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Aluminides of non-magnetic transition 
metals 

The intermetal l ic  c o m p o u n d s  are o f  considerable  

interest  f rom b o t h  the scientif ic and practical  

po in t s  o f  view [1, 2 ] .  An i m p o r t a n t  class o f i n t e r -  

metall ics is the  aluminides  o f  t rans i t ion metals ,  

and among  t h e m  the  s impler  group o f  a luminides  

of  non-magne t ic  t rans i t ion  metals .  In teres t ing  

examples  o f  the  la t ter  group represent ,  for 

ins tance,  c o m p o u n d s  VAll0 having anomalous ly  

large a tomic  volume [3] and hea t  capaci ty  [4] ,  

Nb3AI (having high superconduc t iv i ty  t rans i t ion  

t empera tu re )  NpA12 and NpA13 ( fe r romagne t ic  

c o m p o u n d s ,  a l though b o t h  c o m p o n e n t s  are non-  

magne t ic  [5] ) ,  Zr3A1 (a promis ing structural  

mater ia l  for nuclear  reactors) ,  etc.  

I t  was recent ly  s h o w n  tha t  a cer tain inter-  

re la t ion exists b e t w e e n  the values o f  the  devi- 

a t ions o f  a tomic  volume f rom addi t iv i ty  and the 

physical  proper t ies  o f  the c o m p o n e n t s  [ 6 - 1 2 ] .  

The aim o f  the  present  no te  is to  p resen t  the  data 

o f  the  deviat ions o f  a tomic  volumes f rom addi- 

t ivity (and in addi t ion  also the  data o f  super- 

conduc t ing  t rans i t ion  t empera tu res  T e [13] )  for  

k n o w n  aluminides  o f  non-magne t i c  t rans i t ion 

metals.  

The percentage  devia t ion (K)  o f  a tomic  volume 

( V )  f rom t h e  sum o f  its c o m p o n e n t s  ( E ~ )  was 

calculated by  the  formula  [ 6 - 1 2 ]  : 

TABLE I Aluminides of transition metals with 3 and 4 outer electrons 

Compound Structure __V_V x 100 T e (K) Compound Structure ___V X 100 T e (K) 
V V 

YAt CsC1 --2 -- HfA1 CrB + 3 --  
LaA13 Ni 3 Sn --2 < 1.3 ScA1 CsC1 + 4 -- 
Zr 2 A1 CuA12 --2 -- Sc 2 A1 Ni 2 In + 4 -- 
Hf~ A1 CuA12 --2 -- LaA1 z Cu~ Mg + 4 3.2 
LaA14 BaA14 -- 1 < 1.1 Ti 3 A1 Ni 3 Sn + 4 -- 
LaA1 CeA1 0 < 0.4 Zr 4 A1 s hexag. + 4 -- 
La 3 A1H orthor. 0 < 1.3 H f  4 A1 s Zr 4 AI 3 + 4 -- 
YA1 CrB + 1 < 1.1 Zr2 A13 orthor. + 4 --  
Zrs Als W 5 Si 3 + 1 -- Hf 2 A1 s orthor. + 4 -- 
Zr s Als Mn s Si s + 1 -- ZrA13 tetrag. + 5 < 1.0 
Zr s A12 tetrag. + 1 - TiA1 AuCuI + 5 -- 
HfsA13 Mn 5 Si s + 1 -- HfA13 ZrA1 s +5 --  
Zr5 A14 Ti s G% + 2 --  TiA1 a TiA13 + 6 < 1.0 
La 3 A1 Ni 3 Sn + 2 6.2 HfAI s TiAI~ + 6 -- 
Hf 3 A12 Zr 3 A12 + 2 -- TiA12 Ga 2 Hf + 6 -- 
Y 3 A1 Cu 3 Au + 3 < 1.1 YAI 3 Ni 3 Sn + 6 -- 
Zr 3 A1 Cu 3 Au + 3 0.73 YAI3 BaPb 3 + 6 -- 
Y ~ A1 PbC12 + 3 < 1.1 ScA12 Cu 2 Mg + 7 < 1.0 
Y3 A12 Zr s A12 + 3 < 1.1 ZrAI~ MgZn 2 + 7 < 0.3 
LuA12 Cu 2 Mg + 3 < 1.0 ScAla Cua Au + 8 < 4.2 
ZrzA1 Ni~ In + 3 -- HfAI 2 MgZn 2 + 8 -- 
ZrA1 CrB + 3 -- YA12 Cu z Mg + 9 < 0.3 
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T A B L E  II Aluminides  of  t ransi t ion metals  with 5, 6 and 7 outer  electrons 

