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1.  INTRODUCTION

Observation  of  the  spin-Peierls  transition  in
CuGeO3 [1]  has  stimulated  searches  of  similar  low-
dimensional materials. Lemmens et al. [2] found that,
as the temperature decreases, the magnetic susceptibil-
ity of CuTe2O5,  as well  as that of CuGeO3,  decreases
along the three crystallographic directions. An analysis
of  the  structural  data  allows  the  assumption  that  the
dimerization of copper spins occurs in CuTe2O5; i.e., as
in  the  case  of  CuGeO3,  dimers  with  a  singlet  ground
state are formed. The crystalline structure of CuTe2O5
belongs to space group P21/c. The unit cell consists of
four formula units, and its dimensions are a = 6.871 Å,
b = 9.322 Å, c = 7.602 Å; the angle β between the a and
c axes  is  109.08° [3].  There  are  four  nonequivalent
positions  of  copper  ions  in  the  unit  cell.  The  Cu(1)–
Cu(2) and Cu(3)–Cu(4) distances between neighboring
copper  ions  are  3.18  Å;  these  pairs  form  structural
dimers. Upon translation of the Cu(1) and Cu(3) posi-
tions  along  the c axis,  the  Cu'(1)–Cu(2)  and  Cu'(3)–
Cu(4) bond lengths are 5.585 Å. The Cu(1)–Cu(3) dis-
tance is 5.28 Å. Each of the copper ions is surrounded
by six oxygen atoms forming a strongly distorted octa-
hedron.  The  copper  ion  is  positioned  at  a  distance  of
1.95  Å from oxygen  ion  O5,  at  1.961  Å from O4,  at
1.953 Å from O1, and at 1.969 Å from O3; oxygen O5'
is positioned at a distance of 2.303 Å from the copper
ion  and  is  oxygen  O5  for  a  neighboring  octahedron

(Fig. 1). Two edge-shared octahedra containing Cu(1)–
Cu(2)  or  Cu(3)–Cu(4)  at  their  centers  determine  the
magnetic properties of  the material.  The octahedra of
the Cu(1)–Cu(2) or Cu(3)–Cu(4) neighboring pairs are
rotated relative to each other and are magnetically non-
equivalent.  The Te4+ cations  connect  the  copper–oxy-
gen octahedra together. The magnetic susceptibility of
CuTe2O5 exhibits  a  maximum  at  a  temperature  of
56.6  K.  By  fitting  the  temperature  dependence  of  the
magnetic  susceptibility  at  high  temperatures,  one  can
determine the Curie temperature to be θ = –41 K.
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Fig. 1. Local structures of fragments (a) CuO5 and (b) TeO4
in CuTe2O5.
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In [4], several approaches were used to describe the
temperature dependence of the magnetic susceptibility
of  CuTe2O5.  The  experimental  results  are  best
described in terms of the following two models. One is
a model of a quasi-one-dimensional antiferromagnetic
spin chain with alternating exchange interactions J1 and
J2.  Fitting of the experimental  data gives J1 = 93.3 K
and J2 = 40.7 K. In another model, the magnetic suscep-
tibility is calculated using a modified Bleaney–Bowers

