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Tab l e  2. Observed and calculated 10 ~. sin ~ 0 values of M~Co(SOa)e. 6HeO 

M =,K~ ,~.. 

105.sin 2 0 
hkl obs. talc. hkl 
020 1601 1592 110 
001 1694 1677 020 
011 2074 2075 001 
H 1  2266 2267 111 
2003 3096 3092 120 
021 3271 3270 200 
111 3420 3430 021 
201 3598 3606 210 
211 4009 4004 130 
130 4348 4356 220 
121 4624 4625 131 
031 5261 5260 201 
131 5450 5451 040 
201 5937 5933 211 
211 ~ 6331 230 
040 6350 ( 6370 140 
002 ~ 6711 311 
ll2 -~673~ .... L ~717 203 
310 7367 7355 310 
221 7511 7525 221 
213 ~ 7872 213 
122 7894 t 7911 123 
141 8236 8238 041 
321 8487 8481 141 
231 9521 9516 321 
33i  10468 10472 320 
241 12299 12303 222 
250 13060 ]13044 240 
042 [13079 231 
243 13840 13844 133 
420 13963 ~13960 241 
331 [13963 331 

051 
411 
321 
132 
241 
042 
341 
25Y 
243 
420 
20~ 
413 
O03 

M = Rb M = NH 4 
A 

10S.sin 2 0 105.sin 2 0 
obs. calc. hkl obs. calc. 
1144 1146 020 1518 1514 
1544 1535 001 1670 1667 
1661 1655 011 2048 2046 
2189 2181 111 2148 2146 
2300 2297 120 2276 2273 
3046 3048 200 3033 3036 
3192 3190 021 3182 3181 
3435 3432 121 3282 3281 
4209 4216 201 3378 3385 
4580 4583 111 3470 3464 
5251 5251 21i  3766 3764 
5935 5941 130 4170 4166 
6145 6140 220 4558 4550 
6325 6325 121 4600 4599 
6508 6502 221 4895 4899 
6904 6902 031 5078 5074 
7030 7038 131 5174 5174 
7184 7188 201 6020 6021 
7243 7241 040 6061 6056 
7466 7476 211 6399 6400 
7572 7572 113 ~ 6488 
7681 7677 131 6491 t 6492 
7801 7795 140 6815 6815 
7929 7938 311 6899 6900 
8183 8189 203 7068 7069 
8397 8393 310 7211 7210 
8712 8723 221 7535 7537 
9188 9188 123 7621 7624 
9388 9395 321 8033 8034 
9601 ~ 9595 112 9120 9124 

[ 9604 231 9429 9428 
10113 10108 313 ~ 9925 
11258 11249 331 9929 ( 9928 
11743 11752 122 10253 10260 
11898 11905 241 12082 12078 

]12073 212 12726 J12719 
12068 [12082 042 [12725 

]12759 340 12884 12887 
12774 [12794 420 13653 13658 
13061 13058 
13323 13329 
13722 13726 

]14222 
14228 [14238 
14881 14891 

~¢i= Cs 

105. sin s 0 
hkl obs. talc. 
110 1110 1109 
001 1602 1603 
011 1963 1964 
120 2192 2192 
021 3048 3046 
12i  3154 3149 
201 3305 3307 
210 { 3355 
111 3363 3358 
21~ 3667 3667 
130 3997 3995 
220 { 4437 
121 4435 4440 
13T 4954 4953 
040 5771 5772 
201 5891 5888 
113 6233 6232 
311 { 6764 
012 6771 6774 
203 6821 6826 
310 7097 7097 
123 { 7314 
221 7322 7331 
141 7485 7479 
321 7837 7847 
320 8181 8180 
240 8771 ] 8766 
141 ( 8770 
24i  { 9079 
133 9103 9118 
313 { 9638 
331 9462 9650 
032 9661 
122 9896 9896 
330 9982 9983 
051 10616 ]10622 
311 [10637 
323 ]10720 
151 10711 [10725 
411 11362 11358 

Tab l e  2 l is ts  t h e  o b s e r v e d  sin ~ 0 v a l u e s  of t h e  m e a s u r e d  
ref lexions ,  t o g e t h e r  w i t h  t h e  c a l c u l a t e d  va lues .  
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Les  m e s u r e s  di61ectr iques  on[  m o n t r 6  que  de  n o m b r e u x  
d6r ivds  p e n t a s u b s t i t u 6 s  d u  benz@ne pr@senta ient  d u  
p o l y m o r p h i s m e .  N o u s  a v o n s  e n t r e p r i s  l ' 6 t ude  des  s t ruc-  

t u r e s  de  d i f f6 ren tes  p h a s e s  d u  c h l o r o - l - t 6 t r a m 6 t h y l -  
2,3,5,6-benz@ne ( m o n o c h l o r o d u r ~ n e )  e t  d u  b r o m o - l - t 6 t r a -  
m6 thy l -2 ,3 ,5 ,6 -benz~ne  (monobromodur@ne) .  N o u s  a v o n s  
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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. 


