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T h e  c r y s t a l  s t r u c t u r e s  of  s e v e r a l  i n t e r m e t a l l i e  c o m p o u n d s  
of  t h o r i u m  w i t h  p a l l a d i u m  a n d  p l a t i n u m  h a v e  b e e n  
r e p o r t e d  r e c e n t l y ,  t h a t  of  T h 2 P d ( C 1 6  ) b y  F e r r o  (1961),  
of  T h P d a ( D O 2 a )  b y  D w i g h t  (1961),  a n d  of  T h P d 4 ( L I 2 )  
b y  T h o m s o n  (1962a) ;  t h e  s t r u c t u r e s  of  T h ~ P t s ( D 1 0 2 )  
a n d  T h P t ( B f )  w e r e  g i v e n  b y  T h o m s o n  (1961,  1962b).  
T h e  c r y s t a l  s t r u c t u r e s  of  t h e  c o m p o u n d s  T h 3 P d  5 a n d  
ThsP % are described in the present paper. 

The alloys were prepared by arc-melting the component 
metals into l-gram buttons in a zirconium-gettered argon 
atmosphere. As the alloys were brittle, powders for X-ray 
studies were prepared by crushing in air and gave very 
sharp X-ray patterns without a strain-relieving anneal. 
Powder patterns were obtained with a Guinier-type 
focusing camera using copper radiation and a quartz 
monochromator (~Ka1= 1.54050 ~) and the line inten- 
sities were estimated visually. 

T a b l e  i .  Comparison of observed and calculated 
sin ~ 0 values and line intensities for T h a P d  5 

hkl sin ~ Oo sin 20c Io Ic 
100 - -  0.0155 - -  < 1 
001 - -  0"0390 - -  8 
110 0"0464 0.0464 s 252 
101 0-0543 0-0545 vvw 14 
200 0"0617 0.0619 vvw 13 
111 0"0854 0.0855 vs 1000 
201 0.1009 0"1009 w 77 
210 0-1083 0.1084 m 144 
300 0.1394 0.1393 s 226 
211 0.1475 0.1474 mw 90 
002 0.1561 0.1561 m 124 
102 - -  0.1716 - -  < 1 
301 0.1783 0.1783 mw 83 
220 0.1857 0-1858 m 108 
310 - -  0-2012 - -  10 
112 0-2025 0.2025 mw 67 
202 - -  0.2180 - -  3 
221 0.2247 0.2248 m 94 
311 0.2404 0.2403 vvw 22 
400 - -  0.2477 - -  < 1 
212 0.2645 0.2644 w 68 
401 - -  0.2867 - -  16 
320 - -  0.2941 - -  7 
302 0.2953 0.2954 m 131 
410 0.3254 0-3251 vw 50 
321 0-3334 0-3333 vw 30 
222 0"3418 0.3418 w 77 
003 -- 0"3512 - -  < 1 
312 - -  0.3573 - -  7 
411 0"3641 0.3641 ms 190 
103 - -  0.3667 - -  < 1 
500 - -  0.3870 - -  8 
113 0.3976 0.3976 mw 85 
402 - -  0.4038 - -  < 1 
203 - -  0.4131 ~ 8 
330 0.4182 0.4180 vvw 27 

vs = v e r y  s trong,  s = strong,  ms = m e d i u m  strong,  m = med ium,  
m w =  m e d i u m  weak ,  w = weak,  vw = v e r y  weak,  vvw = ex t r eme ly  
weak. 

* Formerly J. R. Murray. 

T h e  f i lm  of  t h e  a l l o y  of  63 a t .  % p a l l a d i u m  w a s  i n d e x e d  
as  h e x a g o n a l  w i t h  

a = 7 . 1 4 9  + 0 . 0 0 3 ,  c = 3 . 8 9 9  +_0.002 A,  c /a=0 .545;  

o b s e r v e d  a n d  c a l c u l a t e d  v a l u e s  of  s in  2 0 a r e  g i v e n  in  
T a b l e  1. N o  s y s t e m a t i c  e x t i n c t i o n s  w e r e  o b s e r v e d .  
T h e  v o l u m e  of t h e  u n i t  cell  s u g g e s t e d  t h a t  t h e  c o m p o u n d  
w a s  T h s P d  5 w i t h  o n e  u n i t  of  T h a P d  5 p e r  u n i t  ce l l ;  t h i s  
g a v e  a c a l c u l a t e d  d e n s i t y  of  11.84 g . cm.  -3. E x a m i n a t i o n  
of  a l l o y s  of  n e i g h b o u r i n g  c o m p o s i t i o n s  i n d i c a t e d  t h a t  
T h a P d  5 h a s  o n l y  a n a r r o w  r a n g e  of  h o m o g e n e i t y  a n d  t h a t  
i t  is in  e q u i l i b r i u m  w i t h  T h P d z .  

