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N o t e  

Thermodynamic and crysta l lographic propert ies of  RPt inte===,etallic 
compounds 

A .  P A L E ~ Z O ~ A  A.,¢D S.  C I R A F I C I  

l j f iraro d i  C~imica J~Mca, UnircrMxa" d i  Genora, Genova ( I ta l y )  

~ v ~  4 October 19-~') 

After  the RPd phases t ano ther  series o f  intermetallic, ¢quiatomic compounds  
o f  the rare earths (R)  whh Pt has been examined in order  to verify some of  the 
correlatio,-~ derived for RX3 phases z, where X : Sn, Pb, In, 1"I and R = rare earths 
and Y, Th.  U 3. Moreover  a ~-stematic study o f  the crystallographic and  thermo-  
dynamic  properties o f  the c o m m o n  and  often isomorphous  phases o f  Pd and  Pt could 
be useful for a better characteri7ation o f  these two elements in respecz o f  their alloying 
properties. Pd and  Pt in many  ways, e.g. a tomic size, ionic dimensions, electrone- 
gativity, app~ . r  very similar to one another  but ~ v e  rise to different properties when 

combined with o t h ~  elements. 
The  crystal structures o f  RPt  compounds  are  knov,~ f rom work by Dw~ight 

et al.* but  no evidence exists concerning the thermodynamics  o f  their format ion:  
the only available informat ion is that  " 'platinum reacts easily with rare ear ths" .  

~ P E R I 3 I I E N " r A L  

The R metals and  Pt used in this research v~ere commercial  products  f rom 
Koch-Light  Laboratories,  En~land (99-5~o) and Johnson  Mat they  Ltd., England 
(99.9 %) respectively. 

The  heats o f  format ion were determined by means o f  the dynamic  differential 
calorimetric method ( D D C )  previously described 5. The alloys were prepared f rom 
¢quiatomic mL~ttures o f  the two elements, pressed into cylindrical pellets and closed 
under  ultra pure argon by a~-weld ing  in molybdenum crucibles as for D T A  measure- 
ments. The sample and  the reference were then heated at  20~C ra in-  1 in a program- 
mable heating furnace until the r e a ~ 0 n  between the two elements started at the  
reaction temperature  (7",), ~v ing  off  the heat  o f  format ion which appeared on the 
the rmograms  as a sharp peak whose area was proportion~l to the above quantity_ 
As soon as the thermal effect ceased, the heat  source was cut  off  and  the sample 
cooled to room temperature  in order  to  quench the products  o f  the reaction and  to 
ascertain its completeness. 
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X - r a y  d i f f r a c t i o n  i n v e s t i g a t i o n  w a s  c a r r i e d  o u t  u s i n g  C r  K~, r a d i a t i o n ;  t o  

i m p r o v e  t h e  q u a l i ~  o f  t h e  d i f f r a c t i o n  p a t t e r n s ,  a ce~y l ce l l u lo se  c a p i l l a r i e s  w e r e  

e m p l o y e d .  

S a m p l e s  f o r  m i c r o s c o p i c  e x a m i n a t i o n  w e r e  p r e p a r e d  o n  s i l i con  c a r b i d e  p a p e r s  

a n d  b y  d i a m o n d  p o l i s h i n g ;  a s  e t c h i n g  a g e n t  a n  a l c o h o l i c  i o d i n e  s o l u t i o n  w a s  u s e d .  

