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s t immung mi t  der pyknometr isch  ermit te l ten Dichte 
1,50 g.cm. -3. 

Da der Beitrag leichter Atome zum Strukturfaktor  
infolge ungloich st/irkorcn Abfalls des Atomformfaktors  
mi t  s teigendem sin 0/2 neben dem der schweren Atome 
vernachl/issigt werden kann,  liess sich ass  dem visuell 
geschi~tzten Gang der In tens i ta ten  bei hohen Beugungs- 
winkeln die Punkt lage der schweren Atome (Ce, Th, U) 
angen~hert  best immen.  

Vierzahlige spezielle Punkt lage (c) in der Raumgruppe  
P ccn : 

mit  Az=O,O15±O, O02 fiir Thorium und  Az=0,018±0,002 
fiir Cer und Uran. 

U m  die weitere Aufkl~rung der St ruktur  sind wir 
bemiiht.  
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The simple rules for finding symmet ry  relations between 
structure factors and for the linearization of structure 
factors s ta ted in the  paper ent i t led 'Alg~bre des facteurs 
de structure '  (Bertaut,  1956, henceforth referred to as I) 
do not  always apply wi thout  modification. 

S y m m e t r y  relat ions  

Consider two equivalent  vectors r and r ' ,  re lated by the  
symmet ry  operation C: r '  = Cr. The operation C con- 
tains in general a translational component  t and  a dyadic 
par t  A (proper or improper rotat ion):  

r '  = Cr  = A r + t .  

Now, as was s ta ted by Waser (1955), the  relationship 
between r and  r '  in direct space engenders the  relation- 
ship 

/~(h) = F (h ' )  exp (2~ih. t )  (1) 

between structure factors F(h ' ) ,  and  F(h) ,  where h '  = 
hA = A - l h .  

In  general A -1 is not  identical wi th  A, as was implied 
by  the simple rule of paper I. However,  A -1 = A when- 
ever A is of order 2(m, 1, 2), and  then  the  rule given in I 
is correct. 

The index triple (h', Ic', l') symbolized by h '  = A - l h  = 
hA may  be obtained by post-mult ipl ication of the  row 
matr ix  (h,/c, l) wi th  the 3 ×3 matr ix  representing A 
(cf. MacGfllavry, 1950), or by the  following me thod  of 
inspection, 

Consider, for example, the  equivalent  points r = 
x, y, z, and r '  ---- Cr = ½ - y ,  x, z (space group Pn3n,  cf. 
Waser, 1955). The lat ter  contributes to the  structure 
factor the te rm (-- 1) h exp 2 z i ( - - h y + k x + l z ) .  Rearrange 
so as to bring the parameters  x, y, z into their  usual 
sequence again. This regrouping of the parenthesis  casts 
h . r '  into the equivalent  form ( h A ) r + h . t  and  here 
results in (--1) h exp 2~i (kx+~y+lz) .  From this the  sym- 
me t ry  relat ion 

F(hkl) = (--1)hF(/c~l) 

may  be read off directly. 

Linearizat ion 

The correct lincarization relation for a structure-factor 
product  (cf. Bertaut ,  1955, equation I I I -12)  is shown 
below to be 

~(hl)~(h~) = .~  exp (2~ih2ts)~(Hs), (2) 
8----1 

where 

~(h) ~ = exp 2~ihCsr (3) 
8----1 

is the tr igonometric par t  of the  structure factor, and where 

Hs = h1-l-h2A8. 

This follows from the expansion 

~(hl)~(h9 ) --- ~ J~" exp (2~ihlCpr) exp 2~ih2Car ) 
p q 

= ~ , ~  exp 2rd(hl+h~Cs)Cpr (5) 
p s 

with Cs = CqC~ 1. As q runs from 1 to n with p fixed, 
s varies from 1 to n also, only in different order. Fur ther-  
more, h2Cs(Cpr ) = h2As(Cpr) + h~ts. Thus rearrangement  
of the last double sum in (3) yields 

( ~  exp 2~i(h 1 -t-h2As)Cpr ) exp 2~ih~t,  
s p 

which can be rewri t ten in the form (2). 
The rule for linearization may  also be s tated as follows; 

Find all symmet ry  relations (1) for the  structure factor 
F(h2) and list all the reciprocal vectors h~ l s  as well as 
the phase factors exp 2zih2t s, s -~ 1 . . . . .  n. Add h 1 to all 
h2As to give Hs. Multiply each ~(Hs) wi th  the corre- 
sponding phase factor and sum. 

