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The temperature dependence of the magnetic susceptibility and the EPR spectrum are measured in a CuW04 

single crystal. The measurements indicate that short-range exchange interactions contribute significantly to 
the magnetic properties of the compound. One result of this, in particular, is the presence of a broad 
maximum on the x(T) curves above the Neel point (TN=24'±1'). The value of the antiferromagnetic 
exchange integral, J = 30'K, is determined from the EPR specturm of Cu2+ exchange-coupled pairs. The 
experimental results can be described by a theory which takes into account the presence of short-range order. 

MONOCLINIC tungstates of divalent ions of the iron 
group are convenient objects for the study of the singu
larities of the magnetic properties of antiferromagnets 
due to low symmetry of the crystal lattice. An investi
gation of the magnetic susceptibility and of the resonant 
frequencies of the tungstates of cobalt and manga
neser1•2l has made it possible, in particular, to show 
that an appreciable contribution to the energy of the 
magnetic anisotropy of these antiferromagnets is made 
by single-ion crystallographic anisotropy. The study 
of CuW04 , the magnetic structure of which is analogous 
to that of CoW04 , makes it possible to determine the 
singularities of the magnetic properties of tungstates, 
due to the specific arrangement of the paramagnetic 
ions in their crystal lattice. The ground state of the 
Cu2+ ion is almost a pure spin state with s = }'2, and 
this simplifies the theoretical analysis. 

In the temperature interval 4.2-300°K, we have 
measured the extremal values of the magnetic suscepti
bility Xi along the three magnetic axes x, y, and z of 
the crystal, the EPR spectrum of copper tungstate and 
of zinc tungstate with admixture of Cu2• ions at con
centrations 0.5-10%. The measurements of x· were 
made with a setup similar to that described in~3 l, and 
the measurements of the EPR spectra were made with 
a radiospectrometer for the 70 x 103 MHz band. The 
ZnW04 + Cu2• crystals were grown from the melt by 
the Czochralski method, and the CuW04 single crystals 
were grown by the Czochralski method and also from 
the solution in a melt of sodium tungstate by slow cool
ing. The results of the investigation of the magnetic 
and resonant properties of the CuW04 grown by the 
different methods turn out to be similar. 

The temperature dependence of the magnetic suscep
tibility of the copper tungstate is shown in the figure. 
As seen from the figure, in the entire investigated tem
perature interval, the susceptibilities measured along 
the magnetic axes x, y, and z are different. Attention 
is called to the presence of a broad maximum on the 
x( T) curves in the temperature region 70-90°K, Van 
Uitert and co-workers, who measured the magnetic 
susceptibility of CuW04 at an arbitrary orientation of 
the sample, determined from this maximum the Neel 
temperature of the copper tungstate TN and found it to 
be 90°K r41. 

In the interval from room temperature to ~100°K, 
the magnetic susceptibility follows the Curie-Weiss 
law with a Curie temperature 9C = -180°K, the value 
of which agrees well with the ® c = -170°K obtained in 

IO'x,g'' t.H,kOe 

Temperature dependences of the magnetic susceptibilities (the solid 
curve was calculated from formula (I) at gz = 2.39, J = 30°K, J' = 0, and 
z = 6; the points are experimental: X-xz; O-x ; .t.-xx). The dashed 
curve is the temperature dependence of the EP~ spectrum of copper 
tungstate. 

inr41. Our measurements of the temperature depend
ence of the EPR spectrum of copper tungstate, how
ever, cast doubts on the reliability of the Neel temper
ature determined inr4l. As seen from the figure, which 
shows the temperature dependence of the half-width 
~H of the EPR line of CuW04, the EPR spectrum can 
be observed down to a temperature ~ 24 °K, Cooling 
the sample from room temperature to "'90°K leads to 
a certain narrowing of the EPR line, owing to the 
natural decrease of the contribution made to its width 
by the spin-lattice relaxation. With further lowering of 
the temperature, the EPR line width increases particu
larly noticeably on approaching 24 °K, below which no 
EPR can be observed. 

Such an anomalous behavior of the EPR line width 
with decreasing temperature is typical of magnetically 
concentrated crystals in the vicinity of the magnetic
ordering temperature. The vanishing of the EPR line 
for a number of antiferromagnets at T = TN was first 
noted in[5l. The Neel point of CuW04, determined by 
us from the vanishing of the EPR spectrum, turned out 
to be 24 ± 1°K, The establishment of magnetic order 
at 24 o K is much less pronounced on the x ( T) plot, but 
it is seen from the figure that the xx( T) dependence 
experiences a noticeable kink in the region of this tem
perature. 

Let us discuss our results. The presence of a mag
netic-susceptibility maximum at temperatures above 
the Neel point was noted earlier for certain other anti
ferromagnets, for example CuF2·2H20 (TN= 10.9°K, 
Tmax = 28°K)f 6l, and was attributed to the appreciable 
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role of the short-range exchange interaction. A theory 
of the magnetic properties of such antiferromagnets 
was developed within the framework of the spin vector 
model in f7 l. According to this theory, the occurrence 
of a maximum on the paramagnetic part of the suscep
tibility is evidence of establish~ent of a short-range 
magnetic order in the system of magnetic ions. 

