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Effects of substitution for Cu in Cu02 planes with dopants of 
different electron configuration in YBa2Cu307 

Y Zhaot, H K Liu, G Yang and S X Dou 
School of Materials Science and Engineering, University of New South Wales, Po Box 1, 
Kensington, NSW 2033, Australia 

Received 29 June 1992. in final form 27 January 1993 

Abstract. The effects of substitution for copper in the system YBa2Cup-,MxC!-,. with M=Ni, 
Zn and NilpZnlp and 0 4 x 4 0.5, have ken sNdied with respect to its superconducting 
transition temperature, hole concentration, electronic transpan propenies in the normal state and 
smcture parameters. The results skongly indicate thaf the band filling, the excess of holes, 
and electron localization due to the derhuction of the integrity of the CuOz planes are not 
the predominant factors for the suppression of T, in the case of substilution for Cu(2). Semi- 
quantitative analyses reveal that the Zn and Ni ions act as impurity scattering Cenees with a 
radius of scattering cross larger than the average Cu43 bond length of the CuO2 planes. which 
directly deskoys the superconducting path in Cu@ planes and decreases the superconducting 
energy gap. This may be the main reason for the suppression of superconductivity. 

1. Introduction 

The substitution of different atoms in the high-temperature superconductor Y-123 is 
an important method for obtaining essential information about superconductivity. The 
mechanism of the suppression of T, by substituting Y, Ba and Cu(l) (the copper atom 
at the chain site) can be well explained by hole filling and/or changes of charge carrier 
concentration. For example, the substitution of AISS, Co3+ and GaSf for Cu(1) reduces the 
hole concentration, and substituting La for Ba also has a similar effect [ M I .  The effect of 
this kind of substitution, which reduces the hole concentration. on superconductivity and hole 
concentration can be counterbalanced, to vm.ous degrees, by the simultaneous replacement 
of Y with Ca. since the substitution of Ca for Y increases the hole concentration. In this 
way, T can, to some extent, be restored [7,8]. However, no consistent picture has yet been 
evolved to explain the mechanism causing the suppression of T, by substituting for Cu(2) 
(copper in the CuOz planes), which is found to be one of the highest rates of Tc suppression 
for element substitution in high-% superconductors. Some mechanisms such as band filling 
and hole overdoping [9, IO] have been proposed, but they are being sharply challenged by 
more and more experimental results, for example from x-ray absorption and SpeCtrOSCOpiC 
polarization modulation ellipsometric spectra [ I l ,  121. specific heat measurements [13,14], 
and the Hall effect [IS]. It seems that the effect of electron localization induced by the 
destruction of the integrity of the Cu02 planes is a common feature existing in high- 
temperature superconductors [ 16,171, whether it is the real reason for the suppression of TC 
especially in this case, is still an open question. 
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As regards the site occupied by Zn and Ni, earlier neutron scattering experiments 
suggested that Zn is located at the chain position Cu( 1). but more accurate neutron diffraction 
results [18, 191 indicate that Ni and Zn definitely occupy the plane site Cu(2). Our 
experiment is based on this conclusion. Since ZnZt has a filled 3d shell (3d") while 
NiZt has the electron configuration 3 8 ,  (Zn, Ni)2t has a mixture of 3d'O and 3d8. As 
the dopants have different electron configurations, they might have different influences on 
the electron properties, superconductivity, etc. In this paper we present the measurements 
of superconductivity, hole concentration, electrical resistivity and lattice parameters for 
YBazCu+,M,07-, with M=Ni, Zn and NilpZnlp The results strongly support the theory 
that instead of band filling, hole overdoping and electron localization, the destruction of the 
superconducting path in CuOz planes, as well as the decrease in the superconducting energy 
gap, may be the main reasons for the suppression of T, in the case of substitution for copper 
in the CuOz planes. 

