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ARTICLE INFO ABSTRACT

Keywords: In this research, we seek a new superconducting candidate LaAlYbCuO based on the need to improve upon the
Cuprates lanthanum cuprates framework. LaAlYbCuO high temperature superconductor was prepared by standard solid-
Superconductor state reaction. The characterization was done by the X-ray powder diffraction technique, Scanning Electron
i;r;i‘:;im Microscopy (SEM) and Rutherford Backscattering Spectrometry (RBS). The analysis of the images was done

using Match, Vesta, SRIM, CERN-Root, OMDAQ and Gwydion software. The XRD refinements show that LAYbCO
has orthorhombic structure with unit cell as a = 3.865 ;X, b = 3.865 ;\, ¢ = 19.887 A. The specimen had theta
correction of 0.19891°. The ratio of electron to phonon production in LAYbCO is approximately 999:1. However,
this does not rule-out the possibility of electron-phonon interaction. The elemental composition of LAYbCO is
given as La; 35Al3 97 Ybg goCue 80015 at Q-factor — 0.033, Chi-square — 0.6057 and dMax — 173. The new LAYbCO
framework showed high chemical homogeneity. It was discovered that natural inclination of the atomic struc-

Structural modulation

ture is quite important for structural interpretations.

Introduction

Axe and Crawford [1] reported that Lanthanum based super-
conductor has subtle structural modifications due to the several closely
related distortions in its structures. The distortions sometimes enable
the extraordinary enhancement of its electronic properties under
compression [2]. Also, the structural modification of lanthanum su-
perconductor makes it undergo soft mode phase transformation and
structural phase transitions. The structural phase transitions in lan-
thanum are sometimes evidence of anomalies in its structure.

It is still unclear how positively or negatively the inherent distor-
tions affect the superconductivity in lanthanum superconductor. Hence,
this research seeks for new candidate of the lanthanum superconductor
that have predefined polymorphic forms for further research. The se-
lected elements of the new lanthanum superconductor are envisaged
due to its collective transport behavior through the electronic potential
of the sample [3]. The ultimate goal of the research is to seek lan-
thanum framework that has higher critical temperature Tc and poten-

tially broader ranges of stability [4]. The composition of the new lan-
thanum framework (LAYbCO) is made-up of lanthanum, aluminum,
ytterbium, copper and oxygen. Aluminum was chosen because of its
peculiar resistance peak and phase slips in the superconducting state
[5]. Ytterbium was chosen because it stabilizes the tilted structures [6],
promotes larger tilts at low temperatures, and eliminates metastable
coexistence at low temperatures [7]. This proposition is to initiate a
driving force due to its polymorphic forms. The polymorphic forms in
the superconductor have significant influence on its critical tempera-
ture as presented in Table 1. LaH, has high critical temperature i.e.
compared to other lanthanum superconductors. It is suggested that the
introduction of a clathrate structure (hydrides) into the lanthanum
superconductor will have significant influence on the critical tem-
perature [8]. However, the degree of instability in the proposed com-
pound is not known.

In this research paper, the structure of the new lanthanum-super-
conducting framework was proposed and synthesized. The character-
ization of the emerging samples was done using x-ray powder diffrac-
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Table 1

Critical temperatures of lanthanum superconductors.
Lanthanum superconductors Critical Temperature (K) Reference
Lao,Ba,CuOy 30 [12]
Lay.SryCuOy4 38 [9]
Laj 4gNdo.4S10.12Cu04 22 [9]
LaFePO 4 [10]
LaNiPO 3 [10]
LaFeAsO;_,Fy 26 [10]
Laj g5Sr9.15Cu0, 38 [12]
LayCuOy 30 [11]
LaHy 215 [81]
Lay S1¢NiO4 40 [13]

tion, scanning electron microscopy and Rutherford backscattering
spectrometry. The in-depth analysis of the proposed structure was done
using proven software and codes.

