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contract ion of 2 % is largely in a direction normal  to the 
shearing movement  : 

Pa ramete r  of ~: a ---- 3.585 /~; 
whence ½arV2 ---- 2.535/~, §arV3 = 4.140/k.  

Parameters  of e: a ---- 2.528 /~, c ---- 4"080/~. 

The mechanism is of the type  which produces a 'Wid- 
manst~ttten'  pa t t e rn  of s t ra in  bands;  and the contract ion 
associated wi th  the t ransformat ion  limits the growth of 
e around each nucleus. A photomicrograph (Fig. 2) con- 
firms both  the s train pa t t e rn  and the absence of massive 
precipitate,  a l though individual  phases cannot  be dis- 
t inguished. 
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(Received 3 July  1952) 

Shannon (1949), in the field of communicat ion theory,  
has given the following theorem:  If  a funct ion d(x) is 
known to vanish outside the points  x ---- ~a/2,  then  its 
Fourier  t ransform F(X)  is completely specified by  the 
values which it  assumes a t  the  points  X----0,  ± l / a ,  
±2 /a  . . . . .  In  fact, the  continuous F(X)  m a y  be filled 
in merely  by  laying down the funct ion sin rcaX/r~aX at  
each of the above points,  wi th  weight  equal to the value 
of F(X)  at  t h a t  point ,  and adding. 

Now the electron-density funct ion d(x) describing a 
single uni t  cell of a crystal  vanishes outside the points  
x = ±a/2,  where a is .the length of the cell. The reci- 
procal-latt ice points  are a t  X ---- 0, ± I/a, =J= 2/a . . . . .  and 
hence the exper imenta l ly  observable values of F (X)  
would suffice, by  the theorem, to determine F(X)  every- 
where, if the  phases were known. (In principle, the  
necessary points  extend indefini tely in reciprocal space, 
bu t  by  using, say, Gaussian a toms both  d(x) and F (X)  
can be effectively confined to the un i t  cell and  the ob- 
servable region, respectively.) 

For  centrosymmetr ica l  structures,  to be able to fill i n  
the IFI 2 function would suffice to yield the structure,  
for sign changes could occur only a t  the points  where 
IFI ~ vanishes.  The s t ructure  corresponding to the IFI 2 
funct ion is the  Pa t te r son  of a single un i t  cell. This has 

twice the wid th  of the uni t  cell, and hence to fill in the  
IFI 2 function would require knowledge of IFI 2 a t  the half- 
integral,  as Well as the integral  h's. This is equivalent  
to a s t a tement  made by  Gay (1951). 

I t h ink  the conclusions which m a y  be s ta ted  a t  th is  
point  are : 

1. Direct  s t ructure  determinat ion,  for cent rosymmetr ie  
structures,  could be accomplished as well by  finding the  
sizes of the IFI 2 a t  half- integral  h as by  the usual proce- 
dure of f inding the signs of the F ' s  a t  integral  h. 

2. In  work like t h a t  of Boyes-Watson,  Davidson & 
Peru tz  (1947) on haemoglobin,  where IFI ~ was observed 
a t  non-integral  h, i t  would suffice to have only the values 
a t  half- integral  h. 

The extension to three dimensions is obvious. 
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The da ta  presented here form par t  of an  extended survey 
of crystal l ine peptides recent ly begun by  the Wool 
Industr ies  Research Association. The objects of the 
invest igat ion are first to obtain some knowledge of the 
factors influencing the crystal l izat ion of these mater ia ls ;  
secondly, from their  unit-cell  dimensions to obtain 
information regarding the types  of molecular arrange- 
ments  present,  and th i rd ly  to select materials  suitable 
for a more detailed X- ray  examinat ion.  

Source of peptides. 

Glyeyl-L-tyrosine was obtained from Roche Products ,  
Welwyn  Garden City, England,  and the monohydro-  
chloride was prepared from it  by  t r ea tmen t  wi th  excess 
of 2N. HC1, followed b y  evaporat ion a t  room temperature .  
(Found 12.1% C1; calculated 12-9%.) 

