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SrFe0, o5 A helical antiferromagnet with large magnetoresistance
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Resistivity, magnetoresistance, and $dbauer effect of metallic spiral antiferromagnet Sri-g®ave been
examined in the temperature range 4.5—-300 K. A large negative magnetoresistance below 50 K is observed.
We find hysteresis in resistivity in 0 dr® T due to the coexistence of antiferromagnetic and paramagnetic
domains in the temperature region 50—80 K. Our result shows two contributions to magnetoresistance: one
below 50 K that is due to helical-conical spin transformation and another cl@gettaat is due to reduced spin
fluctuation under magnetic field.
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Colossal magnetoresistan@EMR)—a huge decrease in parallel to a111] direction and does not show a cooperative
resistance in response to a magnetic field—has recently bedahn—Teller distortion down to 4.2 KThe absence of Jahn—
observed in manganese oxide with perovskite structure. Thigeller distortion in this high spin @' state was explained by
effect has attracted considerable interest from both fundahigh electrical conductivity where the| orbitals are broad-
mental and practical points of vielBut the criteria for ened into an itinerant electronic conduction band. The low

achieving(and hence optimizingCMR s not clear, present- electron density at the iron nucleus observed by thessvio

ing a challenge for materials scientists. The accepted descrifi’-auer spectroscopyas well as molecular orbital calculation

tion of ferromagnetic and metallic behavior in the manganit and analysis of photoelectron spectra, which is also evidence
>Iromag . ., 9NNt Fétisin a high-spin state, elucidate a strong covalency
perovskite invokes the “double-exchange” mechanism,i, gireq On the other hand, for oxygen deficient com-
whereby ferromagnetic coupling between localized Mp  pounds of SrFeQ ;, the Neel temperature decreases from
spins is mediated by the hopping ef electrons: Further- 134 K for §=0 to 80 K for =0.16 and the electrical con-
more, recent theoretical and experimental evidence indicatetuctivity changes with increasing from metallic to semi-
that the important feature of the manganites is the competieonducting with an activation energy increasing up to 0.08
tion between double-exchange ferromagnetism and anotheV for §=0.16™ Although this particular compound has
instability associated with electron-lattice coupling, partially been well studied by Mssbauer spectroscopy, magnetiza-
the Jahn-Teller-type, leading {dT) polaron formatiors  tion, and neutron dlffrac'glon te(_:hnque_c‘:Z.fL Wlth_unfortu-
Most recently, Ueharat al® have shown that the instability ngtely, seve(al contradictions still subsist, leading to confu-
relevant for colossal magnetoresistance is a static chargt?lon regarding the nature of thed3electron. These

. . : .~ . Yconflicting results may be traced back to the great sensitivity
ordered(CO) state with a particular modulation, resulting in of the magnetic properties to the oxygen substoichiometry.