2. Experimental details 

A series of samples with composition YB~~CU~-~M,OI- ,  (M= Ni, Zn and Nil/zZnp, and 
0 < x < 0.5) were prepared by mixing Y z q ,  BaCO3, CuO, ZnO and NiO powders in 
stoichiometric proportions and firing in air at 900°C for 20 h. The powders were reground 
and reheated at 920°C for 24 h. This processing was repeated several times with the firing 
temperature successively raised by 5°C each time in order to obtain more homogeneous 
and sufficiently reacted samples. Finally the powders were pressed into pellets, sintered 
in air at 930°C for 20 h, then cooled to room temperature in the oven. The post-heat 
treatment was carried out in flowing oxygen at 920°C for 30 h, then the samples were 
cooled to 600°C. and soaked for 20 h, and finally cooled to room temperature at a rate 
of 50°C h-I. Microstructural and compositional analysis were performed with a JEOL 
JSM840 scanning electron microscope (SEM) equipped with a Link System AN loo00 
energy dispersive spectrometer (EDS) and x-ray powder diffraction pattems were obtained 
with a Siemens Diffractometer D5MX) using CuKcf radiation. All samples were carefully 
characterized by x-ray diffraction, SEM and EDS analyses and confirmed to be single phase. 
Some typical x-ray diffraction pattems are shown in figure I ,  which demonstrates that the 
samples are good single-phase. The results of the EDS analyses for the samples are given in 
table 1. It is evident that both Ni and Zn have been introduced into the lattice. In contrast 
to the results reported by other groups [20,211, our samples have compositions very close 
to their nominal ones, indicating that long-term heating aids the dissolving of the Mzf ions 
into the CuOz planes. On the basis of the conclusions that both the Znzt and NiZt occupy 
the Cu(2) site [ 18,191, we believe that in our samples the Ni and Zn occupy the Cu(2) site. 
As regards the microstructure of the samples, no distinct difference can be seen between the 
samples with x 4 0.20. However, as x is greater than 0.25, the grain size becomes smaller 
with the increase of the dopant content (see figure 2). Oxygen content of the samples 
was determined by the volumetric method [22]. Resistivity of the samples was measured 
with the DC 4-probe technique. AC susceptibility measurements were used to determine the 
superconducting critical temperature of the samples. All of the T, values given in this paper 
are corresponding to the onset transition of the AC susceptibility measurements. which are 
consistent with those determined from resistivity measurements. 
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Figure 1. Typical x-ray diffraction panerns of YBa2Cui_,Mx@ systems with M=Zn. Ni and 
Znl/zNillz. ((I) x = 0, ( b )  x = 0.1. M=Zn, ( c )  I = 01. M=ZnlpNitp and ( d )  x = 0.25, 
M=Zn,,lNii/ i .  

Table 1. The EDS analyses of YBazCus-=OUi,/2ZnlIz),Oly systems. 

1 Y Ba Cu Ni Zn 

0 1.40 1.95 0.91 0.00 0.02 
0.05 1.37 1.98 2.89 0.M 0.02 
0.10 1.37 2.00 2.83 0.05 0.08 

0.30 1.49 2.00 2.45 0.11 0.13 
0.40 1.41 2.01 2.53 0.17 0.18 
0.50 1.35 2.18 2.37 0.20 0.23 

0.20 1.37 1.96 2.80 0.10 0.11 

Figure 2. The micmstmctum of some YBazCu,_ , (Znl / zNi , , l )~~  samples. 

3. Experimental results 

Figure 3 shows the variations of the lattice parametem with the dopant content x of 
the YBa2Cu+,M,O7_, system. For the different kinds of dopant, the samples remain 
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orthorhombic throughout the whole composition range up to x = 0.5, indicating that the 
Zn and Ni only substitute for Cu atoms in the 0 0 2  planes. It can also be seen that the 
lattice parameters a, b and c change very little for different dopants and in different doping 
levels. This means that Zn and Ni substitution for Cu(7.) merely very slightly modifies the 
bond lengths between the atoms in the system. 

3.90 

3.86 . . 
a .  . . 

3 -  . 
ZR ' 

3.82 ,.- .A 

19 3.3 CL-...- .-._ - 
'9 .- . e 

11.70 

11.66 

11.62 

3.80- 11.60 
0 0.2 0.4 0.1 0 3  0 5  

s 
m 3.84 

3.80 

YI L U 

E 
2 
e U .- 

E g? 

11.66 
. 

' 11.62 
-' ... Ni 

11.68 

11.64 I 188j.;-:-L-r. ' ' ' ' ,,.-.---.- 
B l i , Z d  .-.< .--f 

" 6  
- 1  2 6  

8 
E 

0 

1 

6.90 1;' 
. Zn . NI 
*Wi.z", 

625 
0 0.1 0 2  0 3  0.5 

Dopant Content x Dopant con1cnt x 

Figure 4. Relationship between oxygen content 
and dopant content x in the YBaXu3-,MSDI 
system with M=Zh Ni and ZnlpNilp.  

Figure 3. Variations of laltice parameters a, b and c wiul 
dopant wntent x in the YBazCu,-xM,@ system with M=Zn, 
Ni and ZnipNil/a. 

