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A c r y s t a l l o g r a p h i c  s t u d y  has  been  m a d e  of anhy<trous  
l i t h i u m  a c e t a t e  wh ich  is a p p a r e n t l y  t he  less c o m m o n  fo rm 
,)f l i t h i m n  a c e t a t e ;  m o s t  s t a n d a r d  c h e m i c a l  works  g ive  
d a t a  for' t h e  ( t i hyd ra t e  on ly .  T h e  source  of ou r  m a t e r i a l  
was a c o m m e r c i a l  c()ml)oun<l sohl  as ' anhy( I rous  l i t h i m n  
a c e t a t e ' .  Th i s  cons i s t ed  of a f ine hygroscopic '  p o w d e r  wi th  
wh ich  was  mixe( l  a r e l a t ive ly  few t i n y  color less  c rys ta l s .  
A <'heroical ana lys i s  of t he  c rys t a l s  a f t e r  t h e y  had  been  
pe rmi t t e ( t  t<) t a k e  on w a t e r  f r o m  t h e  a t m o s p h e r e  s h o w e d  
t h e m  to be t he  d i h y d r a t e .  I t  was  n o t  poss ible  to  ge t  a 
good  chemica l  ana lys i s  of t h e  or ig ina l  c rys ta ls ,  b u t  the i r  
h y g r o s c o p i c  c h a r a c t e r  s u g g e s t e d  t h a t  t h e y  were  e i the r  
t he  a n h y d r o u s  c o m p o u n d  or  a lower  h y d r a t e .  T h e y  I)rove<l 
t(> h a v e  a lower  d e n s i t y  t h a n  t h e  1.30 g . cm.  -a of t h e  
(lihy<trate ( A m i r t h a l i n g a m  & P a t h n a n a b h a n ,  1958), a n d  
t)y s i f t ing  t he  c o m m e r c i a l  p o w d e r  a n d  t h e n  f loa t ing  t he  
c rys t a l s  in a l iqu id  w i th  a d e n s i t y  lower  t h a n  1.30 g .cm.  -a, 
it was  p()ssible to  o b t a i n  g o o d  c rys ta l s  of t h e  hygroscot ) ic  
ina te r ia l .  B y  h e a v y  l iqu ids  t he  bes t  specif ic  g r a v i t y  was  
( l e t e rmined  to be 1.227 g .cm.  -a. 

X - r a y  p recess ion  p h o t o g r a p h s  us ing  Cu r a d i a t i o n  were  
t a k e n  of severa l  of t he  c rys t a l s  w h i c h  were  c o a t e d  w i t h  
a t h i n  l aye r  of t r a n s p a r e n t  nai l  po l i sh  or  of a p las t i c  
w a t e r p r o o f  sp r ay ,  K r y l o n ,  in o rde r  to  p r o t e c t  t h e m  f rom 
~noisturc in t h e  a t m o s p h e r e .  T h e  c rys ta l s  p r o v e d  to be 
t r ic l in ic  wi th  : 

a = 9 " 2 9 ,  b = 1 2 . 1 3 ,  c = 6 . 7 6  2~ . 
x = 101 (, 0', fl = 100 ~> 19', 7 = 105 ° 5'. 

T h e  s t a t i s t i ca l  t e s t s  of Howel l s ,  Ph i l l ips  & ] loge r s  (1950) 
showe(t  t he  space  g r o u p  to  be P 1 .  T h e s e  cell d i m e n s i o n s  
yie ld ,  for  an assume( t  c o m p o s i t i o n  of a n h y d r o u s  l i t h i u m  
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a c e t a t e  a n d  t h e  m e a s u r e d  specific g r a v i t y  of 1.227 g.cm.-  :~, 
8-04 f o r m u l a  un i t s  in the  un i t  cell. The, d e n s i t y  ealculate( i  
for Z = 8  is 1.221 g .em.  -3, an<l th is  a g r e e m e n t  betweel~ 
ca l cu l a t ed  an<l obse rved  dens i t i e s  is ou r  basis  for eonclu<l- 
ing t h a t  t he  c rys ta l s  a re  a n h y d r o u s  l i t h i u m  a c e t a t e  an(l 
n o t  s o m e  hy ( t r a t e  lower  t h a n  t he  <tihy<h'ate. 1)owder 
d a t a  for th is  c o m p o u n ( l  an<l f()r the, d ihy(h ' a t e  h a v e  been  
s u b m i t t e ( t  for I )ubl ica t ion  in t he  A.~b'.T..ll. Powder l)ata 
Card File. 