equation in the mean-field approximation. Fitting of the
temperature dependence of the magnetic susceptibility
gives other parameter values of the isotropic exchange
interaction between copper spins; namely, presumably
within the dimer, J = 88.9 K and, between the spins of
copper ions of neighboring dimers, J' = 91.4 K. Which
of  the  variants  considered  in  [4]  is  more  preferable
remained unclear. Moreover, it is unclear to which pair
of copper ions one should assign the parameter of the
exchange interaction equal to 90 K. In [4], the parame-
ters of the isotropic exchange interaction for different
pairs were calculated by the EHTB method. It  turned
out that, for copper pairs in a structural dimer separated
by a distance of 3.18 Å (Fig. 2b), the calculated param-
eter of this interaction (Ja ~ 54 K) is approximately half
the value obtained by fitting (~90 K); this result casts
doubt on the conclusion that this pair is dimerized. The
arrangement of the copper and oxygen ions in the struc-
tural dimer is shown in Fig. 2b. According to the calcu-
lations performed in [4], the indirect exchange interac-
tion is the strongest for the spins of copper ions coupled
via oxygen and tellurium ions (Fig. 2a), rather than for
pairs  of  nearest  neighboring  ions.  The  authors  of  [5]
used another (NMTO) method to calculate the hopping
integrals for different pairs of copper ions in CuTe2O5.
Table 1 lists  the data from [4,  5].  The pairs  are num-
bered  in  order  of  increasing  distance  between  copper
ions. The third column presents the calculated values of
the  exchange  integrals  (in  arbitrary  units)  taken  from
[4].  The  fourth  column  presents  the  squared  hopping
integrals calculated in [5] (in arbitrary units) for differ-
ent copper ion pairs in the CuTe2O5 single crystal. It is
generally  believed  [6]  that  the  strength  of  isotropic
exchange interaction is proportional to the square of the
transfer integral. From Table 1, it is seen that, according
to [5], the strongest interaction should be expected for
pairs  of  the  fourth-nearest  neighbors  rather  than  for
sixth neighbors as was concluded in [4]. Taking the data
from [4],  we obtain the quasi-one-dimensional model
of  magnetism for  CuTe2O5;  for  data  from [5],  a  two-
dimensional dimerization is realized in CuTe2O5. The
conclusions concerning the electron structure are qual-
itatively  different,  and  it  is  necessary  to  obtain  addi-
tional  experimental  information.  This  circumstance
stimulated our study of CuTe2O5 single crystals by the
EPR method. This method makes it possible to deter-
mine immediately the parameter of isotropic exchange
between magnetically nonequivalent spins from the fre-
quency spectrum,  which is  made in  this  work.  More-
over, we obtained additional information on the aniso-
tropic exchange interactions from analyzing the angu-
lar dependence of the EPR linewidth in three mutually
perpendicular planes.

2.  EXPERIMENTAL

We studied a 0.2 × 1 × 1-mm CuTe2O5 single crystal,
which  was  transparent  and  sea-green  in  color.  This

(a)
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Fig. 2. Structures of pairs of copper and oxygen ions with
bridge fragments TeO4 for pairs (a) 4, (b) 1, and (c) 5 [4].

Table  1. Calculated exchange interactions Ji [4]  and  hop-

ping integrals  [5] (in arbitrary units) for Cu–Cu pairs in
CuTe2O5

No. RCu–Cu, Å Ji/J6 [4] (ti/t4)2 [5]

1 3.187 0.59 0.12

2 5.282 0.05 –

3 5.322 0.14 0.01

4 5.585 0.11 1

5 5.831 0.01 0.015

6 6.202 1 0.28

7 6.437 0.05 0.002

8 6.489 0.09 –

9 6.871 0.26 –

ti
2
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sample  was  presented  by  Lemmens  (Braunschweig
University, Germany). The EPR spectra were measured
using a Bruker Elexsys E500 CW spectrometer in sev-
eral frequency ranges at temperatures of 5 to 300 K. In
the high-frequency range, the EPR spectra were mea-
sured using quasi-optic methods. At temperatures of 25
to 300 K, the EPR spectrum of copper ions consists of
one Lorentzian-shaped line with g ~ 2. The temperature
dependence of the integrated EPR line intensity follows
that of the magnetic susceptibility; i.e., the intensity of
the  Lorentzian-shaped  line  decreases  as  the  tempera-
ture  decreases.  Near  25 K,  the  line  splits  into  several
components. We associate the appearance of these sig-
nals in the EPR spectrum with the presence of defects
in the CuTe2O5 crystal, which prevent a part of copper
ion pairs from being dimerized. The specific features of
the structure of single paramagnetic centers revealed in
the  EPR  spectrum  at  low  temperatures  are  not  dis-
cussed in this work. We concentrate most attention on
the  exchange-narrowed  EPR  line  of  copper  ions  in

