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Abstract. The effect of the location with different concentrations of La atoms (x = 0; 0.02; 0.028; 
0.11) on some superconducting and electrotransport characteristics of Y1−xLaxBa2Cu3Oy 
polycrystalline compounds was studied by recording the temperature dependence ρ(T) curves of 
resistivity in the case of direct current in the range of temperatures (77K - 300K). The 
temperatures at the onset (Τc

on) and offset (Tc
0) of the transition, as well as the width of the 

transition - ∆Τc = Τc
on-Tc

0, were considered as the superconducting characteristics. The absolute 
values of ρ(300K) and ρ(100K) and their ratio a = ρ(300K)/ρ(100K) were considered as electric 
transport characteristics, as well as the temperature coefficient of resistivity dρ/dT, which was 
determined by ρ(T) in the range of linear dependence with the slope of the curve. From the 
comparison of these characteristics, it was concluded that there is a certain correlation between 
the superconducting and electrotransport properties of the studied compounds depending on the 
concentration x of the partial location of Y atoms with La. 
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1. Introduction 
 

The mechanism of superconductivity actually operating in high-temperature superconductors 
(HTSCs) at the microscopic level has not been elucidated so far. It is an important fundamental 
problem both from the point of view of solid-state physics and its application. The application of 
HTSCs is limited due to their still low values of critical temperature (Tc) and current (Jc) [1, 2]. 
Therefore, it is a topical issue to study the changes in the critical characteristics of YBa2Cu3Oy (Y-
123) systems under the influence of various factors, which will contribute to the discovery of the 
mechanism of superconductivity, as well as the obtaining of compounds with higher characteristics 
[2-5]. In order to change the critical characteristics of Y-123 superconductors, hydrostatic pressure 
or displacement of Y atoms with other rare earth elements (R) is applied ("internal" or "chemical 
pressure") [3-5]. It is known that the nature of the change in critical and structural characteristics of 
the Y1−xRxBa2Cu3Oy compound largely depends on the ionic radius of R, its concentration (x) and 
valence [1, 3, 4, 6-10]. Thus, it is important to study the effects of Pr and La in Y-123 among the R 
elements that replace Y, because the first of them can appear in both trivalent and tetravalent states, 
and the second only in trivalent. [1, 3, 5, 10-12]. In addition, the ionic radius of La is larger than the 
ionic radii corresponding to those two valence states of Pr, as well as the ionic radius of Y [3]. It 
should also be noted that the ion of Pr has its own large magnetic moment, while La does not, 
which in the case of Pr, unlike La, can significantly worsen the superconducting characteristics of 
Cooper pairs [1, 7, 8, 11, 13]. In our previous work, the effect of Pr and La on the superconducting 
and electrotransport properties of Y0.89R0.11Ba2Cu3O7−δ compounds was studied [14]. It was found 
that the temperature of the superconducting transition for Pr is much smaller compared to La, and 
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the transition is significantly narrower. Moreover, if in the first case, the resistivity in the 
fluctuation range shows incomparably large values, then in the normal state, contrary to the result 
obtained in [1], at the same concentration of La (x = 0.11), it is significantly smaller, which is the 
reason has not yet been fully dissected [14]. 

In the present work the effect of partial substitution of Y atoms with smaller concentrations of 
La atoms on some superconducting and electrotransport characteristics of Y1-xLaxBa2Cu3Oy (x = 0; 
x= 0.02; 0.028; 0.11) polycrystals is also studied. 
 
2. Experimental methods 

 
The studied solid solutions of the type Y1−xLaxBa2Cu3O7−δ (x=0; 0.02; 0.028; 0.1) were 

synthesized by standard solid phase technology and for this purpose Y2O3, La2O3, CuO and 
BaCO3 were used as starting materials [1]. Appropriate amounts of the indicated materials, after 
thorough mixing in an agate mortar, were pressed into disc-shaped pellets and synthesized at 
930°C. The time required for the synthesis process, including seven intermediate grindings and 
pressings, was 160 hours. It should also be noted that after the synthesis was completed, the 
samples were further heated at 300°C for 3 hours and then slowly cooled in the furnace to room 
temperature to achieve oxygen saturation. The long procedures of the synthesis process contributed 
to the deposition of La in the Y junctions [1]. The curves of the temperature dependence of the 
resistivity ρ(T) were measured by the standard four-contact method at a constant current of 10 mA 
in the range of temperatures (77-300)K [14-17]. The samples prepared for this purpose have the 
following concentrations of La: x = 0; 0:02; 0.028 and 0.11, which will be numbered as 0, 
respectively; 1; 2; and 3. They have a rectangular cut and characteristic dimensions of 1.8 mm×1.7 
mm×4 mm, and the distance between the potential contacts was 2 mm. The onset (Τc

on) and offset 
(Tc

0) of transition temperatures to the superconducting state were determined by the drop in the 
normal state resistivity (ρn) of the sample by 10 and 90%, respectively, and the width of the 
transition: ∆Τc=Τc

on-Tc
0 [14-17]. At the same time, Τc

on is the temperature of the beginning of the 
transition to the superconducting state of the grains, and Tc