Figure 4 shows the variation of the oxygen stoichiomehy with dopant content for 
YBazCu,-,M,O,-,. Though all samples have been annealed in a pure oxygen atmosphere 
for a long time, the oxygen content decreases systematically from 6.94 to 6.87 as the dopant 
content changes from 0 to 0.5. The trends in the changes of the oxygen stoichiometry with 
the dopant content are almost the same in the three doped systems. It is therefore evident 
that the influences of Zn and Ni on the crystal structure and the charge balance of the Y-123 
system are quite similar. 

The results of AC susceptibility measurements for different samples are shown in figure 5. 
It is evident that all doped samples have lower values of T, than the undoped Y-123 sample. 
With increase of dopant content, T, gradually decreases and the transition width becomes 
larger. This is a common feature of a doped system. Figure 6 shows the variation of & 
with dopant content x .  It is seen that Tc decreases with x for various dopants, but the rates 
of decrease are quite different, depending on the different doping elements. The highest 
rate of T, suppression is for M=Zn, with dT,/dx = 9.1 Vat.%, this value is consistent with 
the results of other authors for polycrystalline samples [23], but smaller than that observed 
in a crystal film [24]. The latter has a higher rate of 10.3 Wat.Z. This may be due to 
the more homogeneous distribution of the dopants in a crystal film than in polycrystalline 
samples. The second highest rate is for M=Znl/2Nil/2, with dT,/dr = 7.3 Vat.%. The 
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FigureS. AC succeptibility ofthe YBaKup-,M,C$ Figure 6. Variation of Tc with dopant wntent 
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M=Zn1/2Nii/z, x = 0.2, 3 M=Zn, x = 0.1, 4 Znl,2Ni,/z. The inset is the comparison in T, between 
M=Zn~/zNil/t. x = 0.1. si M=Znl/zNi~/z. x = YBa2Cu3-,Znx@-, and YBa2C~3-~(Zn1/2Nil/z)t07-g 
0.05, 6 M=Ni. x = 0.05. 7 x = 0. systems with the same Zn contenL 

least significaqt influence on T, is observed in the case M=Ni, where the dT& is merely 
3.0 K/at.%. 

The electrical resistivity of the YBa@g-rMIO,-y samples with M=Zn, Ni, and 
Nil/zZnl/z are shown in figure 7. The resistivity of the samples increases with dopant 
content in all cases. At lower dopant content ( x  < 0.2). the resistivity increases linearly 
with x ;  but as x becomes larger than 0.2, the resistivity goes up with the dopant content 
more rapidly than the linear relation (see figure 8). There are several factors that may 
lead to the increase of resistivity with dopant content. The first is a modification of the 
electronic structure, for example, a shift of Fermi energy, which can change the carrier 
concentration and consequently the resistivity. The second is the impurity scattering effect 
caused by the dopants. Besides these intrinsic properties, there are some extrinsic factors 
that can also result in an increase of resistivity, a typical one being the grain-boundary 
effect. According to our results on the microstructural analyses, the morphology and grain 
size for samples with a lower doping level (x  < 0.2) are almost the same. Therefore the 
grain-boundary effect should be nearly the same in these samples, and the variation of the 
resistivity with the doping level should be mainly controlled by the intrinsic modification 
of the electronic states. For samples with a higher doping level (x  z 0.25), the grain 
size becomes smaller and smaller with increasing doping level, and the morphology of the 
microstructure is also modified by the doping process. Thus it can be believed that in this 
case, the grain-boundaxy effect may become more and more pronounced with increasing 
doping level, and the variation of the resistivity with doping level can be controlled by both 
intrinsic and extrinsic modifications. This may be one of the reasons why the resistivity 
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increases with doping level more rapidly with x 6 0.2 than with x > 0.25 (see also the 
figure 8). The temperature coefficient of resistivity (m) changes from positive to negative 
at x > 0.3 for the Zndoped system, and at x > 0.4 for the NilpZnl/zdoped system. 
For the Nidoped system, the TCR remains positive in the whole range of the composition 
studied. 
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Figure 7. The temperature dependence of esistiviily 
of YBazCu,-,M,@-, sysbms with composition I 
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Figure 8. Variation of normal state resistivily with 
dopant mntenf x in the Y B ~ ~ C U ~ - ~ M ~ @  system. 

