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Electronic structure and charge dynamics of the Heusler alloy F£TiSn probed
by infrared and optical spectroscopy
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We report on the electrodynamics of a Heusler alloyT#en probed over 4 decades in energy: from the far
infrared to the ultraviolet. Our results do not support the suggestion of Kondo-lattice behavior inferred from
specific-heat measurements. Instead, we find a conventional Drude-like response of free carriers, with two
additional absorption bands centered at around 0.1 and 0.87 eV. The latter feature can be interpreted as
excitations across a pseudogap, in accord with band-structure calculations.
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Fe, TiSn belongs to a large group of materials commonlyhave previously been characterized by x-ray diffraction, elec-
referred to as Heusler alloys with the general formxy Z,  trical resistivity, susceptibility, specific-heat, and XPS
whereX and are transition metals ardlis a nonmagnetic measurement¥. For IR measurements, the samples were
element. Heusler and closely related half-Heusleith the  mechanically polished until a mirrorlike surface was
formulaX2) alloys have been the subject of continued in-achieved. Near normal incidence, reflectaR¢e) was mea-
terest for almost 70 yeals:" A member of this family  gyred at UCSD in a broad frequency range 40—20 000'cm
Fe,VAI has recently attracted a lot of attention in .connectlon(%5 meV—2.5 eV) and temperature rangeom 10 K to
W'th po'ssmled—electro.n heavy fermiofiHF) behavior: The 300 K). To obtain the absolute values Bf w), the samples
resistivity of FeVAI displayed anomalous temperature de- were coatedin situ with gold or aluminum in an optical

pendence, and specific-heat measurements revealed an W
. . . fyostat and the spectrum of a metal-coated sample was used
trn in C,(T) resembling that of convention&electron HF s a reference. This procedure yields reliable absolute values
compounds. However when the specific-heat measurementflf R dd ' ? . y bi » for dif
were repeated in high magnetic field, they showed that th () and does not require ambiguous corrections for dif-
fuse reflectanc& The IR measurements were supplemented

up-turn was due to a Schottky anomaly arising from mag- " !
netic clusters, not the Kondo interactibA.number of band-  With ultraviolet reflectance measurements up to 100000

structure calculations yield only a minor massCM © (12 eV) performed at room temperature at ETH.
renormalizatior *°An infrared (IR) study reported recently ~ Figure 1 shows the reflectance of,feSn at several se-
for Fe,VAIl (Ref. 11 also finds no characteristic features of lected temperatures. The general shape of reflectance is me-
the HF state in the electrodynamic response of this comtallic, but the exact position of the plasma minimum is ob-
pound. scured because the free-carrier response overlaps with
Based on electrical resistivity and specific-heat measurdnterband transitions. The far-infrared reflectivityw (
ments, FgTiSn has also been speculated to be a HF metak 600 cm 1) decreases as temperature increases, a behavior
with the quasiparticle effective mass-e#40m,, wherem,is  typical for metallic systems. The midinfrared reflectance,
the free-electron masé:**Note, however, that the electronic however, shows a more complicated temperature depen-
contributiony to the specific heat,(T)=yT+ T3 isrela-  dence: in the range between 600—-3000 ¢mR(w) de-
tively small (12 mJ mol*K~2) compared with conven- creases with temperature. At higher frequencies (
tional HF metals. Moreover, a similar temperature depen=>3000 cm'), the spectra are temperature independent.
dence ofC,(T) in Fe,VAI had first been proposed to be The peaks at-250 cm*and~50000 cm* can be inter-
Kondo in origin, and then showed to be due to the Schottkypreted as an optically active phonon and an interband transi-
anomaly. Motivated by this unsettled issue we used IR andion, respectively.
optical spectroscopy to directly test the hypothesis of the HF The next step in data analysis is to perform a Kramers-
state in FgTiSn. Optical experiments are perfectly suited for Kronig transformation on the raw reflectivity data in order to
such a task because they probe both the intraband and inté¥btain the complex optical conductivityr(w)=o1(w)
band electronic excitations and have been successfully emrio,(w). For the low-frequency extrapolation we used
ployed in studies of-electron HF system¥.~18 a Hagen-Rubens formula, commonly employed for metals:
The polycrystalline samples of FESn were grown by R(w)=1—\2wpy./7, where py. is the dc resistivity.
arc melting under high-purity argon on a copper hearth andeveral other extrapolationfsuch as a straight line or
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FIG. 1. The reflectance data of AéSn at 10, 80, and 300 K.
The spectra show anomalous temperature dependence in the midit )
frared range.
0

R(w)~ w?] produced the same result in the region where the
data exist. A power-law extrapolatid®(») ~ w~* was used
for high frequencies.