0 is the temperature of the establishment 
of complete superconducting connections between them, when the resistivity of the sample finally 
disappears. In order to gain an additional understanding of the electrical transport processes taking 
place in the samples, the absolute values of ρ(300K) and ρ(100K) and their ratio [a = 
ρ(300K)/ρ(100K)], as well as dρ/dT (slopes) determined from the range of linear dependence of the 
ρ (T) curves have been compared with superconducting characteristics [14, 15]. From that 
combination, one can get an idea about the arrangement of the elementary cell of the studied sample 
[14, 15, 18-23]. 
 
3. Results and discussions 
 

The dependence curves of some superconducting and electrophysical characteristics of the 
studied samples Y1-xLaxBa2Cu3Oy (x = 0; x = 0.02; 0.028; 0.11) on the concentration x of La alloy 
atoms are shown in Fig.1 and Table 1. As can be seen, as x varies from 0 to 0.02, 0.028, and 011, 
Τc

on continuously decreases from the initial 91.7K to 90.2K, reaching a minimum of 88.6K when x 
= 0.028 and increases again to 90.5K. Meanwhile, for those same concentrations, Tc

0 first increases 
from 87.5K to 88.5K, then decreases to a minimum of 84.8K and increases again to 86.5K. As x 
increases in the range 0 ≤ x ≤ 0.028, Τc

on decreases, which is accompanied by an increase in 
ρ(300K) and ρ(100K), as well as a monotonous decrease in their ratio a. Also, at x = 0.028, 
ρ(300K), ρ(100K) and dρ/dT reach their maximum values (4060 µΩ⋅cm, 3150 µΩ⋅cm and 3.91 
µΩ⋅cm/K) respectively, then Τc

on and Tc
0, on the contrary, to their minimum values (88.6K and 

84.8K). Note that as x increases, ∆Tc decreases sharply from 4.2K (x = 0) and shows a minimum 
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value of 1.7K at x = 0.02, and continues to increase up to 3.8K and 4K for x values of 0.028 and 
0.11, respectively.  
 

Table 1. Some superconducting and electrotransport characteristics of Y1−xLaxBa2Cu3Oy compounds. 
 

Sample 
number 

x dρ/dT, 
µΩ⋅cm/K 

ρ(300K), 
µΩ⋅cm 

ρ(100K), 
µΩ⋅cm 

a, A.U. Τc
on,K Tc

0,K ∆Tc,K 

0 0 2.13 461 243 1.89 91.7 87.5 4.2 
1 0.02 1.51 980 650 1.51 90.2 88.5 1.7 
2 0.028 3.91 4150 3060 1.36 88.6 84.8 3.8 
3 0.11 2.36 2700 2150 1.26 90.5 86.5 4 

Pr* 0.11 2.67 1720 1180 1.46 83.6 80.5 3.1 
(* for comparison, the last line also shows the characteristics of Pr when x = 0.11) 
 
 

 

 
Fig. 1. Dependence of some superconducting (Τc

on, Tc
0, ∆Tc ,) (a) and electrophysical [ρ(300K), ρ(100K), a, dρ/dT ] 

(b) characteristics on concentration x of La atoms in Y1-xLaxBa2Cu3Oy compounds. 
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When La concentration x = 0.11 ∆Tc = 4 K, that it approaches its starting value (4.2K), which 
is accompanied by a further increase in the critical temperatures Τc

on and Tc
0 (90.5K and 86.5K), as 

well as with the simultaneous decrease of ρ(300K) and ρ(100K), slope (dρ/dT) and ratio a (see 
Fig.1 and Table 1). Note, however, that when x varies from 0 to 0.11 in the Y1-xLaxBa2Cu3Oy 
samples, all characteristics exhibit non-monotonic behavior, while a monotonically decreases. The 
decrease in a means that the concentration-dependent ρ(100K) increases faster than ρ(300K) (see 
Table 1). On the other hand, the observed increase in ρ and Tc