Figure 9 shows the residual resistivity of the sample, which is obtained by exbapolating 
the data to the zero temperature. It can be seen that the residual resistivity is proportional 
to the dopant content for these doped systems, indicating that the Zn and Ni atoms act as 
independent impurity scattering centres. The slope of the residual resistivity against dopant 
content varies with different dopants. The Zndoped system has the greatest slope and the 
Ni-doped system has the smallest. This indicates that Zn has a larger scattering cross section 
than Ni. 

4. Discussion 

It is interesting to note from figure 6 that the smallest rate of T, suppression is not for 
M=NilpZnlp but for M=Ni. Based on the electron band picture, a ZnZc ion with a filled 
3d shell will provide an extra electron for the Cu shell when it occupies the Cu(2) site 
and consequently fills the antibonding dx2-y2 band. This was regarded as the reason for 
the lowering of Tc [3,4]. If this argument is tenable, the simultaneous substitution of Ni 
for CuW would conterbalance the effect of the substitution of Zn for Cu(2) because NiZC 
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has the electron configuration of 3ds which will provide an extra hole for the Cu shell 
when it occupies the Cu(2) site, and consequently compensate the extra electron added by 
Zn. As a result, T, would be redeemed to some extent, but this is not in fact the case. 
As shown in the inset of figure 6, corresponding to the same content of zinc, the Zn-Ni 
co-substituted samples have lower Tc indicating that the simultaneous substitution of Ni is 
unable to counterbalance the effect of Zn substitution on Tc, on the contrary, it enhances the 
suppression of 7''. This hints that the hole filling is not the reason for the suppression of T, 
by Zn substitution for Cu(2). In order to further understand this point, we should analyse 
the changes of the hole concentration of these doped systems. 

It is generally believed that the hole concentration is associated with the oxygen content 
as well as the doping level in the YBa+3,07_, system [7,8]. In the case of substitution for 
Cu(2). since Zn and Ni have a slight influence on the crystal structure, as shown in figure 3 
and the charge balance between the CuOz plane and the Cu-0 chain is not affected, as 
shown by Raman spectrum studies 124-261, the oxidation state of copper as well as the 
hole concentration will not be mo&fied much by Zn and NI substitution. However, the 
number of Cu atoms in the CuOz plane is reduced by substituting them by Cu(2), which 
will slightly reduce the mobile hole concentration of the system by a factor of (2 - x) .  By 
using a formula similar to those given in reference [SI, after considering the reduction of 
the number of Cu(2) atoms, we can estimate the mobile hole concentration as follows. For 
the doped system YBazCu( I ) C U ( ~ ) ~ - ~ M , O ~ - ~ .  the total mobile hole number per unit cell, 
np .  can be described as 

n p = ( 2 - x ) P s h  (1) 

where the factor ( 2  - x )  represents the number of Cu(2) atoms in the unit cell. Psh is the 
mobile hole number per Cu in the CuOz planes, which obeys the following relations 

3P = 2P* + P, 
Pc = 0.5 - y 

in which the Pc is the localized hole number per Cu in the CuO chains and P is the average 
hole number per Cu of the unit cell, which is determined by the charge balance conditions. 
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In the present case, it can be described as 

P = ( I  -2y)/(3 - x ) .  (3)  

The results of the mobile hole concentration determined as mentioned above are shown 
in figure IO. It can be clearly seen that for the three doped systems, the mobile hole 
concentration, n p ,  decreases linearly with dopant content in the same way, which illustrates 
that Zn and Ni play the same role in the concentration of the holes although their electronic 
configurations are very different, i.e. both the Zn and Ni substitution for Cu(2) slightly 
reduce the hole concentration by reducing the number of Cu(2) instead of by the band 
filling effect. This precludes the hole overdoping and band filling as the explanation for 
the Tc suppression in Zn- and Ni-doped system. It is because of this that the effect of 
Zn substitution for Cu(2) cannot be counterbalanced by further substituting Ni and vice 
versa. It may also be the reason why the effect of Zn substitution for Cu(2) cannot be 
counterbalanced by the simultaneous substitution of other elements, as we have previously 
observed 1271. 

