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d6termind leurs param~tres et groupes spatiaux par des 
diagrammes d'oscillation, de rotation et de Weissenberg. 
Les mesures de densit4 ont 6t6 faites par flottation dans 
des solutions de nitrate d'argent. 

Monochlorodur~ne 

P a r  6 v a p o r a t i o n  l en te  de so lu t ion  dans  l '@thanol 
20 °C, nous  a v o n s  o b t e n u  des p l aques  allong@es s u i v a n t  
la d i r ec t i on  [010]. Le syst@me est m o n o c l i n i q u e :  

a = 1 5 , 8 9 _ + 0 , 0 5 ,  b = 5 , 8 0 + 0 , 0 2 ,  c =11 ,17  _+ 0 , 0 4 1 ;  

fl = 109o7 ' _+ 30' 

Dens i t6  mesur@e: 1,15 Densit@ calcul6e:  1,153 
Groupe  spa t ia l  P2  ~/a Z = 4. 

l~l onobromodur~ne 

Forme fl - -  P a r  @vaporation d ' u n e  so lu t ion  d'@thanol 
45 °C, nous  a v o n s  o b t e n u  des c r i s t aux  en fo rme  de 

p l aques  allong@es s u i v a n t  la d i r ec t ion  [010], ces c r i s taux  
scell@s dans  u n  t u b e  capi l la i re  r e s t e n t  sous ce t t e  fo rme  
l'@tat re@tastable ~ 20 °C; le syst@me est  m o n o c l i n i q u e  : 

a - -16 ,07_+0,05 ,  b = 5 , 8 0 + 0 , 0 2 ,  c --11,39 _+ 0,04 ~ ,  

fl = 110°45" _+ 30' 

Densit@ mesur@e: 1,42 Dens i td  calcul@e: 1,426 
Groupe  spa t ia l  P2 ~/a Z = 4. 

Forme a - -  L'@vaporat ion  l en te  des  so lu t ions  dans  
l ' d thano l  ~ 20 °C fou rn i t  des c r i s t aux  sous fo rme  d 'a igui l -  
les d o n t  l ' axe  est  dans  la d i r ec t ion  [010]. L a  syst@me est 
o r t h o r h o m b i q u c  e t  & 20 °C : 

a --- 14,62 + 0,05, b = 5,43 _+ 0,02, c = 12,05 + 0,04 .~ 

Densit@ mesur@e: 1,47 Dens i t6  calcul6e:  1,478 
Groupe  spa t ia l  P212~2~ Z ---4; 

40 °C il se t r a n s f o r m e  en fo rme  ft. 
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:Pat terson (1963) has  r e c e n t l y  cons idered  t h e  t r e a t m e n t  
of t h e  effects  of a n o m a l o u s  d ispers ion  in X - r a y  c rys t a l  
s t r u c t u r e  r e f inemen t s .  H e  ind ica tes  t h a t  t h e r e  are  m a n y  
w a y s  of t a k i n g  these  effects  in to  a c c o u n t  a n d  t h a t  he  
holds  no p a r t i c u l a r  br ief  w i t h  t h e  w a y  he has  chosen,  
n a m e l y  to  cor rec t  t h e  observed s t r u c t u r e  a m p l i t u d e s  for 
b o t h  leas t - squares  a n d  F o u r i e r  r e f inemen t s .  W e  feel t h a t  
such a co r rec t ion  w h e n  used  in t he  l eas t - squares  ref ine-  
m e n t  has  d i s a d v a n t a g e s ,  a n d  we a d v o c a t e  ins tead  t h e  
inc lus ion of t he  d ispers ion  effects  in t he  calculated s t ruc-  
t u r e  factors .  

