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B Y  ELIZABETH A.  WOOD AND VERA B.  COMPTON 

B e l l  T e l e p h o n e  L a b o r a t o r i e s ,  I n c o r p o r a t e d ,  M u r r a y  H i l l ,  N e w  J e r s e y ,  U . S . A .  

( R e c e i v e d  14 O c t o b e r  1957)  

T h e  c o m p o u n d s  C a R h  e, C a P d ~ ,  C a l r ~ ,  C a P t , ,  S r l ~ h  2, S r P d  2, S r I r ~ ,  S r P t  2, B a R h  e, B a P d  a, a n d  B a P t ~  
a r e  c u b i c  L a v e s  p h a s e s ,  M g C u ~  s t r u c t u r e  t y p e  (C15) .  T h i s  w a s  d e t e r m i n e d  b y  p o w d e r  d i f f r a c t i o n .  
T h e  s p a c e  g r o u p  is  O ~ - F d 3 m  w i t h  8 f o r m u l a  w e i g h t s  i n  t h e  u n i t  ce l l .  

F o r  B a P d g ,  a o - -  7 . 9 5 3  A ;  f o r  B a P t  e, a o - ~  7 . 9 2 0  /~;  f o r  B a R h  2, a 0 - -  7 . 8 5 2  A ;  f o r  S r P d  2, 
ao---- 7 . 8 2 6  A ;  f o r  S r P t  2, a o - -  7 . 777  /~;  f o r  S r I r 2 ,  ao---- 7 . 7 0 0  A ;  f o r  S r R h  2, a 0 - -  7 . 7 0 6  /~ ;  f o r  

C a P d  e , a  0 - ~  7 . 6 6 5  ~ ;  f o r C a P t  2 , a  0 - -  7 . 6 2 9  /~;  C a I r  2 , a  0 - -  7 . 5 4 5  ~ ;  C a R h  2 , a  0 - -  7 . 5 2 5  A .  

T h e  c o m p o u n d s  C a R h  2, C a P d  2, C a I r g ,  C a P t g ,  S r R h  2, 

S r P d 2 ,  S r I r e ,  S r P t 2 ,  B a R h ~ ,  B a P d 9  a n d  B a P t  2 w e r e  

p r e p a r e d  a n d  i n v e s t i g a t e d  f o r  s u p e r c o n d u c t i n g  p r o p -  

e r t i e s  b y  M a t t h i a s  & C o r e n z w i t  ( 1 9 5 7 ) .  T h e  r h o d i u m  

a n d  i r i d i u m  c o m p o u n d s  w e r e  s u p e r c o n d u c t i n g  b u t  t h e  

p l a t i n u m  a n d  p a l l a d i u m  c o m p o u n d s  w e r e  n o t .  

T h e s e  c o m p o u n d s  h a d  n o t  b e e n  p r e v i o u s l y  r e p o r t e d  

i n  t h e  l i t e r a t u r e .  H o w e v e r ,  a f t e r  t h e  p r e s e n t  i n -  

v e s t i g a t i o n  w a s  c o m p l e t e d ,  H e u m a n n  & K n i e p m e y e r  

( 1 9 5 7 )  p u b l i s h e d  a p a p e r  o n  t h e  L a v e s  p h a s e s  i n  t h e  

s t r o n t i u m - p a l l a d i u m , - p l a t i n u m , - r h o d i u m ,  a n d - i r i -  

d i u m  s y s t e m s .  A c o m p a r i s o n  o f  t h e i r  r e s u l t s  w i t h  o u r s  

is  i n c l u d e d  i n  t h i s  p a p e r .  

T h e  p r o c e d u r e  f o r  p r e p a r a t i o n  o f  t h e  c o m p o u n d s  

d e s c r i b e d  h e r e  w a s  a s  f o l l o w s .  T h e  a l k a l i n e  e a r t h  m e t a l  

w a s  i n d u c t i o n  m e l t e d  i n  a n  i r o n  c r u c i b l e  a n d  t h e n  

h k l  

111 238 m - s  s 
220 32 v w  v v w  
311 412 s v s  

222 292 m - s  s 
400 92 m m 
331 55 m m 
422 l 0  Abs .  w 

5 1 1 , 3 3 3  120 m - s  m - s  
440 118 m - s  m - s  
531 40 w w - m  
620 4 Abs .  Abs .  
533 42 m m 
622 104 m - s  m - s  
444 21 w m 

5 5 1 , 7 1 1  24 w m 
642 5 Abs .  Abs .  

