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In order to access the influence of the local environment on the structural and electronic properties of
Fe,VSi, we investigated the B¥Si;_Al, series of compounds by measuring electrical resistiyijy thermal
conductivity («), Seebeck coefficientS), as well as heat capacifC,) as a function of temperature. For
Fe,VSi, all obtained quantities exhibit anomalous features near the structural transition tempé&tature
~123 K. For the nonstoichiometric compounds¥8i,;_,Al,, these anomalies remain evident but appear to be
weaker as increasing Al concentration. The corresponding transition tempefatigereases witl, indicat-
ing the suppression of the low-temperature tetragonal phase via Al doping\tsE-& heoretical studies with
ab initio calculations were also employed to investigate the present structural and magnetic phase transition.
Both theoretical results and experimental observations consistently yield a possible disappearance of the
structural transition beyond a critical concentratigyr=0.25. In addition, several aspects regarding the struc-
tural and electronic properties were compared to those of other Heusler alloys.
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[. INTRODUCTION served in the previously reported resistivity and Seebeck co-
efficient data?®2° Hence, several aspects are still not well
Cubic L2; Heusler alloys(Cu,MnAl type) with general established for FE&/Si.
formula X,YZ whereX andY are transition metals and In this study, we have carried out measurements of elec-
often is an element witsp-type valence electrons from col- trical resistivity (p), thermal conductivity(x), Seebeck coef-
umns IlI through VI in the periodic table, have been of con-ficient (S), as well as heat capacitZ,) on the FgVSi; Al
siderable interest due to their unusual transport and magnetieries of alloys. Altering the composition allows a change of
properties. Semiconductors, semimetals, normal Pauli methese characteristics, and results are valuable for understand-
als, weak ferromagnets, as well as half-metallic ferromagneting the influence of the local environment on the structural
have been found to exist in this class of materfafsThe  and electronic properties of RéSi. It is found that the par-
variety of physical behavior observed in these Heusler comtal substitution of Si with Al leads to a decrease in the tran-
pounds seems to be related to strong modifications of thsition temperaturéT,) and consequently a disappearance of
electronic structure near the Fermi level. the structural transition beyond a critical composition
In the view of the structural stabilization, the culi?,  x,~0.25. In a parallel studyb initio calculations were also
phase for the materials of this family is usually more prefer-employed to investigate the phase transition features of
able at low temperatures as competed with other phases. As,VSi,_Al,. Theoretical results were found to be in good
result, the occurrence of structural transformation at lowagreement with experimental observations.
temperatures is not commonly seen in these Heusler-type
alloys. NpbMnGa, CgNbSn, CgNiGa, and NjFeGa are a
few prototype examples which exhibit a first-order transition
from a high-temperature cubic structure to a low-temperature Polycrystalline FgvSi;_,Al, alloys withx=0, 0.02, 0.05,
tetragonal or orthorhombic structuté? Such a transition 0.09, 0.12, 0.15, 0.20, and 0.25 were prepared by an ordinary
occurring in the ferromagnetic state is particularly appealingarc-melting technique. Briefly, a mixture of appropriate
due to the possibility to observe a magnetic-field-inducedamounts of high-purity elemental metals was placed in a
shape memory effedé*¢ Therefore, finding and investigat- water-cooled copper crucible and then melted several times
ing a system with coupled magnetostructural transition is ofn an argon flow arc melter. The weight loss during melting
great importance for both fundamental research and technds less than 0.5% for each compound. To promote homoge-
logical applicationt’22 neity, these ingots were annealed in a vacuum-sealed quartz
Fe,VSi, which also belongs to the group of Heusler com-tube at 800 °C for two days, and followed by furnace cool-
pounds, exhibits a structural transition along with antiferro-ing. This is a typical process to form in a single-phage
magnetic(AFM) ordering atT,=123 K23-25 Although the (Heusler-typ¢ structure®
AFM character cannot be obtained from the bulk susceptibil- Electrical resistivity for the F&/Si;_Al, alloys were ob-
ity measurement® mainly attributed to the antisite disorder tained by a standard dc four-terminal method. Most materials
effect, the neutron scattering data did reveal a complex AFMvere measured in a close-cycle refrigerator, while some
state at low temperaturé§Also the anomalous feature near samples were carried out in a liquid helium cryostat down
the structural transition of F¥Si has been found to be very to 2 K. Thermal conductivity measurement was performed
sample dependent. For example, no anomalies have been dh- a close-cycle refrigerator over temperatures from

