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Abstract. In this paper, experimental research is done on resistivity, AC magnetic susceptibility, and X-
ray diffraction. This work examines two heat treatments: [O] and [OA], Oxygen and Oxygen-Argon 
annealing respectively. [OA] heat treatment raises Tc for x>0.2, the orthorhombicity  for x varying between 
0 and 1 and reduce the d(Ba/Sr-Cu(1)) (interatomic distance) for x>0.2. Under any applied magnetic field 
and for T < Tc, the [OA] samples exhibited a significant enhancement in the shielding effect (Meissner 
effect), as reflected by the amplitude of χ′(T). The Meissner factor S(x) decreases for all x values when either 
T or Hdc increases. Correlations were noted between pSh(x) (the number of holes) and Tc (x), within the 
superconducting plans Cu(2)-O2, and the unit cell volume V(x) on the other hand. The observed results 
could be explained by any of these causes, which include a reduction in d(Ba/Sr-Cu(1)), an improvement in 
the ordering of cations and chain oxygen, as well as an increase in the in-phase purity of the [OA] samples. 

1 Introduction 
The magnetic, electric, and crystalline properties of the 
high-Tc superconductors have been widely studied by 
several research laboratories globally since their 
discovery. Superconductivity's Meissner effect is a 
significant indicator of magnetic characteristics. Within 
the transition region of these materials, a diamagnetic 
response arises as magnetic flux is expelled from the 
inside of the superconducting sample if the outside 
temperature drops below the critical point (Tc). ReBCO 
(Re: Rare-earth) huge grain high critical temperature 
superconductors have the ability to trap stronger 
magnetic fields at low temperatures, making them useful 
for permanent magnet applications. [1]. Several 
engineering applications for such magnets have been 
identified [2,3], with some already entering 
commercialization [4]. 

The superconducting characteristics traits are quite 
easily changeable by substituting elements in the 
compounds [5,6] or varying the content of oxygen in 
these compounds. The influence of substitution on the 
magnetic, electrical and structural characteristics of 
YBCO has been in-depth explored [7]. The compound 
LnBa2Cu3O6.95 (Single-phase) can be synthesized in 
bulk form, exhibiting a superconducting transition 
temperature Tc near 92K. All of these compounds have 
a triple-perovskite structure that is orthorhombically 
distorted and oxygen-deficient, with Tc and the degree 
of orthorhombic distortion being highly sensitive to the 
oxygen content, denoted as (6+z) [8,9]. Extensive 
research has been conducted by several authors on the 
elaboration and investigation of the superconducting 
and structural properties of Ba2-xLa1+xCu3Oy, where x 
ranges between 0 and 0.5 [10,11]. These researchers 
concluded that in order to achieve acceptable 
superconducting qualities, a tri-perovskite structure with 
an arranged Ba and La along the c-axis and an oxygen 
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occupation factor at (0, 1/2, 0) and (1/2, 0, 0) near to 1 
and 0, respectively, is necessary. 

It is intriguing to investigate whether some of the 
above-described results would change if the rare earth 
Nd3+ (0.995 Å) with a larger ionic radius were to 
replace Y3+(0.893 Å) in an iso-valent substitution of 
Ba2+(1.42 Å) with Sr2+ (1.12 Å). We examined the 
impact of heat treatment on the electrical, magnetic and 
structural properties of (Y1-xNdx)SrBaCu3O6+z (x=1, 0.8, 
0.6, 0.5, 0.4, 0.2, 0) in order to investigate the influence 
of Ba and Y atomic arrangements and determine the 
factors that influence the superconducting property in 
these samples. 
Subsequently, we discovered that argon heat treatment 
had a significant impact on these characteristics, was 
contingent upon the x(Nd) concentration. 

2 Experimental techniques 

2.1 Preparation of the samples 

 
Fig. 1. Diagram illustrates the different preparation steps for 
the samples (Y1-xNdx)BaSrCu3O6+z. 
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The corresponding carbonates and oxides were solid 
state sintered to elaborate our polycrystalline 
compounds. The following diagram “Fig. 1” illustrates 
the different preparation steps for the (Y1-

xNdx)BaSrCu3O6+z 

2.2 Characterization of the samples 

Our samples (Y1-xNdx)BaSrCu3O6+z were subjected to 
X-ray diffraction measurements using a diffractometer 
(Philips) with a CuKα radiation source and a graphite 
monochromator for the secondary beam at 40kV and 20 
mA. The 2θ angle ranged (π/9 - 2π/3) with increments 
of π/18000, and each step had a counting time of 10 
seconds. Subsequently, the X-ray diffraction spectra 
were refined using Rietveld refinement techniques.  

Measurements of the real and imaginary components 
of the AC magnetic susceptibility (χ' and χ'') as functions 
of T under Hdc (with 0 Oe < Hdc < 150 Oe) superimposed 
over Hac = 0.11 Oe at a frequency of f=1.5 kHz were 
used to investigate superconducting transitions. 

Resistivity was measured using the Van der Pauw 
method, denoted as ρ(T). This involved utilizing a 
cryostat equipped with a temperature regulator (10-6A - 
10-3A), a closed helium circuit, a digital voltmeter with 
a resolution of 1 μV and a cryogenic pump, all fully 
computer-controlled. The critical temperature Tc was 
verified by measuring χ'(T) and confirmed by measuring 
ρ(T). 