553, 731 97 s s 
800 29 w m 
733 12 vw m 

660, 822 4 Abs .  A b s .  
555, 751 87 s s 

662 97 s s 
840 72 m m - s  

753, 911 49 m n~-s 
664 5 A b s .  Abs .  
931 159 s v s  
844 - -  - -  v v s C  

933, 7 7 1 , 7 5 5  - -  - -  - -  
10,2,0, 862 - -  - -  - -  

T a b l e  1. C o m p a r i s o n  o f  c a l c u l a t e d  w i t h  o b s e r v e d  i n t e n s i t i e s ,  v i s u a l l y  e s t i m a t e d  

CaRh~ CaPd~ 
^ 

ba~¢. Obs. Obs 

CaIrg. CaPtg. S rRh~ S r P d  2 S r I r  2 S r P t  2 B a R h ~  B a P d  2 B a P t  2 

bale. Obj. Obs. Calc. Oh;. Obs. Calc. Obj. Obs. Ca~o. Obj. Calo. Obs: Ca~c. Obs. 
908 v s .  s 

33 Abs .  v v w  
972 v v s  s 

850 v v s  s 

325 s m 
223 s m 

10 Abs .  Abs .  
308 v s  m - s  

313 v s  nv--s 

160 m m - s  
4 Abs .  v v w  

106 w m 
313 v s  s 

75 m m 
96 m m 

5 A b s .  vvw 
239 v s  s 

74 w - m  w 
45 w v w  

4 Abs .  A b s .  
213 m - s  s 
284 s s 
279 s s 
187 s s 

5 Abs .  Abs .  
377 v s  v s  

- -  - -  w s d  

s s 8 Abs .  
w - m  m 356 m 

v v s  v v s  1024 v s  
v v s  b v s g  337 m 

m - s  b m 29 Abs .  
m m 1 A b s .  

Abs .  w - m  132 m 
s v s  314 s 
s b  v s  261 s 

m s 1 Abs .  
Abs .  w 55 w 

m - s  v s g  110 m 
s b v s  1 1 7  m 

m b m 4 Abs .  
w w - m  0.4 A b s .  

v w  w 74 w 
s v s  235 s 

m b m 56 w 
vw w 1 Abs .  

vvw w 52 w 
s v s  184 s 
s v s  87 w 

m s 9 Abs .  
m m - s  0.6 A b s .  

A b s .  A b s .  47 v w  
s v s  225 s 

v s  v v s  428 v s  

134 v w  m 579 
145 w m 148 
670 s v v s  1384 
318 m h v s  912 

54 w m 255 
20 v v w  v w  1 5 1  

50 v w  m 58 
203 m - - s  v s  443 
182 m - s  v s  423 

15 vw A b s .  108 
20 vw w 20 
70 w m 152 

110 m s 328 
12 vvw Abs .  57 
10 Abs .  v v w  62 
28 A b s .  w 28 

156 m v s  327 
40 v w  ~ 91 

4 A b s .  vvw 27 
20 Abs .  w 21 

126 m s 268 
90 w s 263 
36 v v w  m - s  168 
15 Abs .  w 105 
20 A b s .  w 20 

176 m - s  v s  373 
428 v s  v v s  986 

__  __  w - m  e __  

a fl l ine c o i n c i d e n t .  
b I r  l ine c o i n c i d e n t .  
c C a l c u l a t e d  i n t e n s i t y  is 375. N o t  o b s e r v e d  in  C a R h  2 

a n d  C a I r  2 b e c a u s e  0 ~ 90 °. 
d C a l c u l a t e d  i n t e n s i t y  is 1121. 

e C a l c u l a t e d  i n t e n s i t y  is 39. N o t  
Sr I r9  b e c a u s e  0 > 90 °. 

f C a l c u l a t e d  i n t e n s i t y  is 270. 
g P t  l ine  c o i n c i d e n t .  
h R h  l ine  c o i n c i d e n t .  

