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Short-range and long-range magnetic ordering ina-CuV,04
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Magnetic properties of the triclinic copper vanadateCuV,Og with linear chains of edge-sharing CgO
octahedra were studied by magnetic susceptibility and electron-spin-resonance measurements. The broad maxi-
mum of a magnetic susceptibility at,=44 K corresponding to the intrachain exchange interaclier34 K
indicates one-dimensional short-range magnetic ordering within the chains. Three-dimensional long-range
antiferromagnetic ordering takes placelat=24 K, suggesting a rather large value for the interchain exchange
interactiond, ~16.5 K. Theenergy gap found in the antiferromagnetic resonance spectrum 76 GHz agrees
with the spin-flop magnetic-field value of about 2.7[$0163-182609)05825-1

The copper- and vanadium-based complex oxides are fre- The copper vanadate Cy¥; has attracted attention re-
quently found among those inorganic compounds which exeently as another Q¥,05 compound containing linear
hibit a low-dimensional magnetic behavior at lowering tem-chains of Cé&" ions in a-phase. Its triclinicC1 polymorph’s
perature. Besides other spin-chain and spin-laddelattice parameters area=9.168A, b=3.543A, c
compounds this behavior was observed recently iMGDg =6.478 A, =92.25°, B=110.34°, andy=91.88°* As
(M =Sb, NbH compounds. While being of the same chemicalshown in Fig. 1, the structure of this compound can be de-
formula these compounds possess different crystal structureived from a hexagonally pseudo-close-packed arrangement
and therefore different albeit quasi-one-dimensional arrangesf O®~ ions with both Cé* and \P* ions octahedrally coor-
ments of magnetic ions. dinated and101) as the stacking direction. Each Cg@roup

In the monoclinic copper antimonate CyS the main  shares two edges with Cy@roups displaced by a-axis
building blocks are constituted by edge and corner sharingranslation; within the chains the Cu-Cu distance is 3.58 A
CuQ; and SbQ octahedra. The magnetic €uions forming  and the Cu-O-Cu bond angle is 97.9°. The Gu®tahedra
square lattices in tha-b plane are separated from each otherchains are separated from each other by double chains of
by two sheets of nonmagnetic Sbions along thec axis.  VOg octahedra; the distance between Cu ions in adjacent
The dominant antiferromagnetic interaction occurs through a
linear Cu-O-O-Cu linkage which connects one set of two 5
next-nearest-neighbor lions. The interaction with other -
two next-nearest-neighbor €uions is frustrated, providing
a dominance of guasi-one-dimensional in-plane interactior " GRYWAY @AW
The CuSBOg exhibits a broad maximum of magnetic sus- 2 ' <
ceptibility at Ty,=60K and the transition to antiferromag-
netic state affy=8.5K.!

The copper niobate was investigated in both monoclinic
a-CuNb,Og and orthorhombic 8-CuNb,Og polymorphs.
Both structures contain zigzag chains of edge-sharingsCuC mwa — /' \\N\g
octahedra, separated by chains of edge-sharing;do@he- VD" ~o | I ess
dra forming washboardlike planes by the linkage of cornel s a -
oxygens. The ground state of theCuNb,Og is separated by > ; >
a spin gap from the excited states due to the alternating ex-
change coupling between the Tuspins within the quasi- FIG. 1. The polyhedra representation of the crystal structure of
one-dimensional chairfsThe B-CuNb,Og exhibits a broad a-CuV,0q. The C#* ions are situated within the dark-shaded oc-
maximum of magnetic susceptibility 8t,=20K followed tahedra at the corners of the unit cell and at the centers cd-the
by antiferromagnetic transition =7.5K.2 planes.
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FIG. 2. The temperature evolution of the ESR spectrum in
a-CuV206 at 35.6 GHz. H (T)

FIG. 3. The ESR spectra ia- CuV,0q4 taken at various frequen-

chains is 4.927 A. The NMR report on Cy; is available cies at 1.2 K.
indicating antiferromagnetic long-range ordering at 28 K,
and recent neutron-scattering experiments evidenced notwo energy gaps which increase at lowering temperature is
negligible interchain interactions in this compotfhd. what is to be expected for the spectrum of the antiferromag-