Figure 2 shows the real part of the optical conductivity
o1(w). The spectra of EgiSn are characterized by a Drude-

Frequency [cm™"]

FIG. 3. Drude-Lorentz fits of the optical conductivity (w) at

like mode with a width of about 120 cit at 10 K and a 300, 80, and 10 K. As temperature decreases, the Drude peak nar-
rows, but its spectral weight appears to be conserved. The 7000-

broad peak centered around 7000 ¢n{0.87 eVj. As tem- L peak is onlv weakly temperature dependent
perature increases, the zero-energy peak broadens, whereas P y y temp P '
the peak at 7000 cnt displays almost n@ dependence. In isfactory results. We succeeded in accurately reproducing the

qrderl t[c)) qganLtlfy these c(;w}nglfs we If'rds.t empI[c))y g ConV:nZo dependence af;(w) at all temperatures with a set o
tional Drude-Lorentz model. Fits including a Drude mode| o ont; gscillators in addition to the Drude teffh:

and asingle Lorentzian at 7000 cm' failed to produce sat-
2

2 L2
Encray [meV] ow)= g g 3
10" 10 107 47 l—-iwr 4w =1 w2_w12+iij
6L I ' Fe 1liSn i The first term represents a Drude free-electron component,
> {0k | Wwherewi=4mne’/m* is the plasma frequencyn(is the
..... 80 K carrier density andn* is the carrier effective magand 1
---300K | is the carrier scattering rate. The last two terms in @yare
the Lorentzian oscillators centered@{, with the widthy;,
and plasma frequenay,; . The best fits for 300, 80, and 10
K are shown in Fig. 3 with gray lines; the three individual
components of Eq1) are shown with dashed lines. Table |
summarizes the fitting parameters. We emphasize here that
these parameters are unique, since no other values can repro-

duce the quality of the fits shown in Fig. 3.

c, [103 o’ cm'1]

TABLE I. Fitting parameters from Eq1), with all the values
given in the units of cm?.

0 MR | s s MR | s s MR |
10° 10° 10*
Frequency [cm ] w, Ur o % wp1 wj, V2 Op2

FIG. 2. The optical conductivity; (w) of FeTiSn is character- 10 K 7100 120 600 2000 12250 6800 21000 71700
ized by a narrow Drude mode and an interband transition at around80 K 7200 150 600 2000 12250 6800 21000 71700
7000 cmi'l. A strong peak at 250 cnit is an optically active pho- 300 K 6870 200 700 2000 14000 7000 21000 71700
non mode.
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T T on these findings one cannot interpret the 700 tipeaks as
T>T being due to excitations across the hybridization gap. Instead
T<T’ we speculate that it is a low-lying interband transition. A
similar feature has not been seen i, (Ref. 11); the
data for C@TiSn do not extend low enoudH.

The absolute value of the Drude plasma frequenagy
implies a carrier density as small as-5x 10?° cm™3, un-
der the assumptiom* =mg (m, is a free-electron mags
This value ofn is very similar to that found in both G®iSn
. (Ref. 27 and FgVAI (Refs. 11 and 2B It is striking that
even though the carrier density is essentially the same in
! ] Fe, TiSn and FgVAI, the former compound shows metallic,
\ whereas the latter displays an insulating temperature depen-
P O R S R dence on the dc resistivity. This indicates that localization

