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T h e  u n i t - c e l l  d i m e n s i o n s  a n d  p r o b a b l e  space  g r o u p  of  
e l e v e n  s u b s t i t u t e d  b e n z e n e d i a z o n i u m  sa l t s  h a v e  b e e n  
d e t e r m i n e d  f r o m  X - r a y  d i f f r a c t i o n  m e a s u r e m e n t s .  T h e  
s a l t s  u s e d  w e r e  p r e p a r e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  
g i v e n  in  Organic Syntheses, Vol.  I I  ( B l a t t ,  1943). E a c h  
s a l t  w a s  r e c r y s t a l l i z e d  f r o m  m e t h a n o l  t o  a c o n s t a n t  u l t r a -  
v i o l e t  a b s o r p t i o n .  

S u i t a b l e  s ingle  c r y s t a l s  w e r e  s e l ec t ed  fo r  X - r a y  a n a l y s i s .  
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  w e r e  o b t a i n e d  w i t h  
Cu  K a  r a d i a t i o n  (~t = 1.5418 ~ ) .  T h e  r e s u l t s  of  t h e  m e a -  
s u r e m e n t s  on  t h e s e  p h o t o g r a p h s  a re  p r e s e n t e d  in  T a b l e  1. 
I n  s o m e  i n s t a n c e s  t h e  space  g r o u p  a s s i g n m e n t  c a n n o t  be  
m a d e  u n a m b i g u o u s l y  f r o m  t h e  o b s e r v e d  absences .  I n  
t h e s e  cases,  i n d i c a t e d  b y  a n  a s t e r i s k ,  t h e  m o s t  p r o b a b l e  

T a b l e  1. Unit-ceU dimensions 

Uni t  cell 

Compound cons tants  

p-Methylbenzenediazonium a = 22.43/~ Okl; 
f luorophosphate  b = 11.98 hO1; 

c ---- 7.96 h/c0; 
p- Chlorobenzenediazonium a = 21.86 0kl; 

f luorophosphate  b ---- 9.06 hOl; 
c ---- 10.68 h/c0; 

m-Ni t robenzenediazonium a = 34-62 hld; 
f luorophosphate  b -~ 14.56 h/c0; 

c ---- 8.31 

p-Ni t robenzenediazonium a = 29.81 hlcl; 
f luorophosphate  b ---- 23-63 0kl; 

c = 5.94 hO1; 
p-Methoxybenzenediazonium a---- 19.98 Okl; 

f luoroborate  b ---- 9.78 hO1; 
c ~- 10-01 hk0; 

p- Chlorobenzenediazonium a = 22.18 0/cl; 

f luoroborate  b ---- 10.92 hO1; 
c ---- 7.53 hk0; 

m-Chlorobenzenediazonium a ---- 7.25 0/el; 

f luoroborate  b -- 16.72 hO1; 
c -- 14.90 hkO; 

m-Nit robenzenediazonium a---- 19.82 0k/; 

f luoroborate  b = 12.65 hO1; 
c ---- 7.46 h/c0; 

o-Nitrobenzenediazonium a -~ 7.73 hO1; 
f luoroborate  b : 7.53 

c = 15.64 
p-Ni t robenzenediazonium a = 30.88 

f luoroborate  b ---- 22.53 

c = 5"40 
p-Diazoniobenzenesulfonate  a ---- 8.10 

b = 9.94 

c = 13.22 
= 135  o 14" 

space  g r o u p ,  b a s e d  on  t h e  n u m b e r  of  m o l e c u l a r  u n i t s  
p r e s e n t ,  is g i v e n .  

T h e  space  g r o u p  Pbca (D~) w a s  o b s e r v e d  in  s ix of  t h e  
sa l t s  s t u d i e d ;  h o w e v e r  i t  is n o t  i m m e d i a t e l y  a p p a r e n t  
f r o m  t h e  cell c o n s t a n t s  t h a t  t h e y  a re  s t r u c t u r a l l y  r e l a t e d .  
T h e  f l u o r o b o r a t e  a n d  f l u o r o s p h o s p h a t e  of  t h e  p - n i t r o -  
b e n z e n e d i a z o n i u m  ion  b o t h  c r y s t a l l i z e  in  t h e  space  g r o u p  
2'dd2 19 (C2v) w i t h  s i m i l a r  cell  c o n s t a n t s  a n d  m a y  v e r y  wel l  
be  i s o s t r u c t u r a l .  

