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CuSb, 0y crystallizes in a monoclinically distorted trirutile structure. Atomic positions were determined
by profile refinement of neutron powder diffraction data, space group P2,/n, a = 4.6349(1), b =
4.6370(1), c = 9.2931(1), B = 91.124(2). Magnetic susceptibility data exhibit a broad maximum at about
60 K and an abrupt transition at 8.5 K. The high temperature data can be fitted to a Curie— Weiss Law
giving ps = 1.758 and 8 = —48 K. Although the crystal structure indicates a nearly square planar Cu?*
lattice as in other trirutiles, a Cu-O-0O-Cu superexchange pathway seems to be dominant, giving
rise to short range correlations which are approximately one dimensional. The high-temperature
susceptibility is explained well by the 1-d Heisenberg model with J/k = —43.1 K. Analysis by Oguchi’s

method gives a ratio of interchain to intrachain coupling constants of about 2 x 1072,

Press, Inc.

Introduction

Antimonates and tantalates of the type
MUSb,(Ta,)O¢ have been studied exten-
sively in this laboratory (/-5). It was re-
ported previously that CuSb,0O crystallizes
in a distorted monoclinic trirutile structure
in space group P2,/c or P2,/n, but a detailed
crystal structure analysis has not been re-
ported (6—9). The trirutile structure type,
Fig. 1, can be generated from the rutile
structure by tripling the c-axis due to the
chemical ordering of the divalent and penta-
valent cations. The structure consists of a
network of edge and corner sharing CuQyq
and SbO, octahedra. The Cu** and Sb’*
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cation positions are such that the magnetic
Cu’" ions are separated from each other by
two sheets of diamagnetic ions. In fact, the
magnetic cation sublattice is the same as
that of the K,NiF, structure, which is a ca-
nonical example of a square lattice two-di-
mensional antiferromagnet. Considering the
in-plane superexchange pathways, the dom-
inant interaction appears to occur through a
linear Cu—0-0-Culinkage which connects
one set of two next nearest neighbor Cu?*
ions. Interestingly, the superexchange path-
ways to the other two next nearest neighbor
ions are not equivalent, involving
Cu-0-Cu linkages with long, 3.6 A, bonds
and a 160° bond angle (/). Thus, it is possi-
ble to think of one-dimensional in-plane in-
teractions and this is aided by the fact that
the Cu—~O-0-Cu chains are translated by
1 (110) with respect to each other giving rise
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FiG. 1. The trirutile structure.

to frustrated interchain coupling as pictured
in Fig. 2.

The magnetic properties of CuSb,0¢ have
been reported in the temperature range
above 90 K (8). In the interval 90 to 300 K
the data were fitted to a Curie—Weiss law

na linteroctions (J,)

v onn Interactions alang [110] (J,)

~-—— nnn Interactions along [T10]

F16. 2. In-plane superexchange pathways in the triru-
tile structure.
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with pg = 1.1,5 and 8, = —50(10) K. Data
at higher temperatures showed an anomaly
near 500 K which corresponds to a mono-
clinic to tetragonal structural transition.

In this work, new results on CuSb,0; are
presented including a structural refinement
using neutron powder profile techniques and
magnetic susceptibility data down to 2 K.
An effort is made to model the cbserved
susceptibility in terms of short range inter-
actions.

Experimental

Preparation

CuSb,0¢ was prepared by the reaction of
CuO (Johnson-Matthey) and Sb,0; (Baker)
in air at 1000°C. In order to minimize volatil-
ization of Sb,0, the reactants were heated
at a rate of 4°C/min. The yellow color of
the product is consistent with the previous
reports. Complete reaction was verified by
X-ray powder diffraction. The purity of the
sample was very dependent on the pressure
used for the pelletization. Pressures higher
than 2 x 10 psi resulted in the formation of
another phase on the pellet surface identi-
fied as Cu,SbO, 5 (9).

X-Ray Powder Diffraction

Powder data were obtained in the range
10 < 26 < 80° using a Nicolet 12 diffracto-
meter.

Powder Neutron Diffraction

Neutron diffraction data were collected at
room temperature on the General Purpose
Powder Diffractometer (GPPD) at the In-
tense Pulsed Neutron Source (IPNS) at Ar-
gonne National Laboratory (/0). A general
discussion of the time-of-flight (TOF)
method regarding operation principles, peak
shape and background analysis methods,
and specific information on the GPPD at
IPNS has been given previously (/7). Data
were collected from the 26 = 148°, 90°, and
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TABLE I

SUMMARY OF INTENSITY COLLECTION AND RIET-
VELD REFINEMENT RESULTS FROM NEUTRON DaTa
FOR CuSb,0q

a(A) 4.6349(1)
b (A) 4.6370(1)
c(A) 9.2931(10)
B (degrees) 91.124(2)
V (A%) 199.69
Space group C3,—P2,/n
T of data collection (K) 298
Detector bank (26, degrees) 148
d-spacing, limits (A™!) 0.53-2.13
No. of observations 2819
No. of reflections 1442
No. of variables 31
R? 0.050
Ri, 0.072
R} 0.013
RY 0.047

¢ Ref. (1).

