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Doping and pressure study of U3Sb4Pt3 

P. C. Canfield, A. Lacerda,  J. D. Thompson ,  G. Sparn, W. P. Beyermann,  
M. F. Hundley  and Z. Fisk 
Los Alamos National Laboratory, Los Alamos, NM 87545 (USA) 

A b s t r a c t  

The effects of doping and pressure on the U3Sb4Pta system have been studied. Substitution 
of either trivalent yttrium or lutetium for uranium causes significant changes in the 
temperature dependences of the electrical resistance and of the magnitude of the linear 
coefficient of the specific heat y. However, substitution of tetravalent thorium causes 
little change in T, even though it affects the electrical resistance in a manner similar to 
that seen in the cases of lutetium and yttrium. Finally, application of hydrostatic pressures 
up to 16.5 kbar causes no significant change in the electronic gap deduced from the 
electrical resistance. 

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

Recent  work  on the cubic  CeaBi4Pta sys tem [ 1 ] has  shown that  it appea r s  
to be a semiconduc t ing  mixed  valence sys tem with an  energy  gap  of  ap- 
p rox imate ly  50 K in its e lectronic  spect rum.  In addi t ion to  this, dop ing  
studies of  this sys tem [2, 3] indicate tha t  as the low t empera tu re  gap is 
des t royed  by lan thanium subst i tut ion for  cerium, the sys tem recovers  the 
e lectronic  specific heat  tha t  would  be expec ted  for  a metallic mixed  valence  
sys tem having a comparab l e  character is t ic  energy  scale [2]. Appl icat ion of  
p ressures  up to approx ima te ly  20 kbar  on the CeaBi4Pt3 sys tem causes  the 
gap  seen in the electrical  res is tance  to open  further,  which  is oppos i te  f rom 
the p ressure  dependence  of  the gap seen in StuB8 [4] and CeNiSn [5], two 
o ther  examples  o f  gapped ,  mixed  valence  systems.  

The U3Sb4Pta sys tem is i sos t ructural  with CeaBi4Pt3 and  has  a gap of  
rough ly  200  K. This sys tem has  been  repor ted  by Takaba take  e t  al .  [6, 7] 
and Takegaha ra  e t  a l .  [8] in its pure  form as par t  of  a larger  s tudy of  the 
UaSb4T 3 (T---Ni, Cu, Pd, Pt, Au) systems,  but  a detai led invest igat ion of  the 
stability of  the gap  with r e spec t  to subst i tut ions and pressure  was  no t  made.  
As will be shown,  the effect of  subst i tu t ions  and pressure  on the proper t ies  
of  U3Sb4Pt3 are  similar to those  found  in the cer ium analogue,  but  because  
the u ran ium sys tem suppor t s  a wider  variety of  dopants ,  we are able to 
ex tend our  knowledge  of  these  gapped  systems.  
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2. E x p e r i m e n t a l  m e t h o d s  

Pure U s S b 4 P t 3  single crystals and crystals doped with tetravalent thorium 
and trivalent lutetium and yttrium were grown from an antimony flux*. The 
electrical resistance measurements were performed with a lock-in amplifier 
using a four-probe configuration, the magnetic susceptibility was measured 
using a Quantum Design SQUID susceptometer and the specific heat mea- 
surements were done using a relaxation method in a small mass calorimeter. 
The electrical resistance measurements under hydrostatic pressure were 
performed using a self-clamping pressure cell that has been described earlier 
[9]. 

3. Resul t s  and d i scuss ion  

Figure 1 shows the temperature dependence of  the electrical resistance 
at three representative pressures; the inset shows the temperature dependence 
of the magnetic susceptibility at atmospheric pressure. The resistance at 
atmospheric pressure is in qualitative agreement with the data shown by 
Takabatake e t  a l .  [6], showing a gap of approximately 200 K between 50 
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Fig. 1. Resistance v s .  temperature of U3Sb4Pt3 at 1 bar, 10.5 and 16.5 kbar. Inset: magnetic 
susceptibility v s .  temperature of U3Sb4Pt 3 at 1 bar. 

*The doping levels cited in this paper represent the ratio of uranium to dopant dissolved 
in the flux. In the lanthanum-doped Ce3Bi4Pt3 samples the nominal doping levels were borne 
out by both elemental analysis and magnetic susceptibility measurements. 
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and 150 K and a gap of approximately 500 K above 250 K. The magnetic 
susceptibility is Curie-Weiss like from 350 to below 200 K with a paramagnetic 
0 = - 1 6 0  K and an effective moment  i~e~=3.3 ~B, which is close to the 
value for either U s+ or U 4+. In this respect  UsSb4Pta is unlike CeaBi4Pta 
where only the trivalent state of cerium carries a magnetic moment.  Given 
the similarities between U3Sb4Pts and CesBi4Pta, it is very likely that uranium 
is mixed valent between U a+ and U 4+ with the valence changing from U 3+ 
at high tempera ture  toward U 4+ as the temperature  is reduced. 