RESULTS AND DISCUSSION 

T a b l e  1 c o n t a i n s  t h e  r e s u l t s  o b t a i n e d  b y  X - r a y  i n v e s t i g a t i o n .  L a  a n d  C e  a l l o y s  

c o ' s t a l l i z e  w i t h  t h e  C r B  t y p e  o f  s t r u c t u r e  w h i l e  f r o m  N d  t o  E r  t h e  s t r u c t u r e  t y p e  

o b s e r v e d  c o r r e s p o n d s  t o  t h e  F e B  t y p e .  E u  a n d  Y b  h a v e  n o t  b e e n  e x a m i n e d .  T h e  

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

c o r r e s p o n d i n g  p o w d e r  p a t t e r n s  s h o w  t h e  p r e s e n c e  o f  r e f l e c t i o n s  d u e  t o  o t h e r  p h a s e s  

T A B L E  1 

CRYSTALLOGRAPHIC DATA FOR RP[ PH.ab~[S 

C o m p .  a 5 t r u c t .  L a t t i c e  c o n s t a n t s  ( ,~)  Refereizces 
t y p e  a b c 

LaPt  CrB 3.974 11.042 4 . 5 5 5  this work 
3.974 I 1.037 4.558 4 

CePt CrB 3.917 10.90 ! 4.522 this work 
3.921 10.920 4.524 4 

PrPt0a) CrB 3.896 ! 0.845 4.505 this work 
3.891 10.899 4.569 6 

PrPt(1) FeB 7.282 4.594 5.696 this ~ ork 
7.294 4.560 5.698 4 

NdPt(h)  CrB 3.g46 10.769 4.542 6 
NdPt(i)  FeB 7.239 4.550 5.675 lhis work 

7.256 4.551 5 .675  4 
Smpt  FeB 7.148 4.510 5.638 this work 

7. i 52 4.525 5.626 4 
GdPt  FeB 7.084 4_500 5.591 this work 

7.088 4.502 5.590 4 
"l-oPt FeB 7.021 4.49 i 5.558 this ~ ork 

7.018 4.494 5.561 4 
DyPt  FeB 6.973 4A80 5.541 this v. ork 

6.983 4.478 5.544 4 
HoPt  FeB 6.947 4.462 5.526 this work 

6.951 4.470 5.532 4 
ErPt FeB 6.900 4.455 5.510 this work 

6.904 4.453 5.512 4 
T m P t  FeB 6.855 4.446 5.496 4 
Y b P t  FeB 6.814 4.429 5.480 11 

6.805 4.416 5 .492  12 
LuPt FeB 6.810 4_417 5.479 4 

~' 0)  -~ low temperature  mod~,fu:ation, (h) ---- high temperature modifiealion. 
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T A B L E  2 

T/4EIU4ODY2qAMIC PRIDPEI¢3"I][S OF R i g  p t L t ¢ l : ¢  

Cow.p. Struts .  z! H r  ~ 
O ~  kca l  g mom-X  

Tr" (°C) 

LaPt  CrB  --  20.8 630 
CPPt C r B  - -24 .6  610 
PrPt(h)  C r B  -- 24.3 650 
.NdPt FeB - -23.7  700 
$ m P t  FeB  - - ' ~ 3  720 
G d P I  FeB  -- 21.4 ~r~80 
" r b P t  F e B  --2O-8 880 
l~ -P t  FeB  --  20.4 920 
H o P t  F e B  - -20 .0  910 
ErP t  FeB --  19.4 1020 
T m P t "  FeB --  ! 8.8 
L u P t  ~' FeB - -  ! 7 .8  

a Tr = tem.per~ture a t  which the r + ' ~ i o n  s t a r t s .  J H :  = heat  o f  fo rma t ion  a t  Tr. 
b Values  obtaincxl by ex t rapola t ion .  

as does  micro~o~aphic examinat ion.  For  PrPt  the X-ray  photogxaphs were indexed 
with the CrB type o f  s t ructure which could  be ascribed to  the high tempera ture  
modification for  this compound .  This  result can be  unders tood  when it is remembered  
that  the alloys are examined as soon  as the format ion  reaction is terminated by cool ing 
the sample  to room tempera ture  and  this cor responds  to a quenching o f  the al loy 
with the retention o f  the phase stable at  high temperature.  Moreove r  a D T A  curve o f  
P r P t  s h o w e d  a f a i n t  t h e r m a l  e f f e c t  a t  a b o u t  1 3 6 0 ° C  w h i c h  c o u l d  c o r r e s p o n d  t o  t h e  

transition temperature.  After  slow cooling to  room temperature ,  X-ray examinat ion 

[ e  RPd 

-:~4" - ~  ~ ' - - "  O :  F e B  
. ra = C s C l  

, ' , . . . 