The theory yields the following temperature depend
ence for the susceptibility above the Neel pointf71 

=N 'g' S(S+i) [t+_:_(e"J•T-f)-~(1-e"'f"T) ]-': (1) 
X IL• 3kT 4 4 

where N is the number of magnetic ions with spin S 
in the system, J.lB is the Bohr magneton, g is the 
g-factor, J, J' and z, z' are respectively the values of 
the antiferromagnetic and ferromagnetic exchange in
tegrals and the numbers of the nearest neighbors 
coupled with the central ion by antiferromagnetic and 
ferromagnetic exchange interaction. J and J' have 
positive sign. 

An estimate of the exchange integral J can be ob
tained from the results of our measurements of the 
EPR spectra of the ZnW04 + Cu2• crystals containing 
0.5-10% copper. Besides the lines of the individual 
Cu2• ions, the EPR spectrum of which was investigated 
in detail inf8l, additional groups of lines are observed 
in samples with copper concentration exceeding 0.5%, 
and are particularly strongly pronounced when the 
external field H is oriented parallel to the magnetic 
axis x. (In analogy with the CuW04 case, we have de
noted by x the magnetic axis that lies in the plane ac 
of the ZnW04 + Cu2• crystal, corresponding to the 
smaller value of the g factor. This symbol differs from 
that used inf8l.) Their positions in the spectrum corre
spond at H 11 x to the following values of the g factors: 
g1 = 2.097, g2 = 2.058, g3 = 2.039, g4 = 2.011, and gs 
= 1.980, whereas the g-factor of an individual Cu2• ion 
is 2.001. The well resolved hyperfine structure of 
seven lines with an hfs constant equal to A = ( 36-40) 
x 10-4 em-\ i.e., amounting approximately to half its 
value for a single ion, Ax = 76.5 x 10-4 cm-I, and also 
the ratio of the intensities of the hfs lines in the group, 
proportional to 1 : 2 : 3 : 4 : 3 : 2 : 1, enables us to identify 
these line groups with the spectra of the exchange
coupled Cu2• ion pairs. From the temperature depend
ence of the intensity of these lines it follows that the 
sign of the exchange integral is antiferromagnetic for 
the lines 1, 3, 4, and 5 and ferromagnetic for the line 
2. An analysis of the temperature dependence of the 
line intensities of the antiferromagnetic pairs, withal
lowance for the correction for the spin-lattice relaxa
tion, estimated from the behavior of the line of the 
single ion with changing temperature, has shown that 
the lines 1 3 4 and 5 correspond approximately to the 

' ' ' 0 same value of the exchange integral, J R: 30 K. Un-
fortunately, it is impossible to determine the ferro
magnetic exchange integral J' from our experimental 
results. In principle, J' can be estimated from the 
shift of the g-factor of the ferromagnetic pair relative 
to the g-factor of the single ion, but for such an esti
mate it is necessary to know the positions of the ex
cited energy levels, concerning which there is no in
formation. 

As follows from an analysis of the magnetic struc-

ture of copper tungstate, determined from neutron 
scatteringf9 l, the parameters b and c of the magnetic 
structure of CuW04 are the same as for the crystal
chemical cell, and the parameter a of the ma~etic 
cell is twice as large as for the crystal-chemical cell. 
The magnetic ordering occurs in such a way that the 
Cu2• ion becomes aligned ferromagnetically in planes 
parallel to be, and antiferromagnetically in the direc
tion of a. The distance from each Cu2• ion to the two 
nearest neighbors in a direction close to b is much 
smaller in the ferromagnetic plane be than the dis
tance to the ions in the direction c. We can therefore 
assume for the number of ferromagnetic neighbors 
z' = 2. At the same time, judging from the distances 
along the directions close to a, the number of nearest 
antiferromagnetic neighbors is z = 6. At such values 
of z and z', the contribution of the ferromagnetic ex
change interaction to the magnetic susceptibility, de
scribed by expression (1), is small, and in first ap
proximation we can attempt to calculate x by assuming 
J' = 0. The calculated temperature dependence of the 
paramagnetic susceptibility xz for single crystals 
CuW04, using expression (1) with z = 6, J = 30oK, 
J' = 0, and gz = 2.39, the latter being experimentally 
determined from the EPR spectrum of CuW04, are 
shown in the figure. 

An attempt to determine the value of the ferromag
netic integral J' by calculating the x( T) dependence 
for different values of J' from expression (1) and ob
taining best agreement with experiment, turned out to 
be unsuccessful, since variation of J' has little effect 
on the susceptibility. Thus, the difference between the 
susceptibilities calculated at J' = 0 and at J' = 30oK 
(which is equal to the value of the antiferromagnetic 
exchange integral J) amounts to several per cent, so 
that the reliability with which J' is determined by this 
method is low. 

Thus, the singularities of the temperature depend
ence of the magnetic susceptibility of copper tungstate 
are due to the appreciable predominance of exchange 
interaction between the nearest neighboring Cu2• ions 
over the interaction with the more remote neighbors. 
The presence of a maximum of magnetic susceptibility 
at temperatures 70-90°K, and also the broadening of 
the EPR line below these temperatures, indicates that 
the occurrence of short-range magnetic order in the 
Cu2• system of copper tungstate occurs already at a 
temperature ~90°K, whereas the transition of CuW04 
into the antiferromagnetic state, i.e., the establishment 
of long-range magnetic order, occurs at a much lower 
temperature ~ 24 °K. Obviously, this difference between 
the short- and long-range exchange interaction is con
nected with the specific nature of the exchange coupling 
of the Cu2• magnetic ions in the tungstate lattice. 
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