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Magnetic phase diagram of cubic perovskites SrMp_,Fe, O4
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We combine the results of magnetic and transport measurements wisblsleer spectroscopy and room-
temperature diffraction data to construct the magnetic phase diagram of the family of cubic perovskite man-
ganites SrMp_,Fe,0O;. We have found antiferromagnetic ordering for lightly and heavily Fe-substituted ma-
terial, while intermediate substitution leads to spin-glass behavior. Near the, §f&Jg0; composition these
two types of ordering are found to coexist and affect one another. The spin-glass behavior may be caused by
competing ferro- and antiferromagnetic interactions amondMand observed Fé and F&" ions.
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[. INTRODUCTION behavior. This charge disproportionation phenomenon can
also be observed in Ga,SrFeQ;,* La; ,Sr,FeO;,* and
Perovskite manganite$AMnO;, have been studied in SrMn,_,FgO;_ 5.1
great detail during the past several years because of very In this study, we investigate polycrystalline
interesting magnetic and electronic properties resulting fron8rMn, _,Fe,0;. We have constructed the magnetic phase
competing charge, exchange, and phonon interactitmsu-  diagram for fully oxygenated samples. We observe an anti-
lating A-, C-, CE-, and G-type antiferromagneti¢éAFM),  ferromagnetic order for Fe contert<0.5 andx=0.9. For
metallic ferromagnetic, and charge or orbital ordering propintermediate Fe content 6sx<0.8 we observe a spin-glass
erties can be tuned over a wide range through the choice dfehavior with features characteristic of “ideal” three-
size and charge of th&-site cations which control the degree dimensional Ising spin glasses. Increasing the Fe content
of structural distortions and the formal valence of Mn. Re-leads to significant covalency effects, such as a decrease of
cently, increased interest has focused on the colossal magni&Sistivity and covalent shortening of the lattice parameter.
toresistive effect and the destruction of the charge orderin§Ve also observe Fé/Fe>" charge disproportionation in sto-
induced by substitutions on the Mn sfte. ichiometric SrMn _,F&Os.
From the point of view of competing interactions, the
stoichiometric SrMp_,FeO; system is interesting because
it should contain Mii* (t3,) and Fe* (t3,e;) ions. The Il. EXPERIMENTAL DETAILS

G-type AFM (Ty=233 K) and insulating SrMn©can be The samples were prepared using a two-step synthesis
obtained in a cubic perovskite form through a two-step synmethod developed for similar kinetically — stable
thesis proceduré although many previous studies focused perovskites® First, oxygen-deficient samples were prepared
on the hexagonal phase that is stable in aif at1440°C.  in argon atT=1300-1400°C for x<0.5 and in air at

We have recently shown that ti@&type AFM phase is pre- 1300 °C forx>0.5. The samples were then annealed in air
served for single-valent Mii in Sr;_,CaMnO; in the cu-  or O, at lower temperatures to achieve stoichiometric com-
bic, tetragonal, and orthorhombic crystal structv@g is  positions with respect to the oxygen content. High-pressure
suppressed by the bending of the Mn-O-Mn bond angle fronp, in the range of 140-600 bars was applied f5¢0.1.

180° and by the variance of the average size oftfsite ion  High-pressure annealing is essential to produce fully oxygen-
via changes in the Sr/Ca rafid’he other end member of the ated samples. The oxygen content in #e0.5 sample was
series, SrFeg is also a cubic perovskite with a helical AFM controlled within the range 2.86-3.00 by annealing the
structure  Ty=134K).° The low resistivity sample under partial pressure of oxygen betweer Hhd
(~10°Qcm) and metallic character when fully 600 bars on a thermobalance or in a high-pressure furnace.
oxygenated® was considered the reason for the absence ofhe samples annealed in the furnace were carefully weighed
the Jahn-Teller distortion and orbital ordering offFeDe-  pefore and after annealing and the oxygen content was de-
viations from oxygen stoichiometry in SrFgO; lead to a  termined from the mass difference. The ac susceptibility, dc
formation of several different oxygen-vacancy-ordered permagnetization, and resistivity were measured using a physi-
ovskite structures fos=1/8, 1/4, and 1/2.The substitution  cal property measurement system model 6@0antum De-

