
Journal of Alloys and Compounds, 189 (1992) 217-220 217 
JALCOM 380 

Thermal conductivity of UCuP2 and UCuAs2 single crystals 
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Abstract 

We report  thermal conductivity measurements on single crystals of ferromagnetic UCuP 2 and UCuAs2. The results 
obtained are discussed in the framework of various contributions to the total thermal conductivity of magnetically 
ordered solids. 

1. Introduction 3. Results and discussion 

A new family of ternary uranium compounds with 
the general formula UTX2, where T is a 3d- or 4d- 
transition metal and X is phosphorus, arsenic, antimony 
or bismuth, has attracted much interest in recent years 
because of its remarkable physical properties. For the 
most intensively studied UCuP2 and UCuAs2 we re- 
ported previously in a series of publications the structural 
[1, 2], magnetic [3], electrical transport [3-5] and mag- 
neto-optical [6, 7] data. In this communication we 
present the results of thermal conductivity measure- 
ments performed on single-crystal samples of both of 
the above pnictides. 

2. Experimental details 

Single crystals of UCuP2 and UCuAs2 were grown 
by the chemical transport method, as described pre- 
viously [1, 2]. The crystals obtained had the form of 
thin plates oriented perpendicular to the crystallo- 
graphic c-axis. The specimens for thermal conductivity 
measurements were cut from the largest pieces using 
a diamond-wire saw and had dimensions of 10 mm x 2 
mmx0.2  mm. 

The thermal conductivity was measured over the 
temperature range 4.2-300 K using the axial stationary 
heat flow method. The absolute temperature as well 
as the temperature gradient along the sample were 
determined with a manganin--constantan thermocouple. 
An average error in the measured thermal conductivity 
coefficient A was about + 1.5%. 

The total thermal conductivity of a solid may be 
regarded as a sum of three contributions: an electronic 
component Ac, a ph,onon component Aph and a magnon 
component Am [8]. Assuming that all the scattering 
mechanisms responsible for the heat transport in a 
metal are additive (the Matthiessen rule), the electronic 
contribution to the thermal conductivity can be ex- 
pressed as follows 

1 
~- We--~- We, i-l- We. ph-~- We, m (1) 

Ac 

The particular terms occurring in the above equation 
denote the thermal resistivity due to collisions of the 
conduction electrons with lattice imperfections, phonons 
and magnetic moments respectively. A similar formula 
can also be written for the lattice component of the 
thermal conductivity 

1 
- -  ~ Wph = Wph, i-t- Wph, e "t- Wph ' ph -t- Wph ' rrt ( 2 )  
Aph 

where the subsequent terms characterize scattering of 
phonons on impurities and/or defects, conduction elec- 
trons, lattice vibrations and magnetic moments re- 
spectively. The scattering of electrons and phonons on 
lattice imperfections is elastic and these mechanisms 
are the most important at low temperatures. In contrast, 
the electron-phonon and phonon-phonon interactions 
may have an elastic as well as an inelastic character 
and they are described by processes of the normal and 
Umklapp types. As shown in ref. 9, scattering of the 
conduction electrons on localized magnetic moments 
(the We.,, term in eqn. (1)) usually plays a substantial 
role in compounds exhibiting the Kondo effect and 
strong crystal field interactions (as in UCuP2 and 
UCuAs2 [3]). 
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The third contribution to the total thermal conduc- 
tivity, i.e. the magnon component Am, is expected to 
appear in magnetically ordered solids below their or- 
dering temperature. It originates mainly from the in- 
teractions of spin wave excitations with electrons and 
phonons. The temperature variation of Am may be 
determined experimentally by measuring the thermal 
conductivity of the sample with and without an applied 
magnetic field. In a strong field the magnetic moments 
are "frozen" and the magnon contribution is given by 
the difference 

Am = A._o-  AH (3) 

In the literature, indirect methods of finding /~m are 
also described [10-13]. At low temperatures the magnon 
and phonon contributions to the total thermal con- 
ductivity may be of comparable magnitudes. With in- 
creasing temperature the value of the ratio ,~m//~ph 
usually strongly decreases and becomes close to zero 
in the vicinity of the magnetic phase transition. 

The uranium compounds studied here, i.e. UCuP2 
and UCuAs2, are semimetals with strongly damped free 
carrier concentrations [4-7]. Hence, for these pnictides 
the phonon contribution to the total thermal conductivity 
is expected to be significant. Moreover, owing to their 
ferromagnetic character [3] the magnon contribution 
should play some role at low temperatures. The mea- 
sured thermal conductivity of UCuP2 and UCuAs2 is 
displayed in Fig. 1. In the paramagnetic region, the 
total thermal conductivity for both compounds decreases 
with decreasing temperature and the conductivity of 
the phosphide is twice as large as that of the arsenide. 
This feature agrees well with the results of the electrical 
resistivity measurements [3]: p(UCuP2) <p(UCuAs2). 
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Fig. 1. Tempera tu re  dependence  of  the thermal  conductivity of  
single-crystal UCuP2 and UCuAs2. The  inset shows the thermal  
conductivity of  UCuAr~ in the vicinity of  the magnetic  phase  
transition at T c =  131 K. 

