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C9, C18, C16 and N�, which lie almost  in a plane. The last  
ring I I I  is plane except for C~, which lies inside the 
plane of the other atoms of the ring, C9, N�, C10 and  C n . 

11 lO 

III l 
IV 13~12 V ~2 

02 18 2O 
Thus the rings I I  to VII  form a compact  three-dimen- 
sional structure with the plane benzene ring I projecting 
outwards. 
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The Fourier Synthesis of the Crystal Structure of Strychnine Sulphate 
Pentahydrate 
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Van 't Hoff  Laboratorium, Utrecht, Netherlands 

(Received 25 August 1950) 

Strychnine sulphate pentahydrate is monoclinic with space group C2 and cell edges a = 35.85 + 0.05, 
b=7.56_+0.01, c=7.84_+ 0.01 A.; t?= 107 ° 20'. There are four molecules of strychnine in the unit 
cell. As the heavy atom lies on the symmetry centre of the [010] projection, the application of the 
Fourier method for this projection follows the well-known lines developed for the phthalocyanine 
structure. For the non-centro-symmetrical [001] projection the phase angles, except for their 
signs, were derived from the intensity comparison of the isomorphous structures of the sulphate 
and the selenate. A symmetrical Fourier synthesis was made, and from this and the [010] pro- 
jection the atomic positions were found. The strychnine structure thus derived proved to be con- 
cordant with that  one of the competing structure formulas which just then was unequivocally 
accepted by the organic chemists. After suitable refinement, averaged errors amount to 0.08 A. 
for both projections. 

Introduction 

The purpose of this structure investigation was to solve 
the s t rychnine structure, which at the beginning of our 
research had not yet  been established beyond doubt  by  
organic chemistry.  Especially there was no definite 
evidence as to the confirmation of the E and F ring in 
the polycyclic system. I t  is very satisfactory tha t  in the 
last  few years the bri l l iant  work of organic chemists 
(Robinson & Stephen, 1948; Woodward & Brehm, 
1948) on one side, and independent ly  the X-ray  
methods on the other (Bokhoven, Schoone & Bijvoet, 
1948, 1949; Robertson & Beevers, 1950), gave con- 
cordant results. 

t Now at the Central Laboratory of Staatsmijnen, Geleen, 
Netherlands. 

Our structure determinat ion has been carried out by  
the method of isomorphous derivatives with the sul- 
phate  and selenate pentahydrate .  

Experimental 

Strychnine sulphate and selenate are prepared by 
adding 4N-sulphuric or selenic acid to an alcoholic 
solution of strychnine.  Single crystals of the penta- 
hydra te  are obtained by  crystall ization from a 70 % 
alcoholic solution in the form of long needles or laths, 
elongated in the b-axis direction. Always the (h00) faces 
are prominent ly  developed. Previous crystallographic 
studies are recorded by Groth (1906-19, vol. 5, p. 993), 
who described the crystals as monoclinic sphenoidal with 
a : b : c = 4.7390 : 1 : 1.0363. Weissenberg photographs,  

x8-2 
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w i t h  Cr, Cu a n d  Me  r a d i a t i o n ,  w e r e  m a d e  o f  t h e  zero 
a n d  f irst  l aye r  l ines a r o u n d  [010] a n d  [001]. F o r  t h e  
ca l cu l a t i on  o f  t h e  a b s o r p t i o n  o f  t h e  (hO1) re f lex ions  i t  was  
a suff ic ient  a p p r o x i m a t i o n  t o  cons ide r  t h e  c rys t a l  as a 
cy l inder .  T h e  c rys ta l s  u s e d  for  t h e  [001] d i a g r a m s  were  
so cu t  t h a t  t h e i r  d i m e n s i o n s  a long  t h e  a a n d  b axes  were  
no t  so v e r y  d i f fe ren t ;  d i m e n s i o n s  o f  t h e  c ross-sec t ions  
were  for  t h e  s e l ena t e  0 . 5 0 x 0 . 2 1 5 m m .  a n d  for  t h e  
s u l p h a t e  0.58 × 0 . 1 5 5 r a m .  I n  th i s  case t h e  a b s o r p t i o n  
f ac to r  was  d e t e r m i n e d  b y  s u m m i n g  ove r  t h e  cross- 
sect ion.  Cell d i m e n s i o n s  were  o b t a i n e d  f r o m  s y m -  
m e t r i c a l  osc i l l a t ion  p h o t o g r a p h s .  T h e  resu l t s  for  t h e  
s u l p h a t e  w e r e  

a = 35.85 + 0.05, b = 7-56 _+ 0.01, c = 7.84 + 0 .0 i  A.;  

/ ?=  107 ° 20'.  

