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Forms  9 

110 50 ° 04' 90 ° 00' 
011 3 ° 31' 30 ° 32' 
121 32 ° 17' 54 ° 03" 
121 330 ° 22' 53 ° 23' 
111 311 ° 19' 41 ° 29' 
111 51 ° 37' 43 ° 08' 
100 90 ° 00' 90 ° 00' 
211 293 ° 07' 56 ° 09" 
120 31 ° 08' 90 ° 00' 

F o r m s  in o rde r  of  d e v e l o p m e n t :  110, 011, 121, 121, 
i l l ,  111, 100, 311, 120. 

a:b:c ---- 0 .8370:  1 : 0 . 5 8 4 5 .  

Xo = 0.0367, # = 2 ° 0 6 ' ,  fl = 92 ° 0 6 ' ,  d = 59 ° 3 1 ' ,  
f = 5 3  o 4 3 ' .  

T h e  B a r k e r  s e t t i n g  co inc ides  w i t h  G r o t h ' s  s e t t i n g  a n d  
w i t h  t h e  cell d e r i v e d  f r o m  r b n t g e n o g r a p h i c  d a t a .  

B a r k e r  ang les :  

cr--- 34 ° 1 1 ' ,  za = 53 ° 4 3 ' ,  a m =  39 ° 5 6 ' ,  bq = 59 ° 31'.  

(c) Papaverine bromhydrate 

I s o m o r p h o u s  w i t h  p a p a v e r i n e  c h l o r h y d r a t e .  

Fo rms  ~ 

110 50 ° 07' 90 ° 00' 
120 31 ° 01' 90 ° 00' 
100 90 ° 00' 90 ° 00" 
011 3 ° 58' 30 ° 08' 
111 51 ° 52' 43 ° 08' 

F o r m s  in o rde r  of  d e v e l o p m e n t :  110, 120, 100, 0 1 1 , 1 1 1 .  

a:b:c-= 0 - 8 3 1 4 : 1 : 0 . 5 7 8 9  

Xo = 0.0405, /z = 2 ° 19', fl = 92 ° 19', d = 59 ° 56',  
f ---- 53 ° 36'.  

He re ,  too ,  t h e  B a r k e r  s e t t i n g  co inc ides  w i t h  G r o t h ' s  
s e t t i n g  a n d  w i t h  t h e  r S n t g e n o g r a p h i c  cell. 

B a r k e r  ang les :  

cr = 34 ° 0 5 ' ,  za = 53 ° 3 6 ' ,  am---- 39 ° 5 3 ' ,  bq= 59 ° 56' .  

2. X - r a y  data 

L a u e  d i a g r a m s  of  all  t h r e e  s u b s t a n c e s  c o n f i r m e d  t h e  
s y m m e t r y  as d e r i v e d  f r o m  t h e  g o n i o m e t r i c  m e a s u r e m e n t s .  

T h e  g iven  va lues  of t h e  ang le  fl we re  c a l c u l a t e d  f r o m  
t h e  g o n i o m e t r i c  m e a s u r e m e n t s  a n d  f r o m  ze ro- layer  Weis -  
s e n b e r g  d i a g r a m s ,  t a k e n  w i t h  t h e  b ax is  as r o t a t i o n  ax i s  
( C u K a  r ad i a t i on ) .  T h e  d i m e n s i o n s  of t h e  u n i t  cell 
(Table  1) we re  d e t e r m i n e d  f r o m  r o t a t i o n  a n d  W e i s s e n b e r g  
p h o t o g r a p h s  a b o u t  all t h r e e  axes .  

T a b l e  1 

a(A) b(A) c(A) ~ V(A a) (Tc Z 

Papaver ine  9.50 29.22 6"35 - -  1805 1.248 4 
Papaver ine .HC1 13.10 15.80 9.22 92 ° 36' 1902 1"312 4 
P a p a v e r i n e . H B r  13.82 15-94 9.28 92o36 " 2042 1.350 4 

ac = calculated dens i ty ;  Z = number  of molecules in cell. 

P a p a v e r i n e  g ives  s y t e m a t i c  e x t i n c t i o n s  for  h00 w i t h  
h odd ,  0k0 w i t h  k o d d  a n d  001 w i t h  1 o d d ;  t h e r e f o r e  t h e  
space  g r o u p  is P2z2z2 z. 

B o t h  o t h e r  i s o m o r p h o u s  d e r i v a t e s  g ive  absences  for  
hO1 w i t h  1 o d d  a n d  0k0 w i t h  k odd .  T h e  space  g r o u p  is 
t h e r e f o r e  P21/c. D e t e r m i n a t i o n  of t h e  s t r u c t u r e  is in  
p rogress .  