60° detector banks, but only backscattering
data (26 = 148°) were used in the refinement
so as to achieve the highest possible resolu-
tion. Data preparation and least squares re-
finement were carried out using the pro-
grams of the IPNS Rietveld analysis
package for TOF data from spallation pulsed
neutron sources (/2). Details on the data
collection and refinement results are given
in Table 1.

Magnetic Susceptibility

Magnetic susceptibility data were col-
lected on a Quantum Design SQUID magne-
tometer using a pressed polycrystalline pel-
let. The magnetometer was calibrated with
a high purity palladium sample.

Results and Discussion

Structure Data

The cell parameters were taken from ref-
erence (7)and the starting positional param-
eters for the refinement were derived from
the tetragonal ZnSb,0q structure (6). The
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TABLE 11

ATOMIC PARAMETERS FOR CuSb,04

Atom  Site x y z B(A?)
Cu 2a 0 0 0 0.21(6)
Sb 4e 0.0011(9)  0.0080(10) 0.3338(6) 0.16(4)
(o)} 4e 0.3130(9)  0.2983(8)  0.0017(4) 0.13(5)
02 4e 0.2991(8)  0.3176(7)  0.3291(4) 0.36(6)
03 4e  —0.3012(8) —0.29159) 0.3248(4) 0.63(7)

final refinement in space group P2,/n in-
cluded 2819 observations and 1442 indepen-
dent reflections (0.53 A = d = 2.13 A). The
31 variables refined included a scale factor,
cell parameters, positional parameters, iso-
tropic thermal parameters, an absorption
parameter, and background and profile pa-
rameters. The final agreement indices are
R, = 0.050, R,, = 0.072. The statistically
expected weighted profile R = 0.013. Fig-
ure 3 shows the final Rietveld profile fit for
CuSb,0¢. Atomic parameters along with
isotropic thermal parameters and some
bond angles and distances are given in Table
1I and Table 111, respectively.

TABLE I

SELECTED BoND DISTANCES (A) AND ANGLES
(DEGREES) FOR CuSb,0,

Cu-20(1) 2.004(4) 20(1)-Cu~-0(2)  92.27(15)
Cu-20(2) 2.012(4) 20(1)-Cu~-0(3)  90.28(16)
Cu-2003) 2.120(4) 20(2)-Cu~03) 102.31(15)
Sb-O(1)  2.013(D) O()-Sb-0(1) 79.07(27)
Sb-0(D) 1.994(6) O(1)-Sb-0(2) 90.36(25)
Sb-0(2)  1.993(6) O(1)-Sb-0(2)  177.99(33)
Sb-02)  1.996(6) 0(1)-Sb-0(3) 91.67(25)
Sb-0(3) 1.973(6) O(1)-Sb-0(2) 99.52(25)
Sb-0(3) 1.960(6) O(1)-Sb-0(2) 94.52(25)
O(1)-Sb-0(3) 99.55(25)

O(1)-Sb-0(3) 89.15(25)

0(2)-Sb-0(2)  177.39(33)

0(2)-Sb-0(3) 88.28(21)

0(2)-Sb-0(3)  176.09(36)

0(2)-Sb-0(3) 87.68(25)

0(2)-Sb-0(3) 89.77(25)

0O(3)-Sb-0(3) 81.91(26)

88.69(21)
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FiG. 3. Neutron powder profile data and fit for CuSb,0q. The crosses represent profile points, the
solid line is the calculated profile, and the difference is plotted below.

Magnetic Susceptibility

The magnetization data show a broad
maximum at about 60 K which is indicative

Magnetization and inverse susceptibility
data at an applied field of 200 Oe are shown
in Figs. 4 and 5.

of short range order and a sharp decrease
at 9 K suggesting a long range order transi-
tion. Magnetic data from 5 to 340 K were
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FiG. 3. Continued.

fitted to a Curie—Weiss law after correction
for diamagnetism, xo\, = (T — 6,)/cy; giving
e = 1.758 and 6 = —48 K in fair agreement
with previous work [8]. The inverse suscep-
tibility data below 150 K deviate consider-
ably from the Curie—Weiss law due to short

range order. The susceptibility attains a
maximum value of 2.7 X 102 cm® mol~! at
60 K.