Material and methods

The polycrystalline samples of LaAlYbCuO were prepared by solid
state synthesis method, using high purity chemicals of La (NO3) 5 0.6
Hgo, Al (NO3) 3 0.6 Hgo, Yb(N03)39H20, CU(N03)2'3H20, citric acid
and Ethylene Glycol (Aldrich > 99.9%). Stoichiometric amounts of the
chemicals were weighed using an electronic balance. The chemicals
were mixed individually in 10ml of distilled water inside different
beakers. All the chemicals were mixed in a 100 ml beaker. The mixture
was stirred at 90 °C on a digital mixer (700 rpm) for thirty minutes. The
polyesterification of the homogenous blue solution was done at 350 °C
for 2 h. The resulting product was thoroughly mixed and grinded using
an agate mortar. The product was calcine for 5 h in air at 800 °C to give
a dark ash powder. The powder was grinded the second time using the
agate mortar. After grinding, the powder was formed into cylindrical
pellets under a pressure of 13kN at room temperature for 7 min. The

LaAlYbCuO)
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pellet was sintered at 850 °C for 60 min (1 h) and cooled in air at room
temperature. The pellet was sintered the second time at 850 °C for 16 h.
The sample was allowed to cool in air at room temperature.

Phase analysis of the sample was done at room temperature using X-
ray diffraction(XRD) on a Siemens D8-Advance powder diffractometer
at Cu-Ka radiation (A = 1.5418°A) with an angle step of 0.021. The
phase identification was performed using Match software.
Microstructural examinations of the samples were done on a scanning
electron microscopy (SEM). The microstructural size changes and lat-
tice stability of the SEM images was done using the Gwydion software.
The in-depth analysis of the bond and structural complication of the
SEM images was demonstrated using the Vesta software. The CERN-
Root software was used for graphical plots. Elemental or compositional
analysis of the sample was done using Rutherford backscattering
spectrometry. The analysis was done using the SRIM and OMDAQ
software.

Results and discussion

The orthorhombic structure shown in Fig. 1 has its highest peak at
20 = 32.58°. The properties at the highest peak are (2 2 2) plane with a
theta correction of 0.19891°. The peak of the phases range is within
9.843° — 91.250°. The reflections of the orthorhombic phase are shown
in Fig. 1. The phase analysis based on available database is shown in
Table 2. Also, the phase identification is presented in Fig. 2. The
characterization of the peaks shows that the peak intensity belonging to
the selected phases in Table 2 is 62.90% while the unidentified peak
intensity is 37.10% (Table 3). The unidentified peaks in Table 3 may be
associated with impurities in compounds, non-superconducting im-
purity phase or earth-based superconducting phases [14,15]. Basically,
the crystal structure of LAYbCO compound is comprised of LaO/Cu02/
LaO/Cu02/YbO/AIO layers. The Vesta software was used to reassess
the X-ray dispersion coefficient of the elements as shown in Table 4. It
can be seen from the p/p factor that the peak residual is more associated
with the earth-based superconducting phases. Also, the unidentified
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Fig. 1. XRD patterns of LaAlYbCuO.
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Table 2
Matched Phases of sample with existing crystal phase database.
Index Amount Name Formula sum Space Group Crystal System References
A 41.0 Cu3 Te 06 Cu3 Te 06 Ta3 cubic [18]
B 25.4 La4 Ni3 08 La4 Ni3 08 I14/m m m Tetragonal [19]
C 20.6 Al Li 02 Al Li 02 R3m Triagonal [20]
D 13.0 Ir Yb Ir Yb Pm3m Cubic [21]
I rel.
1000 Experimental pattern: Sample 3
200 ttern (Rietveld) (R_Bragg_average=82.9 %)
. 7440) Cu3 06 Te Cu3 Te 06 ( 41.0%)
[96-433-9334) Lad Ni3 08 (25.4%)
7004 [96 903983;}/\1 Li 02 ( 20.6%)
88] Ir Yb Ir Yb ( 13.0%)
600 Difference (Rietveld)
500
400 - i
3004
200+
100—1!\-\ éL o e v/ wdlh L, [
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Fig. 2. XRD phase identification of LaAlYbCuO.
Table 3 peaks may possibly originate from non-superconducting impurity phase
Reflection Peak characterization. [17-19] i.e. from the information on the XRD image and ‘y/p’ term in
Peak Data Counts Amount Table 4. From the existing database presented in Table 2, thg unit cell of
the sample has an average value of a = 4.91 A, ¢ = 20.16 A. However,
Overall peak intensity 5628 100.00% the Vesta software gave unit cell of the LAYbCO compound as
Peak intensity belonging to selected phases 3540 62.90% a = 3.865 A’ b = 3.865 A’ c =19.887 A
Unidentified peak intensity 2088 37.10%

Table 4
X-ray dispersion coefficients for A = 0.1540598 nm.

