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The influence of neutron irradiation on the electron paramagnetic res-
onance spectra of the spin-Peierls compound CuGeO; was investigated in
the wide temperature range 2-300 K. It was found that the irradiation in-
duced appreciable changes in the EPR signal intensity, resonance line width
and g-factor of this material. It was also shown that the irradiation leads
to a decrease in the spin-Peierls transition temperature. For higher irradia-
tion doses, an antiferromagnetically ordered phase can be observed at lower
temperatures. This phase coexists with the spin-Peierls phase. The observed
decrease in the spin-Peierls transition temperature after irradiation may be
associated with some changes in topological and chemical short-range or-
der or with the transmutation of the fraction of **Cu in the ®3Cu(n,a)*°Co
reaction.

PACS numbers: 75.30.Kz, 75.50.Ee, 76.30.Da

1. Introduction

The compound CuGeOj is presently a subject of high interest [1, 2] because
it presents a transition into a spin-Peierls (SP) ground state at low temperatures.
The unusual properties of this compound are the consequence of a pronounced
one-dimensionality of the crystallographic structure [3]: CuOz chains along the
¢ axis with antiferromagnetic interactions between Cu spins are separated from
each other by GeOs chains.

Below a spin-Peierls transition temperature Tsp = 14 K the magnetic chains
are dimerized which leads to the formation of the non-magnetic ground state sep-
arated from the excited triplet states by an energy gap A &~ 2 meV = 23 K [4].

In contrast to the previously known organic SP systems, CuGeQO3 can easily
be doped on both the Ge and the Cu sites, offering a possibility of investigating the
influence of doping on a SP ground state. The presence of impurities diminishes
the temperature of the SP transition and at lower temperatures a Néel ordering
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occurs [5]. The SP dimerization and the antiferromagnetism were found to coexist
in doped crystals. This coexistence is suggested to be induced by the disorder in
the spin chain resulting from the chemical substitution [6].

Inspired by the measurements performed on doped CuGeOjs crystals, we
directed our attention to the other possibilities of introducing disorder. In this
paper we present a detailed EPR study on the neutron irradiated CuGeOQOgs single
crystals.

2. Experimental

A single crystal of CuGeOg, used in the experiment, was grown from a CuQO
flux using a method described in Ref. [7]. It was cut into three pieces. Two of them
were exposed to the 0.5 MeV neutron irradiation with fluences of 3.77 x 1017 n/cm?
(sample Sy, hereafter) and 7.2 x 1017 n/cm? (sample Sy). The third non-irradiated
piece (sample Sp) was treated as the reference sample.

During neutron irradiation of samples containing copper the radiation dam-
age results from two different sources: (i) displacements of atoms caused by high-
-energy « and Co particles which result from the capture of thermal neutrons
by the copper isotope #3Cu according to the #3Cu(n,a)%°Co + 0.8 MeV reaction;
(ii) displacement of atoms caused by fast neutrons. The effects of radiation-induced
chemical changes of the elements contained in the samples were evaluated to be
negligible. '

EPR measurements were performed using a standard X-band spectrometer
(Bruker 300E) operating at 9.5 GHz with 100 kHz field modulation. EPR spec-
tra were recorded for an external magnetic field applied along each of the three
crystallographic directions in the wide temperature range 2-300 K.

3. Results and discussion

The resonance field for both irradiated and non-irradiated samples has an
almost constant value in spite of changing temperature, while the absorption in-
tensity and line width strongly depend on temperature. The g-values obtained at
room temperature for the non-irradiated sample are g, = 2.15, g, = 2.26, and
gc = 2.06 in agreement with previously reported values [8]. After neutron irradia-
tion these values were found to diminish and we obtain g, = 2.10, g5 = 2.20, and
ge = 2.03. The possible reason for this g-factor deviation is the radiation induced
increase in lattice constants which leads to the changes of the crystal field acting
on Cu?* ions.

Figure 1 shows the temperature dependences of the derivative peak-to-peak
line width AH, obtained for an external field H applied along the ¢ axis for So,
S1, and Sy samples. As can be seen in this figure, after neutron irradiation the
line width increases with increasing irradiation dose and tends to saturate above
approximately 100 K.

The influence of neutron irradiation on the temperature dependence of the
EPR signal intensity of CuGeOj single crystal is demonstrated in Fig. 2. It can
be seen that for the virgin sample Sg the intensity has a broad peak around 50 K.
After neutron irradiation a large increase in the intensity is observed at low tem-
peratures which depends on the irradiation dose. Above Tsp = 14 K the difference
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Fig. 1. Temperature dependences of the EPR line width for CuGeO; before and after
neutron irradiation.
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Fig. 2. Temperature dependences of the EPR signal intensity for CuGeO3s before and
after neutron irradiation.

between the EPR signal intensity before and after irradiation decreases and for
T > 100 K is within the error limits. The above-mentioned increase in the EPR
line intensity has a Curie-like character and may be attributed to a contribution
from unpaired Cu?t ions made free due to neutron irradiation and not partici-
pating in the dimerized state. The data in the inset of Fig. 2 show temperature
dependences of the EPR signal intensities after the Curie-Weiss terms were sub-
tracted. The drop of the intensity marks the temperature of the SP transition
both for non-irradiated and irradiated crystals. The transition temperatures are
T% = 145 K, Tdp = 135 K, and T = 12.5 K for the Sp, S1, and S, sam-
ples, respectively. Below the SP transition temperature the EPR, signal intensity
decreases rapidly with decreasing temperature. This shows that the signals be-
low Tgp come from some thermally activated free spins because most of the spins
form a singlet ground state. In this region, the integrated absorption intensity
should be proportional to exp(—A/ksT). In order to estimate the value of A,
we fitted the temperature dependence of EPR signal intensity to exp(—A/kgT)
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using the experimental data below Tsp presented in the inset of Fig. 2. We obtain
Ao/kp = 23+ 2 K, Ay /kp = 20+ 2 K, and Az/ks = 18 £2 K for the Sq, Sy,
and S, samples, respectively. The experimentally observed percentage reduction
in the energy gap is thus 13% for the S; sample and 22% for the S; sample while
the percentage reduction in the SP transition temperature is 7% for the S; sample
and 14% for the Ss sample. The above results thus show that neutron irradiation
reduces the magnetic energy gap in CuGeOgz much more than it reduces the SP
transition temperature. The reduction of the spin gap after neutron irradiation
may be related to the radiation induced increase in the lattice constants having
effect on the exchange interactions. ‘

Preliminary EPR measurements were also performed on a CuGeQOg single
crystal irradiated with higher irradiation dose 1.22 x 108 n/cm?2. For this sample
the intensity of the main EPR signal decreased drastically below 4 K and addi-
tional lines with higher resonance fields were observed. It may be attributed to an

antiferromagnetically ordered phase formed at lower temperatures which coexists
with the SP phase.

4. Conclusions

Our results indicate that the main effect of neutron irradiation is to introduce
disorder which leads to a partial suppression of both the energy gap and the
dimerization within the chains. The results also point towards the possibility of
the existence of gapless spin-Peierls state at appropriate irradiation doses. The
measurements are still continuing and more detailed results will appear in the
forthcoming paper.
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