
ELSEVIER Physica B 199&200 [1994J 265 267 

PHYSEA  

Electrical transport and magnetic studies of 
Nd x _ xCaxSr 2 Cu 2 FeOo compounds 

R. Walia"'*, R. Banerjee a, D. Grandjean b, P.C. Lanchester a, 
P.A.J. de Groot a, M.T. Weller b 

a Physics Department, University of Southampton, Southampton S09 5NH, UK 
b Chemistry Department. University of Southampton, Southampton S09 5NH. UK 

Abstract 

We have measured the temperature dependence of the DC electrical resistivity and susceptibility in the interval 
4.2-300 K for Nd! -~Ca~SrzCu2FeO6 (x = 0.0, 0.1, 0.2 and 0.3). Analysis of the results showed the density of states to be 
a strong function of x, indicating the existence of short range fluctuations near the Fermi level Ev. The magnetic 
susceptibility, however, shows the oxidation state of Fe remains at + 3 for x _> 0. 

To  elucidate the mechanism of superconductivity, we 
have measured the electrical transport and magnetisa- 
tion of Nd~_~Ca~Sr2Cu2FeO6 compounds for x = 0.0, 
0.1, 0.2 and 0.3. XRD data  revealed that the system 
remained single phase in this composition range, i.e. 
0 < x < 0.3, and crystallised into a tetragonal symmetry.  
The values of the lattice constants were found to be 
unchanged with varying Ca concentration. This is consis- 
tent with the TGA experiments, which showed that the 
oxygen content remained constant at ~ 7.12 ( +_ 0.02} for 
all values of x. The fixed values of the oxygen content 
agrees with neutron diffraction results carried out on 
a similar kind of system [1]. In Fig. I, for x > 0, the 
resistivity is shown to increase with decreasing temper- 
ature, indicating a semiconducting-type behaviour. Such 
behaviour could be ascribed to a phonon assisted type of 
hopping process arising due to Iocalisation of charge 
carriers near EF. In this case the resistivity could be 
expressed in general form as 

jol T) = pl0)exp[ To,'T~ v, [1~ 

* ('orresponding author. 

where p = 1 corresponds to nearest neighbour hopping 
L'J, P 1/2 corresponds to a hopping process with 
Coulomb interaction, between localised charge carriers, 
taken into account [3] whereas p = 1/3 and 1/4 corres- 
pond to variable range hopping for two- and three-di- 
mensional systems [4], respectively. In order to find the 
correct form of resistivity the data were plotted as In p (T)  
versus I /T for various values of p. Surprisingly, for 
x = 0.0 and 0.2 the data showed the preference of 
p = 0.25 (see Fig. 2), wliereas p = 0.5 for x = 0.1 and 0.3 
(see Fig. 3). To confirm values of p further, dln(pFdT- 
was plotted against temperature on the log-log scale. The 
experimental values of p were found close to ~ 0.5 and 
0.25 for thc respective systems. Similar behaviour was 
observed by Ellman et al. [5] in the La2 ~Sr~CuO4 
system by w rying x. Here p = 0.5 corresponds to a dip in 
the density of states IDOSh leading to the formation of 
a soft Conlomb gap near Ev, due to correlation effects. 
This effect becomes more prominent when the overlap of 
t~l~ impuzAy wa:'~ functions diminisb~ and the localisa- 
tion length reduces to a much ~,all~, v,due tha~ the 
distance between impurity centres. 

0921-4526 94 $07.00 ," 1994 Elsevier Science B.V. All rights reserved 
SSDI 092t-4526193~EO382-Q 



266 R. Walia et al./ Physica B 199&200 (1994) 265-267 

The continuous variation of p, in a periodic manner, 
indicates an appearance and disappearance of the gap as 
x is increased. This could be attributed to the short range 
fluctuations in the DOS with respect to energy near E~. 
The values of To, estimated from the respective slopes, 
were found as 6.25 x 10 ~ K, 8 x 10 ~ K and 2458 K, 
1283 K. The Iocalisation length ~ can be calculated using 

• ra = {2I'i(kn To)N(EF)/3 x 2 4} - 1/a/L (2) 

~Es=e2/kaToxA, (3) 

for the Mott [4] and Efros-Shklovskii [3] models, re, 
spectively. Here N(EF) is the constant DOS at the Fermi 
level and r is the dielectric constant. For x = 0.0 and 0.2, 
choosing N(Ev)~ 1 state/eV cell, values of ~M were es- 

timated in the range ~ 0.2-0.3/~. Similarly aEs values 
were also obtained for the x -- 0.1 and 0.3 systems in the 
range 0.5-1.03 ~, for ~c = 100 i-5]. These values of • are 
much smaller than the interatomic distance, thereby in- 
dicating a strong localisation of charge carriers in the 
system. This could be due to the system falling in the 
close regime or boundary of the insulator-metal tran- 
sition, causing fluctuations in the DOS in the vicinity of 
EF. According to Efros and Shklovskii [6], such fluctu- 
ations within or in the proximity of the gap could lead to 
different values of p. This explains, therefore, why p is 
a function of x. In Fig. 4, the temperature dependence of 
the magnetic susceptibility is depicted for x _ 0 in the 
temperature range 4.2-250 K. The data were fitted to 
z(T) = Zo + 3knlJ==./(T+ 0). 
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Fig. 1. Temperature dependence of the resistivity of Nd~ _=Ca= Fig. 3. Plot of In p(T) against T - I~ ,  for x = 0.1 and 0.3, indic- 
Sr~.Cu2FeOa for x = 0.0, 0.1, 0.2 and 0.3. ating the existence of a soft Coulomb gap. Here the solid line 

indicates a theoretical value. 
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Fig. 2. Plot of In p{ T) against T i .~ for x = 0.0 and 0.2. e×hibi- 
tmg Variable range ,~opping conduct ion as given by Mot t  [2]. 
Here the solid line indicates a calculated value. 
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Fi~ 4. Demonst ra t ion  of Curie Weiss behaviour for x = 0.0 
and 0.3. The  solid line corresponds lo a calculated value. 
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AI~ the curves exhibited a Curie-Weiss behaviour with 
deviations below 20 K as shown in Fig. 4 (for clarity only 
the data for x = 0.3 and x = 0 are shown). The value of 
Pal was found constant as 5.36pB for all values ofx .  This 
value is less than the combined values of the magnetic 
moments calculated for Nd +3 and Fe +3 free ions. This 
could be attributed to the compensation of spins due to 
antiferromagnetic exchange interaction taking place be- 
tween Nd  +3 and Fe +3 ions as shown by the significant 
values of 6} observed in the range 55-75 K. Alternatively, 
Fe +3 spins could be considered as dominating in the 
system due to the fact that the experimental value of 
P~fr falls reasonably dose  to the free ion value of Fe + 3, i.e. 
5.92/tB. If this is true then the result indicates that Fe 
remains in the + 3 oxidation state for x > 0. On the 
other hand, Xo was found positive with values in the 
range (5.14-8.65)x 10-s m3/kg and negative in the range 
(2.6-6.2)x 10-Sm3/kg for x = 0 ,  0.2 and 0.1 and 0.3, 

respectively. A systematic variation of Zo, with increasing 
x, from positive to negative can be taken as a clue 
towards a change in DOS neaa £e. This is in accordance 
with values of p varying in a similar fashion with x. 
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