Impurity doping effects on orbital order in MnV204
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Spinel-type vanadium oxides AV,0, are ideal materials to investigate spin, orbital and
charge ordering in a geometrically-frustrated system because the V** (3d?) ions have orbital
degrees of freedom of ty electrons. We investigated impurity doping effects of cr¥* (3d% and
Mo** (4d*), which have no orbital degrees of freedom, for the VV** site of MnV,0,. We found
the suppression of the orbital ordering and the difference of electronic structures depends on

impurities.

Mn(V1xMy)204 (M=Cr, Mo) single crystals were grown by floating-zone method.
Magnetization measurements were carried out with a SQUID magnetometer. The powder
X-ray diffraction experiment was carried out at BL-8A of the Photon Factory, KEK.
Resistivity was measured by a standard four-probe method. Optical reflectivity measurements

were performed with FTIR spectrometer.

Fig. 1 shows the phase diagrams of Mn(V1xMy)204
(M=Cr, Mo) determined by the magnetic susceptibility.
In MnV,0,, there are the collinear ferromagnetic
phase transition at Tn=59K and the orbital ordering
transition accompanied by structural transition at
Too=54K. These are consistent with the previous
reports [1, 2]. Too is suppressed with increasing
impurities and disappears above x=0.12 and 0.08 in
Cr-doped and Mo-doped samples, respectively. It was
confirmed that the structural transition temperatures of
the doped samples almost coincide with the Tgo. In
addition, we found that while Cr-doped samples
remain Mott insulators, Mo-doped samples become
metallic with increasing Mo content by resistivity and
optical measurements.

These results indicate that electrons remain localized
in the Cr-doped system, while they become itinerant in
the Mo-doped one.

Temperature ()

Temperature (1)

EI:I T T T 7 T T
L I"."Il'll:v]_.cl’:l:-D{.
Ty
6 . PR ——
- ?]]j.n_ear s
T BITitnagne tsm
a0 \_\D;\\(Cub]ﬂ:l i
| nonclinear :
0L femmagnetism 4
| itetragonal)
1 H R S S
1] 0.0 0.1 0.1s
¥
8l —————1———— —
L Wn(Vy. o Oy Ty
6l ¢ line ar )
* - ferrimagne tisrn |
anl oo {cubic) ]
[ noncllinear
A0 ferrmagne tism ]
| (tetragonall '
N B SR B
DD 0.05 0.1 0.1s

X

Fig. 1. Phase diagrams of

Mn(Vl_XMX)QO4 (M=Cr, MO)
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