Element f ' fNT w/p (cm?/g)

La: —1.60213E+00  9.01977E+00 —1.28310E—02  3.44076E+ 02
Cu: —2.02777E+00 5.83511E—01 —7.26020E—03  5.01091E+01
O: 4.77540E— 02 3.20501E—02  —2.19440E—03  1.09804E+01
Al: 2.10520E—-01 2.45570E—-01 —3.43610E—03  4.85077E+01
Yb: —7.30624E+00  4.39526E+00 —1.55340E—02  1.38253E+02
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Microstructural examinations of the LAYbCO compound using
scanning electron microscopy (SEM) show that the granular mor-
phology of the images at localized sites are slightly dissimilar with
significant porosity and dense microstructure (Fig. 3a—c). Fig. 3a has
micron marker of 100 um and magnification of 180, Fig. 3b has micron
marker of 100 um and magnification of 230, and Fig. 3c has micron
marker of 50 um and magnification of 330. More significant analysis
was carried-out on the Gwydion software.

The atomic lattice structure of the compound can be obtained via
SEM as presented in Fig. 4 and it is clearly visible. Fig. 4a, c, e is the 2D
lattice structure while Fig. 4b, d, f is the 3D lattice structure. The first
observation in Fig. 4a is that the sample do not have either a perfect
square lattice structure [16] eor a triangular lattice structure [16]. The
XRD and SEM analyses shows that the compounds have an
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Fig. 3. SEM images of LaAlYbCuO.

orthorhombic lattice. The lattice space observed is unique and it de-
scribes region susceptible to lattice displacement. The 3D lattice re-
presentation (Fig. 4b) shows an anomalous enhancement of the or-
thorhombic strain due to differing lattice stiffnesses (blue spaces). The
second SEM image (Fig. 4c) of the same sample (i.e. at different micro-
marker and magnification) show the evidence of lattice mismatch at
room temperature. Lattice mismatch is not common to lanthanum su-
perconductor. In this case, it is proof that the CuO, plane is under
chemical pressure. Studies have shown that chemical pressure due to
mismatch in the sub-lattices has significant influence on the transition
temperature [22,23]. The orthorhombic strain (blue region in Fig. 4d)
further shows the possibility of lattice mismatch at room temperature
without applying external pressure. Fig. 4e & f connote that the b-axis
may be larger than the a-axis without O(1) site being fully occupied.
Hence, the new LAYbCO framework has successfully mitigated against
the assertions of compound instability due to distortions.

Fig. 5 gives information on the nature of the ionic mobility. The
ionic pattern within the atomic lattice (shown in Fig. 5a) were re-
produced as shown in Fig. 5b (i.e. using the Gwydion software). The
ionic bond b; shows La cation residing between double layers of the
copper oxygen with 8-fold coordination while ionic bond b, shows the
double CuO, layers oriented in the (2 2 2) plane as shown in the XRD
measurements. The planar structure was constructed in Fig. 5b, d & f to
further understand the ionic pattern shown in Fig. 4a, ¢ & e. The ionic
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distribution shown in Fig. 5a is along the ab-axis (Fig. 5b). Fig. 5c and e
lies on the ab-axis and c-axis as shown in Fig. 5d and f respectively. This
result supports the assertion made earlier on the possibility of an oc-
currence of lattice mismatch at room temperature without applying
chemical pressure. The full analysis of selected interatomic distances
(Io\) and bond angles are shown in Table 5.

