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Based on the predictions of the theory of a superfluid Bose-liquid of unconventional
(tightly-bound) Cooper pairs, we consider the possibility of realizing room-temperature
superconductivity in distinctive high-T, cuprate materials containing many grain bounda-
ries,interfaces and planes in the layered blocks. We argue that such high-T, materials
(e.g., Bi/Pb-based high-T, cuprates) are the most promising and have certain favorable
properties, which can serve as a possible guide in the search for persisting room-tempera-
ture superconductivity maintained in two-dimensional (2D) regions (e.g. at planar sheets
or plates). We show that the superconducting transition temperature T, is much lower in
the bulk of high-T, cuprates than at planes in them; and the three-dimensional (3D)
superconductivity in these materials is destroyed above the bulk T,, while the 2D super-
conductivity is maintained at grain boundaries and interfaces and in the multiplate blocks
up to room temperature at atmospheric pressure. We predict that the crossover from bulk
to surface Bose-liquid superconductivity in the alternating 3D/2D sandwich layers might
be possible route to room-temperature superconductivity in promising high-T, cuprate
materials. Various experiments on some families of high-T, cuprates confirm the theory of
Bose-liquid superconductivity and the signs of the superconducting transitions at tempera-
tures well above the bulk T, and sometimes close to room temperature.

Keywords: high-T, cuprates, Bose superfluids, grain boundaries, interfaces and
planes/sheets, three- and two-dimensional sandwich layers, room-temperature supercon-
ductivity.

MosxauBicTts peanizaunii HagnpoBigHoCcTi IpH KiMHATHIH TeMIepaTtypi y BHUCOKOTEMIIE-
paTypHHX Kynpatrax B IXx aBoBuMipaux ceHasiu-mapax. C/Jucymanos, A.J1.Conosiios,
P.B.Bosx, B.B.I'pinvos, III.C Jucymanos

Basyrounch Ha mepegbaueHHAX Teopil HamumiammHOI 603e-piimHN HeTpaZMITIHHUX (MiITHO
3Bif3aHNX) KyIepiBCbKUX Iap, MU PO3TJIATaeMO MOMKJINBICTL peanisalii HagmposizHocTi nmpu
KiMHaTHINI TeMIepaTypi B XapaKTepHUX BHCOKOTEMIIEPATYPHUX KYIPATHUX MaTepiamax, aki
MicTATH GaraTo Mesk 3epeH, iHTepdeliciB i nmmomus y mapysari 6moxu. Mu cTBepa:KyeMO,
10 Taki BHCOKOTeMIlepaTypHi Marepianu (HamIpuUKJIaZ, BHCOKOTEMIIePATYpPHI KympaTu Ha
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ocHoBi Bi/Pb) € HafiGinbIll mepcleKTUBHUMM Ta MAalOTh IeBHI copuaTiuBi BiacTuBoCTi, AKi
MOMKYTBH CHYMKUTH MOKJINBUM OPi€HTHPOM y IOIIYKY CTifiKol HazmpoBizHocTi mpu KiMHATHIHR
TeMIleparypi, 1o OiATpuUMyeThca B ABOX-BuMipHi (2D) obmacti (Mampuxiaz, Ha IJIOCKUX
aqucrtax abo mamrax). Mu mokasyemo, 1o Temmeparypa HaAmpoBisHOTro mepexoxy T, sHauHO
HI!KYa B 00’€Mi BHCOKOTEMIEPATYPHUX KYIPAaTiB, HilX y IJIOIIWHAX y HUX; I TpuBHMipHa
(3D) magmpoBizHicTs y nmuxX Marepianax pyiiHyeTbea Bumle ob’emuoi T, y To# uac ax 2D
HaATpoBifHicTE 36epiraeThca Ha I'PAHUIAX 3ePeH i MOBEPXHAX PO3Jiny Ta B 6araToljiacTiH-
KoBUX OJOKax mo KiMHaTHOI TeMmepaTypu npu armochepHoMy TucKy. Mu nmepezbauaemo, 110
nepexig Big o6’emHOI 10 moBepxHeBoi HammpoBigHocTi 6ose-pigun y uepryBanui 3D/2D
CeHBiU-IITapiB MoiKe OyTH MOMKJINBUM IIJIAXOM IO HaAIPOBimHoCTi mpu KiMHAaTHIN TeMIepa-
Typi B 6araToobilgarunx BHCOKOTEMIEPATYPHUX KynpaTHuX Mmarepianax. PismomanmiTi ekc-
IEPUMEHTU Ha JedKNX ciMelicTBaX BHCOKOTEMIIEPATYPHUX KYNpPaTiB MiATBePI:KYIOTH Teopiro
HaampoBizHocTi 603e-pizuH i o3HaAKM HAAUPOBIAHUX HePeXOXiB IpU TeMIeparypax, 3HAUHO
Bunux 3a ob6’emuy T, i inoxl 61UsbKUX KO KiMHATHOI.