XVe. a t t e m p t e d  an  ana lys i s  of t he  c rys ta l  s t r u c t u r e  bv 
2-dimensi( )nal  F o u r i e r  m e t h o d s ,  b u t  we were  u n a b l e  to  
de( luce a stI'n<'tllre t h a t  wou ld  exp la in  t h e  o b s e r v e d  
in tens i t i es ,  l ) e t a i l s  of t he  i n v e s t i g a t i o n  are  to  be found  
in S a u n d e r s o n  (1960). W e  i)lan rio fm ' t he r  w o r k  on th is  
<'rystal. 

One  of us  (C. S.) is g ra t e fu l  to  Dr  \V. G. Sehnei( ler ,  
] ) r  3Iar ia  P r z y b y l s k a  a n d  l ) r  F .  [4. A h m e d  of t h e  Na-  
t iona l  l l e s e a r c h  Coun(:il, ( ) t t awa ,  for r e s p e c t i v e l y  sug- 
ges t i ng  t he  p r o b l e m ,  g u i d i n g  t he  w o r k  a t  s o m e  s tages ,  
a n d  provi<ting t ) rog rams  for t he  I B M  650. XVe also wish  
to t h a n k  Pr<>f. C. B. ( Je rmain ,  l ) r  B. X o o n a n  a n d  Mr 
T.  J .  W h i t e  of t he  U n i v e r s i t y  of M a n i t o b a  for  c o m p u t a -  
t iona l  ass i s tance ,  anti  t h e  N a t i o n a l  l l e s e a r c h  Counci l  f<>r 
f inaneia l  s u p p o r t .  
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T h e  c rys ta l  s t r u c t u r e  of CuSO 4, wh ich  crys ta l l izes  w i th  
t h e  cell c o n s t a n t s  

a = 8 . 3 9 ,  b = 6 - 6 9 ,  c = 4 . 8 3  z~_ 

in t h e  space  g r o u p  Pnma a n d  Z = 4, has  been  de t e rmine ( l  
by  K o k k o r o s  & R e n t z e p e r i s  (1958) b y  t h e  m e t h o d  of 
t r ia l  a n d  error .  A (2 + 2  +2 )  c o o r d i n a t i o n  has  been  at-  
t r i b u t e d  to  Cu in th is  s t r u c t u r e ,  b u t  c o p p e r  has  m o s t l y  
been  f o u n d  to  h a v e  four  n e a r e s t  Col)lanar n e i g h b o u r s ,  
w i th  two  m o r e  a t  a r a t h e r  g r e a t e r  d i s t ance ,  wh ich  com-  
ple te  a d i s t o r t e d  o c t a h e d r a l  c o o r d i n a t i o n  g r o u p  (~Vells, 

. . . . . . . . . . .  
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1!}50; ft. also (3a t tow & Z e m a n n ,  1958). R e c e n t l y  K n o x  
(1959) has  r e p o r t e d  a new  k i n d  of d i s t o r t i o n  for t h e  
o c t a h e d r a l  c o p p c r ( I I )  in K, ,CuF 4, w h e r e  Cu has  been  
f o u n d  to  h a v e  a (2 +4 )  c o o r d i n a t i o n  w i th  two  n e a r e s t  
n e i g h b o u r s  ( C u - F  = 1.,(}5 2~ (2 x )) a n d  four  a t  a s l igh t ly  
g r e a t e r  d i s t a n c e  ( C u - F  = 2 . 0 8  A (4 x )). E d w a r d s  & Pea-  
cock  (1959) h a v e  also r e p o r t e d  an  iden t i ca l  c o o r d i n a t i o n  
for Cu in K C u F  a ( C u - F  = 1.96 =-~ (2 x ) a n d  2.07 A (4 x )). 
T h e r e f o r e  it  is of i n t e r e s t  to  i n v e s t i g a t e  w h e t h e r  Cu has  
t h e  u sua l  (4 + 2) c o o r d i n a t i o n  or  t h e  r a r e r  t y p e  of (2 +4 )  
c o o r d i n a t i o n  in CuSOd. Whi l e  t he r e  is no  d o u b t  t h a t  t h e  
s t r u c t u r e  de te rmine<t  b y  K o k k o r o s  & R e n t z e p e r i s  (K& R) 
is co r r ec t  in p r inc ip l e  it  n eeds  f u r t h e r  r e f i n e m e n t  to  
e s t ab l i sh  t h e  e x a c t  n a t u r e  of t he  c o o r d i n a t i o n  p o l y h e d r o n  
a r o u n d  copper .  
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Tab le  1. Final  parameters 

