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Abstract

We investigated the preparation condition for stoichiometric M@Jiand the electromagnetic properties of the spinel solid solution
Mg,_.Ti1+.O4 (0 < x < 1). Only a highly reductive sintering atmosphere gives a possibility for the preparation of stoichiometrigMgTi
based on Tit. MgTi,O, thus obtained shows a metal to spin singlet insulator transition accompanied by the structural change from cubic to
tetragonal. Introduction of ¥t (dt, S = 1/2) to the non-magnetic insulator MG+t O, acts partly as doping of carrier dopants and partly
as a source of localized electrons. Increasing content®f[€ads to their delocalization, resulting in the metallic Mgj atx = 1.0.
The Peierls-like transition observed in the stoichiometric M@Firapidly smears out with the content offTiion decrease, suggesting an
important role of orbital degree of freedom as an effective mechanism for the transition, which seems to be significantly influenced by the
randomness associated with the appearancebfidms.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction constitutes the three dimensional network formed of corner
sharing tetrahedral, so-called pyrochlore lattice, as shown in
The discovery of high temperature superconductivity in Fig. 1
layered cuprates renewed the study on transition metal ox- Transition metal spinel oxides have provided various
ides. It has been argued that the high temperature superproperties such as superconductivity found in kOj [8],
conductivity is closely related to unusual properties of low heavy fermion behavior in LiYO4 [9-11], charge order in
dimensional quantum spin systems, such as the resonatingAlV 204 [12] and unusual magnetic transition in Zg®y
valence bond (RVB) state. Therefore, for the last several [13] and ZnCpO4 [14]. Recently, LiMnO4 has been used
decadesS = 1/2 quantum magnets involving the transi- as promising cathode for batteries. Among transition metal
tion metal ions with 38 or 3 configurations have been spinel oxides, it has been well known that Mg®j is a
attracting strong attention. In the history of these investiga- candidate of spin (1/2) compound with the pyrochlore lat-
tions, many interesting spin-gap compounds have been dis-ice, where novel quantum phenomena have been expected
covered, for example SrGQs [1], CaVsOg [2], CaVoOs [5-7].
[3], NaV2Os [4] and others. Recently, geometrically frus- Our recent investigation of the ternary MgO-TiO-%iO
trated spin systems occurred a fascinating subject to studyphase diagram has lead to a successful preparation of powder
the quantum spin liquid state. Recent theoretical progresssample of MgT(O4. As shown inFig. 2, a novel transition
on pyrochlore spin systems reveals that the spin (1/2) anti-from metal to spin-singlet insulator in MglD4 has been
ferromagnetic Heisenberg system has a spin liquid groundfound[15]. This transition is accompanied by the structural
state [5—7]. In spinel oxides ABOs, its sublattice of B change from cubic to tetragonal. A significant role of the
orbital degree of freedom for such Peierls-like transition in
three-dimensional systems is proposed therein. In this paper,
* Corresponding author. Tel81-4-7136-3436; we repqrt the pre.p'a.ration Condit.ions Of. Mg(D4 and the.
fax: +81-4-7136-3436. magnetic susceptibility and electrical resistivity of the spinel
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Fig. 1. A three-dimensional network of corner-sharing tetrahedra formed

M. Isobe, Y. Ueda/Journal of Alloys and Compounds 383 (2004) 85-88

by B-cations in spinel oxide ABO4 (pyrochlore lattice).
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Ka radiation. Magnetic susceptibility was measured using
a quantum design SQUID magnetometer in the temperature
range from 5 to 330 K. The electrical resistivity measure-
ments were made by ordinary four-probe method using ce-
ramic samples.