of Co for Fe yields a SrRe ,Co,0; compound, which is sign). X-ray-diffraction patterns were collected using a
ferromagnetic fox=0.2 with a large negative magnetoresis- Rigaku diffractometer. Powder neutron diffraction was per-
tance for 0G=x=<0.71° Several oxygen-deficient formed at the Intense Pulsed Neutron Source at Argonne Na-
SrMn,_,FgO;_5 compositions have recently been tional Laboratory. Both x-ray- and neutron-diffraction data
studied™ The orthorhombically distorted perovskite CakeO were refined using general structure analysis system soft-
compound was shown to undergo the charge separation teare. Typical diffraction patterns are presented in Fig. 1.
Fer (tgg) and Fé* (tggeé).12 The highly energetically Mossbauer measurements were performed in transmission
stable high-spin configuration was cited as a reason for thigeometry using 50-mCi"™Co in an Rh source kept at room
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FIG. 1. Diffraction patterns for SrMyFe, sO;. Crosses are ob-
served data points. The solid lines through the data are the Rietveld

refinement patterns. The solid lines below the diffraction patterns . .
represent the differences between the observed and calculated Nt Of the larger Fe ion substituted for Mn. The slope of the

tensities. The ticks at the bottom mark the peak positions. avs x dependence is smaller for largerwhich indicates the
increasing role of the covalency of the Fe-O bond. By study-
temperature and a krypton proportional detector. Thedng the structural data for samples with the oxygen content
samples measured & K and 293 K were placed in an ex- 3— ¢ (determined from the thermogravimetric analysise
change gas cryostat cooled with liquid helium. Silicon diodealso found that the lattice parametex, linearly increases
sensors allowed the control and stabilization of temperatur&ith decreasing oxygen content. For example, %e+0.5,
to within =0.1 K. the rate of this increase is 0.0@% A per oxygen atom in the
formula unit. Hence, we conclude that the difference of the
Il STRUCTURAL DATA lattice parameter between our results and those of Ref. 11 is
a result of different oxygen contents.
All synthesized samples were single phase with a primi-
tive cubic Pm-3m crystal structure. The structure can be IV. MAGNETIC PROPERTIES
simply described as a three-dimensional stacking of corner-
sharing (Mn,Fe)@ regular octahedra formed by six equiva- ~ The ac susceptibility for SrMn ,Fe,O; samples is pre-
lent randomly distributed Mn-O or Fe-O bonds. Figure 2sented in Fig. 3. Fox<0.5 andx=0.9, we observe tempera-
shows thea-axis lattice parameter for SrMn,FeO;. We  ture dependencies that are characteristic of antiferromagnetic
also present previous]y determined valuesadbr SrFeQ ma.t.eria.ls. For ngg 0.8 we also pbserved a cusp, which is
(Ref. 9 and SrMn_,Fe,O;_ s from Ref. 11. Thea-axis lat- @ signature of spin-glass behavior. From these results we
tice parameter systematically increases with increasing corlave determined Ne temperaturefdefined as the tempera-
tures for whichy(T) has a maximum slogeand the spin-
glass freezing temperatureB; (defined as the temperatures
where the susceptibility cusp reaches its maximufive also
observed additional magnetic properties that substantiate the
presence of the spin-glass state in our samples. These prop-
erties will be discussed in detail throughout this section. In-
verse susceptibility as a function of temperature is linear
aboveTy for x<<0.5 and its intersection with the horizontal
axis is negative, which points to antiferromagnetic interac-
. tions. y1(T) for higher Fe contents=0.5—-1 is curved
and its slope can be extrapolated either to a negative inter-
section when we analyze the temperature range just above
Ty, Or to a positive intersection when we take into account
higher temperatures. This behavior has been observed in
SrFeQ (Ref. 6 and is a result of the presence of both fer-
romagnetic and antiferromagnetic interactions in these mate-
FIG. 2. Lattice parametera for SrMn,_,FgO, samples rials.
(circles. Solid squares are plotted from Ref. 11 data. The values of Nel temperature and the spin-glass freez-