CuTe2O5 at high temperatures. The angular dependence
of the width of this line was measured at temperatures
of 60 and 300 K in the X band and at 200 K at frequen-
cies  of  9.4  and  160  GHz.  Figures  3  and  4  show  the
experimental  data  on  the  EPR linewidth  measured  in
three mutually perpendicular  planes: a*b, ac,  and bc,
where  the a*  axis  is  perpendicular  to  the  crystallo-
graphic b and c axes. As the temperature decreases, the
EPR  linewidth  increases  significantly  when  the  mag-
netic  field  is  applied  along  the b axis  and  it  remains
practically unchanged when the magnetic field is  ori-
ented along the a* or c axis. In the EPR spectrum mea-
sured at a high frequency, an abrupt increase in the EPR
linewidth  occurs  only  when  the  magnetic  field  is
applied  along  the  b  axis  of  the  crystal.  The  angular
dependence of the g factor for the EPR line measured
in three mutually perpendicular planes of CuTe2O5 are
shown in Fig. 5. The anisotropy of the position of this
line  is  practically  independent  of  the  frequency  and
temperature at which the experiment was performed.

3.  CALCULATION OF  THE SECOND
AND FOURTH MOMENTS OF  THE EPR LINE

The theory of the EPR linewidth for exchange-cou-
pled  systems  has  been  well  developed  [7].  In  com-
pounds  with  a  fairly  strong  exchange  interaction,  the
EPR line shape is close to a Lorentzian and its width
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Fig.  3.  Angular  dependences  of  the  EPR  linewidth  in
CuTe2O5 at a frequency of 9.4 GHz in the crystallographic
planes a*b (circles), bc (triangles), and a*c (squares) mea-
sured at temperatures of (a) 60 and (b) 300 K. Solid lines are
theoretical calculations.
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Fig.  4.  Angular  dependences  of  the  EPR  linewidth  in
CuTe2O5 at frequencies of 9.4 (circles) and 160 GHz (trian-
gles) in three crystallographic planes measured at T = 200
K. The dotted lines show the contribution to the EPR line-
width from the spin–spin interactions between copper ions
in a dimer and between copper ions belonging to neighbor-
ing dimers. The dashed line corresponds to the contribution
from the anisotropic Zeeman effect at 160 GHz. The solid
lines  show the  sum of  all  the  contributions  (for  each  fre-
quency).
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∆H can be expressed in terms of the second (M2) and
fourth (M4) moments of the line as follows:

(1)

In a high-temperature approximation (kT � J), calcula-
tions of the second and fourth moments are fairly sim-
ple  and  ∆H  can  be  expressed  in  terms  of  the  micro-
scopic parameters of the Hamiltonian of the spin sys-
tem.  In  this  case,  it  is  generally  assumed  that  the
exchange interactions of a spin with its nearest neigh-
bors on the left and those on the right are identical. In
our  case,  this  assumption  is  very  rough.  In  what  fol-
lows, we use the spin Hamiltonian

(2)

In this model spin Hamiltonian, we included isotropic
and  anisotropic  exchange  interactions  between  three
types  of  ions:  J1a  is  the  parameter  of  the  isotropic
exchange  interaction  with  the  largest  magnitude  for
copper ion pair 1; J1b is the parameter of the isotropic
exchange interaction for the same pair with the strength
next in magnitude; J1c, the isotropic exchange interac-
tion  between  magnetically  nonequivalent  systems
formed by copper ions; and the last term describes the
interaction  with  the  magnetic  field.  We  note  that  the

∆H
π
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∑

summation  over  all  Cu(1)  positions  in  Eq.  (2)  is
dropped for brevity.

Not specifying a model of chains, we only assume
that J1c � J1a and J1c � J1b. The EPR line moments were
calculated using a standard technique described, e.g., in
[7].  In  a  coordinate  system  with  the  z  axis  directed
along the external magnetic field, the second and fourth
moments of the EPR line are given by

(3)

(4)

where a = S(S + 1) and B(J1a) = (  –  – )2 +

( –  )2  +  10( )2  +  10( )2  +  4( )2.  The
function B(J1b)  is  similar  in  form  to  B(J1a)  but  it
includes  anisotropic  symmetric  exchange  interactions
between copper spins of neighboring dimers. The func-

tions   (where  α, β  =  x, y, z;  and  γ  =  a, b)  as
expressed in terms of the parameters of the anisotropic
symmetric  exchange  with  respect  to  the  crystallo-
graphic axes can be found in [8].  In the specific case

J1a = J1b = J and Jαβ = , for particles with spin S =
1/2, the expression for the fourth moment simplifies to

(5)

From comparing the angular dependences of the EPR
linewidth calculated from Eq. (1) with the experimental

ones, we can obtain information on the parameters ,

, and J1c.

