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l a t t e r  one does n o t  possess a n y  clear  m a x i m a  excep t  on  
t h e  x axis.  Loca t i on  of  t h e  four  phospho rus  a t o m s  a t  t h e  
po in t s  (0, + 0.208, 0) a n d  (0.500, + 0.208, 0) is cons is ten t  
w i t h  t h e  P a t t e r s o n  peaks  observed .  W o r k  is be ing  con- 
t i n u e d  on t h e  s t r uc tu r e  of  phosphorus  t r ipheny l .  

2 .  P o w d e r - p h o t o g r a p h  d a t a  

P o w d e r  p h o t o g r a p h s  of  n i t rogen  t r i p h e n y l  a n d  phos-  
pho rus  t r i pheny l ,  t a k e n  in  a 19 cm. c a m e r a  of  t he  B r a d l e y -  
J a y  type ,  show r a t h e r  b r o a d  Debye--Scherrer  arcs,  for t h e  
low absorb ing  power  of  t he  two  c o m p o u n d s  resul ts  in t he  
whole  spec imen  con t r i bu t i ng  to  each  d i f f rac ted  beam.  
Tab le  2 gives t he  i n t e rp l ana r  spacings,  re la t ive  p e a k  in- 
tens i t ies  ( e s t ima ted  f rom m i c r o p h o t o m e t e r  t races) ,  a n d  
indices  of  t h e  low-order  lines. As Gro th  (1906-19, vol.  5, 
p.  274) po in ts  out ,  n i t rogen  t r i p h e n y l  is p seudo- t e t r a -  

gona l  w i t h  a -- 2b - 2c. H e n c e  different  indices  of ten  give 
t h e  same  in t e rp l ana r  spac ing  w i t h i n  t h e  e x p e r i m e n t a l  
error .  T h e  indices of  t h e  h igher -o rder  lines a re  therefore  
omi t t ed .  

M y  t h a n k s  are  due  to  D r  A. J .  C. Wilson,  u n d e r  whose  
d i rec t ion  th is  w o r k  was  car r ied  ou t ;  to  Miss I .  E .  Lewis  
for ass is tance w i t h  t he  powder  p h o t o g r a p h y ;  a n d  to  t h e  
Chemis t ry  D e p a r t m e n t  of  th is  College for supp ly ing  t h e  
compounds .  
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I n t r o d u c t i o n  

I n  a prev ious  p a p e r  b y  t h e  p resen t  au tho r s  ( K i n g  & 
Lipscomb,  1950), a fo rmula  was  de r ived  for t h e  X - r a y  
sca t t e r ing  f rom a n  a t o m  in  h i n d e r e d  ro t a t i on  a b o u t  a n  
axis n o t  pass ing  t h r o u g h  its center .  I n  th is  no te ,  fo rmulas  
wil l  be  g iven  for  t he  average  complex  sca t t e r ing  powers  of  
a t o m s  w i t h  t he  posi t ions of  the i r  centers  d i s t r i bu t ed  w i t h  
un i fo rm  probab i l i ty  over  t he  in te r ior  of  a c i rcular  disk,  t h e  
in ter ior  of  a sphere ,  or a long a c i rcular  arc.  Such  formulas  
m a y  p rove  useful  in c o m p u t i n g  s t r uc tu r e  factors  for  
a s s u m e d  models  of  crys ta ls  con ta in ing  a t o m s  in m o t i o n  or  
disorder .  There  are  ce r t a in  genera l  condi t ions  u n d e r  w h i c h  
one m a y  ca lcula te  t h e  i n t ens i t y  of  cohe ren t  sca t t e r ing  f rom 
a c rys ta l  f r om t h e  square  of  t h e  spat ia l  ave rage  of  t he  
a m p l i t u d e  (Zachar iasen,  1944, Chap.  4). W e  h a v e  com- 
p a r e d  t h e  average  in tens i ty  w i t h  t he  square  of  t he  average  a = 0.5 

1.0 
a m p l i t u d e  for a c rys ta l  con ta in ing  i n d e p e n d e n t l y  dis- 1.5 
o rde red  r igid groups,  such  t h a t  defini te  phase  re la t ions  2-0 
exist  a m o n g  t h e  mot ions  of  a t o m s  wi th in  each  group.  I f  in  2-5 
t h e  c rys ta l  t he re  are  N such  groups,  each  con ta in ing  n 3.0 
atom.s, t h e n  w h e n e v e r  _N>~n ~ it  is l eg i t imate  u n d e r  these  3-5 4.0 
genera l  condi t ions  to  average  t he  ampl i tude .  