0.1 1 10 (probably due to disordgrplays an important role in the

w/2ZA charge dynamics. For F&Sn, we estimate the carrier mean

_ i _ free pathl=80 A at room temperature. Such a long mean
FIG. 4. Schematic behavior of the frequency-dependent Opt'cafree path signals that, unlike 5l (Ref. 28, the Boltz-

conductivityo;(w) in anf-electron HF system. Note that below T mann formalism should still hold for E&Sn.
both 1/ and v, of the Drude mode are strongly reduced. In addition to the free-electron DrEude component and a
low-lying transition at 700 cm?, the optical spectrum of
As can be seen, the scattering rate dfonotonically de-  Fg,Tisn exhibits another excitation at around 7000 ¢m
creases with decreasing temperature, whereas the plasma f(f:ig_ 3 and Table)l A similar peak at 7000 cimt has been
quency of the Drude complonent is essen_tial_ly temperaturgeen before in KAl (Ref. 11. This is not unexpected,
independent ¢,=7000_cm ). Such behavior is typical of 1,,\yever, as the band-structure calculations for both com-
conyentlonal metaﬁ' apd provides a strong argument pounds show that the bands around the Fermi level are pre-
against a HF state in K& Sn. Indeed the hallmark of the dominantly coming from Fel orbitals’~1%2In Fe,VAI, the
latter state is a strong increase mf below a temperature 7000 cni* peak has been interpretéd as being dué t0 exci-

T* characteristic of a given material. This is equivalent to A tions across a seudogiyThe band-structure calculations
drastic reduction of the oscillator strength of the Drude com-, P ’

ponent @S” 1/m*) (Refs. 14 and 15 which is not observed for Fe, TiSn (Rgfs. 12 and 2Phave also pre(_j|cted the exis-
in our data. tence of a partial gafpseudogapat the Fermi level of about

Additional evidence against a HF state in,FiSn comes 0.5 eV. Although the position of the peak in H&Sn does not

from the line-shape analysis of tiw(w,T) spectra. The HF exqctly agree with th_is predicted va_lue_, we believe that it can
behavior has been shown before to leave characteristic fie Interpreted as being due to excitations across such a gap.
gerprints in the optical spectra of such systeRefs. 14,15 Namely, the magnitude of the gap has been shown before to
and 24. Within a so-called hybridization scenario, hybridiza- dépend strongly on atomic disordérwhich is difficult to
tion between free carriers and localizeelectrons leads to a control during sample growth.
gap in the density of states that develops below the tempera- In conclusion, our IR results do not support the notion
ture T* . Excitations across this hybridization gap, in additionthat the Kondo interaction plays a dominant role in the
to intraband absorption, give rise to the optical conductivitycharge dynamics of K&iSn. We find that the effective mass
o,(w) schematically shown in Fig. 4. At high temperaturesof free carriers is essentially temperature independent. By
(T>T*), the conductivity of many HF systems follows a analogy with FgVAI, we suggest that the apparent mass en-
simple Drude respon&!>?4(thin solid line in Fig. 4. At  hancement at low temperatures is due to a Schottky anomaly
T<T* two processes occur simultaneousli) the width of  arising from magnetic clusters. The latter effect can also ex-
the Drude mode is collapsing so thatri«<1/7;, and(2) a  plain the anomalous temperature dependence of specific heat
finite frequency peak due to excitations across the hybridizaand dc resistivity at low temperatures. The free-electron con-
tion gap appears. The latter contributiona@(w) shown in  tribution to the optical conductivity of F&iSn appears to be
Fig. 4 was calculated within a BCS model with coherenceconventional Drude-like, with a small carrier density and a
factors of type I(Refs. 15 and 26 o relatively long mean free path. The interband transition at
The o,(w) data of FgTiSn (Fig. 3 look qualitatively 7000 cni! can be interpreted as excitations across a

similar to the m_odel spectra of Fig. 4: fch_ere is a Drude mOdef)seudogap predicted in band-structure calculations.
that narrows with temperature and a finite frequency peak at

around 700-cm?. However, it appears that the temperature We thank E.J. Singley for useful discussions. The research
dependence of the latter excitation is completely uncorreat UCSD was supported by the U.S. Department of Energy
lated with the Drude mode. Unlike HF systems, the spectralinder Grant No. DOE-FG03-86ER-45230 and the U.S. Na-
weight of the finite frequency peak,, decreasesslightly  tional Science Foundation under Grant No. DR-98-75-980
when lowering the temperatut@able ). Therefore, based and the Research Corporation.
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