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Abstract 

Polycrystalline Sr2Fe1-xAl xMoO6 samples have been prepared by solid-state reaction. Magnetic measurements 
show that this substitution induces a significant drop in the Curie temperature that correlates with the Al concentration. 
We show that the decrease in the Curie temperature with increasing Al concentration can be interpreted in terms of 3D 
random site dilution. The magneto-resistance at liquid helium temperature and up to 12 T has been measured in the pure 
compound where a magneto-resistance close to 30 % is found, and the electronic spin polarization is estimated to be 65 % 
at low temperatures.  

 
Introduction  
The ferromagnetic and metallic double perovskite, A2BB’O6, has been the object of recent and extensive research because 
of potential spin-polarized electronics (Spintronics) applications (Prinz 1998). The main compound is Sr2FeMoO6, which 
exhibits a high Curie temperature (Tc~ 400 K), a large magneto-resistance (~ 40 % at 10 K) and it is believed to show 100 
% electronic spin polarization (Kobayashi et al. 1998). Partial or complete substitutions on the A, B and B’ sites is 
proving to be useful in probing the exotic electronic and magnetic properties of these compounds. For example, there 
have been A site substitutions by other rare-earth ions such as Ba, Ca or even partial substitution with trivalent La3+ that 
leads to electronic doping (Navarro et al. 2001; Navarro et al. 2001; Hemery et al. 2006). B’ site partial substitutions with 
Re and W have also been reported (Kim et al. 1999; Fang et al. 2001; Linden et al. 2001).  However, there are not many 
reports of partial substitutions on  the B  site, which  is probably because of  the difficulty in making good quality 
samples. There have been  some  reports where Mn has been partially  substituted onto  the Fe  site  in Sr2Fe1-xMnxMoO6 
(Moritomo et al. 2001; Feng et al. 2002;  Jung et al. 2002).  It was  found  that Tc and  the saturation magnetization  (Ms) 
decrease systematically with increasing Mn concentration up to x ~ 0.7 where a sudden drop occurs. However, the 
understanding is complicated by potential doping effects because of the different Mn valence when compared with the Fe 
valence and because Mn has a magnetic moment. Another  interesting  substitution  on  the Fe  site  is Mg2+  that  is  
nonmagnetic but it is not an isoelectronic substitution (Sher et al. 2005).   
  
Al appears to be the best possible substitution for Fe because it is non-magnetic and it should be an isoelectronic 
substitution based on the Fe valence used in band structure calculations. For this reason, we have prepared Sr2Fe1-

xAl xMoO6 (0 �  x �  0.3) samples and performed structural, transport and magnetic measurements. We report our results in 
this paper.  
 
Materials and Methods 
A series of polycrystalline Sr2Fe1-xAl xMoO6 (x = 0, 0.05, 0.1, 0.2 and 0.3) samples were prepared by solid-state reaction 
from stoichiometric mixes of Sr(NO3)2, Fe2O3, MoO3 and Al(NO3)26H2O as described elsewhere (Hemery et al. 2006). 
The phase composition and purity was determined from x-ray diffraction (XRD) measurements using Co K�  radiation. 
Magnetization  measurements  were  carried  out  using  a  Superconducting  QUantum  Interference  Devices  (SQUID) 
magnetometer. The magneto-resistance up to 12 T and down to 4.2 K was measured using the four terminal method and a 
superconducting magnet. Zero field nuclear magnetic resonance (ZFNMR) measurements were made using a Hahn pulse 
sequence and a � /2 pulse width of 1 � s for frequencies of 50 MHz to 70 MHz, which was the tuning range of the NMR 
coil.  The  spectra were  obtained  using  the  point-by-point method  and  using  the  spin-echo  peak  height. The usual � 2 
correction was applied.   
 