From the interatomic distance on the z-axis, component of the b,
bond has affirmed that the double layers of copper and oxygen reside
within the 4e site. Also, it can be observed that most O (i.e. O(1) and O
(2)) participates in Wyckoff positions 4e site. O(1) lie in the 8 g site and
is not fully occupied. The cations of La and Al reside within the same
Wyckoff position and z-axis. Hence YbO plane may likely be in the
Wyckoff positions 4e site as O. The constituent of the coagulation of
ions e.g. b3 in Fig. 3a have been verified i.e. the YbO/Cu(1)O(3)2/Lal/
Cu(2)0(4)/LaAl layers. The bond angles in the 4e and 8g Wyckoff
positions are illustrated in Table 6. It can be inferred that the intera-
tomic bond angles in the Al site decrease along the a-axis and fluctuate
along the b-axis. It observed that the decrease or increase of coherence
length along the c-axis depends on the YbO site (as shown in Table 6).

The SEM images were examined by cropping the images into four
parts. Each of the cropped images were labeled section 1-4. The details
in the interatomic distance (z) and its corresponding size (p) were ex-
tracted and presented as shown in Fig. 6. Fig. 6a & b are extractions
from Fig. 3a. Fig. 6¢ & d are extractions from Fig. 3b. Fig. 6e & f are
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Fig. 4. Atomic lattice structure in LAYbCO.

extractions from Fig. 3c. The background of the SEM image is believed
to be the CuO, plane. At longer interatomic distance, the interatomic
size decreases. Secondly, the varying images (both on the whole sample
and the (background) CuO, plane) are evidence that CuO, plane plays a
salient role in local lattice mismatch even at room temperature. Fig. 6b,
d, & f show three fundamental characteristics of the CuO, plane in
LAYbCO framework. First, the scattered peaks (Fig. 6b) presents a wide
interatomic distances within the plane that makes it susceptible to out-
of-plane interaction. Second, sharp coherence peaks (Fig. 6d & f) shed
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more light on a dynamic atomic-scale mechanism in CuO, plane that
determines random gap disorder associated with the dopant atoms
[24]. The trigger point of the dynamic atomic-scale mechanism in CuO,
plane is still unknown. However, it is observed that the background
(CuO,) shown in Fig. 6 b, d & f had no significant influence on the
LAYDbCO sample (Fig. 6a, b & c). This observation may be peculiar to
lanthanum superconductors. Hence, unlike the Yttrium super-
conductors [15,25,26], the mechanism of the lanthanum super-
conductors may not significantly depend on the copper-oxide as its
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Fig. 5. Particulate displacement and corresponding structure in the sample.

Table 5 charge reservoir.
Selected Interatomic Distances (A). The CuO, (Figs. 7-9) show that the dark regions along the b-axis
No Elem. Elem. x v 2 Oce.  Site Sym. corresporld to missing atoms Sl._ICh as oxygen vacancy clustel.rs along the
CuO chain [27]. The dark regions are observed to be localized as pre-
1 la Lal 0.00000  0.00000  0.30000 0.500 1.000 4e viously discussed in Fig. 5 b, d & f. The statistics of the background
2 Al All 0.00000  0.00000  0.30000  0.500 1.000  4e (CuO, plane) is shown in Table 7 below. The distribution of the dark
3 la Laz 0-00000°0.00000 ~0.32170 0750 1.000  4e region of the background gives insight into the chemical homogenei
4 Yb  Ybl 000000 0.00000 012170 0.250 1.000 4e g g 8tV g ne geneity
5  Cu Cul 0.00000 0.00000 0.09130 1.000 1.000 4e of the sample. For example, the skew and variation, entropy deficit and
6 O o1 0.00000  0.50000 0.18400 1.000 1.000 8g inclination angle in the whole sample (Table 7) is greater than the
7 0 02 0.00000  0.00000  0.20500 ~ 1.000  1.000  4e sections. This means that though the roughness varies at different sec-
8 Cu Cu2 0.00000  0.00000  0.19130  1.000  1.000  4e tions, the collective significance on the whole sample is appreciably
9 Cu 02 0.00000  0.00000 0.09130 1.000 1.000 4e hich he pol hic f £ th p X be i
10 Cu o1 0.00000 0.00000 009130 1.000 1.000 4e igh. Hence, the polymorphic form of the new framework may be im-

