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Perutz (1953) has shown tha t  the birefringence and 
dichroism of crystalline haemoglobin is dominated  by the 
intrinsic birofringence and dichroism of the haemoglobin 
molecule. In  all the forms he studied, the orientation of 
the  haem groups resulted in the strongest absorpt ion 
being in the  plane perpendicular to the length of the  
molecule. The dichroism of the  three new forms has been 
s tudied and  is in agreement  with this result. In  pig 
haemoglobin I dichroism appears to be weak or absent 
owing to the large tilt  of the molecules relative to each 
other;  in rabbit  haemoglobin I there is strong dichroism, 
and  the direction of maximttm absorption corresponds 
closely wi th  the orientat ion of the molecule deduced 
above. When  looking down b the optical ext inct ion direc- 
t ion is almost parallel to the direction of max imum 
absorption. I t  was possible to observe the thin plates of 
pig haemoglobin I I  only perpendicular to (001). In  this 
orientat ion strong dichroism was observed with max imum 
absorption when the vibration direction was parallel to a. 

These results are in agreement  with the general 

hypotheses referred to above about  the  molecular shape, 
birefringence and diehroism of the mammal i an  huemo- 
globins. 

I am grateful to Dr M. F. Perutz and Dr V. M. Ingram 
for helpful advice and criticism. The work was done 
during tenure of a Medical Research Council Scholarship. 
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[Following McWeeny's  suggestion (1951), we have cal- 
culated the  atomic scattering factors for the spherically 
averaged atoms from sodium to calcium, inclusive, by 
his me thod  using Slater wave functions. The formulae 
used in our calculation were: 
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f (2p)  and ](3p) are the averaged contributions of 2p and 
3p electrons, respectively, to the scattering factor. A1- 
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though f(3s) = f(3p) is not  strictly correcfff, the influence 
of this approximation is found to be negligibly small for 
the final results: for example, the max imum difference 
due to this approximation for Ca °-+ is only 0-005. This 
may  not  be the case for atoms heavier  than  Ca. ale and 
a~a are the overlap integrals between ls and 2s, and 2s 
and 3s unorthogonalized Slater wave ffmctions, respec- 
tively, c 1 is the effective nuclear charge for the lv elec- 
trons, c 2 one-half tha t  for the 2s and 2p electrons and c a 
one-third tha t  for the 3s and 3p electrons; the numerical 
values of these can easily be obta ined from Slater's rules 
(1930). The results are given in Table 1. 

For Na, Mg 2+, A1 a+, Si 4+, CI-, A, K + and Ca, revised 
atomic scattering factors have been given by Berghuis 
et al. (1955), calculated from self-consistent-field electron- 
densi ty data.  Comparison with our results shows the fol- 
lowing points:  

(a) Ca 2+, K +, A and Cl- . - -Gnnd agreement  is obta ined 
in the region of sin 0/2 < 0.5. (For calcium, comparison 
cannot be made  in the region of sin 0/2 < 0.15 as Berghuis 

The exact formula of f(3s) is 
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Table  1. Atomic scattering factors calculated 

X is sin 0/2 in 

X 0.000 0.025 0.050 0.075 0.100 0.125 0.150 

Na + 10.00 9.91 9-66 9.26 8.74 8-13 7.46 
Na 11.00 10.56 9.81 9.23 8.71 8.11 7.45 
Mg 2+ 10.00 9-93 9-74 9.43 9.02 8.52 7.97 
Mg 12.00 11-48 10.42 9.55 8.95 8-45 7.93 
A13+ 10.00 9.95 9.80 9-55 9.22 8.81 8.35 
Al 13.00 12.47 11.27 10.11 9.27 8.69 8-23 
Si ~+ 10.00 9.96 9.83 9"63 9.36 9.02 8.63 
Si 14.00 13.51 12.26 10.89 9.77 9.20 8.47 
P 15-00 14.53 13.31 11.82 10.47 9-46 8.77 
S 16.00 15.56 14.38 12.84 11.34 10.10 9.19 
S 2- 18.00 17-26 15.37 13.10 11-13 9.74 8.88 
C1 17.00 16.58 15.46 13-92 12.31 10.88 9.76 
Cl- 18.00 17.48 16.07 14.22 12.35 10.77 9.60 
A 18.00 17-61  16.54 15.02 13.35 11.78 10.47 
K + 18.00 17.70 16.85 15.60 14.15 12-68 11.35 
Ca °-+ 18.00 17.76 17.07 16.03 14.78 13.45 12.15 

