
TJsinp; t h e  Dispersion Correct ions on e i t h e r  s ide  of an ahsorntion 

e d ~ e  of an atom i n  a- c r y s t a l  t o  solve  i t s  c r y s t a l  s t ructure .  

Svnous is. 

Near t h e  absor r t ion  edge of an item, the a tonic  form fac to r  

cfidnges, and t h i s  change is express ib le  by the  formula f = %+ 
A f t  + i Afn  (Honl 1933). h f' e x i s t s  on e i t h e r  s ide  of the edge 

while bf" e x i s t s  only on the  shor te r  wavelength side.  The e f f e c t  

of h f t  is a o s t l y  t o  decrease the  s c a t t e r i n g  f a c t o r  by a  ra ther  

small amount. I n  s p i t e  of t h i s  mall  changes it has qost  e legant ly  

been used t o  d i s t i n g u i s h  atoms whose atomic numbers a r e  c lose  t o  

each other  at ark and S z i l l a r d  1925, Bradley and aodgers 1934, 

Jone s and Syke s 1937 1. 

Changing t h e  wavelength of the  inc ident  r a d i a t i o n  near about 

t h e  absorpt ion edge of an atom i n  a  c r y s t a l  is ,  therefore ,  equiva- 

l e n t  t o  renlac tng t h e  aton isomorrhously by another having a 

s l i g h t l y  d i f f e r e n t  scatter in^ fac to r .  To see i f  t h i s  can he used 

t o  solve  c r y s t a l  s t r u c t u r e s  i n t e n s j t y  data  vas col lec ted-of  KMnO 
4 

using CuKM Ef l ( ~ n )  = -g and '?eK&ft (%)=-a . The rad ia t inns  i 

were obtained by c h a n g i n ~  the  t a r g e t s  i n  a Shearer and i a t e r  i d  a  

Coolidge tube. hko and hol  data were co l l ec ted  from'a cy l indr ica l  

c r y s t a l  us lnc  15 t o  20' o s c i l l a t i o n  p h o t o e r a ~ h s .  The mult inle 

f i lm technique was used - the  f i r s t  f ! l ~  was used a s  an e f fec t ive  
the  o 

f i l t e r  t o  cu t  off/excessive f lu iescent  radiation present when the 

incident  r a d i a t i o n  was CIS&. Visual est imates of in tens i ty  were 

made us in^ a c a l i b r a t e d  f i l m  strip. In reducing the data t9e  f i l ~  

to f  i l ~  " r a t f o "  was :leter.nine$ for  ~ a c h  of the  two rad ia t iqns .  1% 

face4 many exvertinentsl nr??ls?s - the  sca l inq hetweer, diFferen+ 

s e t s  of o s c i l l n t i ~ n  rhotoqranhs, absornt  iqn correct ion an? 
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a b s o l ~ i t e  scal ing but these  were not insurnountable. This was 

deaonstrated by the  considerable d i f ferences  t h a t  were observed 

for  the  two rad ia t ions  - these di f ferences  hein? m e a t e r  3t 

l a rge r  angles of s c a t t e ~  inq . F ' , ~  or F'2*h pa t t e r  sons qave the  
posit ion.  Rut t he  nurrose of the  excerclse was t o  deter?+ e the D&- 

h e a v  a t a  ~ ~ s i t x o n $ o f  the itnonalaus Ator by conaarinp the 83ta tIol 

ohtainerl a t  d f r f e r en t  wavelengths. (FX,; F ~ )  synthesis  similar  
%L 

t o  the  fsonorphous di f ference Patterson of Ruerqer (1942) was 

quch c l ea r e r  Pat terso?  a s  the Wornal Atom in te rac t ions  had been 

e l imi la ted.  A r a t he r  novel rorm of the  Datterson (%- ~ ~ ~ a v e  

only t h e  in te rac t ions  of the  Anomalons Atoms i.e. only bin atom 

in te rac t ions  were nresent  in the  map. The map c l e a r l y  indicated 

t h a t  t h i s  method works. With hn positiorls kr~owt~ it was easy t o  

phase t he  r e f l e c t i ons ,  ge t  the Fourier  Projecti-ms and solve the 

s t r uc tu r e ,  Data on KC104 is a l s o  heing 'col lec ted t o  compare the 

isoz-iorphous and Anomalous methods. It 'teens t o  us t h a t  we have 

es tabl ished the  r e a s l b i l i t y  of t h i s  method. With sealed tubes, 

Weisenberg cameras the  emerimental  nrohlems w i l l  he much l e s s .  

Can we then use t h i s  new technique f o r  solving non-centro 

s'gmmetric s t r a c tu r e s?  In theory, yes. For we can use the me th~d  

s i n i l a r  t o  the isomorpho~~s method used hy Bokhoven, Schoone and 

Bijvoet  (S951) f o r  solvllnq the  s t r t ~ c t u r e  of Strychnine Sulnhate 

(Selenate) .  I n  our two r ad i a t i on  methods a l s o  we w i l l  have a 

s lmi la r  aqhiguity i n  nhases - t h e  two oossible  nhase angles f o r  

any a a r t i c u l a r  r e f l e c t t o n  be,inq symnetrical about the r e a l  ax i s  

i n  the  Arganri diagram. Can we resolve t h i s  amhigvlity? We bel ieve  

we can. 

The inspired suggestiqn made by Bijvoet  (1949) t h a t  the 



v io l a t t on  of Fr iedel  Is Law when the  incident rad ia t ion  is  c lose  

t o  but shor ter  than the absorgtion edge (Coster, 'Knoll and Wins  

f1930))can i t s e l f  be used t o  deternine the  phases of X-ray re f lec -  

t i ~ n s .  ( I t  seems most strange t o  me tha t  t h i s  remarkable method 

which has s o  much fmn l i ca t  ion t o  Xray e r y s t a l l o ~ r a ~ h y  has not ye t  

been exploited su f f i c i en t l y )  

If, therefore ,  .the i n t ens i t y  of a r e f l ec t i on  and i t s  inverse 

are measured and the acti lal  magnitude of A?" is known the  phase 

could be determfned. However, the re  would aqain be an anhigutty 

but  t h i s  time the  tw?  nossihle a l t e rna t i ve s  w i l l  he synqetric 

about t he  imaginary axis! This is hecause A f" (unlike b f  ' ) is 

sca t te red  a qnarter  cycle i n  advance of the r e a l  part .  We, there- 

f o r ,  f e e l  t h a t  by combiging our nethod of using A f t  an3 t ha t  of 

Bfjvoet of using Af* t h e  iz-herent ambiauity can be re-noved. 

Strychnine Sulvhate (with CufB, or FeK, rad ia t ion  may not be 

t he  bes t  substance t o  t e s t  out t h i s  idea,  Strychnine Selenate 

may he a be t t e r  substance. 

Eiqht f i ~ u r e s  i l l u s t a t e  t h i s  l ec tu re .  I n  t h i s  work which 
/ 

nosed many experimental arohlems, I was most ably  ass i s ted  by 

KT. Venkatesan, m y  younE and d i l i gen t  doctoral  student, 

30th August, 19.% 
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