Il. EXPERIMENTAL DETAILS
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8 to 300 K, using a direct heat-pulse technique. Samples

were cut to a rectangular parallelepiped shape of typical size Fe,VSiAl,
of 1.5X 1.5x 5.0 mn? with one end gluedwith thermal ep- S
oxy) to a copper block that served as a heat sink, while a —_ < o R
calibrated chip resistor as a heat source was glued to the T S § 8 N
other end. The temperature difference was measured by us- - J = =
ing an E-type differential thermocouple with junctions ther- ~ = A
mally attached to two well-separated positions along the l x=0.00
longest axis of the sample. The temperature gradient was e A
controlled to be less than 1 K to minimize the heat loss = x=0.02
through radiation. During measurements the sample space is 2 N N
maintained in a good vacuutbetter than 10" Torr). 3

. o x=0.05

For the thermoelectric power measurements, Seebeck 5 J

voltages were detected using a pair of thin Cu wire electri- 2 % A
cally connected to the sample with sliver paint at the same 2 l x=0.09
positions as the junctions of differential thermocouple. The E A A
stray thermal emfs are eliminated by applying long current J x=0.12
pulses(~100 9 to the chip resistor, where the pulses appear . A
in an off-on-off sequence. All experiments were performed x=0.15
during warming with a rate slower than 20 K/h. The repro- R A
ducibility of k andS measurements is better than 2%, while J =020
the absolute accuracy of is approximately 20%, which ’
mainly arises from the error in the determination of sample h A
dimensions. x=0.25

Relative specific heats were performed with a high reso- T T~ T T T 7 T "1
lution ac calorimeter, using chopped light as a heat source. @ 20 30 40 25°d 60 70 8 %0
The absolute values of the molar heat capacity for 2 8 (degree)

FeVSi;_,Al, were obtained by normalizing the ac data to

the isostructural compound g@¥bSn at 300 K3 Here we 0.5711

assume that the Heusler alloys with the same chemical for- o
mula and crystal structure should possess a comparable mo- £ 05704

lar heat capacity at high temperatures. Photoabsorbing PbS <

film were evaporated on samples, which were sanded to a § 0.5694

thickness of about 0.2 mm to ensure “one-dimensional” heat g

flow. The averaged and oscillating temperatufgg) of the o 0-5681

sample were detected by &itype thermocouple, attached % 0567 _

with small amount of GE varnish. The frequency dependence = Fe,VSiL Al

of T, was measured at various temperatures to determine the 0,566

correct range of chopping frequencies. For appropriately . . . . . .

chosen chopping frequendgypically 2—12 Hz, the magni- 000 005 010 015 020 025
tude of the temperature oscillation is inversely proportional (b) Al concentration, x

to the total heat capacityincluding sample and addendium FIG. 1 X diffracti _ AL (B L
Several specimens were examined to check reproducibility, ™'C: 1- (a) X-ray diffraction patterns in F&/Si;_Al,. (b) Lat-

More details of the measurement techniques can be fountbce parameter as a function of Al concentratiorThe solid line is
elsewhera? guided to the eye for the tendency.

Fe,VSi deviates from its stoichiometry, indicating that the Si
sites are successfully replaced by Al atoms, according to the
A. X-ray diffraction Vigard’s law.

