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Abstract

Condensation of hydrogen atoms into solid-state (metallic) under high pressure (~ 500 GPa) was one
key experimental fact in this millennium. Triggering a race to explore the conditions necessary to
produce a metallic state in metal-hydride compounds under high-pressures by using a diamond anvil
cell, although some laboratories did not only obtain others compounds in metallic-state, they also
achieved the superconducting state. In October 2020, carbon, sulfur and hydrogen compound became
room-temperature superconductor (~ 287, 7 K) under pressure close to ~ 267 GPa, sparking again the
interest in superconducting materials, and coming back one more time the dream of the technological
applications of room-temperature superconductors without cooling liquid.
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Una mirada hacia el reino de los superconductores a temperatura ambiente

Resumen

La condensacion de atomos de hidréogeno en estado sélido (metélico) a alta presion (~ 500 GPa) fue un
hecho experimental clave en este milenio. Desencadenando una carrera para explorar las condiciones
necesarias para producir un estado metélico en compuestos de hidruro metalico a altas presiones me-
diante el uso de una celda de yunque de diamante, aunque algunos laboratorios no solo obtuvieron
otros compuestos en estado metalico, sino que también lograron el estado superconductor. En octubre
de 2020, el compuesto de carbono, azufre e hidrogeno se convirtié en superconductor a temperatura
ambiente (~ 287,7 K) bajo una presiéon cercana a los ~ 267 GPa, despertando nuevamente el interés
por los materiales superconductores, regresando una vez mas al suefio de las aplicaciones tecnoldgicas
de los superconductores a temperatura ambiente sin liquido refrigerante.
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mante.

In a near future, manufacturing processes of room- most applications must have two main items: a) criti-
temperature superconductors (RTS) will be available and cal temperature over room-temperature, and b) capabil-
its costs will be comparable to ordinary conductors. RTS ity to sustain superconductivity in presence of magnetic
will replace normal conductor in virtually all devices in- fields whereas carrying a significant current load [1]. RTS
volving electricity and magnetism. A useful RTS for is the culmination of a dream that began to take shape
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from the discovery of superconductivity in mercury in
1911 by using liquid helium as a cooling liquid, passing
through superconducting copper oxides in 1987 cooled
with liquid nitrogen cheaper than liquid helium. Now it
will be possible to cool the new room-temperature su-
perconductors recently discovered [2] with conventional
cooling devices saving large amounts of money, and pos-
sibly this circumstance will open a new door of research
in Peru.

Superconducting materials always has puzzled and in-
trigued physicists for more than three decades. In
low-temperature superconductors (classical supercon-
ductors), the disappearance of resistivity below certain
critical superconducting temperature (7¢), and the ex-
pulsion of magnetic flux due to the Meissner effect are
generally understood in terms of interactions between
electrons with the host lattice (phonons), which can be
described by the Bardeen, Cooper and Schieffer (BCS)
theory [3]. Superconductivity can occur if the usual re-
pulsive interaction between electrons turns into an at-
tractive one. In this situation, the response of surround-
ing atoms to the charge and spin of electrons indirectly
leads to electron pairing, known as Cooper pairs. Elec-
trons associate in pairs at low temperatures, overlap
each other to occupy a single wave that covers all the
material. This is the idea of why superconductivity is
called the most spectacular macroscopic quantum phe-
nomenon. This single wave is not sensitive to any defects
in the material so this is the reason how electrical resis-
tance disappears. Despite its successes to unravel low-
temperature superconductivity, this theory has been un-
able to describe the type of superconductivity observed
in copper oxide superconductors [4], and explaining high-
temperature superconductivity remains one of the great
unsolved challenges of fundamental science.

On the other hand, quantum mechanics tells that every
material can come into metallic state under high enough
compression, in the order of GPa (million times atmo-
spheric pressure at sea level). High-pressure studies of
condensed matter at extreme densities have uncovered
various new phenomena in simple molecular and elemen-
tal substances. One of the most significant pressure-
induced changes in materials properties is the transfor-
mation of insulators into metals or maybe in supercon-
ductors. Previous studies of compressed sulphur indi-
cated transitions to metallic phases at 90 GPa [5], and
162 GPa [6]. Struzhkin [7] has demonstrated that at 93
GPa, elemental sulphur transforms not only to metal-
lic state, but also into superconducting state with a
Tc = 10,1 K. Added to this fact, the extraordinary
achievement of the transformation of hydrogen atoms
into metallic state under high-pressure (~ 500 GPa)
and very low-temperature (5,5K) [8] triggered the ex-
ploration of the superconducting state in hydride sys-
tems [9]. Experimental observation of metallic state of
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hydrogen atoms made possible to answer the theoretical
prediction about superconducitivity in hydrogen formu-
lated by N.W. Aschcroft in sixties decade. [10].