V = 2 0 2 7 A .  a n=4. dobs.----1.40; d c a l e . = l ' 4 1 .  

#nn., cu = 14"5 c m . - L  

S y s t e m a t i c  absences :  hkl for  h + b o d d  a n d  0/c0 for  
b odd .  

Space  g r o u p :  C2 or C2/m. T h e  c o m p o u n d  b e i n g  
op t i c a l l y  ac t ive ,  i t  c a n n o t  possess  a m i r r o r  p l a n e  a n d  
t h u s  t h e  space  g r o u p  m u s t  be  C2. 

T h e  cell d i m e n s i o n s  o f  t h e  s e l e n a t e  w e r e  d e t e r m i n e d  
s o m e w h a t  less a c c u r a t e l y  as 

a - 3 5 . 9 _ + 0 . 1 ,  b = 7 . 5 8 _ + 0 . 0 3 ,  c=7 .90_+  0 .03A. ;  

fl= 107 ° 40'  + 15'. 

S t r u c t u r e  d e t e r m i n a t i o n  

T h e  c o m p a r a t i v e  s h o r t n e s s  o f  t h e  b a n d  c axes  m a d e  i t  
p r o b a b l e  t h a t  p r o j e c t i o n s  on  (010) a n d  (001) w o u l d  g ive  
v a l u a b l e  i n f o r m a t i o n  a b o u t  t h e  s t r uc tu r e .  

[010] projection 
F o r  t h i s  p r o j e c t i o n  t h e  i s o m o r p h o u s - r e p l a c e m e n t  

m e t h o d  is s t r i c t l y  a n a l o g o u s  t o  t h e  case o f  p h t h a l o -  

cyan ine .  T h e  h e a v y  a t o m  b e i n g  l o c a t e d  on  t h e  s y m -  
m e t r y  cen t r e s  0, 0, 0 a n d  1, ½, 0, t h e  s igns  o f  t h e  s t r u c t u r e  

fac to rs  $'str. sel. a n d  /~str. sulph, cou ld  be  eas i ly  de t e r -  
m i n e d  (see T a b l e  1) f r o m  t h e  e q u a t i o n  

Fstr. seL -- Fstr. sulph. = F s e  -- F s  --- AF .  (1) 

T h e  s t r u c t u r e  fac to rs  ( l e f t - hand  side) w e r e  d e d u c e d  
f r o m  t h e  p h o t o m e t r i c a l l y  m e a s u r e d  i n t ens i t i e s  a f t e r  
co r r ec t ion  for  t h e  abso rp t i on ,  p o l a r i z a t i o n  a n d  L o r e n t z  
factors .  F o r  t h e  a p p l i c a t i o n o f e q u a t i o n  (1) t h e  s t r u c t u r e  

I I I 
I I I 

i I 

Fig. 1. [010] and double [001] projection Fourier syntheses of 
strychnine sulphate. 

T a b l e  1. Determination of phase signs and phase angles 
hkl IF.eL I I F.~ph. I AF cos aob,..,ulph. 
200 48 16 36 1 
400 50 75 36 -- 1 
600 132 92 33 1 
800 < 8 22 32 -- 1 

10,0,0 63 24 30 1 
12,0,0 93 55 29 1 

001 16 12 35 -- 1 
201 174 151 33 1 
401 97 79 33 1 
601 88 53 32 1 
801 70 44 29 I 

10,0,1 27 46 28 -- 1 

20T 22 64 35 -- 1 
40i  152 104 33 1 
60T 110 79 33 1 
801 102 72 32 1 

10,0,T 62 28 30 1 
12,0,1 55 18 29 1 
14,0~ 42 l 1 26 1 

002 48 12 32 1 
202 16 44 29 -- 1 

hkZ I F, e,. J I F,  u,ph. f ~ cos ~ob,.,,~h.t 
402 1 l0 82 29 1 
602 < 8 25 28 -- 1 

