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Abstract

Azurite, Cuz(OH)2(CO3)2 is a candidate of the model substance for diamond chain with antiferromagnetic inter-
action. The millimeter and submillimeter wave ESR measurements of Cus(OH)2(CO3)2 single crystal have been
performed in the frequency region from 50GHz to 360GHz and in the temperature region from 1.8K to 90K. As the
linewidth of ESR extends up to 3T and it is impossible to observe by a conventional X-band ESR, the high field
ESR measurement turned out to be essential. The g-shift was observed below 20K, which corresponds to a peak of
the magnetic susceptibility. Therefore, the development of the short range order may be the origin of the resonance

shifts.
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Recently, low dimensional quantum spin systems
have attracted much attention due to the discovery of
model substances. Cuz(OH)2(CO3)2, which is known
as a natural mineral Azurite and the space group is
C3,, and the chain direction is the b axis, can be con-
sidered as a model substance for one dimensional (1D)
diamond chain. Takano et al. investigated analytically
the ground state for S=1/2 diamond chain [1]. There
are three ground state phases for A=J"/J, such as the
ferrimagnetic (FM) phase, the tetramer-dimer (TD)
phase, and the dimer-monomer (DM) phase. From
the magnetic susceptibility and magnetization mea-
surements [2], Azurite can be considered as the model
substance of one dimensional diamond chain for DM
phase. From proton NMR measurements, Tn was esti-
mated to be 1.86K [3]. Although most of the magnetic

B Corresponding author. E-mail:kamikawa@phys.sci.kobe-
u.ac.jp

Preprint submitted to LT23 Proceedings

measurements of Azurite were performed in ’50-’60,
the dynamical property of Cus(OH)2(CO3), is little
known. Therefore, to investigate the dynamical prop-
erties of the 1D diamond chain we have performed the
high field ESR measurements of Azurite single crystal
using the pulsed magnetic field up to 16T. The ob-
served temperature region was from 1.8K to 90K, and
the frequency region was from 50GHz to 360GHz. The
details of our ESR system can be found in refs. [4,5].
We performed the ESR measurements at 90K and
estimated the g-values of Azurite for the paramagnetic
region, which are g=2.098, 2.128, 2.110 for the mag-
netic field parallel to the a, b, and c axes respectively.
Figure 1 shows the temperature dependence of the g-
values for H//a, b (chain), and ¢ axes. Although the g-
values for H//b and ¢ become smaller and larger below
20K, respectively, which corresponds to the tempera-
ture of the peak of the magnetic susceptibility [2], the
g-values for H//a are almost constant in the observed

13 June 2002



4.0 S :

o Hlla o)
~ Hilb =
3.5- o Hllc g
: 5
3.0p B
() F 2
2 P Hiac315GHz &
> o5 e[t S
%OD@D o O o
2_0'_ N % B % g
S
1,5;_&AA Hilb (chain) 160GHz ]

0 10 20 30 40 50 60 70 80
T (K)

Fig. 1. The temperature dependence of g-value for Hlla (o),
[[b (A), and ||c (O) axes. The inset shows the temperature
dependence of the ESR spectra for H||b observed at 160GHz.
The resonance near the DPPH is the impurity, malachite.

temperature region. We think the resonance shifts be-
low 20K indicate the development of short range or-
der. The behavior of the resonance shifts, however, for
the magnetic field parallel and perpendicular to the
chain direction are quite opposite to the behavior of
the resonance shifts of the CsMnCl32H20 [6,7], which
is well known as the one-dimensional Heisenberg an-
tiferromagnet. Here, we want to point out that the
malachite Cuz(OH)2(CO3) is easy to aggregate with
the natural mineral Azurite Cus(OH)2(CO3)2. To se-
lect single phase Azurite, we checked the diffraction
pattern by the X-ray diffraction measurements. We
think the resonance near the DPPH, which is shown
in the inset of Figure 1, is due to the impurity mala-
chite. Figure 2 shows the temperature dependence of
the linewidths. They are taken as 2 times of half width
at half maximum of the ESR absorption because the
absorption lines are asymmetric. As shown in the in-
set of Figure 1, the linewidths are very broad, and the
high field ESR measurement is necessary to observe
the absorption lines. The linewidths for H//b and ¢
become broader and sharper below 10K, respectively,
while the linewidths for H//a are almost constant in
the observed temperature region. Although the typical
low dimensional antiferromagnet shows divergence of
the linewidth at low temperature, we did not observe
such behavior. It is noted that the absorption lines at
8.0K and 6.2K in the inset of Figure 1 seem to have a
shoulder respectively. Although we assumed that the
absorption line has one resonance in the present study,
it might be better to regard the absorption lines as
the coexistence of two absorption lines considering the
large g-shifts and the behavior of the linewidths. If we
look at the temperature dependence of the absorption
lines that way, one absorption line develops above 8K,
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Fig. 2. The temperature dependence of the linewidths observed
at 160GHz.

while the another absorption line develops below 8K.
And the two absorption lines seem to coexist around
8K. In ordre to check this point, high field ESR mea-
surement beyond 315GHz is required.

In summary, high field ESR measurement of diamond
chain substance Cus(OH)2(COg3)2 is performed. The
high field ESR measurement turned out to be essential
due to its very broad linewidth.
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