The simpler rule given in I applies to all space groups 
containing symmet ry  elements  of order 2 only. I t  also 
applies to space groups in which those symmet ry  opera- 
tions tha t  interrelate coordinate axes have no transla- 
t ional components.  Fortunately,  the correct rules were 
used in the  derivat ion of the Tables de Lindarisation des 
Produits et Puissances des Facteurs de Structure (Bertaut  
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& Du lac ,  1955) m e n t i o n e d  in I .  All  o t h e r  p a r t s  of  I a re  
cor rec t .  
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A c c o r d i n g  to  H a n s o n  (1936, p p .  973-4) ,  t h e  p h o s p h i d e s  of T a b l e  1. of S u P  
t i n ,  S u P  3, Sn4P 3, a n d  Sn3P 4, m a y  be  f o r m e d  in t h e  b i n a r y  hk.1 dc (i~)j do (A) I 
s y s t e m  S n - P .  A n  a t t e m p t  t o  p r e p a r e  S u P  3 w a s  m a d e  b y  00.1 5.98 5.97 vvw 
t h e  h i g h - t e m p e r a t u r e  r e a c t i o n  of  a 1 :3  m i x t u r e  of t i n  20.0 3.80 3.77 m ¢ 
a n d  r e d  p h o s p h o r u s .  T h e  c o n s t i t u e n t  e l e m e n t s  we re  20.1 3.21 3.19 vs 
h e a t e d  to  700 ° C. in  a n  e v a c u a t e d  (10 -s  r am.  of  i g )  00.2 2.99 2.99 m- -  
v y c o r  t u b e ;  a f t e r w a r d s  s low-cooled  a t  40 ° C.hr .  -x to  21.0 2.87 2.91 vwv 
380 ° C. a n d  t h e n  a l l owed  to  r e a c h  r o o m  t e m p e r a t u r e .  10.2 2.78 2.82 m- -  
T h e  r e a c t i o n  p r o d u c t  w a s  a sol id i f ied  m a s s  w i t h  a si l icon- 20.2 2.35 I 2.35 s 
l ike dul l  m e t a l l i c  lus te r .  T h e  p r e sence  of  u n r e a c t o d  phos -  30.1 2.33 
p h o r u s  i n d i c a t e d  a d e v i a t i o n  f r o m  t h e  s t o i c h i o m e t r y  S u P  3. 22.0 2.20 2.18 s 31.0 2.11 2:09 w 
T h e  p r o d u c t  was  g r a p h i t i c  in  c h a r a c t e r ,  i.e., q u i t e  sof t  00.3 1-993 2.001 w 
w i t h  a n  ea sy  c l eavage  para l l e l  t o  (00.l). T h e  en t i r e  p r o d u c t  31.1 1.989 1.973 vw 
a p p e a r e d  to  be  one  largo s ingle  c rys ta l .  I t  w a s  f o u n d  to  be  40.0 1.901 1-890 w 
inso lub le  in  c o n c e n t r a t e d  H N O  a a t  300 ° C. F o r  c h e m i c a l  40.1 1.812 1.804 m~- 
ana lys i s* ,  i t  w a s  f u s e d  w i t h  K2CO a a n d  s u l p h u r  in  a 22.2 1.769 1.768 m 
p l a t i n u m  cruc ib le  a n d  t h e n  ac id i f ied .  T h e  excess  s u l p h u r  41.1 1.599 1.598 w 
w a s  ox id i zed  a n d  t h e  p h o s p h o r u s  w a s  d e t e r m i n e d  as  22.3 1.476 1.477 m- -  
p h o s p h o m o l y b d a t e .  F o r  t h e  t i n  d e t e r m i n a t i o n ,  t h e  s a m p l e  42.0 1.437 1.433 vw 

a l u m i n u m  foil a n d  42.1 1.397 ~ 1.394 mq- w a s  ac id i f ied  w i t h  HC1, r e d u c e d  w i t h  20.4 1.391 
t i t r a t e d  i o d o m e t r i c a l l y .  T h e  resu l t s ,  w h i c h  a re  a v e r a g e d  42.2 1.295 ~ 1.296 w 
f r o m  t w o  ana lyses ,  c h e c k e d  c losely  w i t h  t h e  s t o i c h i o m e t r y  60.0 1.267 1.269 vvw 
of  t i n  m o n o p h o s p h i d e ,  S u P :  : 40.4 1.175 1.177 w 

