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A series of isomorphous compounds  of the type  
A(BO3)2.H,O, where  A is a divalent  meta l  and  B is 
a halogen, are known to exist. The most  common among  
these being bar ium chlorate monohydra te ,  a complete  
s t ruc ture  analysis of the crystal  has been unde r t aken  
and  the results are given below. 

Ro ta t ion  and  Weissenberg photographs  gave the fol- 
lowing da ta  (Kar tha ,  1951): 

a---- 8"86-t-0"02, b ----- 7-80±0.02, c---- 9 .35±0.02 A, 
fl = 93 ° 30 ' ,  

whence  the n u m b e r  of molecules per un i t  cell is four. 
The sys temat ic  absent  reflexions were found to be hkl 
for h + k-{-1 odd and  hO1 for h or 1 odd. Fur the r ,  since the 
morphological  studies (Groth, 1906-19, vol. 2, p. 114) 
showed the crystal  to belong to the monoclinic pr ismatic  
class, the space group of the crystal  is C~h-I2/c with  the 
above uni t  cell, which  corresponds to the morphological  
axial  ratios. By  a t rans format ion  of axes this can brought  
to the s t andard  or ienta t ion C2/c as given in the Inter- 
national Tables. 

The s t ruc ture  ampl i tudes  were obta ined from Weissen- 
berg photographs  (Mo radiat ion)  using three films inter- 
leaved wi th  silver foils. The crystals being elongated 
wi th  c as neddle  axis, the c-axis zero-level photograph  
was t aken  by the  normal -beam method ,  whereas  the  
a-axis and  b-axis zero-level photographs  were obtained by 
the ant i -equi- incl inat ion method .  The intensit ies were 
es t imated  visually by comparison with s t andard  in tens i ty  
spots. They  were corrected for Lorentz and  polarizat ion 
factors, according to Buerger  & Klein  (1945) in the case 
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Fig. 1. The (100) Fourier projection showing one quarter of 
the unit cell. Contours at intervals of 2, 4 and 8 e.A -2 around 
oxygen, chlorine and barium respectively. 
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of the  c-axis pho tograph  and according to K a r t h a  (1952) 
for a- and  b-axis photographs.  The relat ive sets of inten-  
sities thus  observed were pu t  on an absolute scale using 
the  statist ical  me thod  of Wilson (1942). This me thod  also 
gave the t empera tu re  factors for the various zones. 
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Fig. 2. The (010) Fourier projection showing one quarter of 
the unit cell. Contours at intervals of 10 e.A -2 around 
barium and 5 e.A -2 around other atoms. 

The s t ruc ture  de te rmina t ion  was based on two- 
dimensional  Pa t t e r son  and  Four ier  p~ojections along 
three axes. The c-axis Pa t t e r son  project ion helped to 
fix the bar ium and  chlorine positions in the project ion.  
The signs of the combined bar ium and  chlorine con- 
t r ibut ions  to the  h]c0 reflexions were calculated and 
these signs were used in mak ing  the Fourier  synthesis.  
After  Fourier  ref inement  a good set of x and  y coordinates  
were obta ined for those a toms which were well resolved 
in the project ion.  In  the  b project ion,  the  projected uni t  
cell is only a quar te r  of the  complete un i t  cell and contains 
only one bar ium atom. The atomic number  of ba r ium 
being far more than  tha t  of any  other  a tom in the uni t  
cell, the  heavy-a tom me thod  was used to obtain  the 
Fourier  projection.  This project ion after  re f inement  gave 
the x and  z coordinates.  Pa t te r son  and  Four ier  project ions 
were also made  on the  (I00) plane. The a and b Four ier  
project ions are given in Figs. 1 and 2 respectively,  whih; 
Fig. 3 gives a perspect ive d iagram of the uni t  cell. 

The final values of the a tomic coordinates  were 
obta ined by mak ing  use of all the projections.  The values 
expressed as fractional  coordinates,  wi th  the uni t  cell 
given above and  wi th  the origin at  a centre  of symmet ry ,  
are as follows: 
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x y z 
Ba 0.000 0.396 0.250 
C1 0.250 0.250 0.554 
O 1 0-092 0-342 0-562 
O~ 0-254 0.096 0.650 
O a 0.267 0.225 0.396 

Water oxygen 0.000 0.062 0.250 
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Fig. 3. Perspective diagram of the arrangement of atoms in 
barium chlorate monohydrate. 

