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Strontium Yttrium Molybdenum Oxide: Sr2YMoO6 

Theory 

Magnetic frustration in double perovskites has garnered 
significant interest, as there is strong potential for systematic 
investigation of frustration physics, due to the chemical 
versatility of the perovskite structure.  

 

We have successfully synthesized Ba2YbMoO6, 
Ba2LuMoO6, and Sr2YMoO6, using analogous techniques to 
those previously used for Ba2YMoO6

5.  
 

X-ray diffraction analysis shows that the double 
perovskites Ba2YbMoO6 and Ba2LuMoO6 exhibit cubic 
symmetry, while Sr2YMoO6 exhibits monoclinic symmetry, as 
expected from their Goldschmidt tolerance factors.  

 

Each sample was synthesized using a standard heating 
process under a reducing Ar/H2 atmosphere, to stabilize the 
desired Mo5+ (4d1) state.  

 

Ba2YbMoO6 and Ba2LuMoO6 were observed to have a 
few very small peaks that corresponded to forbidden FCC 
symmetry, suggesting a small level of cation displacement or 
oxygen non-stoichiometry. 

 

Attempts to synthesize several other double perovskites 
were unsuccessful, as determined by XRD measurements.  In 
some cases there was clear loss of volatile precursors, or 
unreacted precursors remained.  In some cases, it may be that 
no stable perovskite compound may be formed.    

 

However, there are a great variety of synthesis 
conditions possible, as both the temperature and atmosphere 
play a large role in determining the synthesis environment, 
and different combinations of precursors can be attempted. 
Changing these factors could result in a successful formation.  
Sol-gel methods could also be another route to synthesizing 
these perovskites, particularly when volatility at high 
temperatures is a concern. 

 

Further measurements on our successful samples 
include magnetic susceptibility, heat capacity, muon spin 
relaxation, and neutron scattering. These measurements will 
allow us to observe any potential phase transitions and 
magnetic behavior, enabling a fuller characterization of these 
specimens. 
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Abstract  
Geometric magnetic frustration1 occurs in a material when magnetic 

order is inhibited by the arrangement of magnetic ions. Commonly 
associated with triangular or tetrahedral coordination of moments favoring 
antiparallel (antiferromagnetic) alignment, frustrated materials can exhibit a 
variety of magnetic ground states because of the cancellation of normally 
dominant interactions. Geometrically frustrated materials are thus of 
interest for elucidating how magnetism arises in materials. Double 
perovskites of composition A2BB’O6, with ‘rock-salt’ order of magnetic B’ 
ions2, potentially exhibit frustration, with chemical versatility enabling the 
synthesis of many different compounds with divergent magnetic 
properties, with great potential to yield new insights into frustration 
physics. 

 

We report several compounds synthesized via solid state methods 
based on the Mo5+ ion, particularly focusing on Sr2YMoO6, Ba2YbMoO6, and 
Ba2LuMoO6. These compounds, as well as several others, were predicted to 
have relatively stable lattices according to their calculated Goldschmidt 
tolerance factors. We report the results of structural characterization by the 
use of x-ray diffraction (XRD) and Rietveld refinement. We found that 
Ba2YbMoO6 and Ba2LuMoO6 crystallize in a simple cubic perovskite 
structure whereas Sr2YMoO6 exhibits a monoclinic structure. Syntheses of 
Sr2GaMoO6, Ca2AlMoO6, Sr2ScMoO6, Ba2InMoO6, Sr2AlMoO6, Ba2ScMoO6, 
Ba2GaMoO6, and Ba2AlMoO6 were attempted by the use of similar solid 
state methods. However, structural studies revealed that the desired phases 
were not produced. Possible causes for these discrepancies can include 
unreacted precursors, loss of volatile precursors, and formation of a non-
perovskite structure. 

