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t h o s e  of T r u t e r *  & C a r p e n t e r  in  T a b l e  2. T h e  a g r e e m e n t  
b e t w e e n  t h e  t h r e e  se ts  is q u i t e  good .  As  m i g h t  be  ex- 
p e c t e d ,  t h e  p r i n c i p a l  d i f fe rences  occu r  for  n i t r o g e n .  T h e  
s t a n d a r d  d e v i a t i o n s  for  t h e  n e u t r o n  ana lys i s  a re  cons ider -  
a b l y  lower  t h a n  t h e  X - r a y  va lues .  T h e  i m p r o v e d  a c c u r a c y  
is p e r h a p s  o v e r s t a t e d ,  h o w e v e r ,  s ince  s c a t t e r i n g  l e n g t h  
e r ro r s  we re  n o t  cons ide red .  

T a b l e  2. Comparison of atomic coordinates 

K a y  & 
Tru te r  Carpenter  Frazer  

YNa 0"5852 0"5862 0"5853 
a(yNa) 0"002 0.002 0.001 
YN 0.1217 0-1188 0.1200 
~(y~) 0.005 0.004 0.0007 
zo 0"1946 0.1944 0-1941 
a(z0) 0"003 0.002 0.0006 

T h e  d i s t a n c e s  a n d  b o n d  ang les  f o u n d  a re  as  fo l lows:  

N a - O  = 2.471 _+ 0.004, N a - N  = 2.589 _+ 0.009, 
N - O  = 1.240 _+ 0 .003A;  

<~ O - N - O  = 114.9 _+0.5 °. 

T h e  e r rors  w e r e  c a l c u l a t e d  a s s u m i n g  n o  e r ro r  in  cell 
d i m e n s i o n s ,  so t h a t  t h e y  a re  t oo  sma l l  b y  p e r h a p s  as 
m u c h  as  a f a c t o r  of two .  E v e n  so, t h e  a c c u r a c y  for  t h e  
b o n d  ang le  is s u b s t a n t i a l l y  b e t t e r  t h a n  t h a t  of T r u t e r  
(1954) a n d  C a r p e n t e r  (1955). T h e i r  s t a n d a r d  d e v i a t i o n s  
were  4 ° a n d  1.73 ° , r e spec t i ve ly .  

T a b l e  3. Root mean square displacements in ~ngstr6ms 
from anisotropic temperature factors* 

A t o m  UM a (UM) q],m (3" (Urn) d f  
Na 0-128 0.015 0-118 0.017 0 ° 
N 0"125 0.007 0.114 0-005 90 ° 
O 0"160 0"007 0.112 0.007 5"5_+3 ° 

* Subscripts  M and m refer to the  major  and minor  vibra- 
t ion axes, respectively. 

Angle between the  major  axis, and the  crystallographic 
b axis. I n  the  case of oxygen,  the  inclination is away from N, 
so as to approach being transverse to the  N-O bond. 

T h e  t h e r m a l  v i b r a t i o n  r e su l t s  a re  g i v e n  in T a b l e  3 as 
r o o t  m e a n  s q u a r e  d i s p l a c e m e n t s .  O x y g e n  is t h e  o n l y  a t o m  
t h a t  shows  a d e f i n i t e l y  m e a s u r a b l e  deg ree  of a n i s o t r o p y .  
S ince  t h e  p h a s e  t r a n s i t i o n  is m a r k e d  b y  t h e  ga in  of a 
m i r r o r  p l a n e  p e r p e n d i c u l a r  to  b, i m p l y i n g  a r o t a t i n g  or  

* Truter ' s  coordinates have been t aken  from Carpenter  
(1955), where they  appeared  as a pr ivate ly  communica ted  
improved set. 

d i s o r d e r e d  s t r u c t u r e  a b o v e  Oc, t h e r m a l  a n i s o t r o p y  a long  
m a y  b e c o m e  s ign i f i can t  for  n i t r o g e n  a n d  s o d i u m  a t  

h i g h e r  t e m p e r a t u r e s .  I n v e s t i g a t i o n  of t h e  ef fec ts  of 
t e m p e r a t u r e  on  t h e  s t r u c t u r e  are  n o w  u n d e r  w a y  in  
c o l l a b o r a t i o n  w i t h  D r  R .  U e d a  of W a s e d a  U n i v e r s i t y ,  
T o k y o ,  J a p a n .  