FIG. 3. ac susceptibility for SrMn ,Fe O; samples.
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FIG. 4. Phase diagram for SrMn,FeO;. Solid markers are
data points from Ref. 11.

ing temperature are collected in the phase diagram in Fig. 4.
Four distinct regions in the phase diagram are observed. F
x=0.2, only an antiferromagnetic phase is observed Wjth
decreasing ax increases. A decrease @f, has been ex-
plained for isoelectronic Ca and Ba lightly substituted in the
cubic perovskite SrMnQ* a result of theA-site size vari-
anceo?=3y;r’— (3y;r;)?, wherer; is the ionic size ang;

is the fractional occupancy of tha site® This parameter

describes the local variations of the Mn-O-Mn bond angle mity temperature” (I'm).le T..~36 K and is lower tharT; .

«rm decreases to zero a&,, with increasing temperature.
This sample shows a transition from the spin-glass state to
the paramagnetic state. The=0.5 sample, which undergoes
a_transition from spin glass to the antiferromagnetic state,

the cubic region that exist even when the average Mn—O—MrM
bond angle is equal to 180°. In the present case, the increa
of the Fe contenk increases thé-site size variance. This

effect changes the local variation of the Mn-O-Mn bond
angle even when the average structure is cubic and henc
leads to lowerTy . Additionally, different magnetid-site

; see Sec. VJlrandomly substituted for

4+ : . . C
Mn™" change the net exchange integral and introduce OIISOrup to Ty . This observation indicates substantial disorder in

ions (FE" or Fe*

Fe content x

der, which also lowerg .

For x=0.3—-0.5, we observed both antiferromagnetic or-
der and spin-glass behavior. Fawcettal’s results® are
shown in Fig. 4 for comparison. Fawcett al. also observed
both antiferromagnetism and spin glass in ¥¥1/3 andx
=1/2 samples. We have seen that for a given Fe contenE

FIG. 5. Zero-field-cooled Nl ;¢¢), field-cooled Mgc), and
thermoremanent,,,) magnetizations for SrMyyFe, 05 (dashed

lines) and SrMn JFe, {05 (solid lineg samples.

ig. 6(b).

when the oxygen content is increasifig, decreases ant;
increases. Therefore, the=1/2 oxygen-deficient sample

We have fitted the formuti

&ubsequently measured on cooling in the magnetic field. We
can observe a difference betwebh, - and Mg below a
certain temperature. This difference is typical for spin-glass
systems. Thermoremanent magnetizatibh,(,), which can

be observed after field cooling to a temperature belg\and
switching off the magnetic field, is also a manifestation of
the spin-glass behavior. The=0.8 sample shows this differ-
ence betweeM ;- and Mg below a certain “irreversibil-

Shows a significant difference betwedvi,-c and Mgc
aboveT;. In addition, the thermoremanent magnetization
can also be observed in the antiferromagnetic state abpve

the antiferromagnetic state for thiie= 0.5 sample. This phase
is analogous to the “random antiferromagnetic state” ob-
served in Mp_,Fe TiO5.1” Thermoremanent magnetization
exhibits a slow decay in time, which is shown in the inset to

= -B
shows highefTy, and lowerT;. Mirm=Mo @)
In the next region of the phase diagram, wheres(k6 to our experimental data and determined the param#igrs
<0.8, only the spin-glass behavior can be observed. Thé&he extrapolated to zero time magnetizajiamd the expo-
spin-glass freezing temperature is almost constant in this rexent 8, which describe the dynamics of spin glasses. Equa-
gion. This characteristic temperature is also nearly indepertion (1) satisfactorily describes the time dependence of the
dent of the oxygen content. The magnitude of the ac suscephermoremanent magnetization in nearly the entire time win-
tibility (see Fig. 3is the largest for th&=0.7 sample, which dow we span, except for short times 500 s where we can
indicates the largest effective magnetic moment for this comsee some negative deviations from this time dependence.
position. The last region is close to=1, where only anti- This formula, derived by Ogielski in Monte Carlo simula-
ferromagnetic order can be observed. tions, was used to describe the time decay of three-

