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The formula  Co2(OH)aC1 has been established by  Feit-  
kneeh t  (1935) for the  lavender-coloured (rosa-farbiges) 
cobalt  hydroxychlor ide .  According to the  X - r a y  powder  
pa t t e rn  the  s t ruc ture  was first described as being of the  
layer- lat t ice type  (Fei tknecht ,  1936), while la ter  (Feit- 
knech t  & Magnet,  1949) a relat ionship wi th  the  a t acami te  
s t ruc ture  was supposed. No unit-cell  dimensions have  
been reported.  

I n  the  course of a s tudy  on basic salts, the  present  
au tho r  has had  occasion to e~amine the  s t ruc ture  of this 
cobal t  compound.  A suitable sample has been obta ined 
following one of the  me thods  indica ted  by  Fe i tknech t  
(1935), name ly  precipi ta t ion from a CoC12 solution by  a 
Mg(OH)~ suspension. The washed  and  dried p roduc t  was 
ana lysed  chemical ly  a t  the  Analy t i sch  I n s t i t u u t  T . N . O .  
and  was found to conta in  55.7% Co, corresponding 
theore t ica l ly  to 16.8% C1 and  24.2% OH, whereas  the  
exper imenta l  values were 17.0 % C1, and  difference 27.3 % 
including a Mg-content  below 1.5%. No t race of mag- 
nes ium compounds  has been found  in the  X - r a y  powder  
pattern. 

This pattern was taken with the fourfold Guinier 
camera (de Wolff, 1948) using Fe K~ radiation. The lines 
were appreciably broadened. The mean particle size was 
estimated at 200 A, but the individual widths showed 
irregular variations. The pattern was indexed completely 
on the basis of a rhombohedral unit cell with hexagonal 
axes 

a = 6.84, c ---- 14.50 A .  

(Received 8 December 1952) 

Table 1. Calculated and observed F values 

hk~ d (A) Fc Fo 
101 5.48 -30 .2  25.4 
003 4.83 21.6 20.6 
103 4.59 -- 7.9 7.4 
110 3.42 8.9 9-3 
104 3"09 2.7 < 4 
201 2.900 21.8 17.3 
113 2.791 --27.3 30"3 
202 2.740 14.8 10.9 
105 2.605 -- 5.9 < 4 
006 2-417 18.0 14.3 
204 2.292 59-7 64-8 
211 2.211 --10.3 7"3 
213 2-141 -- 5.9 4.5 
205 2.070 21-8 20.6 
116 1.971 -- 3.2 ~ 4 
300 1.970 4-5 ~ 6 
107 1.957 -- 26.0 29.2 
214 1.904 6.2 5.0 
303 1-826 --14.6 ~ 24.3* 27.1 
303 id. -- 31.1 J 
215 1.771 --14.4 12-0 
108 1.734 1.1 ~ 7 
220 1.710 49.7 53.0 
207 1.699 13-0 15.8 
311 1.631 --16"8 17.6 
009 1.611 20.3 ~ 14.4" 14.5 
223 1.611 13.3 J 
312 1.602 -- 9.7 14.7 
208 1.546 42.5 40.4 
217 1.520 --28.9 31.5 
306 1.512 1.7 I 4-7* ~ 6 

• 306 id. -- 6.4 

* Root mean square, averaged with weight p. @ O @ O 
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Fig. 1. (a) l~Ionatomic layer which, when stacked according 
to the scheme of Fig. l(c), gives rise to the idealized atacamite 
Cu~(OH)aC1 structure. 

(b) Monatomic layers from which the idealized Co2(OH)3CI 
structure can be built in two different ways by stacking 
according to the scheme of Fig. l(c). If the monatomic 
layers are those parallel to (001), a shift p should be applied; 
if they are supposed to belong to one of the three sets parallel 
to (101), the shift is given by q. 

(c) Stacking scheme of monatomic layers. 

Ex t inc t ions  p roved  to be non-sys temat ic ,  so t ha t  five 
space-groups are possible. 

Considerat ion of these da ta ,  combined wi th  the  indices 
of a few ou ts tand ing ly  s t rong reflexions, led to the  as- 
sumpt ion  of a cubic close-packed a r ray  of anions. The 
simplest  w a y  to assign one-quar te r  of these posit ions to 
C1 is to place C1 in the  origin of the pseudo-cubic sub-cell 
(which is ob ta ined  f rom the  e l emen ta ry  rhombohed ron  
by  compressing it  ha l fway  in the  c direction),  and  OH 
in the  face centres.  This p ic ture  was comple ted  wi th  
Co-ions to form a layer  la t t ice  of the  CdC12-type, modif ied 
in the  following w a y :  

All the  meta l  sites f rom the  CdC12 s t ruc ture  which  
coincide wi th  body  centres  of the  above-ment ioned  
pseudo-cubic sub-cell are left vacan t .  They  correspond to 
25 % of the  Co ions which,  therefore,  can still be disposed 
of. These cations are placed in the  equal  n u m b e r  of body- 
centres s i tua ted  be tween  the  original layers. The resul t ing 
tr ial  s t ruc ture  can also be described as a s tacking of 
mona tomie  layers as i l lus t ra ted in Fig. l(b) and  (c), 
wi th  a cons tant  shift a/~3 in the  [120] direction.  