La Pr Nd C<I H o  Er Tm Lu 

R a tomic  n . , m b e r  

Fig.  1. He~t,: o f  formal ioet  fo r  R P d  a n d  R P t  c o m p o u n d s  vs. r a re  ea r th  a t o m i c  number .  
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showed the reflection o f  the well known  FeB type structure.  This behaviour  has been 
observed recently by Parthe" and  coworkers  both  for  Pr  and  ]qd 6. 

Table  2 contains  the results obta ined  by the rmodynamic  measurements  on  RPt  
p -bases. The  reac:_ion between elemental  R's a n d  Pt takes place at  a t empera ture  (Tr) 
which increases a lmost  linearly f rom La (630cC) to Er (1020°C). The  react ion is very 
fast, highly exothermic  and  the heat  evolved is sufficient to melt  the samples, which in 
most  cases appeared  homogeneous  and  s in~e  phase. Fo r  PrPt  the value repor ted in 
Table  2 is ascribed to the CrB ry. pe modification for  the reasons ment ioned  above but  
the heat  o f  format ion  o f  the FeB type should be_ a lmost  identical to that  o f  the CrB 
type modification as shown by the faint thermal  effect o f  :he t ransformat ion.  This 
conclusion is also justified by the similarity o f  the two structures involved. Tm and  Lu 
never gave homogeneous  products  so the values repor ted in Table  2 were obta ined by 
extrapolat ion f rom Fig. i. C o m p o u n d s  o f  Eu and  Yb have not  been examined in this 
study. 

Figure l shows the t rend o f  the heats o f  format ion  for  both  series RPd and  
RPt  compounds ,  with change o f  R's a tomic  number .  The  si tuation is a lmost  identical, 
with a regular decrease f rom lighter to heavier rare ear ths  (except for the values o f  La) 
in agxeement with the predict ion which can be derived f rom examinat ion  o f  the role o f  
the lanthanide contract ion in c o m p o u n d  format ion  using the cri terion o fGschne idne r  7. 
Even if  three different structural  types (CrB, FeB, CsCI) are considered,  this criterion 
retains its qualitative validity. 

It has been shown that  the heats o f  format ion  o f  intermetallic c o m p o u n d s  can 
be derived with a semiempiricai equat ion due  to Miedema and  co-workers  s- 9 which, 
in its most  recent version t°,  gives a value o f  --23 kcal g a t o m -  1 for  LaPd  and  for 
LaPt  a value o f  -- 22 kcal g a t o m -  ~. While for the Pt  compound the a~eement  between 
calculated and  observed values is very good,  this is not  the case for  Pd compounds  

which have experimental  values much  lower than the calculated ones. The  above- 
ment ioned equat ion consists essentially o f  two terms depending on  two parameters:  
.6 -~-- electronegativity pa ramete r  and  n ~  ----- electron density a t  the bounda ry  o f  the 
V¢igner-Seitz cell, which concur ,  with opposi te  sign, to the evaluat ion o f  the heats o f  
format ion.  The  values o f  the parameters  ~ and  nws have been slightly changed  

dur ing successive improvements  o f  the Miedema relationship, especially for noble 
metals. At  present  it is difficult to decide which o f  the two parameters  (or both)  mus t  
be changed a n d  in wha t  direction, but  it is probable  that  their  reevaluation,  taking 
into account  new experimental  data,  could  lead to more  satisfactory results. 

Thus  work  current ly  in p r o g r ~ s  concerns  the de terminat ion  o f  the heats o f  
format ion  o fequ ia tomie  rare ear th  c o m p o u n d s  bo th  with transit ion and  non  transit ion 
elements.  
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