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Abstract

Magnetic excitations of the spm-Pexerls compound CuGe03 under applied pressure of 2GPa
have been studied. The dispersion along the chain direction up to zone boundary has been
obtained. The spin-Peierls gap energy increases to 4.2 meV and the zone boundary encrzy
decreases to 14.1 meV. The pressure dependence of dispersion relation can be interpreted by

| the increase of the next-nearest-neighbor imm-cha:in interaction under applied pressure causing
~ the increase of both the spin-Peierls gap energj; and transition temperature, '
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any agency thereof. The views and opinions of authors expressed herein do not necessar-
ily state or reflect those of the United States Government or any agency thereof.
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_ Durihg the past four years many experimental studies have been performed on the spin-
Poierls (SP) compound, CuGeO3. Previous neutron scattering experiment under high
pressure, 1.8 GPa in Ref. 1 revealed that the c-axis slightly clongates, while the b-axis
remarkably shortens by a factor of 4 more than the lattice contraction due to the temperature
change from RT to 5 K. It is natural to expect that the interchain exchange interaction Jb
increases and the intra-chain interéction Je remains unchanged upon applying 1.8 GPa. Inagaki
and Fukuyama [2] have calculated the phase diagram of antiferromagnetic (AF) and SP states
by treating J» and the spin-lattice coupling 77 in the mean field approximation. According to
this approach, SP phase becomes unstable with increasing Jg at constant 7. However,
experimental results by Refs.1 and 3 show the increase of SP transition temperature, Tsp and
SP gap, Asp from 14 K to 23 K and from 2 meV to 4 meV, respeqtively with increasing

pressure. The mean ficld. results therefore seem to be in conflict with these pressure

experiments.

The temperature _dependcnce of the magnetic susceptibility in CuGeO3 above Tap reported by
Hase et al. {4] cannot be well described by the spin 5=1/2 oneﬁimensional. nearest neighbor
Heisenberg AF model by Bonner and Fisher [S). Riera and Dobry (6] reasonably described
the experimental curve of the magnetic susceptibility with nearest-neighbor (nn) and next-
nearest-neighbor mteracuon (nnn), Je and Jzc, respectively with 0=/2c/Jc =0.36 and Jo=160 K
Castilla et al. [7] deducgd 0=0.24, J=150 K gnd dimerization parameter 5=0.03. The object

.of this paper is to determine J2¢ from tﬁe_pressure dependence in order to estimate the

_ importance of the competing interactions in CuGeOs system.

A CuGeO3 single crystal with the size 5 mm¢ x 9 mm was grown by the traveling-solvent
floating-zone method. The inelastic neutron-scattering experiment was performed on the HB-3
triple-axis spectrometer installed at HFIR of Oak Ridge National Leboratory. The final neutron
energy was fixed to be 13.6 meV from the (002) reflection of a pyrolytic graphite (PG)
analyzer. The single crystal was mounted with the (0, k, I) scattering plane in an aluminum

micro cell using Fluorinert 75 as the prc;sutc-tranémitt_iqg fluid and clamped type high pressure
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cell [8] set in CT14 cryostat. The value of applied pressure was estimated consistently by the
lattice constants, b and ¢, of CuGeO as compared with the data of Ref. 1.

The magnetic excitation profiles at 5 K are shown in Fig. 1. Both experimental conditions
are used with horizontal collimation, 48'-40'-40'-120' and vertical bent PG analyzer as shown
in Fig. 1 (8) and with another one, 48' . '-100'-120' and large flat PG analyzer as shown in
Fig. 1 (b). The consistency of both conditions are checked at 0= (0,1,0.68). InFig. 2, the

dispersion curves along c*-axis both under high pressure, 2 GPa and ambient pressure (AP) are

shown together. SP gap energy at 2 GPa becomes about twice of that at AP, but the zone
boundary (ZB) energy decreases from 16 meV to 14 meV-at S K. JTust adjusting the parameters
of the dimerizedtchain with bnly the nn exchange, as calculated numerically by Bonner and
Bléte [9] would yield the change in the dimerization parameter §=0.06 to 0.17 and in the
exchange constant from Je=10.5 meV (121 K) to 9.8 meV (114 K) upon the pressure increase
from AP to 2 GPa.. On the other hand the structural study uhder high pressure [3]
unambiguously revealed that the displacement Az of the Cu atoms, believed to govern the
dimerization parameter, does decrease upon appiying the pressure. To resolve this
inconsistency we tried to estimate non interaction in the frame of the spin wave theory [10] to
describe the pressure dependent dispersion including the SP gap Asp phenomenologically. Jo
is estimated from the energy: diffeljence at Q=(0, 0, 0.5) and (0, 1, 0.5). The fit results are
indicated by the solid lines in Fig. 2 and the ratio a=J2/Jc incréased from 0.1662 % 0.0059 to
6.1802 + 0.0075 at 2 GPa. . Mﬁough the a—yalues are smaller than the critical value for a
finite Encrgy gap reported théorcﬁcally 7, tile increase of it may indicate the enhancement of
the competing interaction between Je and J2c upon applying the pressure. A more sophisticated
analysis of the pressure dependent dispersion including the nnn intra-chain exchange
interaction, dimerization and interchain exchange interaction is desirable. The confirmation of
double gap and the contribution of Js will be reported elsewhere {11],

This work was done at the Oak Ridge National Laboratory under US - Japan Cooperation
Program in Ncutron Scattering and supported by US DOE under contract No. DE-ACOS-
840R21400 with Martin Marietta Energy Systems, Inc.
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Figure Captions

Fig. 1 Neutron inelastic scattcring spectra for diffcrent Q at 2 GPaand 5 K. Encrgy scans
were done under the conditions of collimations 48'-40'-40'-120' and 48'-40'-100'-120" at (a)
and (b), respectively. Solid lines are the results of Gaussian fitting. o

Fig.2 The dispersion curves along c*-axis at § K under 2 GPa and ambient pressure. Solid
lines are the fitting curves by spin wave formula added SP gap.
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