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Abstract. Temperature-dependentelectronparamagneticresonance (EPR) studieswereperformedon
CuSiO3. Thisrecentlydiscoveredcompoundisisostructuralwiththespin-PeierlscompoundCuGeO 3.
The EPR signals show characteristicsdifferentfromthose of CuGeO3andareduetoCu 2§ spins lo-
catedalongquasione-dimensionalchains. For T> 8.2 Kthespinsusceptibilitycloselyfollowsthe
predictions of ahS= 1/2 one-dimensionalHeisenbergantiferromagnetwith J/k B = 21 K.Below
T= 8.2 Kthespinsusceptibilityimmediatelydropstozeroindicatinglong-rangemagneticorder.

1 Introduction

The linear spin-chain system CuGeO 3 is the first and up to now the only inor-
ganic compound that exhibits a spin-Peierls transition [1]. Regarding the mag-
netic properties the partial substitution of Ge by Si was an important subject in
terms of studying frustration effects [2] and the coexistence of the spin-Peierls
state with long-rangeantiferromagnetic order [3, 4].

To characterize thenature of antiferromagnetic interactions in Si-doped and
pure CuGeO 3 electron paramagnetic resonance (EPR) of Cu 2+ spins provided
important results [5-9]. In pure CuGeO 3 the EPR parameters differ from those
of conventional one-dimensional (I-D) Heisenberg antiferromagnets. The antisym-
metric Dzyaloshinsky-Moriya (DM) exchange interaction was claimed to explain
this difference [6]. In Si-doped CuGeO 3 the coexistence of spin-Peierls andan-
tiferromagnetic order is reported for Si concentrations below about 1%. For higher
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Si concentrations (up to 50%) a long-range antiferromagnetic ground state is ob-
served [4].

However, for T> 15K the temperature dependence of the EPR parameters
does not change significantly forSi-doping concentrations up to 7% [7, 8]. This
paper reports the first EPR results on pure CuSiO 3 which are very different from
pure and slightly Si-doped CuGeO 3.

2 Material and Methods

The EPR measurements wereperformed at X-band fi'equency on a Bruker ELEXSYS
spectrometer and at temperaturesbetween 4 and 300 K. For cooling a continu-
ous-flow helium cryostat was used. The polycrystalline sample of CuSiO 3 was
synthesized by dehydration of the mineral dioptase [10]. DC magnetization mea-
surements at low fields H<10 kOe were carried out on a commercial super-
conducting quantum interference device magnetometer [11]. Reported EPR spec-
tra of CuO [12] did not show up in our EPR spectra which indicated the high
quality of our sample.

3 Results and Discussion

Figure 1 shows the temperature dependence of the EPR linewidth AH (HWHM)
and EPR g factor (determined from the EPR resonance field) of the investigated
CuSiO 3 sample. The inset of Fig. 1 shows a representativeEPR spectrum of
CuSiO 3 at T= 40 K (solid line, derivative of the EPR absorbed power). At all
temperatures the spectra could benicely fitted with a Lorentzian derivative
(dashed line in the inset of Fig. 1).
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Fig. 1. Temperature dependence of the EPR linewidth AH (HWHM) and EPR gfactor, determined
by the resonancefiel&Inset:typical EPR spectrum(derivative of absorbed power, T= 40 K) (solid

line) and Lorentzian line fit(dashed line).
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Fig.2.TemperaturedependenceoftheEPRintensity(integratedEPRsignal,solidcircles).Inset:
magneticsusceptibilityvs.temperature[11].Thesolidlinesrepresentthebehaviorofa l-DHeisen
bergantiferromagnetwithS = 1/2[14].ThedashedlinesareCurie-Weisslawswith e = -7.2 K.

TheEPRlinewidthlinearlydecreasesdownto T ~ 100Katarateof0.5Oe/K.
Thiscontrastswithamuchsteeperandnonlineardecreaseofthelinewidthin
CuGe0 3 inwhichtheantisymmetricDMinteractionwasusedtoexplaintheline
width[5,6].Thereforein CuSi0 3 aDMinteractionseemstobelessimportant.
AnisotropicexchangeinteractionsalsocontributetotheEPRlinewidth.Asthe
deviationofthein-planeCu-O-Cuanglefrom90°issmallerin CuSi0 3 thanin
CuGe0 3 [4,10],theCu3d-and ° 2p-orbitalsoverlapdifferentlyandtherefore
theanisotropicsuperexchangeinteractionsinbothcompoundsshouldbedifferent
[13].Fortemperaturesabove T ~ 12KtheEPR g factorhasanearlytempera
ture-independentvalue of g = 2.156 ± 0.001.Likeinisostructural CuGe0 3 [9]this
g valueisconsistentwithapolycrystalline-averaged,effective g tensor of thetwo
magneticallyinequivalentCu 2+ ions of CuSi0 3, theCu 2+ sitesbeingwithinstrongly
elongatedoxygenoctahedraintheorthorhombiccrystalstructure[10].

