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E x p e r i m e n t a l  

P o w d e r  d i f f rac t ion  p h o t o g r a p h s  were  o b t a i n e d  w i t h  a 
9 cm.  B r a d l e y - J a y  t y p e  l o w - t e m p e r a t u r e  c a m e r a  (Hawes ,  
1959) us ing  Cu K a  r ad i a t i on  in c o n j u n c t i o n  w i t h  a slit 
co l l imator .  

T h e  ha logen  spec imens  were  p r e p a r e d  b y  qu ick ly  
f reezing l iquid  chlor ine  enc losed  in th in -wa l l ed  glass 
capi l lar ies .  Because  of t he  r ap id  ra te  of r ec rys t a l l i za t ion  
of solid chlor ine  a t  t e m p e r a t u r e s  close to  its m e l t i n g  po in t  
i t  was  nece s sa ry  to  use four  d i f fe ren t  spec imens  to  ob t a in  
t h e  p h o t o g r a p h  t a k e n  a t  158.2 °K.  E a c h  spec imen  was  
p h o t o g r a p h e d  for  a p p r o x i m a t e l y  t h i r t y  m i n u t e s  a n d  was  
t h e n  d i s ca rded  a n d  rep laced  b y  one f resh ly  p repa red .  
T h e  r a t e  of r ec rys t a l l i za t ion  was  suff ic ient ly  slow a t  
77-4 °K.  to  p e r m i t  t he  use of a single cap i l la ry  t h r o u g h o u t  
t h e  exposure  w i t h o u t  excessive spot t iness  in t h e  diffrac- 
t i on  p a t t e r n s .  The  chlor ine  used  in th is  w o r k  was  p r e p a r e d  
b y  t h e  o x i d a t i o n  of hyd roch lo r i c  ac id  b y  po t a s s ium 
p e r m a n g a n a t e  a n d  was  pur i f i ed  t h r o u g h  f rac t iona l  dis- 
t i l la t ion .  

The  t e m p e r a t u r e  of 77.4 °K.  was  m a i n t a i n e d  b y  a 
cooling b a t h  of s lowly boi l ing l iqu id  n i t rogen  w h i c h  sur- 
r o u n d e d  t h e  en t i re  camera ,  whi le  t he  t e m p e r a t u r e  of 
158.2 °K.  was  m a i n t a i n e d  b y  t h e  m a n u a l  add i t ion ,  as 
r equ i red ,  of smal l  a m o u n t s  of l iquid  n i t rogen  to  a sand  
b a t h  s u r r o u n d i n g  the  camera .  This  l a t t e r  t e m p e r a t u r e  was  
m e a s u r e d  b y  a s t a n d a r d i z e d  c o p p e r - c o n s t a n t a n  t h e r m o -  
couple  he ld  n e a r  t h e  spec imen,  a n d  it is p robab le  t h a t  t h e  
s t a t e d  t e m p e r a t u r e  of 158.2 °K.  is rel iable to  w i th in  a 
degree .  

D e t e r m i n a t i o n  of the  phys ica l  cons tant s  

E x i s t i n g  d a t a  b y  K e e s o m  & Taconis  (1936) on the  s t ruc-  
t u r e  of solid chlor ine  ( te t ragonal ,  P4/ncm) enab l ed  the  
f i lms to  be indexed .  E a c h  f i lm y ie lded  f i f teen good dif- 
f r ac t ion  lines su i tab le  for t h e  d e t e r m i n a t i o n  of la t t ice  
cons tan t s .  The  la t t i ce  cons t an t s  of chlor ine ,  ca lcu la ted  
b y  t h e  m e t h o d  of least  squares ,  are  as fol lows: 
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1) a t  77.4 °K . :  a---- 8-550, c = 6.221 /~; 
2) a t  158.2 °K . :  a ---- 8.596, c ---- 6 . 239 /~ .  

The  overal l  degree  of a c c u r a c y  of t h e  resu l t s  is estin~- 
a t e d  to be a p p r o x i m a t e l y  one p a r t  in two  t h o u s a n d .  
On this  basis  t he  express ions  r e l a t ing  la t t ice  p a r a m e t e r s  
in /~ to  abso lu te  t e m p e r a t u r e  a re :  

a ---- (8 .506+5-2  × 1 0 - 4 T ) ± 0 - 0 0 5 ,  
c = (6 .204+2.2  × 10-4T)=t=0"003. 

