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Abstract  

Structural data, electrical transport and dielectric properties are reported for Er2Cu2Os. Similar to La2CuO4, this cuprate 
oxide reveals a two-dimensional CuO2 network. At low temperatures and high frequencies the electrical transport is dominated 
by hopping conductivity processes. The dielectric constant e= 9.0(5) has been determined from high frequency measurements. 
At high temperatures and low frequencies d.c. conductivity contributions dominate and characterize Er2Cu2Os as a conventional 
semiconductor with a gap E~ = 1.4 eV. 
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1. Introduction 

The discovery of the superconducting cuprates has 
led to intensive studies of related (non-superconducting) 
copper  oxides. In the ternary R - C u - O  phase diagram 
(R denotes a rare earth element) only the compounds 
with a composition R 2 C u z O  s a r e  stable for rare earth 
ions smaller than Gd 3+ [1]. These materials crystallize 
in the orthorhombic HozCuzO 5 structure (space group 
Pna21) [2]. Similar to the high Tc superconductors, low 
dimensional copper oxide structures do exist in these 
materials. Four  oxygen atoms form a distorted square 
with a central Cu ion. Each two of these squares share 
one edge and are linked together by corners to form 
zigzag chains along the [100] direction. Up to now 
considerable work has been done on the magnetic 
properties of E r z C u z O  5 [3,4]. The Cu and Er  moments 
order  simultaneously at TN=27.5 K. The copper mo- 
ments order collinearly parallel to [010], whereas the 
erbium moments order coplanarly in the bc plane [5]. 
However, to our knowledge, investigations of the elec- 
trical transport properties of E r z C u 2 0  5 a r e  still lacking. 
Especially interesting would be the comparison with 
the "parent"  compounds of the superconducting cu- 
prates, La2CuO4 and YBaaCu306, for which hopping 
conductivity has been found as the dominant charge 
transport mechanism [6-9]. In addition, La2CuO4 reveals 
an unusually large dielectric constant [6,10] and even 
at high temperatures no evidence of a large gap of 
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about 2 eV, as inferred from optical experiments, could 
be detected in resistivity experiments [11]. 

We investigated the a.c. conductivity ~r and the di- 
electric constant e of Er2CuzOs. The measurements 
were carried out in a broad frequency range, 20 
Hz~<u~<4 GHz, and at temperatures 150~T~<500 K. 
From the frequency dependence of ~ and e we found 
clear evidence for hopping conductivity in E r z C u 2 0  5. 

The high frequency data allowed a precise determination 
of the dielectric constant e=. From the low frequency 
and high temperature results the d.c. conductivity was 
determined, from which we calculated the semicon- 
ducting energy gap EG. 

2. Experimental details 

The synthesis of erbium cuprate, E r 2 C u 2 0 5 ,  was  

carried out by subsolidus reaction of stoichiometric 
mixtures of erbium sesquioxide, Er203 (99.99% Aldrich), 
and copper oxide, CuO (99.99% Aldrich), in the ratio 
1:2. All reactants were mixed in an agate mortar under 
acetone and heated at 1223 K in flowing oxygen (0.5 
1 h ~) for 24 h. Afterwards the reaction product was 
cooled at 120 K h -  1 to room temperature.  The resulting 
E r z C u z O 5  ceramics were studied with synchroton ra- 
diation. The structure was determined by Patterson 
synthesis and refined by Rietveld analysis. The resulting 
lattice parameters were a = 10.7344(4), b = 3.4577(5) and 
c =  12.3961(3) A. Table 1 gives the refined values for 
the atomic positions in the unit cell. Fig. 1 shows the 
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Table 1 
Crystallographic data of ErzCu205 at 298 K 

Atom x y z 

Er(1) 0.2099(3) 0.2250(6) 0.00000 
Er(2) 0.0452(3) 0.2234(6) 0.3301(2) 
Cu(1) 0.9856(6) 0.6546(16) 0.1082(2) 
Cu(2) 0.2550(6) 0.6597(4) 0.2119(3) 
0(1) 0.185(5) 0.695(6) 0.365(10) 
0(2) 0.336(4) 0.721(8) 0.048(4) 
0(3) 0.134(3) 0.328(6) 0.167(3) 
0(4) 0.427(4) 0.756(8) 0.245(4) 
0(5) 0.424(3) 0.239(9) 0.488(2) 

end of a coaxial line, thereby connecting the inner and 
outer conductor. The complex reflection coefficient F 
of this assembly has been measured using an HP4191 
impedance analyser for frequencies 1 MHz~< ~,~< 1 GHz 
and an HP8510 network analyser for u> 1 GHz. From 
F the electrical properties of the sample can be cal- 
culated after a proper calibration using three standard 
samples to eliminate the influence of the coaxial line 
and sample holder. The high frequency measurements 
have been carried out at room temperature only. Be- 
cause all measurements have been performed utilizing 
two-point contact techniques, one has to take care of 
possible contact contributions. However, measurements 
of samples with different geometries gave identical 
results for o,' and e', justifying the assumption that the 
(additive) contact resistances can be neglected. More- 
over, we measured the d.c. resistance of our samples 
at room temperature by a four-point technique using 
an electrometer. The results agreed well with the 
extrapolated d.c. resistance from our two-point 
measurements. 