Such a s t ruc ture  is compat ible  wi th  R3m, the  mos t  
h ighly  symmet r ica l  space group of those possible. The 
following positions are then  occupied (hexagonal  co- 
ordinates) :  
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1 Cox in 0, 0, ½ (b), 
2 C1 in  =h 0, 0, w ( c ) ,  
3Coxx ~ ½, o,o; o, ½, o; ½,½, o(~), 
6 O H  in +x, '~,z;  x, 2x, z; 25,5,  z (h); 
Z - - - - 6 .  

For the  idealized structure sketched above the  para- 
meters  would take the values w=¼, x=~, z=~. 
Refinement by the Fourier method led to the final values 

w = 0.225, x = 0-197, z = 0.072. 

For  this Fourier  synthesis, 'observed'  s tructure factors 
.F o were calculated from in tegra ted  intensities I (measured 
from a pho tomete r  record) by  the  equat ion  Fo = 
(sin O)~/(I/p). The factor sin 0 is an empirical approxima- 
t ion of a complex combinat ion of correction factors. 

The agreement  be tween observed and  calculated 
F values (Table 1) is seen to be fair (reliability index 17 %, 
calculated from all reflexions wi th  0 < 40°). However ,  
the  possibility of slight displacements  leading to a space 
group of lower symmet ry  cannot  be excluded, though  
such a deformat ion would be difficult to explain. The 
existing deviat ion from the  idealized structure,  on the  
contrary,  can easily be accounted for by  the  difference 
in size of OH and C1, and by  the  mutua l  repulsion of the  
anions surrounding a vacant  meta l  site in the  layers. 
The calculated interatomic distances (Table 2) approach 
normal  values well wi th in  the  exper imental  error, esti- 
m a t e d  at  ~:0-05 _~ r.m.s. 

Table 2. Coordination and distances 

(Distances in AmgstrSm units) 

Coordination 
CoI: 6 OH 
CoII : 4 OH ~u 2 C1 
C1 and OH: 2 Coi ~- Cozl 

CoI-OH: 2.12 
Same z-level 
Opposite side of layer CI-OH: 3.07 
Opposite layer C1-OH: 3.22 

Distances 
CoTT-CI: 2.53 
C1-OH: 3.46 

CozI-OH: 2.16 
OH-OH: 2.74 and 4.10 
OH-OH: 3.14 
OH-OH: 3"18 

In  Table 2 the  'layers' are of course those parallel to 
(001) forming the  CdC1, structure, from which the  present  
structure is derived in the  way  already described. I t  
should be ment ioned,  however,  tha t  apart  from this set 
of layers there exist three other  sets parallel to the  three 
(101) planes (of. Fig. 2, showing clearly one of these sets). 
Ideally,  these systems can be buil t  from exactly the  same 
monatomic  layers as i l lustrated in Fig. l(b) and  (c) in 
the  same sequence. The only essential difference is tha t  
the  shift is now as indicated by  the  arrow q in Fig. l(b). 

The s~rue~ure bears a close resemblance to tha~ of 
atacamite,  Cu,(OH)aC1. The pseudo-rhombio uni t  cell 
corresponding to the  e lementary  cell of a tacamite  has 
been indicated in Fig. 2. This project ion is str ikingly 
similar to the  (001) project ion of a tacamite  (of. Wells, 
1949). 

Wells observed tha t  the  a tacamite  s tructure can be 
considered as a stack of rhonatomic layers of the  type  

sketched in Fig. l(a) (the stacking sequence in this case, 
too, is given by  Fig. l(c), wi th  Cu replacing Co) and  
pointed  out tha t  in compounds AnBX3 with  X = OH 
only these layers had  h i ther to  been found, whereas 
other  subst i tuents  often led to layers of the  type  il- 
lus t ra ted in Fig. l(b). 
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Fig. 2. Projection of the structure of Co~(OH)sC1 in the [100] 
direction. The coordinates indicate the distance to the (210) 
plane containing the origin which is at right angles to [100], 
expressed as a fraction of a. 

The present  s tructure does not  favour such a corre- 
lation, nor  is it the  only except ion;  according to Feit-  
knech t  & Magnet  (1949), Co2(OH)3C1 is isotypic wi th  the  
analogous hydroxychlor ides  of Fe and  Mn, and  also wi th  
another  modif icat ion of Cu~(OH)3C1 which they  t e rmed  
II~, as a synthet ic  product ,  and  which seems to be 
identical  wi th  the  mineral  paratacamite .  This is confirmed 
by  the  unit-cell  de te rmina t ion  of para tacami te  in a paper  
by  Frondel  (1950), which Prof. Fe i tknech t  k ind ly  men-  
t ioned to me. Para tacami te  has a rhombohedra l  lat t ice 
wi th  (hexagonal) a = 2×6-83 kX.  and  c = 13-95 k X .  
and  'a very  strong pseudo-cell wi th  a halved' ,  probably  
a consequence of the  peculiar (4+2)-coordinat ion of 
Cu 2+ ions. Apar t  from that ,  the  onIy difference wi th  
Co2(OH)8C1 is one of 3 ~o in c. I t  seems, therefore,  t h a t  
at  least four different metals,  act ing as subs t i tuent  in 
Ma(OH)sC1 (M = Co, Cu, Fe, Mn), are able to form struc- 
tures of the  type  now described, consisting of mona tomie  
layers wi th  hexagonal  s y m m e t r y  as in Fig. l(b). 

Finally,  I should like to t h a n k  the  direction of the  
T. P .D.  for their  permission to publish this investigation,  
and  Mr  D. Kor t l and t  for his help in some calculations. 
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