by the use of Slater atomic wave functions 

atomic units 

0.175 0.200 0.250 0.300 0-400 0.500 0.600 0.700 0-800 

6.77 6.08 4.80 3.76 2.40 1.77 1.50 1.37 1.28 
6.77 6.08 4.81 3.76 2.40 1.77 1.50 1.37 1.27 
7.38 6.77 5-58 4.52 2.96 2.09 1.66 1.45 1.34 
7.36 6.77 5.59 4.53 2.96 2.09 1.66 1-45 1.34 
7.84 7.31 6.23 5.21 3.55 2.49 1-89 1.58 1-41 
7.77 7.28 6.24 5.23 3.57 2.49 1.90 1.58 1.41 
8.20 7.74 6.77 5.81 4.14 2.94 2.19 1.76 1.52 
8.04 7.63 6.75 5.84 4.17 2.96 2.20 1.77 1.52 
8.27 7.88 7.13 6.33 4.75 3.46 2.57 2-01 1.67 
8.55 8.10 7.40 6.72 5.27 3.96 2.98 2.30 1.87 
8.37 8.03 7-43 6.71 5-26 3-95 2-96 2.29 1.86 
8-94 8.36 7.60 7.00 5.72 4.45 3.41 2.64 2.11 
8.80 8.27 7.59 7 - 0 1  5.73 4.45 3.40 2.63 2.11 
9.46 8.72 7.80 7.21 6.09 4.91 3.84 3.00 2.39 

10.22 9.32 8.13 7.41 6.38 5.31 4.27 3.39 2.70 
10.99 10 .01  8.57 7.68 6.60 5-56 4.64 3.77 3.04 

et al. give the  d a t a  for n e u t r a l  calc ium.)  F o r  h igher  
sin 0/). t h e  d i f ferences  are  s o m e w h a t  la rger  b u t  do n o t  
e x c e e d  4 ~/o. The  posi t ions  of m a x i m u m  dif ference ,  which  
a re  ou t  of t he  r ange  of Cu Kc~ rad ia t ion ,  g r adua l ly  st,ifC 
t o w a r d s  larger  sin 0/)~ as t he  a t o m i c  n u m b e r  increases.  

(b) Na ,  Mg ~+ a n d  S ia+ . - -The  m a x i m u m  di f fe rence  is 
5 % for N a  a n d  decreases  as t he  a t o m i c  n u m b e r  increases.  
T h e  posi t ions of m a x i m u m  di f fe rence  are  now in t he  r ange  
of Cu K a  r a d i a t i o n  a n d  aga in  g r a d u a l l y  shif t  t o w a r d s  
larger  sin 0/~t w i t h  increas ing  a t o m i c  n u m b e r .  

(c) A18+.--The m a x i m u m  dif ference  is s o m e w h a t  larger  
(7%). This  can  be a c e o t m t e d  for b y  the  fac t  t h a t  in t he  
e l ec t ron  d i s t r ibu t ion  for A13+ used  by  Berghuis  et al., 
e x c h a n g e  has  been  neg lec ted .  (Compare  for ins tance  the  
old J a m e s - B r i n d l e y  va lues  for Na  (Har t ree )  in Interna- 
tionale Tabellen (1935) a n d  the  revised  ones ( H a r t r e e -  
Foek)  of Berghuis  et al.) 