T h e  c a l c u l a t e d  m o l e c u l a r  v o l u m e s  of t h e  f o u r  f luoro-  
p h o s p h a t e  sa l t s  a r e  v e r y  s i m i l a r  e v e n  t h o u g h  t h e y  
c r y s t a l l i z e  in t h r e e  d i f f e r e n t  space  g r o u p s .  T h e  a v e r a g e  
v a l u e  of  264 /~a  h a s  a v a r i a n c e  of o n l y  _+2/~a. T h e  
m o l e c u l a r  v o l u m e s  of  t h e  f l u o r o b o r a t e  sa l t s  a p p e a r  t o  be  

and space group information 

Sys temat ic  

condit ions 

k =2n 
1 = 2 n  

h ---- 2n 

k - ~ 2 n  

1 ----2n 

h ----2n 

h-bb = 2n 

h = 2 n  

No. of molecules Probable  Molecular 

per uni t  cell space group volume 

8 Pbca (n~Sh) 267 h a 

8 Pbca 15 (Deh) 265 

16 Cmma* (D~lh) 262 

h + k ,  k + l = 2 n  
k + / = 4 n  

h + l = 4 n  
k = 2 n  
1 - - 2 n  

h = 2n 

k = 2 n  

1 ---- 2n 

h = 2 n  

b = 2 n  

l ----2n 

h ----2n 

k -----2n 

1 = 2 n  

h = 2n 

1 = 2 n  

hkl; h+k,  lc+l=2n 
Okl; kq-l=4n 
hO1; h + l = 4 n  
hO1; l = 2n 
0k0; k -~ 2n 

16 Fdd2 (C~v) 262 

8 Pbca 15 (D2h) 244 

8 Pbca (D~) 228 

8 Pbca (n~)  226 

8 Pbca (D~I~) 234 

4 Pmc21* (C~v) 228 

o r  

P2cm (C~2~.) 
16 Fd~2 (V~) 235 

4 p21/c 5 (C2h) 187 

* See text .  
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s o m e w h a t  m o r e  sens i t ive  to  t h e  s u b s t i t u e n t  on  t h e  
d i a z o n i u m  ion, r ang ing  f rom 244 ,ha in t he  p - m e t h o x y  
to  226/~3 in t h e  m - c h l o r o b e n z e n e d i a z o n i u m  salt .  

A comple te  s t r u c t u r a l  ana lys i s  of t h e  p - m e t h o x y b e n z e -  
nediazoni tma f luo robora te  a n d  p -d i azon iobenzenesu l fona t e  
is n o w  in progress .  No add i t i ona l  w o r k  is p l a n n e d  on 
t h e  o t h e r  salts.  

The  a u t h o r s  wish  to  t h a n k  Mr Mi l ton  H a n s o n  for  
p r e p a r i n g  these  c o m p o u n d s .  This  w o r k  was  s u p p o r t e d  
by  a g r a n t  f rom t h e  R o b e r t  A. W e l c h  F o u n d a t i o n .  
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T h e  horse  o x y h a e m o g l o b i n  molecu le  consists  of four  
sub-uni t s ,  n a m e l y  two  a a n d  two  fl chains ,  p a c k e d  in a 
t e t r a h e d r a l  a r r a y  (Cullis, Mui rhead ,  Pe ru t z ,  R o s s m a n n  & 
N o r t h ,  1962). Ht t rnan  r e d u c e d  (deoxy)  h a e m o g l o b i n  has  
a s imilar  s t ruc tu re ,  excep t  t h a t  t he  fl cha ins  are  t r a n s l a t e d  
7 A a p a r t  (Mui rhead  & P e r u t z ,  1963). This  increased  
s epa ra t i on  of t h e  fl cha ins  is p r o b a b l y  assoc ia ted  w i th  
d e o x y g e n a t i o n ,  b u t  t he  poss ibi l i ty  exists  t h a t  it m e r e l y  
ref lec ts  a d i f ference  b e t w e e n  h u m a n  a n d  horse  oxy-  
haemog lob in .  T h e  fai lure of h u m a n  o x y h a e m o g l o b i n  
c rys ta l s  to  f o rm  i somorphous  de r iva t i ve s  has  h i n d e r e d  
X - r a y  ana lys i s  b y  t he  i somorphous  r e p l a c e m e n t  m e t h o d .  
H o w e v e r  a m e t h o d  (based on t h e  ' r o t a t ion  func t ion ' )  of 
d e t e r m i n i n g  t h e  re la t ive  o r i en t a t i on  of two  s imilar  
p ro te ins  in d i f fe rent  c rys ta l  la t t ices  was  r ecen t ly  descr ibed  
( R o s s m a n n  & Blow,  1962). This  no te  repor ts ,  as a preli- 
m i n a r y  s tep in t h e  s t r u c t u r a l  ana lys i s  of h u m a n  oxy- 
haemog lob in ,  t h e  app l i ca t ion  of t he  r o t a t i o n  func t ion  to 
a compar i son  of h u m a n  a n d  horse o x y h a e m o g l o b i n .  