3 Results 
The diamagnetism effect S (Meissner effect) is one of 
the features of a superconducting material 
characteristics. The following formula represents the 
relationship between a magnetic material's 
magnetization M, applied magnetic field strength Ha, 
and magnetic flux density B: 
 B =  µ0(Ha +  M)      (1) 

Considering that 𝐵𝐵 = 0 within a superconductor, the 
previous equation gives us: 
 M = −Ha       (2) 
 and the magnetic susceptibility is thereby represented 
by:  
 χ = dM/(dHa )   =  −1   (3) 

The superconducting transition width ∆Tc for each 
sample (Y1-xNdx)BaSrCu3O6+z is taken as the midpoint 
temperature between 0.1 and 0.9 of the transition 
region. This zone, measured between 10% and 90% of 
the real part 𝜒𝜒′ signal's height, exhibited an increase 
across all samples. Specifically, it ranged from 0.58 𝐾𝐾 
for x=0 [OA] to approximately 3 K (x = 1) [OA], and 
from 0.94 K (x = 0) [O] to roughly 8 K (x=1) [O]. In 
“Fig. 3” the alterations witnessed in the imaginary part 
χ″  signal is also remarkable. The ∆Tp (defined as the 
width at half-maximum of the of χ″ peak) gradually 
increased, from about 0.4 𝐾𝐾 for x=0 [OA] to 
approximately 2 K for NdBaSrCu3O6+z [OA], and from 
around 1 𝐾𝐾 for YBaSrCu3O6+z [O] to nearly 7 K for x=1 
[O] “Fig. 3”. However, in the case of the [OA] samples, 
there was a significant decrease in ∆Tp (from 1.29 K to 
0.51 K) as x decreased (from 1 to 0). Following the [OA] 

heat treatment, we observed that ∆Tc(max)   8 K (and 
∆Tp(max)  7.4 K), suggesting that the [OA] treatment 
increase in S (and enhance the intergranular coupling) in 
this instance. 

We focus now on the '(T), which give information 
about several properties of high-Tc superconductors, 
such as S (Meissner effect) and Tc (superconducting 
critical temperature) in “Fig. 2 (a-b)”.  

Using the identical sample for both heat treatments 
allow for a comparison of the diamagnetic response. It 
is evident from “Fig. 2 (a-b)” that the screening current 
of the [OA] sample exhibited a considerable increase in 
comparison to the [O] at x=1.  

The real ′(T) and imaginary ′′(T) parts of the AC 
susceptibility of the samples are depicted in “Fig. 2 (a-
b)” and “Fig. 2 (c-d)” respectively. The critical 
temperature Tc, of the sample [O] occurred at 68 K 
“Table 1”. The peak of the imaginary part was identified 
at 67.3 K, with a width spanning half the maximum 
amplitude (FWHM) of approximately 1.54 K. Our 
measured value of Tc for the [O] sample is smaller 
(though Tc for the [OA] sample is higher) in comparison 
to the value of Tc= 74 K reported in [12]. The sample 
[OA] showed a critical temperature Tc(χ’) = 77.2 K and 
Tc(ρ) = 77.2 K, which was higher by around 9 K for 
χ’(T) and ρ(T) compared to that of the sample [O]. 
Additionally, there was a noticeable shift in Tp to 
76.5 𝐾𝐾, suggesting that the interconnection between 
grains (superconductors) occurred under higher-
temperature conditions when the sample underwent 
heating in argon followed by oxygen annealing. 

We observe that all of the samples' XRD patterns 
clearly revealed the orthorhombic splitting, indicating 
an increase in orthorhombicity, and that some faint, 
unexplained impurity peaks were detected; these were 
removed in the [OA] samples “Fig. 4”. This implies that 
the [OA] samples' crystallographic quality has 
improved. 

A significant effect of argon annealing on Tc was 
observed. The temperature indicating the onset of 
diamagnetic behavior, denoted as Tc, was observed to be 
contingent on both x and the specific heat treatment 
utilized, as indicated in “Table 2”. 

As observed in “Table 2”, as x increases (0 to 1), the 
ε decreases and reaches 0, signifying the changing in  

 
Fig. 2. ''(T) (c,d) and '(T) (a,b) of NdSrBaCu3O(6+z) at Hdc 
(0 ≤Hdc≤ 126.5 Oe) under [OA] and [O] heat treatment 
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Fig. 3. Variation of the ∆Tc(x) and ∆Tp(x) for [OA] and [O] 
compounds  

structure (orthorhombic to quadratic). The Tc [O] 
diminishes with orthorhombicity ε[O]. Despite this, 
ε[OA] decreases with Tc [OA] up to x = 0.2, then 
increases at x = 0.4, and subsequently drops by 9.80 K 
to 77.22 K for x = 1 [OA].  

The upper part of “Fig. 8” shows that for any value 
of x, in [OA] compound, Tc increases for x greater than 
0.2 and reduces it to x less than or equal to 0.2. For x = 
1 [OA], a total increase in Tc of 10 K was noted. 

Moreover, the [OA] treatment enhanced ε for all 
values of x in the range 0 ≤ x <1.  

For x=0.6, the largest increase in ε was noted, going 
from 2.23 10-3 to 5.81 10-3, while its value becomes zero 
for x=1, like that found by Thompson et al. [14]. 
Compared to 10.10-3 reported by R.J. Cava et al. for 
YBa2Cu3O6+z [15], all these values are substantially 
smaller. 

