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Fig. I. The a'c* face of the reciprocal cell of the new form of 
lauric acid super imposed on the a'c* plane of the reciprocal 
lattice of the 7-form. 

t he  un i t -ce l l  d i m e n s i o n s  of t h e  l a t t e r  f o r m  f r o m  p o w d e r  
p h o t o g r a p h s .  F o r  laur ic  ac id  t h e  d i m e n s i o n s  were  

a = 2 2 . 1 ,  b = 5 . 2 4 ,  c = 3 2 . 0  .~; 

f l = 9 9  ° 58', a = 7 = 9 0  ° . 

I t  was  r e c e n t l y  dec ided  to t r y  to  check  these  f igures  by  
s ing le -c rys ta l  m e t h o d s .  

A smal l  q u a n t i t y  of y- laur ic  ac id  was  d i s so lved  in e t h e r  
a n d  t h e  s o l u t i o n  a l lowed  to e v a p o r a t e  s lowly  to  d ryness .  
T h e  r e su l t i ng  m a t e r i a l  cons i s t ed  of a t ang l e  of f ibres 
t o g e t h e r  w i t h  a few smal l  p la tes .  T h r e e  of t hese  p l a t e s  
were  se lec ted  for s ing le -c rys ta l  e x a m i n a t i o n :  t h e  re- 
m a i n i n g  m a t e r i a l  was  g r o u n d  a n d  a p o w d e r  p h o t o g r a p h  
,)f i t  t a k e n .  Th i s  p h o t o g r a p h  was  iden t i ca l  w i t h  t h a t  used  
in t h e  d e t e r m i n a t i o n  of t h e  cell d i m e n s i o n s  of t h e  y - fo rm.  

W e i s s e n b e r g  a n d  osc i l la t ion  p h o t o g r a p h s  were  t a k e n  of 
each  of t h e  t h r e e  s ingle  c rys ta l s  a n d  t he  u n i t  cell was  
f o u n d  to be t r ic l inic  w i t h  

a = 7 . 4 5 ,  b = 5 . 4 0 ,  c = 1 7 . 5  A;  

~ = 9 6  ° 5 3 ' ,  f l = l 1 3  ° 8', 7=81 ° 7'. 

This  cell is t h u s  d i f f e r en t  f r o m  t h a t  of t he  t)owde.re(l 
f ibres a n d  does  n o t  a c c o u n t  for all t h e  l ines on  t he  p o w d e r  
p h o t o g r a p h .  T h e r e  is, h o w e v e r ,  a s imp le  r e l a t i o n s h i p  
b e t w e e n  t h e  two  cells wh ich  is i l l u s t r a t ed  in F ig .  1, in 
w h i c h  t h e  a'c* face of t h e  s ingle c rys t a l  r ec ip roca l  cell 
is s h o w n  s u p e r i m p o s e d  on t h e  a'c* p l a n e  of t h e  rec ip roca l  
l a t t i ce  of t he  p o w d e r e d  fibres.  T h e  p e r p e n d i c u l a r  separa-  
t ions  of t h e  a ' c *  p l anes  in t he  two  rec iproca l  l a t t i ces  do  
n o t  d i f fer  by  m o r e  t h a n  t h r ee  p e r c e n t .  

T h e  va lue  of t he  long  spac ing  ( l / c * ) i n  t he  s ingle  
c rys t a l  is 16-0 A w h i c h  is j u s t  ha l f  of t h a t  of t h e  y - fo rm.  
I t  is of course  poss ib le  t h a t  t h e  spac ing  is rea l ly  twice  
as long  as r e p o r t e d ,  b u t  no  t r ace  of w e a k  spo t s  to  s u p p o r t  
th is  s u p p o s i t i o n  cou ld  be  f o u n d .  T h e  cell d i m e n s i o n s  of 
t he  fl f o r m  of s tear ic  ac id  h a v e  been  r e p o r t e d  by  v o n  
S y d o w  (1955) as 

a = 5 . 5 9 1 ,  b = 7 . 4 0 4 ,  c - - 4 9 . 3 8 _ ~ ;  f l = 1 1 7 ° 2 2  ', 

a n d  t he  space  g r o u p  as P2,/a.  T h e  s h o r t  d i m e n s i o n s  ()f 
th is  cell are  n o t  un l i ke  t hose  g iven  a b o v e  for t h e  lauri(: 
ac id  p l a t e s  b u t  t h e  space  g r o u p  is d i f f e r en t  a n d  even  if 
t h e  long  spac ing  of t h e  laur ic  ac id  p l a t e s  were  d o u b l e d  
it  w o u l d  n o t  agree  w i th  t he  va lue  to  be e x p e c t e d  for the  
f l-form of laur ie  acid.  