Hor se  o x y h a e m o g l o b i n  c rys ta l s  are  monoc l in ic  wi th  
space g roup  C2 and  cell d imens ions  a =  108.9, b = 6 3 . 5 ,  
c = 5 4 . 9  _~, f l=110 .9  °. The  mo lecu l a r  twofo ld  axis lies 
a long  t h e  c rys ta l lograph ic  twofo ld  axis (i.e. paral le l  to  
b). I n  add i t ion ,  t h e  molecu le  possesses an  a p p r o x i m a t e  
222 po in t  g roup  s y m m e t r y  w i t h  one of t he  pseudo  
twofo ld  axes  m a k i n g  an  angle  of a b o u t  5 ° w i t h  t he  a axis.  
On t h e  o t h e r  h a n d  h u m a n  o x y h a e m o g l o b i n  c rys ta l s  are  
t e t r a g o n a l  w i t h  space g roup  P4t212 a n d  w i t h  cell d imen-  
sions of a = 54-3, c = 196.4 A. I n  th is  case t h e  mo lecu l a r  
d i ad  m u s t  lie a long  t h e  [110] a n d  s y m m e t r y  r e l a t ed  
d i rec t ions  (Peru tz ,  1953). 

The  r o t a t i o n  func t ion  p r o g r a m  ca lcula tes  t he  degree  
of concu r r ence  ar is ing w h e n  t h e  P a t t e r s o n  vec to r s  of one 
p ro te in  are  supe r imposed ,  in a sphere  a r o u n d  the  origin,  
on those  of a n o t h e r  p ro te in .  I n  o rder  to  supe r impose  t h e  
se l f -Pa t t e r sons  of h u m a n  a n d  horse o x y h a e m o g l o b i n  
cor rec t ly  it  is necessa ry  to al ig~ the  [010] d i rec t ion  of t he  
horse o x y h a e m o g l o b i n  molecu le  w i t h  t h e  [1 I0] d i rec t ion  
of t he  h t u n a n  o x y h a e m o g l o b i n  molecule .  This  resul t  could  
be o b t a i n e d  b y  r e - index ing  t h e  t e t r a g o n a l  un i t  cell. 
M a x i m u m  a g r e e m e n t  b e t w e e n  the  P a t t e r s o n s  w o u l d  t h e n  
be o b t a i n e d  b y  r o t a t i n g  t he  t e t r a g o n a l  cell t h r o u g h  an  
t m k n o w n  angle  (say 0) a b o u t  t he  c o m m o n  axis.  An  
a l t e r n a t i v e  a n d  m o r e  genera l  p rocedu re  is to p roduce  
a l i g n m e n t  of t he  [010] a n d  [110] d i rec t ions  a n d  ro t a t i on  
through art angle 0 in one operation. That is, the tetra- 
gonal cell may be rotated through an angle y, about a 
rotation axis whose position in the monoclinic cell is 

def ined  in t e r m s  of t he  po la r  coord ina te s  V a n d  ~0 (Ross- 
m a n n  & Blow,  1962, Fig .  4). 

Assume  t h a t  in i t i a l ly  t h e  b a n d  c axes  of t h e  f i rs t  
c rys ta l  are  p laced  on top  of t he  b a n d  c axes  of t h e  second  
crys ta l ,  r e spec t ive ly .  I f  t h e  mo lecu l a r  twofo ld  axes  a re  
co inc iden t  for a g iven  r o t a t i o n  ~, t h e n  it can be s h o w n  
t h a t  t h e  pos i t ion  of t he  r o t a t i o n  axis is g iven  b y  : 

1 - [/2 cos 
Y~ = ~/2(1 - cos ~.) 

w h e r e  cos V =Y 

a n d  cos ~0 = ([/2 - 1)y/(1 _y2)~ 

I t  is c o n v e n i e n t  to  def ine t h e  angle  0, w h i c h  m e a s u r e s  
t he  a m o u n t  of r o t a t i o n  of one c rys ta l  w i th  respec t  to  t h e  
o the r  a r o u n d  t h e  twofo ld  axis,  as t h e  angle  b e t w e e n  t h e  
monoc l in ic  a axis  a n d  the  t e t r a g o n a l  c axis.  B o t h  these  
a r b i t r a r y  d i rec t ions  are  p e r p e n d i c u l a r  to  t he  m o l e c u l a r  
twofo ld  axes  (Fig. 1). The  sign of 0 is t a k e n  so t h a t  it is 

/ 
a (horse) 

c(man) 

Fig. 1. Relationship between the horse and human oxyhaemo- 
globin groups viewed down the superimposed molecular 
twofold axes. 0 defines the amount  of rotation. 

positive when the tetragonal c axis lies between the 

m0n0elinic a and c axes. The angle 0 is related t0 x by 

[/2 - 1 + 2 [/2 cos y.] 
0 = 110"9 ° - c o s  -1 [ /2+  1 j " 

Va lues  of 0 f rom 0 ° to 180 ° were  exp lo red  us ing  6 
i n t ens i t y  d a t a  a n d  a r ad ius  of i n t eg ra t i on  of 35 A. T h e  
'shaded G' function was used. The latter applies a weight- 
ing varying exponentially between l and O.l between the 
inside and outside of the sphere of integration. Smaller 
weights near the outside of the sphere emphasize that 
more cross-vectors between molecules might be found 
here. A simple sharpening was brought, about by omitting 