1. Introduction

The phenomenon of superconductivity
has been discovered since the last century
in many different substances ranging from
simple metals to complex copper oxides (cu-
prates). The discovery of high-temperature
superconductivity in La-based cuprates with
the superconducting transition temperature
T,=35 K [1] and the subsequent dramatic in-
crease of T, in other discovered Y-, Bi- and
Hg- based cuprate compounds to above
90 K [2], 110 K [3] and 130 K [4] opened
up the possibility of increasing the highest
value of T, to well over 100 K and inspired
researchers to search for room-temperature
superconductors. However, for a long time,
despite considerable theoretical and experi-
mental efforts [5-12], the increasing of T,
up to room-temperature in various families
of high-T, cuprate superconductors was re-
mained a difficult problem.

First, Chu et al. [5] found that when the
Hg-based cuprate HgBasCa,_;Cu,0,,.4 su-
perconductor was subjected to pressures up
to 150 kbar, an increase in T, up to 153 K
was observed in this system. In a further
experiment, the cuprate superconductor
HgBa,Ca,,_1Cu,,0o40+g Was subjected to
quasi-hydrostatic pressure up to 45 GPa
and the highest value of T, reaching up to
164 K was reported by Gao et al. [6]. Later,
Takeshita et al. [10] noted that the T, val-
ues reported in the above studies at high-
pressures are usually defined as the tem-
perature at which the drop in resistivity
begins, i.e. at the T, values determined in
these studies, zero resistivity was not ob-
served. They reported that zero resistivity
is maintained up to 153 K in high-T, cu-
prates under almost hydrostatic pressure of
15 GPa and the superconducting transition
temperature T, under such a high pressure
reaches 153 K; this is the actual highest T,
record obtained so far. The experimental
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data obtained in the studies on the effect of
high hydrostatic pressure on the various
electric transport mechanisms in high-T,
cuprates were discussed in [18]. Recently,
high-T', superconductivity has been discov-
ered in other classes of new materials, such
as in hydrogen- and carbon-rich materials,
at temperatures close to room temperature
and at extremely high pressures [14, 15]. In
particular, the superconducting transitions
with T,=250-260 K in the lanthanum hy-
dride (LaH;g+) at high pressures of 180-
200 GPa were reported for the first time
[14]. Then the room-temperature supercon-
ductivity was found in the carbonaceous
sulfur hydride (C—-S-H) system with a maxi-
mum superconducting transition tempera-
ture of 287.7+£1.2 K achieved at very high
pressures of the order of 267+10 GPa [15].
However, room-temperature superconduc-
tors at such high pressures will not have
immediate practical applications. In this re-
gard, some distinctive families of supercon-
ducting cuprates may be the most promising
and have certain favorable properties,
which serve as a possible guide to the
search for room-temperature superconduc-
tivity maintained in specially-grown speci-
mens of such high-T, materials at atmos-
pheric pressure.

Until now, it is often believed that Little’s
model of high-temperature superconductivity
in one-dimensional organic compounds [16]
and Ginzburg’s model of two-dimensional
(2D) alternating conducting/insulating
sandwich layers [17] may be possible paths
to room-temperature superconductivity.
However, these models are based on the pre-
dictions of the BCS-like theory of Fermi-lig-
uid superconductivity. In contrast, the
doped high-T, cuprates can be in the regime
of Bose-liquid superconductivity. In fact,
both experimental and theoretical studies
[7, 18—-21] provide more and more evidence,
that the superconducting state in high-T,

Functional materials, 29, 4, 2022
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cuprates is not just unusual, but actually a
superfluid state of a Bose-liquid of charged
bosons (tightly-bound Cooper pairs), since
these high-T, materials undergo a A-like su-
perconducting transition at T, [18, 19] (in
contrast to the BCS-like transition).