2072 < 8 36 32 -- 1 
4072 171 136 32 1 
60~ 153 125 30 1 

10,0,~ 44 62 29 -- 1 
12,0,~ < 8 31 29 . -- 1 

110 116 80 35 (1.0) 
310 57 52 35 -- 0.17 
510 86 103 34 -- 0-62 
710 137 110 33 0.76 
910 36 47 32 -- 0.63 

11,1,0 55 31 30 0.64 
13,1,0 35 4 29 (1.0) 

020 107 99 32 0.09 
220 64 44 32 0.40 
420 139 123 32 0.43 
620 113 96 31 0.40 
820 24 21 30 -- 0.62 

10,2,0 49 36 29 0.13 

t ~¥hen the calculated value of cos ~ ~s greater than 1.0 it is written as (1"0}. 
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factors must be reduced to absolute scale; this was done 
by comparison with a crystal of resorcinol. 

In  order to improve the resolution the structure 
factors were multiplied by a factor exp[3(sin 0/A)9]; with 
these 'sharpened'  Fourier series the resolution was 
really improved, while on the other hand the false detail 
was not serious. The result of this Fourier synthesis is 
shown in Fig. 1 (lower part). 

[001] projection 
In the non-symmetrical case the replacement method 

enables the determination of the phase angles ~, which 
are now not restricted to 0 and lr. The expression (1) 
will be used again, but the F ' s  have to be considered as 
vectors: 

Fstr .  sel. - Fstr .  sulph. ---- F s e  -- F s  - A F .  (1 ') 

The heavy atom being located at the origin of the cell, 
the right-hand member of (1) is real, 

A F =  2(fse - f s )  exp [ -  B(sin 0/A)2], 

having a phase angle zero for every reflexion. 

/ 
Fig.  2. Phase  d e t e r m i n a t i o n  in non-cen t ro - symmet r i ca l  case 

by  the  i somorphous  subs t i t u t ion  m e t h o d .  

In  Fig. 2 it is shown tha t  the vector equation can be 
satisfied by two vector sets, one above and one beneath 
the axis a = 0. For every reflexion the unknown phase 
angles, apart  from their sign, can be easily constructed 
or found by calculation (for the sulphate, see Table 1) 
from 9 ~ _ (AF)9 

Fsel .  --  Fsulph.  
cos aobs., hko = 2.  AF  ] Fs ,  l,h. I (2) 

The general formula for a [001] projection, 

P~ ~-a--b h=-  ~ ~.=-~ 

can be re-arranged by use of the equalities 

O~hfcO ~ OCh~ 0 --~ __ OC~k 0 - ~  - -  CZhk 0 

and I Fh~o I = I F~k0 I - - I F h ~ 0 1  = [Fn~o l, 
and gives 

P~,=~ Z IFhkolCOS 2rrhx - - c o s  27r --CZhk o . 
h=0 k=0 a 

The signs of a being unknown, it is impossible to perform 
a Fourier synthesis according to these expressions. 

Nevertheless, a symmetrical Fourier synthesis can be 
carried out by summing every term twice, using the 
positive value of a as well as the negative one, thus 
introducing a centre of symmetry in the origin. The 
latter terms can be denoted by 

Pxu = ~  2 ~] I Fh,¢o I cos cos 2 .  + ah~: o . 
h = O  k = O  a 

The double Fourier 

, 8 

h=o  k=0 a b 

can be synthesized and the resulting map is given in 
Fig. 1 (upper part). I t  gives the strychnine structure, 
Px u, superimposed on its mirror image, p'u, and shows 
a plane of symmetry caused by the centre in connexion 
with the twofold axis already present. 

A method which will give nearly the same result is 
subtracting the Patterson synthesis of the sulphate from 
that  of the selenate. The difference will be a Patterson 
synthesis, containing the maxima at the corners and 
those corresponding to the distances between a hypo- 
thetical (Se -S )  atom and carbon, nitrogen or oxygen 

C21 C2o 
F I 

] IC9~-------N2 
c3~C2"C~ C8 C,o ~ \ 

C,~ /C6x /C7... C,,--C,8 
Cs N, C,2" \ \  

o ?  
//C,s --C,3~ ...-C,6 

01 "C14 " 02 

(~) (b) 
Fig.  3. S t ruc tu re  fo rmulae  of  s t rychn ine :  (a) according  to  

chemical  cus tom,  (b) according  to  a mode l  of  the  molecule .  

atoms, and vice versa. So, apart  from the maxima at  
the corners, a synthesis like the symmetrized Fourier 
will be obtained with only the maxima broadened. 