4 Cu  (a) 0 0 0 

4 S (c) 0-185 0.250 0.445 
4 0 i  (c) t).141 0.250 0.755 
4 e l i  (c) 0.375 0.250 0.439 
8 0 m  (d) 0. ! 29 0-069 0.307 

Tab l e  2. Interatomic distances 

Coordination polyhedron around copper:  

Cu-Oi = 2-37 A (2 x 
Cu-()ll  = 2.00 (2 x 
C u - O m  = 1-89 (2x 

Oii--Oii I ---- 2.72 

Sulphate te t rahedron : 

S-OI = 1.54 A 
S-Ol~ = 1-59 
S-OIH = 1-46 (2× 

OFOII I  = 2.48 (2 x 
Oi--Oii --~ 2-49 
O i i - O m  = 2-48  (2 x 
O H I - O H I  = 2.42 

Primes denote equivalent  atoms. 

()II-OIIt = 2.78 .1i 
( ) l -Oi l  = 2.68 
O i - O i l l  = 3.13 
Ot--O~i[ = 2.93 
O 1 - O l l  = 3.46 

T h e  s t r u c t u r e  was  re f ined  b y  F o u r i e r  a n d  d i f fe rence  
s y n t h e s e s  u s ing  t h e  i n t e n s i t y  d a t a  p u b l i s h e d  by  K & R .  
S t r u c t u r e  fac to r s  were  c a l c u l a t e d  us ing  t he  a t o m i c  scat-  
t e r ing  cu rves  for  Cu + a n d  O f rom the  w o r k  of B e r g h u i s  
et al. (1955) a n d  for S f r o m  the  w o r k  of Vicrvol l  & Ogr im  
(1949). T h e  cu rves  were  m o d i f i e d  for O-  a n d  S +'. T h e  
final  p a r a m e t e r s  o b t a i n e d  are  g iven  in Tab le  1. Tab le  2 
g ives  t he  i n t e r a t o m i c  d i s t ances .  T h e  va lues  of t he  reli- 
ab i l i ty  index  R, o b t a i n e d  for t h e  zones  [010] a n d  [001] 
are  0.14 a a n d  0.16.~ r e spec t ive ly ,  as a g a i n s t  0.19 a an(l 

0.19~ o b t a i n e d  by  t he  p r e v i o u s  workers .  F u r t h e r  refine- 
m e E t  of t he  s t r u e t m ' e  was  n o t  poss ib le  w i th  t he  p r e s e n t  
i n t e n s i t y  d a t a .  The. p r o b a b l e  e r ro r  in t h e  loca t ion  of t he  
a t o m s  is e s t i m a t e d  to be 0.03--0.05 A. 

F r o m  t h e  i n t c r a t o m i c  d i s t ances  g iven  in Tab l e  2 i t  is 
seen t h a t  Cu - ( ) i i  d i s t a n c e  has  dec reased  f rom 2.15 ..~ 
( K & R )  to 2-00 .&; t h e  C u - O I H  a n d  Cu--Oi d i s t ance s  
h a v e  increased  f r o m  1.87 a n d  2.36 :~ ( K & R )  to 1.89 a n d  
2.37 ~t. T h e s e  c h a n g e s  in t he  i n t e r a t o m i c  d i s t ances  
in(l icate w i t h  g r e a t  p r o b a b i l i t y  t h a t  Cu has  n e i t h e r  t he  
(2 + 2 + 2) c o o r d i n a t i o n  as g iven  by  t h e  p rev ious  a u t h o r s ,  
no r  t h e  n e w  t y p e  of (2 + 4 )  c o o r d i n a t i o n ,  b u t  t he  usua l  
(4 + 2) c o o r d i n a t i o n ,  a l t h o u g h  t h e  C u - O  d i s t ances  in t h e  
s q u a r e  p l a n a r  c o o r d i n a t i o n  are  n o t  o b s e r v e d  to  be 
e x a c t l y  equal .  