It is possible to analyze the data of Fig. 4
by the method suggested by Fisher (13) to
obtain an approximation to the magnetic
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F1G. 4. Magnetic susceptibility versus temperature for CuSb,0q at an applied field of 200 Oe compared
with two § = } Heisenberg models: linear chain (——) square lattice (---). The inset shows the abrupt

transition at 8.5 K.

specific heat. A plot, Fig. 6, of d(x1)/dT
shows two features, a broad maximum at
about 40 K and a sharp spike at 9 K. The
latter feature is likely a transition to a long
range ordered state. Further evidence for
this is found in Fig. 7, where magnetic mo-
ment versus applied field data are plotted at
2 and 11 K. At 2 K, below T, the curve
shows two linear regimes, 0.0 to about 17
and 2.0 to 3.07 with a transition region in
between. This behavior is characteristic of
a spin flop transition in polycrystalline sam-
ples. The 11 K data on the other hand are
linear throughout the entire field range
which is typical of the paramagnetic state.
Preliminary neutron diffraction data taken
at 4.2 K showed no sign of magnetic reflec-
tions, indicating that the copper magnetic
moment may be less than one Bohr magne-

ton. These measurements will be repeated
at a high flux neutron source.

The data of Fig. 6, while not quantitative,
indicate that a large magnetic heat capacity
contribution persists well above T, , which s
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FiG. 5 Inverse susceptibility data for CuSb,0,.
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F1G. 6. Fisher’s heat capacity for CuSb,0y.

characteristic of short range order. A more
quantitative characterization of the short
range order can be obtained through analy-
sis of the magnetic susceptibility data. Cu?*
is generally regarded as an excellent S =
Heisenberg ion as the ground state anisot-
ropy is very small. Thus, relatively little is
lost by working with polycrystalline data.
Two models were used to fit the suscepti-
bility data in the range from about 10 to
340 K. First, following the arguments put
forward in the introduction an § = } Heis-
enberg linear chain model was used in the
form of the analytic expression suggested
by Hall (14). The fit which uses only two
adjustable parameters, g and J the exchange
constant, is shown in Fig. 4. The result is
surprisingly good with the values g = 2.03
and J/k = —43 K. A fit to a square lattice
S = 3 Heisenberg model was also attempted
based on the high temperature series expan-
sion by Rushbrooke and Wood (/5). The
results are also shown in Fig. 4 and the fit
with the parameters g = 2.03 and J/k =
—22.6 K is clearly worse than for the linear
chain model. Thus, the linear chain model
is a better approximation to the short range
order in CuSb,0¢ than the square lattice.
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Fic. 7. Magnetic moment versus applied field for
CuSb,0¢ at 2 K and 11 K.

It is instructive to compare the known
results for other members of the
M'"Ta,(Sb,)Oq series with those for CuSb,0,
as in Table IV. The CuSb,0 phase stands
out in two categories, largest T(x,., )/ T. ratio
of 7.1 and largest dominant in-plane ex-
change constant J/k = —43 K. The T(xpax )/
T, ratio can be taken as a crude measure of
the relative importance of short range ver-
sus long range correlations. This is because
the intrachain coupling constant, J, is pro-
portional to T(x,..), the proportionality
constant being model dependent, while 7,

TABLE 1V

RELEVANT MAGNETIC DaTA FOR M1
Ta,(Sb,)0s COMPOUNDS

Dominant
in-plane

Com- Txmax) TXar! exchange

pound (K) TAK) T, Jik (K) Ref.
FeTa,Og¢ 15 8.1 1.7 - 16 (43
CoTa,0, 15.6 6.6 23 ~16.8 (2.
CoSb,0 35 13.0 2.7 — @
NiTa,04 25 10.3 2.4 _is 2. 3
NiSb,0¢ 36 — — - (16)
CuSb,0, 60 8.5 7.1 8
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is related to J', the interchain constant. de
Jongh and Miedema (/7) have shown that
the Oguchi relationship (/8) gives a reason-
able estimate of J'/J from T, and |J|. On this
basis J'/J ~ 2 x 1073 for CuSb,04, which
is comparable to other Cu’* compounds
generally regarded as good examples of lin-
ear chain behavior (/7). Of all the known
MTa,(Sb,)0, trirutile oxides CuSh,Oq
shows the clearest evidence yet for the dom-
inance of one-dimensional correlations in
the short range ordered regime.
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