T h u s ,  a l t h o u g h  t he  uni t -cel l  d i m e n s i o n s  n o w  r e p o r t e d  
bear  s o m e  r e s e m b l a n c e  to t hose  of b o t h  t he  fl a n d  y- forms,  
t h e y  do  n o t  agree  closely w i t h  e i t he r :  t h e y  are  q u i t e  
d i f f e r en t  f r o m  those  of t he  ~ - fo rm a n d  so it  a p p e a r s  
t h a t  a f o u r t h  c rys ta l l ine  f o r m  of laurie  ac id  m u s t  be 
a d d e d  to t hose  p r e v i o u s l y  k n o w n .  
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I t  was  p r o p o s e d  b y  Cash  (1935) t h a t  t h e  use  of p o w d e r  
d a t a  in s t r u c t u r e  d e t c r m i n a t i o n s  of s u b s t a n c e s  ava i l ab le  

* Deceased, 19 August  1936. Mr Cash performed all of the 
experimental  work reported here and had measured all the 
fihns before his unt imely death.  
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on ly  in p o w d e r  f o r m  cou ld  be d e v e l o p e d  in to  a mor(~ 
p o w e r f u l  t e c h n i q u e  if p h o t o g r a p h s  were  m a d e  w i t h  as 
m a n y  d i f f e r en t  c o n s e c u t i v e  K x w a v e l e n g t h s  as poss ible ,  
so t h a t  as m u c h  of t h e  d i f f r ac t ion  p a t t e r n  as poss ib le  
cou ld  be o b s e r v e d  in t he  h i g h - r e s o l u t i o n  back - r e f l ec t i on  
reg ion  of t he  c a m e r a .  T h e  p r e s e n t  w o r k  was  u n d e r t a k e n  
in 1936 by  one  of us (A. H.  C.) to  t e s t  th is  n o t i o n .  As 
u r a n i u m  was t h e n  ava i l ab le  on ly  as a p o w d e r ,  it  s e e m e d  a 
su i t ab l e  an(1 i n t e r e s t i n g  tes t  s u b s t a n c e .  B u t  before  t hese  
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r e s u l t s  w e r e  p u b l i s h e d ,  t h e  w o r k  of  J a c o b  & W a r r e n  
(1937) a p p e a r e d ,  a n d  t h e  p r o j e c t  w a s  a b a n d o n e d .  S ince ,  
h o w e v e r ,  t h e r e  is c u r r e n t  i n t e r e s t  in t h e  u r a n i u m  i)ara-  
m e t e r  a n d  o u r  v a l u e  d i f fe r s  s o m e w h a t  f r o m  t h a t  of 
J a c o b  & W a r r e n ,  o u r  r e s u l t s  a r e  s u m m a r i z e d  b r i e f l y  
beh>w. 

