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During researches on thor ium-pa l lad ium alloys, the 
formation was observed, in the thorium-rich par t  of the 
system, of a phase corresponding to the structural  C16 
type (Pearson, 1958) or CuA12 type (Bradley & Jones,  
1933). 

The thor ium used (Ferro, 1958), was of a puri ty  about  
99.7% (the impurit ies were represented by oxygen in 
the form of ThO2); the pal ladium was of a puri ty not  less 
than  99.9%. The alloys were prepared by heat ing the 
metals  up to ca. 1800 °C. in argon (although the mel t ing 
points for the  alloys seem lower); then  the samples, still 
in argon atmosphere,  were annealed for one day at  900 
°C., 7 days at 750 °C. and 15 days at 500 °C. The filings 
used for the X-ray examinat ion were further  annealed 
at  500 °C. for ca. 2 days. 

The alloys were analyzed by dissolving in a mixture  of 
HC1 and H202 followed by t r ea tmen t  with aqua regia, 
precipitat ion of Pd with H2S, re-solution of pal ladium 
sulphide and de terminat ion  of pal ladium with dimethyl-  
glyoxime. In  the filtrate, thor ium was de termined as 
ThO2 via the oxalate. 

The powder photographs of alloys with compositions 
around 18% Pd show the existence of a tetragonal  phase 
with constants : 

a = 7-330, c = 5-930 /~, c/a = 0-809 . 

(The powder photographs were obtained with the 
Straumanis a r rangement  using Fe Ka  radiat ion : Ka  1, % = 
1.93597 •.) 

The structure corresponds to the C16 type with the 
following atomic positions: 

Space group D~t s 

4 P d  in (a): 0 ,0 ,¼;  0 , 0 , ~ ;  ½,½,~; ½,½,~.  

in revised form 29 May 1961) 

8 T h  in (h): x, ½+x, 0; ~ , ½ - x ,  0; ½ + x , ~ , 0 ;  
½-x,x,O; ½+~,~,½; ~-~,~-,½; 

1. ~.,½+x, ½ X, ½ --X, 2 ' 

The micrographic appearance agrees with the hypoth-  
esis of the existence of only one phase for a composit ion 
near the theoretical one for Th2Pd (18.69% Pd);  also 
the densi ty (11.5 g.cm. -3, for an alloy containing 19"40% 
Pd  and 80.6~% Th) appears in fair agreement  with the 
value calculated on the basis of above structure (11.9 
g.cm.-3). 

The intensities observed on the film were compared 
with those calculated for different values of x between 
0.150 and 0.175. Although, unfortunately,  the c/a value 
results in many  coincidences which prevent  the exact 
est imation of the separate contr ibution of the reflections, 
the best agreement  between observed and calculated 
intensities seems to be obtained for x = 0.160. 

In  Table 1 are reported the unit-cell dimensions (A) 
and the molar volumes (cm.3), obtained both from 
crystallographic da ta  (VM) and by adding the atomic 
volumes (,F, VA), for the thor ium compounds with this 
structure. Even  considering the fact tha t  many  of these 
phases have probably a small composit ion range, it can 
be seen tha t  there are no remarkable  volume variations. 
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Table 1. Structural data for Th2Me compounds 

Th2Me a c c/a VM 2:VA 

Th~A1 7.614 5-857 0.769 51.1 49.7 
Th2Zn 7.60 5.64 0.74 49.1 48.8 
Th2Cu 7.29 5.75 0.79 46.0 46.8 
Th2Ag 7-56 5.84 0.77 50.3 50.0 
Th2Pd 7.33 5.93 0.81 48.0 48.6 
Th2Au 7.42 5.95 0.80 49.3 49.9 
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On a diffractometer  recording of the powder pa t te rn  of structure factor squared, the multiplicity,  and the  
CaF~, the area of a peak is expressed in terms of the Lorentz-polarization factor, by the relation 