A three-dimensional Patterson has been used for the 
strychnine bromide by Robertson & Beevers (1950). 

The separation of the two images was accomplished 
on the basis of the [010] projection and the known 
interatomic distances and valency angles. In the pro- 
jection the benzene ring clearly shows and it can be 
used as a starting point in this procedure which was 
facilitated by the (non-essential) use of those features 
which were beyond doubt from the chemical point of 
view. 

I t  is easy to separate the image and mirror image for 
the strychnine molecule, so the principal aim of our 
investigation was reached. Fig. 3 (a) gives the ordinary 
structure formula of strychnine and Fig. 3 (b) a pro- 
jection of the molecule, which might be used as a 
structure formula. 

Although the separation is also easily accomplished 
for the SO 4 group and each water molecule, the deter- 
mination of the entire structure requires the simul- 
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taneous  choice of  posi t ion for the  different  groups,  and  
this  is r a t he r  difficult. 

Before mak ing  th is  choice, we found  i t  desirable to  
refine the  co-ordinates.  This  was done  by  using an  
i t e ra t ive  process to  minimize  

for the  (hO1) reflexions a n d  

f i  cos 27r hx_____i cos 2 - Fobs. [ cos aobs. ' nit0 
hk " a 

for the  (hk0) reflexions; t he  l a t t e r  expression is in- 
dependen t  of  the  signs of  the  y co-ordinates.  

I n  order  to  ob ta in  a decision concerning the  signs of  
the  y co-ordinates  for the  different  groups,  t he  s t ruc ture  
factors  of  a b o u t  f i f ty reflexions were calcula ted for 
s ixteen possible a r r angemen t# f  and  the  va lue  of  

D =  Z (] Fobs. I sin a o b s . -  I Fca,c. I sin acaxc.) ~ 

was used to  tes t  these var ious  eases. Ten  of  these  
possibil i t ies could be excluded a t  once as the  values of  
D were ve ry  high.  To tes t  the  r emain ing  six configura- 
t ions all  reflexions were t a k e n  in to  account .  

F r o m  the  [010] p ro jec t ion  i t  was no t  qui te  clear which 
posi t ion of  the  t h i rd  water  molecule was to be preferred.  
Bo th  the  origin a n d  the  vague  m a x i m u m  between 
s t rychn ine  and  sulphuric  acid h a d  to be considered as 
possibilities, the  l a t t e r  ff two wate r  molecules were 
assumed to  be spread s ta t i s t ica l ly  over  four places. The  
ca lcula t ion  of  the  s ixteen a r r angemen t s  led in the  end 
to  a small  preference for the  vague  m a x i m u m  as the  
mos t  p robable  posi t ion of  the  t h i rd  water  molecule.  
This  gave 2.7 A. for the  dis tances be tween this  wa te r  
molecule and  ne ighbour ing  a toms,  whereas the  ve ry  
smal l  va lue  of  2-2 A. would follow if  the  water  molecule 
were placed on top  of  the  sulphur ic  acid. The  first 
posi t ion was therefore  adopted .  

The  best  agreement  be tween observed and  calcula ted 
values is found  i f  a supers t ruc ture  is supposed wi th  
respect  to  the  y loca t ion  of  the  water  molecules,  the  
signs of  the  y co-ordinates  a l t e rna t ing  in cells neigh- 

t Of the total of twenty-four arrangements, eight could be 
excluded at the beginning from steric considerations. 

Atom x y 
CI 0-158 0.328 
C~ 0-162 0..414 
C a 0.196 0.483 
C4 0-225 -- 0.450 
C5 0-222 0.469 
C6 0-189 0.394 
N x 0.175 0.297 
C, 0.149 0.175 
C s 0"128 0"208 
C 9 0"118 0.042 
C10 0"142 -- 0-133 
C n 0.144 -- 0.167 
Cl2 O" 164 -- 0"006 
C,3 0" 175 -- 0"056 
C,4 0 " 1 8 9  0 - 1 0 3  
C15 0"20l 0"256 

• 5 

Fig. 4. Grouping of the water molecules in the pentahydrate. 