P h o t o g r a p h s  w e r e  p r e p a r e ( t  in a v a c u u m  p r e c i s i o n  
c a m e r a  s im i l a r  t o  t h a t  of  B r a d l e y  & J a y  (1932) u s i n g  t h e  
K,~ w a v e l e n g t h s  of  all e l e m e n t s  f r o m  zinc  to  c h r o m i u m ,  
inc lus ive ,  e x c e p t  n icke l .  T h e  u r a n i u m  w a s  s o m e w h a t  f ine- 
g r a i n e d  a n d  d id  n o t  p r o d u c e  v e r y  s h a r p  l ines,  b u t  t h e  
w e a l t h  of  d a t a  f r o m  t h e  h a c k - r e f l e c t i o n  r eg ion  a n d  t h e  
m a n y  d i f f e r e n t  e s t i m a t e s  of t h e  l a rge r  s p a c i n g s  p r o d u c e d  
m e a s u r e m e n t s  g o o d  to  a b o u t  0"005 A or  b e t t e r .  T h e s e  
w e r e  eas i ly  i n d e x e d  b y  e l e m e n t a r y  m e t h o d s ;  t h e  p r e c i s i o n  
a n d  r e s o l u t i o n  of  t h e  s p a c i n g  m e a s u r e m e n t s  a re  in g e n e r a l  
m o r e  i m p o r t a n t  in t h e  i n d e x i n g  of  p o w d e r  d a t a  t h a n  is 
t h e  m e t h o d  use<t. L a t t i c e  c o n s t a n t s  w e r e  d e r i v e d  b y  a 
l e a s t - s q u a r e s  f i t t i n g  of  s e v e n  fu l ly  r e s o l v e d  m e a s u r e m e n t s  
of  s u p e r i o r  p r ec i s ion .  C o n s i d e r a t i o n  of  r e s o l v e d  l ines 
s h o w e d  t h e  e x t i n c t i o n s :  hkl w h e n  h + ] c  is o d d  a n d  hO1 
w h e n  1 is o d d ,  i n d i c a t i n g  s p a c e  g r o u p s  Cmcm or  Cmc. 
T h e  f o r m e r  was  a s s u m e d  a n d  p r o d u c e d  a s a t i s f a c t o r y  
s t r u c t u r e .  T h e  r e s u l t i n g  cell  (Cu K x  = 1"5418/~)  d a t a  a re  : 

a = 2"848 + 0.004,  b = 5.861 + 0.007,  c = 4.957 + 0"005 J t ,  
Z = 4 ;  

~>(calc.) = 19.1 g . em.  -a, 0(obs . )  = 18.9 g . cm.  -a 
(Dr iggs  & L i l l i endah l ,  1930). 

S i m p l e  c o n s i d e r a t i o n s  of  o b s e r v e d  i n t e n s i t i e s  s h o w e d  
t h a t  t h e  f o u r  u r a n i u m s  w e r e  in p o s i t i o n  c (Internationale 
Tabellen, 1935) w i t h  y a p p r o x i m a t e l y  0 .1;  a n d  f r o m  t h e  
observed i n t ens i t i e s ,  w h i c h  w e r e  v i s u a l  e s t i m a t e s ,  t h e  
p e r m i s s i b l e  r a n g e  of  y w a s  c o n s i d e r a b l e .  H o w e v e r ,  b y  
c o n s i d e r i n g  r e f l e c t i o n s  p e r m i t t e d  b y  t h e  s p a c e  g r o u p  b u t  
n e v e r  o b s e r v e d  on a n y  f i lm a n d  o t h e r s  w h i c h  a r e  v e r y  
w e a k ,  o b s e r v e d  w i t h  s o m e  w a v e l e n g t h s  a n d  n o t  w i t h  
o the r s ,  it w a s  p o s s i b l e  to  p u t  r a t h e r  c lose  l imi t s  on  y. 
T h e  f ina l  e s t i m a t e  w a s  y = 0 .102 + 0.002.  J a c o b  & W a r r e n  
g a v e  0 .105 + 0 - 0 0 5 ,  w h i c h  is c o n s i s t e n t  w i t h  o u r  v a l u e ,  
b u t  less p rec i se .  