The zero-field-cooled Nl ;) and field-cooled M) dimensional Ising spin glass&s,and also applied to
magnetizations, presented in Fig. 5 for0.5 andx=0.8, MngFe <Ti03,*° considered to be an “ideal” three-
were measured in the magnetic field of 1 k@&;rc was  dimensional short-range Ising spin g8 he temperature
measured on warming after cooling in a zero magnetic fieldlependence o, and 8 for x=0.5 andx=0.8 samples is
and switching the magnetic field on &=5 K. Mg was  presented in Fig. 6M, systematically decreases wilhfor
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FIG. 6. Parameters of time decay of the thermoremanent mag- FIG. 7. Temperature dependence of ac susceptibility for
netization for SrMg.Fe, O3 (open circles and SrMnp sFey 05 SrMny JFe, O3 (a) and SrMn Fe, 05 (b) at several frequencies.
(solid circles. The lines are a guide to the eye. The paramditys Inset shows the linear dependenceTgfon log frequency.

(@ and B (b) were determined from the fit usinil =Mt 7.
The inset to (b) shows the time dependence of,,, for = x=0.8 andx=0.5, respectively. These values are similar to

SrMn, JF& ¢03 and the fits of the above formula to the experimen- those observed for canonical spin glasses sudhdadn and
tal data. NiMn.20

both samples. It approaches zero at the irreversibility line for V. RESISTIVITY
the x=0.8 sample. For th&=0.5 sampleM, remains sub-
stantially nonzero abové; in the “random antiferromag-

netic state.” The paramete8, which is a measure of the ‘
is relatively low (~1 Qcm at room temperaturefor

relaxation rate, forx=0.8, increases withl up to T;,, . :

=36 K and rapidly drops above this temperature. The in-SrMn.Q” _and increases by over four orders of magnltude on
. . - , Substitution of 10% Fe for Mn. It reaches a maximum Xor

crease of3(T) is not exponential as expected for an “ideal

i alas<® Th q q s diff for the =0.1 and decreases with further Fe substitutjg(T.) shows
spin glass.” The '_B(T) ependence 1s di erent for t mostly semiconducting dependence. We were able to fully
=0.5 sample, which shows a maximumTat-0.5T; and a

subsequent decrease. This behavior may be a result of the

The temperature dependence of resistivity for
SrMn, _,Fe O; samples is presented in Fig. 8. The resistivity

7
presence of antiferromagnetic order in the spin-glass state, 10 il—(lal)llmI'II(I)_IQIII”gl'II\I/IIr{HI;(-JIBI:i
which inhibits the decay rate of the thermoremanent magne- 10°k w
tization. € 1035. ) 1
In Fig. 7, we present the ac susceptibility for PR : 2
SrMny JFey O3 and SrMp sFey 03 samples measured at g 10F 1
several frequencies in an ac magnetic field of constant am- < 10" o :

plitude H,.=14 Oe. One can observe a decrease of the ac
susceptibility belowT ; with increasing frequency, and a shift
of T; towards higher temperatures. This confirms that the
observed cusp in the ac susceptibility is related to spin-glass
behavio® For the x=0.8 sample, the ac susceptibility is
independent of frequency above (in the paramagnetic

statg. For thex=0.5 sample, a significant frequency depen- b b T

dence ofy can still be observed, which again points to a 10 0"';30'”1'06' '1'5'0' '2'0'0' '2'56' '3'0'0' '3'50

frustration of the antiferromagnetic state above the spin-glass T (K)

freezing temperature. The inset to Figaj7lshows the depen-

dence ofT; on log frequency. The linear fit td(log w) FIG. 8. Temperature dependence of resistivity for

gives relative temperature  shift vs  frequency SrMn, ,FeO; samples. The inset shows the calculated derivative
AT, /[T;A(log @)]=0.0147-0.008 and 0.01670.017 for E,/kg=d In(p)/d(1/T) for x=0.1—0.3.
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oxygenate SrFeQonly in the powder form under high pres- conductor that orders into a helical antiferromagnetic struc-
sure. This powder was used for magnetic, structural, anture at low temperatures due to the competition between fer-
Mossbauer measurements, but could not be used for resistitemagnetic nearest neighbors and antiferromagnetic next-
ity measurements. Polycrystalline pellets were synthesizediearest neighbofsAs seen in Fig. 9, SrFeQexhibits a set