 
Fig. 4.  XRD (Cu Kα) patterns of NdSrBaCuO. (top) Sample 
[O], (bottom) sample [OA]  

Hence, we posit that the characteristic of the 
resistivity curves indicates the absence of a 
superconducting phase within the grain boundaries, 
serving as weak links, and consequently diminishing the 
intergranular coupling. 

The critical temperature Tc of our samples was also 
determined from resistivity measurements. For instance, 
the resistivity (ρ) data points for the NdSrBaCu3O6+z 
[OA] sample clearly lower than those of the [O] sample 
in “Fig. 5 (a)”. It's noteworthy that for a given heat 
treatment, Tc(χ′) surpasses Tc (ρ = 0) by 1 to 2 K, with 
Tc (ρ = 0) approximately equal to Tp(χ′′). In the normal 
state of the granular superconducting sample, the 
resistivity is denoted by ρ(T). The relationship between 
ρ(T) and temperature (T) is expressed as: 
 ρ = ρ0 + α. T     (4) 

Arising from both grains and grain boundaries, the 
resistivity is contributed by two components, the 
resistivity from the grains is temperature-dependent, 
whereas that from the grain boundaries remains 
temperature-independent. Consequently, the inter-grain 

Table 1.  Results of resistivity and susceptibility 
measurements of NdBaSrCu3O6+z for [OA] and [O] samples 

 Sample [OA] Sample [O] 
Tp (χ”)(K) 76.50 67.30 
Tc (χ’)(K) 77.18 68.02 
Tc (ρ)(K) 77.20 67.32 
Tc (K) 2.97 7.96 
Tp (K) 1.53 7.39 

0(cm) 468 1011 
294(cm) 970 2053 
 (cm/K) 1.43 2.93 

 

 
Fig. 5.  (a) Variation of the resistivity (𝑻𝑻) and (b) 
Temperature dependency of resistivity derivative of 
(YNd)SrBaCu3O6+z as a function of [OA] and [O] heat 
treatment. 
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The corresponding carbonates and oxides were solid 
state sintered to elaborate our polycrystalline 
compounds. The following diagram “Fig. 1” illustrates 
the different preparation steps for the (Y1-

xNdx)BaSrCu3O6+z 

2.2 Characterization of the samples 

Our samples (Y1-xNdx)BaSrCu3O6+z were subjected to 
X-ray diffraction measurements using a diffractometer 
(Philips) with a CuKα radiation source and a graphite 
monochromator for the secondary beam at 40kV and 20 
mA. The 2θ angle ranged (π/9 - 2π/3) with increments 
of π/18000, and each step had a counting time of 10 
seconds. Subsequently, the X-ray diffraction spectra 
were refined using Rietveld refinement techniques.  

Measurements of the real and imaginary components 
of the AC magnetic susceptibility (χ' and χ'') as functions 
of T under Hdc (with 0 Oe < Hdc < 150 Oe) superimposed 
over Hac = 0.11 Oe at a frequency of f=1.5 kHz were 
used to investigate superconducting transitions. 

Resistivity was measured using the Van der Pauw 
method, denoted as ρ(T). This involved utilizing a 
cryostat equipped with a temperature regulator (10-6A - 
10-3A), a closed helium circuit, a digital voltmeter with 
a resolution of 1 μV and a cryogenic pump, all fully 
computer-controlled. The critical temperature Tc was 
verified by measuring χ'(T) and confirmed by measuring 
ρ(T). 

3 Results 
The diamagnetism effect S (Meissner effect) is one of 
the features of a superconducting material 
characteristics. The following formula represents the 
relationship between a magnetic material's 
magnetization M, applied magnetic field strength Ha, 
and magnetic flux density B: 
 B =  µ0(Ha +  M)      (1) 

Considering that 𝐵𝐵 = 0 within a superconductor, the 
previous equation gives us: 
 M = −Ha       (2) 
 and the magnetic susceptibility is thereby represented 
by:  
 χ = dM/(dHa )   =  −1   (3) 

The superconducting transition width ∆Tc for each 
sample (Y1-xNdx)BaSrCu3O6+z is taken as the midpoint 
temperature between 0.1 and 0.9 of the transition 
region. This zone, measured between 10% and 90% of 
the real part 𝜒𝜒′ signal's height, exhibited an increase 
across all samples. Specifically, it ranged from 0.58 𝐾𝐾 
for x=0 [OA] to approximately 3 K (x = 1) [OA], and 
from 0.94 K (x = 0) [O] to roughly 8 K (x=1) [O]. In 
“Fig. 3” the alterations witnessed in the imaginary part 
χ″  signal is also remarkable. The ∆Tp (defined as the 
width at half-maximum of the of χ″ peak) gradually 
increased, from about 0.4 𝐾𝐾 for x=0 [OA] to 
approximately 2 K for NdBaSrCu3O6+z [OA], and from 
around 1 𝐾𝐾 for YBaSrCu3O6+z [O] to nearly 7 K for x=1 
[O] “Fig. 3”. However, in the case of the [OA] samples, 
there was a significant decrease in ∆Tp (from 1.29 K to 
0.51 K) as x decreased (from 1 to 0). Following the [OA] 

heat treatment, we observed that ∆Tc(max)   8 K (and 
∆Tp(max)  7.4 K), suggesting that the [OA] treatment 
increase in S (and enhance the intergranular coupling) in 
this instance. 

We focus now on the '(T), which give information 
about several properties of high-Tc superconductors, 
such as S (Meissner effect) and Tc (superconducting 
critical temperature) in “Fig. 2 (a-b)”.  