As we know, in two-dimensional (2D) system, the Coulomb interaction effect is largely 
enhanced by the idsorder [as]. Within the mean-field approximation it has shown that T 
is decreased by increasing sheet resistance due to an increase in the Coulomb interaction. 
Does this localization effect play a significant role for the depression of Tc in the present 
systems? If it is the case, the relationship between T, and the disorder (represented by the 
resistivity) should obey the following equation (291 

WTITOI = -((m -3g’)~(0)/4nsroi[ln(l/ro~)1~-((gt + ~ ’ ) N ( O ) / ~ I T € F ~ D O ) [ I ~ ( ~ / ~ O T , ) ~ ’  

(4) 

where T, is the transition temperature in the pure system, R = n/e%Fro is the sheet 
resistance, gi and g’ are the Coulomb interaction and amactive interaction respectively, 
N(0) is the state density of electrons at the Fermi level, and l/ro is the rate of scatter of 
an electron. In terms of the superconducting coherence length of the pure system and the 
mean free path of an electron, = up/1.75xTc~ and l = uFro(& is the Fermi velocih/) 
respectively. I / q  can be expressed as I/ro = 5.55oT@//. 

In order to compare the experimental data with the theory, we take the normal state 
resistivity to be approximately the sheet resistance multiplied by a constant factor, i.e. 
R = Bp. where B is an adjustable constant depending on the peculiarities of the system, such 
as the anisotropy, grain alignment and the microstructure for the polycrystalline samples. 
Figure 1 1  shows the relationship between Tc and p for our samples and a comparison with 
the theoretical results based on equation (4). It is evident that the experimental data cannot 
be fitted by the equation altough the parameter l/roT@ has been changed over a wide range. 
In our opinion, there are at least two main factors which may give rise to the disagreement 
between the experimental data and the theoretical results of equation (4). First of all, it the 
TE suppression is not caused by the localization effect, the T,-p relation will, of course, not 
obey equation (4). In other words, the disagreement shown in figure 1 I suggests that the 
electron localization is not the main cause of the T, suppression. Secondly, if YBa~Cu307-, 
is not a strong 2D system, equation (4) could not properly describe the variation of Tc with 
resistivity, and thus it is easy to understand the disagreement between the theoretical and 
experimental results. However, it should be pointed out that the superconducting coherence 
length along the c axis in YBazCu3@-, is merely 1.5-3 A [30], which is much shorter than 
8.2 A, the distance from a pair of two immediately adjacent CUOZ planes to the next pair. 
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This suggests that the superconducting coupling along the c axis is extremely weak, and the 
superconductivity is mainly along the CuOz planes. In the normal state, the resistivity along 
the c axis is at least ten times greater than that along the ab plane [30]. All these factors 
mean that YBa2Cu30,-, is highly anisotropic both in superconducting and normal states 
and thus it is quite possible to deal with it as a 2D system. In fact, it has been observed 
that in the Fe-doped YBa*Cu@-, system the relationship between Tc and p can be well 
fitted by equation (4) [31], indicating that YBa2Cu@+, can be dealt with as a 2D system. 
therefore, it is reasonable to believe that the disagreement between the experimental and 
theoretical results in figure I 1  mainly originates from some kind of non-localization effect 
caused by doping Zn or Ni instead of from other factors. 

p “cm) 

Figure 11. The relationship between 7, and normal state resistivity for YB~KuI-,M,OI 
systems with M=Zn, Ni, and ZnijzNiip. The doued curves represent the calculation from the 
Meakawa-Fukuyama theory (see equation (4)) with parameters IIroTd OF I 70.2 60.3 50, 
4 40, 5 30, 6 25, 7 20, 8 15. 9 125 and 10 10. The solid lines represent the experimenlal 
results. A remarkable crossover can be seen for each of (he full lines with theoretical UINS of 
different IlroT,o values. 

In order to understand the deviation of the T,-p relation obtained experimentally from 
that determined by equation (4). it is worth noting that the trends of Tc with p (see the full 
lines of figure 1 1 )  show a remarkable crossover, for all three systems, with the theoretical 
curves of various values of IlroTd. For the Zn-doped system, for example, the trend of Tc 
with p starts from the curve corresponding to l/rOT,o = IO: with increasing resistivity, it 
does not keep going along this curve but crosses to another curve with a different value of 
IlrOTd. At p = 1.26 m a  cm, it reaches the curve with I/roTd = 70. Similar behaviour 
has been observed for Ni- and (Nil/zZnl~doped YBaf&SO.i-,, but the magnitude of 
the deviation of the T,-p relationship obtained experimentally from that determined by 
equation (4) becomes smaller and smaller as M2+ changes from Zn2+ to Ni”. The increase 
of l /roTd means that either ro or TCo is decreased. The former suggests an enhancement of 
the scattering for the electrons, the latter suggests a decrease of the superconducting energy 
gap, A(O), since A(0) is proportional to T,. Both of the possibilities may exists in the 
system, and, as we will analyse below, they are closely related. 