As seen from Fig. 1 and the inset to this figure, the 
magnetic phase transition manifests itself on the A(T) 
curves either as a very shallow minimum at Tc = 131 
K for UCuAs2 or as a kink at Tc = 75 K in the case 
of UCuP2. In the ferromagnetic region, the thermal 
conductivity of the latter compound decreases contin- 
uously with decreasing temperature, showing only a 
shoulder at about 50 K. In contrast, the thermal con- 
ductivity of UCuAs2 appears to be almost constant 
from Tc down to about 90 K, then goes through a 
broad maximum centred around 35 K, and finally rapidly 
decreases. 

Assuming a relation between the thermal conductivity 
and the electrical resistivity po, given by the Wiede- 
mann-Franz law, hp/T=Lo (L0 = 2.45 × 10 -8 W 1) K-2), 
we derived the expected temperature variation of the 
electronic contribution to the total thermal conductivity 
for both the compounds investigated. In this procedure 
the electrical resistivity data from ref. 3 were used. 
The calculated Ae(T) dependences are shown in Figs. 
2 and 3 for UCuP2 and UCuAs2 respectively. 

At low temperatures the electrical resistivity for both 
pnictides was shown [3] to follow the equation 

p(T )=po+cmT 2 (4) 

where P0 is the residual resistivity and the second term 
describes scattering processes of the electron-magnon 
type. Therefore, with rising temperature, a maximum 
of Ae(T), occurring between the region of a linear 
increase and a hyperbolic decrease in the thermal 
conductivity, might be expected. Instead of this, only 
a smooth increase in he with temperature is observed 
for both compounds studied. A reason for this feature 
seems to be large values of the residual resistivity Po 
which dominate the T 2 term over the whole temperature 
range concerned. 

In the paramagnetic region the resistivity of UCuPz 
and UCuAs2 varies according to the formula 

p ( T ) = p o +  Po ® +CphT--c K In T (5) 

where in addition to the residual resistivity there is 
also a temperature independent spin-disorder term po ®, 
the linear phonon contribution and the logarithmic 
Kondo term. Then, the thermal conductivity in this 
range should be nearly proportional to T and is expected 
to show a tendency to saturation at high temperatures. 
In fact, such behaviour of he(T) in the paramagnetic 
region is observed for our samples (see Figs. 2 and 3). 

The difference A-Ae may be regarded as a measure 
of the lattice contribution Aph to the total thermal 
conductivity, enlarged in the ordered region by the 
magnon component Am. The sum Aph + Am derived for 
UCuP2 and UCuAs2 is shown in Figs. 2 and 3 re- 
spectively. Assuming that at low temperatures the 
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Fig. 2. Temperature variation of the electronic A~, lattice + magnon 
hph+Am, and magnon / ~ m  contributions to the total thermal 
conductivity for UCuP2. 
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Fig. 3. Temperature variation of the electronic At, lattice + magnon 
Aph+Am, and magnon A m contributions to the total thermal 
conductivity for UCuAs2. 

phonon contribution in the compounds studied varies 
with temperature as in non-magnetic isolators [8], we 
were able to estimate the magnitude of the magnon 
component Am. In this procedure graphical methods 
described in refs. 10-13 were used. The results are 
presented in Table 1 and in Figs. 2 and 3. As seen, 
in the case of UCuP2, Am(T) reaches its maximum at 
about 40 K where it is slightly larger than the electronic 
component Ae. Above 60 K the magnon contribution 
in this compound is already close to zero. For UCuAs2, 
/~m appears to be significantly smaller in comparison 
with the phosphide. It only becomes measurable above 
75 K, goes through a maximum at around 100 K and 
finally vanishes at Tc = 131 K. 

TABLE 1. The magnon contribution to the thermal conductivity 
of single-crystal UCuP2 and UCuAs2 as estimated at several 
temperatures below the corresponding values of Tc 

UCuPz UCuAs2 

T (K) Am/¢~ (%) T (K) Am/A (%) 

20 12.5 80 1.1 
40 14.3 100 9.3 
50 8.4 120 2.6 

In the paramagnetic region the phonon contribution 
to the total thermal conductivity is determined mainly 
by pbonon-electron and phonon-phonon interactions 
of the Umklapp type (see eqn. (2)). In this region Avh 
is expected to transform from an exponential decrease 
with increasing temperature to the T -1 dependence 
for T>~ @D [14]. Instead, the phonon component in 
U C H P  2 and UCuAs2 continuously increases with in- 
creasing temperature. This feature is not caused by 
heat radiation because almost the same results were 
obtained using two different sets of equipment. One 
of them was specially constructed for thermal con- 
ductivity measurements on small samples at high tem- 
peratures [15]. It is worthwhile noting that a similar 
increase in thermal conductivity at high temperatures 
has been observed for cerium Kondo-like compounds, 
such as CeCu2Si2 [16], CeA13 [17], CeCu 6 [18] or 
C e ( f u  l_ ,Alx )  5 [19]. Theoretically, a linear temperature 
dependence of Aph has been predicted by Zimmermann 
[20] in materials where the electronic mean free path 
is comparable with or smaller than the predominant 
phonon wavelength. The pnictides studied, being semi- 
metals with rather larger values of the residual resistivity, 
belong to this class of compounds. 

Finally, we should note here that the separation of 
the particular contributions to the total thermal con- 
ductivity of UCuP2 and UCuAs2, presented above, 
should be treated only semiquantitatively because of 
the crudeness of the models applied. Moreover, we 
only considered the main mechanisms responsible for 
the thermal resistivity of our samples, neglecting other 
scattering processes which may also strongly influence 
the heat transport in the pnictides investigated. 
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