but were slightly oxygen deficient. Therefore, these pellets obf sharp magnetically split line®.24-mm/s linewidth at 5
SrFeQ_ ; show a small increase of resistivity on decreasingKk. In the paramagnetic state at 293 K, the spectrum consists
temperature as seen in Fig. 8. Assuming thermally activatednly of a slightly broadened single lin@®.27-mm/s line-
resistivity, p=poexpE,/kgT), we estimated the activation width). Thus, Fe exists in only one valence statafré K to
energy for SrMp_,Fe0;. The inset to Fig. &) shows the room temperature. Charge balance suggests that §rFeO
calculated derivative E,/kg=d In(p)/d(L/T) for x=0.1  forms with iron in the+4 valence state. This is confirmed by
—0.3. We have found that calculated in this way/kg is  the measured isomer shift of 0.059 mm/s at 2930KL54
temperature dependefmot constant with respect to tempera- mm/s at 5 K. The low magnetic field of 327 kOe would also
ture as expected for the simple thermal activation conductioindicate that this material has a magnetic moment af 3
mode). The negative kinks, which are marked with arrows, rather than the expectedu4, but the low magnetic field
denoteTy . We also checked other models of conduction bymay be due to the nearly delocalized character of the electron
introducing a temperature-dependent prefactor to the formula the ey orbital of Fé* with comcomitant lowering of the
pTexd (To/T)P].#* The best description of our data can be net field by the polarized conduction electrons. The quadru-
obtained withs=8-9 for this formula. The physical mean- pole splitting for this material is nearly zero~(

ing of this value is not yet clear because this value is much-0.019 mm/sec) at 293 K, agreeing with the values reported
higher than that proposed in the framework of the existingn the literatureé®® This result indicates the absence of any
models (e.g., s=1/2 in Mott's variable range hopping extensive static Jahn-Teller distorted ReGctahedra even

modef? or s=1 in the small polaron mode). though high-spin F& is a likely candidate for a Jahn-Teller
ion due to the single electron in tieg orbital'® However, a
VI. MO SSBAUER SPECTROSCOPY dynamic Jahn-Teller effect is not ruled out. Due to the life-

time of the excited nuclear state, tA#e nucleus is sensitive

Stoichiometric SrMp_,Fg,03; samples were examined by to fluctuating environments that fluctuate on a time scale
applying Massbauer spectroscopy on thte isotope thatis longer than 10! sec. A fast dynamic Jahn-Teller effect
2% abundant in the material. Through a careful analysis ofvhere the electronic hopping is enhanced by the delocalized
the magnetic hyperfine field and the isomer shift,ssloauer  character of thee, electron could result in electric quadru-
spectroscopy provides a way of ascertaining whether iron igole fluctuation times that are too short for the Fe nuclei to
in different chemical or crystallographical environments, asdetect. Thus, the electric quadrupole interaction effectively
well as its valence state. High-spin¥e Fe&'*, and F&*  averages to near zero. Thus, the high-pressure synthesis tech-
have room-temperature isomer shifts in the range 0.1 to 0.thique appears to be successful in producing highly stoichio-
—0.2t0 0.2, and-0.8 to —0.9 mm/s, respectivelyrelative  metric compounds of metallic SrFg@nd is a sound tech-
to a-Fe) 2 There are fewer studies of the isomer shift for nique to produce stoichiometric samples of SiMgFe,Os.
Fe*; therefore it is less well understood. The magnetic hy- Measurements were made on SpMpFe,O; at various
perfine field is dominated by the Fermi contact interactiontemperatures to characterize the charge disproportionation
which gives rise to about 550 kOe for high-spirFénaving  properties of iron in the spin-glass, antiferromagnetic, and
a mean spin of 5/2 for thedelectrons. Thus, a general rule paramagnetic phases. Charge disproportionation has been
is that ~110 kOe corresponds te-1 Bohr magnetorfone  observed in the highly nonstoichiometric form of
unpaired electron These rules can substantially change dueSrMn, _,Fe,0;_ 5 as well as in CaFep'?® Charge balance
to covalency effects. Increasing the covalency between irowould dictate that the valence state of Fe shouldbg
and oxygen tends to produce lower isomer shifts, and reducgince Fe and Mn share the same crystallographic sites for
the effective number of unpaired electrons which leads tahe first material and Mn exists in only the4 valence
lower magnetic hyperfine fields. In a metallic material polar-staté?). What is usually observed is a two-site iron” #4e
ized conduction electrons also affect the magnitude of théauer spectrum indicating that Fe exists in two valence states
hyperfine field. rather than in a single, pure valence statet@f. The exis-

