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of  t he  shape  a n d  d imens ions  of  smal l  crystals .  The  m e t h o d  
could  be appl ied  w i t h  profi t  to  t he  s t u d y  of  t he  size a n d  
shape  of  molecu la r ly  d ispersed p ro te in  molecules ,  par t i -  
cu la r ly  those,  such  as horse haemoglob in ,  whose  in t ra-  
molecu la r  o rder  is i n d e p e n d e n t  of  w a t e r  (Peru tz ,  1949). 
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Preliminary X-ray investigation of nitrogen triphenyl and phosphorus triphenyl. By E. R. HOW~LLS,* 
Viriamu Jones Laboratory, University College, Cardiff, Wales 

(Received 26 May 1949 and in revised form 17 February 1950) 

1. Single-crystal X-ray measurements 
N i t r o g e n  t r i pheny l  crystal l izes  in p la tes  b o u n d e d  b y  
(100) a n d  (100), w i th  p r o m i n e n t  inc l ined  (101), (101) a n d  
{110} faces, a n d  m i n o r  {010}, (201), (001) a n d  (001) faces. 
P h o s p h o r u s  t r i p h e n y l  grows in crys ta ls  e longa t ed  a long 
[001], b o u n d e d  b y  {110} a n d  t e r m i n a t e d  b y  {101} a n d  
{001}. Osci l lat ion a n d  r o t a t i o n  p h o t o g r a p h s  a b o u t  t he  
pr inc ipa l  c rys ta l lograph ic  axes show t h a t  bo th  c o m p o u n d s  
are  monocl in ic  a n d  have  t h e  uni t -cel l  d imens ions  g iven  in 
Tab le  1. 

Phospho rus  t r i p h e n y l  exhib i t s  absences  in t he  reflexions 
hO1 w h e n  h is odd,  so t h a t  t he  space g roup  is e i the r  Pa or 
P2/a. T h e  ex te rna l  fo rm of t h e  typ ica l  c rys ta l  suggests  
t h a t  t he  s t r u c t u r e  has  a cen t re  of  s y m m e t r y ,  a n d  the  
d i s t r ibu t ions  of  t he  in tensi t ies  of  reflexions hO1 a n d  hk0 
agree  sa t i s fac tor i ly  w i th  t he  theore t i ca l  curve  for a 
c e n t r o s y m m e t r i c  p ro j ec t ion  (Howells,  Phi l l ips  & Rogers ,  
1950). The  space g roup  is therefore  more  p r o b a b l y  P2/a. 
l~i t rogen t r i pheny l  a n d  phosphorus  t r i p h e n y l  are  n o t  
i somorphous ;  in fact  t he re  is no i somorphous  pai r  i~t the  

Nitrogen 
triphenyl 

Phosphorus 
triphenyl 

Table 1. Single-crystal data 
(Accuracy of cell dimensions about 1%;  of monoclinic angle 0.5°.) 

:No. of 
molecules 
per unit  Space 

a (A.)" b (A.) c (A.) fl cell Class group 
22.6 11.2 11.2 90 ° 8 Monoclinic Pm 

homihedral 
11.6 15.1 8" 57 93 ° 4 Monoclinic P2/a 

holohedral 

Table 2. Powder photograph data 
Nitrogen triphenyl Phosphorus triphenyl 

A K 

Interplanar  Relative peak Interplanar  Relative peak 
spacing (A.) intensity Indices spacing (A.) intensity Indices 

7.93 0.19 011, 210, 201 9-20 - -  l l 0  
6.24 0-04 301, 310 8.62 0.30 001 
5-61 0-21 020, 002, 400 7.64 0.39 020 
4-93 0-43 220, 202, 401,410 6.38 0-18 120 
4.46 1-00 500, 302, 320 5.76 0.55 200 
4-15 0.20 321, 312, 501, 510 4-90 0-80 201 
3.93 0"36 022, 420, 402, 122 4.60 1.00 220, 130, 211 
3.69 0" 15 - -  4*27 0.52 002 
3.50 0.24 - -  3.98 0.55 221 
3.36 0.20 - -  3"77 0.50 040, 022, 310 
3.19 0.15 - -  3.45 0.27 202, 311 
2.97 0.06 - -  3.28 0.11 032 
2.84 0.10 - -  3-08 0.09 222 
2.76 - -  - -  2.86 0.11 400, 003, 232 
2.69 - -  - -  2.75 0.09 113 
2.48 - -  - -  2-66 0.18 023, 322 
2.39 - -  - -  
2-28 - -  - -  
2 2 1  - -  --- 
2 07 0.04 -- - 

The  X - r a y  reflexions w i t h  n i t rogen  t r i p h e n y l  show no 
sys t ema t i c  absences ;  t he  space g roup  is the re fore  one of  
P2, Pro, P2/m. F r o m  the  ex t e rna l  s y m m e t r y  it seems t h a t  
t he  mos t  p robab le  space g roup  is Pm. 

* Now at Crystallographic Laboratory,  Cavendish Labora- 
tory, Cambridge, England.  

g roup  composed  of  these  c o m p o u n d s  a n d  the  arsenic ,  
a n t i m o n y  a n d  b i s m u t h  t r i pheny l s  (Wetzel ,  1942). 

P a t t e r s o n - F o u r i e r  syn theses  have  been  p e r f o r m e d  for 
the  p ro jec t ions  of  phosphorus  t r i pheny l  on (001) a n d  
(010). The  in tensi t ies  were  e s t i m a t e d  v isua l ly  f rom zero- 
layer- l ine  Weissenberg  pho tographs .  The  first p ro jec t ion  
shows sharp  peaks  a t  (0, 0.416) a n d  (0.500, 0.416); t he  
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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 