42.3 1.166 1.166 w 
Analysis Calculated 
(wt. %) (wt. %) 

Sn 78.86 79.30 
P 20.47 20.70 

Principal lines of the powder pattern 

T h i s  f o r m u l a t i o n  is n o t  in  a g r e e m e n t  w i t h  H a n s o n  
(1936, p .  974), w h o  i n d i c a t e d  t h a t  a m o n o p h o s p h i d e  of 
t i n  a p p e a r e d  un l ike ly .  

R o t a t i o n  a n d  p recess ion  p a t t e r n s  were  o b t a i n e d ,  u s i n g  
a t h i n  c l eaved  sec t i on  of  t h e  c ry s t a l  w i t h  u n f i l t e r e d  Me 
r a d i a t i o n  (/t = 0.7107 A). A h e x a g o n a l  u n i t  cell was  
e s t a b l i s h e d  w i t h  t h e  d i m e n s i o n s :  

a 0 ---- 8 .78±0 .01  A, c o -~ 5-98±0-01  A, c/a ---- 0 . 6 8 2 .  

T h e  un i t - ce l l  d i m e n s i o n s  w e r e  d e t e r m i n e d  f r o m  t h e  spac-  
ings  of h i g h - o r d e r  r e f l ec t ions :  a 0 f r o m  t h e  f o u r t e e n t h  
o r d e r  of (h0.0) a n d  c o f r o m  t h e  t w e l f t h  o r d e r  of  (00.l) 
o n  zero- level  p r eces s ion  p h o t o g r a p h s .  T h e  d e n s i t y  of  a 
77 mg .  s a m p l e  was  m e a s u r e d  p y c n o m e t r i c a l l y  in m e t h a n o l  
a n d  f o u n d  to  be  5-01 g . cm.  -a as  c o m p a r e d  to  a c a l c u l a t e d  
d e n s i t y  of 4-98 g . cm.  -a for  Z -- 8. 

* Schwarzkopf Microanalytical Labora tory ,  Woodside 77, 
New York, N.Y., U.S.A. 

I n  T a b l e  1 t h e  o b s e r v e d  d spac ings  of t h e  p o w d e r  
p a t t e r n  a re  c o m p a r e d  w i t h  t h o s e  c a l c u l a t e d  f r o m  t h e  
l a t t i c e  c o n s t a n t s  o b t a i n e d  u s i n g  s ingle  c rys t a l  d a t a .  T h e  
p o w d e r  p a t t e r n  was  o b t a i n e d  w i t h  Ni - f f l t e red  Cu r ad ia -  
t i o n  (/t ---- 1-5418 /~); r e l a t i ve  i n t ens i t i e s  were  e s t i m a t e d  
v i sua l ly .  O w i n g  to  t h e  soft ,  g r a p h i t i c  n a t u r e  of S u P ,  
t h e  d i f f r ac t i on  l ines  for  20 ~ 90 ° were  b r o a d  a n d  d i f fuse  
a n d  n o t  u sab le  for  a m o r e  a c c u r a t e  d e t e r m i n a t i o n  of t h e  
un i t - ce l l  d i m e n s i o n s .  N o  s y s t e m a t i c  absences  were  ob-  
se rved .  T h e  rec ip roca l - l a t t i ce - l eve l  s y m m e t r y  for  c ax is  
r o t a t i o n  w a s  c h a r a c t e r i z e d  b y  C6~ for  t h e  zero level  a n d  
C31 for  t h e  u p p e r  levels.  T h e  d i f f r a c t i o n  s y m m e t r y  is 
Dad--3m w i t h  t h e  fo l lowing  poss ib le  space  g r o u p s :  
D ~ - P 3 2 1 ;  C~av-P3ml; D~d-P3ml, t h e  las t  be ing  c e n t r e -  
s y m m e t r i c .  A s t r u c t u r e  ana lys i s  is p l a n n e d .  

T h e  a u t h o r s  a re  g r a t e f u l  to  Mr  R .  Le fke r ,  of t h e s e  
L a b o r a t o r i e s ,  for  t h e  I B M  ca l cu l a t i on  of d spac ings .  
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