The parent compound, SrFgQds known to be a metallic tence of two different Fe valence states provides evidence for
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TABLE I. Hyperfine parameters deduced from $&bauer spectral;; is the mean magnetic hyperfine
field; ¢ is the effective quadrupole splittingjs is the isomer shift relative ta-Fe; I'; andI'; are the
linewidths of the inner and outer lines, respectively, in the spdatrd93 K, there is only a single lineand
Area is the relative area under each subspectra. The areas for the two charge states of Fg JReSt®in
are equal within statistical error.

Compound T Hets € 5 rs/mr, Area
(K) (kOe) (mm/9 (mm/9 (mm/9 (%)
SrMny F&, 03 5 480(1) —0.009(9) 0.436) 0.4/0.99 52
2791) —0.04(2) 0.081) 0.52/1.5 48
293 0.28%4) 0.35Q3) 0.39 48
0.2653) —0.059(3) 0.36 52
SrFeQ 5 3271) —0.001(1) 0.1541) 0.24 100
293 —0.02(4) 0.0591) 0.27 100

a charge disproportionation as follows: 2*FezFe*~ 9" tribution of different ions over the crysf[_allographic lattice
+F** 9% where 5 varies from 0 to 1 depending on the gives rise to the slight broadening of the 8&bauer lines in
covalency between iron and oxygen. the paramagnetic region. In addition, there are competing
We have observed the presence of charge disproportioierromagnetic and antiferromagnetic interactions in both the
ation in highly stoichiometric forms of SrMn,FeO;.  SPin-glass region and the antiferromagnetic reg&ince the
Thus, oxygen vacancies are not a factor in the charge dispr¢arent compound, SrFgDhas a helical antiferromagnetic
portionation propertiest As Mn was added to SrFeQthe structure. The much broader Mssbauer lines observed in
spectra revealed the presence of two distinct Fe sites havirf§e magnetically ordered regions for both the antiferromag-
different magnetic hyperfine fields and isomer shifts. Thenetic and spin-glass phasée outer linewidths were all
spectra for one of the samples, SrRe, -O;, are shown in ~ greater than 1 mm/sec over the whole temperature region in
Fig. 9 and the sample data is given in Table I. In this table, Fig. 10 are likely due to competing magnetic interactions
is the effective quadrupole splitting, which is definedeas between the transition-metal cations, “Pe Fe™®, and
=eQV,(3Xcof6—1)/4 in a magnetically ordered state and Mn*4. Since the materials under study have a random dis-
SzeQVZZjZ ina paramagnetic state, Wh@'@ is the nuclear tribution of Fe+3, Fe+5, and Mn+4 ions thrOUghOUt the lat-
quadrupole moment/,, is the z component of the electric- tice, different sizes and magnetic moments of these ions lead
field gradient tensor, and is the angle between thé,, axis 0 @ variation in the structural and magnetic environments
and Hor;. From this data the Fe ions appear to exist, inaround the Fe sites, resulting in the distribution of hyperfine
nearly equal proportions, in two valence states in the paraparameters observed in the Mossbauer spectra. Thus, as a
magnetic, antiferromagnetic, and spin-glass phdbgsex- ~ function of temperature and composition, from €x
amining the area under each Mibauer subspecjravin is ~ <0.9, there is a pronounced broadening of thesbtmuer
known to exist in a valence state close-td through x-ray-  linewidths in both the antiferromagnetic and spin-glass
absorption spectroscopy chemical shift measurements dphases. Fitting the spectra with a distribution of magnetic
nonstoichiometric compound$.Since Mn does not charge hyperfine fields, quadrupole splittings, and isomer shifts did
disproportionate, then, because the Fe sites occur in nearly
equal proportions, the Fe site having the largest magnetic
field (480 kOe at 5 K was assigned a3 valence state, and