Using the identical sample for both heat treatments 
allow for a comparison of the diamagnetic response. It 
is evident from “Fig. 2 (a-b)” that the screening current 
of the [OA] sample exhibited a considerable increase in 
comparison to the [O] at x=1.  

The real ′(T) and imaginary ′′(T) parts of the AC 
susceptibility of the samples are depicted in “Fig. 2 (a-
b)” and “Fig. 2 (c-d)” respectively. The critical 
temperature Tc, of the sample [O] occurred at 68 K 
“Table 1”. The peak of the imaginary part was identified 
at 67.3 K, with a width spanning half the maximum 
amplitude (FWHM) of approximately 1.54 K. Our 
measured value of Tc for the [O] sample is smaller 
(though Tc for the [OA] sample is higher) in comparison 
to the value of Tc= 74 K reported in [12]. The sample 
[OA] showed a critical temperature Tc(χ’) = 77.2 K and 
Tc(ρ) = 77.2 K, which was higher by around 9 K for 
χ’(T) and ρ(T) compared to that of the sample [O]. 
Additionally, there was a noticeable shift in Tp to 
76.5 𝐾𝐾, suggesting that the interconnection between 
grains (superconductors) occurred under higher-
temperature conditions when the sample underwent 
heating in argon followed by oxygen annealing. 

We observe that all of the samples' XRD patterns 
clearly revealed the orthorhombic splitting, indicating 
an increase in orthorhombicity, and that some faint, 
unexplained impurity peaks were detected; these were 
removed in the [OA] samples “Fig. 4”. This implies that 
the [OA] samples' crystallographic quality has 
improved. 

A significant effect of argon annealing on Tc was 
observed. The temperature indicating the onset of 
diamagnetic behavior, denoted as Tc, was observed to be 
contingent on both x and the specific heat treatment 
utilized, as indicated in “Table 2”. 

As observed in “Table 2”, as x increases (0 to 1), the 
ε decreases and reaches 0, signifying the changing in  
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structure (orthorhombic to quadratic). The Tc [O] 
diminishes with orthorhombicity ε[O]. Despite this, 
ε[OA] decreases with Tc [OA] up to x = 0.2, then 
increases at x = 0.4, and subsequently drops by 9.80 K 
to 77.22 K for x = 1 [OA].  

The upper part of “Fig. 8” shows that for any value 
of x, in [OA] compound, Tc increases for x greater than 
0.2 and reduces it to x less than or equal to 0.2. For x = 
1 [OA], a total increase in Tc of 10 K was noted. 

Moreover, the [OA] treatment enhanced ε for all 
values of x in the range 0 ≤ x <1.  

For x=0.6, the largest increase in ε was noted, going 
from 2.23 10-3 to 5.81 10-3, while its value becomes zero 
for x=1, like that found by Thompson et al. [14]. 
Compared to 10.10-3 reported by R.J. Cava et al. for 
YBa2Cu3O6+z [15], all these values are substantially 
smaller. 
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coupling parameter at absolute zero temperature is 
determined by the intercept ρ0 of "Eq. (4)" on the Y-
axis, as illustrated in “Fig. 5 (a)”. 

Here, ρ0 represents the residual resistivity 
extrapolated to T=0 K, and α denotes the incline 
dρ / dT. 

For example, NdSrBaCu3O6+z [O] has α[O]  =
 2.93(μΩcm/K), ρ0[O] = 1011(μΩcm) and ρ294[O] =
2053(μΩcm). The [OA] treatment significantly 
reduced these parameters specifically, α[OA]  =
 1.43 (μΩcm/K), ρ0[OA]  =  468 (μΩcm) and 
ρ294[OA] = 970(μΩcm). This suggests an 
enhancement in inter-grain connectivity and a decrease 
in the carrier-phonon interactions. The latter value 
should be compared with ρ300 = 3000(μΩcm) and α =
 5.4 (μΩcm 𝐾𝐾⁄ ) as reported in [14] for the sample 
NdSrBaCu3O6+z.  All these values are significantly 
bigger compared to 600-700 (μΩcm) at room 
temperature and decreases to 200-250 (μΩcm) at 100K 
as reported in [15] for the conventionally oxidized 
sample YBa2Cu3O6+z.  

A two-step resistive transition ρ(T) is found for high 
critical temperature superconductors, which are 
distinguished by a unique superconducting transition 
temperature. Due to this, a tail and a peak appear on the 
low-temperature region of the derivative of ρ(T) [16]. 
The tail corresponds to intergranular coupling, while the 
peak signifies the superconducting transition within the 
grains. In “Fig. 5 (a)”, the resistivity transition behavior 
of [OA] and [O] compounds appears. In the normal 
state, metallic behavior and a superconducting transition 
to zero resistance are exhibited by every sample. 
Additionally, these curves demonstrate a continuous 
increase in the resistivity in the normal state from [OA] 
to [O] compounds. Further information can be obtained 
via plotting the resistivity curve derivative for samples 
[OA] and [O],, as “Fig. 5 (b)” illustrates.  
The Tc is obtained from the highest possible value of the 
dρ(T)/dT curves, remains nearly consistent across all 
samples [O] and [OA] (refer to “Table 1”). Each sample 
exhibits a single peak, indicating a single 
superconducting transition. The peak Tp in χ''(T) 
indicates the AC losses, and the fall in the real part χ'(T) 
below Tc indicates diamagnetic Meissner. 