N o t a t i o n  a = 0 . 5  

L e t  k = t h e  pos i t ion  vec to r  of  the  cen te r  of  t he  disk,  sphere,  1.0 
1.5 

or  arc.  2.0 
h - - t h e  rec iprocal - la t t ice  vec to r  of  t he  ref lect ion con- 2-5 

sidered.  3-0 
v = the  radius  of  t he  disk,  sphere,  or  arc.  3.5 
f = t he  a tomic  sca t te r ing  fac tor  of  t he  g iven a t o m  t a k e n  4-0 

w i t h  its cen te r  a t  t h e  origin. 
= t he  angle  b e t w e e n  t h e  n o r m a l  to  t he  p lane  of  t he  a = 0.5 

disk or arc  a n d  the  vec to r  h .  1.0 
= t he  average  complex  sca t t e r ing  power  of  t he  a tom.  1.5 

0 t, 03 = the  posi t ion angles of  t he  ends  of  t he  arc,  m e a s u r e d  2.0 
2.5 

f rom t h e  p ro jec t ion  of  h on  the  p lane  of  t he  arc. 3.0 
a=2~r  ] h I v s i n ~ .  3"5 
x = 2 1 r ] h l v .  4.0 

F o r m u l a s  

The  fo rmula  de r ived  for  t he  va lue  o f  y for  an  a t o m  h a v i n g  
t h e  posi t ion of  its cen te r  d i s t r ibu ted  w i t h  un i fo rm  prob-  
ab i l i ty  over  a c i rcular  d isk  is 

= f e x p  (21rih. k)  (2/a) Jr (a) .  

The  fo rmula  for y for an  a t o m  h a v i n g  t h e  pos i t ion  of  its 
cen te r  d i s t r ibu ted  w i th  un i fo rm probab i l i ty  over  the  in te r ior  
of  a sphere  is 

~ = f e x p  (2•ih .k)  (3/x s) (s inx-xcosx) .  

T a b l e  1. 

O = 15 ° 
- -  0.0152 + 0" 1242i 
-- 0.0564+ 0.2187i 
-- 0.1110+ 0.2608i 
- -  0-1621 + 0.2404/ 
-- 0.1925+ 0.1625i 
- -  0 . 1 8 9 6 +  0 . 0 4 5 8 i  
- -  0.1490-- 0 . 0 8 1 9 i  

-- 0"0758-- 0" 1900/ 

0 = 45 ° 
- -  0.0306+ 0-3414i 
-- 0.1149 + 0.6130/ 
-- 0.2320+ 0-7598i 
-- 0.3524+ 0.7529i 
- -  0-4446+ 0.5955i 
- -  0.4823 + 0-3222i 
-- 0.4502-- 0-0094i 
- -  0.3478-- 0.3303i 

Values of A (a, O) 

30 ° 
- 0.0264 + 0.2406i 
- 0.0984+ 0-427 l i  
- 0.1959+0.5177i 
- 0.2908 + 0.4922i 
- 0.3544+ 0.3567i 
- 0.3639+ 0.1420/ 
- 0-3090- 0-1035i 
- 0.1944-  0.3244/ 

60 ° 
- 0.0266+ 0-4196i 
- 0.1006+ 0.7621i 
- 0.2061 + 0.9658i 
- 0.3203 + 0-9964i 
- 0.4182 + 0-8540/ 
- 0-4780+ 0.5717i 
- 0.4854+ 0.2084/ 
- 0.4362-  0.1639i 

0 = 75 ° 
-- 0.0154 + 0.4692i 
- -  0.0585 + 0.8594i 
- -  0.1212+ 1.1068i 
-- 0.1915+ 1.1756i 
- -  0.2564+ 1.0644/ 
-- 0.3041 + 0.8050/ 
- -  0.3266+ 0-4555i 
- -  0.3211 + 0-0876i 

90 ° 
0.4862i 
0-8932i 
1.1572i 
1.2423i 
1.1466i 
0.9021i 
0.5668i 
0-2121i 
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The formula  for y for an  a tom having the position of its 
center dis tr ibuted wi th  uniform probabi l i ty  along a circular 
arc is 

- f e x p  (27rib. k) [J0(a) + {A(a, 09) - A(a, 01)}/(0~ - 01)], 
o0  

where A(a,O)= ~ (2/m)imJm(a)sinmO. 
m=l 

The function A(a, 0) is periodic in 0 wi th  the period 2m 
In  addition, i t  has the properties: 

A(a, Tr+O)=A*(a,O); A(a, Tr--O)=-A*(a,O); 

A ( a , - O ) - - A ( a , O ) ;  A(a,n~)=O; A ( 0 , 0 ) = 0 .  
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Hence i t  is necessary only to tabula te  values of the A 
function for the range, O -  0 to 0 -- ½;r. A table of values of 
A(a, 0) is given in Table 1. 