the large-scale coexistence of this CO phase with a ferrorygre is, to our knowledge, no data reported on magnetore-
magnetic(FM) metallic phase. Large magnetoresistance hagjstance of Fe-based perovskites. Here we report the exis-
also been found in Ln ,A,Co0;_5, Where Ln=Y or La  tence of a large magnetoresistance effect in the Fe-based
and A=Pb, Ca, Sr, or B4.The magnetoresistance of the perovskites SrFeQs—that does not possess distortion-
Co-containing samples increases as the size of the alkaliiaducing ions such as manganese or cobalt. The realization
earth ions increase, in sharp contrast with Mn-containingof CMR in Fe-based compounds having the perovskite struc-
compounds, in which the magnetoresistance effect increasésre should open up a vast range of materials for the further
as the size of the alkaline earth ion decreases. The questi@xploration and exploitation of this effect.
arises whether these effect are unique to Mn- and Co-based Polycrystalline samples of SrFgeO; were synthesized by
perovskite oxides or can be found in other Fe-based perowdirect solid state reaction of SrGGand FgO; mixed in
skite materials. stoichiometric molar proportions. The preparation will be de-
The FéIV) perovskite SrFe@has long been known as a scribed in greater detail elsewhéfeAnalysis for available
conducting antiferromagnet with a magnetic transition tem-oxygen using redox titration which led to the composition
perature of 134 K and resistivity of about 700 cm.”® It SrFeQ 5 The oxygen deficiency<0.05 is consistent with
has a proper screw spin structure with the propagation vectahe data of the composition dependence of thelNempera-
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find a strong deviation of ~%(T) from Curie—Weiss law in
the temperature range between 107—-200 K. This deviation
&° from Curie—Weiss law can be caused by the presence of
ferromagnetic clusters in the paramagnetic phase or by spin
fluctuation effects. If it is due to the ferromagnetic clusters,
the field dependence of magnetizatigl) should show a
nonlinear increase with magnetic fidij but we see a linear
M(H) behavior upa 5 T asshow in the 150 K data inset of
Fig. 1. Hence, the observed deviation from Curie—Weiss law
is caused by spin fluctuation effect. We also see a weak
feature iny ! at 65 K whose origin is will be clear after
0123 435 presenting the Mssbauer resuliM at low temperature shows
H ( kOe ) Ly . . . .
0.0 i ] ! | 1 arapid increase at low fieldsee 5 K data in the inset of Fig.
0 50 100 150 200 250 300 1) and increases without saturation up to 5 T. The low field
rise of M is also seen in helical antiferromagnets MiiSef.
Temperature ( K ) 12) and is caused by domain rotation.
Figure 2 shows the Mssbauer spectra at different tem-
FIG. 1. Inverse ac susceptibility of SrFe@measured in 3 G as peratures. The main six lines pattern at 4.5 K is due to the
a function of temperature. Inset: magnetization of S.g@s a  magnetic F&" ion in high-spin localized state H;
function of field at several temperatures. =32.6T) and the small sextet with;=43.5T corresponds
to the magnetic F& ion, while the raw data in these figures
ture obtained by MacChesnegt all® The resistivity of are shown by dots, computer generated curves are shown by
samples as a function of magnetic figfterpendicular to the  lines. The relative intensity of these ¥eand Fé" sites
probing currentand temperature was measured by the fourconfirms the oxygen content,@ At 50 K, the magnetic
probe method, using physical properties measurement sysextet of F&' site is also evidenced, but the small contribu-
tem (PPMS with a superconducting 9-T magnet. Magnetic tion of Fe" is nonobservable. On the spectrum at 80 K, in
properties were measured using dc and ac SQUID systemddition to magnetic F¢ site, we see a contribution of para-
with the maximum magnetic field of 5 T. Msbauer absorp- magnetic F&" % jon. Its isomer shift value (1S0.13 mm/s)
tion powder spectra were recorded at various temperaturds intermediate between those generally expected for high-
using a conventional spectrometer with®4Co/Rh source. spin localized F& and F&*. An estimate of the relative
Isomer shift values are quoted relative to metallide at number of magnetic P& to paramagnetic Pé ° by compar-
293 K. Powder x-ray diffraction analysis showed that theing the area under the absorption peaks gave a good agree-
produced samples are single phase, and the crystal structureent with that using the peak values of absorption, which
at room temperature exhibits cubic perovskite symmetrynay more readily be affected by line broadening. The esti-
with lattice constana=3.852 A. Electron microscopy spec- mate gave, for example, 72% of magnetié¢ Fsite and 28%
tra showed that the underlying sample is absolutely homogesf paramagnetic Fé ° ion. At 293 K, besides the Fé com-
neous with a very weak oxygen deficient ordering. ponent which is paramagnetic, we observe also this interme-
Figure 1 shows the temperature dependence of the inverskate valence Fe ° site with the same IS and intensity val-
susceptibility ). The minimum iny ! at 107 K is as- ues at 80 K. Table | summarizes our bbauer data. In
sociated with the onset of helical antiferromagnetisive  order to show clearly the origin of the weak featureyin®
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FIG. 2. Mossbauer spectra of
SrFeQ o5 as a function of tem-
perature.
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TABLE I. Isomer shift(IS), quadrupole shift2¢), quadrupole splittingQ9), hyperfine field H;), and
relative intensity(%) of iron site observed iR’Fe Mosshauer spectra of SrFeQ; at 4.5, 50, 60, 65, 70, 80,
and 293 K, respectively.

