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APPLICATION OF THE POLARONICHEAVY FERMION APPROACH TO THE PROPERTIESOF THE Fe2+xV1�xAl ALLOYS�J. Denisz
zykInstitute of Physi
s and Chemistry of Metals, University of SilesiaBankowa 12, 40-007 Katowi
e, Polandand W. BorgieªCheªkowski Institute of Physi
s, Silesian University of SilesiaUniwersyte
ka 4, 40-007 Katowi
e, Poland(Re
eived July 10, 2002)The non-Fermi liquid behaviour of the Heusler-type Fe2+xV1�xAlalloys was investigated with the use of ab initio and many-body meth-ods. Cal
ulations have shown that the narrow d band originating from theimpurity Fe atoms is responsible for the unusual temperature dependen
eof di�erent physi
al properties of these materials.PACS numbers: 71.20.Be, 72.80.Ga, 71.10.Hf1. Introdu
tionExperimental investigations [1℄ have shown that several properties ob-served in the Fe2VAl Heusler 
ompound and Fe2+xV1�xAl (x � 0) alloysresemble those of the non-magneti
 narrow-gap semi
ondu
tor FeSi knownas the d-ele
tron �Kondo� insulator [2℄. The most intriguing, supportingthe 
lassi�
ation of Fe2+xV1�xAl materials to the group of the 3d heavyfermion materials, are: the semi
ondu
tor-like behaviour of the resistivityin the paramagneti
 state; the large (
ompared with the normal metal) valueof the low temperature ele
troni
 spe
i�
 heat 
oe�
ient 
 showing an up-turn at temperatures below few Kelvins and no tra
es of the energy-gap onthe valen
e-band XPS spe
trum. Our re
ent ab initio ele
troni
 stru
ture
al
ulations [3℄ have shown that the anti-site (AS) defe
ts of Fe atoms atnominaly V positions of the Fe2VAl 
ompound (hereafter denoted as Fe�)� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1257)
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zyk, W. Borgieªgive rise to the narrow resonan
e peak in the DOS lo
ated at Fermi level "F.In the paper we present the results for the temperature dependen
e of theele
troni
 spe
i�
 heat, resistivity and thermoele
tri
 power 
al
ulated forthe o�-stoi
hiometri
 Fe2VAl within the many-body approa
h derived byLiu [4℄ for heavy-ele
tron systems.2. Cal
ulations and resultsThe ele
troni
 stru
ture 
al
ulations [5℄ have shown that the Fe2VAl
ompound is semi-metalli
 and non-magneti
 having the band-stru
ture withthe � 0:5 eV wide pseudogap lo
ated symmetri
ally around the "F. Ourre
ent ele
troni
 stru
ture 
al
ulations [3℄ performed with the use of theapproximate TB-LMTO method of Andersen et al., [6℄ and veri�ed withinthe more a

urate FP-LAPW method (WIEN97 
ode) [7℄ have proved thatin the 
on
entration range 0 < x < 0:5 the Fe� defe
ts in the non-magneti
Fe2+xV1�xAl give rise to the narrow, strongly 
orrelated d-like band lo
atedjust at the Fermi level ("F). The spin-polarized 
al
ulations have shown thatthe Fe� atoms together with the surrounding Fe atoms form the magneti

lusters (with e�e
tive moment of 3.5�4�B) embedded in the non-magneti
host. Fig. 1a shows the total DOS for the Fe2:06V0:94 with the partial d-DOS
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Fig. 1. (a) Total DOS for the nonmagneti
 Fe2:06V0:94 (solid line) and partialFe� DOS (dash line). (b) The quasiparti
le DOS in the vi
inity of "F at di�erenttemperatures (� = 0:0087 eV). Inset shows the model Blo
h-DOS of the 
-like (very�at parabola) and d-like (sharp peak) ele
trons.of the Fe� atoms (dash line) 
al
ulated by means of the TB-LMTO method.The narrow band lo
ated just at "F is 
omposed mainly of Fe�-d states witheg symmetry. The Fe�-t2g states form the wide band in the energy range of�4 to �1 eV and the sharp stru
ture above "F. In the whole energy rangethe DOS is dominated by the 
ontributions from the d-states of transitionmetal atoms. Ex
ept the energy region near the "F the shape of the DOS isalmost the same as 
al
ulated for stoi
hiometri
 Fe2VAl [5℄. In the vi
inity of"F the 
al
ulated DOS stru
ture of the o�-stoi
hiometri
 Fe2VAl resembles