We performed electron-spin-resonancéESR  and  netic resonancéAFMR) spectrum of a two-axis antiferro-
magnetic-susceptibility studies on powder samples ofnagnet.
a-CuV,0g synthesized by a conventional solid-state reaction The AFMR spectrum for this type of magnetic
of a stoichiometric mixture of CuO and,®; in air at anisotropy is shown in Fig. 5. The dashed lines represent
600 °C. The formation of copper vanadate at this temperaturtwvo AFMR frequencies for the magnetic field parallel to the
was fast and required only a few days, but the sample seasy, the second easy, and the hard axes of sublattice mag-
prepared invariably contained some amount of ferromagnetioetization. The values of the two AFMR gaps are taken here
Cw,V,0; phase. Multiple intermittent regrinding and sinter- as 76 and 185 GHz. These two parameters fully determine
ing for two weeks resulted in a formation of a yellow- the dependencies shown by the dashed lines in Fig. 5. The
colored, almost single-phased, sample verified by x-ray powdashed lines in the inset of Fig. 4 correspond to the tempera-
der diffraction. ture dependencies of the AFMR gaps calculated in the

The ESR spectra were taken using the microwave spednolecular-field approximation with the gaps of 76 and 185
trometer of the transmission type. The rectangular resonatdéHz atT=0. The area marked by tilted lines corresponds to
possessed several Te()imodes in the range 20—75 GHz, the resonance absorption in powder. The singularities in the
which is the frequency range of the present study. The powabsorption bands marked in Fig. 3 are represented here by
der sample was inserted into the resonator in a foam con-

tainer 2.0 mm in diameter and 1.5 mm in height. At high GHz

temperatures the ESR spectrum consisted of a single line of '

non-Lorenzian form with the averaggfactor of 2.03. The = 100 “‘-.“ 35.6GHz
temperature evolution of this line is shown in Fig. 2 for the R S, o

frequency 35.6 GHz. The intensity of the single ESR line ; ,é

drops rapidly af y=24 K. The weak line aj~2 remains at 8 ] W
lower temperatures and the broad magnetic-field band of E] LTK A
weak absorption arises at temperatures befaw At low 2 |0 10 20 30 4367GH;
temperatures, at least two sharp singularities are seen in the § —_——
absorption band. These singularities are marked by the tri- e A
angles in Fig. 3, which shows the low-temperature spectra g 51.77GHz
taken at various frequencies. The ESR lines corresponding to = N
free-electron spins are marked by arrows. The rapid decrease -CuV,0 4 79.03 GHz
of a paramagnetic signal =24 K and transformation of H=0

the ESR spectra at low temperatures indicate transition of the 0 10 20 30
sample into the long-range antiferromagnetic state. TK

In the absence of a magnetic field the maxima of micro-
wave absorption at fixed frequency were detected at two dif- £, 4. The AFMR ina-CuV,0; at zero magnetic fieldat the
ferent temperatures. The records of the transmitted microgap frequencies The inset shows the temperature dependencies of
wave power vs temperature taken at various frequencies afge AFMR gaps. The lower gap value at 1.2 K is obtained from the
shown in Fig. 4. The peaks of absorption are marked byspin-flop magnetic field of 2.7 T as shown in Fig. 5, and the zero-
arrows. The inset represents the temperature dependencegai point is placed afy. The dotted curves in the inset represent
the “zero-field” resonant frequencies. The appearance othe molecular field theory calculation.
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FIG. 5. The AFMR spectrum and the absorption bands in 0 1 2 3 4 5

a-CuV,04. The AFMR gaps are taken equal to 76 and 185 GHz, H(T)
and the spin-flop magnetic field is taken as 2.7 T.