Let’s investigate the amplitude of the χ'(T) for 
NdSrBaCu3O(6+z) in “Fig. 2 (a,b)” in relation to the heat 
treatment and applied magnetic field Hdc (0Oe< Hdc < 
126.5Oe). This amplitude represents the Meissner 
effect, denoted as 𝑆𝑆 [17]. In “Fig. 6”, 𝑆𝑆 was arbitrarily 
set equal to 1 for Hdc = 0 Oe. These measurements were 
conducted at three temperatures: 60 K, 63 K, and 66 K 
for 𝑥𝑥 = 1 and 0.8, and at 71 K, 73 K, and 75 K for x=0.5, 

Table 2. Results of  and Tc of (Y1-xNdx)SrBaCu3O6+z. for  
[OA] and [O] samples 

x(Nd) Tc[O] Tc[OA] ε [O] ε [OA] 
0 83.06 81.80 9.19 10.09 

0.2 79.87 80.13 6.91 8.12 
0.4 78.95 80.96 5.09 7.04 
0.5 78.86 80.54 4.04 6.66 
0.6 78.11 79.62 2.23 5.81 
0.8 72.64 79.36 0.89 2.23 
1 68.02(58 [9]) 77.18 0 (0[9]) 0 

with an externally applied magnetic field Hdc. S is the 
sample's exclusion of magnetic flux in a different 
dynamic mode. Moreover, regarding the applied field, 
the reduction in S was significantly slower for the [OA] 
sample. In particular, at 𝑇𝑇 = 66𝐾𝐾, the [OA] compound 
exhibited a reduction in (S) of approximately 35% with 
the field increasing from 0 to 126.5 Oe, whereas the [O] 
compound exhibited a reduction of approximately 95%. 
In the [OA] samples, an augmentation in S has been seen 
for any practical magnetic field Hdc and for all 
temperatures below Tc. For example, the Meissner effect 
S at a field of 126.5 Oe in NdSrBaCu3 O(6+z) with x=1 at 
T = 66 K was nearly six times larger in the [OA] 
compound compared to the [O] compound. 
Furthermore, in the case of the [OA] compound, the 
decrease in S with respect to the field was considerably 
slower. For example, when the field varying from 0 to 

 

 

 
Fig. 6.  Evolution of the Meissner effect S as a function of 
Hdc, [OA] and [O] at (x=1, 0.8 : T=60 K, 63 K, 66 K) and 
(x=0.5 : T=71K, 73K, 75K) 
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126.5 Oe at T=66K, the [OA] compound exhibited a 
reduction in S of about 35%, whereas the [O] compound 
exhibited a reduction of over 95%. This obviously 
indicates an enhancement shows that the [OA] samples' 
grain quality and intergranular interaction have 
improved. 

4 Discussion 
The linear resistivity characteristics were significantly 
decreased in the usual state by the [OA], suggesting 
improved inter-grain connection and a decrease in the 
interaction between phonons and carrier charges. Below 
Tc, the reduction in χ'(T) is indicative of Meissner effect 
S (amplitude of χ'(T)). A notable enhancement in S was 
observed in the [OA] samples at any applied magnetic 
field Hdc and for all temperatures below Tc. For each 
heat treatment and value of x, the Meissner effect S(x) 
decreases as both the applied magnetic field Hdc and 
temperature increase. This phenomenon occurs due to 
the weakening of the connections between granules 
caused by Hdc applied and elevated temperature. Below 
the inflection point 𝐼𝐼(𝜒𝜒′(𝑇𝑇)), the grains are connected, 
and the current generated by the external magnetic field 
leads to the formation of diamagnetic zone along the 
outermost layer of the sample surface. For T>T(I), when 
considering a constant field, the grains become 
disconnected. Our Rietveld-refined XRD spectra 
supports these conclusions, this revealed an 
improvement in the [OA] samples' crystallographic 
quality. This enhancement signifies an improvement in 
the grains' quality and inter-grain contacts, including 

 

 
Fig. 7. Volume V(x) (top) and unit-cell volume (bottom) of 
(Y1-xNdx)SrBaCu3O6+z 

Josephson-junction coupling. This assertion is 
corroborated by the observation that the disparity 
separating inter-grain and intra-grain currents 
diminishes, leading to the merging of the two steps in 
𝜒𝜒′(𝑇𝑇) (and 𝜒𝜒′′(𝑇𝑇) peaks), as depicted in “Fig. 2”. 

Annealing in argon at 850 °C enhances oxygen 
extraction from the structure, hence boosting atomic 
diffusion inside the lattice, as we previously suggested 
for LnSrBaCu3O6+z (Ln = Eu, Nd, Sm) [18]. 
Consequently, the starting point from the reduced (6+z) 
state, following the [OA] treatment, reduces the disorder 
of Nd/Y on the Ba/Sr site and promotes Nd/Y-Ba/Sr-
Nd/Y ordering along the c-axis. This enhances anionic 
ordering in the basal plane and increases the number of 
oxygen atoms along the Cu(1)-O chains (NOC), thereby 
facilitating hole transfer to the Cu(2)–O₂ via the apical 
oxygen O(1) located between Cu(1) and Cu(2), 
consequently resulting in an increase in Tc, as depicted 
in “Fig. 8”. 

The lattice parameters a and c increase [13], while 
parameter b remains nearly constant, suggesting an 
increased oxygen occupancy in the chains (NOC) along 
the a-axis. For x = 1 [O], this reduction in ε for the [O] 
sample suggests a transition from the orthorhombic 
phase to the tetragonal phase. 