All F values were ob t a ined  f rom in t eg ra t ed  i n t ens i t y  
measurement s  because,  for the  (hk0) reflexions, h igh  
accuracy  appeared  qui te  essential  to  give rel iable 
a values. Fo r  th is  reason we h a d  to  know also the  
AF values more  accura te ly .  I n  the  phase-angle  deter-  
m i n a t i o n  of  the  (hO1) reflexions the  A F  values  were 
ca lcula ted  f rom the  o rd ina ry  sca t te r ing  factors  and  the  
B value,  3.8 A. 2, which is common ly  used for organic 
crystals.~: 

F r o m  the  signs of  Fsulph. ' hot and  FseL, ~oz, now known,  
we der ived more  accura te  values of  AF.  These  were 
p lo t t ed  agains t  sin ~ O, giving a curve  f rom which  the  
AFak o values were taken.  

Besides the  re f inement  process a l r eady  men t ioned ,  

:~ The phase-anglo determination in this case (amplitude 
sign) is scarcely affected by taking another value of B. 

z 

- -  0.133 
0-033 
0.147 
0.067 

-- 0.094 
- -  0.211 
-- 0.358 
-- 0.358 
- -  0 . 2 1 9  
-- 0.125 
-- 0.092 
-- 0.286 
-- 0.361 

0.478 
0-400 

-- 0.478 

Atom x y z 
Ox 0.233 0.356 -- 0.436 
O2 0.143 -- 0-097 0-331 
Cle 0" 118 -- 0-242 0-319 
Cx7 0"086 -- 0"261 0"411 
Cx8 0"103 -- 0-228 -- 0"408 
N~ 0"075 -- 0"017 -- 0-233 
C19 0"064 - 0-161 -- 0"378 
C20 0"064 0"142 -- 0"306 
C~x 0"087 0"300 - 0"300 
(HzO) 1 0"004 _ 0"428 0-308 
(H20)2 0"042 +_ 0"411 0"056 
O a 0"014 -- 0"097 0-172 
04 0"033 0"097 -- 0"025 
S 0 0 0 

½(H20)s 0.083 0.317 0.233 

bour ing in the  b direct ion.  Vague supers t ruc tu re  spots  
corresponding to th is  per iod 2b have  been observed  on  
[010] diagrams.  The  diffuse charac te r  of  these  spots,  
however ,  poin ts  to  incomple te  order  in  th i s  sequence.  
The  t h i rd  wate r  molecule is loca ted  in those  cells in  
which enough room is ava i lab le  (see Fig. 4). 

Table  2. Atomic  co-ordinates 
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we also used t he  ' s t eepes t  descen ts '  m e t h o d  (Booth,  
1948), mak ing  Four ie r  syntheses  wi th  ampl i tudes  pro- 
po r t iona l  to  Fcalc" --Fobs. for the  xy  and  xz project ion.  
We  thus  h a d  a fair  ind ica t ion  of the  x correct ions to  be 
in t roduced.  The  final  co-ordinates  are shown in Table  2. 

I n  order  to  avo id  the  double  model  the  r ep lacement  
m e t h o d  could be ex tended  as follows: Consider th ree  
substances ,  namely ,  (I) a-chlor ine  s t rychn ine  sulphate ,  
(II)  a -chlor ine  s t rychn ine  selenate and  ( I I I )  a -b romine  
s t rychn ine  su lpha te  which are isomorphous.  Now com- 
par i son  be tween  (I) and  (II)  will give two possibili t ies 
for t he  phase  angle of  every  reflexion of  subs tance  (I). 
Compar i son  be tween  (I) and  ( I I I )  also will give two 
possibil i t ies for the  a values  of  (I). I f  bo th  A F  vectors  
are d i f f e r e n t - - a n d  mos t l y  t h e y  a r e - - b o t h  pairs  of  

values mus t  have  one in common.  So for nea r ly  every  
reflexion the  a va lue  can be de te rmined  and  one model  
will result .  As the  re la t ive  posi t ions of  chlorine and  
su lphur  will resul t  f rom P a t t e r s o n  syntheses,  there  are 
two possibil i t ies which  would  give two models,  the  
separa te  image or mir ror  image.  

Accuracy  o f  analysis  

At  th is  stage the re  was no use in fu r the r  refining since 
no th ree -d imens iona l  work  has  been done. F r o m  

Fobs. I - I  [)=/ZF obs. = ° ' l °  for both pro- 
jec t ions  t he  r .m.s,  va lue  of  3x is found  to  be 0.08 A. The  
m a x i m u m  possible error  mus t  be expec ted  to  a m o u n t  to 
a b o u t  0.2 A. 