The  m e a n  l inear  coeff icients  of t h e r m a l  expans ion  are  

a a  - ~  66.4× 10-6±3"0× 10 -6 °C. -1 , 
ac = 35"7 × 10-6±3"9×  10 -6 °C.-1 • 

The  ine~n vol tmm coeff icient  of expans ion  is 

fl = 167"5× I 0 - 6 ± 5 " 0 ×  10 -6 °C.-I • 

T h e  dens i ty  is 

= (2.098--3.5 × 10-4T)±0"002 g .cm.  -s  • 

The  va lues  r e p o r t e d  by  K e e s o m  & Taconis  (1936) are  

a---- 8.56, c -~  6.12 /~, Q--- 2 . 0 9 g . c m .  -s 

a t  a t e m p e r a t u r e  e s t i m a t e d  to  be --185 °C. 

W e  wish  to  express  our  g ra te fu l  t h a n k s  to  t he  Elec-  
t ro ly t i c  Zinc Co. of Aus t r a l a s i a  L td .  for m a k i n g  ava i lab le  
to  us  u n l i m i t e d  quan t i t i e s  of l iquid  n i t rogen  in th is  work .  
One of us  (L. L . H . )  also t h a n k s  Aus t r a l i an  T i t a n  
P r o d u c t s ,  P r o p r i e t a r y  L imi t ed ,  for a g r a n t  w h i c h  m a d e  
this  w o r k  possible.  
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D u r i n g  t h e  select ion of c o m p o u n d s  su i tab le  for s t ruc tu ra l  
ana lys is ,  a p r e l i m i n a r y  inves t iga t ion  of v a l i n o m y c i n  a n d  
evol id ine  i odoace t a t e  was  m a d e .  The  chemica l  fo rmulae  
of these  c o m p o u n d s  is bes t  g iven  as follows: 

Valinomycin : cycle [ABAB] 

w h e r e  

A -- D ( - ) - a -hydroxyprop iony l -D  ( - )va ly l  , 
a n d  

B ---- I) (-)-a-hydroxyisovaleryl-D ( - ) v a l y l .  

Evolidine : 

cycle [Ser. Phe .  Leu .  Pro .  Val.  Asp (fl-:NH2). Leu]  
(Law, Millar,  Spr ingal l  & Birch,  1958). 

As no  f u r t h e r  w o r k  on e i ther  is c o n t e m p l a t e d ,  t he  
obse rva t ions  are  r eco rded  here  (Table 1). 

The  crys ta ls  of v a l i n o m y c i n  were  all t w i n n e d  a n d  
single c rys ta ls  h a d  to  be isola ted b y  careful  cu t t ing .  The  
mo lecu la r  s y m m e t r y  sugges ted  b y  t h e  chemica l  f o rmu la  
( B r o c k m a n n  & Geeren,  1957) is no t  re f lec ted  in t h e  space 
group and number of molecules in the unit cell. 

Evo l id ine  i odoace t a t e  was  found  to  decompose  in t h e  
X - r a y  b e a m  for an  in tegra l  exposure  too  small  to  p e r m i t  
suf f ic ient ly  ex tens ive  d i f f rac t ion  d a t a  to  be r eco rded  for  
one l aye r  (even w h e n  he ld  a t  - -150 °C.). A l t h o u g h  t h e y  
t u r n  b r o w n  due  to  re lease of ha logen ,  t h e  c rys ta ls  do no t  
decompose  to  a gum,  as in t he  case of b r o m a m p h e n i c o l  
(Duni tz ,  1952), or to  a mass  of d i s -or ien ted  c rys ta l s ;  
t h e y  change  to  a single c rys ta l  of a n e w  phase  as  t h e  
old phase  d isappears .  The  n e w  phase  is o r t h o r h o m b i c ,  
t h e  re la t ion  of t h e  n e w  to  old axes  be ing  g iven in Tab le  1. 
Evo l id ine  i tself  be longs  to  t h e  t r ic l in ic  s y s t e m  ( E a s t w o o d  
et al., 1955). 
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Table 1. Crystallographic data 

Evolidine 
Compound Valinomycin Iodoacetate (Transf. prod.) 