( v s  ~ v e r y  s t r o n g ;  s ~ s t r o n g ;  m ---- m e d i u m ;  w ---- w e a k )  

- -  - -  339 w 
367 w 355 m a  

1110 s 1937 s 
366 nv-s  991 m - s  

26 Abs .  197 w 
2 A b s .  88 v w  

138 v w  134 w 
339 nv-s  624 m - s  
280 m - s  559 m - s  

1 A b s .  63 w 
57 A b s .  58 w 

118 w - m  219 m 
130 w - m  364 m - s  

6 A b s .  43 w 
0.8 Abs .  34 w 
74 v w  74 w 

245 8 453 s 
58 v w  118 w - m  

0.3 A b s .  14 vvw 
52 vw 52 w 

188 m 348 m 
92 w - m  258 m 
13 vvw 107 w 

1 A b s .  48 v v w  

44 w 45 vvw 
213 m - s  411 m - s  
392 s 817 s 

2 A b s .  90 vw 
363 m - s  439 w 

o b s e r v e d  in  S r R h  2 a n d  



4 3 0  

h k l  

111 
220 
311 
222 
400 
331 
422 

5 1 1 , 3 3 3  
440 
531 
620 
533 
622 
444 

551 ,711  
642 

553, 731 
8OO 
733 

660, 822 
555, 751 

662 
840 

753, 911 
664 
931 
844 

933, 7 7 1 , 7 5 5  
10,2,0, 862 

L A V E S - P H A S E  C O M P O U N D S  O F  A L K A L I : N E  E A R T H S  A N D  N O B L E  M E T A L S  

T a b l e  2.  O b s e r v e d  i n t e r p l a n a r  s p a c i n g s  

Values  in A n g s t r S m  u n i t s  

Cal~hz* CaRh~ CaPd~ Calr z CaPt.. SrRh~. SrPd z SrIr~ SrPt~ BaRh 2 BaPd~ BaPt 2 

4.345 4.270 4.374 4.332 4.332 4.439 4.462 4.418 4.439 - -  - -  4.462 
2.661 2.644 2.683 - -  2.652 2.706 2.755 2.722 2.722 2.763 2.797 2.763 
2.269 2-254 2.292 2.265 2.287 2.309 2.350 2.315 2.327 2.350 2.386 2.356 
2-172 2.161 2.206 2.171 2.191 2.217 2.243 2.217 b 2.232 e 2.259 2.287 2-254 
1.881 1.877 1.910 1.884 1.895 1.914 1.949 1.918 b 1.933 - -  - -  1.961 
1.726 1.719 1.755 1.728 1.746 1.746 1.791 1.765 1.774 - -  - -  1.804 
1.536 - -  1.561 - -  - -  1.570 1.593 - -  1.588 1.603 1.621 1.610 
1.448 1.446 1.469 1.451 1.463 1.482 1.501 1.482 1.492 1.508 1.526 1.512 
1.330 1.328 1.351 1.331 1.344 1.359 1.370 1.358 b 1.372 1.388 1.400 1.389 
1.272 1.271 1.293 1.269 1.287 1.301 - -  1.301 1.312 - -  - -  1.331 
1-190 - -  - -  - -  1.199 1.217 1.234 - -  1.228 1-238 - -  1.259 
1.148 1.146 1.166 1.148 1.161 1.173 1.191 1.174 1.182 e 1.197 1.209 1.204 
1.134 1.133 1.153 1.136 1.149 1.160 1.177 1.159 b 1.170 1.183 1.194 1.187 
1.086 1.085 1.103 1.088 1.099 1.111 - -  1.108b 1.120 - -  - -  1.137 
1.054 1.052 1.072 1.056 1.066 - -  1.093 1.077 1.087 - -  - -  1.105 
1.006 - -  - -  - -  1.017 - -  1.045 1.028 1.037 1.049 1.059 1-057 
0.9797 0.9793 0.9962 0.9810 0.9917 1.003 1.018 1.002 1.011 1.022 1.033 1.028 
0-9406 0.9405 0.9578 0.9422 0.9526 0.9621 0.9776 0.9615 b 0.9706 0.9816 0.9926 0.9870 
0.9194 0.9195 0.9389 0-9213 0.9308 - -  0.9565 0.9399 0.9493 - -  - -  0 .9646 
0.8869 . . . . .  0.9223 0.9070 0.9147 0.9261 0.9365 0.9321 
0.8689 0.8688 0.8844 0.8715 0.8802 0.8904 0.9030 0.8883 0.8975 0.9075 0.9176 0.9133 
0.8632 0.8632 0.8786 0 .8656  0.8747 0.8836 0.8973 0.8833 0.8913 0.9017 0.9120 0.9073 
0.8413 0.8414 0.8567 0.8429 0.8524 0.8592 0.8755 0.8608 0.8690 - -  0.8892 0.8841 
0.8260 0.8261 0.8409 0.8277 0.8367 - -  0.8595 0.8449 0.8532 - -  - -  0 .8676 
0.8022 . . . . .  0.8341 - -  - -  0.8368 0.8472 0.8414 
0.7889 0.7891 0.8032 0.7907 0.7994 0.8077 0.8202 0.8071 0.8149 0.8234 0.8334 0.8298 

