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Useful information about  the  s y m m e t r y  of a structure 
m a y  be provided by  the  probabil i ty  distr ibut ion of the  
intensit ies of its X-ray reflexions. Centrosymmetr ical  and  
non-cent rosymmetr ica l  structures give rise to different 
distr ibutions,  represented by (1)N(Z) and (1)N(Z), when  
the  uni t  cell contains a sufficient number  of a toms dis- 
t r ibu ted  effectively at  r andom (Wilson, 1949; Howells, 
Phillips & Rogers, 1950). Hargreaves  (1955) has shown 
tha t  the  crystal s y m m e t r y  modifies the  in tensi ty  dis- 
t r ibut ion in a more complex fashion when the  scat ter ing 
power of a single heavy  a tom in a general posit ion in the  
uni t  cell dominates  tha t  of the  remaining lighter atoms. 
He  has considered the  in tensi ty  distr ibut ions of zones of 
reflexions which provide informat ion about  the  sym- 
m e t r y  of the  nine oblique and  rectangular  plane groups 
and  finds tha t  they  are of three different types. These 
three  types,  designated by  (max.)N(Z), (C)N(Z) and  
(CC)N(Z), are quite different from the distr ibutions 
(1)N(Z) and (1)N(Z). 

In  a recent  paper  Collin (1955) considers the  effect on 
the  in tensi ty  distr ibutions of a toms in fixed positions, 
an  a tom in a fixed posit ion being defined as one which 
has no variable posit ion parameter .  Collin shows tha t  the  
(1)N(Z) and ( i )N(Z) distr ibut ions are seriously modif ied 
when  the  a toms in fixed positions are heavy  compared 
wi th  the  other  a toms in the  structure,  and  tha t  the  dis- 
t r ibut ion curve for cent rosymmetr ica l  s tructures be- 
comes (max.)N(Z) if the  a tom in the  fixed posit ion is 
very  heavy.  Collin states t ha t  it is difficult to relate his 
own work on a toms in fixed positions to t ha t  of Har-  
greaves, which is concerned wi th  a toms in general posi- 
tions, because in one case (Collin) the  reflexions are 
divided into groups, each wi th  its characteristic N(Z) 
function, whilst  in the  other  (Hargreaves) all reflexions 
are considered together .  

The reason why  it is possible to consider all' reflexions 
together  (excluding, in general, those for which h or 
k = 0) when  the  heavy  a toms are in general positions 
is that ,  for each of the  nine plane groups examined,  all 
types  of h/c reflexions give rise to the  same N(Z) dis- 
t r ibution.  For  example,  in the  plane group ping the  re- 
flexions m a y  be divided into two groups- - those  wi th  h 
even  and  those wi th  h odd;  the  geometrical  s t ructure  
factor is 4 cos 2zhx.eos  2=ky for the  first group and  
--4 sin 2=hx.sin 2=ky for the  second group:  but  for an 
a t o m  in a general posit ion bo th  expressions lead to the  
same distr ibution,  namely  (CC)N(Z). 

I t  is implicit  wi thin  the  earlier paper  by  the  au thor  
t ha t  reflexions of types  h0 and  Ok must ,  in general, be 
considered separately from those of type  hk. Thus if hk 
reflexions have a geometrical  s tructure factor of the  form 

G(hIc) ---- cos 2xchx. cos 2zky, then  the  distr ibut ion is 
(CC)N(Z); the  corresponding h0 and Ok reflexions have 
G(hO) = cos 2nhx and G(Olc) = cos 2~ky respectively, and  
therefore the  (C)N(Z) distr ibution.  And  if hk reflexions 
have geometrical  s tructure factors of the  form ei ther  
G(hk) = cos 2~(hx+ky) or G(hk) = cos2nhx,  then  the  
distr ibut ion is (C)N(Z); when h = 0, cos 2~(hx+ky) re- 
duces to G(Ok) = cos 2zky and the  axial reflexions still 
have the  (C)N(Z) distr ibution,  bu t  cos 2~hx reduces to 
G(Olc) --- 1 (unity) and  the  axial reflexions then  have the  
(max.)N(Z) distr ibution.  I t  is evident ,  therefore, tha t  
making  h or k = 0 m a y  modify  the  geometrical  s t ructure  
factor so as to produce a different type  of distr ibution.  
Similar modifications of the  geometrical  s t ructure factor, 
giving different N(Z) distributions,  are obta ined  by 
making  x or y = 0, t ,  ½ etc., and  in the  following it will 
be shown tha t  the  work of Hargreaves  (1955) can easily 
be ex tended  to cover single heavy  a toms in special (in- 
cluding fixed) positions. I t  will be seen tha t  it is then  no 
longer invariably the  case t ha t  the  same N(Z) distribu- 
t ion is given by  the  different groups of reflexions as- 
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Type of intensity 
distribution 

(max.)N(Z) 
(max.)N(Z) 

(max.)N(Z) 
(C)N(Z) 
(max.)N(Z) 
(C)N(Z) 
(max.)N(Z) when h even 
(1)N(Z) when h odd 
(max.)N(Z) when (h-}-]c) even 
(1)N(Z) when (h-}-k) odd 
(C)N(Z) 
(max.)N(Z) when h even 
(T)N(Z) when h odd 
(max.)N(Z) 
(max.)N(Z) when (h+k) even 
(I)N(Z) when (h+k) odd 
(max.)N(Z) 
(CC)N(Z) 
(max.)N(Z) when (h+]c) even 
(1)N(Z) when (h+/c) odd 
(max.)N(Z) 
(CC)N(Z) 
(max.)N(Z) when (h-{-]c) even 
(1)N(Z) when (h-5/c) odd 
(max.)N(Z) when (h-l-k) even 
(1)N(Z) when (h-Sk) odd 
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sociated wi th  a given plane group. For  certain reflexions 
the  contr ibut ion of the  heavy  a tom becomes nil;  the  
distr ibut ion is then  de te rmined  by  the  l ighter  atoms, 
and becomes (I)N(Z) (for the  plane groups considered) 
if these a toms are arranged at  r andom and have similar 
atomic scattering factors. 