A room-temperature x-ray diffraction taken with GQ,
radiation on powder ¥ Si;_Al, samples is shown in Fig.
1(a). It is seen that the diffraction spectra in these alloys were
identified as the expectdd?, structure, with no sign of the The T-dependent electrical resistivity of f¢Si is plotted
presence of other phases. A more detailed analysis of thia Fig. 2(a). The electrical transport at high temperatures
x-ray data, in which the Heusler-type structure was refineexhibits quasilinear behavior, a typical temperature variation
with the Rietveld method. We thus obtained the lattice confor ordinary metals. With decreasing temperature, a steep fall
stant,a, for each composition. The variation of lattice con-in p is found nearTs=123 K, close to the reported restit.
stant as a function of is illustrated in Fig. 1b). It clearly ~ Also the entirep(T) feature shows no visible change under
demonstrates that the value of lattice constant increases as external magnetic field of 5 T, as expected for the anti-

Ill. RESULTS AND DISCUSSION

B. Electrical resistivity
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TABLE |. Phase transition temperature determined from the
minimum of dS/dT, transition width determined from the width of
dS/dT, exponent deduced from the loWw+esistivity, and entropy

change associated with the transition fopW¥8i;_Al,.

X

Ts (K)

AT (K)

n

AS(R)

0.00
0.02
0.05
0.09
0.12
0.15
0.20

123
117
112
88
87
62
46

4
3
9

10

13

15

22

25
2.9
2.7
2.8
3.5
2.0
1.9

0.236
0.166
0.156
0.096
0.059

p(T) = po+ AT, 1)

with n=2.5, as drawn in the inset of Fig(&. It is worth-
while mentioning that the deviation fromT& law in p(T) in

the AFM state suggests unusual magnetism for this material,
such as a half-metallic antiferromagnet proposed by Eztdo
al.?® However, the band structure calculations indicate no
such a possibility for this compound in the AFM st&tdhe
low-T resistivity of antiferromagnetic B¥inIn also shows a
tendency towards @>“ dependencé’ close to the present
case of FgV/Si. In fact, such a power law fit on the low-
temperature resistivity yields different exponents for the non-
stoichiometric FgVSi;_Al, alloys (see Table)l In these re-
gards,p(T) at low temperatures may represent a combination
of electron-electron, electron-phonon, electron-magnon scat-
tering, all of which are expected to be significant but differ-
ent weight for different composition.

Upon Al substitution for Si, the magnitude of electrical
resistivity tends to reduce with increasingin the low Al
content samplesx<0.12. The marked drop irnp corre-
sponding to the occurrence of structural phase transition is
also seen in these RéSi;_Al, alloys, as demonstrated in
Fig. 2(b). The anomalous feature becomes weaker and the
transition temperaturé& shifts to lower temperatures as in-
creasing Al concentration. In the inset of Fighg a well-

FIG. 2_. (a) Temperature depenqlences of the elt_actr_ical resistivityjefined thermal hysteresis loop of about 4 K arotids
of FeZVS|' measured on heating in zero magnetlc_: field and 5 T-given for FeVSip oAl g02 indicative of a first-order charac-
Inset: a linear low-temperature character gg)-p in the AFM  ter for the presented phase transition. On the other hand, the
state from 2 to 120 K inT*> coordinates.(b) Evolution of the o0 resistivity gradually increases with a further addition
e e et msere s bty i o O Al grealer (anx=0.12. This obsenvtion i presumably
for Fe)VSip ol o o a_tt.rlbuted to the Q|sorder effect vyhmh_ appears in all compo-
: ' sitions. Such a disorder has a minor influence on the electri-
cal transport as well as structural transition for the low Al-
ferromagnetic nature for this material. The residual resistiv-substituted samples, but greatly affects those properties with
ity po=98 1 cm is a bit larger than that reported by Enelo  increasing Al content. As a consequence, an increase of re-
al. (py=35 uf) cm),? reflecting the presence of crystallo- sidual resistivity together with a significant suppression of
graphic disorder, mainly from antisite between Fe and V atthe anomalous features at phase transitions are observed in
oms, in our FgVSi sample. Regardless, the determined tranthe resistivity data fox>0.12.
sition temperature is still identical with other published
values?®3*indicating little effect on the transition tempera-
ture from disorder in F&/Si.
Below T, p(T) is fit well in a fairly wide temperature
region to the relation

