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ON THE ORIGIN OF THE HEAVY-FERMION-LIKEBEHAVIOR OF THE HEUSLER-TYPEFe3�xVxM (M=Al,Ga) ALLOYS�J. Denisz
zykInstitute of Physi
s and Chemistry of Metals, Silesian UniversityBankowa 12, 40-007 Katowi
e, Polande-mail: jdeni�us.edu.pl(Re
eived November 17, 2000)The ele
troni
 stru
ture of Fe3�xVxM (M=Al, Ga) alloys was inves-tigated by ab initio method. Magneti
 and non-magneti
 band stru
tureof Fe3�xVxM was 
al
ulated for 
on
entrations x = 0:0�1.0. Cal
ulationshave shown that the transition from magneti
 to non-magneti
 state is a
-
ompanied by the qualitative 
hanges in the band stru
ture in the vi
inityof the Fermi level ("F). For 
on
entrations 0:5 � x � 1 the Density OfStates (DOS) at "F in both magneti
 states display a sharp peak 
omposedsolely of the 3d states of impurity Fe-AS atom ( Fe atom at nominally Vatom position of Fe2VAl Heusler 
ompound). In the magneti
 state onlymajority-spin states enter the DOS near "F. The quasi-gap around the"F found in Fe2VM is �lled up by 3d" states of Fe-AS whi
h produ
e thesharp stru
tures at "F. Transition to the non-magneti
 state results in thenarrowing and strengthening of the peak of Fe-AS 3d-states DOS at "F andthe opening of the well-de�ned gap just above the Fermi level. The 
hangesof the DOS around "F 
onne
ted with the variation of Fe-AS 
on
entra-tion and magneti
 transition explain the pe
uliar behavior of the ele
tri
alresistivity observed experimentally.PACS numbers: 72.10.�d, 72.15.�v, 71.20.Eh, 71.20.�bRe
ently the pseudo-binary Fe3�xVxM (M=Al, Ga) alloys with DO3
rystal stru
ture are the subje
t of the intensive experimental [1�5℄ andtheoreti
al [6�8℄ investigations. The alloys attra
t the attention of manyauthors be
ause they exhibit a variety of properties unique among the 3d-intermetalli
 alloys. At 
omposition x = 1 the Heusler Fe2VM 
ompounds� Presented at the XXIV International S
hool of Theoreti
al Physi
s �TransportPhenomena from Quantum to Classi
al Regimes�, Ustro«, Poland, September 25�O
tober 1, 2000. (529)



530 J. Denisz
zykbehave in a manner typi
al for insulators. In the entire measured temper-atures (e.g. from 2K to above 1200 K in 
ase of Fe2VAl [4℄) the resistivityof Fe2VM de
reases with in
reasing temperature. The resistivity of the end(x = 0) 
ompounds (Fe3Al and Fe3Ga) show a metalli
 behavior. When inthese 
ompounds the Fe atoms are repla
ed by V atoms, the 
hara
ter ofthe temperature dependen
e of the ele
tri
al resistivity 
hanges when thesample undergoes the transition from magneti
 to para- or non-magneti
state. At low temperatures the resistivity in
reases with temperature andforms a maximum near Curie temperature TC. Above TC it de
reases within
reasing temperature. With in
reasing V 
omposition the temperature re-gion with negative resistivity slope expands in parallel with redu
tion in TC.On the other hand, the Fe2VAl 
ompound is 
hara
terized by anomalouslylarge value of the ele
troni
 spe
i�
-heat 
oe�
ient 
 [2,4℄ and by the pres-en
e of the Fermi edge in the XPS spe
trum [2℄. This behavior 
an suggestthat Fe2VAl is a possible 
andidate for a 3d heavy-fermion system [2, 4℄.Though the ele
troni
 stru
ture of Fe2VM was the subje
t of ab initioband stru
ture 
al
ulations, there are no results des
ribing the role of theFe-AS defe
t atoms in nearly stoi
hiometri
 Heusler 
ompositions. The aimof the presented band stru
ture 
al
ulations was to extend the super-
ell
al
ulations reported in [7℄ to 
over the wider vanadium 
on
entration rangein Fe3�xVxAl. The Fe3�xVxGa alloys were 
al
ulated in order to 
larify therole of M atoms in the alloys. The 
al
ulations were performed with the useof the tight-binding linear mu�n-tin orbital (TB-LMTO) method [9℄. Tosimulate the disorder in Fe3�xVxM alloys the super-
ell methodology of alloymodeling was used. The details of input data preparation and approximationused were shortly dis
ussed in our previous paper [10℄.The most important magneti
 results for Fe3�xVxAl we already pre-sented and shortly dis
ussed in [10℄. The 
al
ulated magneti
 stru
ture ofFe3�xVxGa was found very similar. The 
al
ulations for x = 0:5�0.94 
on-�rmed the 
on
lusions drawn from experiments [3℄ about the existen
e ofmagneti
 
lusters. For small 
on
entrations of Fe-AS atoms 
al
ulationshave shown that the Fe-AS impurities together with eight surrounding Featoms form the magneti
 