- -  - -  0.7822 - -  0.7785 0.7865 0.7986 0.7857 0.7935 0.8015 0.8117 0.8085 
. . . . . .  0 .7854 - -  0 .7816 - -  - -  0.7961 
. . . . . . . . . .  0.7794 0.7765 

SrPd2 

w 2.950d 
m 2.600 d 
w 2.475 

vw 1.821 d 
vw 1.530 

w 0.8403 

CaRh~. 

vw 2.103 

A d d i t i o n a l  l ines 

CaPd9 C a I r  2 C a P t  2 

w 3.480 v v s  2.212 b w 4.770 
m 2.475 v s  1.922 b w 3.079 
m 2-386 a v s  1.358 b v w  2.380 a 
w 2.023 v s  1.157 b w - m  2.338 
w 1.692 a m 1.108 b w 1.981 
m 1.427 w - m  0.9590 b w 1.695 
w 1.386 w s  0.8805 b w 1.667 

v v s  0.8579 b vw 1.305 
w s  0.7836 b 

S r I r  2 

v w  3"493 
s 0 .8808b 
s 0.8583 b 

v s  0.7837 b 

SrPt~ B a R h  2 B a P d 2  B a P t z  

w 2.912 s 2"181 c w 2"232 v w  4.270 
m 2.146 f m - s  1.892 c w - m  2.062 w 3.351 
s 2.058 d m - s  1.339 c v w  3.164 

w 1.957 e m - s  1.145 c m 2.495 
w 1.382 e w 1.098 c v w  1.473 
w 1.153f w 0.9511 c w 1.453 
w 1.140 s 0.8716 c w 1.408 

vw 1.130 e s 0 .8506c w 1.011 
v w  1.074 v v s  0.7763 c w 0.9523 

w 0.9003 e w 0.9399 
m - 8  0 '8768 e W 0 '8622 

vw 0.848 
w - m  0.8005 e 

a CaO,  b I r ,  e l~h, d S r O . 8 H 2 0 ,  e P t ,  f F e P t  

* Ca lcu la t ed  va lues  

a l l o w e d  t o  c o o l .  T h e  n o b l e  m e t a l  w a s  a d d e d  t o  t h e  X - r a y  d i f f r a c t i o n  p o w d e r  p h o t o g r a p h s  w e r e  t a k e n  o f  

c r u c i b l e  a n d  t h e  e n t i r e  m e l t  w a s  r e h e a t e d  t o  a t e r n -  t h e  r e s u l t i n g  m a t e r i a l ,  u s i n g  a N o r e l c o  c a m e r a  o f  

p e r a t u r e  s o m e w h a t  a b o v e  t h e  m e l t i n g  p o i n t  o f  t h e  1 1 4 . 6  m m .  d i a m e t e r  a n d  C u  K r a d i a t i o n .  T h e  p o w d e r  

a l k a l i n e  e a r t h .  T h e  r e a c t i o n  w a s  c a r r i e d  o u t  i n  a s a m p l e s  w e r e  c o n t a i n e d  i n  a t h i n - w a l l e d  g l a s s  c a p i l l a r y  

h e l i u m  a t m o s p h e r e  a n d  t h e  s a m p l e  w a s  t h e n  s e a l e d  i n  i n  a n i t r o g e n  a t m o s p h e r e .  

