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Abstract

Polycrystalline SfFe,AlL,M0Og samples have been prepared by solid-state readflagnetic measurements
show that this substitution induces a significarpdin the Curie temperature that correlates with Al concentration.
We show that the decrease in the Curie temperatitheincreasing Al concentration can be interpretederms of 3D
random site dilution. The magneto-resistance afdidpelium temperature and up to 12 T has beenunedsn the pure
compound where a magneto-resistance close to 30féomd, and the electronic spin polarization teested to be 65 %
at low temperatures.

Introduction

The ferromagnetic and metallic double perovskitd8BOg, has been the object of recent and extensivenasbacause
of potential spin-polarized electronics (Spintra)iapplications (Prinz 1998). The main compoun8riEeMoQ;, which
exhibits a high Curie temperature£ 400 K), a large magneto-resistance (~ 40 % at)land it is believed to show 100
% electronic spin polarization (Kobayastti al. 1998). Partial or complete substitutions on theBAand B’ sites is
proving to be useful in probing the exotic electcoand magnetic properties of these compounds.ekample, there
have been A site substitutions by other rare-darth such as Ba, Ca or even partial substitutich trivalent L&" that
leads to electronic doping (Navarbal. 2001; Navarreet al. 2001; Hemeret al. 2006). B’ site partial substitutions with
Re and W have also been reported (kihal. 1999; Fanget al. 2001; Linderet al. 2001). However, there are not many
reports of partial substitutions on the B sitdyiaki is probably because of the difficulty in ritak good quality
samples. There have been some reports where §bdem partially substituted onto the Fe siteSiFe «Mn,MoOg
(Moritomo et al. 2001; Fenget al. 2002; Jungpt al. 2002). It was found thdi and the saturation magnetizatiollg)
decrease systematically with increasing Mn conegiofn up tox ~ 0.7 where a sudden drop occurs. However, the
understanding is complicated by potential dopirfga$ because of the different Mn valence when @epwith the Fe
valence and because Mn has a magnetic moment. éndtiteresting substitution on the Fe siteMig#® that is
nonmagnetic but it is not an isoelectronic subtititu(Sheret al. 2005).

Al appears to be the best possible substitutionFerbecause it is non-magnetic and it should béseslectronic
substitution based on the Fe valence used in bandtwe calculations. For this reason, we havepgmed SiFe.
WALMoOg (0 x 0.3) samples and performed structural, transpattraagnetic measurements. We report our results in
this paper.

Materials and Methods

A series of polycrystalline gfe,,Al,MoOg (x = 0, 0.05, 0.1, 0.2 and 0.3) samples were prepayexblid-state reaction
from stoichiometric mixes of Sr(NJ, Fe&0s; MoO; and AI(NG;),6H,0 as described elsewhere (Hemetyal. 2006).
The phase composition and purity was determinech fxeray diffraction (XRD) measurements using Corkdiation.
Magnetization measurements were carried outgua Superconducting QUantum Interference i¢@sv (SQUID)
magnetometer. The magneto-resistance up to 12 T@nd to 4.2 K was measured using the four ternmmethod and a
superconducting magnet. Zero field nuclear magmesonance (ZFNMR) measurements were made usirgha pulse
sequence and d2 pulse width of 1 s for frequencies of 50 MHz to 70 MHz, which wase tlning range of the NMR
coil. The spectra were obtained using thentpoy-point method and using the spin-echokpkeight. The usual?
correction was applied.

Results and Discussion

XRD measurements (not shown) were preformed orihall SgFe ,Al,M0Og (x = 0, 0.05, 0.1, 0.2 and 0.3)
samples. All samples were single phase withinithi bf detectibility.
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The magnetizationyl in Bohr magnetons per formula
unit, g/f.u., has been measured from 10 K to 400 K
with an applied magnetic field of 0.01 T order

to determineT, for all the samples. For clarity, only
thex = 0 andx = 0.3 data are presented in Fig.1. The
results from measurements on all the samples
clearly show that th&, decreases systematically with
increasing Al concentration whefg= 400 + 5 K, 350
+5K, 325+ 10K, 305+ 10 K and 285 + 10 K for

0, 0.05, 0.1, 0.2 and 0.3 respectively (Hemeial.
submitted).

The inset to Fig. 1 shows the magnetization vetises
applied magnetic field at 10 K for tlxe= 0 andx = 0.3
samples. It can be seen that there are no largegeba
in the saturation moment with increasing Al
concentrationMs drops by only 0.39g/f.u. forx = 0.3
instead of the 0.78g/f.u (2.59w/f.u.” (1-0.3))that is

expected in a mean field model. It should be ntted o _
Fig.1. Magnetization versus temperature at 0.0brk & 0 (open circles) and

Lhe decrease in the T}agneflzatlor} IS dorﬂma]gg;\lbwig 0.3 (filled circles) in SFe ,Al,M0QOs. Inset: magnetization versus applied
ecause, as we show later from the Agnetic field at 10 K fox = 0 andx = 0.3.

measurements, the Mo change in the moment is
very small.

It is also important to consider the effect of Fe-lhti-site disorder (ASD) that can significanthaogeM; (Balcells et
al. 2001). We therefore measured the ASD using the X&tia and our model described previously (Henatrl. 2006).
We estimate values of 17 % foe= 0 and 20 % fox = 0.3. By using the relationshis = 4-9 ASD, we find that the drop
in Ms with increasing Al concentration is mainly duetb@ small increase in the ASD rather than the Alcemtration.
This leads to the surprising conclusion that theneenent does not significantly decrease, assuniaigthe Fe valence is
not affected by Al substitution. This may suggédstt tthe average Fe moment on the remaining Feisitesases with
increasing Al concentration or the anti-site digwrd not random.