lusters. The magneti
 moment of Fe-AS atomsis large (� 2.7 �B) and robust against the V 
on
entration in the rangeof x = 0:5�0.9375. The eight iron atoms surrounding the Fe-AS one areonly slightly polarized and for 
on
entration range x = 0:75�0.9375 theirmagneti
 moments do not ex
eed 0.2 �B. Within this 
on
entration rangethe e�e
tive, 
luster magneti
 moment is of order of 4 �B and does not de-pend on x. Due to the large spatial separation of these 
lusters their dire
tmagneti
 ex
hange intera
tion 
an be negle
ted. Existen
e of su
h magneti
defe
ts in Fe2VM 
ompounds is responsible for the marginally magneti

hara
ter of these 
ompounds observed experimentally. Furthermore, the
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attering of ele
trons on su
h non-intera
ting magneti
 defe
ts may resultin negative magneto-resistan
e also observed in the Fe3�xVxM alloys at tem-peratures below Curie temperature TC [11, 12℄. Estimations based on the
al
ulated total energy di�eren
e between the magneti
 and non-magneti
solutions for Fe3�xVxM (x = 0:75�0.9375) results in TC of roughly the samevalues as the measured ones. This 
oin
iden
e indi
ate that for x ' 1:0 themagneti
 transition leads to the disappearan
e of lo
al magneti
 momentsand 
onsequently to the non-magneti
 state of Fe3�xVxM alloys above TC.The most interesting result of the 
al
ulations performed for theFe3�xVxM alloys with x = 0:5�0.9375 is the behavior of the DOS around theFermi level ("F). In the Heusler Fe2VM 
ompounds the total DOS (Fig. 1)in the vi
inity of "F is 
hara
terized by a deep valley (quasi-gap) with thevery small values of DOS at "F and width of �0.5 eV. Similar results werealready reported by other authors [6, 7℄.
0

5

10

15

-10 -8 -6 -4 -2 0 2

D
O

S 
[(

eV
 F

U
)-

1 ] εF
(a)    Fe2VAl

0

5

10

-0.2 0 0.2

-10 -8 -6 -4 -2 0 2

εF
(b)    Fe2VGa

0

5

10

-0.2 0 0.2Energy [eV℄Fig. 1. Total density of states (DOS) of Fe2VM (M=Al and Ga) 
ompounds. Ver-ti
al dash lines mark the Fermi energy ("F). Inserts show the DOS in the vi
inityof "F.The pi
ture 
hanges qualitatively in the presen
e of Fe-AS impurities(Fig. 2). Parts (a)�(d) and (a1)�(d1) of Fig. 2 show the total DOS ofFe3�xVxAl and Fe3�xVxGa 
al
ulated in magneti
 and non-magneti
 stateof the alloys. The magneti
 Fe-AS defe
t atoms repla
ing the V atoms inboth Fe2VM 
ompounds diminish slightly the width of the quasi-gap andlead to the appearan
e of the peak of the majority d-states DOS lo
ated ex-a
tly at "F. From the rest of the valen
e band it is separated by two dips oflow DOS. In Fe2:06V0:94Al the Fermi level lies at the lower boundary of thepeak and a dip below 
hanges to a narrow gap of width of ' 0:05 eV. In prin-
iple the hopping is possible only within the narrow band whi
h originatefrom 3d" states of Fe-AS atoms. With de
reasing x the 
arrier 
on
entrationavailable near the "F grows so the residual resistivity should de
rease. Thise�e
t was observed in both Fe3�xVxM alloys [1, 2, 4℄.
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-0.2 0 0.2Energy [eV℄Fig. 2. Total DOS of the Fe3�xVxM with M=Al (parts (a), (b)) and M=Ga (parts(
), (d)) for x = 0:875 and 0.9375 in magneti
 ((a),(b),(
),(d)) and non-magneti
((a1),(b1),(
1),(d1)) states. (For other notations see Fig. 1.)The transition to the non-magneti
 state leads again to the qualitative
hanges in DOS near "F. The 3d-peak at "F grows, be
omes sharper andshifts to higher binding energies. The "F shifts to upper boundary of thepeak and the energy gap of 0.2�0.3 eV width opens above the "F. All thesepe
uliarities of DOS near "F originate from the d-states of Fe-AS atomshybridized with the d-states of surrounding Fe atoms in the o
tahedral 
o-
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troni
 states lo
ated aroundthe "F is hardly visible.The existen
e of the energy gap at "F in nonmagneti
 Fe3�xVxM explainsthe observed negative resistivity slope for T > TC. On the other handthe presen
e of the narrow and relatively high peak of DOS at "F providesan explanation for the observed high values of the ele
troni
 spe
i�
-heat
oe�
ient. In summary it 
an be 
on
luded that the unusual (typi
al for 4fheavy-fermion 
ompounds) ele
troni
, magneti
 and transport properties ofFe2VM 
ompounds 
an be explained by the presen
e of Fe-AS defe
ts whoserole is analogous to that of 4f -elements in heavy-fermion 
ompounds.This work was supported by the Polish State Committee for S
ienti�
Resear
h (KBN) under 
ontra
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