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Twe lve  r a r e - e a r t h - - c o p p e r  in t e rme ta l l i c  c o m p o u n d s  
(XCu2, X = r a r e  e a r t h  meta l )  h a v e  been  p r e p a r e d  as p a r t  
of a con t i nu ing  s t u d y  of t he  p roper t i e s  of r a re  e a r t h  
al loys.  F r o m  p o w d e r  X - r a y  d a t a  only,  i t  has  been  shown  
t h a t  all of these  alloys,  as well  as Y C u  2 are  o r t h o r h o m b i c  
a n d  i sos t ruc tu ra l  w i t h  CeCu v The  s t r u c t u r e  of CeCu~ 
was  r e c e n t l y  r e p o r t e d  b y  L a r s o n  a n d  Cromer  (1961). 

T h e  CeCue s t r u c t u r e  be longs  to  space g roup  
Imma 2s ! _~ ! (D~h) w i t h  Ce in posi t ions  4e : (000; u 22 J + 0, ¼, z ; 
0, ~ ,5 ;  a n d  Cu in pos i t ions  8h: (000; ~-21 ~x~2,+0, y, z; 
0, ~, 2; 0, ½ + y ,  5; 0, ½, z. L a r s o n  a n d  Cromer  found  the  
va lue  of z for  Ce to  be  0 .5377±0 .0006  whi le  for  
Cu, y = 0.0510 ± 0.0011 a n d  z = 0.1648 ± 0.0010. 

W e  h a v e  shown  f rom p o w d e r  X - r a y  d a t a  on ly  t h a t  
LaCu2 has  t he  h e x a g o n a l  A1B2 s t ruc tu re .  The  ex is tence  of 
a c o m p o u n d  w i t h  th is  s t o i c h i o m e t r y  has  been  r epo r t ed  
p r ev ious ly  (Gschneider ,  1961) b u t  w i t h o u t  c rys ta l  
s t r u c t u r e  da t a .  I n  th is  i nves t iga t ion  it was  found  t h a t  
25-g ingots  a lmos t  c o m p l e t e l y  oxidize in air  in a d a y  a n d  
X - r a y  p a t t e r n s  m u s t  be  t a k e n  soon a f te r  p r epa ra t i on .  
This  r e l a t ive ly  r ap id  ox ida t i on  could  poss ibly  a c c o u n t  
for  t he  lack  of s t r u c t u r e  d a t a  f rom prev ious  inves t iga tors .  

Tab le  1. Crystallographic data for the XCu2 compounds* 
Density 

X a b c (comp.) 
Y 4.305 A 6.800/~ 7.315A 6.70 g.cm -a 
L a t  4..346 3.807 7.07 
Ce 4.425 7.057 7.475 7.61 
Pr  4.400 7.024 7.435 7.75 
Nd 4.387 7.059 7.420 7.92 
Sm 4.360 6.925 7.375 8.27 
Eu  4.45 7.25 7.54 7.62 
Gd 4.320 6.858 7-330 8-69 
Tb 4.310 6.825 7.320 8.83 
Dy 4.300 6.792 7.300 9.02 
Ho 4.280 6.759 7-290 9.20 
Er  4.275 6.726 7.265 9.36 
Tm 4.266 6.697 7.247 9.51 
Yb 4.28 6.76 7.40 9.31 
Lu 4.245 6.627 7-220 9'88 

* Al l la t t ice  constants are ± 0.005 A except for Eu  and Yb 
which are ± 0.01A. 

t Hexagonal  A1B 2 structure. 
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P o w d e r  d i f f rac t ion  d a t a  for YCu2 h a d  been  r e p o r t e d  
b y  D o m a g a l a ,  R a u s c h  & Lev inson  (1961) b u t  no s t r u c t u r e  
was  given.  As n o t e d  above ,  i t  was  found  t h a t  this  
c o m p o u n d  also has  t he  CeCu 2 s t ruc tu re .  Crys ta l lograph ic  
d a t a  for all of the  XCu9 c o m p o u n d s  are  shown in Tab le  1. 

The  c o m p o u n d s  were  p r e p a r e d  by  me l t i ng  s to ich iomet r i c  
a m o u n t s  of the  e l emen t s  in qua r t z  crucibles  in an  a rgon  
a t m o s p h e r e  b y  induc t ion  hea t ing .  T h e  copper  p u r i t y  was  
99-999% a n d  the  ra re  ea r ths  were  99 + % excep t  P r  a n d  Y 
w h i c h  were  99.9 + % .  P o w d e r  X - r a y  p a t t e r n s  were  t a k e n  
of all  t he  c o m p o u n d s  w i th  C r K a  r ad i a t i on  us ing 
S t r a u m a n i s  t y p e  Nore lco  camera s  of 114.6 m m  d iame te r .  