C. Thermal conductivity

The T-dependent thermal conductivity for the stoichio-
metric FeVSi is displayed in Fig. &). A broad maximum
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ence betweemr and «.. It is apparent that the abrupt fall in

16__ the vicinity of the transition is not due to the electronic con-

14 - tribution, but is essentially caused by the reduction of lattice
— thermal conductivity.
X . L .
£129 § Another peculiar feature i is the presence of a spiky
=3 & jump nearT,, which is also associated with additional lattice
2101 4 effects. It should be pointed out that similabehavior have
% § been found in the isostructural MnGa system near its
3 & structural transitiod® Although the origin of this anomaly is
S 6 not yet understood at this moment, heat carried by soft
) J L phonons during the phase transition may be responsible for
£ 8 12 o - KL . . 7
S ad4d o this observatior!
= 110 120 130 140 For the nonstoichiometric compounds,¥&i,_Al, with

24 TK) low substitution levelx=<0.12), the anomalous feature i

et ey nearT, remains evident, as shown in Figbg The value of

ot ——T—T T T 71— room-temperature thermal conductivity for compositions

@ 0 50 100 ;?f(’) 200 250 300 with x<0.12 is found to be nearly equal with a magnitude of

approximately 13—-14W/K m), and the small variation of
x(300 K) in these alloys is within the uncertainty of our

Fe VS Al measurement technique. The_jumpfciris still visible for the
27T slightly substituted alloy F&/Sig ogAl g 02 but smears out for
the samples withx=0.05. This phenomenon is presumably
due to the anisotropic effect for the heat transport, or defects
2 Dmn@:»“ﬂ”ﬁmf which may wipe out the critical cusp ir. Upon further
£ ﬁﬂgaa;g'?g%‘“ . replacing Si with Al (x>0.12), a dramatic change in the
5; ‘%{jj”w&,,...-—‘ T-dependent thermal conductivity is seen as the low-
= “Wwwwwwwwv temperature broad maximum disappears. Such an observa-
g . v tion suggests a significant enhancement of point defects scat-
'§ ?}W tering with phonon® in these highly Al-substituted samples,
c_‘i —o0—x=0.02 being consistent with the electrical resistivity data.
E —+—x=0.05
g —o—x=0.09
= —+—x=0.12 D. Seebeck coefficient
:::i;g:;g Figure 4a) illustrates the temperature-dependent Seebeck
—«—x=0.25 coefficient for FgVSi. The values of Seebeck coefficient are
negative in the temperature range we investigated, signifying
' . _ ' ' _ that FgVSi is ann-type material. The structural transition of
0 50 100 150 200 250 300 Fe,VSi manifests itself by the abrupt drop 8 It is known
(b) T (K) that the Seebeck coefficient measurement is a sensitive probe

of energy relative to the Fermi surface and the results would
FIG. 3. () Thermal conductivity as function of temperature for reveal information about the Fermi level band structure.

Fe,VSi. Estimated electroni¢x) and lattice(x) contributions to  Sjnce S varies rather linearly withl at high temperatures,
the total thermal conductivity are given. Inset: a blow-up plot forindicating that diffusion Seebeck coefficient dominates the
the observed thermal conductivity near the tra@it(b_hEyolution observedS in the highT phase. Hence, one can extract the
of the temperature-dependent thermal conductivity isMS#, _,Al,. value of E¢ through the classical formul|ﬂ=ﬂ2kéT/2€E,:,