Iron IS (+0.02 2¢ =0.02 mm/s or Q§=+0.02
T (K) site mm/9 mm/9 for paramagnetic site Hf (£0.17T) % (*5)
45 Fé* 0.16 0 32.6 92
Fet 0.39 -0.20 43.5 8
50 Fet 0.16 0 31.1 100
60 Fét 0.16 0 30.8 100
65 Fér 0.16 0 30.2 100
70 Fé* 0.15 0 29.6 88
Feto 0.13 0 Paramagnetic 12
80 Fé* 0.14 0 28.3 72
Feitd 0.13 0 Paramagnetic 28
293 Fé* 0.06 0 Paramagnetic 76
Feto 0.13 0.57 Paramagnetic 24
around 65 K, we performed more precise $dbauer experi- —p(0))/p(0)] on the right-hand scalg(0) shows metallic-

ments in this critical temperature region. The peakst ke behavior ¢lp/dT>0) in the temperature range 300—107
show herg assigned to paramagnetic¥é on the spectrum K| a rapid decrease just beloV and finally an upturn oc-
at 80 K are considerably broader and weaker but definitelyuring around 25 K while cooling. We find hysteresispiin
identifiable at 70 K. They decrease with decrease temperahe temperature range over 25—-80 K between cooling and
tures and disappear around 65 K. While the hyperfine fieldgvarming. A large decrease in resistivity undg T occurs
associated with magnetic Fepeaks, as shown in Table I, pelow 50 K. AsT increases MR decreases nearly to zero in
show smooth decrease in the value on cooling around 65 Ksetween 90-100 K and show a small peak arodngd
The change of isomer shift at this temperature region is rela= 104 K(< Ty=107 K). Small negative MR is also found up
tively small (Table ). The slight fluctuation of hyperfine to 300 K. Figure 4 shows the field dependence of MR. At 20
field (see the data in Tablg between 50—80 K does not K MR remains constant (MRO) up toH=3.8 T and shows
allow clearly to see any abrupt change of the angle betweesmooth increase in the value #b increases further. The
the magnetic moment of neighboritg, spins in this helical  value of MR @ 9 T is 12%, slightly lower than the value got
magnet with noncolinear spin configuration around 65 K.from isofield temperature scan in Fig. 3. Asis reduced to
The Massbauer analysis results and the oxygen contggs O 0 T, we find MR remains nearly unchanged as seen in
lead t06=0.6. La, ,SK,CoOy(x<0.07) 2 The hysteresis in MR decreases
Figure 3 shows the resistivity) underH=0 and 9 T on  with increasing temperature, and we find MR is quadratic
left-hand scale and magnetoresistand®R=(p(H)  with H at 150 K, in the spin fluctuation region aboVg.

7 18 150 K
’ 1.00
€ ° \
] - ~ 0.96 -
c ) a - 60K
? ot - i
=
N = T o092f N
Q. Q
B - 20K
0.88 |-
0 50 100 150 200 250 300 : . : '
0 20 40 60 80
Temperature ( K
P (K) H ( kOe )
FIG. 3. Temperature dependence of resistiyiyl’) in applied
field of 0 ard 9 T for SrFeQgs Also shown is the MRIMR FIG. 4. Resistivity, normalized to the valuekit=0, versus field
=(p(0)—p(9 T))/p(0)x100]. for SrFeQ o5 at several temperatures.
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Now we try to understand the observed electrical and 5.0
magnetic transport behaviors. The observed thermal evolu ) 0T
tion of p(0T) is closely connected with the subtle variation \
in Fe**/Fe** ratio and magnetic nature of these ions as found __ 4.8 | N
in Mossbauer study. The null quadrupolar electric interac- £ 5T
tions of Fé' ions from 300 K downd 4 K suggests that © 46 77T
(FE"0g)® octahedra are not statically distorted. However, &G
paramagnetic domains consisting mainly of F&ions with 2
isomer shift 1SS0.13mm/s and relative intensity of about «= 44
25% remains down to 70 K and disappear at 65 K as oul =<
Mossbauer results show in Table I. This*F& electronic 4.2+
configuration is due to the electron delocalization betweer
Fe** and F&". The Massbauer data between 80 and 50 K | | L | |
clearly show that these paramagnetic domains vanish aroun 4.0
65 K, and thus the weak feature around this temperature i 25 3.0 3.5 4.0 4.5 5.0
connected with the disappearance of Feparamagnetic do- 1/2 1/2
mains when the temperature decreases 65 K). Electrical T (K )
conduction in SrFe@mainly occurs in ther* narrow band
of e, parentage Whileegg electrons in™* band are localized.
At 300 K, e, electrons inoc* band are itinerant as suggested
by the low value of resistivity f300=6.7x 10 3 cm) and
Mossbauer data. AF lowers to Ty=107K, interatomic tering (onag. The second terrmT? is due to electron-
Hund’s coupling polarizes the* conduction band. Ferro- electron interactions. Our fit shown in Fig. 5 suggests that
magnetic spin alignment (ﬁg electrons in ther* band en- While e-e interaction is not affected by magnetic field, a
hances carrier mobility and hengedecreases rapidly just large decrease ipy occurs. Such a change g is caused by
below Ty=107 K. Hund's coupling can also ferromagneti- decrease impmaq with increasedH. In a helical magnet, spin
cally align the localized3; spins at each Fe sites, but anti- configurations can influencgm,g by changing from helical