T h e  s p o n t a n e o u s  p o l a r i z a t i o n  c a l c u l a t e d  on  t h e  bas is  
of  s i m p l e  N a  +, N +a, a n d  O -~ ions  is 74/~ c o u l o m b s / c m  ~, 
w h i c h  is off b y  a n  o r d e r  of m a g n i t u d e  f r o m  t h e  o b s e r v e d  
v a l u e  of  7/~ c o u l o m b s / c m .  2 ( S a w a d a  et al., 1958). T h i s  
p o o r  a g r e e m e n t  is of course  a r e su l t  of t h e  h i g h l y  c o v a l e n t  
n a t u r e  of t h e  n i t r i t e  g r o u p .  I t  is of i n t e r e s t  to  see w h a t  
e f fec t ive  ionic  cha rges  n~  a n d  n o  w o u l d  h a v e  to  be  p l a c e d  
a t  t h e  N a n d  O p o s i t i o n s  in  o r d e r  to  o b t a i n  a g r e e m e n t  
w i t h  t h e  o b s e r v e d  p o l a r i z a t i o n .  T h e s e  can  be  d e t e r m i n e d  
f r o m  t h e  t w o  e q u a t i o n s  

a n d  
Ps = 1.6 x 10 -1~ x V-lz~,niYt-~ 7/z c o u l o m b s / c m .  ~, 

nN + 2 n o  = -- 1 ,  

w h e r e  V is t h e  cell v o l u m e  in cm.  3, t h e  Irj a re  t h e  a t o m i c  
c o o r d i n a t e s  in  cm. ,  a n d  27 e x t e n d s  o v e r  all a t o m s  in t h e  
cell. F o r  s o d i u m  n = + 1. T h e  c a l c u l a t i o n  y ie lds  n~  = - 0-36 
a n d  n o = - 0 . 3 2 .  W h i l e  th i s  r e su l t  is o n l y  a r o u g h  ap-  
p r o x i m a t i o n ,  i t  is of  q u a l i t a t i v e  s igni f icance .  T h e  f ac t  
t h a t  nN c o m e s  o u t  to  be  as s t r o n g l y  n e g a t i v e  as n o sug-  
ges t s  t h a t  t h e  N a  + ion  exe r t s  a s t r o n g  c o u n t e r  po l a r i z ing  
i n f luence  on  t h e  N e f f  g r o u p .  T h e  n e t  e lec t r ic  m o m e n t  for  
N O g  is st i l l  in  t h e  s a m e  d i r e c t i o n  as one  w o u l d  expec t ,  
h o w e v e r .  

T h e  a u t h o r s  w o u l d  l ike to  t h a n k  D r  W.  C. H a m i l t o n  
for  a s s i s t ance  w i t h  t h e  e x t i n c t i o n  ca l cu la t ions ,  a n d  to  
a c k n o w l e d g e  h e l p f u l  d i scuss ions  w i t h  D r  S. C. A b r a h a m s  
a n d  D r  T.  Mi tsu i .  
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i n s t a b i l i t y  of t h e  D88 s t r u c t u r e  ( P a r t h 6  & N o r t o n ,  1958; 
N o w o t n y ,  S e a r c y  & 0 r r ,  1956). T h e  a v a i l a b i l i t y  of rel- 
a t i v e l y  p u r e  h a f n i u m  a n d  t i n  p r o m p t e d  a n  i n v e s t i g a t i o n  
to  d e t e r m i n e  w h e t h e r  I-If~Sn a w o u l d  f o r m  in t h e  D88 
s t r u c t u r e  a n d ,  if so, to  o b t a i n  s o m e  m e a s u r e  of t h e  
i n t e r s t i t i a l  i m p u r i t y  c o n t e n t .  

T h e  h a f n i u m  m e t a l  w h i c h  w a s  u s e d  to  p r e p a r e  t h e  
s a m p l e s  was  o b t a i n e d  f r o m  D r  H .  A. W i l h e l m  a n d  h a d  
p r e v i o u s l y  b e e n  p u r i f i e d  b y  t h e  iod ide  p rocess  (Carlson,  
S c h m i d t  & W i l h e l m ,  1957). T h e  t in  m e t a l  was  ' B a k e r  
A n a l y z e d '  r e a g e n t  g r a d e  w h i c h  h a d  b e e n  f u r t h e r  pu r i f i ed  
b y  a d r e s s i n g  process .  A n a l y t i c a l  d a t a  for  t h e  i n t e r s t i t i a l  
i m p u r i t y  c o n t e n t  of t h e  h a f n i u m  a n d  t i n  are  s h o w n  in 
Tab l e  1. 

