JOURNAL OF SOLID STATE CHEMISTRY 60, 382-384 (1985)

BRIEF COMMUNICATION

Spinel, YbFe,0,, and Yb,Fe;0; Types of Structures for Compounds
in the In,0; and Sc,03-A,0;-BO Systems [A: Fe, Ga, or Al; B: Mg,
Mn, Fe, Ni, Cu, or Zn] at Temperatures over 1000°C
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In the Sc;0,-Ga,0,-CuO, .Sc;0,—-Ga;05-Zn0, and Sc;0,-AlL0;—CuO systems, ScGaCuO,,
ScGaZnO,, and ScAICuO, with the YbFe,O,-type structure and Sc,Ga,CuQ, with the Yb,Fe;0:-type
structure were obtained. In the In0;-A,0;~BO systems (A: Fe, Ga, or Al; B: Mg, Mn, Fe, Ni, or Zn),
InGaFeO,, InGaNiO,, and InFe’*MgO, with the spinel structure, InGaZnQO,, InGaMgO,, and InAl-
CuO, with the YbFe,O,type structure, and In,Ga,MnO; and In,Ga,ZnO, with the Yb,Fe;O0:-type
structure were obtained. InGaMnO, and InFe,0, had both the YbFe,O,-type and spinel-type struc-
tures. The revised classification for the crystal structures of AB,O, compounds is presented, based

upon the coordination numbers of constituent A and B cations.

In both the In,0;-Fe;0;—CuO system
and the In;03-Ga;03~-CuO system, there
are (InFeO,),CuO (n = 1 and 2) and (In-
Ga0;),CuO (n = 1, 2, and 3) which are iso-
structural with (YbFe0,),FeO (n = 1, 2,
and 3), and in the In,Os-Fe;0;—Co0O sys-
tem there is a spinel type of InFeCoO,

(I-3). In the present paper, we report

both the conditions of synthesis and the lat-
tice constants of ScAICuQ,, ScGaCuO,,
ScGaZnO,, InGaMgO,, InGaZnO,, and
InAlCuO,4 having the YbFe,Os-type struc-
ture, InGaFe?*Q,, InGaNiO,, and InFe
MgO, having the spinel structure, Sc,Ga,
Cu0O5, In,Ga;MnO;, and In,Ga,ZnO; hav-
ing the Yb,Fe;0; structure, and InGaMnO,
and InFe,O4 which have both YbFe,0,4- and
spinel-type structures. Finally, the revised
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classification for crystal structures of
AB,0, compounds is presented, based upon
the coordination numbers of the constituent

- A and B cations.

Experimental

Each of the starting compounds, Sc,03
(99.9%), AlL,O; (99.99%), Ga,0O; (99.99%),
CuO (guaranteed reagent grade), In,O;
(99.9%), Fe 01 (99.9%), MgO (guaranteed
reagent grade), ZnO (99.9%), and MnO,
(99.9%) was heated at 1000°C for 1 day in
air. NiO (99.9%) was heated at 1100°C for
15 hr and MnO was prepared at 1200°C in a
mixture of CO,/H, = 1 for 1 day.

Sc,0; (or Iny05):A,03:BO =1:1:2 or
1:1:1 (mole ratio) were sealed in evacu-
ated silica tubes, when mixtures were to be
heated below 1200°C, and in Pt tubes above
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TABLE 1