Appli
ation of the Polaroni
 Heavy Fermion Approa
h . . . 1259that of the heavy-fermion (mixed valent) f -ele
tron systems with the Fermilevel pinned at an energy where the narrow f -band forms. Based on thatsimilarity we guess that the pe
uliar properties of the Fe2VAl are due tothe Fe� defe
ts and may have the same physi
al origin as that proposed forheavy-fermion f -ele
tron systems.One of the approa
h used in the des
ription of the non-Fermi liquid be-haviour of the heavy-fermion systems, based on the polaroni
 e�e
ts, wasderived by Liu [4℄. In appli
ation to our system of Fe2VAl with Fe-AS de-fe
ts the assumptions of the approa
h 
an be formulated as follows. The d-egele
trons lo
alized at Fe� atoms (hereafter denoted as d ele
trons) 
an prop-agate and parti
ipate in the transport only via the hybridization with thestates of the broad 
ondu
tion band (
-ele
trons). When the d-eg ele
tronleaves the Fe� site the remaining hole, attra
ting the 
ondu
tion ele
trons,forms the polaron (the a

ompanying dynami
al pro
esses were dis
ussed indetails in [4, 8℄). The 
orresponding Hamiltonian reads [4℄H = Xk� "(
)k 
yk�
k� + "(d)Xi;� dyi�di� � U
d Xi;��0Xk;k0 di�dyi�
yk�0
k0�0ei(k�k0)�Ri+ V Xik� �
yk�di�e�ik�Ri + h:
:� ; (1)where the U
d term stands for the d-hole�
-ele
tron Coulomb attra
tion,and the V term is the 
�d hybridization. First two terms represent the
-ele
tron kineti
 energy and the d-ele
tron atomi
 energy, respe
tively. The
-band quasiparti
le spe
trum is determined from the poles of the 
-ele
tronGreen fun
tion: ! � "k � V 2Gd(!) = 0 with the d-ele
tron Green fun
tionde�ned as Gd(!) = R Sd(!0)d!0!�!0 . The ground-state form of the Sd fun
tionwas assumed in the shape proposed in [4℄ and is shown in the inset of Fig. 1.At �nite temperatures the temperature dependent Sd fun
tion yields theDyson equation for the 
-band quasiparti
le spe
trum in the form [4℄! � "(
)k = W4� (�) ������1 e�x + e�i��
osh(�x) + 
os(��)Z0 �e��x �sin���� ����1 d� ;where �= (kBT )�1, x= (!�"d)=�. The energy � �= [2�V 2A 
s
(��)=W ℄ 1��determines the energy s
ale of the model and depends on the intera
tionstrengths V , U
d (� / U
d) and 
-band width W. In the presented inves-tigations the 
-ele
tron Blo
h-DOS was used in the form of �at parabolasimulating that of the Fe2VAl near the "F. The position of the atomi
d-level "d = 0 was assumed and the 
�d hybridization V = 0:1 eV was used.The value of the � was taken 
lose to that used by Liu [4℄. For the 
al
ula-tions of the ele
troni
 spe
i�
 heat (Cel), thermoele
tri
 power (TEP) andresistivity we used the formulae given in [4℄.
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Fig. 2. Temperature dependen
e of: (a) � 
hemi
al potential; (b) � ele
troni
spe
i�
 heat 
oe�
ient 
; (
) � TEP; (d) � resistivity.3. Con
lusionsFig. 2 
olle
ts the temperature variation of di�erent 
al
ulated quanti-ties. The 
al
ulated temperature dependen
es of 
, TEP and resistivity re-produ
e qualitatively those observed in the paramagneti
 o�-stoi
hiometri
Fe2VAl. It 
an be 
on
luded that the narrow d-eg band due to Fe� AS atomsand the polaroni
 e�e
ts 
an be the origin of the unusual properties of theFe2+xV1�xAl materials. REFERENCES[1℄ Y. Nishino, M. Kato, S. Asano, K. Soda, M. Hayasaki, U. Mizutani, Phys. Rev.Lett. 79, 1909 (1997); M. Kato, Y. Nishino, U. Mizutani, S. Asano, J. Phys.:Condens. Matter 12, 1769 (2000). S. Nishigori, Y. Yamada, T. Ito, H. Abe,A. Matsushita, Physi
a B 281, 686 (2000).[2℄ Z. S
hlesinger, Z. Fisk, H.T. Zhang, M.B. Maple, J.F. DiTusa, G. Aeppli, Phys.Rev. Lett. 71, 1748 (1993).[3℄ J. Denisz
zyk, W. Borgieª, A
ta Phys. Pol. A 98, 551 (2000).[4℄ S.H. Liu, Phys. Rev. B37, 3542 (1988); S.H. Liu, Physi
a B 240, 49 (1997).[5℄ D.J. Singh, I.I. Mazin, Phys. Rev. B57, 14352 (1998).[6℄ O.K. Andersen, O. Jepsen, Phys. Rev. Lett. 53, 2571 (1984).[7℄ P. Blaha, K. S
hwarz, P. Sorantin, S.B. Tri
key, Comput. Phys. Commun. 59,399 (1990).[8℄ G.D. Mahan, Phys. Rev. 163, 612 (1967); P.W. Anderson, Phys. Rev. Lett. 18,1049 (1967); P. Nozières, C.T. De Domini
is, Phys. Rev. 178, 1097 (1969).


