
Vol. 34 (2003) ACTA PHYSICA POLONICA B No 2
THERMAL EXPANSION AND MAGNETOSTRICTIONSTUDIES OF A KONDO LATTICE COMPOUND:CeAgSb2�D.T. AdrojaISIS Fa
ility, Rutherford Appleton LaboratoryChilton, Did
ot, Oxon, Ox11 0QX,UKP.C. Riedi, J.G.M. ArmitageJ.F. Allen Resear
h Laboratories, S
hool of Physi
s and AstronomyUniversity of St. Andrews, KY16 9SS, S
otland, UKand D. FortS
hool of Metallurgy and Materials, University of Birmingham, B15 2TT, UK(Re
eived July 10, 2002)We have investigated a single 
rystal of CeAgSb2 using low �eld a
-sus
eptibility, thermal expansion and magnetostri
tion measurements. Thethermal expansion 
oe�
ient �, exhibits highly anisotropi
 behaviour be-tween 3 K and 80 K: � (for�L=L) ? 
 exhibits a sharp peak at TN followedby a broad maximum at 20 K, while a sharp negative peak at TN followedby a minimum at 20 K has been observed for (�L=L k) the 
 dire
tion. Theobserved maximum and minimum in �(T) at 20 K have been attributed tothe 
rystalline �eld e�e
t (CEF). The magnetostri
tion (MS) also exhibitsanisotropi
 behaviour with a large MS along the 
-axis.PACS numbers: 75.30.Mb, 65.40.De, 75.80.+qRe
ent studies on RAgSb2 (R=rare earth) 
ompounds have shown thatthese 
ompounds 
rystallize in the tetragonal ZrCuSi2 type stru
ture[1�6℄. Among these 
ompounds, CeAgSb2 is the most interesting. The re-sistivity and thermoele
tri
 power of CeAgSb2 show a typi
al Kondo latti
ebehaviour [1℄. The magnetization exhibits strongly anisotropi
 behaviour� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(945)



946 D.T. Adroja et al.with the easy 
-axis of magnetization in the magneti
 ordered state (proba-bly a 
omplex antiferromagneti
 (AFM) state with a FM 
omponent) below10 K, while in the paramagneti
 state there is an easy ab-plane [1,5℄. Themagnetization isotherm at 2 K shows that the easy magnetization dire
tion
hanges from the 
-axis to the ab-plane above 1 T �eld with the saturatedmoment �sat = 1:1�B/Ce-ion for B ? 
 and 0.37�B/Ce-ion for B k 
 at5.5 T �eld. The neutron di�ra
tion measurements at 2 K show the presen
eof only a single magneti
 Bragg peak, (1 0 1), with moment of 0.33�B/Ce-ion [5℄. The zero-�eld �SR study shows well-de�ned frequen
y os
illationswith an anomalously low internal �eld of 53 mT at the muon site, whi
his in agreement with the extremely low frequen
y (0.25 MG) observed in aShubnikov�de Haas study [4,6℄.In the present work we have investigated a single 
rystal of CeAgSb2using a
-sus
eptibility (�a
), thermal expansion, and magnetostri
tion mea-surements with the aim of throwing more light on the 
omplex ele
troni
and magneti
 ground state. The single 
rystal of CeAgSb2 was grown in aneva
uated BN-
ru
ible at 1350ÆC by the Bridgemann method. The indu
tive
omponent, �0a
(T ) of the a
-sus
eptibility of CeAgSb2 single 
rystal withBa
 (5G) k 
, exhibits a sharp peak at 9.7 K whi
h is due to the magneti
ordering of the Ce-moments (inset of Fig. 1). �0a
(T ) for Ba
 ? 
 also ex-hibits a similar peak, but the peak height is only 27% of Ba
 k 
. The 
-axisis therefore the easy magnetization dire
tion at low temperature, whi
h isin agreement with the d
 magnetization study [4℄. It would be interestingto 
ompare the �0a
(T ) signal of CeAgSb2 with that from the ferromagneti
CePdSb [7℄. Well below TN (or TC) �0a
(T ) of CeAgSb2 is very small, while
0
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-sus
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 k 
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Thermal Expansion and Magnetostri
tion Studies of a Kondo : : : 947that of CePdSb retains about 92% of its peak value. This again implies thatthe magneti
 ground state of CeAgSb2 is more 
ompli
ated than that of asimple AFM or FM.Fig. 1 shows the linear thermal expansion (TE = �L=L) as a fun
tionof temperature for CeAgSb2 single 
rystal parallel to 
-axis (TE k 
) andperpendi
ular to 
-axis (TE? 
) along with the isostru
tural nonmagneti
referen
e poly
rystalline LaAgSb2. �L=L of LaAgSb2 exhibits a typi
albehaviour expe
ted for the thermally ex
ited phonons. On the other hand,�L=L of CeAgSb2 shows highly anisotropi
 behaviour, positive for TE? 
and negative for TE k 
, with a sudden 
hange at TN in both the dire
tions.The magneti
 
