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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 

. .°--., 

o ~.(.)  

Ba Cl 0 H20 

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,  
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a l though (C) may  be dr ived from (A) or (3), nei ther  can 
be obta ined from (C). Therefore, (C) is not  equivalent  
to (3) and  the comparison of (C) wi th  (2) yields no 
informat ion about  the  relative s trengths of (2) and  (3) 
or (2) and (A). 

Z a c h a r i a s e n ' s  p a p e r  

DHK as defined in (5) is no t  the  same as DBx in (4). 
If  (5) were labelled D21=l,2K or, wha t  is equivalent ,  if all 
the  angles in (5) were divided by two, (4) and  (5) would 
be in agreement .  Fur thermore ,  (5) would then  be valid 
only for the  case in which SH = SK. When  S~ = --SK, 
the  cosine terms mus t  be replaced by sine terms. 

In  an analysis of the  averaging process to f ind DHK 
one should first e l iminate terms for which j -- k since 
the  de te rminan t  is obviously zero in this case. Then, 

½z¢ 
for SH -- SK, (using ~ '  to indicate t ha t  the  terms wi th  

1 
j -- k are omit ted)  after expansion and using appropriate  
t r igonometr ic  identit ies,  

DHK : 4 ~ ~ '  n~nk[1 + c o s  ( H + K ) . r i ~ -  cos ( H - - K ) . r k  
1 1 

+ cos (H + K). rj cos (H--  K). rk--  cos H.  r i cos H.  rk 

- -  cos H.  rj cos K.  rk--  cos K. rj cos H.  rk 

--cos K . r j  cos K.r~] . (D) 

All te rms except the  first average to zero when the  
average is t aken  over all possible tr iplets H and K;  the  
same is t rue for SH = --SK. This leaves 

DHK -~- 4 .,~ .~" n/nk = 4 ~ ~ nT'nk-- 4 .~, n~ : 1 -- 2a ~ , 
1 1 1 1 1 

which may  be compared wi th  D~K---- 1 in the original 
paper. This correction is minor,  since 2a ~ is small compared 
wi th  1 for most  crystal structures.  

However,  in f inding DKi, H+Ki when  averaging over all 
Ki  we are faced wi th  a different process. The subst i tut ions 
to be made  in (D) are K = K i  and H----H-pKi. Inspect ion 
of these new terms in (D) shows tha t  the th i rd  term,  
cos H.  rk, will no t  average to zero; all others except the  
first will average to zero. Then, in this case 

½~ 

D.Ki,R+.~i = 1 -- 2a ~ + UB-- 4 .~  n~ cos H.  rk . 
1 

For the  ease in which SE = --SK, the  signs of the  last 

two terms are interchanged.  When  this value of DKi,H+Ki 
is used in (9) it is found tha t  

([ U~:il + lUR+xil) ° = 2a" 
½~v 

-k SKi. SB+~i( UH+2Ki-P 4 ~, n~ cos H.  rk) 
1 

+ UB. UR+2Ki • (E) 

Thus is seems tha t  Zachariasen's der ivat ion cannot  yield 
(11), the  equat ion which is basic for the  method .  

Al though these corrections show tha t  the  der ivat ion is 
faulty,  they  give no informat ion about  the  val idi ty  of the  
method.  As Zachariasen points  out, there is other  less 
direct  evidence support ing it, and  his own success in the  
use of the me thod  is more convincing than  any th ing  else. 

I would like to t hank  Dr Grison, whose criticisms and 
comments  have been ext remely  valuable,  and  Prof. W.N.  
Lipscomb and Mr Christer Nordman  for their  helpful 
suggestions and  encouragement .  Support  of this work by 
the  Office of Naval  Research is gratefully acknowledged.  
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T h e  u n i t - c e l l  d i m e n s i o n s  a n d  s p a c e  g r o u p s  o f  t w o  m o d i f i c a t i o n s  o f  c r y s t a l l i n e  g l y c y l g l y c y l -  
glycine.* By H. L. YAKEL, JR. and  E.  W. HUOn~ES, Gates & Crellin Laboratories of Chemistry, California 
Institute of Technology, Pasadena, California, U. S. A .  

(Received 7 Ju ly  1952) 

Three crystalline forms of the  linear pept ide glycylglycyl- 
glycine have been invest igated previously. Of these, two, 
repor ted by  Lenel (1932), are anhydrous;  they  are t e rmed  
a- and  fl-glycylglycylglycine, while the  third, s tudied by 
Bernal  (1931), is an or thorhombic dihydrate .  The unit-  
cell dimensions and space groups found by these authors  
are listed in Table 1. 

In  an effort to determine the  complete crystal s t ructure 
of one or more  of these compounds,  glycylglycylglycine 
prepared at  the  Harvard  Medical School was recrystallized 
in these laboratories and X-ray  investigations of the  
crystals were begun. Two dist inct  modifications were 
found in the  preparat ions studied. One of these seemed 
to be identical wi th  the  a-glycylglyeylglycine form bu t  

* Contribution No. 1708 from the Gates and Crellin Labora- 
tories. 

the  other,  probably  a hemihydra te  as shown by densi ty  
measurements ,  had  no t  previously been observed. 

Accurate unit-celI measurements  and  .density deter- 
minat ions  on bo th  crystal forms were made,  wi th  the  
results given in Table 2. Weissenberg and  oscillation 
photographs  were used to fix the  space groups. The 
c axis obta ined for a-glycylglycylglycine in the  present  
invest igat ion is just  double the  length reported by Lenel. 
This is probably due to the  fact t ha t  insufficient da ta  
were collected in the  earlier work, leading Lenel to over- 
look the  possibility of a space-group ext inct ion which 
would give only even orders of l in certain zones. The 
space group of the hemihydra te  was not  unambiguously  
fixed by the diffraction data,  ei ther Aa  or A2/a  giving 
the  observed extinctions. Piezoelectric or pyroelectric 
exper iments  to de termine  the  polari ty of the crystals 
have not  been performed. 
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