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Severa l  phosphoni t r i l i e  molecules  con ta in ing  (PN)a or  
(PN)4 r ings have  been  s tud ied  by  X - r a y  d i f f rac t ion  
r e c e n t l y :  (PNC12) a (Wilson & Carrol,  1960), (PNF~) 4 
(McGeachin  & T r o m a n s ,  1961), [PN(NM%)2]4 (Bullen,  
1962), (PNMe2)4 (Dougill ,  1961) a n d  (PNC12) 4 ( H a z e k a m p ,  
iVIigchelsen & Vos, 1962). I n  each  of these  molecules  the  
P - N  bonds  in the  r ing  have  equa l  lengths .  D u r i n g  our  
two-d imens iona l  s t r u c t u r e  d e t e r m i n a t i o n  of the  ana logous  
c o m p o u n d  (NSF)4, t he  molecules  of wh ich  have  sym-  
m e t r y  4, t he  N - S  b o n d  leng ths  were  found  to a l t e r n a t e ;  
va lues  of 1-55 a n d  1.65 A wi th  e.s.d. 0.02 • were  observed  
(Wiegers  & Vos, 1961). 

As t he  d i f ference  in l eng th  was  on ly  ju s t  s ignif icant ,  
we  dec ided  to  d e t e r m i n e  the  b o n d  lengths  m o r e  accu ra t e ly  
f rom di f ference  F o u r i e r  syn theses .  The  ref lec t ions  hkO, 
hkl ,  hk2 a n d  hk3 were  used .  The  i n t ens i t y  m e a s u r e m e n t s  
a n d  the  m e t h o d s  used  in t he  r e f i n e m e n t  of the  s t r u c t u r e  
a re  as desc r ibed  in our  p a p e r  on the  two-d imens iona l  
work .  T h e  t e m p e r a t u r e  fac tors  of t he  a t o m s  were  a s s u m e d  
to  be  isotropic .  The  scal ing fac tors  for t he  ref lec t ions  
f rom d i f fe ren t  l levels, w h i c h  h a d  been  r eco rded  on 
d i f fe ren t  pho tog raphs ,  were  o b t a i n e d  by  c o m p a r i n g  
obse rved  a n d  ca l cu la t ed  s t r u c t u r e  factors .  

Tab le  1. Final  coordinates 

Two-dimensional refinement 

x y z a 
S 0-0258 0-2073 0-0868 0-005 A 
N 0.1258 0.1173 -- 0.1660 0.02 
F 0.3281 0.0165 0.1781 0.02 

Three-dimensional refinement 

x y z 
S 0-0257 0.2078 0.0871 0.002 A 
N 0.1265 0.1160 --0.1659 0.009 
F 0.3263 0.0162 0.1711 0.006 

At  t he  end  of the  r e f i n e m e n t  the  re l i ab i l i ty  index  R 
for the  obse rved  ref lec t ions  excep t  220 which  showed  

o /  s t rong  ex t inc t ion ,  was  5.6/o.  The  s t a n d a r d  dev ia t ions  
in the  coord ina tes ,  ob t a ined  by  app ly ing  Cru i ckshank ' s  
fo rmula  (Cruickshank,  1949) are  0.002, 0.009 a n d  0"006 A 
for S, N and  F respec t ive ly .  The  final coord ina te s  a re  
l isted in Table  1. The  t e m p e r a t u r e  fac to r  p a r a m e t e r s  for  
S, N and  F are  2.55, 3.31 and  3.47 .~2 respec t ive ly .  

Table  2. Bond lengths and valence angles fl'om the two 
dimensional (a) and three dimensional (b) refinement 

a b 
N- -S  1.65A s.d. 0-02A 1.660A s.d. 0.01/~ 
N = S  1.55 0-02 1-540 0.01 
S - F 1.64 0.02 1.602 0.006 

S - - N - - S  123 ° 1.3 ° 123.9 ° 0.6 ° 
N - - S - - N  l l2  1.3 l l l -7  0.6 
F - - S - - N  91 1.0 91-5 0.4 
F - - S = N  106 1.0 106.2 0-4 

The  bond  leng ths  and  va lence  angles  are  c o m p a r e d  
w i th  those  f rom the  two-d imens iona l  r e f i n e m e n t  in  
Tab le  2. The  tab le  shows t h a t  t he  l eng th  of t h e  S - F  
bond  has  changed  cons ide rab ly  ( - 0 . 0 4  A). The  N - S  
b o n d  leng ths  w h i c h  changed  only  l i t t le,  a re  n o w  sig- 
n i f i can t ly  di f ferent .  