The  n o t a t i o n  is t h a t  of P a t t e r s o n .  L e t  t h e r e  be one 
e l e m e n t  in t h e  s t r u c t u r e  t h a t  shows dispers ive  effects ;  
t h e  gene ra l i za t ion  to  severa l  e l e m e n t s  is obvious .  L e t  
th is  e l e m e n t  have  a geomet r i ca l  s t r u c t u r e  fac to r  Ha + iKa 
a n d  a t o m i c  sca t t e r ing  fac to r  fd + Af~ + iAf~'. Le t  t h e  to ta l  
con t r i bu t i ons  of t h e  nond i spe r s ive  e l emen t s  to  t h e  s t ruc-  
t u r e  fac to r  be An  +iBn.  F u r t h e r  def ine 

A =An +f~Ia =An + A a  
B = Bn +fcKa = Bn + Ba • 

T h u s  A a n d  B are  t h e  nond i spers ive  s t r u c t u r e  f ac to r  
c o m p o n e n t s  for  t h e  who le  s t r uc tu r e .  L e t  + ind ica t e  t h e  
s t r u c t u r e  f ac to r  for t h e  p lane  (hkl) a n d  - t h a t  for  (hkl). 
T h e n  we h a v e  

Fc = F  ± = (A + zlf~Hd -- aAf~Kd) 
+ i ( a B + a A f ~ K d + A f ' ~ H d )  (1) 

an  ' e x p e r i m e n t a l '  va lue  of ]FIo, w h i c h  we des igna te  Go, 
in t h e  fol lowing w a y :  

G2o = ½(iF+ ]2o + ]F-]2o) - 2(51(AAa + BBa) 

- ( ( ~  + ~) (A~ + B ~ ) ( 2 )  

w h e r e  ~l=zJf~/fd a n d  ~2=Af~'/fd a n d  w h e r e  ]F+]2o a n d  
IF_ [2 o are  t h e  obse rved  va lues  of IF+ ]2 a n d  ]/~_ 12. P a t t e r s o n  
suggests  t h a t  t h e  s imples t  p r o c e d u r e  is to  use th is  'exper i -  
m e n t a l '  Go ins tead  of ]F]o b o t h  in t h e  leas t - squares  
r e f i n e m e n t  a n d  as a coeff ic ient  in t h e  F o u r i e r  series to  
ob t a in  an  ' obse rved '  e l ec t ron  d e n s i t y  m a p .  I n  t h e  l a t t e r  
app l i ca t ion  t he  a p p r o p r i a t e  phase  angle  a is t a k e n  to  be 
t h a t  w h i c h  is ca l cu l a t ed  in t h e  absence  of d ispers ive  
effects,  n a m e l y  t a n  a = A / B .  T h e  d i s a d v a n t a g e s  of th i s  
a p p r o a c h  are  as follows : (1) As P a t t e r s o n  po in t s  ou t ,  it  is 
neces sa ry  in t h e  f inal  s tages  of r e f i n e m e n t  to  r eca l cu l a t e  
Go af te r  each  cycle  of leas t - squares .  I n  effect  t h e  a s sump-  
t ions  conce rn ing  t h e  m o d e l  are  d i s t r i b u t e d  b e t w e e n  Go 
a n d  _Ft. (2) I n  o rder  to  a p p l y  t h e  m e t h o d  of e q u a t i o n  
(2) to  a n o n - c e n t r o s y m m e t r i c  c rys ta l  b o t h  12'+]2o a n d  12'_1~o 
m u s t  be obse rved ;  if t h e y  a re  b o t h  obse rved ,  t h e n  it  is 
a p p r o p r i a t e  to  inc lude  t h e m  sepa ra t e ly  in t h e  obse rva t ion -  
al e q u a t i o n s  (perhaps  w i th  d i f fe ren t  weigh ts )  r a t h e r  t h a n  
to  ave rage  t h e m  first.  