I n  c a l c u l a t i n g  in t ens i t i e s ,  s c a t t e r i n g  f a c t o r s  fo r  U w e r e  
t a k e n  f r o m  t h e  lnternationale Tabellen (1935) a n d  w e r e  
n o t  c o r r e c t e d  for  a n o m a l o u s  d i s p e r s i o n  s ince  for  a e e n t r o -  
s y m m e t r i c  c r y s t a l  w i t h  o n l y  one  p o s i t i o n  o c c u p i e d ,  th i s  
e f f e c t  c a n  a l t e r  i n t e n s i t i e s  o n l y  in a w a y  q u a l i t a t i v e l y  
s imi l a r  t o  t h e  i n f l u e n c e  of  t h e  t h e r m a l  m o t i o n s  of  t h e  
a t o m s ,  a n d  t h e  d i s p e r s i o n  e f f e c t  c an  b e  t ) a r t i a l ly  a b s o r b e d  
i n to  t h e  t e m p e r a t u r e  a n d  sca le  f a c t o r s .  T h e  c a l c u l a t e d  
i n t e n s i t i e s  w e r e  c o r r e c t e d  for  m u l t i p l i c i t y ,  a b s o r p t i o n  
( cy l ind r i ca l  s a m p l e s ) ,  a n d  L o r e n t z - p o l a r i z a t i o n  f a c t o r ;  
a t e m p e r a t u r e  f a c t o r  w a s  m u l t i p l i e d  i n t o  t h e  u r a n i u m  
s c a t t e r i n g  f a c t o r s .  C a l c u l a t e d  a n d  o b s e r v e d  s p a c i n g s  a n d  
i n t e n s i t i e s  a r e  c o m p a r e ( t  in T a b l e  1 for  t h o s e  r e f l e c t i ons  
t h a t  a re  c o m p l e t e l y  r e s o l v e d .  

!1'he s t r u c t u r e ,  e x c e p t  fo r  sma l l  d i f f e r e n c e s  in b o n d  
l eng th s ,  is t h e  s a m e  as  t h a t  d e s c r i b e d  b y  J a c o b  & W a r r e n  
a n d  d i s c u s s e d  b y  P a u l i n g  (1940).  F o r  one  a t o m  t h e  in te r -  
a t o m i c  d i s t a n c e s  to  n e i g h b o r s  a r e :  2 of  2.751 ~ ,  2 of  
2 .848 ~:, 4 of 3 .258 :~, a n d  4 of  3 .343 A. T h e  t w o  s h o r t e s t  
d i s t a n c e s  (2.751 A) m a k e  w i t h  each  o t h e r  an  ang l e  of  

T a b l e  1. Calculated and observed values of 
spaci~gs and intensities* 

d(obs.) d(cale.) hkl / (obs.)  l (eale .)  

- -  2.925 020 < 15 9 
2.556 2.557 110 115 117 
2-510 2-517 021 130 167 
2.466 2.473 002 80 90 
2.267 2.271 11 l ] 15 116 

- -  1.888 022 < 15 10 
1.773 1.778 112 130 146 

- -  !.608 130 < 15 12 
1.526 1.529 131 115 157 
! .460 1.462 040 30 29 
1.432 1-436 023 60 73 
1.422 1.421 2¢10 40 40 

--- 1.402 041 < 2 0  23 
1.384 1-386 113 40 53 
1.345 1.348 132 l 7 16 

- -  1.278 220 < 15 5 
i .255 i .258 042 40 42 
! . 1 5 1  1 .151  1 3 3  100 88 
1-1132 l . 1 1 3 3  1 1 4  1 0 0  5S 
1-093 1.094 043 15 13 
1 . 0 8 1 4  1 . 0 8 1 8  1 5 0  60 45 

- -  i.057 151 < 15 0 
1.0191 1.0190 240 30 29 
1.0 i 02 1.0102 223 100 76 
0.9987 0.9981 241 25 24 
0"9917 0.99l 1 152 80 82 

-- 0.980 134 < 15 ]0 
- 0.975 060 < 15 1 l 

0"954 0"956 06 l 15 17 
- -  0.888 224 < 15 7 

0.876 0.875 312 80 62 
0.866 0.867 243 40 30 

- -  0-852 330 < 15 6 
0.825 0.824 006 30 3 l 

- -  0.819 045 < 15 10 
- - 0-802 170 < 15 3 
- -  0-7113 [72 < 15 4 

0.758 0.757 333 120 150 
0.747 0.746 314 120 140 
0.738 0.736 350 100 131) 

* Resolved  reflections only. 

128 ° 30' .  I t  a g r e e s  w i t h i n  i ts  o w n  e x p e r i m e n t a l  err(>r 
w i t h  t h e  n e w  an(t  m u c h  m o r e  p rec i se  d e t e r m i n a t i o n  of 
S t u r c k e n  & Post.  (1960).  l, Ve a r e  i n d e b t e d  to  t h e m  for  
p r e p u b l i e a t i o n  i n f o r m a t i o n  of  t h e i r  r e su l t s .  
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