C o m p o u n d  Structure  &_~V X 100 T e (K) C o m p o u n d  Structure A----V • 100 T e (K) 
V V 

VAlto cubic --5 1.6 V s A18 cubic + 3 - -  
M~ WAll 2 - -  1 < 1.0 MoA14 WA14 + 3 - -  
WAI~ 2 cubic --1 - -  Ta 3 A1 a-phase + 3 < 1.0 
Re24 A1 s cz-Mn --  I 3.3 Nb 2 A1 a-phase + 3 0.75 
Ta 3 A1 CsC1 0 1.6 Mo 3 A1 /3-W + 4 0.58 
V 4 A123 hexag. 0 < 1.3 V 3 A1 3-W + 5 11.1 
V7 A145 monocl .  0 0.9 T a ~  Al~2 c~-Mn + 5 --  
TcAI~ ~ WAla2 0 - -  VAI 3 A13 Ti + 7 < 0.4 
ReA112 WAll2 0 < 1.1 TaA13 A13Ti + 7 < 1.2 
Nb 3 AI CsC1 + 1 3.1 NbA13 A13 Ti + 7 0.64 
Nb 3 AI ~-W + 1 18.3 T% A1 MoSi 2 + 7 - -  
TcA16 MnA16 + 1 - -  Mo 3 A18 monocl .  + 8 - -  
ReAl 6 MnA1, + 1 1.85 WA1 s hexag. + 8 - -  
V 3 A1 CsC1 + 2 < 2.5 MoA1 s WA1 s +8 < 1.1 
ReAl 4 Tricl. + 2 - -  MoA1 CsC1 + 9 - -  
Tc~ A13 trigon. + 2 - -  TcA14 monocl .  + 11 - -  
WA14 monocl .  + 3 - -  

X ~ 2 -  V A V  
K - x 100  = - - x  1 0 0  (1 )  

V V 

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

t h e  s a m e  s o u r c e  as  in  p r e v i o u s  n o t e s  [ 6 - 1 2 ] .  

T a b l e  I s h o w s  t h a t  in  t h e  a l u m i n i d e s  o f  t h e  

t r a n s i t i o n  m e t a l s  w i t h  3 a n d  4 e l e c t r o n s  o u t s i d e  

t h e  i n e r t  gas  she l l s ,  c o n t r a c t i o n  is h i g h e r  t h a n  

t h a t  in  t r a n s i t i o n  m e t a l s  c o m p o u n d s  [ 6 - 1 2 ] .  T h e  

c o n t r a c t i o n  in  g e n e r a l  b e c o m e s  l a rge r  in  t h e  

a l u m i n i d e s  o f  t h e  t r a n s i t i o n  m e t a l s  o f  h i g h e r  

n u m b e r s  o f  o u t e r  e l e c t r o n s  ( T a b l e s  II a n d  I I I ) .  

H o w e v e r ,  t h e  c o m p o u n d s  M o A l l ~ ,  W A l t 2 ,  

R e 2 4 A l s ,  a n d  Rh2A19  d o  n o t  s h o w  c o n t r a c t i o n  

a n d  t h e  c o m p o u n d s  V A l l 0 ,  P tA12 ,  Pu3A1,  PuA1 ,  

PuA12 ,  e t c .  d i s p l a y  r e l a t i v e l y  l a rge  e x p a n s i o n  

i n s t e a d .  
I t  s e e m s  r e a s o n a b l e  t o  a t t r i b u t e  t h e  a d d i t i o n a l  

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

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

s ide  t h e  i n e r t  gas  she l l s  o f  t h e  t r a n s i t i o n  m e t a l s  

[ 6 - 1 2 ] ,  so  t h a t  t h e  ave r age  n u m b e r  o f  b o n d i n g  

e l e c t r o n s  p e r  a t o m  ( n k )  is g i v e n  b y  t h e  f o r m u l a :  

n k = n - - n o - - n M  (2 )  

w h e r e  n is t h e  ave r age  n u m b e r  o f  o u t e r  e l e c t r o n s ,  

nM t h a t  o f  e l e c t r o n s  in  t h e  a t o m i c  co re ,  r e s p o n -  

s ible  f o r  t h e  a t o m i c  m a g n e t i c  m o m e n t  a n d  no  is 

t h e  ave r age  n u m b e r  o f  e l e c t r o n s  f o r m i n g  c l o s e d  

