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A b s t r a c t  

The electronic structure of the semiconducting YBiPt intermetallic compound is compared 
with the isostructural, but metallic, YbBiPt compound. The difference in the transport 
properties is found to be governed by the volume, since the smaller volume in YbBiPt 
results in broader Yb d and Pt d bands and a closing of the semiconducting gap. The 
closing of the gap in YbBiPt is partly a relativistic effect, since scalar relativistic calculations 
do not reproduce the metallic ground state, whereas fully relativistic (Dirac) calculations 
do. In the semiconducting YBiPt intermetallic compound the valence band is found to 
be dominated by the Pt d states and the conduction band by the Y d states. 

1. I n t r o d u c t i o n  

Recen t  s tudies  [1] have  shown  a n u m b e r  of  in teres t ing  p r o p e r t i e s  of  
the  RBiPt ( R - - r a r e  ea r th  metal ;  N d - L u )  series.  The  in termeta l l ic  c o m p o u n d s  
f o r m  in the  AgAsMg s t ruc ture ,  which  can  be v iewed  as th ree  f ace - cen t r ed  
subla t t i ces  p l aced  at  (0, 0, 0), (¼, ¼, ¼) and  (~, ~, ~) [1]. Most  unusual ly ,  
t hese  s y s t e m s  are  s e m i c o n d u c t o r s  or  s emimeta l s ,  with the  e x c e p t i o n  of  YbBiPt 
and  LuBiPt  [1 ]. The gap  b e t w e e n  the  va l ence  and  the  conduc t i on  e lec t rons  
is fu r the r  found  to  dec rea se  m o n o t o n i c a l l y  a c r o s s  the  series,  unti l  it d i s appea r s  
for  YbBiPt, which  is a me ta l  (as  is LuBiPt)  [1 ]. All these  c o m p o u n d s  are  
t r iva lent  wi th  a chemica l ly  inert  4f  shell; s tud ies  of  YBiPt show the s a m e  
type  of  behav io r  as for  ins tance  GdBiPt  (a s e m i c o n d u c t o r  with a s imi lar  gap  
and  a s imilar  lat t ice cons t an t )  [ 1 ]. As e x p e c t e d ,  the re  is a slight, bu t  mono ton i c ,  
con t r ac t ion  of  the  uni t  cell v o l u m e  as the  ser ies  is t r aversed ,  and  it ha s  
b e e n  specu l a t ed  tha t  m o s t  of  the  phys ica l  p r o p e r t i e s  of  the  RBiPt in termeta l l ic  
c o m p o u n d s  are  g o v e r n e d  by  the  v o l u m e  [ 1 ]. The  con t r ac t ion  of  the  uni t  cell 
is an  effect  of  the  wel l -known lan than ide  con t r ac t i on  and  r e p r e s e n t s  t he re fo re  
a change  in v o l u m e  of  the  r a re  ear th  a t o m  (R) in the  RBiPt c o m p o u n d s .  
More  interest ingly,  YbBiPt h a s  a m e a s u r e d  e lec t ron ic  specif ic  hea t  cons t an t  
o f  8 J mo l  - I  K -2, and  it ha s  b e e n  s u g g e s t e d  tha t  th is  c o m p o u n d  is a heavy-  
f e rmion  s y s t e m  [1 ]. If  this  is t rue ,  the  e lec t ron ic  specif ic  hea t  cons t an t  is 
the  l a rges t  o f  all h e a v y  f e rm i ons  [1 ]. 

W e  have  b e e n  m o t i v a t e d  to  inves t iga te  the  unusua l  t r end  in the  e lec t ron ic  
p r o p e r t i e s  of  the  RBiPt  in termeta l l ic  c o m p o u n d s  as R goes  f r o m  n e o d y m i u m  
to  y t t e rb ium and  lu te t ium [1 ]. F o r  this  r e a s o n  we have  p e r f o r m e d  self- 
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consistent electronic structure calculations of YbBiPt and YBiPt, in the AgAsMg 
structure. YBiPt is a representative of the semiconducting compounds, and 
YbBiPt is one of the two metallic compounds (LuBiPt is the other one) [1 ]. 
We shall here concentrate on the question of what determines the semi- 
conductivity of the early RBiPt compounds and the closing of the gap for 
YbBiPt and LuBiPt. The possibility that YbBiPt is a heavy-fermion system 
is not investigated here. 

2 .  D e t a i l s  o f  c a l c u l a t i o n s  

As mentioned, the crystal structure is the AgAsMg type, and the calculations 
were made for this structure and at the experimental volume for each 
compound. For YBiPt this corresponds to a lattice constant of 6.66/~, and 
for YbBiPt to 6.60 /~. There are three atoms per cell, and it has been 
determined that the bismuth atoms occupy the (0, 0, 0) site [ 1 ]. The calculations 
were done using the fully relativistic linear mmTm-tin orbital (LMTO) method 
[2-4]. The present code (which solves the Dirac equation of a crystal) was 
developed by Skriver et  al .  [5]. The calculations were done using the atomic 
sphere approximation (ASA) and the combined correction terms [6]. In order 
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Fig. 1. Calculated total DOS for (a) YBiPt and (b) YbBiPt. E v is at zero. 
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to  make  the  over lap  be tween  different  a toms  as small as possible ,  we in t roduced  
one  e m p ty  sphe re  at  (½, ½, ½). The se l f -consis tent  ca lcula t ions  were  sampled  
at  240  k po in t s  in the  i r reducible  wedge  of  the Brillouin zone. The von  
B a r t h - H e d i n  [7] pa ramet r i za t ion  of  the local-densi ty  app rox ima t ion  (LDA) 
was used  in cons t ruc t ing  the  exchange  and cor re la t ion  par t  of  the  potent ial .  
We used  s, p and d part ial  waves  for  all a toms,  and  we t rea ted  the low- 
lying Bi 6s orbi tals  as band  states.  

