,  we  be l i eve  t h a t ,  in  v i ew  of t h e  conf igura -  
t i o n  of t h e  BrF~- ion  a n d  t h e  overa l l  p a c k i n g  a r r a n g e m e n t ,  
t h e  r ev i s ed  s t r u c t u r e  m a y  be t e n t a t i v e l y  a c c e p t e d  as  
cor rec t .  U n a m b i g u o u s  p r o o f  m u s t ,  of course ,  a w a i t  t h e  
a v a i l a b i l i t y  of m o r e  s a t i s f a c t o r y  i n t e n s i t y  d a t a .  
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