0 characteristics, as well as the 
accompanying decrease in ∆Tc, Τc

on and dρ/dT when x = 0.02 can be explained as follows. The 
increase of La leads to an increase in the elastic deformation of the spatial lattice of the sample, 
because it substitutes the atoms of Y with a much smaller radius [3]. This leads to a change in the 
distances between the atoms of the spatial lattice, which causes new defects in the oxygen sublattice 
and a rearrangement of the existing ones, which determines the increase in the absolute values of 
ρ(300K) and ρ(100K). Moreover, the defects formed in the grains lead to a decrease in Τc

on by 1.5 
degrees on the one hand due to the increase of Cu2-O3 interatomic distances in the Cu-O planes, 
and on the other hand to an increase in Tc

0 by 1 degree due to the reduction of the distances 
between these planes [3]. The latter means the strengthening of intergranular weak bonds, which 
ultimately leads to a decrease in ∆Tc from 4.2K to 1.7K. All this is accompanied by a significant 
decrease of a and dρ/dT (see Table 1). The decrease of dρ/dT indicates that the role of the electron-
phonon interaction in the scattering of current carriers decreases, which is probably related to the 
decrease in the frequency of the phonons responsible for the Raman scattering [3]. A further 
increase in La concentration leads to a sharp increase in ρ of the sample and the appearance of a 
peak at x = 0.028, which is also accompanied by a sharp increase in dρ/dT and ∆Tc, which 
coincidentally means the role of electron-phonon interaction and inhomogeneity increase. It is a 
consequence of the fact that the addition of La promotes the formation of different superconducting 
(with Tc close to each other) and non-superconducting phases in the sample and their subsequent 
coexistence. It is known as the "phase transition phenomenon" and is also manifested in sample 3 (x 
= 0.11) [3, 14]. Y1-xLaxBa2Cu3Oy and La123 compounds act as superconducting phases, and 
BaCuO2 is not superconducting [3,14]. However, in this case (x = 0.11), this phenomenon is 
manifested by a simultaneous sharp decrease in ρ and dρ/dT, which is also accompanied by an 
increase in Τc

on, Tc
0 and ∆Tc, which are close enough to their origin values in the pure sample. It 

turns out that Tc is much less affected by La than Pr [1-14, 19-21]. If for Tc in the range 0≤x≤0.11 
this change is only a few degrees, then for ρ it is more than one order. Note that ∆Tc drops sharply 
from the initial value of 4.2 K (x = 0) to a minimum (1.7 K) when x = 0.02, and with the further 
increase of x it reaches 4 K (x = 0.11) (see Table 1). Interestingly, the resistivity exhibits a 
maximum as La increases, accompanied by a minimum in ∆Tc. However, the maximum of ρ is 
observed at the concentration value x = 0.028, and the minimum of ∆Tc at the concentration x = 
0.02. If the presence of Pr leads to a strong reduction of Tc at the concentration x = 0.11, then the 
resistivity around Tc is 2.5 orders of magnitude higher than for sample containing La with the same 
concentration [14]. Meanwhile in the normal state it is significantly reduced compared to the 
sample containing La. As can be seen from the table, this difference in the case of a lower content 
of La (x = 0.028) is much greater than in the case of a high concentration of Pr (x = 0.11) [14]. Such 
behavior in the fluctuation region, which was previously observed by other authors as well, is 
expressed by the large influence of Tc and ρ on Pr, is known as the "anomaly of Pr ", and its nature 
has not yet been definitively determined [10, 14]. And in the normal state, the smaller value of ρ 
shown by our sample containing Pr compared to La, can also be classified as an additional 
"anomalous" phenomenon. One of the possible reasons for this may be that Pr, in contrast to La, has 
an intrinsic magnetic moment, the effect of which on carrier scattering at high temperatures is 
probably greatly reduced [14]. 
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Conclusions 
 

Thus, the influence of La introduction on some superconducting and electrotransport 
characteristics of Y1-xLaxBa2Cu3Oy (x = 0; x = 0.02; 0.028; 0.11) compounds was studied using the 
temperature dependence ρ(T) curves of resistivity. The obtained main results can be formulated in 
the form of the following statements: 

1. The temperature of the beginning (Τc
on) and the end (Tc

0) of the superconducting transition 
depending on the concentration of La shows a minimum for the value x = 0.028, which is 
accompanied by a large maximum at ρ(300K) and ρ(100K). It is attributed to the "phase 
separation phenomenon", which is due to the coexistence of superconducting and non-
superconducting phases close to each other at Tc, accompanied by a maximum of dρ/dT. 

2. At the concentration x = 0.02, the value of the weak maximum displayed by Tc
0 (88.6K) 

corresponds to the minimum of ∆Tc and dρ/dT, that is, a decrease in the role of electron-
phonon interaction on the dispersion of current carriers. 

3. Unlike other characteristics, the ratio a = ρ(300K)/ρ(100K) has a monotonically decreasing 
nature depending on x, which is due to the fact that ρ(100K) increases faster with x, than 
ρ(300K). 
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