The  Fou r i e r  syn theses  and  s t r u c t u r e  fac tors  w e r e  
ca l cu la t ed  on the  c o m p u t e r  Z E B R A  wi th  p r o g r a m s  
dev ised  by  Dr  D . W .  Stairs.  W e  wish to  t h a n k  Mr  
H.  Schure r  for ope ra t i ng  Z E B R A .  The  N e t h e r l a n d s  
Organ iza t ion  for t he  A d v a n c e m e n t  of P u r e  R e s e a r c h  
(ZWO) suppo r t ed  this  w o r k  ind i rec t ly .  
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K r i s t a l l s t r u k t u r  y o n  Z n S n A s 2 .  V o n  H .  PFISTER, _Forschungslaboratorium der Siemens-Schuckertwerke AG, 
Erlangen, Deutschland 

(Eingegangen am 24. Jul i  1962) 

U b e r  die  S t r u k t u r  v o n  Z n S n A s  2 is t  be re i t s  v o n  F o l b e r t h  
& P f i s t e r  (1960) b e r i c h t e t  w o r d e n .  N e u e r d i n g s  h a b e n  
wi r  an  w e i t e r e n  P r o b e n  R 6 n t g e n u n t e r s u c h u n g e n  d u r c h -  
gef i ihr t ,  d ie  a u c h  au f  h S h e r e  T e m p e r a t u r e n  a u s g e d e h n t  
w u r d e n .  D a b e i  ze ig te  sich,  dass  bei  e t w a  635 °C. e ine  
S t r u k t u r u m w a n d l u n g  e r fo lg t*  u n d  dass  e n t g e g e n  f r f iheren  
A n n a h m e n  e rs t  o b e r h a l t  d iese r  T e m p e r a t u r  e ine unge-  
o r d n c t e  Z i n k b l e n d e s t r u k t u r  vor l i eg t ,  bei  de r  das  K a t -  
i o n e n - T e i l g i t t e r  s t a t i s t i s c h  m i t  Zn-  u n d  S n - A t o m e n  
b e s e t z t  ist .  U n t e r h a l b  d iese r  U m w a n d l u n g s t e m p e r a t u r  
f i n d e t  m a n  zwar  d i e se lben  R e f l e x e  wie bei  de r  H o c h -  
t e m p e r a t u r - M o d i f i k a t i o n ,  es t r e t e n  abe r  a u s s e r d e m  n o c h  
e inige  seh r  s c h w a c h e  L in i en  auf .  Das  R e f l e x d i a g r a m m  
der  T i e f t e m p e r a t u r m o d i f i k a t i o n  l~isst s ich e iner  Cha lko-  
p y r i t s t r u k t u r  ( E l l - T y p )  m i t  d e m  spez ie l len  A c h s e n v e r -  
h~I tn i s  c /a=2 u n d  e iner  G i t t e r k o n s t a n t e n  a = 5 , 8 5 1 +  

Tabe l l e  1. Vergleich der beobachteten Reflexintensitdten der 
Tieftemperaturmofidikation yon Z n S n A s  2 mit den f i ir  die 
Parameterwerte x = 0 , 2 3 7  und x = 0 , 2 5  berechneten Inten- 

sitdten 
Jber. 

^ 

hkl Ibeob. x = 0,237 x = 0,25 

101 3,3 4,0 5,9 
112 100 100 100 
103 3,2 2,7 1,9 

200/004 1,4 1,1 1,1 
211 3,9 3,1 2,1 

213/105 2,3 2,0 2,0 
220/204 73 71,4 71,7 

301 1,1 1,0 0,5 
312/116 46 42,4 42,6 
303/215 - -  0,7 1,0 

224 - -  0,4 0,3 
321/107 - -  0,4 0,8 
323/305 1,I 1,0 0,6 
400/008 11 10,8 11,0 
411/217 1,0 0,9 0,6 
332/316 16 16,1 16,4 
325/413 - -  1,1 0,6 

420/404/208 - -  0,5 0,3 
109/307 - -  0,3 0,2 

415 - -  0,4 0,2 
424/228 20 21,5 22,0 

* Eine S t ruk tu rumwand lung  bei dieser Tempera tu r  ist 
erstmals yon Herrn  R. Maier in unserem Labora tor ium mit  
Hilfe der thermischen Analyse gefunden worden. 

0,001 A z u o r d n e n .  Bei  d i e s e m  A c h s e n v e r h i i l t n i s  s ind  alle 
s t g r k e r e n  R e f l e x e  sowoh l  n a c h  ih re r  L a g e  als a u c h  
p r a k t i s c h  n a c h  ih re r  I n t e n s i t i i t  m i t  d e n  L in i en  e ines  
Z i n k b l e n d e g i t t e r s  i den t i s ch ,  es t r e t e n  a b e r  da r i i be r  h in -  
aus  n o c h  die  b e o b a c h t e t e n  seh r  s c h w a c h e n  R e f l e x e  auf .  