 
 

Fig. 1:  Frustration of antiferromagnetically correlated 
moments, whose interaction energy is minimized by 
antiparallel arrangement, on a tetrahedron. No arrangement 
of the moments allows all interactions to be satisfied at once.   
This causes magnetic order to be suppressed to lower 
temperatures, or altogether, and leads to rich phase diagrams 
featuring exotic magnetic ground states, as moments attempt 
to relieve the frustration. 

 

Synthesis 

Synthesis 

Fig. 5 (above left): 
Rietveld-refined fits of the 
XRD data for 
Ba2YbMoO6 synthesized 
under reducing 
atmosphere to an ideal 
face-centered cubic double 
perovskite structure, space 
group Fm-3m, consistent 
with previously published 
reports9. 
 

Fig. 6 (bottom left): 
Rietveld refined fit for 
Ba2LuMoO6. The data 
was analyzed using 
GSAS7 and ExpGUI8, 
indicating face-centered 
cubic structure. 
 

Fig. 4 (right): The ideal face-centered double perovskite 
structure A2BB’O6, exhibited by Ba2YbMoO6 and 
Ba2LuMoO6. In this structure, the A cation (Ba) is shown 
in blue, the non-magnetic B cation (Y) is at the center of 
the gray YO6 octahedra, and the magnetic B’ cation (Yb or 
Lu) is at the center of the magenta B’O6 octahedra. 

Background 
Background 

In contrast to the previous cases, Sr2YMoO6 – also based on the 4d1 Mo5+ ion – is 
expected to crystallize into a monoclinically distorted structure, based on its 
Goldschmidt factor t = 0.932.  Previous studies of this compound10 have shown weakly 
ferromagnetic interactions below 8K although more detailed magnetic 
characterization has not yet been performed.  

Fig. 3 (right): In rock-salt ordered double perovskites, 
the magnetic B’ cations comprise a face-centered 
cubic lattice, or, equivalently, a network of edge-
sharing tetrahedra, which exhibit frustration in the 
presence of antiferromagnetic correlations. 

Space Group: F m -3 m 
a = b = c = 8.34005(3) Å 
χ2 = 6.194 

Rwp = 0.1099 

Space Group: F m -3 m 
a = b = c = 8.23860(9)Å 
χ2 = 8.439 

Rwp = 0.1332 

Ba2LuMoO6  

Fig. 2: Periodic table depicting 
which elements may be 
incorporated into the perovskite 
structure ABX3, in the A (blue), 
B (red), and X (yellow) sites. 
The chemical versatility of the 
perovskite structure enables 
synthesis of a wide variety of 
compounds.  (Adapted from a 
graphic by J. Rondinelli.) 

Ba2YbMoO6  
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 To ensure a complete reaction, 
the sample was again heated in 
pellet form under a reducing 
atmosphere at 1100 ℃ and held for 
48 hours.  XRD measurements 
showed very minimal change in 
the diffraction patterns, although it 
did shrink the unindexed peaks 
slightly to better fit the theoretical 
model.  

Fig. 7 (above) and Fig. 8 (right): 
Depiction, using VESTA11, of the 
distorted monoclinic structure of 
Sr2YMoO6 as determined from 
the XRD data.  The distortion 
arises from rotation of the BO6 
octahedra due to cation size 
mismatch (as indicated by the 
Goldschmidt tolerance factor t < 
1).   The orientation of the three 
lattice parameters is shown at 
upper right.   Fig. 7 shows a view 
along the c axis, and Fig. 8 along 
the b axis, to more clearly depict 
the octahedral rotations. Fig. 9 (left): 

Rietveld-refined fits 
of the XRD data for 
Sr2YMoO6. The 
data were fitted to a 
distorted monoclinic 
double perovskite 
structure, space 
group P21/n, 
although a few 
small unindexed 
peaks suggest the 
existence of a small 
impurity phase. 

Sr2YMoO6  

Space Group: P21/n 
a = 5.79319(1) Å 
b = 5.82127(6) Å 
c = 8.20022(5) Å 
χ2 = 16.12 

Rwp = 0.1269 

 