As pressure is applied to UsSb4Pta, the resistance increases at all 
temperatures;  however, given the jump in room temperature  resistance between 
1 bar and 10.5 kbar, it is not clear whether this is intrinsic or simply the 
result of a change in the effective cross-section of the sample (sample 
cracking). The gap does not change significantly, which is in contrast  to the 
factor-of-3 increase in the gap of CeaBi4Pta f rom 50 K at 1 bar to 180 K 
at 16.5 kbar [10]. This is different from both SmB 6 [4] and CeNiSn [5] in 
which the gap decreases with the application of pressure. 

Figure 2 shows the temperature  dependence of the electrical resistance 
of various dopings of UaSb4Pt a. The room temperature  resistivities of all of  
these samples are within a factor  of 3 of 25 m~l cm. (Because these are 
all irregularly shaped single crystals, this uncertainty arises solely from the 
accuracy with which we can estimate the sample dimensions.) Even 1% 
substitutions for uranium depress the low temperature  rise in the resistance 
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Fig. 2. R e s i s t a n c e  v s .  t e m p e r a t u r e  o f  d o p e d  UaSb4Pt 3. All s a m p l e s  h a v e  r o u g h l y  t he  s a m e  r o o m  
t e m p e r a t u r e  res is t iv i ty  o f  25  m ~  cm.  
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and produce a resistance maximum at temperatures between 50 and 200 
K. The temperature dependences of the thorium-, lutetium- and yttrium- 
doped samples all follow the trend that  the temperature of this resistive 
maximum moves up with higher doping concentrations. It is also worth 
noting that  U3Sb4Pt8 is more sensitive to doping than CesBi4Pt~. At 25% La 
doping, CesBi4Pt3 shows much more of a semiconductor-like, temperature- 
dependent resistance than the 10% Th-doped U3Sb4Pt~ sample. 

In Fig. 3 we plot the specific heat divided by temperature v s .  temperature 
squared. The pure material and three thorium dopings all show virtually the 
same behavior, whereas the 3% Lu and Y dopings show enhanced electronic 
specific heats % The electronic specific heat increasing with trivalent dopant 
concentration is precisely what is seen in the (Ce,_~La~)sBi4Pt3 system [2, 
3 ]. In that case the addition of  lanthanum causes ~/to rise from approximately 
0 to 150 mJ K -2 (mol C e ) - '  with 50% La substitution. 

The fact that thorium doping does not cause a rise in the electronic 
specific heat of  U3Sb4Pt~ but the yttrium and lutetium dopings do is a very 
interesting result. It is worth noting that  of the dopants used, thorium is 
the only one that is tetravalent. Various tetravalent dopings have been tried 
in the Ce3Bi4Pt3 system, but, using our flux growth techniques, neither 
thorium, zirconium nor hafnium go in. The lack of ~/ enhancement with 
tetravalent doping is a feature of this system that must be accounted for in 
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Fig. 3. Specific heat divided by temperature v s .  temperature squared for doped UsSb4Pt3 
samples. The pure and three thorium-doped samples all have similar behavior. 
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any a t t empt  to  mode l  these  sys tems  theoret ical ly  and to (late m a y  be the 
mos t  impor tan t  clue as to the origin of  the gap in these  materials.  

It is wor th  no t ing  tha t  there  is an isos t ructural  sys tem in which both  
the u ran ium and thor ium m e m b e r s  have been  examined:  U3Sb4Ni3 and 
Th3Sb4Ni3 [6]. The r epor t ed  gaps  for  the uran ium and thor ium member s  of  
this family are 0 .20 and 0 .07 eV respectively.  This seems to indicate that  
the u ran ium is no t  te t ravalent  at  low t empera tu re s  and that  the gap that  is 
seen is at  least in par t  due to e lec t ron  corre la t ion effects. Unfor tunate ly  we 
have been  unable  to grow Th3Sb4Pt3. 

4. Summary 

We have pe r fo rmed  pressure  and  dop ing  s tudies  of  the UaSb4Pt 3 system. 
There  is very  little change  in the electrical  res is tance o f  U3Sb4Pta up to 
pressures  o f  16.5 kbar  as might  be expec t ed  f rom the large gap value relative 
to that  in Ce3Bi4Pt3, CeNiSn or  SmB 6. Doping  with the tr ivalent ions of  
lutet ium and  yt t r ium causes  a change  in the electrical res is tance and also 
leads to an enhancemen t  of  the e lec t ronic  specific heat.  On the o ther  hand, 
doping  with te t ravalent  tho r ium does  no t  cause  any  change  in the electronic 
specific heat,  even t hough  the change  in the electrical res is tance is comparab le  
to  tha t  seen with the tr ivalent dopings .  
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