(d) P a n d  S . - - N o  d a t a  are  g iven by  Berghu i s  et al. 
T h e  di f ferences  b e t w e e n  our  va lues  a n d  the  self-con- 
s is tent- f ie ld  resul ts  for Na  to Si 4+ on the  one h a n d  a n d  for 
CI- to Ca e+ on the  o ther ,  suggest  t h a t  for P a n d  S the  

d i f ferences  would  be small  for lower sin 0/), a n d  less t h a n  
4 % for h igher  sin 0/),. 

The  a u t h o r s  wish to express  the i r  t h a n k s  to  Dr  R.  
M c W e e n y  for his in te res t  a n d  e n c o u r a g e m e n t ,  to Professor  
E.  G. Cox for t he  o p p o r t u n i t y  of w o r k  in his D e p a r t m e n t ,  
a n d  to  t h e  o the r  m e m b e r s  of his l a b o r a t o r y  for helpful  
conversa t ions .  One of t he  a u t h o r s  (Y. T.) t h a n k s  Messrs 
I m p e r i a l  Chemical  I n d u s t r i e s  L t d  for f inancia l  suppor t ,  
a n d  the  o the r  (C. H. S.), t he  R a m s a y  Memoria l  T r u s t  for  
a fel lowship.  
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Z u r  K r i s t a l l o g r a p h i e  e i n ig e r  O r g a n o p h o s p h a t e .  Von F. HIA~m und J.A. CAKAJDOV£, Abteilung fiir 
anorganische Chemie des Chemischen Instituts an der Slowakischen A kademie der Wissenschaften, Bratislava, Tschecho- 
slowalcei 

(Eingegangen am 19. September 195]) 

Wi r  h a b e n  S t ruk tu rve r~ inderungon ,  die d u r c h  die Sub- 
s t i t u t i o n  des Sauers tof fs  d u r c h  ein S c h w e f e l a t o m  verur -  
s a c h t  werden ,  bei don V e r b i n d u n g e n  v o m  T y p  

(OC6H4NO2)~P-SR, (0C6H4NO~)2P-OR 
ff H 
O O 

~ m ( 1  (OC6H4NO2)~P-OR (R = CHI 3, C~I.Is) 
II 
s 

u n t e r s u c h t .  Bei  d iesen V e r b i n d u n g e n  ist a u c h  ihre biolo- 
g ische W i r k u n g  b e k a n n t .  Die vorl~iufigen R e s u l t a t e  s ind 
in Tabel le  1 z u s a m m e n g e s t e l l t .  Aus  D r e h a u f n a h m e n  
(Ka l ib ra t ion  mi t  A1, C u K a  = 1538,7 A) u n d  Priizessions- 
a u f n a h m e n  w u r d e n  die G i t t e r k o n s t a n t e n  e r m i t t e l t .  Die 

Untersuchung der systematischen AuslSsehungen wurde 
auf Pr~izessions- und Weissenbergaufnahmen bei Re- 
flexionen veto Typ h/c0, hOl und Okl durehgeffihrt. Die 
Messwerte fiir die Diehte ~exp. wurden mit I-Iilfe der 
Schwebemethode erhalten. Die nadelfSrmigen O-aethyl- 
und S-aethyl-O,O-di-(p-nitrophenyl)-Phosphate existie- 
ren nur in der Form yon Zwillingskristallen. Die Zwil- 
lingsfl~che ist (100). 

Aus der Tabelle Iist der Einfluss der Substitution des 
Sauerstoffs durch eine Sehwefelatom ersiehtlich. Wenn 
diese Substitution in der Aethoxy-Gruppe eintritt, ~ndert 
sich die Symmetrie der Struktur nicht, und die Gitter- 
konstanten ~indern sich nur sehr wenig. Die Substitution 
des am Phosphoratom liegenden Sauerstoffatoms durch 
ein Schwefelatom jedoeh, sowie auch die Substitution in 


