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DISORDER ORIGIN OF NONMAGNETIC KONDO-LIKEBEHAVIOUR IN ACTINIDE COMPOUNDS�R. Wawryk, A. Wojakowski, Cz. Maru
ha, T. Ci
horekand Z. HenkieW. 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 June 21, 2001)It is shown that 
rystals of some uranium and thorium 
ompounds,grown in o�-stoi
hiometri
 
omposition, show single-ion Kondo type be-haviour of the resistivity, thermoele
tri
 power and the Hall 
oe�
ient.The data for o�-stoi
hiometri
 
rystals of uranium monoantimonide (anti-ferromagnet) and thorium arsenosulphide (diamagnet) are presented. Thebehaviour is dis
ussed in terms of the two-level-system Kondo model.PACS numbers: 72.15.Eb, 72.15.Jf, 72.15.QmThis work is a 
ontinuation of our studies of o�-stoi
hiometry e�e
t on
ondu
tion ele
tron s
attering in some thorium and uranium pni
tides andpni
to
hal
ogenides. Motivation for this study 
omes from the earlier ob-servation of the single-ion-Kondo-like behaviour of the ele
tri
al resistivityin ferromagneti
 state of the uranium arsenoselenide [1,2℄. Usually, the fer-romagnetism should blo
k out the magneti
 Kondo e�e
t [3,4℄. But magne-toresistivity examination [5℄ has shown that the observed Kondo s
atteringis of a nonmagneti
 origin. Furthermore, the ele
tron mi
ros
ope as wellas neutron and X-ray di�ra
tion examination [6�8℄ have given strong indi-
ation that this Kondo-like s
attering originates from a disorder of anionsthat presumably form s
attering 
entres of Two-Level System (TLS). Thishypothesis allowed us to predi
t and then prove the Kondo-like behaviourof another ferromagnet � UPS [9℄. It also has turned our attention to o�-stoi
hiometry e�e
t on properties of the antiferromagnet � USb (the Néeltemperature TN = 215 K) and diamagnet � ThAsS.� Presented at the XII S
hool of Modern Physi
s on Phase Transitions and Criti
alPhenomena, L¡dek Zdrój, Poland, June 21�24, 2001.(3487)



3488 R. Wawryk et al.The thorium arsenosulphide 
rystals have been grown by the 
hemi
alvapour transport method. X-ray examination showed that the 
rystals havetetragonal stru
ture of the PbFCl-type and the Th:As:S atomi
 
ompositionratio equal to 1 : 1:23 : 0:77 instead of 1 : 1 : 1, as it is for stoi
hiometri

omposition. Details on the 
rystal growing and ele
tri
al properties ex-amination will be given elsewhere [10℄. The uranium monoantimonide isthe well investigated semimetalli
 uranium 
ompound. Its single 
rystals ofUxSb 
omposition (0:985 � x � 1) were grown by a modi�ed van Arkelmethod. Details on the 
rystal growing and their ele
tri
al properties ex-amination are given elsewhere [11℄. The temperature dependent ele
tri
alresistivity, �(T ), thermoele
tri
 power, S(T ), and Hall 
oe�
ient, RH(T ),have been determined in the temperature range between 2 K and the roomtemperature. All these data will be presented here to demonstrate theirKondo-like features.The temperature dependen
e of the ele
tri
al resistivity for no. 1 andno. 2 single 
rystals of thorium arsenosulphide is shown in Fig. 1. The mostintriguing feature of �(T ) for the thorium arsenosulphide is a shallow valleyaround about 200 K. A similar behaviour of the resistivity has been also
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Fig. 1. Temperature dependen
e of the ab plane resistivity for two thorium arseno-sulphide single 
rystals. The inset presents low-temperature resistivity data fortwo USb single 
rystals with di�erent resistivity ratio, RR(RR = R300K=R4:2K).observed for the o�-stoi
hiometri
 
rystals of uranium monoantimonide (seethe inset of Fig. 1). However, in the 
ase of UxSb the valley-like anomaly isobserved at about 10 K. This type behaviour of �(T ) is known for a Kondosystem, i.e. for nonmagneti
 metals 
ontaining magneti
 impurity [3℄. More-over, we have found that �(T ) for ThAs1:23S0:77 down to 140 K 
an be very