Glyeyl-DL-leueine and glyeyl-DL-serine were synthesized 
by  the chloracetyl  chloride method first described by  



844 SHORT COMMUNICATIONS 

v 

o " ~  ~ o 0 ~  

II II 
• ~ ~ II li I I -  

~2 
~ & ~ " II 

o~ II II II ]1 ~" 

II II II I] I1 II II II 

@ 

, - ,  .~ o .~ 

i 

O 

O 

O 
o 

O " O 
o ~ o o 

o o ~ o 

• ~ o o 
v 

o ~ . o o 

og 
• 

• 

Fischer & Otto (1903). Freedom from amino-acid con- 
taminat ion  of the final pept ide mater ial  was checked 
chromatographical ly--chromatograms of the pept ide  itself 
showed only a single spot and after hydrolysis two spots 
resulted corresponding to the  const i tuent  amino acids. 

Crystals suitable for X-ray examinat ion were in all 
cases obtained by isothermal evaporat ion of aqueous 
solutions. Unit-cell  dimensions were derived from rotat ion 
photographs about  the principal crystallographic axes. 
In  the determinat ion of the  symmet ry  of the  uni t  cell 
and the space group, information from stat ionary-fi lm 
photographs was supplemented as required by zero- and 
n-layer moving-fi lm photographs on an equi-inclination 
Weissenberg goniometer.  

Glycyl-L-tyrosine readily yielded large prismatic crystals 
several millimetres across with {100}, {101} and {110} 
prominent .  The only systematic absence observed was 
0k0 with k odd so tha t  the  space group is P21. 

Glycyl-L-tyrosine hydrochlorids also crystallized well bu t  
with a greater tendency to elongation along c. {100}, 
{110} and {011} were well developed. The same systematic 
absence was observed as in the  case of the  parent  di- 
pept ide so tha t  the  space group is again /)2 z. Both  
materials contained water  of crystallisation. Loss in 
weight  on drying at  100 ° C. in vacuo: 

Glycyl tyrosine, 12.9% (calculated for glycyl tyrosine. 
2H20, 13.1%); 

Glyeyl tyrosine HC1, 5-5 % (calculated for glycyl tyrosine. 
I-I20, 6.1%). 

Glycyl-DL-leucine yielded acicular crystals wi th  b as the  
needle axis and with {100}, {001} and {201} prominent .  
They exhibited a pronounced cleavage parallel to 100. 
The only systematic absence observed was 0k0 when  k 
was odd so tha t  the  space group is apparent ly  P2  z wi th  
two molecules in the  uni t  cell. As this space group ex- 
cludes a racemic crystal it would appear t ha t  resolution 
occurred during crystallization, as already observed by 
Pas ternak & Leonard (1952a, b) for DT,-leucyl glycyine 
when a t t empt ing  the  preparat ion of raeemic crystals from 
synthet ic  mixtures  of the optical isomers. 

Glycyl-Dx,.serine crystallized less well, generally in the  
form of rosette-like aggregates of very small crystals. 
A small f ragment  on which (100) and  (001) were re- 
cognizable was employed in the  X-ray  examination.  
Water  of crystallization was present  in the  uni t  cell. 
Loss in weight on drying at  100 ° C. in vacuo, 10.0% 
(calculated for glycyl serine. H~O, 10"0%). 

Weissenberg photographs revealed triclinic s y m m e t r y - -  
the  angle between the b and c axes was de termined from 
measurements  of the 011 spacing bu t  the  other two axial 
angles were read directly from f,he Weissenberg films and 
are of a lower order of accuracy. The space group is, 

theref0re, p1 or P1 wi~h four glycyl serine and four 
water  molecules in the uni t  cell. 

The crystal structure of glycyl tyrosine hydroch londe  
is being examined in greater detail. 

I am grateful to the Director and Council of the  Wool 
Industr ies  Research Association for permission to publish 
these results. 

Thanks are due to Dr S. Blackburn of the  Wool 
Industr ies  Research Association for carrying out the  
necessary chromatographic tests on the  synthet ic  pep- 
tides and for the gift of the glycyl-Dn-serine. 
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Structure of barium chlorate monohydrate, Ba(C1Oa)2. H20. By GOPINATH K ~ T ~ A ,  Department of 
Physics, Indian Institute of Science, Bangalore, India 

(Received 30 June 1952) 

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 

>C 0 1 2A  
I = I 

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. 

A C 5  

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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