) 
(.9 " ~  k_P -k c~ 2 Ik_J - 

Fig. 1. The ca plane of Er2Cu205 showing the low dimensional CuO 
structures. 

planar network of CuO in the ac plane. No spurious 
phases could be detected. The samples were charac- 
terized utilizing a.c. susceptibility measurements, yield- 
ing an antiferromagnetic ordering temperature TN = 27.2 
K. A Curie-Weiss fit to the paramagnetic susceptibility 
below T= 100 K revealed a Curie-Weiss temperature 
O = -  16 K and an effective moment tzefr=6.9 tzB. 

To study the electrical properties of the E r z C u z O  5 
ceramics, silver paint has been applied to opposite sides 
of the pellets as contacts. To determine the real part 
e' and imaginary part e" of the dielectric constant or 
correspondingly the imaginary part cr" and the real part 
~r' of the complex conductivity in a broad frequency 
range, various measuring techniques have been em- 
ployed. For frequencies 20 Hz~< u~< 1 MHz a fully 
automated autobalance bridge (HP4284) has been used. 
To carry out temperature-dependent measurements, 
the sample has been mounted in a gas-heating system 
and connected to the bridge by four coaxial cables in 
order to avoid cable contributions. For higher fre- 
quencies u>~ 1 MHz the sample has been placed at the 

3. Results and discussion 

Fig. 2 shows the real part of the dielectric constant, 
e', and the real part of the conductivity, ~r'=~oe0e" 
(with w=2rru and eo the permittivity of free space), 
for frequencies 10 Hz ~< u~ 4 GHz at room temperature. 
e'(u) is frequency independent for 1,> 1 MHz, reaching 
the limiting value of the dielectric constant e= = 9. The 
increase in e' towards low frequencies indicates that 
hopping processes of charge carriers dominate [12,13]. 
In a log-log representation ~'(u) follows a straight line 
with slope s=0.67 over eight decades of frequency. 
(The slight deviations at u>2.5 GHz can be ascribed 
to a slightly imperfect calibration of the HP8510 network 
analyser due to differences in the geometries of sample 
and calibration standard.) Hence the dielectric loss (or 
,~') is determined solely by hopping or tunnelling of 
localized charge carriers for all frequencies [12,13]. 

Fig. 3 shows the temperature dependence of the real 
part of the a.c. conductivity, ~r'ac (closed symbols), for 
various frequencies in an Arrhenius representation 
logao(,Z') vs. 1000/T. Also included is the d.c. conductivity 
cr~c (open circles) obtained from fits to the frequency 
dependence of ~r' as described below, cr, c(73 exhibits 
clear deviations from Arrhenius behaviour. For high 
temperatures and low frequencies ~rac reaches the d.c. 
limit, o'dc(T) can well be described by the behaviour 
of an intrinsic semiconductor, o'dc at exp(-E/2k~ 73 with 
E ~  1.4 eV (solid line in Fig. 3). 

Fig. 4 shows the frequency dependence of cr' (bottom) 
and e' (top) for various frequencies. The conductivity 
follows a power law ~rc~ v ~ with s<1,  as can be seen 
clearly in the log-log representation of Fig. 4. For high 
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Fig. 2. Frequency dependence of the real parts of the dielectric 
constant, e' (top), and the conductivity o-' (bottom), at room tem- 
perature, including results up to 4 GHz. At the top the high frequency 
dielectric constant is indicated. At the bottom a straight line has 
been included demonstrating that o-'(u) follows a power law o- 'a  u" 
with s constant over eight decades of frequency. 

temperatures  o-' approaches a constant value for u ~  0 
which can be identified with o-d~. Such a behaviour has 
been found in a large number of  materials, including 
amorphous and crystalline semiconductors, ionic con- 
ductors, polymers, etc. [12], and is a fingerprint of 
hopping conductivity. There is a vast number of the- 
oretical approaches to deduce the observed v" depen- 
dence of ~r' from the microscopic transport properties 
of various classes of materials. Processes involving hop- 
ping over or tunnelling through an energy barrier sep- 
arating different localized defect states have been con- 
sidered for various kinds of charge carriers, e.g. 
electrons, polarons, ions, etc. [13]. However, common 
to all theories is the result that ~r 'a  v', which holds 
true at least in a limited frequency range. An exact  u" 

behaviour (i.e. with a frequency-independent s) is known 
as the "universal dielectric response" [12] and has been 
found for most hopping systems. Within this model e' 

and o / can be calculated as 

o-' = crdc + O'oOY 

tan(sTr/2)~ro d 
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Fig. 3. Temperature dependence of the real part of the conductivity, 
o-', in Arrhenius representation for various frequencies (closed sym- 

bols). The open circles denote the d.c. conductivity as obtained from 
fits to a0,  ) (see text). The solid line is the result of a fit to ~rd,.(T) 
using an Arrhenius law. 