3. R e s u l t s  

The  ca lcu la ted  dens i ty  of  s ta tes  (DOS) func t ions  are shown in Figs. 1 (a) 
and 1 (b) fo r  YBiPt and  YbBiPt respect ively .  In o rde r  to  i l lustrate the  s ta tes  
a round  EF m or e  clearly,  we show in Fig. 1 the to ta l  DOSs of  YBiPt and 
YbBiPt ove r  a small ene rgy  window a round  E F. Figure  1 shows that  YBiPt 
is s emiconduc t ing  ( the gap is found  to  be  indirect)  and YbBiPt is metall ic.  
This is in a g r e e m e n t  wi th  exper imen ta l  da ta  [ 1 ]. The  ca lcula ted  gap in YBiPt 
is abou t  0 .08 eV, whe reas  in YbBiPt the DOS at E F is lOW but  non-zero .  
For  this la t ter  c o m p o u n d ,  the Pt  d and Yb d bands  have b e c o m e  so b road  
that  they  over lap.  F o r  the  discussion of  the overall  f ea tu res  of  the  e lec t ron ic  
s t ruc ture  of  the  two compounds ,  we show thei r  total  and part ial  DOSs over  
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Fig. 2. Ca l cu l a t ed  DOS for  YBiPt. (a)  to ta l  DOS; Co) Pt  d DOS; (c)  Y d DOS; (d)  Bi p DOS. 
E F is  a t  zero .  Note  t h e  d i f fe rence  in  sca le  for  t h e  v a r i o u s  / - d e c o m p o s e d  DOSs.  
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Fig. 3. Calculated DOS for YbBiPt: (a) total DOS; (b) Pt d DOS; (c) Yb d DOS; (d) Bi p DOS. 
E F is at zero. Note the difference in scale for the various /-decomposed DOSs. 

an ene rgy  range  tha t  inc ludes  all va lence  s ta tes  in Figs. 2 and  3. The calcula ted 
DOS is shown for  YBiPt in Fig. 2 and  for  YbBiPt in Fig. 3. The total  DOS 
is displayed in Figs. 2(a)  and 3(a),  the  Pt  d part ial  DOS in Figs. 2(b) and 
3(b) ,  the  R d part ial  DOS in Figs. 2(c)  and 3(c) ,  and  the Bi p part ial  DOS 
in Figs. 2(d)  and  3(d)  ( the Bi 6s  band  is abou t  13 eV below the  Fermi  level 
E F  and is no t  shown).  Note  that ,  s ince we have so lved the  Dirac equa t ion  
for  the  crystal ,  the  DOS can be d e c o m p o s e d  to the different relativistic 
quan tum numbe r s  j = l + ½ and  j = l -  ½. The  j = l -  ½ part ial  DOS is shown 
shaded  f rom left  to  right,  and  the  j =  l + [ part ial  DOS is shaded  f rom right  
to  left, in Figs. 2 and 3. As seen  in Figs. 2 and 3, the peak  in the  DOS 
cen te red  at abou t  6 eV be low EF is domina t ed  by  the Bi p contr ibut ion.  
Fur the rmore ,  the  Pt  d par t ia l  DOS is mainly  loca ted  be tween  abou t  - 5  eV 
and EF. The  R d par t ia l  DOS has  mos t  weight  at energies  la rger  than  EF. 
Thus  the conduc t ion  band  o f  YBiPt has  mos t ly  Y d charac te r ,  and the  va lence  
band  most ly  Pt  d charac te r .  Fu r the rmore ,  we find tha t  the total  occup ied  
bandwidth  is a bou t  6.3 eV for  YBiPt and  abou t  7.2 eV for  YbBiPt. Not ice  
also that  the s p i n - o r b i t  coupl ing  is fairly large for  the  Pt  d states,  abou t  
1.4 eV. In fac t  we found  it n e c e s s a r y  to  include all relativistic effects  in the 
calculat ions,  s ince scalar  relativist ic ca lcula t ions  (omit t ing the sp in -o rb i t  
in teract ion)  do no t  r e p r o d u c e  a metal l ic  g round  s ta te  in YbBiPt. The overall  
fea tures  are ve ry  similar for  the  two sys tems,  but  owing to  the  slightly smal ler  
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volume the valence band (mainly Pt d) and conduction band (mainly R d) 
broaden so that in YbBiPt the gap has disappeared. The closing of the 
semiconducting gap in YbBiPt is therefore found to be governed by the 
slightly smaller volume, as suggested [1 ]. Furthermore, the DOS of YBiPt 
is quite similar to the DOS of ThRhSb and ThNiSb [8], which have a related 
crystal structure and are also semiconducting. However, the calculated gap 
of these latter compounds is larger than in YBiPt. 

4. Conclus ion  

To conclude we have, using fully relativistic (Dirac) LMTO calculations 
based on LDA, reproduced the experimental finding that the early RBiPt 
compounds (YBiPt in the calculations) are semiconducting and YbBiPt is 
metallic. The closing of the semiconducting gap is found to be caused by 
the slightly smaller volume of YbBiPt [1 ], which results in slightly broader 
Pt d and Yb d bands. It is interesting that  intermetallic compounds under 
specific circumstances become semiconducting or insulating; normally these 
types of system are good metals. It should be possible to make semiconductors 
with gaps that can be tuned either by pressure or by alloying amongst the 
rare earth component of these systems. 
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