The variation of V(x) as a function of heat treatment 
is illustrated in  “Fig. 7”, it's notable that the volume V 
increases with x, which aligns with the understanding 
that the ionic radius of 𝑟𝑟(𝑁𝑁𝑁𝑁3+) = (0.98 Å) >
 𝑟𝑟(𝑌𝑌3+) =  (0.90 Å). The [OA] heat treatment increases 
Tc for x > 0.2 and decreases d[Cu(1)-(Ba/Sr)] 
(interatomic distance) for x > 0.2, but for each value of 
x it improves ε for x varying between 0 and 1 [13]. 
Along the c-axis through the apical oxygen O(1), this 
enhancement makes it easier for holes to get to Cu(2)-
O2 by going from chains along the b-axis, improving Tc. 

Additionally, for each value of x, the [OA] heat 
treatment causes an increase in the parameter b and 
decrease in the parameter a. This effect results in an 
increase in anionic order in the basal plane and a 
decrease in the cationic disorder of (Nd/Y) on the 
(Ba/Sr) site along the c-axis. It also enhances the number 
of oxygen atoms in the chains (NOC) along the b-axis. 
Consequently, there is an increase in pSh(x) (the number 
of holes per Cu(2)O2 plane) derived from the 
undersaturation region of the universal relation Tc ⁄ Tcmax 
[19] and an increase in Tc for 𝑥𝑥 >  0.2, as illustrated in 
“Fig. 8”. The decrease in d[(Ba/Sr)-Cu(1)] for x > 0.2 
can be regarded as evidence supporting the increase in 
Cooper pair formation and the increase in pSh and Tc, as 
depicted in  “Fig. 8”. 

Two arguments regarding the disorders underlying 
anionic and cationic are substantiated by two notable 
correlations between pSh(x) (number of hole) and Tc (x) 
“Fig. 8”, and between V and x in “Fig. 7”. The latter 
shows that the unit cell volume, which determines Tc, 
has been rearranged. As a result, the impact of [OA] heat 
treatment is connected with the electrical, magnetic and 
structural characteristics.  
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coupling parameter at absolute zero temperature is 
determined by the intercept ρ0 of "Eq. (4)" on the Y-
axis, as illustrated in “Fig. 5 (a)”. 

Here, ρ0 represents the residual resistivity 
extrapolated to T=0 K, and α denotes the incline 
dρ / dT. 

For example, NdSrBaCu3O6+z [O] has α[O]  =
 2.93(μΩcm/K), ρ0[O] = 1011(μΩcm) and ρ294[O] =
2053(μΩcm). The [OA] treatment significantly 
reduced these parameters specifically, α[OA]  =
 1.43 (μΩcm/K), ρ0[OA]  =  468 (μΩcm) and 
ρ294[OA] = 970(μΩcm). This suggests an 
enhancement in inter-grain connectivity and a decrease 
in the carrier-phonon interactions. The latter value 
should be compared with ρ300 = 3000(μΩcm) and α =
 5.4 (μΩcm 𝐾𝐾⁄ ) as reported in [14] for the sample 
NdSrBaCu3O6+z.  All these values are significantly 
bigger compared to 600-700 (μΩcm) at room 
temperature and decreases to 200-250 (μΩcm) at 100K 
as reported in [15] for the conventionally oxidized 
sample YBa2Cu3O6+z.  

A two-step resistive transition ρ(T) is found for high 
critical temperature superconductors, which are 
distinguished by a unique superconducting transition 
temperature. Due to this, a tail and a peak appear on the 
low-temperature region of the derivative of ρ(T) [16]. 
The tail corresponds to intergranular coupling, while the 
peak signifies the superconducting transition within the 
grains. In “Fig. 5 (a)”, the resistivity transition behavior 
of [OA] and [O] compounds appears. In the normal 
state, metallic behavior and a superconducting transition 
to zero resistance are exhibited by every sample. 
Additionally, these curves demonstrate a continuous 
increase in the resistivity in the normal state from [OA] 
to [O] compounds. Further information can be obtained 
via plotting the resistivity curve derivative for samples 
[OA] and [O],, as “Fig. 5 (b)” illustrates.  
The Tc is obtained from the highest possible value of the 
dρ(T)/dT curves, remains nearly consistent across all 
samples [O] and [OA] (refer to “Table 1”). Each sample 
exhibits a single peak, indicating a single 
superconducting transition. The peak Tp in χ''(T) 
indicates the AC losses, and the fall in the real part χ'(T) 
below Tc indicates diamagnetic Meissner. 

Let’s investigate the amplitude of the χ'(T) for 
NdSrBaCu3O(6+z) in “Fig. 2 (a,b)” in relation to the heat 
treatment and applied magnetic field Hdc (0Oe< Hdc < 
126.5Oe). This amplitude represents the Meissner 
effect, denoted as 𝑆𝑆 [17]. In “Fig. 6”, 𝑆𝑆 was arbitrarily 
set equal to 1 for Hdc = 0 Oe. These measurements were 
conducted at three temperatures: 60 K, 63 K, and 66 K 
for 𝑥𝑥 = 1 and 0.8, and at 71 K, 73 K, and 75 K for x=0.5, 