A s t r a i g h t f o r w a r d  a p p r o a c h  to  t h e  p rob l em w h i c h  
avoids  these  diff icul t ies  is to  base  t h e  ana lys i s  d i r ec t ly  
on t h e  usua l  IF]o a n d  on ]_Fc I of e q u a t i o n  (1)t.  I n  th is  
w a y  all of t h e  obse rva t ions  can  be  i nc luded  w i th  p r o p e r  

whe re  ~ is + 1 f o r / ~ +  a n d  - 1  for 2~_. P a t t e r s o n  def ines  

* Research performed under the auspices of the U.S. Atomic 
Energy Commission. 

t Such a procedure, which has been employed here for 
some time, can be carried out by making minor modifications 
to existing least-squares programs, such as the Busing-Levy 
ORFLS program. 
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w e i g h t s  in t h e  l e a s t - s q u a r e s  ana lys i s .  One  can  e v e n  c a r r y  
o u t  t h e  a n a l y s i s  w i t h  o n l y  p a r t  of t h e  d a t a ,  e.g. o n l y  
IF+lo for  a n o n - c e n t r o s y r m n e t r i c  c rys ta l .  I n  th i s  a p p r o a c h  
t h e  v a l u e s  of ]F[o, e x c e p t  for  poss ib le  resea l ing ,  r e m a i n  
c o n s t a n t  t h r o u g h o u t  t h e  c a l c u l a t i o n s  a n d  are  u n a f f e c t e d  
b y  a s s u m p t i o n s  a b o u t  t h e  m o d e l .  Th i s  we feel is a conve-  
n i ence .  F u r t h e r m o r e ,  s ince  one  of t h e  p r i nc ipa l  ob j ec t s  of 
p u b l i s h i n g  d a t a  is to  e n a b l e  o t h e r s  to  check  or  r e i n t e r p r e t  
t h e  w o r k ,  we  feel  t h a t  t h e  IF[o va lues ,  s ince t h e y  are  
less a p t  to  i n c l u d e  c a l c u l a t i o n a l  er rors ,  s h o u l d  be p u b l i s h e d  
rather than the Go values. 

In application to non-centrosymmetric crystals this 
method assumes that the absolute configuration is known. 
If it is not, it can be determined by carrying out the 
refinement for both configurations and then comparing 
the resultant R factors (Hamilton, 1961). In this way 
the absolute configuration is conveniently determined 
without the necessity of additional experiments with 

- - - - _  

d i f f e r e n t  r a d i a t i o n s  in  o rde r  to  c o m p a r e  (hkl), (hkl) pai rs .  
L e t  u s  n o w  t u r n  to  t h e  F o u r i e r  syn thes i s .  V~re feel, 

a long  w i t h  P a t t e r s o n  a n d  o the r s ,  t h a t  th i s  s h o u l d  r e p r e s e n t  
t h e  e l e c t r o n  d e n s i t y  a n d  t h u s  be i n d e p e n d e n t  of t h e  
w a v e l e n g t h  of t h e  r a d i a t i o n  u s e d  in t h e  e x p e r i m e n t  ( and  
h e n c e  i n d e p e n d e n t  of a n o m a l o u s  s c a t t e r i n g  effects) .  I f  we 
r equ i r e  t h a t  t h e  e x p e c t e d  va lues  of t h e  real  a n d  i m a g i n a r y  
c o m p o n e n t s  of Fo be t h o s e  of Fc, if we a s s u m e  t h a t  IF]o 
is a n  u n b i a s e d  e s t i m a t e  of IFIc,* a n d  if we r equ i r e  t h a t  
t h e  e x p e c t e d  v a l u e  of @o be ec, t h e n  t h e  a p p r o p r i a t e  
e l e c t r o n  d e n s i t y  f u n c t i o n  is 

{A B } eo(xyz) = V-x+~,_ IFIo ~ cos (p + ~ sin (3) 

w h e r e  ~ =2• (hx  +ky +lz). E q u a t i o n  (3) c an  be e x p a n d e d  
to  y ie ld  

B } 
@o(xyz) = V - 1 Z  IF+[o ~ cos ~ + ~ sin 

+ 

+ V - l ~ _  lF-io i-~-~_lcos~+ l-F-i_lSin~ • (4) 

* This is no t  generally true, since one usually carries out  
measurements  so as to obtain  IFl~o as an unbiased est imate 
of [Fl~'c for the  correct s tructure.  Then  an unbiased est imate 
of [-Ylc is given approximate ly  by the  formula 

IFIo[1 + a~(IFlo)/(21Fl%] • 

To the ex ten t  t ha t  the  t e rm in brackets  differs from uni ty  
the electron densi ty  derived from IF]o will be a biased represen- 
ta t ion of the  electron densi ty  based on IFIc. 