Disorder Origin of Nonmagneti
 Kondo-Like Behaviour : : : 3489well approximated by the sum of residual, phonon and Kondo 
omponentsif in the latter 
ase a Kondo temperature of TK = 22 K is assumed. Inturn a good approximation of �(T ) for UxSb 
rystals between 2 K and 22 Khas been obtain for TK = 37 K. Obviously, the total resistivity 
ould be
ompleted involving also the magnon 
ontribution.A presen
e of a peak-like 
omponent in S(T ), with a maximum near theKondo temperature is another feature of the magneti
 Kondo system [5℄.Thus su
h a behaviour of S(T ) is also observed for the nonmagneti
 sys-tem under investigation. Fig. 2 and its inset reveal this type of propertyfor both the diamagneti
 ThAs1:23S0:77 and the antiferromagneti
 UxSb, re-spe
tively. It is worth mentioning that the Kondo-like behaviour is displayedalso by the temperature dependen
e of the thermoele
tri
 power UPS [9℄ and
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Fig. 2. Thermoele
tri
 power versus temperature along the a-axis for no. 1 single
rystal of ThAs1:23S0:77. The inset presents low-temperature thermoele
tri
 powerdata for USb single 
rystals with di�erent RR. The data presented by solid anddashed lines in the inset are taken from the paper [16℄.UAsSe [12℄ in their ferromagneti
 state. In the 
ase of the Hall e�e
t mea-sured well above the Kondo temperature, the 
hara
teristi
 feature of themagneti
 Kondo systems is the presen
e of the anomalous 
omponent inthe Hall 
oe�
ient being an ex
ess to the normal, temperature independent
omponent. The anomalous 
omponent is proportional to the produ
t ofthe Kondo resistivity and the magneti
 sus
eptibility [13℄. A very similarbehaviour exhibits also the Hall 
oe�
ient of the diamagneti
 ThAs1:23S0:77.Its Hall 
oe�
ient RH is plotted versus �K(T )=T ratio in Fig 3. There isobserved a linear dependen
e of the RH versus �K(T )=T at the highest tem-peratures. Su
h behaviour is presumably due to the presen
e of the anoma-



3490 R. Wawryk et al.lous Hall 
omponent. This 
omponent behaves as if it was expe
ted for themagneti
 Kondo impurities for whi
h the sus
eptibility ful�ls the Curie law.
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Fig. 3. Hall 
oe�
ient versus �K=T for no. 1 thorium arsenosulphide single 
rystal.�K is the Kondo resistivity 
omponent 
al
ulated in paper [10℄.The appearan
e of the non-magneti
 Kondo like behaviour, being ob-served for a given ferromagnet, antiferromagnet or diamagnet 
an be ex-plained by the TLS Kondo model [14℄. In the simplest realisation of theTLS an atom tunnels between two positions with an energy di�eren
e � ina double well potential. In the 
ase of this model, the position of the atomin one of the metastable states 
orresponds to a pseudo-spin variable in theordinary Kondo problem. Ele
trons may ��ip� the spin by assisting in thequantum-me
hani
al tunnelling of the atom. S
attering of ele
trons by theTLS Kondo 
entre leads to similar 
onsequen
es as the s
attering by themagneti
 Kondo impurity [14,15℄. A large Anisotropi
 Displa
ement Fa
tor(ADF) is observed in the group of the Kondo like 
ompounds. The ADFof As u11 rea
hes 0.03 Å2 for ThAsSe, de
reases through the UAs1�xSe1+xseries with de
reasing x and falling down to 0.0073 Å2 in UAsS. It wasfound that the de
rease of ADF is a

ompanied by de
rease the Kondo-likeresistivity. This speaks forward for as
ribing the origin of the Kondo likebehaviour to the TLS Kondo me
hanism [7, 8℄. The ADF represents theaverage value of displa
ement of atoms vibrating around a given latti
e po-sition and equals to mean-square displa
ements along the Cartesian axes.We think that the o�-stoi
hiometry is a natural sour
e of the TLS 
entres.As a 
on
lusion we 
an state that small deviation from stoi
hiometry
an lead to unusual behaviour of the transport properties in a
tinide 
om-pounds. Moreover, the same kind of behaviour is observed for the diamag-
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 ThAsS, strongly uniaxial ferromagneti
 UAsSe and UPS, and antifer-romagneti
 USb. We suppose, that su
h behaviour of the thorium and theuranium pni
to
hal
ogenides as well as the uranium pni
tide are a result of
harge 
arrier s
attering by the dynami
 TLS 
entres, whi
h 
lassi�es these
ompounds as being a novel Kondo system.This work was supported by the Polish State Committee for S
ienti�
Resear
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