3. Results and discussion

The system Mg, Ti1+,O4 forms a solid solution with
the cubic spinel structure in the whole composition range
(0 < x < 1) in the present work, which was in agreement
with the previous reporil6]. The lattice constant at room
temperature increases with increasinm Mga_,Ti14O4,
roughly obeying the Vegard’s law as shownFkig. 3. The
product resulting ofc = 1.0 (MgTi2O4) thus prepared oc-
curred multiphase. Since it included a considerable amount
of the corundum phase (apparently@g), we first thought
the reaction was incomplete. The product was then reground,
palletized and heated in an evacuated silica tube, again.
However, after the second heating the corundum phase un-
expectedly increased in quantity. From the consideration of
the phase diagram, MgO-TiO-Ti@seeFig. 4) [16,17], we
come to a conclusion that the corundum phase should not
be ThO3 but its solid solution with MgTiQ, existing along
the line MgTi®s—Ti»03. Lattice parameters of this corun-
dum phase were slightly different from those 0f@%. Pres-
ence of the corundum type solid solution in our sample as
the minor phase indicates that the major phase has to be
the spinel solid solution Mg, Ti11,O4. Growing quantity
of the secondary phase, however, means the oxidization of
Ti* to Ti*t. The experiment has revealed that MgJj is
very easily oxidizable at high temperatures even though it is
under the evacuated atmosphere. Therefore, we tried to pre-
pare the stoichiometric compound under the reductive start-
ing composition MgTiO4_s (§ = 0.1-0.2). As a result, the
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Fig. 2. Temperature dependences of magnetic susceptibility and resistivity
for MgTi2O4 [15].

2. Experimental

Powder samples with = 0, 0.125, 0.25,0.5,0.75and 1.0
in Mg»_,Ti1+,O4 were prepared by a solid state reaction of
mixture with an appropriate molar ratio of MgO, titanium
metal powder and Ti@ The weighted mixture was pressed
into a pellet and heated at 1273K in an evacuated silica
tube for several days. Sample characterization and structural
analysis were performed by powder X-ray diffraction us-
ing a Mac Science MXP21 with a rotating anode generator
and a monochromator of single-crystalline graphite for Cu
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Fig. 3. Phase diagram of ternary system MgO-TiO-I[06,17]
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corundum phase was completely eliminated, although the F_ig. 6. Logarithm of electrical resistivity vs. temperature plots for;Mg
obtained sample included a small amount of an unknown Ti2-xOs with variousx.
impurity phase. Nevertheless, we conclude from the struc-

ture and physical property measurements that thus obtained _ _ . .
sample is stoichiometric. S = 1/2) ions are introduced into the pyrochlore lattice

. . o
Fig. 5shows the magnetic susceptibility of the powdered formed by non-magnetic Mg and T ions. A Curie-like

Mgz_, Ti1,.O4. Only the end member of MgTD, shows behavior of magnetic susceptibility is seen in sample of low
the transition[15] accompanied by effective reduction of XValues. However, itisimpossible to explain the temperature
magnetic susceptibility. The transition is very sensitive to dependence of magnetic susceptibility by fixed parameters
Ti*t ion content and it smears out with decreasingAn in the whole temperature range measured even for sample
overlooking of the transition in the previous stuidg] may of x = 0.125. The.magnetlc susceptibility for this sample
be due to the deviation from stoichiometry in their sample. ©P€ys well the Curie law but only at low temperature region
The nonmagnetic compound MOy is diamagnetid16]. and below 20K the fitting gives the Curie constant corre-

With increasingin Mgz_, Ti1+,Os, the magnetic B+ (i sponding to 40% of the ideal value for isolatedTi(d?,
T ’ S = 1/2). Such non-Curie-like behavior in the whole tem-

perature range is enhancing with increasiagrhe Curie

12 constant obtained for = 1.0 sample corresponds to about
Mg, Ti_ O, ] 2% of isolated T (dl, § = 1/2), which is considered

S to be a contribution coming from impurities and/or defects.
These experimental results suggest a scenario in which the
induced T#* ions work as a source of localized spins and
partly as carrier dopants. A proportion of delocalized elec-
trons increases with increasing This is supported by the
fact that the temperature independent magnetic susceptibil-
ity increases with increasing At x = 1.0, all electrons
are delocalized, resulting in metallic behavior and the tem-
perature independent magnetic susceptibility. We previously
proposed an important role of orbital degree of freedom for
the Peierls-like transition in Mg30, [15]. In the solid so-
lution of Mgo_,Ti1+,O4 type, the pyrochlore lattice is dis-

101 H=1T

xx 10* (emu / mol)

x=0125 1 turbed by both M&t and T without orbital degree of
0 . . . . . . freedom and consequently the transition rapidly smears out
0 0100 150 200 250 300 with increasing content of ft.
Temperature (K) Such trend in Mg_, Ti1;.O4 can be seen in the resistiv-

Fig. 5. Temperature dependence of magnetic susceptibility for,Mg  Ity. Fig. 6shows the resistivity of Mg, Ti1+O4 as a linear
Tio—,O4 with variousx. function of temperature. The resistivity of MIBO4 terminal
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occurred too high for our apparatus to measure. With in- from the Ministry of Education, Science, Sports and
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