W e  t h a n k  D r  A. V a n  R y s s e n  w h o  s y n t h e t i z e d  t h e  
s u b s t a n c e s  e x a m i n e d .  
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T h e  n o m o g r a m  e v a l u a t e s  t h e  e x p r e s s i o n  

e x p  [ ( - - 2 B  sin 2 0)/2 ~] - - f t / / o ,  

w h e r e  t h e  s y m b o l s  h a v e  t h e  u s u a l  s ign i f icance .  I t  h a s  
f o u r  scales,  A ,  B ,  C a n d  D.  A a n d  D a re  l o g a r i t h m i c  
scales  w i t h  1 cyc le  = 10 in. ; t h e y  a re  e q u i d i s t a n t  f r o m  C, 
w h i c h  is t h e  l o g a r i t h m i c  scale  h a v i n g  2 c y c l e s - =  10 in. 
r e q u i r e d  for  m u l t i p l i c a t i o n .  S ince  

f t  = fo e x p  [ ( - - 2 B  sin ~ 0)/22] 
2B sin2~ B sin2 0 

_--fol0 1ogeZ0 ~2 _--fol0 1.15 j12 , 

t h e  D scale  ha s  i t s  o r ig in  d i s p l a c e d  to  t h e  lef t ,  so t h a t  t h e  

r e fe rence  l ine c a r r y i n g  t h e  or ig ins  of  t h e  A a n d  C scales  
c u t s  t h e  D scale  a t  t h e  v a l u e  1.15. T h u s ,  if t h e  v a l u e  of  
(sin 2 0)/29 is f o u n d  o n  t h e  A scale,  a n d  t h e  v a l u e  of  
B = 8~t2fi~/3 is f o u n d  on  t h e  D scale,  t h e  l ine j o i n i n g  
t h e s e  p o i n t s  will  c u t  t h e  C scale  a t  t h e  p o i n t  (B/1.15)  
× (sin ~ 0)/22. T h e  a n t i l o g a r i t h m  of  th i s  v a l u e  is n o w  re- 
qu i r ed ,  a n d  t h e  B scale,  w h i c h  is a l inear  i n c h  scale,  
p e r f o r m s  th i s  o p e r a t i o n  a g a i n s t  t h e  A scale.  N o t e  t h a t  
t h e  v a l u e s  on  t h e  B sca le  inc rease  f r o m  r i g h t  t o  le f t ,  

* Sponsored by  the  O.N.R.,  the  A r m y  Signal Corps and 
the  Air Force unde r  O.N.R. contracts  /q5ori-07801 and  
N5ori-07858. 
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F i g .  1 .  N o m o ~ ' a m  f o r  e v a l u a t m g f t / f 0  = e x p  [ ( - - 2 B  s i n  2 0 ) / ~ ) ] .  ( R e p r o d u c e d  o n e - h a l f  f u l l  s i z e . )  

because the original equat ion contains the  exponent  wi th  
a negat ive sign. An example of the use of the nomogram 
for evaluat ing ft/fo for par t icular  values of B and  
(sin 9 0)/~t ~ has  been sketched on the d iagram:  if sin~0/~t ~-- 
0-04 and  B = 3, ft/fo = 0-79, which is the  A-scale reading 
corresponding to the  value of Q (=  0-105) on the B- 
scale. 

In  circumstances in which the tempera ture  factor is 
assumed to be the same for all the  atoms present,  the  
nomogram can be used to evaluate it  in the following way. 
I f  s t ructure  factors, Fcalc., are calculated using the values 

of the atomic scat ter ing factors for the  a toms a t  rest,  
f0, and  a series of values of the  rat io 2:lFobs. I -~:lFcalc.I 
is obtained from successive groups of reflections hav ing  
a mean  value of (sin ~ 0)/2 ~ ---- M,  then  the  value of each 
such ratio,  when found on the A scale, determines a 
point  on the B scale and  hence a point  on the C scale. 
I f  the  points  on the C scale for each value of M are 
joined to the corresponding values of (sin 2 0)/2 ~ on the  A 
scale, these lines like PQ, when produced, should con- 
verge on a part icular  value of the  tempera ture  factor  B, 
which is thereby  determined.  
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I t  has been brought  to our a t ten t ion  by  Mr G. J .  Bullen 
of the Chemistry Depar tment ,  Univers i ty  College, Lon- 
don, t h a t  in our paper  (Ka~n & Cole, 1949) symbols are 

used in other than their conventional meanings and that 
an error occurs in equat ion (6). These mistakes  can be 
corrected as follows. Throughout  the t ex t  7 should read ~" 
and ~ should read ~. I t  should be noted t h a t  for ro ta t ion 
and oscillation photographs/~  is to be replaced by  ~., the  
angle between the diffracted beam and the equatorial  
layer,  as used b y  Buerger (1942). The definit ion of :Y 
given applies s t r ic t ly  to ro ta t ion  and oscillation photo- 
graphs only;  t h a t  for equi-inclination Weissenberg photo- 
graphs is more general, being the angle between the 
projections of the direct beam and of the reflected ray  on 
a plane normal  to the rota t ion axis. In  both  instances :K 

is as used by  Buerger (1942). The corrected form of 
equat ion  (6) is 

1 
Z = cos v sin f = sin f ( 1 -  $~)½ = sin 20 (sin~ e -  sin~ 0)½ 

COS 0 * 

These corrections do not  affect the  published char ts  
(Figs. 4 and 5) or their  use. 

Our thanks  are due to Mr Bullen for k ind ly  point ing 
out the above errors. 
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