Tab le  1 shows the  c rys t a l log raph ic  d a t a  for t he  XCu2 
c o m p o u n d s .  E x c e p t  for  EuCue  a n d  YbCu2, a l inear  
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Fig. 1. The variation of the lattice parameters of the XCu 2 
intermetallie compounds with atomic number  of the lantha- 
nide element. 

regress ion analys is  p r o g r a m  giv ing  a leas t - squares  fit  to  
t h e  la t t ice  p a r a m e t e r s  was  r u n  a n d  the  resu l t s  of th is  
p r o g r a m  were  checked  b y  us ing  a d-spac ing  p r o g r a m .  T h e  
ca l cu la t ed  va lues  of t h e  i n t e r p l a n a r  spacings  for  h igh  
angles  were  all w i th in  0.002 A of the  m e a s u r e d  va lues  and ,  
in general ,  were  w i th in  b e t t e r  t h a n  0.001 ~ .  The  v a r i a t i o n  
of la t t ice  cons t an t s  w i th  a tomic  n u m b e r  of t he  ra re  e a r t h  
is shown in Fig.  1. The  l a n t h a n i d e  c o n t r a c t i o n  is a p p a r e n t .  
Ce appea r s  to  be b e h a v i n g  t r i va l en t ly ,  whi le  E u  a n d  Y b  
a p p e a r  to be d iva len t .  

As n o t e d  above ,  it has  been  d e t e r m i n e d  f rom p o w d e r  
data only  that LaCu 2 has the hexagonal AIB 2 structure 
and, therefore, belongs to the group Psmmm (D~h)with 
La in positions a: 000", and Cu in positions 2d: _~, ~, ½ ) . +  1 2 
Computed and observed relative intensities and inter- 
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Tab l e  2. Observed and calculated interplanar spacings and 
intensities for Cu2La - Cr K~ radiation 

hIc.l do'~ dc lo* Ic 
00.1 n.o 3-807 - -  0-5 
10-0 3.742 3.764 vw 1-93 
10-1 2.670 2.677 vs 30.73 
11.0 2.169 2-173 s 15.15 
00.2 1.905 1.904 w-m 3.28 
11-1 n.o 1-887 - -  0.75 
20.0 n.o 1-882 - -  0.20 
10-2 n.o 1.699 - -  0.29 
20-1 1.6863 1.6871 m 7.06 
11-2 1.4339 1.4319 S 10.72 
21.0 n.o 1.4226 - -  0-20 
20.2 n.o 1-3384 --- 0.20 
00.3 n.o 1.2691 - -  0-06 
21-1 1.3326 1.3326 s 11.36 
30-0 1.2546 1-2546 m 6.75 
10-3:~ 1.2044 1.2026 ms 8.99 
30-1 n.o 1.1916 - -  0-58 

* s = s t r o n g  r e = m e d i u m  w = w e a k  v----very. 
t n.o----not observed. 
$ d values for a 1 and a~ averaged. 

p l a n a r  spac ings  are  s h o w n  in Tab l e  2. I n  t h e  ca l cu l a t ions  
of in tens i t i e s ,  t h e  T h o m a s  a n d  U m e d a  (1957) a t o m i c  
s c a t t e r i n g  f ac to r s  co r r ec t ed  for d i spe r s ion  ( D a u b e n  & 
T e m p l e t o n ,  1955) were  used .  Cor rec t ions  for  a b s o r p t i o n  
were  n o t  m a d e .  T h e  g o o d  a g r r e m e n t  b e t w e e n  o b s e r v e d  
a n d  c a l c u l a t e d  i n t e r p l a n a r  spac ings  a n d  in tens i t i e s  sup-  
p o r t s  t h e  co r rec tness  of t h e  p r o p o s e d  s t r u c t u r e .  

L a r s o n  a n d  C r o m e r  h a v e  d i scussed  t h e  close r e l a t i o n s h i p  

b e t w e e n  t h e  AIBo t y p e  a n d  o r t h o r h o m b i c  s t r u c t u r e  of 
CeCu2. T h e  fact. t h a t  LaCu~ has  t h e  A1B~ s t rue t .ure  
c o r r o b o r a t e s  th i s  close r e l a t i onsh ip .  A t t e m p t s  were  m a d e  
to  c o n v e r t  LaCu2 to  t h e  o r t h o r h o m b i c  f o r m  a n d  c o n v e r t  
YCu2 to  t he  h e x a g o n a l  A1B., s t r u c t u r e  even  t h o u g h  t h e  
ava i l ab le  p h a s e  d i a g r a m  i n f o r m a t i o n  i n d i c a t e d  no  p h a s e  
changes .  LaCu.,  was  q u e n c h e d  in ice w a t e r  f r o m  740 °C 
(me l t i ng  point.  834 °C) w h i c h  Y C u  2 was  a n n e a l e d  a t  
400 °C for  70 hour s .  These  c o m p o u n d s  d id  n o t  c h a n g e  
s t r u c t u r e  a f t e r  t he se  t r e a t m e n t s .  H o w e v e r ,  we  do  n o t  
be l ieve  t he se  e x p e r i m e n t s  n e g a t e  t h e  poss ib i l i ty  of t h e  
ex i s t ence  of phase s  w i t h  t h e  A1B~ s t r u c t u r e  t y p e  in t h e  
X C u  2 c o m p o u n d s .  