Appreciation is expressed to the Nat ional  Ins t i tu tes  of 
Hea l th  for a post-doctoral fellowship granted to one of the 
authors (M. V. K.). 
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La structure cristalline de LaSi~. Par  F. BERTA~ et P. BLV~, Institut Fourier, Place du Doyen Gosse, Grenoble 
Is~re, France 

(Re~u le 10 mars 1950) 

Zachariasen (1949) a montr6 que les silieiures d 'uranium,  
de neptunium, de plutonium et de c~rium sent  isomorphes 
de ThSi~ den t  la structure a 6t6 6tablie par  Brauer  & 
Mitius (1942). Comme le thor ium et les terres rares, den t  le 
c6rium est un  repr4sentant,  sent  isomorphes dans leurs 
borures, il est ~ supposer que route la s6rie des terres rares 
est isomorphe dans ses siliciures. Ce point  a ~t6 v~irifi6 sur 
LaSi~ qui a donc pour groupe spatial  14/amd avec les 
positions d 'atomes suivantes:  

(0, 0, 0), (½, ½, ½) + 4La  en (0,0,0),(0,½,¼), 

8Si en (0,0,0 + z), (0, ½, ¼ + z), 
oi~ z =  0,417 + 0,01. 

Les param~tres sent  a= 4,374; c -  13,565A. 

La densit~i calcul6e est d = 4,95 g.cm. -a. 

Nous remercions Monsieur le professeur Dodero, qui le 
premier a r~ussi ~ preparer LaSi~, d 'avoir  bien voulu nous 
confier un  ~ehantillon de cette substance. 
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This substance was first prepared by  Vernon (1920a, b, 
1921), who obtained two forms corresponding to the 
formula deduced from the chemical analysis.  Vernon 
postulated an isomerism, naming the two forms a- and  
/?;dimethyltel luronium diiodide. Drew (1929), however, 
proved the non-existence of isomerism among these two 
forms, finding by  means of chemical investigations tha t  
the/?  form is not  isomeric with  the a form, but  is a complex 
substance having the same empirical formula;  and he 
established for the /?  form the formula 

Te(CHa)aI. Te(CHa)I3. 

Vernon described the crystals  of both  forms, giving for 
the a form the following constants  determined by  genie- 
metric measurement  :---crystal system: monoclinic; class: 
holohedral;  axial  angle : 72 ° 21'; axial  ratio : 

a:b : c -  0-5578:1:0-4310. 

We have taken  rota t ion pat terns  about  the three axes 
and  Weissenberg pat terns  about  the b and c axes. The 
dimensions of the uni t  cell so determined were: 

a -  12.26 +_ 0.03, b=  21.89 + 0.04, 

c=9-46+_0-04A.;  /?=72 ° 24 '+10 ' .  

March 1950) 

These data  give the axial  rat ios 

a:b :c = 0.561 _+ 0.03:1:0.433 + 0.03, 

in agreement  wi th  Vernon's  determinations.  
When the diffraction spots in the Weissenberg photo- 

graphs were indexed, the following interferences were 
observed: hkl in all orders; hOl when h =  2n; 0k0 when 
k---2n. These da ta  are consistent wi th  the space group 
C~a-P21/a. 

The densi ty  of crystals,  determined by  Vernon, was 
3.34 g.cm. -a. F rom this  and  the unit-cell dimensions we 
calculated t ha t  the  cell contains 11-9~ 12 molecules. No 
smaller cell can exist;  if  it did, the cell chosen could not  be 
primitive.  For  atoms in general positions the space group 
C~a presents a max imum mult ipl ic i ty  of 4. This induced us 
to suppose t ha t  the  12 molecules cannot  all be identical. 

The probabi l i ty  of this  s ta tement  is consistent wi th  the 
investigations of Drew for the /?  form ; this  au thor  l imited 
his observations to the/?  form and accepted for the a form 
the s t ra ight  formula determined by  analysis,  basing his 
opinion uniquely on the method of chemical preparation.  
I t  is possible, therefore, t ha t  neither the ~ form nor the  