Results and Discussion 

XRD measurements (not shown) were preformed on all the Sr2Fe1-xAl xMoO6 (x = 0, 0.05, 0.1, 0.2 and 0.3) 
samples. All samples were single phase within the limit of detectibility.  
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The magnetization, M in Bohr magnetons per formula 
unit, � B/f.u., has been measured  from 10 K  to 400 K 
with  an  applied magnetic  field  of  0.01 T  in  order 
to determine Tc for all the samples. For clarity, only 
the x = 0 and x = 0.3 data are presented in Fig.1. The 
results from  measurements  on  all  the  samples 
clearly  show that the Tc decreases systematically with 
increasing Al concentration where Tc = 400 ± 5 K, 350 
± 5 K, 325 ± 10 K, 305 ± 10 K and 285 ± 10 K for x = 
0, 0.05, 0.1, 0.2 and 0.3 respectively (Hemery et al. 
submitted).  
  
The inset to Fig. 1 shows the magnetization versus the 
applied magnetic field at 10 K for the x = 0 and x = 0.3 
samples. It can be seen that there are no large changes 
in the saturation moment with increasing Al 
concentration. Ms drops by only 0.39 � B/f.u. for x = 0.3 
instead of the 0.78 � B/f.u (2.59µB/f.u.́ (1-0.3)) that  is 
expected in a mean field model. It should be noted that 
the decrease  in  the magnetization  is dominated by Fe 
because,  as  we  show  later  from  the  ZFNMR 
measurements,  the Mo  change  in  the moment  is 
very small.  
 

 
Fig.1. Magnetization versus temperature at 0.01 T for x = 0 (open circles) and 
x = 0.3 (filled circles) in Sr2Fe1-xAl xMoO6. Inset: magnetization versus applied 
magnetic field at 10 K for x = 0 and x = 0.3. 

It is also important to consider the effect of Fe-Mo anti-site disorder (ASD) that can significantly change Ms (Balcells et 
al. 2001). We therefore measured the ASD using the XRD data and our model described previously (Hemery et al. 2006). 
We estimate values of 17 % for x = 0 and 20 % for x = 0.3. By using the relationship Ms = 4-9́ ASD, we find that the drop 
in Ms with increasing Al concentration is mainly due to the small increase in the ASD rather than the Al concentration. 
This leads to the surprising conclusion that the Fe moment does not significantly decrease, assuming that the Fe valence is 
not affected by Al substitution. This may suggest that the average Fe moment on the remaining Fe sites increases with 
increasing Al concentration or the anti-site disorder is not random.  
 
Tc is plotted in Fig. 2 for our Al substitutions and for Mn substituted samples reported in the literature (Moritomo et al. 
2001). The Al substituted samples have Tc values that are close to the line expected in a mean field model (solid line) as 
well as a 3D Ising random site dilution model  (dashed curve). However, the data are above that expected in a S = 1/2 3D 
Heisenberg random site dilution mode (dotted curve). Thus, the Al substituted data can be accounted for by 3D random 
site dilution without the need to consider other effects (e.g. carrier doping). The Mn substituted data are consistently 
above the theoretical curves although Tc goes to zero close to the expected 3D percolation threshold of x = 0.69 
(Kirkpatrick 1973). It is possible that there are electronic doping effects or Mn is not being completely substituted onto 
the Fe site. There is also the possibility that Mn-Mo exchange needs to be considered.  
 
The ZFNMR spectra are shown in Fig. 3. The full ZFNMR spectra from measurements on the pure and electron doped 
compound have already been presented by other researchers (Wojcik et al. 2004). The main peak is believed to arise from 
hyperfine coupling from the moment on the Mo site to the Mo nucleus (Kapusta et al. 2002; Zajac et al. 2004). Thus, the 
resonance frequency can be written as )/()2/( BMon mAF mpg=  where ng  is the Mo nuclear gyromagnetic ratio, A  is 

the hyperfine coupling constant, and Mom  is the Mo moment. Note that there are 2 Mo isotopes with a non-zero nuclear 

spin, 95Mo and 97Mo. Unfortunately, it is not possible to estimate A  and hence determine Mom . However it can be seen in 