proved upon as its electronic properties.
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Table 6
Selected Interatomic Bond Angles.
Element al a2 a3 a4 a5 c bl b2 b3 b4 b5 be
La: 19.966 27.330 11.018 3.087 17.335 —21.745 3.197 0.003 19.955 141.38 0.342 8.240
Cu: 14.014 4.785 5.057 1.458 6.933 —3.254 3.738 0.004 13.035 72.555 0.266 7.718
O: 2.960 2.509 0.638 0.723 1.143 0.027 14.182 5.937 0.113 34.958 0.390 5.803
Al 4.731 2.314 1.542 1.118 3.155 0.140 3.629 43.051 0.096 108.93 1.556 3.449
Yb: 29.677 65.624 15.161 2.830 16.998 —60.314 1.978 0.001 11.045 108.13 0.192 12.430
- x10° «10°
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Fig. 6. Comparative analysis of interatomic distance and size in selected areas of SEM images.

1634



M.E. Emetere et al.

Results in Physics 12 (2019) 1628-1644

0.49 pm

0.00 pm

1.17 ym

0.00 ym

1.13 um

0.00 ym

1.07 ym

0.00 ym

1.00 pm

0.00 ym

Fig. 7. CuO, plane variation at room temperature for image 1.

The orientation of the electrons in the compound may be better
understood by the information on Tables 7-9. The inclination angles, as
well as the entropy of the system show the kind of interaction, the es-
timated electronic specific heat coefficient and the number of carrier
concentration that may be triggered when the phonon moves along the
underlying lattice [28]. The entropy deficit in cuprates is largely due to
applied thermal differentials but sometimes may be due to reduced
carrier concentration in the transport measurements that has been in-
itiated by pseudogap [29]. The entropy deficit shown in Tables 7-9
show that localized lattice structure may have significant influence on
the entropy, as well as the electron transport in the sample. Hence, the
dark region distributions in Figs. 7-9 may infer that the wide entropy
deficit (structural modulation) within each localized lattice could

1635

uniquely drive the investigation positively or negatively depending on
the characterizing equipment. In this study, the Rutherford Back-
scattering Spectrometry (RBS) was used to probe into the lattice mod-
ulation.

The inclination angles in Tables 7-9 corroborates the significance of
structural modulation to experimental results. For example, the natural
inclination angle (0) of the whole sample presented in Tables 7-9 are
0.60°, 0.22° and 0.44° respectively. Assume the sample is placed on a
goniometer of the probing device, the incident beam on the sample
would have varying results on localized spots. Hence, structural faults
or chemical composition may not be responsible for varying results on
localized spots. The natural inclination of the atomic structure is quite
important component interpretation.
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Fig. 8. CuO, plane variation at room temperature for image 2.

We investigate the potential of elastic scattering of energetic ions for
compositional analysis of LAYbCO. The Rutherford Backscattering
Spectrometry (RBS) set-up was made of 4He as the projectile ions with
primary energies of 2 MeV. Elastic scattering techniques that was used
yield information on the LAYbCO composition via scattering from the
atomic nucleus. The advantages of 2.0 MeV RBS are clearly evident
when examining the cation concentrations for La, Al, Yb and Cu in the
surface and near surface region [30]. The SRIM software was used to
show the estimate of the non-destructive depth profiling (Table 10).

As the number of the probing ions increased, the nuclear energy
fluctuates within the depths of the LAYbCO pellet. Also, the electronic
and nuclear properties fluctuate as the ion energy. The collective sig-
nificance of the lateral position is further explained in Fig. 14. The

1636

result show that high Z elements are responsible for the consistent
(near-linear) trend in LAYbCO. The atomic direction (Table 10) con-
firms the possibility of overlap that is caused by the high yields of
heavier elements [31].

The lateral distribution shown in Fig. 10 is uniquely scanty. Only
seven strand of information is provided for projected and radial strag-
gling. The scanty strand of information can be explained using the ion
distribution that is presented in Fig. 11. It is unclear if the peaks of the
ion distribution signify the formation of diatomic negative-U centers
(NUCs) proposed in ref [32]. The energy profile (i.e. displacement en-
ergy, lattice binding energy and surface binding energy) on the in-
dividual component was examined as shown in Table 11. The dis-
placement energy (which refers to the minimum kinetic energy that an
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Fig. 9. CuO, plane variation at room temperature for image 3.