In this work, we study the possibility of
realizing room-temperature superconductiv-
ity in typical high-T, cuprate materials con-
taining many grain boundaries, interfaces
and planes in multi-lamellar blocks repre-
senting alternating three-dimensional
(3D)/2D sandwich layers. We believe that
the relevant charge carriers in doped cu-
prates are polarons; therefore, the phenome-
non of high-T, superconductivity in these
materials is due to the superfluidity of po-
laronic (bosonic) Cooper pairs and differs
from the superconductivity of a BCS-type
Fermi-liquid. We predict the possibility of
realizing room-temperature superconductiv-
ity well above the bulk T, in alternating 3D
non-superconducting and 2D supercon-
ducting sandwich layers in specially-grown
high-T', cuprates; in this case, in 3D re-
gions, the destruction of high-T, supercon-
ductivity occurs above the bulk T, while in
2D layers (i.e., at grain boundaries, inter-
faces, and flat layers), the regime of high-
temperature superconductivity is retained
up to room temperature.

Distinctly different superconducting
transition temperatures in 3D and 2D Bose
systems

Undoped cuprates are charge-transfer
(CT)-type Mott insulators [22]. The nature
and properties of charge carriers introduced
into the polar materials by doping are
strongly modified during their interaction
with the lattice vibrations. Hole carriers
doping cuprates are self-trapped when they
are strongly coupled to optical phonons and
become strongly coupled large polarons [28].
In the doped cuprates, the self-trapping of
hole carriers is favorable just like the self-
trapping of free holes in ionic crystals of
alkali halides [24, 25]. When the Fermi en-
ergy €p of polarons is comparable with the

energy €&, of the attractive interaction be-
tween them, the Cooper pairing of polaronic
carriers results in the formation of bosonic
(polaronic) Cooper pairs in the normal state
of high-T, cuprates [20]. Therefore, the ob-
served superconducting transition tempera-
ture T, in the bulk of these materials is
determined from the solutions of the follow-
ing self-consistent integral equations of a
3D superfluid Bose liquid [26]:
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where yg = DgVgVég, is the interboson cou-

pling constant in a 8D superfluid Bose-lig-
3/2

uid; Dp =mpy /V2n2h3 is the density of
states of bosons; mp is the mass of bosons;
Vg =Vga—Vgr/ [1+ DgVer(Vepp — Vpall
is the effective interaction potential be-
tween bosons; &g, and Egzp are the cutoff
parameters for attractive Vp, and repulsive
Vgr parts of the interboson interaction po-
tential; pg is the density of attracting (su-
perfluid) bosons; fLB is the chemical poten-
tial measured relative to the Hartree-Fock
quasipartical energy; Ap is the coherence
parameter (i.e. superfluid order parameter)
of condensed bosons.

The superconducting transition tempera-
ture T2P in 2D planes and sheets in high-T,
cuprates is determined from the solutions of

the following integral equations of a 2D su-
perfluid Bose-liquid [26]

Spa (3)
Icoth[ V(e + np)? - AB /2kBT]

E V(etup)? —
0

2PB (4)

T et €+ Up) —
- [ 23 : kP( ;kn ? - AR }ds,
VEeHip? - A%

where yg = DBVB is the interboson coupling
constant in a 2D superfluid Bose-liquid; Dg
= mp/2nh3; pp is the density of attracting
(superfluid) bosons in a 2D Bose-liquid.

In the case of 3D Bose superfluids, nu-
merical solutions of Egs. (1) and (2) can be
obtained for arbitrary yg. It is useful, how-
ever, to obtain an approximate analytical ex-
pression for T',.. Using the analytical solutions
of Egs. (1) and (2) near T, and in the tem-
perature range somewhat below T, a simple
approximate expression can be obtained for
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Fig. 1. Lamellar microstructure of high-T, cuprate superconductor Bi/Pb (2:2:19:20) with the stack

of many blocks [27].