Table 1 indicates the  distr ibutions obtained when the  
heavy  a tom is placed in any special position in the  oblique, 
rectangular  and  square plane groups; the special positions 
include those wi th  no variable parameters  (the fixed 
positions of Collin) and  mirror planes, which have one 
fixed and one variable parameter .  Hexagonal  plane 
groups are omi t ted  from Table 1 because the  special 
positions wi th  one variable parameter  appear  to be 
represented by new types of dis t r ibut ion whilst  those wi th  
fixed parameters  are represented by variants  of 
(max.)N(Z) which cannot  be tabula ted  in compact  form. 
The me thod  of deriving the  results given in Table 1 is 
i l lustrated by taking as an example the  plane group ping 
to which reference has a l ready been made.  

Plane group p i n g  

(i) Heavy atom at general position (x, y) 
The geometrical  s tructure factor is 4 cos 2ghx. cos 2z/cy, 

when h is even, and  --4 sin 2ghx. sin 2~by when h is odd;  
both types of reflexions will therefore have the in tensi ty  
distr ibution (CC)N(Z) (Hargreaves, 1955). 

(ii) Heavy atom at special position (¼, y) on m 
The geometrical  s tructure factor reduces to ± 4 cos 2~ky 

when  h is even, and  ~-4 sin 2~ky when h is odd;  the  

in tens i ty  distr ibut ion for bo th  types  of reflexions is now 
(C)N(Z) (Hargreaves, 1955). 

(iii) Heavy atom at special position (0, O) or (0, ½) on 2 
W h e n  h is even the  geometrical  s tructure factor be- 

comes un i ty  and the  corresponding in tensi ty  distr ibut ion 
is (max.)N(Z) (Hargreaves, 1955). When  h is odd the  
geometrical  s tructure factor becomes zero; the  heavy  
a tom then  makes  no contr ibut ion to the  reflexions and  
the  intensi ty  distr ibution,  de termined by the  l ighter  
atoms, is (1)N(Z) (Wilson, 1949; Howells et al., 1950). 

The distr ibutions listed in Table 1 are strictly valid 
only when the  a toms in special positions are sufficiently 
heavy  to dominate  completely the  remaining l ighter  
a toms;  but  even when  the  a toms in special positions are 
only modera te ly  heavy,  Table 1 should still be useful in 
indicat ing the  general na ture  of the  deviat ions to be 
expected from the  (1)N(Z) or (1)N(Z) distributions. 
Table 1 m a y  be used both  as an aid in de termining  
crystal symmet ry  and  (in some cases) for dist inguishing 
between different possible special positions. 
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Note on the crystal  s tructure of sod ium dichromate  dihydrate. By J. A. C ~ B E ~ ,  Oberlin College, 
Oberlin, Ohio, U .S .A .  

(Received 7 November 1955) 

Studies of the  adsorpt ion spectra of aqueous solutions of 
chromates and  dichromates  in connection with the  
equilibria found therein have shown tha t  the  spectra of 
d ichromate  and  acid chromate  ions are similar, and close 
to those of the  solid dichromates.  This raises the  point  as 
to whether  certain solid dichromates  contain acid chro- 
mate  ions ra ther  than  dichromate  ions. Inspect ion of 
the  structure of sodium dichromate  dihydrate ,  formula 
Na~Cr20~. 2H20, was under taken  in an a t t emp t  to settle 
the  quest ion for a part icular  crystal where the  alter- 

natives were possible. (It could have the formula 
Na~(HCr04)2. H20.) 

Rota t ion  photographs about  all three  axes and  Weis- 
senberg photographs about  two axes (a and b) were taken.  
The crystals, grown from water  solution at  room tem- 
perature,  were monoclinie with unit-cell dimensions: 

a ---- 6.05, b = 10-5, c = 12-6/~, • ---- 94.9 ° . 

These cell dimensions, a densi ty  of 2.52 g.cm. -a, and a 
formula weight  of 298 g./mole gave n = 4.06. Analysis 
of the  photographs showed systematic  absences for 0k0 

when  k ---- 2n, indicat ing a space group of ei ther  P21 or 
~21/m. The crystal showed no piezoelectricity, and the  
response to the  liquid-air tes t  for pyroelectr ici ty was 
doubtful.  Wilson's me thod  indicated the  crystal to be 
centrie, so tha t  the  space group mus t  be P21/m. 

Pat terson diagrams were prepared from the two 
Weissenbergs. Analysis indicated tha t  the  chromiums 
were paired and located in the  mirror planes. No detai led 
analysis has been, or will be, made.  A Cr-Cr distance of 
about  3.2 A and a Cr-O-Cr angle of about  120 ° are  

possible. The additional work necessary to complete the 
structure does not  seem justified from m y  own point  of 
view, since no structures wi th  independent  chromiums,  
i.e. HCrO~- groups, were discovered which satisfied the  
data.  
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advice while the  photographs were being taken,  Dr  
W. H. Taylor for making  available the  facilites of t he  
Cavendish X-ray laboratory,  and Dr S. Bailey for aid 
in running the  Pat tersons on the IBM machines at  t h e  
Univers i ty  of Wisconsin. 