Table 7

Properties of the CuO, plane for image 1.
Quantities Whole sample Sample-side A Sample-side B Sample-side C Sample-side D
RMS roughness (nm) 242.3 289.759 329.008 268.421 326.876
RMS -grain-wise (nm) 242.3 289.759 329.008 268.421 326.876
Mean roughness (nm) 169.5 228.698 266.753 201.161 256.527
Skew 1.685 0.215173 0.652086 0.623667 0.833946
Maximum peak height (um) 1.089 1.08340 1.09629 1.01188 0.99609
Maximum pit depth (um) 0.370 0.95346 0.89977 0.99876 0.90867
Maximum height (um) 1.459 2.03686 1.99606 2.01064 1.90476
Projected area (um?) 7500 6756.03 6885.91 6680.05 6868.28
Surface area (pm2) 12097.0 8958.93 9458.82 8244.72 9553.67
Variation (um?) 7318.0 4018.81 4542.80 2993.74 4718.30
Inclination 6 (deg) 0.60 0.17 0.23 0.29 0.13
Inclination ¢ (deg) —110.80 —74.10 —18.64 32.33 —13.74
Entropy —14.18 —13.6630 —13.6070 —13.7782 —13.6859
Entropy deficit 0.3610 0.00277 0.0987786 0.0664802 0.171171
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Properties of the CuO, plane for image 2.
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Quantities

Whole sample

Sample-side A

Sample-side B

Sample-side C

Sample-side D

RMS roughness (nm)
RMS -grain-wise (nm)
Mean roughness (nm)

Skew

Maximum peak height (um)
Maximum pit depth (um)
Maximum height (um)
Projected area (um?)

Surface area (um?)
Variation (um?)
Inclination 0 (deg)
Inclination ¢ (deg)
Entropy

Entropy deficit

251.947
251.947
211.477
0.375692
0.676440
0.323560
1.000000
7500
11702.7
8171.92
0.22
119.92
—14.1684
0.393296

274.198
274.198
215.853
0.597067
1.12371
0.93083
2.05454
6595.17
7977.69
2658.48
0.24
22.73
—13.7673
0.0767794

347.491
347.491
300.573
0.150767
0.83761
0.92637
1.76398
6787.6
10006.7
6062.25
0.51
—65.79
—13.5406
0.0870039

275.490
275.490
213.806
0.520303
1.04439
0.86025
1.90464
6904.44
8682.41
3610.72
0.27
15.00
—13.7311
0.0452912

285.467
285.467
220.936
0.495132
0.93636
1.03230
1.96866
6836.46
9197.79
4478.92
0.08

5.17
—13.7226
0.0724442

Table 9

Properties of the CuO, plane for image 3.

Quantities Whole sample Sample-side A Sample-side B Sample-side C Sample-side D
RMS roughness (nm) 285.30 308.816 323.178 271.176 304.608
RMS -grain-wise (nm) 285.30 308.816 323.178 271.176 304.608
Mean roughness (nm) 233.80 259.004 272.643 214.471 254.047
Skew 0.4959 —0.187280 —0.132738 0.105536 0.307811
Maximum peak height (um) 1.097 0.87540 0.79342 1.03255 0.91967
Maximum pit depth (um) 0.655 0.92991 1.04754 0.98049 0.90835
Maximum height (um) 1.7520 1.80532 1.84096 2.01303 1.82802
Projected area (p.mz) 7500 6720.43 6657.68 6885.91 6908.60
Surface area (um?) 13007.00 9186.37 9478.86 9068.25 9633.82
Variation (um?) 9670 5031.39 5547.79 4627.30 5341.94
Inclination 6 (deg) 0.48 0.27 0.41 0.22 0.06
Inclination ¢ (deg) —85.17 -91.01 —98.97 2.50 79.91
Entropy —13.72 —13.6401 —13.5750 —13.7196 —13.6853
Entropy deficit 0.06497 0.0685137 0.0488900 0.0018 0.0999849