a g l a s s  t u b e  t o  a v o i d  o x i d e  c o n t a m i n a t i o n .  T h e  r e s u l t i n g  p a t t e r n s  c o u l d  b e  i n d e x e d  o n  a c u b i c  
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lat t ice and were found, by  comparison with the 
Frevel  (1942) charts,  to be very  similar to t ha t  of 
MgCug. On the  basis of this s tructure,  relative in- 
tensities for each of the compounds were calculated, 
using the  formula  

1 + cos ~ 20 
I = plFhk~l ~ sin~ " 0 cos 0 × 10-5'" 

where p is the mult ipl ici ty factor,  Fh~ the s t ructure  
factor  and the remaining te rm is twice the combined 
Lorentz and polarizat ion factors. Thomas -Fe rmi  scat- 
tering factors from the International  Tables (1935) 
were used af ter  applying dispersion corrections from 
Dauben  & Templeton (1955). The results are given 
in Table 1 together  with the  visually es t imated inten- 
sities. Since the scat ter ing factors for pal ladium and 
rhodium and those for p la t inum and  iridium are very  
similar, the  intensities for CaPde, CaPt , ,  SrPde and 
SrPt~ were not  calculated. Ins tead  the observed 
intensities for these compounds are compared with the 
calculated intensities for the  corresponding rhodium 
or ir idium compound.  

The observed d values for the  compounds are given 
in Table 2, together  wi th  the  d values for the lines 
t h a t  do not  belong to the  MgCu~ structure.  Since the 
compounds are isomorphous, the  d values were cal- 
culated only for C a g h  2 and  are included in the table. 
All except the bar ium compounds gave sharp  pat terns ,  
with separat ion of K a l  and Ka~ lines usual ly be- 
ginning a t  hkl = (731,553). 

The agreement  between calculated and observed 
intensities in Table 1 is not  perfect,  but  it is good. 
No major  discrepancies occur and the minor  ones m a y  
be due to superposition of impur i ty  lines or preferred 
orientation.  Absorpt ion most  p robably  accounts for 
the  low intensi ty of the  low-angle lines. 

The intensities of reflections from different sub- 
stances in Table 1 are not  comparable  with each other  
because of differences in exposure. 

The product  of the reaction between the alkaline 
ear th  and the noble metal  was not  pure in m a n y  cases. 
Some of the  pa t te rns  included lines from the noble 

metal or from an oxide of the alkaline earth or both. 
In addition there were other lines which could not be 
indexed on the same lattice as the principal substance 
or any small multiple of it (i.e. not superlattice lines). 
In two patterns from a given sample the intensities 
of these lines differed relative to those of the principal 
substance. They indicate the presence of unidentified 
impurities. The chief impurities in the alloys according 
to spectrographic analyses are given below. 

Impurity (%) 
z ,  

Alloy Sr Mg Fe* 

CaRh 2 - -  0.01-0.3 - -  
CaPd 2 - -  ~ 1 - -  

CaIr 2 -- __ __ 
CaPt 2 - -  0.01-0-3 0.01-0-3 
SrRh 2 - -  0.01-0.3 - -  
SrPd 2 - -  __ __ 
Srlr 2 - -  0-01-0-3 - -  
SrPt 2 - -  0 . 0 1 - 0 " 3  - -  

B a R h ~  0.01-0.3 - -  - -  
BaPd 2 0.01-0.3 - -  - -  
BaPt~ 0.0 !-0.3 0.01-0.3 0-01-0"3 

* Very small amounts of iron (~ 0.03 %) were found in all 
the alloys, probably from reaction with the crucible. 