Now we examine the modification of electron scattering, induced by doping with Zn 
or Ni, by examining the electronic transport properties. Although the experimental results 
of the resistivity measurements on polycrystalline samples is somewhat complicated, the 
results can still be regarded approximately as the resistivity in ab-plane since the current 
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flows along paths of least resistance. On the basis of this viewpoint, the radius of scattering 
cross section caused by Zn or Ni can be estimated As shown in figure 9. the residual 
resistivity pa increases linearly with x at the rate dpa/dx = 1.6 mh2 cm for the Zn-doped 
system, 1.3 mR cm for the (Zn, Ni)-doped system and 0.9 mR cm for the Ni-doped system. 
For a 2D system, the resistivity due to s-wave scattering is Aps = 4(h/2Jre2)(nl/n) sin260, 
where nl is the impurity concentration and 60 is the phase shift [32]. If we take n = 0.225 
hole per Cu(2). the Ap, at the unitarity limit will be 730 51 U-' per 1% impurity. This 
means that each dopant presents a scattering cross section to the charge carriers of radius 
5.0 8, for Zn ions, and 3.8 8, for Ni ions. ntese values are larger than those obtained by 
Chien et a1 [32]. The reason may be due to the additional scattering of the grain-boundaries 
in our polycrystalline samples. Therefore, our results clearly show that both Zn and Ni act 
as impurity scattering centres, which can explain why to is decreased by doping with Zn or 
Ni. In addition, our results also show that Zn induces a larger scattering cross section than 
Ni, which is in agreement with the fact that the crossover behaviour in the Zn-doped system 
is more pronounced than that in the Ni-doped system. On the other hand, since both Zn and 
Ni ions present a scattering cross section with a radius larger than the average Cu-0 bond 
length (1.94 A) of the CuOz plane, a non-superconducting core may be induced around 
each Zn ion. As a result, the superconducting path in the Cu02 will gradually be destroyed 
in a way similar to percolation. At the threshold of the percolation the superconductivity 
will be completely suppressed. The critical value of the dopant content corresponding to 
the percolation threshold will depend on the radius of the normal core, or the size of the 
scattering cross section. This may be the reason why the Zn ions suppress TE more strongly 
than the Ni ions do. That is to say that the greater rate of Tc suppression caused by Zn 
than by Ni is due to the larger scattering cross section presented by Zn than by Ni, instead 
of the different band filling effect between them. Also, the Occurrence of the normal core 
will result in a kind of pair-breaking effect as proposed theoretically [33], leading to a 
decrease of the superconducting energy gap and consequently the suppression of Ta. This 
is also consistent with the crossover phenomenon shown in figure 1 I. Recently, Marsiglio 
[34] showed theoretically that for the attractive Hubbard model, the normal impurities, 
acting as magnetic impurities, are pair breaking for narmw bands. This theory is within 
the framework of the hole mechanism of superconductivity and in the strong-coupling limit 
can also be regarded as an explanation of the decrease of the superconducting energy gap 
in our samples since the high-T, cuprates are typical systems with strong electron-electron 
correlation. 

It should be pointed out that the analyses and discussion are merely from the point of 
view of the electronic propelties of the system. As we know, the high-$ superconductivity 
is closely related to the magnetic properties of the system. Apart from the modification of 
the electronic propelties caused by Zn or Ni doping, the magnetic properties may have been 
modified as well. Whether the changes of the magnetic properties are more important than 
those of the electronic properties and what the intrinsic relation between them is are still 
questions to be answered. However, our results have shown, at least, that Zn or Ni ions 
doping in the CuOz planes directly affect the superconductivity. 

5. Conclusion 

In summary, the results and discussion given above show that the substitution of Zn or 
Ni for Cu(2) slightly decreases the mobile hole concentration through reducing the Cu(2) 
number other than by the band filling effect, which also precludes the hole overdoping 
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mechanism as an explanation of the Tc suppression. The relationship between C and 
resistivity (represents the disorder) cannot be fitted by the 2~ disorder theory and a 
remarkable crossover phenomenon is presented, indicating that the electron localization 
due to the desmction of the integrity of the Cu02 planes is not the predominant factor 
in the suppression of Tc. In fact, Zn or Ni ions act as impurity scattering centres with a 
radius of scattering cross section larger than the average Cu-0 bond length of the CuOz 
planes, which directly destroys the superconducting path in the CuOz planes and decreases 
the superconducting energy gap. 
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