Table 10

Estimate of non-destructive depth profiling.
Ion Energy Depth Lateral-Position Atom Direction
Num (eV) X (A) Y(A) Z(A) Cos(x) Cos (y) Cos (z)
7690 1.46E+ 06 —2.52E+01 —4.66E+03 —8.06E+03 —1.76E-01 —5.05E-01 —8.45E-01
9862 1.03E+06 —3.88E+01 —1.72E+03 1.29E +04 —4.05E-01 —1.50E-01 9.02E—-01
10,986 7.56E+05 —5.61E+01 —2.28E+03 1.76E+04 —4.78E—-01 —8.97E—-02 8.74E—01
11,559 1.22E+06 —3.90E+01 —5.11E+03 —1.66E+03 —5.95E-01 —7.62E—-01 —2.58E-01
14,703 1.24E+06 —3.48E+01 5.37E+03 2.09E+03 —5.22E-01 7.91E-01 3.18E-01
17,014 1.24E+06 —3.76E—-01 —3.34E+03 —4.89E+03 —6.96E—01 —3.87E-01 —6.05E—-01
18,692 2.43E+05 —6.17E+01 —1.33E+04 —2.15E+04 —3.70E-01 —6.20E—-01 —6.92E-01
44,096 4.40E + 05 —2.66E+01 —7.96E+03 —2.45E+04 —1.73E-01 —3.31E-01 —9.28E-01
57,218 1.49E+05 —4.13E+01 —2.01E+04 —2.00E+04 —4.54E-01 —6.66E—01 —5.91E-01
61,859 1.56E + 06 —3.48E+01 1.05E+03 —5.23E+03 —3.98E-01 1.66E—01 —9.02E-01
72,012 1.29E+ 06 —2.27E+01 3.61E+03 7.09E+03 —5.72E-01 3.61E-01 7.37E-01
74,801 1.41E+06 —6.60E+01 3.51E+02 3.42E+03 —7.55E-01 9.70E—-02 6.48E—01
75,155 1.26E+06 —5.57E+01 2.67E+03 —3.86E+03 —8.23E—-01 3.43E-01 —4.52E-01
75,721 1.42E+06 —1.61E+01 —6.29E+03 3.35E+03 —4.39E-01 —-7.97E-01 4.16E—01
76,949 7.77E+05 —8.06E—01 1.22E+04 1.54E+04 —2.89E-01 6.44E-01 7.08E—01
78,263 7.37E+05 —1.39E+01 —9.44E+03 —6.34E+03 —6.93E-01 —6.24E-01 —3.61E-01
94,970 1.09E+06 —6.12E+01 —5.44E+03 —8.28E+03 —5.68E—-01 —4.60E—-01 —6.83E-01
99,249 1.08E + 06 —9.64E+00 —8.94E+03 8.98E+03 —3.73E-01 —6.55E—01 6.57E—01
99,571 8.26E+05 —8.19E+01 —2.33E+03 1.03E+04 —5.90E-01 —1.98E-01 7.83E—01
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Energy profile of the individual component of LAYbCO.
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Fig. 10. The radial and projectile straggling within LAYbCO sample.
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Fig. 11. Ion distribution within LAYbCO sample.
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Fig. 12. The target ionization information within LAYbCO sample.

has the lowest surface binding energy.

The target ionization information within LAYbCO sample gives the
total ionization as 1997.9 keV/Ion. The total phonon and target damage
within the sample is given as 2 keV/Ion and 0.08 keV/Ion respectively.
This part makes it easier to understand the extent of electron-phonon
interaction in the LAYbCO sample. First, the ratio of electron to phonon
production is approximately 999:1. These results make it clear that the
electron-phonon may not really be a dominant factor for pairing.
However, a close-look on the corresponding target ionization (Fig. 12)
and phonon (Fig. 13) reveals that the massive ionization may likely be
driven in its background by a subtle modulating phonon. Also, the
phase transformation reported in ref [2] may be significant to initiate
electron-phonon interaction within the sample. The possibility of
pairing was described by the relationship between: counts in the lateral
straggling and projected range (Fig. 14a); counts in the longitudinal
straggling and projected range (Fig. 14b); counts in the longitudinal
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straggling and counts in the lateral straggling (Fig. 14c). There are two
scenarios that can be observed in Fig. 14. First, the structure modula-
tion may limit the electron-phonon interaction that initiates pairing. In
this case, the electron-phonon interaction strictly depends on the lattice
structure of the LAYbCO sample. Second, the electronic transport may
be linearized by the structural modulation.