assuming a one-band model with an energy-independent re-
appears at around 60 K which is due to the reduction ofaxation time. The value o~ 1.57 eV was thus obtained
thermal scattering at low temperatures. The maximum takepy fitting the data between 140 and 300 K, in good agree-
place at the temperature where the phonon mean free pathrisent with the metallic nature for RP¢Si. Note that this
approximately equal to the crystal site distance. Aroligde  value represents a measure from the bottom of conduction
exhibits a steplike drop accompanied by a spiky jursge  band to the Fermi level. With this fit, it yielded a nonz&o
the inset of Fig. 8)]. In general, the total thermal conduc- by extrapolating the linear behavior ©— 0, indicative of
tivity for a metal can be expressed as a sum of lattigg  the departure from the free-electron scenéfitf.
and electronid k) terms: k=« + .. The electronic contri- With Al substitution for Si, the sign o6 remains negative
bution is estimated by means of the Wiedemann-Franz lawfor all studied compositions, as shown in Figb¥ The slope
kep! T=Ly. Here p is the dc electrical resistivity antl,  of SaboveTs is almost independent of the substitution level
=2.45x 108 W Q K2 is the Lorentz number. We thus cal- in these alloys, indicating little or nBg shift in the paramag-
culatedx, using the Wiedemann-Franz law and measysed netic state via Al doping. The anomalies in the vicinity of
data. The lattice thermal conductivity is taken as the differ-transitions are still apparent for the low Al content samples,
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0
-4 x=0.00
0_
5- Fe,VSi x=0.12 \/M
-10 4 145 x=0.15
< 15 - x =0.20 x=0.02
S ¥
2 2 24 W
© 20+ g [}
| s | 30 60 90
25 ® x = 0.05
-30 ]
0 50 100 150 200 250 300 4 M x =0.09
(a) T(K)
°T 60 80 100 120 140
1%, 5 x=0.02 (9
o1 re + x=0.05 . .
$ O o x=0.09 FIG. 5. Temperature dependenced® dT in Fe,VSi;_Al, near
10d % 8 . x=0.12 T, Each curve is offset for clarity.
”., « x=0.15 : - .
15 A + x=0.20 seems to have less disorder than that of the stoichiometric
i " E x x=0.25 Fe,VSi, as evidenced by the narrower transition width in
< dS/dT. In spite of this fact, the transition temperature in
Z 20 Fe,VSi is still higher than that of F&/Sij oAl ¢ o2 indicating
%) that disorder has little effect on the variation of structural
-25 4 transition in these low-substituted f%Si;_Al, alloys.
307 E. Heat capacity
354 Heat capacity measurement is known as a sensitive probe
of phase transitions involving entropy change. The measured
heat capacity of F&/Si,_,Al, are plotted in Fig. 6. For clar-
-40 — 1 T T T T T _r T _r 1 i R .
0 20 100 150 200 250 300 ity, each curve is offs.et by 25 J/moI_K starting form
(b) TK) =0.25. In the inset of Fig. 6, a hysteresis loop of about 4 K

for F&VSig ogAlg o2 is displayed, consistent with theresult.

FIG. 4. (a) Seebeck coefficient vs temperature inp¥8i. The ~ Such thermal hysteretic behavior actually for all
dotted line is fit to the class formula for the diffusion thermopower. F&VSiiAly alloys with transition(not shown herg con-
(b) Evolution of the temperature-dependent Seebeck coefficient ifirming that the presented phase transitions are first-order in
Fe,VSiyLAl,. nature.