I a m  g r e a t l y  i n d e b t e d  to  Prof .  J .  Z e m a n n  for sugges t -  
ing t he  p r o b l e m  a n d  gu id ing ,  to  l ) r  ~,V. H.  B a u r  for  m a n y  
he lp fu l  d i scuss ions  a n d  to  t he  F ree  a n d  H a n s e a t i c  Ci ty  
of H a m b u r g  for  a w a r d i n g  a scho la r sh ip .  
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T h e  X - r a y  p o w d e r  diffracti<m l )a t t e rn  of M a l l i n e k r o d t ' s  
UO:~ has  r e c e n t l y  been  i n t e r p r e t e d  (Connol ly ,  1959) in 
t e r m s  of a rn<moclinic uni t  ee.ll. Conno l ly  d rew  a t t e n t i o n  
to a n u m b e r  of r e m a r k a b l e  spl i t  l ines an(t a sc r ibed  these  
to p s e u d o r h o m b i c  s y m m e t r y .  H o w e v e r ,  this  i n t e rp r e t a -  
t ion  is w e a k e n e d  by an  o v e r w h e l m i n g  n u m b e r  of mul t i t ) ie  
index ings .  T h e  t o t a l  n u m b e r  of tr i t) lets liste(t is a b o u t  
()f t he  n u m b e r  of ava i l ab le  t r ip le t s ,  bu t  th is  f igure  (lrops 
to  10% if t he  n u m b e r  of o b s e r v e d  lines is p u t  ins tead .  
Moreover ,  t he  f i rs t  ' spl i t  l ine' ,  cons i s t i ng  of t he  s t r o n g  
4 th  a n d  5 th  line, is n o t  even  r e m o t e l y  a c c o u n t e d  for by  
t he  indices  s t a t ed ,  for  w h i c h  w r o n g  cMcula ted  va lues  are  
g iven .  On ly  (300) w i t h  sin z 0 = 0 . 0 3 1 4  is acce i ) table  here,  
s() t h a t  one  s t r (mg  line r e m a i n s  u n e x p l a i n e d .  

A n e w  i n t e r p r e t a t i o n  for t he  s a m e  d a t a  is prop()se(l 
now,  based  u p o n  t he  q u a d r a t i c  f o r m  

104 sin -~ 0 = q =  124"75(h 2 + k  2) + 2"Shk + 14-95l", 

w i th  h + k + l  even .  I t  a c c o l m t s  for 44 lines, which  is 

36% of t he  n u m b e r  of ava i l ab le  t r ip le t s .  Six lines m u s t  be 
asc r ibed  to impur i t i e s .  T h e y  occur  a t  t he  h i g h e r  ang les  
a n d  the i r  i n t e n s i t y  is f rom 'w' to 'vvw' e x c e p t  for q = ] 896 
a n d  2109. These  two  f igure  as ' m e d i m n '  in Conno l ly ' s  
list, b u t  t h e y  are  n o t  men t ione ( t  a t  all in ear l ier  o the rwi se  
s imi la r  d a t a  ( ] )awson  et al., 1956). 

I ' os i t ive  f ea tu res  of t he  p r e s e n t  i n t e r p r e t a t i o n  are :  

(a) T h e  spli t  lines s tan( t  ou t  u n m n b i g u o u s l y  as hkl, h~:l 
d o u b l e t s  c a u s e d  by  p s e u d o s y m m e t r y .  

(b) T h e  n m n b e r  of molecu le s  in t he  b o d y - c e n t e r e d  u n i t  
cell 

a = b = 6 . 9 0 ,  c = 1 9 . 9 2 A ,  a = f l = 9 0 ,  7 = 9 0 . 5 T  ~, 

cor respon( t ing  to t he  a b o v e  q u a d r a t i c  f()rm, is Z = 15 
a c c o r d i n g  t() t he  d e n s i t y  used  by  Connol ly ,  and  
Z = 16.7 if t he  UO:~ v o l u m e  is t a k e n  to be  equa l  t() 
i ts va lue  in ~-U():~. B o t h  f igures  sugges t  Z = 1 6 .  
T h e  la t t i ce  is a c t u a l l y  f ace -cen te red  o r t h o r h o m b i c  