The RBS spectrum showing the identification of elements with re-
spect to their documented energy levels is presented in Fig. 15. The
closeness of heavy Z element is clearly shown by the counts per
channel. The fitting of the RBS spectrum was done using parameters
like Cal A, Cal B, Beam energy, detector FWHM, Beam-det angle, in-
plane tilt angle, out-of-plane tilt angle, straggling, pile-up and constant
background on the OMDAQ software. The compositional ratios of the
element where determined through the fits (Fig. 16). The compositional
analysis of LAYbCO, that is, based on various OMDAQ parameters is
shown in Table 12. When no parameter was used for the fitting, the
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Fig. 13. The target phonon information within LAYbCO sample.

LAYbCO composition was Lag gsAls 05Ybs64Clz 81015 at Q-factor —
0.033, Chi-square — 0.8180 and dMax — 158. Also, when all of the
parameters listed in Table 12 were used to plot the fit, the elemental
composition of LAYbCO is given as La1_35A13_g7 Yb6_30Cu6_80015 at Q-
factor — 0.033, Chi-square — 0.6057 and dMax — 173.

Conclusion

The XRD refinements show that LAYbCO has orthorhombic struc-
ture with unit cell as a = 3.865A, b = 3.865 A, ¢ = 19.887 A. 62.9% of
the peaks were seen to correspond to existing database while the uni-
dentified peak is 37.1%. The unidentified peaks show the newness of
the proposed lanthanum cuprates framework. The internal atomic
structure inclination of LAYbCO was found to significantly affect spot
characterization. The O(1) and O(2) of the LAYbCO lie in the Wyckoff
positions 4e and 8 g which gives a vintage point to initialize NUC’s
within the LAYbCO framework.
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From the RBS spectrum it was observed that the ratio of electron to
phonon production is approximately 999:1. Though the electron-
phonon ratio may be low, it does not strike-out the possibility of
phonon-electron interaction due to phase transformation that is pecu-
liar to the lanthanum superconductor. The elemental composition of
LAYDCO is given as La; 35Al3.97 YbegoClg goO15 at Q-factor — 0.033,
Chi-square — 0.6057 and dMax — 173. It was experimentally proven that
CuO, plane plays a salient role in local lattice fluctuation and atomic-
scale mechanism in LAYbCO at room temperature. However, it was also
reported that the influence of the CuO plane is not very significant
structurally despite the chemical homogeneity of the LAYbCO frame-
work. In conclusion, the new LAYbCO high temperature super-
conductor seem to be more rugged with higher prospects for en-
gineering application. More study is recommended to understand the
transport properties of LAYbCO.
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Fig. 16. Compositional analysis of RBS spectrum using OMDAQ.

Table 12
Compositional analysis of LAYbCO.
Description (o] La Al Yb Cu  Q-factor Chi2 dMax
Nothing 15.00 0.05 2.05 4.64 2.81 0.033 0.8180 158.0
Cal A 15.00 0.49 4.25 5.21 3.32 0.033 0.7907 160.0
Cal B 15.00 1.78 6.42 6.67 3.83 0.030 0.6745 135.0
Beam energy +Cal 15.00 1.75 6.23 6.66 3.87 0.030 0.6737 134.0
B
Beam energy 15.00 1.78 6.38 6.67 3.83 0.030 0.6742 135.0
detector FWHM 15.00 1.75 6.14 6.45 3.90 0.031 0.6775 135.0
Beam-Det angle 15.00 2.19 5.67 6.14 472 0.031 0.6579 139.0
[phi]
In-plane tilt angle  15.00 2.11 5.72 4.81 5.21 0.036 0.6387 170.0
out-of-plane tilt 15.00 2.16 5.80 6.92 6.59 0.032 0.6240 157.0
angle
Straggling 15.00 1.68 4.54 6.70 6.88 0.032 0.6184 155.0
Pile-up 15.00 1.70 4.57 6.75 6.87 0.032 0.6186 153.0
constant 15.00 1.72 4.37 6.65 6.76 0.032 0.6185 155.0
Background
All 15.00 1.35 3.97 6.80 6.80 0.033 0.6057 173.0
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