The MgCu 2 s t ructure,  Type C15 (Strukturbericht, 
1931), determined by  Fr iauf  (1927), is one of the  
s t ructures  commonly known as 'Laves phases '  be- 
cause Laves (1939, 1956) called a t tent ion to the special 
crystallographic interest  of the A - A ,  B - B  and A - B  
spat ial  relationships in these A B  2 compounds.  The 
space group is O~-Fd3m with 8 formula  weights in 
the uni t  cell. The A atoms occupy the positions of the 
diamond structure,  (a) 0, 0, 0; I ,  ¼, I ;  f.c., (Fig. l (a) ) ;  
the B a toms form a corner-sharing te t rahedra l  net- 
work, (d) ~, ~s-, ~; ~, -~, ~" ~, ~a, ~ ' ~ ,  ~, ~, -~, ~ ~-,5" f.e., (Fig. l(b)). 
The five t e t r ahedra  occupy the center and the four 
octants  of the cubic cell unoccupied by A (Fig. 1(c)). 

If  the a toms are considered as ha rd  spheres, the A 
atoms do not  ' touch'  the B atoms. As Schulze (1939) 
phrased it, if you set up a packing model of A atoms 
in the diamond structure,  then center small balloons 

(a) (b) (c) 

Fig. 1. The MgCu9 structure. (a) A array (CN4), (b) B array (CN6), (c) AB 2 (MgCu~) structure. 
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Table 3. Radii 

Values in AngstrSm units 

Atoms ABe. RONI~ Ro~6 Rc~4 RLaves R L - R c N m  RL-RcN6 
Ba 2.25 1.98 

BaPd a 
BaPt~ 
BaIr~ 
BaRh~ 

Sr 2.16 1.90 
SrPd9 
SrPt 2 
Srlr 2 
SrRh~ 

Ca 1.97 1.73 

Pd 

Pt 

Ir 

Rh 

CaPd~. 
CaPt.. 
CaIr~ 
CaRh 2 

BaPd~. 
SrPd~. 
CaPdg. 

BaP% 
SrPtg. 
CaPt.. 

Balrg. 
Srir~ 
Calr~. 

BaRh~ 
SrRh~ 
CaRh~. 

1.37 1.30 

1.38 1.31 

1.35 1.28 

1.34 1.27 

1.72 --0.53 
1.71 --0.54 

1.70 --0.55 

1.69 -- 0.47 
1.68 --0.48 
1.67 -- 0.49 
1.67 -- 0.49 

1.66 --0.31 
1.65 --0.32 
1.63 --0.34 
1.63 --0"34 

1.41 +0.04 
1.38 +0.01 
1.36 --0.01 

1.40 +0.02 
1.38 0"00 
1.35 --0.03 

+0.11 
+0.08 
+0.06 

+0.09 
+0.07 
+0.04 

1.36 +0"01 +0.08 
1.34 --0.01 +0.06 

1.39 +0.05 +0.12 
1.36 + 0.02 + 0.09 
1.33 --0.01 +0.06 

R L-RcN4 

--0.26 
--0.27 

--0.28 

--0.21 
--0-22 
--0.23 
--0.23 

--0.07 
--0.08 
--0.10 
--0.10 

on the  B sites and let them swell uniformly unt i l  t hey  
touch each other, they  will no t  ye t  touch the A atoms 
(see Fig. 2). Examina t ion  of Fig. 2 shows t ha t  the  

oo 

L 

) 

) 
Fig. 2. The (110) section through a packing model of the 

MgCu 2 structure. Larger atoms are A atoms; smaller atoms 
are B atoms. 

shortest  A - A  distance is (V3)/4ao and the  shortest  
.B-B distance is (~/2)/4a 0. The radius rat io Ra/Rs  in 
this  s t ructure  is therefore [/3/[/2, if the  radius of each 
a tom is considered to  be half  the distance between 
centers of nearest  like atoms, as in Fig. 2. The radii, 
so calculated, for the atoms in the  compounds here 
reported are given in Table 3, which also lists the  
CN12, CN6 and CN4 radii  for comparison. The CN12 
radii  are t aken  from Laves '  (1956) paper  and the C:N4 

and CN6 radii  are calculated by use of Laves '  (1956) 
correction curve. 

The CN4 and CN12 radfi are given for the  A atoms 
each of which is coordinated to four A a toms a t  
0.433a o (= (~/3)/4a0) and  to twelve B atoms at  
0.415a o (= (~/ll)/Sa0). The CN6 and CN12 radii  are 
given for the B atoms each of which is coordinated 
to  six B atoms at  0.354a0( = (V2)/4a0) and to six A 
atoms at  0.415a o (-- (~/ll)/8a0). 