De r  P a r a m e t e r  x, de r  die  A t o m l a g e  des  S n - A t o m s  
b e s t i m m t ,  liisst s ich aus  d e n  A t o m r a d i e n  de r  Zn- ,  Sn- 
u n d  A s - A t o m e  b e r e c h n e n .  Es  e r g i b t  s ich ein W e r t  
x = 0,237. 

I n  Tabe l l e  1 s ind  die  b e o b a c h t e t e n  R e f l e x i n t e n s i t g t e n  
v o n  ZnSnAs2  u n d  die  ffir d e n  P a r a m e t e r w e r t  x = 0 , 2 3 7  
u n d  x = 0 , 2 5  b e r e c h n e t e n  R e f l e x i n t e n s i t i i t e n  de r  Cha lko-  
p y r i t s t r u k t u r  m i t  c/a = 2 e i n a n d e r  gegen i ibe rges t e l l t .  Die  
Ref l ex in tens i t~ t t en  w u r d e n  m i t  e i n e m  Z~ihlrohr-Gonio-  
m e t e r  gemessen .  Die  B e r e c h n u n g  e r fo lg te  n a c h  de r  
f ib l i chen  In t ens i t~ i t s fo rme l  fiir  P u l v e r a u f n a h m e n .  Die  
GrSsse des  P a r a m e t e r s  x m a c h t  s ich n u r  in d e n  I n t e n s i -  
t g t e n  de r  R e f l e x e  m i t  1 = 2 n - 1  e m p f i n d l i c h  b e m e r k b a r .  
F i i r  x = 0 , 2 3 7  b e s t e h t  i m  R a h m e n  de r  M e s s g e n a u i g k e i t  
U b e r e i n s t i m m u n g  zwi schen  d e n  b e o b a c h t e t e n  u n d  d e n  
b e r e c h n e t e n  I n t e n s i t g t e n .  Die  m i t t l e r e  A b w e i c h u n g  bei  
d e n  R e f l e x e n  m i t  l = 2 n - 1 ,  d ie  seh r  s c h w a c h  s ind,  i s t  
h i e rbe i  10%, w g h r e n d  fiir x = 0 , 2 5  d ie  m i t t l e r e  Abwei -  
c h u n g  e t w a  50% bet r i ig t .  

Z u r  B e s t i m m u n g  de r  U m w a n d l u n g s t e m p e r a t u r ,  be i  
de r  die  g e o r d n e t e  C h a l k o p y r i t s t r u k t u r  in e ine  u n g e o r d -  
n e t e  Z i n k b l e n d e s t r u k t u r  t ibe rgeh t ,  w u r d e n  m i t  e ine r  
U n i c a m - K a m m e r  H o c h t e m p e r a t u r a u f n a h m e n  angefe r -  
t ig t ,  u n d  es w u r d e  alas V e r s c h w i n d e n  de r  s c h w a c h e n  
L i n i e n  ve r fo lg t .  Die  E i c h u n g  de r  P r o b e n t e m p e r a t u r  in  
de r  K a m m e r  w u r d e  m i t  Hi l fe  de r  G i t t e r k o n s t a n t e n -  
~ inderung v o n  A g - P r o b e n  d u r c h g e f i i h r t .  D a b e i  e rgab  s ich  
e ine  U m w a n d l u n g s t e m p e r a t u r  y o n  635 ± 10 °C. Die  i m  
Z i n k b l e n d e g i t t e r  k r i s t a l l i s i e rende  H o c h t e m p e r a t u r m o d i -  
f i k a t i o n  h a t  bei  640 °C. e ine  G i t t e r k o n s t a n t e  a = 5,880 A.  
A n  e iner  au f  Z i r n m e r t e m p e r a t u r  a b g e s c h r e c k t e n  P r o b e  
w u r d e  e in  W e r t  a = 5 , 8 5 1  ± 0 , 0 0 1  A e r m i t t e l t ,  de r  iden-  
t i sch  ist  m i t  d e m  a - W e r t  de r  T i e f t e m p e r a t u r m o d i f i k a t i o n .  

F i i r  d ie  U b e r l a s s u n g  v o n  P r o b e n  b in  ieh H e r r n  
R .  Maie r  seh r  zu  D a n k  v e r p f l i e h t e t .  H e r r n  Y.  Uze l  
d a n k e  ieh fiir d ie  A u s w e r t u n g  de r  R 6 n t g e n - A u f n a h m e n .  
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