T h e  a u t h o r s  wish  to  express  t he i r  a p p r e c i a t i o n  to J .  H .  
W e r n i c k  for  he lp fu l  d iscuss ions ,  D. Dors i  for  p r e p a r a t i o n  
of t h e  c o m p o u n d s  a n d  to  Mrs V. B.  C o m p t o n  for  ca l l ing  
the i r  a t t e n t i o n  to  t h e  w o r k  of L a r s o n  a n d  C r o m e r  a n d  for  
he lp  w i t h  t he  I B M  i n t e n s i t y  p r o g r a m .  
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In the course of a survey of organic hydrate structures 
(Clark, 1963), the crystal structure for (+)-demethanol- Atomst 
a c o n i n o n e  h y d r o i o d i d e ,  C19H17N. C2H~(OH)4. O. (OCH3) 3. X Y 
H I .  3H20 ,  de sc r ibed  b y  P r z y b y l s k a  (1961), was  e x a m i n e d  09  I "  
w i t h  r e s p e c t  t o  t h e  w a t e r  mo lecu l e s .  T h e  t h r e e  w a t e r  O10 I "  
m o lecu l e s  (09 ,  O 1 0 a n d  O l l )  a n d  t h e  iod ine  a t o m  (I")  I 05 '  
f o r m  a s u b - s t r u c t u r e  (Fig.  1) t h a t  is d i scussed  br ief ly  in I 06 '  
t h e  p r e s e n t  n o t e .  I O7 

T h e  s u b - s t r u c t u r e  v i e w e d  a long  t h e  a d i r e c t i o n  has  a 09  08 '  
t r a p e z o i d a l  shape .  T r a p e z o i d s  r e l a t e d  b y  t h e  21 axis  O10 06  
para l le l  to  c a re  l i n k e d  to  one  a n o t h e r  b y  a s h o r t  h y d r o g e n  O 10 O 11 

O l l  09  
b o n d  (2.50 A) b e t w e e n  two  w a t e r  mo lecu l e s  to  f o r m  a 011 09 '  
z igzag cha in  a long  t h e  c d i r ec t ion .  T h e  cha in  is he ld  a m o n g  
n e i g h b o r i n g  a lka lo id  mo lecu l e s  by  four  h y d r o g e n  bonds ,  
one  i n v o l v i n g  h y d r o x y l  (08)  to  w a t e r  (09) ,  a n d  t h r e e  
i n v o l v i n g  h y d r o x y l s  to  t h e  iod ine  a t o m  (Tables  1, 2). 

A s s i g n m e n t  of w a t e r - m o l e c u l e  p r o t o n s  a m o n g  t h e  
h y d r o g e n  b o n d s  is c o m p l i c a t e d  by  t h e  close c o n t a c t s  
(3.5 to  3.6 A) to  one  iod ine  b y  f ive o x y g e n  a t o m s ,  i.e. 
two  w a t e r  a n d  t h r e e  h y d r o x y l  oxygens ,  all n o t e d  by  
P r z y b y l s k a  (1961). T h e  fo l lowing c o m m e n t  has  been  m a d e  

* Pe rmanen t  address: U.S. Geological Survey, Washington,  
25, D.C., U.S.A. 
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Tab l e  1. Hydrogen bond distances 

Distances 
Locat ion of Y X- -  Y 

1/2+x,  l[2--y, 1--z 3"58 A 
1/2+x, 1 / 2 - y ,  1--z 3.53 
1 / 2 - x ,  l - y ,  z -  1/2 3.52 
1/2-x,  l - y ,  z-- 1/2 3-52 
l - x ,  y--l]2, 1/2-z  3-62 
3 / 2 - x ,  l - y ,  z+l/2 2.84 

l - x ,  y -  1/2, 1 / 2 - z  2-83 
x, y, z 2.81 
x, y, z-t- 1 2.81 

3 / 2 - x ,  l - y ,  z -  1/2 2-50 

t Atoms X are located at  x, y, z (Table 1, Przybylska,  
1961) except  09  which is at  x , y , z + l .  05,  06,  07 ,08  are 
hydroxyl  oxygens; 09,  O10, O l l  are water  molecules. 

~: All da ta  taken from Przybylska (1961) for calculations of 
bond distances using SILL1AC program V-21 by Dr F. M. 
Lovell, Universi ty of Sydney.  Errors es t imated by present  
author:  O-1±0 .05  /~; O - O ± 0 . 1 0  A. The crystals have space 
group P21212 I, a = 14-69 ± 0.03, b = 22.08 ± 0-03, c = 8-33 ± 0.02 A. 

by  P r z y b y l s k a  (wr i t t en  c o m m u n i c a t i o n ,  1963) a b o u t  t h e  
a s s i g n m e n t  of t h e  h y d r o i o d i d e  p r o t o n  : Considering the very 
low ionic character of H I  and the fact that the iodine atom is 