Diamons Anvil Cells

The need of very high-pressure experiments [11] brougth
to the appareance in scene of advanced diamons anvil
cells (DAC) with different configurations, and applica-
tions in several research fields such as materials science,
physics, chemistry, geoscience, and bioscience. Briefly,
DAC is considered one of the dominant devices to gen-
erate ultrahigh static pressure, and a formidable tool for
detecting high-pressure phase transitions using a variety
of methods. DAC squeezes samples in between two op-
posing diamonds to generate extremely high static pres-
sure. The range of high static pressure attainable today
extends to 640 GPa, much higher than the estimated
pressures at the Earth’s center (~ 360 GPa) [12]. Also,
the phase transitions (in many cases) can be observed
visually by changes in color, refractive index, texture, or
shape of the sample. Next to visual observation, one can
use other detection methods such as Raman, infrared,
reflection, or transmission spectroscopy; synchrotron X-
ray diffraction; nuclear magnetic resonance; magnetic or
resistivity measurements; and Mdssbauer spectroscopy.

Copper Oxide Superconductors

The highest Tc = 133 K at ambient pressure has been
achieved to date in the copper oxide system [13], and
Tc = 164 K under quasihydrostatic pressures up to
45GPa [14]. As described previously, the nature of su-
perconductivity in these materials is still not fully un-
derstood because they are not conventional superconduc-
tors. The prospects for achieving still higher transition
temperatures in copper oxide system under high-pressure
are not clear. In contrast, the BCS theory of conven-
tional superconductivity gives a guide for achieving high
Tc with no theoretical upper bound—all that is needed
is a favourable combination of high-frequency phonons,
strong electron—phonon coupling, and a high density of
states [10]. These conditions can in principle be fulfilled
for metallic hydrogen and covalent compounds domi-
nated by hydrogen [15] [16], as hydrogen atoms provide
the necessary high frequency phonon modes as well as the
strong electron—phonon coupling. Numerous calculations
support this idea and have predicted transition temper-
atures in the range 50 — 235 K for many hydrides [9]
[17]. The computational and experimental exploration
of the phase diagrams of binary hydrides under high-
pressure has uncovered phases with novel stoichiometries
and structures, some which are superconducting at quite
high temperatures (near to- or room-temperature).
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Substitution Chemistry

Most superconducting materials have been created by
using substitutional chemistry. This was possible by re-
placing iso- or alio-valent cations and/or anions in the
unit cell structure [18] [19]. This replacing produces an
internal chemical pressure capable of altering the occupa-
tion, and position of the neighbouring atoms in the unit
cell. Therefore, this chemical pressure has a direct influ-
ence on Tc due to charge-transfer phenomenon, leading
the resulting compound from semiconductor state to the
superconducting state, or perhaps increasing its Tc.

Room-Temperature Superconductor

High-temperature conventional superconductivity in
hydrogen-rich materials has been reported in several
systems under high-pressure [9]; this extreme condi-
tion produces the creation of guest—host structures in
the compound that become into the appeareance of the
building blocks of superconducting compounds. Bi [17]
claimed that in their study on metal hydrides the propen-
sity for superconductivity is dependent upon the species
used to "dope" hydrogen, with some of the highest values
obtained for elements that belong to alkaline and rare
earth, or the pnictogen and chalcogen families. A land-
mark discovery leading to RTS was done by Snider [2] in
october 2020. They claimed RTS in a photochemically
transformed carbonaceous sulfur hydride system with a
maximum Tc = 287,7 + 1, 2K achieved at 267 = 10 GPa
(2.6 million times atmospheric pressure at sea level),
and the compound does not have to be cooled for its
electrical resistance to vanish. Also, they observed the
superconducting state over a broad pressure range in the
DAC, from 140 to 275 GPa, with a sharp up turn in
transition temperature above 220GPa. Moreover, they
have established superconducting state by the observa-
tion of zero resistance, a magnetic susceptibility of up
to 190 GPa, and they monitored the reduction of the Tc
under an external magnetic field of up to 9,0 T, with an
upper critical magnetic field of about 62,0 T according
to the Ginzburg-Landau model [20] at zero tempera-
ture. Furthermore, they reported that the introduction
of chemical tuning within their ternary system could
enable the preservation of the properties of RTS at lower
pressures so there are a lot of experiments to perform.

However, much about the material remains unknown,
as well as the crystal’s exact structure and chemical
formula are not yet understood because when one per-
form high-pressure experiments sample size gets smaller
(diamond tip area ~ 20um) so this kind of measure-
ments are really challenging. Figure 2 shows timeline of
metal-hydride-system versus temperature including cop-
per oxide superconductors and sulphur for comparison
purposes.
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Figure 1: Timeline of M-Hydride-system at high-pressure.

Finally, what remains to be done for the scientific
community?. Understanding the mechanism of non-BCS
superconductivity must be more than just an issue of in-
tellectual curiosity. Moreover, the use of powerful com-
puters to search for new and better superconducting com-
pounds will be limited by a poor comprehension of the
superconductivity mechanism(s). It could change with a
deep knowledge of RTS. The game in on.
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