600 ——— ————— 60

—T T
. O’.\ Fe*
o—®

i ;2'><:\ N .\.::>'<K‘. — 50

44
(=3
o

a +5 valence state was assigned to the other Fe site. The Fe fam W
site assigned at+3 valence state also has an isomer shift ) r "\‘fpem 1.2
(0.35 mm/sec at 293 Kthat lies near that expected for¥Fe 95 400:' — 3 40 >
(between 0.1 and 0.6 mm/s for a high-spin staféhis is 3 C Fe® 1.8
exactly what one would expect for fully oxygenated 300 :_oo\o o, ‘:30 5
SrMn, sFe, sO;—that the average valence state of Fe would 2 200: . ;obo D\:\ :20 §
be +4. 5 A E

The actual environment around each Fe atom is rather I% 100: g%oo‘o\::\] ] i

3 10

complicated. F&", Fe*, and Mrf* can all occupy the same L SMn. Fe O
site in this cubic perovskite. Thus, since each ion has a dif- C 08 08
ferent ionic size, there must be a disordered array &f Fe 00 T
Fet, and Mrf™ oxygen octahedra of differing sizes and
distortions throughout the lattice. It is worth noting that for
fully oxygenated samples the quadrupole splitting at room FIG. 10. Hyperfine field§open markersand the percentage of
temperature is smaller than that for nonstoichiometric dhes. Fé* and F&* (solid markers determined from Mesbauer spectra
This reflects a less distorted local environment, without oxyfor SrMn, sFe, <05. The spectra were fitted using a two-site Lorent-
gen vacancies, for the stoichiometric compositions. The diszian model.

P ] 0
100 150
Temperature (K)
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not reveal any clearly distinguishable characteristics between VIl. SUMMARY
the antiferromagnetic and spin-glass phases—there was a In summary, we have studied the cubic perovskite

significant amount of frustration in both phases arising froerMn FeO, (0=x=1) system. By ac susceptibility stud
1—x AT . -

the competing magr)etic interactions that also occur in_ bot.ri1es of fully oxygenated samples, we have constructed the
phases. However, since the spectra revealed two easily dig;agnetic phase diagram. We have found antiferromagnetic
tinguishable sites, the fits to the spectra were made using &qering for the lightly and heavily substituted material,
simple Lorentzian model which gives average hyperfine fieldyhjje intermediate substitution leads to spin-glass behavior.
values. The variation of the average magnetic hyperfine fielg|ose to the SrMgsFe, 05 composition these two types of
with temperature for SrMysFe, 505 is given in Fig. 10. Due  ordering coexist and affect one another. Byddbauer inves-

to the complicated nature of the magnetic interactions, thégations, we have observed the presence of charge dispro-
magnetization curves do not follow the typic&=5/2 orS  portionation of iron to nearly equal proportion of Feto

= 3/2 Brillouin curves. The equal proportion of Feto F€"  Fe* in stoichiometric SrMpgFe,0; and the single-

is nearly maintained over all temperatures. However, neavalence state of Fé in SrFeQ. The increase of Fe content,
the spin-glass/antiferromagnetic transition temperature, there is accompanied by stronger covalency of the Fe-O bond,
is a deviation from this behavior indicating the presence ofvhich leads to the shortening of this bond, a decrease of
more complex behavior. Three-site models have been appligé@sistivity, lower isomer shifts, and magnetic hyperfine fields.
to other materials where Fe charge disproportionates-i&o

and+5 valence states, such as injLaSr,FeQ,.2* However, ACKNOWLEDGMENTS
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