T, at yg <1 [26]. At y520.8 and y5 < 1, this
expression for the superconducting transi-
tion temperature T, in the bulk of high-T,
cuprates has the form

T, = T*BE({I + C'YB\/@ kpTErc/ &BAJ’ (5)

where T'gpc = 8.81h2p%,/kg m is the renor-
malized Bose-Einstein condensation tem-
perature in a 38D Bose liquid, ¢ =
n8/2/3.918.

In the case of 2D Bose superfluids, the
solutions of Egs. (3) and (4) at T — T2P are
obtained analytically [7, 26] and the actual
T2D in the cuprates for arbitrary yg is de-
termined from the relationship

Ts (6)

T2D — ,
¢ In[1 — exp(-2y5/ (2 + Yp))]

where T§ = 2nh2pg/ kgmjp.

The possibility of realizing room-tem-
perature superconductivity in sandwich-
type high-T,. cuprate materials

Experimental studies of the microstruc-
ture of a new family of Bi/Pb — based high-
TC cuprates Bi1_7Pb0_3Sr2Ca(n_1)CunOy (where
n = 3-20) synthesized by melt technology
under the influence of solar energy [12, 27]
in a solar furnace (in Parkent) show that
these materials consist of many layered
blocks (see Fig. 1). These blocks, in turn,
contain coupled stacks of many quasi-2D
plates, so that the multi-lamellar blocks are
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alternating three-dimensional/two-dimen-
sional sandwich layers.

In order to determine the sharply differ-
ent superconducting transition tempera-
tures in the bulk and 2D planes (sheets) in
sandwich-type high-T, cuprates, we esti-
mate T, and T2P, assuming that the mass

mp, of polaronic carriers is of the order of
2m, (where m, is the mass of free elec-
trons); first, the bosonic Cooper pairs hav-
ing the mass mp =2m, are formed in the
normal state, and then the interacting bos-
ons (polaronic Cooper pairs) with the renor-

malized mass mp > mp condense into a Bose
superfluid at T<T, and T<TZP. By taking

my=2m,,  mpg=2m,  mp=1.05mp  and
pp=4-1019m=3 for 3D high-T, cuprates, we
find Tjp=81.7 K. Next, we estimate T,

assuming that &g, = ho, (where ®, is the
frequency of the optical phonons in high-T,
cuprates), and that bosonic Cooper pairs in
the intermediate coupling regime
(0.83<yg<1) interact with optical phonons
having relatively low energy hw;=0.03 eV.
Under these assumptions, we can use ex-
pression (5) to calculate the bulk T, in high-
T, cuprate materials. Then, assuming that

at yg = 0.7, we find T,=1.508T55-=123 K. We
can now estimate T?D , assuming that mp:3me,
mp = 2my,, mp=1.05mp and pg=2-101%cm~2 for

2D planes and sheets in high-T, cuprates.
Using the above values of the relevant pa-

rameters, we obtain Tj=176 K. If in expres-

Functional materials, 29, 4, 2022
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-—— 3D layer
——— 2D sheet

fil

Fig. 2. Alternating 3D superconducting/2D
superconducting sandwich layers in bosonic
high-T, cuprate superconductors below the
bulk T,.

sion (6) we take the same value of y5 = 0.7
for a 2D Bose superfluid, we find

T2P=1.105T3=195 K. The above predictions

of the theory of 8D and 2D Bose superfluids
indicate that the expected value of T, in the
bulk of high-T, cuprates is much lower than
the expected value of T?D at planes and

planar sheets in these materials. We argue
that the 3D regions in the considered high-
T, cuprates become non-superconducting
above the bulk T.(=T2P), but the Bose-lig-

uid superconductivity is still preserved in
2D regions at much higher T,. This 2D
Bose-liquid superconductivity maintaining
at grain boundaries, interfaces and planes
in multi-plate blocks of high-T, cuprate ma-
terials may be encouraging in achieving
room-temperature superconductivity at at-
mospheric pressure. Here we state that in
specially grown samples of high-tempera-
ture cuprate superconductors, many grain
boundaries parallel to each other, interfaces
and planes or sheets in multi-plate blocks in
alternating 8D superconducting/2D super-
conducting sandwich layers below the bulk
T, (Fig. 2) and in alternating 3D non-super-
conducting/2D are involed superconducting
sandwich layers above T, (Fig. 8). As seen
in Fig. 8, the transition from the bulk to
surface Bose-liquid superconductivity in the
alternating 8D non-superconducting/2D su-
perconducting sandwich layers can be a fa-
vorable path to realizing room-temperature
superconductivity in high-T, cuprates.

