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Abstract

Cu3(CO04),(0OH), (azurite), in which Cu?t (S = %) monomers and dimers are arranged alternately along the b-axis to
make an infinite chain, is regarded as an actual material for the frustrated diamond chain model. we have measured
magnetic susceptibility, high field magnetization and 'H NMR of a natural mineral single crystal of azurite to
investigate the magnetic properties. The experimental results were compared with the theoretical expectation to suggest

the ground state of Cu3(CO;3),(OH), is in a gapless phase.
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1. Imtroduction

The influence of the spin frustration on a ground state
of a quantum spin system is of great interest and has
been studied actively. One of the most simple frustrated
quantum system is the diamond chain in which
diamond-shaped units compose one-dimensional lattice
(Fig. 1). Takano and his coworker [1] theoretically
studied the ground state of the diamond chain and
found that the system underwent phase transitions as the
ratio between the exchange parameters was changed.
Experimental works concerning the magnetic properties
on the diamond chain however have not progressed
because of a lack of the good model substance. We have
found that a compound Cus(CO3),(OH), (azurite), in
which Cu>* (§ = %} monomers and dimers are arranged
along the b-axis to make an infinite chain [2], to be
regarded as the actual model material for the diamond
chain. In order to elucidate the magnetic properties of
this material, we have measured magnetic susceptibility

7(T), high field magnetization and 'H NMR on a
natural mineral single crystal of Cu3(CO3),(OH),.

2. Experimental details

The single crystal samples of azurite were purchased
at a stone shop. Quality of the sample was checked by a
powder X-ray diffraction pattern. The magnetic suscept-
ibility was measured using quantum design SQUID
magnetometer in the temperature range 5-300 K. The
magnetization curve up to 35 T was measured using
pulsed magnet. The 'H NMR spectra and the spin-
lattice relaxation time were measured by a pulsed spin
echo method in the temperature range from 1.5 K to
room temperature.

3. Results and discussion

Fig. 2 shows the temperature dependence of (7). The
magnetic field of 100 Oe was applied parallel or
perpendicular to the b-axis of the single crystal.

Broad maxima have appeared in (7)) curves at
around 20 K, indicating the one-dimensional nature of



Fig. 1. Schematic diagram of a diamond chain model. Open
circles stand for the § :% spins. J; and J, mean the exchange
couplings between adjacent spins.
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Fig. 2. The temperature dependence of the magnetic suscept-
ibility of a single crystal of Cuz(CO3),(OH), measured in field
of 100 Oe applied parallel and perpendicular to the b-axis. The
solid curve is a fitting result using the high temperature
expansion series with |J)|/kg = 10 K and |/3) /ky = 30 K.

Cu3(CO;5),(OH),. Upturns scen in low temperature part
of the susceptibility may be attributed to the small
amount of magnetic impuritics. Fig. 3 shows the
magnetization curve measured at 4.2 K in the applied
ficld parallel to the b-axis. In lower field region, the
magnetization was nearly proportional to the applied
magnetic field, which inferred that a spin gap is not
present in this system. Above about 30 T, the magne-
tization increased abrupily and saturated at about 35 T.
The value of the saturation magnetization was about
1.0up which agreed well with an expected value for § =
3. A shape of this magnetization curve is different from
that usually obscrved in a simple 1D antiferromagnet
without the spin frustration.

The magnetic coupling constants were tried tfo
cstimate using the high-temperature expansion series
for y(T) [3]. The calculated susceptibility with |Jy|/kp =
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Fig. 3. The high field magnctization curve of Cuz(CO;3),(0OH),
measured at 4.2 K. The magnetic ficld was applied along b-axis.
Inset is a field derivative of the magnetization (arbitrary unit).

10 K and |[Jy|/ks = 30 K, shown in a solid curve in
Fig. 2, agreed well with the experimental resuli. Accord-
ing to the theory [11, if /2 /71| > 2 the ground state of the
diamond chain system eniers the gapless tetramer—
monomer phase. /,/J,| was estimated to be 3 through
the fitting procedure, so that Cus(CO;3),(0H), is
cxpected to be gapless, being consistent with the
experimental result,

The magnetic long range order was reported to occur
at about 2.0 K [4]. We have observed the sharp peak of
the spin-lattice relaxation rate of 'H at 2.0 K, agreed
well with the reported transition temperature.
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