F o r  a n o n - c e n t r o s y m m e t r i c  c ry s t a l  i t  is n e c e s s a r y  o n l y  
to  e s t ab l i sh  t h e  a b s o l u t e  c o n f i g u r a t i o n .  T h e r e a f t e r  e i t h e r  
of t h e  s u m s  in (4), w h e n  d o u b l e d ,  is an  u n b i a s e d  r ep re sen -  
t a t i o n  of t h e  e l e c t r o n  d e n s i t y ,  a n d  t h e r e  is n o  n e c e s s i t y ,  
as in P a t t e r s o n ' s  f o r m u l a t i o n ,  to  m e a s u r e  t h e  i n t e n s i t i e s  
for  all p l anes  (hkl) a n d  (hT]cZ). Of course  a d e n s i t y  f u n c t i o n  
ba sed  on twice  as m a n  5" o b s e r v a t i o n s  m i g h t  be  m o r e  
a c c u r a t e .  

N o t e  t h a t  in ou r  f o r m u l a t i o n ,  if b o t h  t h e  + a n d  t h e  - 
t e r m s  are  obse rved ,  t h e n  t h e  q u a n t i t y  c o r r e s p o n d i n g  t o  
P a t t e r s o n ' s  Go w h i c h  is to  be p h a s e d  b y  a =tan- l (A /B)  is t 

11/(A2 + B D {iF+fo~ + IF-lIF-l°'~'J 

Thus in our formulation an unbiased representation of 
the electron density requires that the expected values of 
[F+lo a n d  JF-]o be ]F+] a n d  ]F_]. 

P a t t e r s o n ' s  f o r m u l a t i o n  r equ i r e s  t h a t  t h e  e x p e c t e d  v a l u e  
of l/( l~[F+!o~ + ~1 F_,o'e-½[F+I2-1]F_I2 +A2 + B2) be  e q u a l  
to  I,/(A~+Be). If  t h e r e  are  r a n d o m  e r ro r s  in t h e  d a t a ,  
t h e n  t he se  e s t i m a t e s  will be b iased  s l igh t ly  in d i f f e r e n t  
ways .  Th is ,  t o g e t h e r  w i t h  t h e  fac t  t h a t  P a t t e r s o n  a v e r a g e s  
before  t a k i n g  t h e  squa re  roo t ,  will cause  t h e  t w o  a p p r o a -  
ches  to  g ive  d i f f e r en t  n u m e r i c a l  resu l t s .  T h e s e  d i f f e rences  
a re  u n i m p o r t a n t  as long  as a(F ~) < < F 2. 

We c o n c l u d e  b y  n o t i n g  t h a t  e q u a t i o n s  (3) a n d  (4) a re  
g e n e r a l :  a d i f fe rence  F o u r i e r  s y n t h e s i s  is f o r m u l a t e d  in 
t h e  s a m e  w a y  w i t h  [FIo r e p l a c e d  b y  IFlo-[Fle. F o r  a 
c e n t r o s y m m e t r i c  c rys t a l  t h e  d e n s i t y  f u n c t i o n  b e c o m e s  

2 ~o(xyz) = 2 V -1 ~.~ [FIo[A/I/((A + Af~Hd) 2 + (Af~ Hal) )] cos ~. 
+ (5) 

W e  w o u l d  l ike t o  exp re s s  ou r  a p p r e c i a t i o n  t o  A.  L .  
P a t t e r s o n  for  a l lowing  us  to  see a p r e p r i n t  of his  m a n u -  
sc r ip t .  
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