4.  DETERMINATION OF  THE PARAMETERS
OF THE SPIN  HAMILTONIAN

The angular  dependences  of  the  EPR linewidth  of
CuTe2O5 calculated theoretically and measured at fre-
quencies of 9.4 and 160 GHz at T = 200 K are presented
in Fig. 4. As noted above, the EPR linewidth along the
b  axis  at  a  frequency  of  160  GHz  is  greater  than  its
value in the X band. It is logical to assume that this is
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associated with the difference between the g factors of
interacting spins  (anisotropic  Zeeman effect).  Indeed,
from analyzing  the  structural  data,  it  follows  that  the
unit cell contains two magnetically nonequivalent octa-
hedra  of  oxygen  ions  that  surround  the  paramagnetic
copper ions producing an EPR signal.  Since the EPR
spectrum exhibits one line, its effective g factor is the
average of the g factors of two copper centers located in
nonequivalent  positions.  The  frequency-dependent
contribution to the EPR linewidth due to the difference
between the g factors [9] is given by

(6)

where ∆g is the difference between the g factors of the
nonequivalent paramagnetic centers. Prior to analyzing
the g  factors, we note that the resonance frequency is
related to the resonance magnetic field by the equation
gβHres = hνres. Using the values of ∆g and ∆HAZ deter-
mined from the experimental data, we can find J1c from
Eq. (6).

The angular dependence of the EPR linewidth mea-
sured at 160 GHz shows that the difference between the
g  factors of the two nonequivalent octahedra is maxi-
mum along the  b  axis  of  the  crystal  and is  minimum
along the other directions. Since the geometric sizes of
the  two  magnetically  nonequivalent  octahedra  are
equal,  the  principal  values  of  the  g  tensors  in  a  local
coordinate  system  of  the  octahedra  also  have  to  be
equal. Based on this conclusion, we analyzed the exper-
imental  angular  dependences  of  the  g  factors  and  the
EPR linewidth at 160 GHz measured at 200 K. When
fitting  the  experimental  values  of  the  EPR  linewidth
obtained at 160 GHz, we took into account that the con-
tribution from the anisotropic symmetric interactions is
the same as that in the X band. The analysis showed that
the experimental  angular  dependences of  the position
and  width  of  the  EPR line  at  160  GHz are  described
fairly well by the following g tensors of the two mag-
netically  nonequivalent  centers:  g(1)  =  {2.055,  2.10,
2.30}  and  g(2)  =  {2.056,  2.12,  2.30}.  To  within  one
degree, the directions of the principal axes are as fol-
lows:

and

The axis along which the principal value of the g tensor
is maximum coincides with the Cu–O5' direction, and

∆HAZ
∆g
g

-------⎝ ⎠
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2gµBHres
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-------------------,=
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.

the other  two principal  axes of  the g  tensor  lie  in  the
basal plane of the CuO6 octahedron; specifically, one of
them is perpendicular to the O1–O3 bond and the other
is  perpendicular  to  the  O1–O5  bond.  The  isotropic
exchange interaction between the  spins  of  the  copper
ions belonging to neighboring magnetically nonequiv-
alent octahedra as estimated from Eq. (6) is J1c = 0.5 K.
The theoretically calculated isotropic exchange interac-
tion for pair 5 (Table 1) is about 0.7 K, which almost
coincides with the value obtained from the experimen-
tal data.

In [10,  Eqs.  (7.110)],  the principal  values of the g
tensor  of  ions  of  d9  configuration  in  octahedral  sur-
roundings in the case of trigonal distortions due to the
Yang–Teller effect are given to be

(7)

where λ/∆  is  the  ratio  of  the  spin–orbital  interaction
strength to the spacing between the ground and excited
states. The eigenfunction of the ground state is

(8)

From analyzing the obtained principal values of the g
tensor  in  CuTe2O5,  it  follows  that  –λ/∆  =  0.038  and

cos  ≈  0.99.  In  this  case,  the  eigenfunction  of  the

ground state of the copper ion is |x2 – y2〉 and is local-
ized in the basal plane of the octahedron (O1–O3–O5–
O4).  The  experimental  angular  dependences  of  the  g
factor are described very well by the theoretical curves
(Fig. 5).