FIG. 7. The field dependencies of theCuV,Og magnetization

circles and squares. Evidently, the boundaries of the absor@t © and 30 K.

tion bands fit well to the spectrum suggested. The value of I .
the lower AFMR gap aff =0 estimated based on this spec- slope onM (H) curves at low temperature indicates the spin-
flop transition in three-dimensional antiferromagnets.

trum is 76 GHz, which corresponds to the spin-flop transition ,
magnetic field 2.7 T. The broad maximum on the temperature dependence of a
magnetic susceptibility is a landmark of low-dimensional

The magnetic susceptibility of a pellet of a-CuV,0¢ h ic ordering. Th lculati fth
was measured by a Quantum Design superconducting quaﬁ- qrt-range ”.‘a.g"‘e“c oraering. i € calcu atlor]s of the mag-
netic susceptibility for a spis=35 Heisenberg linear chain

tum interference devic€SQUID) magnetometer. As shown X '
in Fig. 6, the temperature dependenceydfken atH=1T  &re due to Bonner and Fistiehey obtainedy at Ty as
xm=0.0735Ng?ug?/J, (1)

exhibits a broad maximum &k,,=44 K and a subsequent

decrease at lowering temperature. A small Curie-Weiss term,

x=CI/(T-®), can be separated at low temperatures With whereN is the Avogadro numbeyg is the Bohr magneton,

=0.3% and®=1+0.4K and is assumed to be due to thekg is the Boltzmann constant, antlis the intrachain ex-

traces of other phases. No well defined anomaly indicatinghange integral. The fitting of experimental data by the

the transition into a long-range magnetically ordered stat&onner-Fisher curve with the temperature-independent term

was observed in the smooff(T) dependence. The field de- xo=1.5%10"*emu/mol, g=2.03, andTy=44K, givesJ

pendencies of magnetization, however, qualitatively changes 34 K.

at lowering temperature, as shown in Fig. 7. The change of The three-dimensional antiferromagnetic phase transition
results from the coupling between the chains. The interchain

exchange interactiod, in quasi-one-dimensional structures

35 . - )
: can be estimated using the expresSion
“ 3 T @
o5 Y 1.28(In(5.83/Ty
3 : This results in the interchain exchange integrd|
% 20} ~16.5K.
£ [ It is instructive to compare short-randg and long-range
% 15} Ty magnetic ordering temperatures in order to elucidate the
pA - role of different magnetic ion arrangements in various
~ 10 h CuM,0s (M=V, Nb, Sh compounds. As can be seen in
[ Table I, the ratios oy to T, being approximately one half
5 _ 7 TABLE I. Relevant magnetic data for ®,O (M=V, Nb,
r ] Sb) compounds.
0 PR ST ST WU (N WO ST W W TS U B ST ST N S W W T T SO 2l
0 50 100 150 200 280 300 Compound Tw (K) Tn (K) J (K) Reference
Temperaturs (K)
CuShOq 60 8.5 43 1
FIG. 6. The temperature dependence of the magnetic suscepiB- CuNb,Og 20 7.5 34 2,3
bility of a-CuV,0g atH=1T. The solid line represents a Bonner- o-CuV,04 44 24 34 Present work

Fisher fit withT\y=44 K, g=2.03, andy,=1.5x10"* emu/mol.
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in both linear @-CuV,0q) and zigzag B-CuNb,Og) chain trachain and interchain exchange integrals are estimated to
compounds differ significantly from that in a quasilinear ar-be J=34K andJ, ~16.5 K, correspondingly. At low tem-
rangement of the magnetic ions in the nearly square plangreraturea-CuV,0q possesses the spin-wave spectrum with
lattice of CuShOg. In the latter case, the reduction of the two gaps of 763 and 185 15 GHz and exhibits a spin-flop
long-range magnetic ordering temperature could be due ttransition at about 2.7 T.

the strong frustration of the interchain interaction in the )
planes. The present work was supported by the Russian Founda-
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sition from the short-range quasi-one-dimensional ordering@8-02-16572. One of the autho#.N.V.) acknowledges the
at elevated temperatures into the long-range threekind hospitality of the members of Materials Design and
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