Table 2. Results of  and Tc of (Y1-xNdx)SrBaCu3O6+z. for  
[OA] and [O] samples 

x(Nd) Tc[O] Tc[OA] ε [O] ε [OA] 
0 83.06 81.80 9.19 10.09 

0.2 79.87 80.13 6.91 8.12 
0.4 78.95 80.96 5.09 7.04 
0.5 78.86 80.54 4.04 6.66 
0.6 78.11 79.62 2.23 5.81 
0.8 72.64 79.36 0.89 2.23 
1 68.02(58 [9]) 77.18 0 (0[9]) 0 

with an externally applied magnetic field Hdc. S is the 
sample's exclusion of magnetic flux in a different 
dynamic mode. Moreover, regarding the applied field, 
the reduction in S was significantly slower for the [OA] 
sample. In particular, at 𝑇𝑇 = 66𝐾𝐾, the [OA] compound 
exhibited a reduction in (S) of approximately 35% with 
the field increasing from 0 to 126.5 Oe, whereas the [O] 
compound exhibited a reduction of approximately 95%. 
In the [OA] samples, an augmentation in S has been seen 
for any practical magnetic field Hdc and for all 
temperatures below Tc. For example, the Meissner effect 
S at a field of 126.5 Oe in NdSrBaCu3 O(6+z) with x=1 at 
T = 66 K was nearly six times larger in the [OA] 
compound compared to the [O] compound. 
Furthermore, in the case of the [OA] compound, the 
decrease in S with respect to the field was considerably 
slower. For example, when the field varying from 0 to 

 

 

 
Fig. 6.  Evolution of the Meissner effect S as a function of 
Hdc, [OA] and [O] at (x=1, 0.8 : T=60 K, 63 K, 66 K) and 
(x=0.5 : T=71K, 73K, 75K) 
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126.5 Oe at T=66K, the [OA] compound exhibited a 
reduction in S of about 35%, whereas the [O] compound 
exhibited a reduction of over 95%. This obviously 
indicates an enhancement shows that the [OA] samples' 
grain quality and intergranular interaction have 
improved. 

4 Discussion 
The linear resistivity characteristics were significantly 
decreased in the usual state by the [OA], suggesting 
improved inter-grain connection and a decrease in the 
interaction between phonons and carrier charges. Below 
Tc, the reduction in χ'(T) is indicative of Meissner effect 
S (amplitude of χ'(T)). A notable enhancement in S was 
observed in the [OA] samples at any applied magnetic 
field Hdc and for all temperatures below Tc. For each 
heat treatment and value of x, the Meissner effect S(x) 
decreases as both the applied magnetic field Hdc and 
temperature increase. This phenomenon occurs due to 
the weakening of the connections between granules 
caused by Hdc applied and elevated temperature. Below 
the inflection point 𝐼𝐼(𝜒𝜒′(𝑇𝑇)), the grains are connected, 
and the current generated by the external magnetic field 
leads to the formation of diamagnetic zone along the 
outermost layer of the sample surface. For T>T(I), when 
considering a constant field, the grains become 
disconnected. Our Rietveld-refined XRD spectra 
supports these conclusions, this revealed an 
improvement in the [OA] samples' crystallographic 
quality. This enhancement signifies an improvement in 
the grains' quality and inter-grain contacts, including 

 

 
Fig. 7. Volume V(x) (top) and unit-cell volume (bottom) of 
(Y1-xNdx)SrBaCu3O6+z 

Josephson-junction coupling. This assertion is 
corroborated by the observation that the disparity 
separating inter-grain and intra-grain currents 
diminishes, leading to the merging of the two steps in 
𝜒𝜒′(𝑇𝑇) (and 𝜒𝜒′′(𝑇𝑇) peaks), as depicted in “Fig. 2”. 

Annealing in argon at 850 °C enhances oxygen 
extraction from the structure, hence boosting atomic 
diffusion inside the lattice, as we previously suggested 
for LnSrBaCu3O6+z (Ln = Eu, Nd, Sm) [18]. 
Consequently, the starting point from the reduced (6+z) 
state, following the [OA] treatment, reduces the disorder 
of Nd/Y on the Ba/Sr site and promotes Nd/Y-Ba/Sr-
Nd/Y ordering along the c-axis. This enhances anionic 
ordering in the basal plane and increases the number of 
oxygen atoms along the Cu(1)-O chains (NOC), thereby 
facilitating hole transfer to the Cu(2)–O₂ via the apical 
oxygen O(1) located between Cu(1) and Cu(2), 
consequently resulting in an increase in Tc, as depicted 
in “Fig. 8”. 

The lattice parameters a and c increase [13], while 
parameter b remains nearly constant, suggesting an 
increased oxygen occupancy in the chains (NOC) along 
the a-axis. For x = 1 [O], this reduction in ε for the [O] 
sample suggests a transition from the orthorhombic 
phase to the tetragonal phase. 

The variation of V(x) as a function of heat treatment 
is illustrated in  “Fig. 7”, it's notable that the volume V 
increases with x, which aligns with the understanding 
that the ionic radius of 𝑟𝑟(𝑁𝑁𝑁𝑁3+) = (0.98 Å) >
 𝑟𝑟(𝑌𝑌3+) =  (0.90 Å). The [OA] heat treatment increases 
Tc for x > 0.2 and decreases d[Cu(1)-(Ba/Sr)] 
(interatomic distance) for x > 0.2, but for each value of 
x it improves ε for x varying between 0 and 1 [13]. 
Along the c-axis through the apical oxygen O(1), this 
enhancement makes it easier for holes to get to Cu(2)-
O2 by going from chains along the b-axis, improving Tc. 