I t  m a y  be pointed  out  t h a t  since the scat ter ing factors 
of bar ium and  chlorine are far greater  t han  t h a t  of oxygen, 
the coordinates of the oxygen atoms cannot  be expected 
to be as accurate as those of the heavier  atoms, where an  
accuracy of ± 2  in the last  decimal place can be expected. 
For  the three projections about  250 reflexions were used. 
These gave a rel iabi l i ty  coefficient Z:[IFo[-- IFcll+ 2:[Fo[ 
of 0"17 which can be considered good since the s t ructure  

is based only on two-dimensional  syntheses  and  projec- 
tions. 

The chlorate ion in this  crystal  is found to have  a 
dis tor ted low pyramida l  s t ructure  wi th  an  oxygen t r iangle  
of average side 2-52 A, the chlorine being displaced from 
the oxygen ]~lane by  0.45 .it and the mean  C1--O distance 
being 1-57 A. I t  is interest ing to compare these wi th  the 
values 2.50, 0.50 and  1.48 A respectively for the chlorate 
ion in potassium chlorate (Zachariasen, 1929). A chlorine 
a tom is l inked to four bar ium atoms and  a bar ium to 
eight chlorines a t  an  average distance of 3.90 A. There 
is also a bar ium a tom in a line almost  normal  to the  
oxygen plane of a chlorate ion at  a distance of 5-76 /?k 
from the chlorine. The bar ium a tom is surrounded b y  
ten  oxygen atoms at  a mean  distance of 2-87 A and  b y  
a water  oxygen on the ro ta t ion  axis a t  a distance of 
2.60 A. 

The s t ructure  is also in conformity  wi th  the s t rong 
positive birefringence of the crystal ,  which m a y  be 
explained by  the manner  in which the  oxygen planes of 
the chlorate ions are oriented in the crystal .  

Ful l  details of the invest igat ion will be publ ished 
elsewhere. 

The au thor  wishes to express his gra t i tude to Prof. 
R.  S. Kr i shnan  for his k ind interest  and  to Dr  G. N. 
R a m a c h a n d r a n  for his guidance and  help th roughout  the  
course of the invest igat ion.  
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Corrections to Grison's  paper on the Harker -Kasper  inequalit ies  and to Zachariasen's  paper 
o n  t h e  ' S t a t i s t i c a l  m e t h o d ' .  B y  Lou i s  R. LAVZ~rE, School of Chemistry, Unisersity of Minnesota, Minne- 
apolis 14, Minnesota, U .S .A .  

(Received 30 June 1952 and in revised form 25 July 1952) 

Some errors have  been discovered in the papers of Grison 
(1951) and  Zachariasen (1952). The nota t ion  used is t h a t  
of the original papers. Equa t ions  not  present  or not  
identif ied in the original papers have  been marked  wi th  
capital letters; numbered equations refer to the original 
papers.  

Grison's  paper  

Inequa l i ty  (3) was derived b y  Kar le  & H a u p t m a n  (1950) 
wi thou t  in ternal  absolute value signs: 

lUg. U~,--UH±HI ~ V(1--U~)V(1--U~')  . (A) 

The dist inct ion is impor tan t  because (A) is stronger 
t han  (3). However,  from (1) we m a y  derive an  inequal i ty  
similar to bu t  stronger t han  (4): 

[UH. UH,--UH+H'] ~ ½(1-- U~)+½(1- -  U~,) . (B) 

A comparison wi th  (5) shows t h a t  the  conclusion t h a t  (3) 
is stronger than  (1) remains unchanged when we subs t i tu te  
(A) for (3). 

Inequa l i ty  (6) cannot  be obtained from (1); th is  
invalidates (7) and (10) which were derived from (6), 
Inequa l i ty  (9) is, of course, still val id a l though th is  
par t icular  derivat ion of i t  is not.  Actual ly  (6) or i ts  
opposite m a y  be true,  which means t h a t  (9) m a y  be 
stronger or weaker than  (2). 

In  a t t empt ing  to show t h a t  (3) is weaker t han  (2), the  
following inequal i ty :  

(u . -u . , )"  <_ 4(1-¼(.+.~)(1-uI(._..)),  (c) 

which appears in § 4, was  said to be an equivalent  form 
of (3). Then,  since (C) is shown to be weaker t han  (2), 
i t  was claimed t h a t  (3) is weaker than  (2). However,  