ferromagnetic tgg-O:ZPW-tgg superexchange  interaction to conical, conical to fan and finally to ferromagnetic align-

o , . . . ment as the field increas&sOur magnetization datén the
compet(_eshvt\)nth ':; The resultts_c|s ;[:r;e hlgrtlcala?]%n rslgutCtt'];ea\r'\g;?pset of Fig. 2 at 5 K suggest that ferromagnetism is not
near-neignbor ferromagnet upt 9415 X 15 achieved even at 5 T. The linear increaseMbis possibly
neighbor antiferromagnetic couplifd**® Oda et al

; connected with the transition from helical to conical. The
shown that the angle between the magnetic moments Qihange of spin structure withl reduces the scattering of

nearest-neighboring Fe ions increase from 42F\ato 47° at eg-electron, causing the observed negative magnetoresis-
4.2 Kin SrFeQ 4o The propagation vectdp was also found  tance. Similar behavior of MR is also observed in metallic
to show smooth increase from 0.Ef8at Ty to a constant helical antiferromagnet MnSf The observed hysteresis in
0.13m* (a*=2m/a,) below 50 K® It is likely that such MR while reducingH from the highest value suggests very
changes imQ, equivalent to bond angle between the nearesslow relaxation of spins from conical to helical magnetic
Fe moments, also occur in our sample below 50 K as sugstructure. Such hysteresis in MR was also seen in
gested by a sudden change in magnetoresistance above 50K, _,Sr,CoO;(x<0.07) X* Nd,Ca MnO;_5,** and re-

that we will see later. Our analysis of the resistivity datacently it has been confirmed by magnetization
interms of known mechanisms is complicated by the fact thateasuremeft'° that slow lattice relaxation also accompa-
different samples from the same batghepared under same nies spin relaxation. It is likely that similar magnetic elastic
conditiong showed different temperature dependence,of relaxation effects are present in our sample. ABicrease
particularly nonlineam(T) behavior abovely and magni- above 40 K, contribution of MR from helical to conical
tude of the resistivity drop belowy . This observation, per- transformation of spin also decreases repidly for two differ-
haps, reflects the differences in oxygen vacancies distribuent reasons: unded=0T, there is a variation in angle
tion. However, all our samples showed metalliclildp(dT  between the mements of nearest-neighbor Fe ions above 50
>0) resistivity behavior abov&y, hysteresis irp over cer-  K;'? also, paramagnetic &’ domains intervene the mag-
tain temperature range belofy and a resistivity minimum  netic ordering. These changes in zero field consequently af-
below 50 K. A low temperature resistivity minimum is found fect the value of magnetoresistance which decrease from
in several metallic oxidé§ whose origin vary from electron- 15% at 50 K to nearly zero at 100 K. Asapproaches ty,,
electron €-e) interaction, weak localization effects to spin- a new contribution to MR occurs. This contribution which
state transitiort! Our resistivity data at low temperature, be- peaks aroundy is caused by the partial suppression of spin
low the resistivity minimum can be fitted nicely fo=p, fluctuation as seen in Mn3f.

—mTY2 for different values of applied magnetic field as  In conclusion, we have studied the resistivity, magnetore-
shown in Fig. 5. The first termy= pimy+ pmag CONtaiNs con-  sistance, and Mesbauer effect in metallic spinel antiferro-
tribution from impurity scatteringd;y,,) and magnetic scat- magnetic SrFe@ys in the temperature range from 4.5-300

9T

FIG. 5. Resistivity vsT*? in magnetic field between 0 and 9 T,
as labeled, for SrFeQs
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