Formula CaeH60019N 4 C40H59OloNsI ? 

Unit cell dimen- 
sions 

a 10.44(A ) 9.35A 
b 14-47 22.5 
c 22"29 24"9 
a ° 105.0 ° - -  
fl° 86.9 ° __ 
y° 90.4 ° __ 

Space group P1 P212121 

Density (g.cm. -a) 
Me as. 1.15 - -  
Calc. 1-13 1.15 

Number of mole- 
cules 3 4 

9.23A 
23.0 
25.3 

P212121 
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Albrecht ' s  (1939) me thod  for graphical ly determining the  
correction for absorpt ion of the  X- ray  beam by a crystal  
is useful when  the crystal  cannot  be ground into a sphere 
or cyl inder  and  when  au tomat ic  comput ing  mach ine ry  
is not  available.  Recen t ly  Rogers & :Moffett (1956) and  
Henshaw (1958) have publ ished aids to facil i tate the  
procedure.  The following modif icat ion of the  methods  
a l ready described is an  added  t imesaver .  

Albrecht  approx ima ted  the  absorpt ion correct ion for 
a crystal  of cons tant  cross-section by the expression 

~v 
A = N - I ~  exp {--/~(li+lr)i}, 

/=1 

where ~ is the  linear absorpt ion coefficient, li and lr 
are respect ively the  lengths of the  j t h  incident  and 
diffracted rays,  and  N is the  to ta l  number  of regularly- 
spaced points in the cross-section, a t  which 
! 

exp {-- # (l~ ÷ lr)j} 
was evaluated.  

In  previous me thods  l/ and  lr were de te rmined  in 
separate operations. I t  is possible, however ,  to measure  

Fig. 1. The path of X-rays reflected at a single point in a 
crystal. ABCD is the outline of a crystal, N P  is the 
incident ray, and P M  is the diffracted ray. 

January  1959) 

(li ÷/r) d i rect ly  and  evaluate  each t e rm of the  summat ion  
in a single step. In  :Fig. l ,  a r ay  enters  the crystal  a t  N,  
is reflected at  P ,  and  emerges at  M.  If  a point  N '  on the  
extension of P M  can be located such t h a t  N P  is equal  
in length to N ' P ,  the  length N ' M  must  represent  
(li+lr). Because the  tr iangle N P N "  is isosceles, the line 
N N '  makes  equal angles wi th  N P  and  N ' P ,  and  this 
angle is the  complement  of the Bragg angle. The line 
th rough  N N ' ,  therefore,  mus t  be parallel to the  reciprocal 
lat t ice vector  for the reflection under  considerat ion and 
is the  same for all diffracted rays originating on the  
same incident  ray.  By measur ing N ' M  with  an exponen- 
tial scale, one obtains a t e rm of the  summat ion  for each 
chosen point  P .  

The measuremen t  is made  wi th  the  aid of one drawing 
and four overlays. The lowermost  sheet (as suggested by 
Rogers & Moffett,  1956) has a plot of the reciprocal lat t ice 
and a correct ly oriented outline of the crystal  on the  
scale a -~ re#x, where  x is the  actual  dimension,  ~ the  
corresponding distance in the outline, and m a constant  
dependent  on the exponent ia l  scale on which the pa th  
lengths wi th in  the crystal  are measured.  Sheets two and  
three are Bernal  circles for the incident  and  diffracted 
ray,  on the  same scale as the  reciprocal lattice. Both  of 
these sheets have equal ly  spaced parallel lines for 
establishing the ne twork  of points at  which  the absorpt ion 
correct ion will be evalua ted ,  as described by Rogers & 
Moffett  (1956). Sheets four and five carry the  exponential  
scales for reading the individual  absorpt ion terms.  

The two scales are m o u n t e d  on rec tangular  sheets of 
clear celluloid. Each  sheet mus t  have one s t raight  edge 
and  an inscribed line parallel to it, both  lines being the  
same distance (e.g. 2.5 cm.) from the  edge. The scale 
for li, t e rmed  the  ent rance  scale, is made  by mark ing  a 
zero point,  Z, near  one end of a nar row strip of paper.  
The exit scale, on which (li+lr) is ac tual ly  measured,  is 