* Research sponsored by the U.S. Atomic Energy Commission. A = K2(F/4)~m(L. P) • 
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F o r  t he  t h r ee  k inds  of ref lect ions  in  f luor i te :  

h +I t  + l  = o d d  ( A / m L . P )  1/2 

= Kfca exp [ - B c a  (sin 0/~) 2] 
h +/c + l  = 2 ( 2 n  + 1) ( A / m L . P )  1/~ 

= K {fca exp [ - B c a  (sin 0/).) 2] - 2f~ exp [ - BF (sin 0/2)2] } 
h + k  + l  = 4 n  ( A / m L . P )  ~/~ 

= K {fca exp [ - Bca (sin 0/2) 2 ] + 2fF exp [ -- BF (sin 0/~) 2] }.  

S m o o t h  curves  r ep resen t ing  (A/mL.P)I/2 as a func t ion  
of (sin 0fit) can  be  m a d e  for each of the  th ree  k inds  of 
ref lect ions.  Combina t ions  of these  th ree  curves  w i th  the  
k n o w n  va lues  of fca and  2f~. give the  two quan t i t i e s  

y(Ca) = K  exp [ - B c a  (sin 0fit) 2] 
a n d  

y(F)  = K  exp [ - -BF (sin 0fit) 2] 

as func t ions  of (sin 0fit). P lo t s  of In y(Ca) a n d  In y(F)  
aga ins t  (sin 0/~) 2 give s t r a igh t  lines whose  nega t i ve  slopes 
are  Bca a n d  BF. F r o m  a p o w d e r  p a t t e r n  of CaF 2 m a d e  
a t  r o o m  t e m p e r a t u r e  w i t h  Cu K a  rad ia t ion ,  t he  va lues  
o b t a i n e d  we re  B c a = 0 " 5 0  /~z a n d  BF=0"61  /~ ,  for  a 
t e m p e r a t u r e  of 20 °C. Since t he  t e m p e r a t u r e  effect  in 
CaF  2 is r a t h e r  small ,  these  va lues  are  n o t  ve ry  accura t e .  
H o w e v e r  t he  a c c u r a c y  is h igh  enough  to  es tabl ish  t h a t  
BF is a p p r o x i m a t e l y  22% h ighe r  t h a n  Bca. 

F o r  t he  200 ref lec t ion  f rom CaF v 

(F/4) 2 = (fca exp [ -Mca]  - 2fF exp [ --MF]) 2, 

w h e r e  M = B  (sin 0/2) 2. Since fca = 14-90 a n d  2fF = 14"50, 
t he  m o r e  r ap id  decrease  of 2fF exp [ -  MF] suggests  t h a t  
a n  increase  in  t e m p e r a t u r e  cou ld  pe rhaps  p r o d u c e  an  
increase  in t he  i n t e g r a t e d  i n t ens i t y  of t he  200 ref lect ion.  
I n c l u d i n g  t h e  real  a n d  i m a g i n a r y  pa r t s  of the  d ispers ion 
cor rec t ion  for  f Ca, a n d  a s suming  the  d ispers ion cor rec t ion  
to  be  negl igible  for  fF, we ob ta in  for t he  200 ref lec t ion  

(F/4) ~" = { (fca + A f" + id f " )  exp [ - Mca] - 2fF exp [ -- MF] } 

{ (fCa + A f" -- iA f " )  exp [ -- M c a ] -  2f~, exp [ - MF] }.  

Us ing  the  a p p r o x i m a t i o n  

exp [ - (MF --Mca)]  = 1 - (MF --Mca) , 

this  express ion  can  be r e d u c e d  to t he  s impler  form 

(F/4) ~" = { [fca + A f '  - 2fF + 2fF(MF - -  Mca)] 2 + [zJf H] 2 } 

× exp [ -- 2Mca] . 

