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THERMAL CONDUCTIVITY OF LaSn3�Z. Kletowski, J. Mu
ha and H. MisiorekW. Trzebiatowski Institute of Low Temperature and Stru
ture Resear
hPolish A
ademy of S
ien
esP.O.Box 1410, 50-950 Wro
ªaw, Poland(Re
eived July 10, 2002)Thermal 
ondu
tivity � and ele
tri
al resistivity � of mono
rystallineLaSn3 were measured in temperature range 6�300 K. A high and sharpmaximum was observed for �(T ) dependen
e at temperature Tm = 14 K.The dependen
e has revealed the linear behavior of � with temperaturebelow Tm and the exponential one for temperatures higher than Tm. Theele
troni
 
omponent to the thermal 
ondu
tivity was estimated assumingvalidity of the Wiedeman�Franz law. It was found that the ele
trons playan essential role in the heat transport of LaSn3. Temperature dependen
eof the Lorenz fun
tion for LaSn3 is given as well.PACS numbers: 72.15.�v, 72.15.Eb, 72.15.Qm1. Introdu
tionThe LaSn3 belongs to the RESn3 family of intermetalli
 
ompounds 
rys-tallizing with the AuCu3 type of stru
ture, where the RE ions form a simple
ubi
 latti
e. Compounds of this family are studied from a view point ofKondo latti
e, heavy fermion, 
rystal �eld e�e
t and super
ondu
ting prop-erties. Among the RESn3 
ompounds LaSn3 is the only one, whi
h does notexhibit the f�ele
tron magnetism, therefore it is often used as a nonmagneti
referen
e standard for di�erent ele
tron transport investigations. Informa-tion on s
attering me
hanisms taking pla
e in the LaSn3 is very helpful fora later interpretation of more 
ompli
ated transport phenomena in the 
aseof other RESn3 intermetalli
s, where the f�ele
trons s
attering me
hanismsplay a major role. This motivated us to examine thermal 
ondu
tivity ofLaSn3. The results obtained by us are the �rst experimental data on ther-mal 
ondu
tivity for the LaSn3, although its ele
tron transport propertiesare well known [1�3℄.� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1101)



1102 Z. Kletowski, J. Mu
ha, H. Misiorek2. ExperimentalSingle 
rystals of the LaSn3 have been grown using self��ux method [4℄.The size of the sample was 0.6�0.6�3.0 mm3. The residual resistivity ratio(RRR)� �0=�300 for our samples was 
lose to 41. The both, high value of theRRR fa
tor as well as a very sharp maximum observed on the temperaturedependen
e of the thermal 
ondu
tivity indi
ate the high quality of thesample. The thermal 
ondu
tivity was measured using the stationary heat�ux method within the temperature range between 6 K and 300 K. Theexperimental set�up and the measurement pro
edure have been des
ribedin detail in [5℄. The temperature gradient applied along the sample rangedbetween 0.1 K and 0.5 K for the lower and higher temperatures, respe
tively.A parti
ular 
are was taken to avoid a parasiti
 heat transfer between thesample and its environment. The measurement error was below 5%.3. Results and dis
ussionIt is generally assumed that the total thermal 
ondu
tivity � is the sumof two 
ontributions: � = �e + �ph ;where �e and �ph are the ele
troni
 and the phonon thermal 
ondu
tivities,respe
tively. Assuming that all the me
hanisms responsible for the ther-mal resistivity of a metal are additive (the Matthiessen rule), the ele
troni

ontribution to the thermal 
ondu
tivity 
an be expressed as follows:1=�e =We =We;i +We;ph ;where the parti
ular terms o

urring in the above equation denote the ther-mal resistivities due to 
ollisions of 
ondu
tion ele
trons with the latti
eimperfe
tions and phonons respe
tively. The s
attering of ele
trons on thelatti
e imperfe
tions is elasti
 and it is most important in low temperatures,while the ele
tron�phonon one may have elasti
 or inelasti
 
hara
ter. Thelatter s
attering is des
ribed by pro
ess of the normal type or the Umklappone. Fig. 1 shows the temperature dependen
e of the thermal 
ondu
tivityover the whole temperature range investigated. The dependen
e displays asharp maximum in low temperatures, whi
h is 
hara
teristi
 for pure met-als. Maximum of �(T ) takes pla
e at 14 K. Below this temperature �(T )is proportional to T 0:75. Sin
e the linear �(T ) dependen
e is typi
al for thes
attering of ele
trons on latti
e imperfe
tions, we suggest that this me
h-anism plays essential role below 14 K. In the medium temperature range14 K < T < 100 K, the �(T ) is proportional to exp (5:2=T ). The exponentialdependen
e is 
hara
teristi
, in turn, for the inelasti
 s
attering of ele
tronson latti
e vibrations (Umklapp pro
ess). For the highest temperature range
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Fig. 1. Temperature dependen
e of the thermal 
ondu
tivity for LaSn3.investigated T > 100 K, �(T ) 
hanges linearly with temperature. The lineardependen
e is not predi
ted theoreti
ally, but it had been observed previ-ously in many RE intermetalli
s [6℄. We do not know what kind of me
h-anism is responsible for the linear �(T ) dependen
e in high temperatures.The temperature dependen
e of the Lorenz fun
tion L(T ) = �(T )�(T )=T isshown on Fig. 2. L(T ) is lower than L0 = 2.45�10�8 [W
K�2℄ in tempera-tures below 50 K. It means, that for T < 50 K the low-angle ele
tron�phononinelasti
 s
attering is the dominating one, while the high�angle ele
tron�phonon inelasti
 s
attering plays an essential role above 50 K, where L > L0.

TEMPERATURE [K]


0
 50
 100
 150
 200
 250
 300


L
/L


 0


0.0


0.5


1.0


1.5


Fig. 2. Temperature dependen
e of the redu
ed Lorenz fun
tion for LaSn3.



1104 Z. Kletowski, J. Mu
ha, H. MisiorekIt is 
hara
teristi
 for LaSn3 that its L(T ) is higher than L0 in a wide tem-perature range 70�300 K and that it in
reases up to 1.6 L0 at 300 K. Su
hbehavior of the L(T ) together with the observed exponential �(T ) depen-den
e led us to the 
on
lusion that the Umklapp pro
ess plays an importantrole in the heat transport of LaSn3 at temperatures T > 50 K.This work was supported by the Polish State Committee for S
ienti�
Resear
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