Additionally, for each value of x, the [OA] heat 
treatment causes an increase in the parameter b and 
decrease in the parameter a. This effect results in an 
increase in anionic order in the basal plane and a 
decrease in the cationic disorder of (Nd/Y) on the 
(Ba/Sr) site along the c-axis. It also enhances the number 
of oxygen atoms in the chains (NOC) along the b-axis. 
Consequently, there is an increase in pSh(x) (the number 
of holes per Cu(2)O2 plane) derived from the 
undersaturation region of the universal relation Tc ⁄ Tcmax 
[19] and an increase in Tc for 𝑥𝑥 >  0.2, as illustrated in 
“Fig. 8”. The decrease in d[(Ba/Sr)-Cu(1)] for x > 0.2 
can be regarded as evidence supporting the increase in 
Cooper pair formation and the increase in pSh and Tc, as 
depicted in  “Fig. 8”. 

Two arguments regarding the disorders underlying 
anionic and cationic are substantiated by two notable 
correlations between pSh(x) (number of hole) and Tc (x) 
“Fig. 8”, and between V and x in “Fig. 7”. The latter 
shows that the unit cell volume, which determines Tc, 
has been rearranged. As a result, the impact of [OA] heat 
treatment is connected with the electrical, magnetic and 
structural characteristics.  
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Fig. 8. Correlation between pSh(x) and Tc(x) for [OA] and [O] 
heat treatment 

5 Conclusion 
In summary, the significant increase in S observed in the 
[OA] samples can be attributed to the enhancement of 
intergranular coupling, resulting from the improvement 
in the crystallographic quality of these compounds. 
Moreover, in the normal state, the [OA] treatment led to 
a reduction in the linear resistivity parameters, 
indicating a decrease in the interaction between phonons 
and carrier charges. A shift from an orthorhombic to a 
quadratic structure is indicated by the orthorhombicity ε 
decreasing to zero as x climbs from 0 to 1. Additionally, 
for every x value, the [OA] heat treatment changes the 
d[(Sr/Ba)-Cu(1)], improves Tc (for x > 0.2) and increase 
ε (for 0 < x ≤ 1). This distance decreases x greater than 
0.2, leading to an increase in Tc, while it increases for x 
< 0.25, resulting in a decrease in Tc. The argon heat 
treatment encourages (Nd/Y)-(Ba/Sr)-(Nd/Y)… 
ordering along the c-axis and lessens the disorder of 
Nd/Y on the Ba/Sr site. As a result, there are more 
oxygen atoms in the Cu(1)-O chains (NOC), increasing 
the anionic order in the basal plane. As a result, the 
apical oxygen Cu(1)-O(1)-Cu(2) facilitates an enhanced 
hole transfer to Cu(2)-O2, increasing Tc. The charge-
transfer model is in agreement with this observation. 
The electrical, magnetic, and structural properties 
correlate with the effect of [OA] heat treatment by 
Argon. These outcomes result from the interplay 
between cation disorder along the c-axis and oxygen 
disorder in the basal plane. The pSh(x) hole 
concentration in the Cu(2)-O2 superconducting planes, 
the ordering of chain oxygen and increase in cationic, 
the reduction in d[(Ba/Sr)-Cu(1)] for x > 0.2, and the in-
phase purity found in the [OA] compounds are some of 
the explanations for these discoveries. These combined 
factors most likely account for the found results. 
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Fig. 8. Correlation between pSh(x) and Tc(x) for [OA] and [O] 
heat treatment 

5 Conclusion 
In summary, the significant increase in S observed in the 
[OA] samples can be attributed to the enhancement of 
intergranular coupling, resulting from the improvement 
in the crystallographic quality of these compounds. 
Moreover, in the normal state, the [OA] treatment led to 
a reduction in the linear resistivity parameters, 
indicating a decrease in the interaction between phonons 
and carrier charges. A shift from an orthorhombic to a 
quadratic structure is indicated by the orthorhombicity ε 
decreasing to zero as x climbs from 0 to 1. Additionally, 
for every x value, the [OA] heat treatment changes the 
d[(Sr/Ba)-Cu(1)], improves Tc (for x > 0.2) and increase 
ε (for 0 < x ≤ 1). This distance decreases x greater than 
0.2, leading to an increase in Tc, while it increases for x 
< 0.25, resulting in a decrease in Tc. The argon heat 
treatment encourages (Nd/Y)-(Ba/Sr)-(Nd/Y)… 
ordering along the c-axis and lessens the disorder of 
Nd/Y on the Ba/Sr site. As a result, there are more 
oxygen atoms in the Cu(1)-O chains (NOC), increasing 
the anionic order in the basal plane. As a result, the 
apical oxygen Cu(1)-O(1)-Cu(2) facilitates an enhanced 
hole transfer to Cu(2)-O2, increasing Tc. The charge-
transfer model is in agreement with this observation. 
The electrical, magnetic, and structural properties 
correlate with the effect of [OA] heat treatment by 
Argon. These outcomes result from the interplay 
between cation disorder along the c-axis and oxygen 
disorder in the basal plane. The pSh(x) hole 
concentration in the Cu(2)-O2 superconducting planes, 
the ordering of chain oxygen and increase in cationic, 
the reduction in d[(Ba/Sr)-Cu(1)] for x > 0.2, and the in-
phase purity found in the [OA] compounds are some of 
the explanations for these discoveries. These combined 
factors most likely account for the found results. 
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