In  Table 3, comparison of the radius of the A a tom 
in the Laves phase with either its CN12 or CN4 radius 
shows the  Laves-phase A radius to be appreciably 
smaller in all cases, whereas the  Laves-phase B radius 
is larger t han  the CN6 radius of B in all cases and 
larger t h a n  the  CN12 radius in near ly  all cases, the  
exceptions showing zero or very small negat ive dif- 
ferences. 

Thus in general, the alkaline ear th  a toms have con- 
t rac ted  and the noble metals have expanded to form 
this  structure.  On the  basis of a hard-sphere model, 
the  alkaline ear th  atoms (A) might  be expected to  
determine the lat t ice constant.  The da ta  in Table 4 

Table 4. Lattice constants 

Values in .~mgstrsm units 

Pd Pt Ir Rh 

Ba 7.953±0.005 7.920:t:0.005 - -  7.852~:0.005 
Sr 7.826~0.005 7.777+0.005 7-700+0.005 7.70610.005 
Ca 7.6654-0.005 7.629:t:0.005 7.545±0-005 7.525=[=0.005 
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show that in fact the lattice constant varies signifi- 
cantly when the noble metal atom (B) is changed. 

The lattice constants of the Pd and Pt compounds 
indicate that  the effective radius for Pd in these com- 
pounds is larger than that  for Pt. Heumann & Kniep- 
meyer's (1957) data are also in agreement with this 
conclusion. However, the lattice constants given by 
Heumann & Kniepmeyer for the strontium compounds 
do not agree with those published here within our 
limits of error. They give the following values: 

SrPd2, 7.800/~ (Zl = +0.026); 
SrPt2, 7.742 A (/l = +0-035); 
SrRh 2, 7.695 J~ (/I = +0.011); 
SrIr 2, 7.849 A (/l = -0.149) . 

Heumann & Kniepmeyer give the experimental data 
for one substance, SrRh 2. When the lattice constant for 
SrRh 2 is determined from their data by Bradley-Jay 
extrapolation, the result is 7-707±0.005 J~, which 
agrees with our lattice constant, similarly determined, 
within experimental error. This difference in treat- 
ment of data may well account for the discrepancy 
between their results and ours in the cases of SrPd 2 
and SrPt2 as well, but may not account for the dif- 
ferent results for SrIr 2. The larger discrepancy in this 
case might be due to impurity or off-stoichiometry of 
material. The results of the spectroscopic analyses of 
our material and the chemical analyses of their 
material preclude the presence of appreciable amounts 
of metallic impurities, but non-metallic impurities 

would not have been detected by the spectroscopic 
analysis. While departure from stoichiometry would 
have been possible in both cases, it seems unlikely in 
this structure that  one of the constituents would 
substitute for the other because of the great difference 
in size and bonding of the two constituents. Vacancies, 
however, could occur. 

The writers wish to thank S. C. Abrahams for his 
careful reading of the manuscript and helpful criticism. 
They are also grateful to H. J. Seubert for making the 
drawings. 
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A mechanism has been devised which permits the counter on a X-ray goniometer to scan a 
selected straight line in reciprocal space within the range of the limiting sphere. 

Introduct ion  

A counter goniometer offers the possibility of in- 
creased sensitivity and accuracy in intensity measure- 
ments on single crystals, a possibility which can best 
be adequately exploited if the goniometer is made 
automatic in operation. In the design of such a gonio- 
meter, the principal disadvantage of the counter is 
that  it is a one-point detector, so that  the conditions 
governing its orientation with respect to the crystal 
to record a sequence of reflexions are much more 
critical than those required by a goniometer em- 

ploying photographic film, i.e., a two-dimensional 
detector. 

In the majority of cases, the problem of satisfying 
the required conditions has been tackled by hand- 
setting both the crystal and the counter (see Lonsdale 
(1948), Wooster, Ramachandran & Lang (1948), 
Cochran (1950), Clifton, Filler & McLachlan (1951), 
Evans (1953), Zachariasen (1954), Furnas & Harker 
(1955)). To make the collection of intensity measure- 
ments automatic, it is necessary to devise a linkage 
between the crystal and counter movements which 
will enable the whole or a selected part of the recip- 