V i s u a l  e x a m i n a t i o n  of  a f o c u s i n g - c a m e r a  f i lm  of  a n  
a l l o y  c o n t a i n i n g  63 a t . %  p l a t i n u m  s u g g e s t e d  t h a t  T h s P  % 
w a s  i s o s t r u c t u r a l  w i t h  T h s P d  s a n d  sin S 0 v a l u e s  co r r e -  
s p o n d i n g  to  

a = 7 . 1 6 2  +0"003 ,  c = 3 . 9 0 8  -+0-002 /~ ,  c /a=0 .546  

g a v e  g o o d  a g r e e m e n t  w i t h  t h e  o b s e r v e d  v a l u e s .  
F o r  T h s P d  5 a s t r u c t u r e  w i t h :  

2 P d  I in ½, 2 2 I ~ , 0 ;  -g, ~ , 0  

3 Pd l~  in  xra, O, O; O, xvd, O; EVa, E'Vd, O; x v a = 0 " 7 5  

3 T h  in  XTh, 0, ½; 0, XTh, ½; ~Th, ~Th, ½; XTh = 0"33 

g a v e  a r o u g h  f i t  t o  t h e  o b s e r v e d  i n t e n s i t i e s .  T h e  a t o m i c  
p a r a m e t e r s  w e r e  r e f i n e d  u s i n g  t h e  A . E . R . E .  F e r r a n t i  
' M e r c u r y '  c o m p u t e r ;  t h e  r e f i n e d  p a r a m e t e r s  xpa = 
0 .780 -+ 0 .002 a n d  x ~  = 0 .350 -+ 0 .002 g a v e  g o o d  a g r e 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 n s i t i e s  a s  s h o w n  
in  T a b l e  1. T h e  h i g h e s t - s y m m e t r y  s p a c e  g r o u p  in  w h i c h  
t h e s e  a t o m i c  p o s i t i o n s  a r e  p o s s i b l e  is Da3hP-62m. A s e a r c h  
of  t h e  l i t e r a t u r e  h a s  f a i l ed  t o  r e v e a l  a n y  o t h e r  i n t e r -  
m e t a l l i c  c o m p o u n d s  w i t h  t h i s  s t r u c t u r e .  

I n t e r a t o m i c  d i s t a n c e s  fo r  T h s P d s  w e r e  c a l c u l a t e d  t o  
b e  a s  f o l l o w s :  

P d l - 3 P d 1 1  2 . 8 7 / ~  P d 1 1 - 2 P d ~ l  2-72 A T h - 4 P d  n 2.93 A 
- 6 T h  3.03 - 2 P d  1 2.87 - 4 P d  1 3.03 

- 4 T h  2"93 - 2 P d l l  3 .64 
- 2 T h  3.64 - 2 T h  3.90 

- 4 T h  4 .03  

T h e  c o o r d i n a t i o n  of  16 a r o u n d  t h e  t h o r i u m  a t o m  in  
T h a P d  5 is in  g e n e r a l  a g r e e m e n t  w i t h  t h e  s u g g e s t i o n  b y  

Frank & Kasper (1958, 1959) and Kripyakevich (1960) 
t h a t  a h i g h  c o o r d i n a t i o n  a r o u n d  t h e  l a r g e r  a t o m s  in  
i n t e r m e t a l l i c  c o m p o u n d s  m i g h t  c o n t r i b u t e  t o  t h e  s t a b i l i t y  
of  c e r t a i n  s t r u c t u r e s .  

T a b l e  2. Closest neighbours in  T h - P d  compounds 

C o m p o u n d  T h - T h  T h - P d  P d - P d  

ThaPd 5 3"899 A 2.932 A 2-725 A 
T h P d  8 (Thor ium limit) 4.178 2.930 2.930 

(Pal lad ium limit) 4.149 2.923 2-923 
T h P d  4 (Thor ium limit) 4-126 2.918 2.918 

(Pa l lad ium limit) 4.110 2.905 2-905 
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I n  a recent  discussion of the in tera tomie  distances in 
T h P d  3 and  ThPd4, bo th  of which have  a range of com- 
posit ion of a few per  cent  (Thomson, 1962a), it  was 
poin ted  out  t ha t  the closest T h - P d  distance increased 
wi th  increasing thor ium composit ion and,  as shown in 
Table 2, this t r end  is cont inued in the neighbouring 
compound  ThaPd 5. The T h - T h  and  P d - P d  distances do 
no t  follow any  t rend.  Given t ha t  the  a tomic  radii (for 
C.N. 12) in the  pure  meta ls  are 1.37 and  1.80 _~ for 
pa l lad ium and  thor ium respectively,  there  is a consider- 
able cont rac t ion  in the T h - P d  dis tance in all three 
compounds.  

The au thor  would like to t h a n k  Mr N. Curry of 
A.E.1%.E. Harwell ,  whose cooperat ion made  it possible 
to refine the a tomic parameters .  Grateful  acknowledge- 

m e n t  is also made  to Prof. J .  G. Ball under  whose super- 
vision this work  was carr ied out, and to the A.E.1%.E. 
Harwel l  for financial  support .  