One can expect that the critical tempera-
ture of the superconducting transition in
2D sheets of new sandwiches in high-T, cu-
prates shown in Fig. 8 can reach room tem-
perature at certain values of pp and yg. If
we take pp=31013cm™2 and yg = 0.75 for
2D layers of the above sandwiches, we find

Functional materials, 29, 4, 2022

Face 2D sheet

Interlayer
2D sheet

{— Fin 3D layer

Fig. 3. Alternating 3D  non-supercon-
ducting/2D superconducting sandwich layers
in bosonic cuprate superconductors above the
bulk T,. Bold-type arrows indicate a transi-
tion from 3D non-superconducting (metallic)
state to 2D superconducting state in these
systems.

T5=265 K and T2P=1.154T;=306 K under
the above assumptions of m,=3m,, mpg=
=2m,, mp=1.05mg. It follows that the room

temperature superconductivity can be real-
ized at grain boundaries, interfaces and
planes/sheets in multi-plate blocks in some
families of high-T, cuprates. In fact, there
is experimental evidence that supercon-
ducting transition temperatures signifi-
cantly exceed bulk T, in high-temperature
cuprates based on Y, Bi, and Hg. In particu-
lar, experimental results on anomalous
transitions of resistivity between 125 and
260 K in high-T, cuprates YzBa,Cu;O,
(with bulk T,=90 K) indicate that supercon-
ductivity above the bulk T, occurs at the
grain boundaries in these systems [28] in
accordance with the prediction of the above
sandwich model. In addition, there is also
experimental evidence for the retention of
high-temperature superconductivity much
higher than the bulk T, in other families of
cuprate superconductors, where resistive
transitions were also observed at a tempera-
ture of about 260 K [29]. Most importantly,
the possibility of traces of superconductiv-
ity at temperatures T>>T, and sometimes
close to room temperature was observed in
the systems HgBazCan_1Can02n+2+5 and
Bi,Sr,CaCu,Og [29]. These experimental
findings are also indicative of the supercon-
ducting transitions taking place close to
room temperature at 2D grain boundaries,
interfaces and planes/sheets in multi-plate
blocks in high-T, cuprates based on Hg and
Bi, according to the sandwich model shown
in Fig. 3. We believe that some evidence of
room-temperature superconductivity has
been observed in samples of high-T, Bi/Pb-
based cuprates synthesized by using the new
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melt technology under the influence of con-
centrated solar energy, which contain many
grain boundaries, interfaces and multi-plate
blocks [30] (see Fig. 1).

Conclusions

We studied the possibility of realizing
room-temperature superconductivity in
sandwich-type high-T, cuprate materials
containing many grain boundaries, inter-
faces and planes/sheets in multi-plate
blocks. We have shown that the theory of
Bose-liquid superconductivity predicts the
possible route in the search for room-tem-
perature superconductivity in such high-T,
materials. We have found that the critical
temperature T, of the superconducting tran-
sition in high-T, cuprates is much higher in
2D regions than in the bulk. In high-T, cu-
prate materials synthesized using the new
melt technology, many grain boundaries, in-
terfaces and multi-plate blocks are involved
in alternating 8D non-superconducting/2D
superconducting sandwich layers above than
the bulk T,. This sandwich model for room-
temperature superconductivity is based on
the predictions of the theory of 8D and 2D
Bose superfluids and on the transition from
3D regime to 2D regime of superconductiv-
ity in the alternating 3D/2D sandwich lay-
ers in high-T, cuprates. We conclude that
the highest T, up to room temperature can
be reached in 2D planes and sheets in such
sandwich-type high-T, cuprates. We argue
that the specially-grown-specimens of high-
T, cuprates based on Bi and Hg can be used
in the search for room-temperature super-
conductivity. We compared our results on
superconducting transitions above bulk T,
in various high-T, cuprates with experimen-
tal data indicating the retention of high-
temperature superconductivity above bulk
T, up to room temperature in some families
of high-temperature cuprates.
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