Figure2showsthe temperature dependence oftheEPR intensity fEPR(T)
whichisdeterminedbyintegrationofthespectra. fEPR(T) is proportional tothe
spinsusceptibilityof Cu2+ andcanbewellcomparedwiththemagneticsuscep
tibility x(T) [11]asshownintheinset of Fig.2.However,below T = 8.2K
theEPRintensityreducesrapidlytozero,indicatinganordering phenomenon
ratherthanaspin-Peierlsstatewhichproducesanexponentialdecrease of the
intensity[5].Thisisalsoevidencedbythenonvanishing X(T - 0)whichisusu
allyduetoananisotropic antiferromagnetic state[11].Above T = 8.2K X(T)
and fEPR(T) areverywelldescribedbytheoreticalcalculationsforanS = 1/21-D
Heisenberg antiferromagnet withoutfrustrationeffects[14].Thisleadstoanin
planeCu-O-Cuexchangeof J/kB = 21K,whichismuchsmallerthanin CuGe0 3

(J/kB ~ 160K)ascanbeexpectedfromthesmallerCu-O-Cuanglein CuSi0 3

[4,9,13].Forhightemperatures, X(T) and fEPR(T) nicelyfollowaCurie-Weiss
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Fig.3.Temperaturebehavior of the EPRlinewidth AH. AthighT the dashed line approximatesthe
linewidthwithalinearfunction AHt~,. The inset displays the reducedlinewidth AH- AHu, vs. re-
ducedtemperature (T- Tc,i,)/Tmt (Tcd ,= 7.5 K)in ordertocharacterize the critical line broadening
AH~t. The solid line represents a power law accordingto AHc~ t~ (T- Tcnt) -'~ (ct =0.25).Thedashed

lineguidestheeye.

law with a Weiss temperature of O= -7.2 K, indicating weak antiferromagnetic
coupling.

Figure 3 shows a characterization of the temperature dependence of the EPR
linewidth. The high-temperature part is estimated with a linear function zSJ-/ti,(T )=
0.5TOe/K + 300 Oe. This linear part was subtracted from AH in order to ob-
tain the broadening AHc~t when the temperature is lowered towards a critical tem-
perature Ten t= 7.5K. A power law AHcnt~ (T- Test)-'~ approximately describes
the linewidth with a= 0.25at low temperatures and above T= 8.2 K. However,
at T~ 8.2 K the type of broadening obviously changes as a noticeable devia-
tion from a power law occurs. This is indicated by the eye-guiding dashed line
in the inset of Fig. 3. The linewidth strongly increases nearly below the same
temperature (T ~ 8.2 K) where a strong decrease of the resonance field //re s is
observed as well (seeFig. 1, increase of the Hros-determined g factor). Such a
sudden decrease of Hr~ s indicates magnetic ordering which yieldsstrong intemal
fields. Hence the change of line broadening is indicative for inhomogeneous line
broadening effects due to magnetic ordering. Measurements of the specific heat
give strong evidence for long-range antiferromagnetic order [11]. From the criti-
cal behavior of the linewidth it is not possible to compare CuSiO 3 unambigu-
ously with typical antiferromagnets neither for the 1-D case like CuC12 �92NCsH 5
(~z = 0.5 [15]) nor for the 3-D case like GdB 6 (o~ = 1.5 [16]).

Insummary, our EPR results on CuSiO 3 do not show evidences for a spin-
Peierls state below T= 8.2 K. For low temperatures the EPR intensity and EPR
linewidth are explained rather by long-range magnetic ordering phenomena. For
temperatures above T= 8.2 K the EPR intensity is proportional to the magnetic
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susceptibility and can be reproduced well with a behavior of a 1-D antiferro-
magnet. Antisymmet¡ and anisotropic exchange interactions contribute differently

to the EPR parameters in CuSiO 3 and CuGeO 3.
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