THE CONDITIONS OF SYNTHESIS AND THE LATTICE CONSTANTS (A) OF
InABO,, ScABO,, In;A,BO;, AND Sc;A,B0; AT ROOM TEMPERATURE

Compound  Spinel (Fm3d) YbFe,O, (R3m)*  Yb,Fe;0, (P6/mmc)
InGaMgO, a = 3.3036 (1)
c=25805(1)
1300°C, 6 days
InGaMnO, a = 8.5760 (4) a =3.3291 (1)
1500°C, 3 days ¢ = 26.521 (2)
1000°C, 14 days
InGaFeO, a = 8.3998 (1)
1000°C, 10 days
InGaNiOQ, a = 8.5467 (3)
1400°C, 7 days
InGaZnO, a = 3.2948 (1)
c = 26.071 (1)
1450°C, 1 day
InFeMgO, a = 8.6320 (1)
1300°C, 6 days
InFe,0, a = 8.4483 (1) a =3.3391()
1100°C, 7 days ¢ = 26.076 (1)
1000°C, 1 day
InAICuO, a = 3.3148 (1)
¢ = 24.359 (6)
1150°C, 7 days
ScGaCuO, a=33126(1)
c=24.645(1)
1150°C, 2 days
ScGaZnO, a=3.2593 ()
c=25912(1)
1300°C, 8 days
ScAICu0, a=32773(1)
c=24.173(1)
1150°C, 6 days
In,Ga,MnO, a=3.3327(1)
c = 29.691 (1)
1450°C, 2 days
In,Ga,Zn0, a = 33077 (1)
c = 29.484 (1)
1450°C, 6 days
Sc,Ga,Cu0, a = 3.3026 (1)
c=28.124 (1)

1150°C, 7 days

2 The hexagonal lattice constants are given.

1200°C. For preparing InGaFe?*O,4 and In
Fe3*Fe?*Q,, we used both Fe,03and Fe pow-
der (99.99%). All of the mixtures containing
MnO were heated in Pt tubes. Each sample
was rapidly cooled in water or air after each
heat treatment. The weight of each sample

was carefully measured before and after the
heat treatment. The absence of chemical re-
actions between samples and tubes were
visually checked. X-Ray diffractometer
powder-diffraction data for each sample
thus obtained were taken at room tempera-
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TABLE II

STRUCTURE TYPES FOR AB,O; COMPOUNDS VERSUS COORDINATION
NUMBERS (C.N.) oF A AND B CATIONS

C.N.:A 4 5 6 8 9 and/or 10
4 Phenacite C.N.:B, Spine!l K,WO, S-K,;SO,
6 YbFe104 SI'szO4, Ca;II'O,;, etc. K2N1F4
8 CaFCZO4
CaTi204

ture and the lattice constants were derived
by means of least squares. (Si powder as a
standard material, Mn-filtered Fe K« radia-
tion, and a scintillation counter were em-
ployed.)

Results and Discussion
(1) In the Sc;03-Ga,03;-Cu0O, Sc,03—

Ga203—ZnO, SC203—A1203—CUO, and
In;,03-Al03;-CuO systems, ScGaCuO,,
ScGaZnO,;, ScAIlCuO,, and InAlICuO,,

having the YbFe,O4-type of structure, and
ScyGa,Cu0; having the Yb,Fe;0;-type
structure, were obtained. The ScGaCuOQ,,
ScAlICuQy, and InAlCuO, powders are of a
green-yellowish color.

(2) In the In,03;—Ga,0;—BO systems [B:
Mg, Mn, Fe, Ni, Cu, and Zn], the InO;-
Fe,0;-FeO system, and the In,0O3-Fe 03—
MgO system, InGaMgO, and InGaZnO,
having the YbFe,04type structure were
obtained, and InGaFe?*O,, InGaNiO,, and
InFe’**MgO, having the spinel structure
were also obtained. The crystal structures
of InGaCuQ, and InGaCoO, have been re-
ported (/). Both InGaMnO, and InFe,0O,
had spinel- and YbFe,O4-type structures.
They may have a phase transformation
above 800°C. In,Ga,MnO, and In,Ga,Zn0O,

having the Yb,Fe;O;-type structure were
obtained. The synthesis conditions and the
lattice constants of these compounds are
summarized in Table 1. Investigations for
the details of the phase transformation be-
tween YbFe,04 and spinel structures are in
progress.

A. F. Well (¢) classified AB;O,-type com-
pounds based upon the coordination num-
bers of the constituent A and B cations.
More than about 60 compounds with Yb-
Fe,04 structure (Yb: coordination number
6, Fe: coordination number 5) and the re-
lated structures have been reported (7, 5).
Table II shows a newly revised classifica-
tion of AB,O4type compounds including
the YbFe,O4-type structure.
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