Distinct peaks irCp are clearly seen near the correspond-
but become less visible for the highly substituted ones. Thég transition temperatures. The heat capacity jux@p
anomalous feature is much more apparent SAdT vs T~ near the transitions can be estimated by subtracting the
plot, as shown in Fig. 5. Sincis not influenced by inter- smooth lattice background of the=0.25 sample. As demon-
grain transport, it should reflect more intrinsic properties ofstrated, the height oACp progressively reduces with in-
the studied materials. We thus determined the transition tengreasing the substitution level. Also the entropy chafiy8)
peratureT, using the position of the negative dip @&dT  associated with the structural transition can be obtained by
for each composition. Clearly; shifts to low temperatures integrating the correspondin§Cp/T with temperature. The
with increasing Al content accompanied by a broadening ofletermined values in units & (ideal gas constahare tabu-
the transition interval. A weak but detectable dip near 40 K idated in Table I. For the high Al content samples, heat capac-
still resolved in FgVSij gAlg 2o (see the inset of Fig.)5 ity exhibits a monotonically Debye-like variation with no
suggesting that the cubic2; phase is not yet completely anomaly present over the temperature range we investigated.
stable in this composition. The broader transition width forWe connected these results to the disorder effect which
the higher Al concentration is attributed to disorder, consis-broadens the transition width and thus smears out the transi-
tent with p and « results. It is noted that R¥SigesAlgg,  tion peak as observed.
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140
Fe VSi, Al x=0.00
200 4 2 1-x x 120 L % -
] N E
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100 1 . .
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150-_ 80 4 A .
< \
9 @ N
"o f
o= 1007 {
110 120 130 Tetragonal
p 70 20 -
<
507 265 [\ i
= 60| f X=002 0.00 005 010 015 020 0.25
(&) £ . cooling )
] " _ warming Al concentration, x
55
0 1+ .

FIG. 7. Phase diagram in j¢Si;_,Al,. Open circles correspond
to the minimum temperature ofS/dT. The error bar is taken as the
full width at half maximum(FWHM) of dS/dT around the transi-

FIG. 6. Temperature variation of the observed heat capacity ifion- The dashed curve is guided to the eye for the phase boundary.
Fe,VSi;_Al,. Each curve is offset by 25 J/mol K for clarity. The
inset illustrates an enlarged view of the thermal hysteresis behavior
for F&VSioeehlo.02 arising from the reduction of symmetry, has been proposed to
be driven by a band Jahn-Teller distortitnTherefore, it
was considered that the splitting of Fe partial DOS is a sig-
nificant ingredient for the observed structural transition in

. . FeVSi.

According to the above results, the phase diagram be- In order to further address this scenario, we perforiaed

tween temperaiure and AI co_ncentratlon Ob\FBi; Al can initio calculations to obtain the DOS for both AFM and PM
be concluded as given in Fig. 7. The phase boundary beéases with the substituted levet 0, 0.0625, 0.125, 0.25, and
tween the highF paramagnetic cubic structure and |Gw- L R

antiferromagnetic tetragonal structure is thus established. -5. The presented DOSs were obtained by a minimization of

shows that doping with Al in F&/Si gradually reduces the the total energy with respect to the volume. Total energy of

transition temperature and consequently leads to the disafl€ Systéms were determined in the framework of spin-
pearance of transition at=0.25. On the contrary, the re- polarized density functional theof§.The proposed general-

ported phase diagrams for /& _Cr.Si and FeV,_Mn,Si  ized gradient approximatiofGGA) by Perdew and Warlg
exhibit rather different tendenéy. The Cr- and Mn- Was used for the nonlocal correction to a purely local treat-
substituted systems show th&tdecreases more rapidly with ment of the exchange-correlation potential and energy. The
the substitution levex and vanishes at=~0.08. In fact, the single-particle Kohn-Sham equatidhsvere solved using the
replacement of V with Cr and Mn results in the change ofplane-wave-based Viennab initio simulation program
hybridization betweerd bands, while substitution on the (VASP) developed at the Institut fur Material Physik of the
sites of nonmagnetic ligand atoms simply varies the conducdniversitat Wiertt’ The interactions between the ions and
tion electron density. Therefore, as compared with thes&alence electrons are described by the projector augmented-
cases, we believe that both mechanisms play different rolesyave (PAW) method® in the implementation of Kresse and
for stabilizing the high¥ L2, structure of FgVSi.