Fig. 3 that the peak F is larger for x = 0.2 and hence this implies a small ~1.1 % increase in Mom . 
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Fig.2. Tc versus the x-fraction for Sr2Fe1-xAl xMoO6 (filled circles) and Sr2Fe1-

xMnxMoO6 (open circles) (Moritomo et al. 2001). Also shown are curves for 
random site dilution in a mean field (solid curve), 3D Ising (dashed curve), and 
3D Heisenberg model (dotted curve).  

 
Fig.3. Plot of the ZFNMR spectra at 10 K from Sr2Fe1-xAl xMoO6 
with x = 0 (solid curve) and x = 0.2 (dashed curve). 

 
The magneto-resistance (MR) of the pure compound has been 
measured at 4.2 K (a) and 300 K (b) and it is plotted in Fig. 4. The 
data have been fitted to the model of Serrate et al. (dashed curves) 
where the MR is given by (Serrate et al. 2005),   

 
n

gbgb HHmPHmPMR arr -+-=D= ))(1/()(/ 2222
0  (1) 

)/1()( 2/1HaHmgb -=                                                         (2)  

                                          
where P is the degree of spin polarization of the carriers, mgb(H) 
is  the reduced magnetization from a spin-glass grain boundary 
region, and a and a  are fitting parameters. Serrate et al. found 
that their data could be modelled with n = 1 near and below Tc. 
It can be seen from the dashed curve in Fig. 4 (a) that Eqs. 1 and 
2 provide a good fit to our data (note that the dashed and solid 
curves are on the top of each other). However, for low fields and 
near Tc this model does not provide the best fit as can be seen 
from Fig. 4(b).  
  
We have shown previously that a similar model can be used to 
obtain a better fit to the low field data (Hemery et al. in Press). 
We used a mgb(H) that increases at low fields and reduces to the 
spin-glass mgb(H) at high fields where,  

 
)/)1(()/tanh()( 2/1

0 HaHHHmgb --+= gg                      (3) 

 
From both models, we obtain a similar degree of spin 
polarization with P = 0.65 and P = 0.18 for 4.2 K and 300 K 
respectively. In the spin-dependent tunnelling magneto-
resistance model for polycrystalline samples, a P = 1 and a 50 % 
magneto-resistance is expected. The smaller value of P in our  

 
Fig.4 Plot of the MR= –�� /�  in % at (a) 4.2 K and (b) 300 K 
against the applied field, B, for the pure compound Sr2FeMoO6. 
Also shown are fits to the data for the models of Serrate et al. 
(dashed curve) and our model (solid curve). 
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sample could originate from a low P  in the inter-grain region close to the grain boundaries, spin-scattering from defect 
states in the inter-grain region and inter-grain barrier thickness that are not optimized for spin-dependent tunnelling.  
  
It is also interesting to mention that the MR data at 300 K in Fig.  4(b) shows a linear behaviour versus the applied 
magnetic field up to 12 T. A linear MR has been observed in other compounds when Tc is close to the measurement 
temperature (Serrate et al. 2005; Maignan et al. 1999), which is in good agreement with our results.   
 
Conclusions 
In conclusion, we find a systematic decrease in Tc with increasing partial Al substitution onto the Fe site in polycrystalline 
Sr2Fe1-xAl xMoO6 samples. We  find  that  this  decrease  can  be  accounted  for  by  3D  random  site dilution. However, 
the saturation magnetization is only a weak function of Al concentration after ASD affects and Al induced changes in the 
Mo moment have been considered. This is not expected and awaits theoretical interpretation. Magneto-resistance 
measurements  on  the  pure  compound  at  high  fields  and  down  to  4.2  K  showed a  high  degree of  electronic spin 
polarization and a high magneto-resistance.  
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