R e f e r e n c e s  

DWIGHT, A. E.,  DOWNEY, J .  W. & CONNER, 1%. A., Jr .  
(1961). Acta Cryst. 14, 75. 

FERRO, n .  & CAPELLI, 1%. (1961). Acta Cryst. 14, 1095. 
FRANK, F. C. & KASPER, J .  S. (1958). Acta Cryst. I I ,  184. 
FRANK, F. C. & KASPER, J .  S. (1959). Acta Cryst. 12, 483. 
KRIPYAKEVICH, P. I.  (1960). Soviet Phys. Cryst. 5, 69. 
THOMSON, J .  1%. (1961). Nature, Lond. 189, 217. 
THOMSON, J .  R. (1962a). Advances in X-ray Analysis, 

Vol. 6. New York:  P l enum Press. (In the  press.) 
THOMSON, J .  R. (1962b). Acta Cryst. 15, 1308. 

Acta Cryst. (1963). 16, 321 

Pre l iminary  X - r a y  s tudy on the dioxane addition compounds  of hydrated rare earth per-  
chlorates.  By WrLLIAM G. 1%. DE CA~ARCO and  J .  V. VALmaELLI, Departamento de Mineralogia, Faculdade de 
Filosofia, Cidncias e Letras, Universidade de S. Paulo, S. Paulo, SP,  Brazil 

(Received 29 

Dioxane  addi t ion  compounds  of h y d r a t e d  rare-ear th  
perchlorates  have  been prepared  for the first t ime by 
Vicentini,  Perr ier  & Giesbrecht  (1961), and  their  crystallo- 
graphic propert ies  are now described in this paper.  Their  
general  chemical  formula  is M(C104)3.9 H e 0 . 4  C4Hs0e, 
wi th  M = La, Ce, Pr ,  Nd,  Sm. The five compounds  form 
an isomorphous series. 

The substances are usual ly  bo th  powdery  and  very  
hygroscopic,  and  so no good crystals were available for 
use of X - r a y  single-crystal  techniques.  A t t empt s  to grow 
thicker  specimens were ineffective. 

U n d e r  the  microscope, the  crystals are biaxial  wi th  
parallel  ext inct ion.  The 2V angles were measured  wi th  
the universa l  stage and  the  indices of refract ion were 
de te rmined  wi th  the  pe t rographic  microscope by  the  
immers ion me thod .  The figures in Table 1 are only 
approximate ,  on account  of the  unstable  charac te r  of 
the substances.  

The unit-cell  dimensions (Table 2) were computed  by  
I to ' s  procedure  (1950), applied to powder  photographs  

August 1962) 

obta ined in a 114.6 m m  Buerger  powder  camera.  The 
ass ignment  of indices (Table 3) corroborated the ortho- 
rhombic  system, a l ready suspected from the  optical 
data .  

The pycnome te r  me thod  was used for de te rmina t ion  
of densities, wi th  dioxane as the  immersion liquid. 
R a n d o m  errors m a y  occur in the  second decimal  place, 
due to the  probable  absorpt ion of dioxane while the 
densi ty  de te rmina t ions  were carried out. 

The n u m b e r  of formulas per  un i t  cell is approximate ly  6. 
No sys temat ic  absences were observed, and  thus  three  
a l te rna t ive  space groups are possible: Pmmm,  P2mm 
and  P222. 

The authors  wish to express their  g ra t i tude  to D r  
J . M . V .  Coutinho for assistance in de te rmin ing  the  
optical constants  and to Dr  G. Vicentini  for the dens i ty  
determinat ions .  They  t h a n k  also to Dr  N o r m a n  Herz,  
who k indly  revised the  manuscr ip t .  To the  1%ockefeller 
Founda t ion  and  to the Nat iona l  Research Council of 

Table 1. Optical constants 

La-compound Ce-compound Pr-compound Nd-compound Sm-compound 

N x  (obs.) 1.454 1.455 1-453 1-458 1.460 
/Vy (obs.) 1-457 1.458 1.456 1-461 1.464 
Nz (calc.) 1.464 1.465 1"464 1.469 1.473 

2Vz-Nx (calc.) 0.010 0.010 0.011 0.011 0.013 
2Vz (obs.) 65_+2 ° 68+2 ° 63+2 ° 64+2 ° 67_+2 ° 

La-compound 
Ce-compound 
Pr-compound 
Nd-compound 
Sin-compound 

Table 2. Unit cell dimensions, cell volumes and densities 

a 0 b 0 c o V d (obs.) d (calc.) 

16.07 • 17.87 /~ 19.50 A 5.600 ~3 1.69 g.cm -a 1.69 g.cm -a 
16-05 17-70 19.39 5.508 - -  1.72 
15.83 17.76 19.35 5.440 1.71 1.75 
15.81 17.76 19.31 5.422 - -  1.76 
15.85 17.56 19.24 5.355 1.70 1.79 