ontribution to the thermal expansion 
oe�
ient, �M (T ) ofCeAgSb2 along both the dire
tions was estimated by subtra
ting �(T ) ofLaAgSb2. �M (T ) exhibits a sharp peak and a broad peak at TN and 20 K,positive for TE? 
 and negative for TE k 
, respe
tively. It should benoted that the �M (T ) of poly
rystalline CeAgSb2 also shows a broad peakat 18 K, but no 
lear peak at TN [3℄. The absen
e of the peak at TN in thepoly
rystalline sample might be due to the 
an
ellation of positive (for TE?
) and negative (for TE k 
) 
ontributions observed in the single 
rystal. Thesharp peak at TN in CeAgSb2 single 
rystal arises due to the developmentof anisotropi
 spin-spin 
orrelations be
ause of the magneti
 ordering of Ce-moments. On the other hand the broad peak (maximum and minimum)at 20 K in both the dire
tions has been attributed to the CEF e�e
t onthe J = 5=2 state of the Ce3+ ion. This is 
onsistent with our re
ent highresolution inelasti
 neutron s
attering measurements on CeAgSb2, whi
hshow two well de�ned 
rystal �eld ex
itations, at 5.1 meV and 12.4 meV, asexpe
ted for the tetragonal point symmetry of the Ce ion [8℄. It is interestingto note that the observed anisotropi
 behaviour of �M (T ) of CeAgSb2 isvery similar to that observed for CeRhIn5 single 
rystal, whi
h also has thetetragonal 
rystal stru
ture [9℄. The 
al
ulated �M (T ) for CeRhIn5 on thebasis of the CEF model exhibits a maximum and minimum around 25 K for[100℄ and [001℄ dire
tions, respe
tively [9℄. In order to investigate the e�e
tof magneti
 �eld on the �M (T ) of CeAgSb2, we have measured �M (T) inan applied magneti
 �eld of 8 T (Fig. 2). The observed sharp peak at TN inzero �eld was almost suppressed in 8 T �eld for both the dire
tions.We estimated the value of dTN=dP = �0:088 (K/kbar), using the Ehren-fest relation and the heat 
apa
ity data from Ref. [2℄, whi
h is in goodagreement with the experimentally measured value of �0:095 (K/kbar) onthe poly
rystalline CeAgSb2 [3℄. The negative sign of dTN=dP indi
ates thatCeAgSb2 is on the right-hand side of the Donia
h phase diagram [3℄.Fig. 3 shows the magnetostri
tion (MS) isotherms measured at varioustemperatures for (�L=L) k 
 and (�L=L) ? 
 with applied �elds B k 
and B ? 
 dire
tions. MS exhibits highly anisotropi
 behaviour with the
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Fig. 2. The magneti
 
ontribution to the linear thermal expansion 
oe�
ient,�M (T) of CeAgSb2 single 
rystal in zero �eld and 8T �eld, (a) TE? 
 and, (b)TE k 
.
0 2 4 6 8 10

-8

-6

-4

-2

0

  

20K

15K

5K
8K
10K

TE ⊥  c

B // c

(c)

0 2 4 6 8 10
-8

-4

0

4

8

  

3K

5K

9K
10K
12K

14K

TE ⊥  c
B ⊥  c

(d)

-120

-80

-40

0

0 2 4 6 8 10

  

3K
5K
8K

11K
15KTE // c

B // c

CeAgSb2

(a)

0

20

40

60

80

0 2 4 6 8 10

F
ra

ct
. E

xt
. (

∆l
/l 

10
-6

)

 

(b)

B(T)

11K

8K

3K

15K

20K

TE // c

B ⊥  c

Fig. 3. The magnetostri
tion isotherms at various temperatures of CeAgSb2 single
rystal, (a) and (b) (�L=L) k 
 and, (
) and (d) (�L=L) ? 
, for both B k 
 andB ? 
.
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tion Studies of a Kondo : : : 949largest length 
hange for (�L=L) k 
. Between 14Kand 20K MS exhibits aquadrati
 behaviour, for all measured dire
tions (Figs. 3(a)�(d)), taht 
ouldbe understood on the basis of the free energy of the system in an applied�eld. An interesting behaviour of MS is observed for (�L=L) ? 
 and B ? 
geometry at low temperatures (Fig. 3(d)). At 3 K MS exhibits a peak at3.3 T, whi
h is 
onsistent with the observed peak in the magnetoresistan
emeasurements and has been attributed to the �eld indu
ed transition to theeasy ab-plane of magnetization [4℄. Furthermore, with in
reasing tempera-ture from 3 K, the position of the peak moves to a lower �eld, whi
h indi
atesthat the smaller 
riti
al �eld for the �eld indu
e transition. A small hystere-sis in MS was observed at 3 K suggesting the presen
e of a FM 
omponent.This result along with the absen
e of the domain walls 
ontribution at low�elds in MS of CeAgSb2 indi
ates that the magneti
 ground state is not asimple FM, but a 
omplex AFM.In 
on
lusion, thermal expansion and magnetostri
tion measurements ofCeAgSb2 single 
rystal exhibit highly anisotropi
 behaviour. These resultsindi
ate that the anisotropi
 magneti
 ex
hange and CEF-anisotropy areplaying an important role. REFERENCES[1℄ M. Houshiar et al., J. Magn. Magn. Mater. 140-144, 1232 (1995).[2℄ Y. Muro et al., J. Alloy. Compd. 257, 23 (1997).[3℄ M.J. Thornton et al., J. Phys. Cond. Matter 10, 9485 (1998).[4℄ K.D. Myers et al., J. Magn. Magn. Mater. 205, 27 (1999); K.D. Mayers et al.,Phys. Rev. B60, 13371 (1999).[5℄ G. Andre et al., Physi
a B292, 176 (2000).[6℄ J.A. Dann et al., Physi
a B289-290, 38 (2000).[7℄ D.T. Adroja et al., Phys. Rev. B61, 1232 (2000).[8℄ D.T. Adroja et al., unpublished.[9℄ T. Takeu
hi et al., J. Phys. So
. Jpn. 70, 877 (2001).