T a b l e  1. Analyses of alloying components for 
interstitial impurities 

Elemen t  Ha fn ium (wt.%) Tin (wt.%) 

Carbon 0.03* 0.0027* 
Oxygen 0.02~ 0.0005~ 
Nitrogen 0.009§ no t  detected t 
Hydrogen  0.001~ not  detected~ 
Boron no t  detected~ no t  detected.~ 

* Combust ion-conductomet r ic  analysis. 
Vacuum fusion analysis. 

I: Spectrographic analysis. 
§ Kjeldahl  analysis. 

A n  a l loy  on  t h e  t i n - r i ch  s ide  of t h e  s t o i c h i o m e t r i c  r a t i o  
was  p r e p a r e d  b y  are  m e l t i n g  u n d e r  a h e l i u m  a t m o s p h e r e .  
T h e  excess  t i n  was  d i s so lved  in d i l u t e  HNO3.  D e b y e -  
Sche r re r  p a t t e r n s  t a k e n  on  t h e  r e s idue  were  i n d e x e d  on  
t h e  basis  of a h e x a g o n a l  s t r u c t u r e  w i t h  a = 8 . 3 9 1  a n d  
c - -5 . 823 /~ .  T h e s e  p a t t e r n s  s h o w e d  q u a l i t a t i v e  a g r e e m e n t  
in b o t h  l ine p o s i t i o n  a n d  i n t e n s i t y  w i t h  t h e  D8 s s t r u c t u r e .  

Single  c rys t a l s  we re  s e p a r a t e d  f r o m  t h e  d i s s o l u t i o n  
res idue  a n d  m o u n t e d  so t h a t  t h e  axis  of r o t a t i o n  was  t h e  
c-axis.  T h e  s y m m e t r y  of t h e  l aye r  l ine p a t t e r n s  o b t a i n e d  
w i t h  W e i s s e n b e r g  a n d  p recess ion  c a m e r a s  i n d i c a t e d  
space  g r o u p  s y m m e t r y  P6a/mcm, P6acm, or  P-6c2. Since  
t h e  D88 s t r u c t u r e  ha s  t h e  s y m m e t r y  P6a/mcm, i n t ens i t i e s  
were  c a l c u l a t e d  on  t h e  basis  of t h e  D88 s t r u c t u r e :  

6 t t f  x in  6(g): x, 0 , ~  w i t h  x = 0 - 2 3 ;  
4 H f  2 in  4(d):  ½,2 a-, 0 p a r a m e t e r l e s s ;  
6 Sn in 6(g): x, 0, ~ w i t h  x = 0 . 6 0 .  

E x p e r i m e n t a l  va lue s  for  t h e  d i f f r ac t i on  in t ens i t i e s  were  
o b t a i n e d  b y  t h e  m u l t i p l e  f i lm t e c h n i q u e  w i t h  a Weissen-  
b e r g  c a m e r a  a n d  C u K a  r a d i a t i o n .  A c o m p a r i s o n  of 
o b s e r v e d  a n d  c a l c u l a t e d  va lues  for  (h/cO) re f lec t ions  is 
s h o w n  in Tab l e  2. T h e  d i s c r e p a n c y  index ,  

R = ~, l l Fo l  - IF~II/Z:I~ol, 

for  t h e s e  d a t a  is 0"146 w h i c h  is a d e q u a t e  to  v e r i f y  t h e  
s t r u c t u r e .  T h e  t a b u l a t e d  i n t e n s i t y  v a l u e s  i n c l u d e  cor- 
r e c t i o n s  for  L o r e n t z  a n d  p o l a r i z a t i o n  ef fec ts  p lu s  a n  
ar t i f ic ia l  t e m p e r a t u r e  f a c t o r  ( B / / t 2 = l . 2 2 )  w h i c h  was  
o b t a i n e d  f r o m  t h e  s lope  of a semi- log  p l o t  of t h e  r a t i o  of 
o b s e r v e d  i n t e n s i t y  to  u n c o r r e c t e d  c a l c u l a t e d  i n t e n s i t y  
v e r s u s  s in 2 0 (L ipson  & C o c h r a n ,  1953). N o  a d d i t i o n a l  
co r r ec t i ons  were  m a d e .  