she l l s  o u t s i d e  t h e  i n e r t  gas  she l l s  o f  t h e  t r a n s i t i o n  

m e t a l s  [ 6 - 1 2 ] .  A c c o r d i n g  t o  t h e  v a l u e s  o f  t h e i r  

a t o m i c  v o l u m e s  p u r e  Pd ,  P t  a n d  P u  a p p a r e n t l y  

d i s p l a y  v a l e n c y  6,  i .e .  n k = 6 e l e c t r o n s  p r o v i d e  t h e  

b o n d i n g  a n d  t h e  r e s t ,  no  = 4 e l e c t r o n s  in  Pd ,  P t  

a n d  no  = 2 o u t e r  e l e c t r o n s  in  P u ,  f o r m  c l o s e d  

T A B L E  III  Aluminides  of  transit ion metals with 8, 9 
and 10 outer  electrons 

C o m p o u n d  Structure A V T e (K) 
--V- • 100 

PtA12 CaF 2 - -7  0.5 
Rh2 A19 Co s A19 0 - -  
Pd~ A13 Ni 2 AI 3 0 - -  
Pt 2 A13 Ni 2 A1 s + 1 - -  
RuAI 6 orthor.  + 3 - -  
PtA14 hexag. + 3 - -  
Os4 All 3 monocl .  + 4 5.5 
Rh 2 A1 s Co s A1 s + 4 - -  
Pt s A121 tetrag. + 5 --  
Pt 3 A1 Cu 3 Au + 6 - -  
Pt2A1 Ni~ Si + 7 --  
Ru 4 Alt3 Fe 4 Al13 + 8 < 1.1 
RuA1 CsC1 + 8 --  
Pt 3 A1 Ti 3 Cu + 8 --  
Pd 2 A1 PbC1 z +8 - -  
PtA1 FeSi + 10 <0 .3  
PtsA1 ~ Rh  s G% + 10 - -  
Pd s A13 Rh  5 Ge a + 10 - -  
Ru 2 A13 Ni 2 A13 + 11 - -  
PdA1 CsC1 + 12 - -  
RuA12 TiSi 2 + 13 - -  
RhA1 CsC1 + 13 --  
OsAl CsC1 + 13 0.39 
Os 2 A13 tetrag. + 14 < 1.1 
OsA12 MoSi2 + 14 < 1.1 
IrA1 CsC1 + 16 --  
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electron sub shells with coupled spins [ 6 - 1 2 ] .  How- 
ever in compounds PtA12, Pu3 A1, PuA1 and PuA1, 

the subshells of higher number of electrons (no -= 6 
and no = 4 in Pt and Pu respectively) are appar- 
ently formed with the corresponding reduction 

of the number of bonding electrons and an 

increase of atomic volume of the compounds. In 

compounds VAIl0, MoA112, WAll2, Re24A1s, 
Rh2A19 the subshells of no = 2 electrons appar- 

ently are also formed in the atomic cores of 
transition metal atoms, i.e. for the atoms of V 

in this case nk = 3, no = 2; in Mo and W nk = 4, 

no = 2; in Rh n k = 7, no = 2, etc. In accomplish- 
ing interatomic bonding V in the compound 

VAllo acts as Sc (the substitution for example of 
atomic volume of Sc in Formula 1 gives for the 
compound Vhl lo  the value (AV/V)  x 100 = 0). It 

can be easily shown that such subshells are appar- 
ently formed in many compounds, for instance in 

CoZr2, CoTa2, CoU, FeZr2, Ru2 Np, YCo2, pure 
a-Mn, etc. [ 6 - 1 2 ] .  

It was shown that in YCo2 [14] and in a-Mn 
[15] the magnetic susceptibility exhibits anomalous 

behaviour in strong magnetic fields. It is therefore 
desirable to extend these measurements to other 
compounds in which the formation of closed sub- 

shells is predicted. It should be noted that another 
possible explanation of the anomalies in YCo2 has 
been proposed recently [16], but  that this theory, 

based on the Fermi liquid model of magnetism, is 

unable to predict new compounds where the same 

effect may be observed. 
The alternative method to reveal the existence 

of the closed subshell is the investigation of elec- 
tron energy loss spectra, because a localized 
electron state (either with couple or magnetically 
ordered spins) gives rise to a dispersive line shape. 
For instance, Ni, which has both magnetic 
(riM = 0.6) and closed (no = 2) subshells [6 -12]  
displays a larger percentage of localization than 

Mn, Fe and Co [17]. 
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