Here  e= has been included to take into account the 
high frequency dielectric constant of the sample. 

Least-squares fits using these formulae have been 
carried out simultaneously for e'(u) and cr'(u) and are 
shown as solid curves in Fig. 4. A good agreement 
between data and fit could be achieved. In fitting e'(u), 
points below 100 Hz have not been used because the 
data scatter strongly in this range. For high frequencies 
e'(v) approaches the frequency- and almost temper- 
ature-independent e=. The fits yield e= = 9.0, in good 
agreement with the high frequency results. The fre- 
quency exponent s(T) is almost constant, with a slight 
tendency to increase with decreasing T (inset in Fig. 
4). A temperature-independent  s is predicted for ther- 
mally assisted tunnelling between localized states [13]. 
Below 290 K (data not shown) it is difficult to determine 
s exactly owing to the low conductivity (leading to a 
strong scatter in the data) and because of the dominance 
of e= in e'(v) at low temperatures.  Therefore  it is 
difficult to get information on the temperature depen- 
dence of s below 290 K from our data. ~rdc resulting 
from the fits has been included in Fig. 3 as mentioned 
above. Below room temperature a determination of crdc 
from our data is impossible. 

Finally we want to compare the results on Er2CuaO5 
with some "parent"  compounds of the high Tc super- 
conductors. Among them La2CuO4 is the most thor- 
oughly studied material. It exhibits an unusually large 
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Fig. 4. Frequency dependence of the real parts of the dielectric 
constant, e' (top), and the conductivity, o-' (bottom), at various 
temperatures. The solid curves are fits carried out simultaneously 
for e'(u) and o-'(v) using the universal dielectric response (see text). 
The resulting temperature dependence of the frequency exponent 
s is shown in the inset. 

dielectric constant Cab > 30 parallel to the ab plane and 
ec = 25 along the c axis [6,10]. Large dielectric constants, 
namely e,b=32 and e~=23, were also detected in 
E u B a z C u 3 0  6 [10], while in Y B a z C u 3 0  6 e is significantly 
smaller and amounts to approximately 15 as measured 
in ceramic samples [8]. The large values of e have been 
attributed to a close coupling of the atomic motion to 
electronic charge transfer processes [10] or to the 
formation of large polarons [6]. Such a coupling seems 
to be absent in Er2Cu205 and the dielectric constant 
e = 9  is rather "normal" as compared with other sem- 
iconducting materials. According to a very simplified 
model of the dielectric properties of semiconducting 
materials, ea(htop/Ec):, where top is the plasma fie- 
quency [14], and indeed there is a trend of increasing 
e with decreasing gap energy for a broad class of 
semiconductors. The values of Ec  and e for Er2Cu205 
also satisfy this relation. 

Concerning the d.c. conductivity of the parent ma- 
terials, the experimental situation is not clear. In 
YBa2Cu306 a heavily sample-dependent ado(T) has been 
found which deviates clearly from a thermally activated 
behaviour. In La2C uO4  ~rdcotexp[(T/To) ~] with y=k  or 
¼. This is characteristic for amorphous semiconductors 

and can be described by Mott's variable-range hopping 
(VRH) theory [15]. For some samples the VRH mech- 
anism extends up to room temperature [7,11], while 
other samples reveal a transition to a thermally activated 
behaviour close to 50 K [11,16]. The activation energy 
amounts to 24-70 meV, which is in clear contrast with 
the gap energy of E---2 eV as inferred from optical 
experiments [17] but would be in agreement with the 
large dielectric constant. In Er2Cu205 we found purely 
activated behaviour above 300 K with a room tem- 
perature conductivity of o-d¢(300K) = 10-11 12-1 cm- 1. 
This value is many decades smaller than trdc(300 
K) -0 .2 -1  12 -1 cm -] for LaeCuO4 [11,16] and o-d¢(300 
K ) =  ( 2 - 4 ) X  10 -3  12--1 cm-1 for Y B a 2 C u 3 0 6  [9]. From 
our experiments Er2Cu205 can be characterized as a 
conventional semiconductor with a band gap of 1.4 eV. 
In comparison, the situation in LaECuO4 is much less 
clear as mentioned above. The high e= in La2CuO4 
may be predominantly due to ionic or polaronic pro- 
cesses [6] and the low gap in LaECuO4 could indicate 
that the Fermi energy and the mobility edge are close 
to the upper bound of the lower Mott-Hubbard (or 
charge transfer) band. 

4. Summary and conclusions 

E r 2 C u 2 0  5 has been investigated by dielectric tech- 
niques in a broad frequency and temperature range. 
It can be characterized as a semiconductor with a gap 
energy EG= 1.4 eV. The dielectric constant e= =9.0. 
The a.c. conductivity is dominated by hopping processes 
following a power law t r ' a  us with s =0.65; s is only 
weakly temperature dependent, tr'(v) and e'(v) can be 
well described by the universal dielectric response. The 
frequency exponent s is constant over eight decades of 
frequency. 
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