F o r  n u m e r i c a l  eva lua t ion ,  we use the  va lues fca  = 14.90, 
2 fF=14-50 ;  2Mca=0"034 ,  (MF-Mca)=O'O04 a t  20 °C.; 
a n d  2Mca=0"068 ,  (MF-Mca)=O'O08 a t  310 °C. The  
D a u b e n  & T e m p l e t o n  (1955) dispers ion cor rec t ions  for 
C~ are listed in Table 1 together with the computed 
values  of (F/4) ~" for  20 °C. and  310 °C. 

Tab le  1. Computed values of (F/4) 2 for 200 fluorite 

A f" (Ca) Af'" (Ca) (F/4) 2 20 °C. (F/4) 2 310 °C. 
Cr Ka - 0.2 2-7 7.2 7.0 
Cu Ks  0.2 1.4 2.46 2.46 
Me Ka 0.2 0.2 0.60 0.66 

Ra i s ing  the  t e m p e r a t u r e  f rom 20 to  310 °C. shou ld  
p r o d u c e  a n o r m a l  decrease  of 3% us ing  Cr Ka.  W i t h  
Cu K a  t he re  shou ld  be  p rac t i ca l ly  no  change .  Us ing  
Me K a  we should  expec t  a comple t e ly  a b n o r m a l  behav io r ,  
an  increase  in i n t ens i t y  of a b o u t  10%. To tes t  these  
predic t ions ,  d i f f r ac tome te r  runs  were  m a d e  us ing a CaF  2 
c rys ta l  ob t a ined  f rom the  H a r s h a w  Chemica l  C o m p a n y .  
T h e  c rys ta l  was  cu t  to  a 100 face, a n d  t h e n  h a m m e r e d  
a n d  g r o u n d  on e m e r g y  p a p e r  to  ensure  an  imper f ec t  
c rys ta l .  B y  us ing  a long t ime  cons tan t ,  t he  p e a k  h e i g h t  
is closely a m e a s u r e  of t he  i n t eg ra t ed  in tens i ty .  Trac ings  
of t he  200 p e a k  were  m a d e  wi th  t he  c rys ta l  a t  20 a n d  a t  
310 °C. W i t h  Cu K a  t he re  was  no  m e a s u r a b l e  d i f ference  
for the  two t e m p e r a t u r e s .  The  resul ts  for  Me K a  are  
shown by  the  curves  of Fig.  1. T h e  p e a k  was  t r aced  twice  
a t  20 °C., t h e n  twice  a t  310 °C., and  f inal ly twice  a t  20 °C. 
The re  is an  increase  in in t ens i ty  of a p p r o x i m a t e l y  12% 
on rais ing the  t e m p e r a t u r e .  

20 °C 20 °C 

310 °C 310 °C 

j 

20 °C 20 °C 

j 
Fig. 1. Diffractometer tracings of the 200 peak of CaF 2 at 

20 and 310 °C. using Me K s  radiation. 

F o r  genera l  s t ruc tu re s  w h e r e  t he  a tomic  p a r a m e t e r s  
can  change  con t i nuous ly  wi th  t e m p e r a t u r e ,  b o t h  in- 
creases and  decreases  in i n t ens i t y  are, of course,  to  be 
expec ted .  I n  f luor i te  t he  a tomic  posi t ions  are  r ig id ly  
f ixed b y  the  s y m m e t r y ,  and  the  i n t ens i t y  increase  resu l t s  
f rom r a t h e r  special  condi t ions .  The  sca t t e r ing  fac to r  fA 
is n e a r l y  b a l a n c e d  by  2fs, a n d  since this  al lows the  mass  
of B to be on ly  hal f  t h a t  of A,  t he  t e m p e r a t u r e  f ac to r  of 
B is enough  g r ea t e r  t h a n  t h a t  of A to p r o d u c e  the  
increase  in in tens i ty .  A m o n g  s t ruc tu re s  in wh ich  the  
atomic positions are rigidly fixed by symmetry, there 
are  p r o b a b l y  n o t  m a n y  example s  w h e r e  these  special  
condi t ions  are  satisfied.  
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