C u r s o r y  a t t e m p t s  to  v a r y  t h e  p a r a m e t e r s  in  e i t h e r  
d i r e c t i o n  r e s u l t e d  in an  inc rease  in t h e  d i s c r e p a n c y  i ndex .  
H o w e v e r ,  e x t e n s i v e  e f fo r t  on  p a r a m e t e r  r e f i n e m e n t  w a s  
n o t  w a r r a n t e d  s ince  t h e  p r i m a r y  i n t e r e s t  was  in t h e  
n a t u r e  of t h e  s t r u c t u r e  a n d  n o t  in  a p rec i se  d e t e r m i n a t i o n  
of i n t e r a t o m i c  d i s t ances .  

I n  t h e i r  s t u d y  of t h e  s t ab i l i z a t i on  of M%Si  3 in  t h e  D 8  s 
s t r u c t u r e  b y  ca rbon ,  N o w o t n y  et al. (1954) r e p o r t  t h e  
s t r u c t u r e  to  be  u n s t a b l e  w i t h  less t h a n  0.9 c a r b o n  a t o m  
p e r  u n i t  cell. A r e a s o n a b l e  e s t i m a t e  of t h e  i m p u r i t y  con-  
t e n t  of t h e  c o m p o u n d  Hf~Sn 3 can  be  m a d e  f r o m  t h e  
ana ly se s  of t h e  h a f n i u m  a n d  t in .  On  th i s  bas i s  H f s S n  S 
c o n t a i n s  less t h a n  one  c a r b o n  a t o m  p e r  t w e n t y  u n i t  cells 
a n d  a t o t a l  of on ly  one  i m p u r i t y  a t o m  of a n y  of  t h e  
a n a l y z e d  species  p e r  t e n  u n i t  cells. T h e  i n t e r s t i t i a l  
i m p u r i t y  c o n t e n t  is t h u s  an  o r d e r  of  m a g n i t u d e  less t h a n  
t h a t  n e c e s s a r y  to  s tabi l ize  M%Si  3 in  t h e  D 8  s s t r u c t u r e .  
T h e  i m p l i c a t i o n  of t he se  d a t a  is t h a t  t i n  is m o r e  t o l e r a n t  
of t h e  D88 s t r u c t u r e  t h a n  e i t he r  s i l icon or  g e r m a n i u m ,  
a n d  i t  is a t  l eas t  poss ib le  t h a t  t h e  p r e s e n c e  of  i n t e r s t i t i a l s  
is n o t  n e c e s s a r y  for  t h e  s t a b i l i t y  of H f s S n  ~ in t h e  D 8  s 
s t r u c t u r e .  

T h e  a u t h o r s  wish  to  t h a n k  D r  H .  A. W i l h e l m  for  p ro-  
v i d i n g  t h e  h a f n i u m  m e t a l  a n d  D r  0 .  N.  Car l son  for  dis- 
cuss ions  c o n c e r n i n g  t h e  i m p u r i t y  c o n t e n t .  T h e  a u t h o r s  
a re  also i n d e b t e d  to  D r  C. V. B a n k s  a n d  his  g r o u p  for  
t h e  c a r b o n  a n d  n i t r o g e n  ana lyses ,  t o  D r  V.  A.  F a s s e l  
a n d  his  g r o u p  for  t h e  s p e c t r o g r a p h i c  ana lyses ,  a n d  to  
Miss V. H o r r i g a n  for  t h e  v a c u u m  fus ion  ana lyses .  
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Tab l e  2. 

hkO [Fo[ Fc 
120 49"5 -- 49"6 
130 25"5 -- 23"0 
140 51"4 68"5 
150 15"0 -- 19"6 
160 38"7 --36"7 
170 19"5 16"5 
180 < 4 -- 1"2 
200 21"4 -- 18"9 
220 15"7 15"5 
230 < 4 - 10"6 

Observed structure factors compared with calculated structure factors based on the D 8  s structure for H f s S n  a 

h/cO [Fo] Fe 
240 29.6 -- 38.4 
250 17.4 22.9 
260 21.4 --22.7 
270 21.2 -- 15.9 
300 64-4 62.1 
330 < 4 4.9 
340 8.5 -- 11.2 
350 < 4 6.4 
360 < 4 5.1 
370 < 4 -- 5.3 

h/cO IFol F c 
400 25.7 23.4 
440 35-9 36.6 
450 < 4 5.4 
460 < 4 -- 6.2 
500 54-4 47.5 
550 30.4 35.2 
600 11.9 15.8 
700 < 4 -- 3-7 
800 24.4 17.9 
900 32.6 30.0 