Let us consider a possibility of describing the angu-
lar dependence of the EPR linewidth in CuTe2O5  at  a
frequency of 9.4 GHz in terms of two models, namely,
EHTB [4] and NMTO [5].

According to [4], the exchange interaction is maxi-
mum in pair 6. In this pair, the Cu(1)–Cu(4) copper ions
positioned in the bc plane are bonded. The Cu(1)–Cu(4)
and Cu(2)–Cu(3) directions form an angle of about 37°
with the b axis. Next in magnitude is expected to be the
bonding in pair 1, which lies in the ac plane. These two
pairs can form a unit cell of the exchange-coupled sys-
tem. An analysis of the angular dependence of the EPR
linewidth in terms of this model suggests that the EPR
linewidth should reach a maximum in the case where
the magnetic field is applied at an angle of 37° to the b
axis  in  the  bc  plane,  which  corresponds  to  the  bond
direction  of  pair  6.  Such  behavior  is  in  contradiction
with the experimental data obtained in the X band. Gen-
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erally speaking, a misalignment of the directions of the
experimental extreme values of the EPR linewidth (or g
factor) with the crystallographic axes is possible. How-
ever, it usually takes place in crystals with monoclinic
symmetry [9].  In the CuTe2O5  crystal,  such misalign-
ment of the direction of extreme values of the g factor
is observed in the ac plane (Fig. 5).

Another possible model for describing the angular
dependence of the EPR linewidth is based on the results
obtained in [5]. The maximum exchange interaction is
expected in pair 4. However, in this case, the directions
of  the  principal  axes  of  the  tensor  of  the  anisotropic
exchange interactions in pair 4 are such that we fail to
describe all specific features of the angular dependence
of the EPR linewidth. For example, if pairs 4 and 6 are
a translation element,  then this  model fails  to explain
the behavior of the EPR linewidth in the bc plane.

It  is  most  probable  that  the  building  block  of  the
exchange-coupled  system  consists  of  pairs  1  (Cu(1)–
Cu(2))  and 4 (Cu'(1)–Cu(2)).  The structural  positions
of  the  copper  ions  are  as  follows:  Cu(1)[x, y, z]–
Cu(2)[  + 1;  + 1,  + 1]–Cu'(1)[x; y; z + 1], where
x = 0.34117, y = 0.48715, and z = 0.29408 [3]. It should
be noted that the value  + 1 = 0.51285 almost coin-
cides  with  y,  which  means  that  Cu(1)–Cu(2)–Cu'(1)
nearly coincides with the ac plane. The chain is formed
upon  translation  along  the  c  axis.  The  copper  ions
Cu(3)[  + 1; y + 0.5,  + 0.5 + 1]–Cu(4)[x;  + 0.5 +
1; z + 0.5]–Cu'(3)[  + 1; y + 0.5;  + 0.5] form another
chain, which is magnetically nonequivalent to the chain

x y z

y

x z y
x z

Cu(1)–Cu(2)–Cu'(1) and is shifted with respect to it by
b/2 (Fig. 6).

This  model  allows one to  explain satisfactorily  all
specific features of the EPR line in CuTe2O5.

The anisotropic symmetric exchange interaction is
known to be proportional to the deviation of the tensor
component gαα  from  2;  namely,  (Jαα  =  [(gαα –
2)/gαα]2J). Moreover, it is seen that the principal values
of  the  tensor  of  the  anisotropic  symmetric  exchange
interaction Jα are maximum for ion pairs with the max-
imum J.  Therefore,  based  on  the  data  from  [5],  we
assume that the main contribution to the EPR linewidth
comes  from  the  anisotropic  exchange  interactions
within copper ion pairs 4 (Fig. 2a) and 1 (Fig. 2b). We
note  that  there  is  no  antisymmetric  exchange interac-
tion in a structural dimer, since this dimer is symmetric
with respect to the interchange of the ions [11]. We ana-
lyzed the angular dependence of the EPR linewidth of
the  copper  ions  in  the  X  band  at  temperatures  of  60,
200,  and  300  K  using  Eq.  (2).  Since  the  two  models
describing the temperature dependence of the magnetic
susceptibility give practically the same maximum value
of the isotropic exchange [4], we estimated the princi-
pal values of the anisotropic exchange tensor using the
value J1a = 90 K. We assume that this value of the iso-
tropic exchange can be assigned to the copper ion pair
shown  in  Fig.  2a.  The  isotropic  exchange  interaction
within a structural-dimer pair is J1b = 0.12J ≈ 11 K [5].
By fitting the experimental angular dependence of the
EPR linewidth at temperatures of 60, 200, and 300 K in
the X band, we estimated the parameters of the symmet-
ric anisotropic exchange within pairs 1 and 4 under the