Values of  I F [  were measured  accura te ly  wi th in  5 %, 
except  for the  weakes t  reflexions. The  re l iabi l i ty  of  the  
signs of  the  (hO1) reflexions will be ve ry  good, except  for 
t he  ve ry  weak  reflexions. For  the  (hk0) reflexions, 
however ,  i t  is different .  Values of  cos a are ca lcula ted 
using Fstr. se]., Fstr. sulph, and  AF,  and  a n y  error in  these 
quan t i t i e s  will inf luence the  result .  Fo r  ve ry  smal l  

Table  3. Some 

hkl ¼IF]talc. ¼]FIobs. I ~ c .  
200 4 4 0 
400 21~ 19 180 
600 27 23 0 
800 1 5 180 

10,0,0 2 6 0 
12,0,0 14 14 0 

001 3 3 
201 48t 38 
401 22 20 
601 5 13 
801 13 11 

10,0,1 15 12 

20~ 14 16 
40T 23 26 
605 21 20 
80T 16 18 

10,0~ 8 7 
12,0,T 4 4 
14 ,0 ,1  1 3 

002 1 3 
202 11 11 

180 °- - ~ - -  

t 

! 

0 ° -- X (a) 90 ° 

180 ° . . . . . .  

I o o -.-: x (b) 9o o 

Fig. 5. Comparison of observed (a) and calculated (b) Fourier 
syntheses in the [001] projection. 

observed and calculated values of ~ ] F t and asulpb. 

I I ~obsI 
o 

180 
o 

18o 
o 
o 

180 180 
0 0 
0 0 
0 0 24t 
0 0 15 

180 180 24 
29 

180 180 13 
0 0 3 
0 0 2 
0 0 
0 0 31 
0 0 12 
0 0 28 

24 
180 0 5 
180 180 5 

These reflexions are influenced by extinction. 

402 16 20 0 0 
602 13 6 180 180 

20~ 11 9 ]80 180 
40~ 35 34 0 0 
60~ 29 31 0 0 
80~ 2 - -  180 

10,0,2 15 15 180 180 
12,0,2 12 8 180 180 

110 20 10 0 
310 13 7O 100 
510 26 130 130 
710 28 30 40 
910 12 140 130 

11,1,0 8 40 50 
13,1,0 1 60 0 

020 25 7O 80 
220 11 70 70 
420 31 20 60 
620 24 20 70 
82O 5 50 130 

10,2,0 9 50 8O 
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l=S; O=c; @-~N; ~=O~ O=O,H~O 
~?ig. 6. Crystal s~ruc~ure of strychnine sulphate 5 aq. The complioat;lon in ~he local;ion of the ~LI20 molecules (see ~ext~) 

is disregarded in the figure. 

values ofFstr, sulph, or AF the phase-angle determination 
will be inaccurate. When Fstr. sulph, has been measured 
too low, one will find cos a considerably too high. 
Actually we got values of cos a up to 1.4 and in these 
cases the value 1"0 has been adopted. However, for 
medium and strong reflexions there was good agreement 
between acalc, and 0~obs. , so the determination of a 
according to (2) for the non-symmetrical projection 
proved to be very useful in obtaining a starting point 
for further analysis. In  the course of the refining pro- 
cedure the use of aobs. was abandoned at  a certain stage 
in favour of the a values calculated from the model 
under refinement. 

Table 3 gives the calculated and observed F and 
values for the lower reflexions. Another test of the 
correctness of the structure is given by the agreement 
between the Fourier syntheses calculated with Fobs. 
and Fcalc" respectively (Fig. 5). 

Description of the structure 

The columns of S04 and water molecules have already 
been shown schematically in Fig. 4. The structure is 
shown in Fig. 6, where, by the addition of one molecule, 

the packing of the molecules can be seen. The basic 
nitrogen atom of the strychnine is directed towards the 
sea  group. As far as the accuracy permits a conclusion, 
the intra- and inter-molecular distances are all found to 
have normal values. The resemblance between our [010] 
projection of the sulphate and the [100] projection of 
strychnine hydrobromide, as found by Robertson & 
Beevers (1950), should be noted. 
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