From the recent band structure calculations ogVSg,33
we notice that Fe has a peak near the Fermi level density of
states(DOS) which splits from the cubic structure to the
tetragonal one. Such behavior is quite similar to that found in - TaBLE |I. The changes in total energy of the paramagnetic
the Heusler alloy, NMnGa! in which Ni has a peak near cypic phase and the antiferromagnetic tetragonal phase in unit of
the Fermi level and the peak in the cubic phase splits aglectron-volts for the cells containing 8 Fe atoms.
transforming to the tetragonal structure. Other isostructural
systems, e.g., GblbSn and NiFeGa?'-*3also exhibit simi-
lar tendency from the high-temperatur2, phase to the low-
temperature orthorhombic structure. The splitting behavior.

LA B L R B LR R
50 100 150 200 250 300
T(K)

F. Phase diagram and calculated density of states of
Fe,VSip_Al,

% of Al 0 6.25 12.5 25
EcurEtetra 0.32 0.27 0.22 0.14
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FIG. 8. Total density of states for paramagnéliét panelg and antiferromagnetic phaseght panels of Fe,VSi;Al,. The Fermi level
is indicated by a vertical broken line.

Joubert®® The numbers of treated valence electrons are 8, Syalues* of the tetragonal phase are 0.5685 nm #o&and
4, and 3 for Fe, V, Si, and Al atoms, respectively. The energy.988 forc/a ratio. The Monkhost-Pack parameteggs9 9
cutoff for the plane-wave basis is 270 eV in all calculations.were used for the unit cells which consist of 8 Fe atoms 4 V
The Monkhorst-Pack method of samplin points is used atoms and 4 Si atoms whild3 13 13 were used in calcu-
for the Brillouin-zone integration. lating the density of states. The same densitk-point sets
The calculated lattice constan) for the cubic FgVSi was used in the calculations of larger unit cells with Al dop-
is 0.561 nm and that for the tetragonal phase is 0.568 nring. The calculated local moment for Fe in the tetragonal
with 0.97 for the value ofc/a ratio; the experimental FeVSi was found to be 0.794;.
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All doping systems are simulated by supercells and the I[V. CONCLUSIONS
percent of Al doping investigated in the present study in-
cludes 6.25, 12.5, 25, and 50, i.e., the largest cell used is |n summary, structural, thermal, as well as transport prop-
Fe3,V16SiisAl. Relaxation processes for atoms were accomeerties in the Heusler-type compounds,¥8i;_Al, were
plished by moving atoms to the positions at which all atomicsydied. Pronounced anomalies associated with structural
forces are smaller than 0.2 eV/nm and the cell di.mensionﬁhase transition were observed with:0.25. Experimental
were also allowed to relax. The calculated energy differencegaia can be interpreted coherently with those obtained from

are listed in Table Il. In the case of 50% doping, i.e. . ; ; ; :
X L ' 'ab initio calculations. Both yield a possible disappearance of
F&VSigsAlos the initial tetragonal phase was found 10 be-y, o gy ctural transition beyond a critical concentratign

come almost cubic after relaxation with tiny energy differ- =~0.25, indicating that the replacement of Si with Al stabi-

ence from the cubic phase. The phase transition is thus &%>es the cubic phase of RéSi. The conclusions made in

pected to be completed by 50% doping. : . - i
In Fig. 8, we presented the calculated DOS for theth's study provide a significant understanding to the struc-

Fe,VSi,_ Al system withx=0, 0.125, and 0.25. The results tural phase transition in KF¥Si, and should be relevant to
of the paramagnetic and antiferromagnetic phases are illu&ther Heusler compounds that undergo a cuflg to a te-
trated in the left and right panels of Fig. 8, respectively. It jstragonal or orthorhombic structure transition.

found that the DOSs are very similar for the cubic structure

while the benefit of a split shoulder near the Fermi energy for
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