condition that  +  +  = 0, where γ = a, b.
The parameters of the anisotropic symmetric exchange
interaction are listed in Table 2 in local coordinate sys-
tems x'y'z' for pair 1 and x''y''z'' for pair 4. The theoreti-
cally  calculated  values  of  the  EPR linewidth  in  three
mutually perpendicular planes a*b, a*c, and bc at tem-
peratures of 60, 200, and 300 K are presented in Figs. 3
and 4. At temperatures of 60, 200, and 300 K, the theo-
retical  and  experimental  values  of  the  EPR linewidth
practically coincide. As the temperature increases from
60 to 200 K, the anisotropic exchange increases in pair 1
and decreases in pair 4. The direction of the axes of the
anisotropic exchange interaction in the local coordinate
system  of  copper  pairs  is  determined  as  follows:  the
z'(z'') axis coincides with the Cu–Cu direction in a pair,
and the axes x'(x'') and y'(y'') lie in a plane perpendicular
to this direction. The directions of the local axes of the
anisotropic exchange interaction in the coordinate sys-
tem a*bc for the two magnetically nonequivalent pairs
of  copper  ions  are  given  by  the  matrix  of  direction
cosines. For pair 1, we have

J1γ
x'x'

J1γ
y'y'

J1γ
z'z'

b

c

Cu(1) Cu(2) Cu'(1)

Cu(3) Cu(4) Cu'(3)

Cu2+

Te4+

O2–

Fig. 6. Quasi-one-dimensional chain formed by copper ions
Cu(1)–Cu(2)–Cu'(1)  and  Cu(3)–Cu(4)–Cu'(3)  in  the  bc
plane.

Table 2.  Parameters of the anisotropic symmetric exchange
interaction for  copper ion spins in pairs  1 and 4 at  various
temperatures

T, K , K , K , K , K

60 –1 2.19 0.55 –0.33

200 –0.82 1.98 0.65 –0.42

300 –0.82 1.92 0.64 –0.42

J1a
x''x'' J1a

z''z'' J1b
x 'x ' J1b

z 'z '
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and

for pair 4, we have

and

All  of  these  data  agree  well  with  the  conclusion  that
there  are  two  types  of  magnetically  nonequivalent
chains  in  the  CuTe2O5  single  crystal.  In  Fig.  6,  these
chains  are  Cu(1)–Cu(2)–Cu'(1)  and  Cu(3)–Cu(4)–
Cu'(3). In the model proposed here, we combined the
results  of  calculations  performed  in  [4,  5].  The
exchange  parameters  are  (approximately)  J[Cu(1)–
Cu(2)] = J[Cu'(3)–Cu(4)] = 11 K in the structural dimer
and J[Cu'(1)–Cu(2)] = J[Cu'(3)–Cu(4)] = 90 K in a pair.
The interchain exchange parameter is 0.5 K.

5.  CONCLUSIONS
The angular dependences of the g factors and of the

EPR  linewidth  have  been  studied  in  detail  in  the
CuTe2O5  single  crystal  at  frequencies  of  9.4  and
160 GHz. The directions of the local axes of the g ten-
sor of two magnetically nonequivalent octahedra have
been determined. We established the parameters of the
symmetric  anisotropic  exchange  interaction  between
the spins of copper ions within a structural dimer and

between  the  copper  ion  spins  of  neighboring  dimers.
The  data  obtained  shows  that  there  are  two  types  of
magnetically  nonequivalent  chains  in  CuTe2O5.  The
values of the exchange coupling in chains are 90 and
11 K, and the interchain exchange parameter is 0.5 K.
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