T. is plotted in Fig. 2 for our Al substitutions afa Mn substituted samples reported in the liteatiMoritomoet al.
2001). The Al substituted samples hdyesalues that are close to the line expected in annfield model (solid line) as
well as a 3D Ising random site dilution model (uas curve). However, the data are above that eageacta S = 1/2 3D
Heisenberg random site dilution mode (dotted curVys, the Al substituted data can be accountetdyf@D random
site dilution without the need to consider othdeels (e.g. carrier doping). The Mn substitutedadate consistently
above the theoretical curves althouhgoes to zero close to the expected 3D percolatioeshold ofx = 0.69
(Kirkpatrick 1973). It is possible that there ateatronic doping effects or Mn is not being comelgtsubstituted onto
the Fe site. There is also the possibility that Mo-exchange needs to be considered.

The ZFNMR spectra are shown in Fig. 3. The full ZHRI spectra from measurements on the pure and efedvped
compound have already been presented by otherchses (Wojciket al. 2004). The main peak is believed to arise from
hyperfine coupling from the moment on the Mo site¢lte Mo nucleus (Kapus#t al. 2002; Zajacet al. 2004). Thus, the

resonance frequency can be writtenFas (g, /2p) A(m,,, / 1) where g, is the Mo nuclear gyromagnetic ratié, is
the hyperfine coupling constant, amnd|,, is the Mo moment. Note that there are 2 Mo isadopigh a non-zero nuclear
spin, Mo and®’Mo. Unfortunately, it is not possible to estimateand hence determin@,,,. However it can be seen in
Fig. 3 that the peak is larger forx = 0.2 and hence this implies a small ~1.1 % in@@asn,,, .
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Fig.2. T, versus thex-fraction for SgFe,_,Al,MoOg (filled circles) and SiFe,. Fig.3. Plot of the ZFNMR spectra at 10 K from,Bs_,Al,M0Os
xMn,MoQg (open circles) (Moritomet al. 2001). Also shown are curves fowith x= 0 (solid curve) and = 0.2 (dashed curve).

random site dilution in a mean field (solid curnv&, Ising (dashed curve), and

3D Heisenberg model (dotted curve).

The magneto-resistance (MR) of the pure compoursl been
measured at 4.2 K (a) and 300 K (b) and it is ptbth Fig. 4. The
data have been fitted to the model of Sereatel. (dashed curves)
where the MR is given by (Serrageal. 2005),

MR=Dr/r,=-P?m,(H)*/(1+P’my,(H)*)- aH" (1)
my,(H) = (- a/H*?) (2)

whereP is the degree of spin polarization of the carriegg(H)
is the reduced magnetization from a spin-glassidraundary
region, anda and & are fitting parameters. Serrageal. found
that their data could be modelled wiitr 1 near and below..
It can be seen from the dashed curve in Fig. th@)Eqgs. 1 and
2 provide a good fit to our data (note that thehddsand solid
curves are on the top of each other). Howevetgoferfields and
nearT, this model does not provide the best fit as casden
from Fig. 4(b).

We have shown previously that a similar model caruged to
obtain a better fit to the low field data (Hemetyal. in Press).
We used ang,(H) that increases at low fields and reduces to the
spin-glassnyy(H) at high fields where,

my,(H) =gtanhH /H,) +(A- g) - a/H"?) @)

From both models, we obtain a similar degree ofn spiig.4 Plot of the MR= -/ in % at (a) 4.2 K and (b) 300 K
polarization withP = 0.65 andP = 0.18 for 4.2 K and 300 Kagainst the applied field, B, for the pure compoBuFeMoG;.
respectively. In the spin-dependent tunnelling nedgn Also shown are fits to the data for the models efr&eet al.
resistance model for polycrystalline sampleB,=a1 and a 50 % (dashed curve) and our model (solid curve).
magneto-resistance is expected. The smaller vdlBaroour

Paper No. XXX 3



Australian Institute of Physics 17th National Congess 2006 — Brisbane, 3-8 December 2006
RiverPhys

sample could originate from a lo®w in the inter-grain region close to the grain aanies, spin-scattering from defect
states in the inter-grain region and inter-grairribathickness that are not optimized for spin-etegent tunnelling.

It is also interesting to mention that the MR data300 K in Fig. 4(b) shows a linear behavioursusrthe applied
magnetic field up to 12 T. A linear MR has beenersted in other compounds whdp is close to the measurement
temperature (Serrasd al. 2005; Maignaret al. 1999), which is in good agreement with our results

Conclusions

In conclusion, we find a systematic decreasg. with increasing partial Al substitution onto the §ite in polycrystalline
SrFe,Al,M00Os samples. We find that this decrease canatmounted for by 3D random site dilution. Hoer

the saturation magnetization is only a weak fumctbAl concentration after ASD affects and Al imgd changes in the
Mo moment have been considered. This is not exgeatel awaits theoretical interpretation. Magnegistance
measurements on the pure compound at higldsfiand down to 4.2 K showed a high degfeelectronic spin
polarization and a high magneto-resistance.
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