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Abstract This paper examines the way of thinking and limitations of physicists regarding the phenomenon of superconductivity and
outlines how room-temperature and ambient-pressure superconductors can be developed through the statistical thermodynamic
background of the liquid state theory. In hypothesis, the number of electron states should be limited by confining them to a state
close to one-Dimension. Simultaneously, the electron-electron interactions should be frequent enough for the electrons to have
liquid-like properties. As an example of implementing the hypothesis, our team reports the development of room-temperature and
ambient-pressure superconductivity of a material named LK-99 (superconducting compound name developed in the research),
whose structure was revealed through numerous experiments with a clue found by chance.

Moreover, we summarize the theoretical and experimental basis for the characteristics and discovery of the world’s first
superconducting material surpassing the critical temperature of 970 C at atmospheric pressure.
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Abstract In this paper, the flow and limitations of the thoughts of physicists looking at the existing superconductivity phenomenon are reviewed, and the
theoretical background presented from the perspective of the statistical thermodynamic liquid theory outlines that normal temperature and normal pressure
superconductors can be developed. The way to achieve this is to have an electronic state close to 1-Dimension, where the number of states in which electrons
can move is significantly limited, and electron-electron interactions must be frequent enough that electrons in that state can exhibit liquid properties. is to do As
an example of this practice, we report the development data of LK-99 (the name of the normal-temperature normal-pressure superconductor developed in this
study), whose structure has been revealed through numerous experiments by getting a clue by chance . The properties of superconducting materials and the
theoretical and experimental basis for their discovery are summarized.
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1. Introduction

Since the discovery of superconductivity by Onnes [1] in 1911, this phenomenon
has passed over a century as an iterative process in which new theoretical
developments continue after the experimental discovery. As always, physicists
who value scientific systems must be careful and conservative in their approach
to this phenomenon, and it is natural that they stick to their systems until a
phenomenon that clearly deviate from their expectations is discovered. As briefly
summarized in the previous article by Professor Emeritus Oh Keun-ho [2], this
phenomenon is not progressed through experimental proposals and proofs by
physicists, but rather the development of discoveries by inorganic chemists or
material engineers who understand physics is a new breakthrough [3]. ,4] in most
cases. If so, what are the limitations of the theoretical approach of physicists
currently accepted as a scientific system, and examining the reason will be a
basic matter that can increase the possibility of developing a new normal-
temperature normal-pressure superconductor. Unfortunately, general physicists'
expectations about the development of normal

temperature and pressure superconductors are basically 'skeptical'. The first
reason is that only repulsive force exists in the electron-electron interaction, and
the only way to mediate this in a solid material is the lattice vibration (phonon),
and the lattice vibration increases exponentially as the temperature approaches
room temperature. , because it is too high an energy state for electron-electron
mediation. Second, it is because of the viewpoint of band theory, which can
explain most of the conductivity from the microscopic point of view to various
physical phenomena in describing the state of electrons. Basically, this theory
can be said to be an electron gas theory that combines fermi-Dirac statistics,
which are statistics that half spin (s = £%2), which is a quantum characteristic of
electron spin, and Boltzmann statistics from a thermodynamic point of view.
However, the main thing in the explanation of superconductivity in the early days

was that the superconducting state was an electron-liquid, fermi-liquid [5,6] state.
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It was because it was similar to [7].

A microscopic setting that satisfies these two conditions is the cooper pair
theory of BCS [8,9]. The microscopic setting of this theory is as follows. (1) The
problem of repulsion due to electron-electron collision can be solved by mediating
the energy amount (phonon) of the vibration mode between lattices. (2) The spin
of two electrons can be solved by treating it as a Boson, where the sum of each
+% is 0. Summarizing these two things, the lattice energy mediates the two
electrons, so that the electron-specific %2 s pin is paired within the energy space
(k-space). The comparison of electron energy distributions between general

metals and superconductors is shown in Fig. It can be conceptually organized as

in1.

The proof of pairing between two electrons in the energy space is experimentally
confirmed that the following relational expression is established between the

isotope lattice of different masses and the critical temperature [10,11].

TcMyy - yy12 @)

Later, in the superconducting-insulator-superconducting junction (SIS junction)
tunneling experiment by Josephson [12], the default value (magnetic flux, y0) of
the voltage increase per quantized electron was predicted from the classical point
of view calculated by London [13]. Through experimental proof [14,15] that
according to equation (3), which is half of the magnetic flux defined by equation

(2), the assumption that two electrons are involved is established as an established

theory.
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However, it is argued that the calculation of the magnetic flux value of rotational
motion by 4y periodicity, which is a mathematical process related to translation,

rotation, and vibration of charged particles with half-spin, also shows the same value.
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Fig. 1. Schematic (a) metallic and (b) superconducting energy diagram.
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Although it had its meaning [16], it was limited to the mathematical and physical
domain and did not become a mainstream explanation for superconductivity.
This is a value due to the 2y rotation of two paired electrons in classical space,
or a quantum physical quantity that appears when one electric charge rotates
4y (2 rotations in real space) on the half spin space, which is a virtual space. It is
judged that there is no way to make a difference [17]. In this case, it is natural
that the BCS theory, which has succeeded in constructing a new system from a
microscopic point of view that can explain all areas of physics related to
conductivity, establishes itself as an orthodox theory. This superconducting state
is transitioned as the kinetic energy of electrons increases (temperature rise),
and this temperature is the critical temperature (Tc) of superconductivity . Then,
if superconductivity is viewed from this

point of view, what innovative method can be used to increase the critical
temperature at atmospheric pressure? As mentioned earlier, it is ‘'skeptical’. This
can be seen from the fact that the upper limit of the critical temperature (Tc) of a
superconductor calculated at the time of the establishment of the BCS theory is
about 30 K (y2430 C). A study on the extension of this approach is a recently
published material that exhibits room-temperature superconductivity under a
pressure of 10,000 atmospheres [18] and previous studies related to it [19,20].
This is based on Ashcroft [21]'s prediction that the critical temperature can rise
extremely if the effect of the lattice is limited by pressing with ultra-high pressure.
However, even in this case, there are reports that explain that electron-electron
interaction is a larger factor than phonon mediation by significantly limiting the

lattice energy [22,23].

A new turning point in the 'skeptical' discussions of physicists in the early days
of superconductivity research is high-Tc superconductivity. Since Bednorz and

Miller [3] experimentally discovered LaBaCuO in 1986, which exceeded the

critical temperature of 30 K, which was pointed out as the limit of the existing

theory, the rise in the critical temperature of high-temperature superconductors

| brought [24,25]. This means that relatively inexpensive liquid nitrogen can be
used instead of expensive liquid helium as a refrigerant. Of course, physicists'
approach to explain this has to be based on the concept of electron pairs, which
are bosons in which superconducting electrons have the same energy state in k
space, and attention has been focused on what substance mediates electron

pairs at high temperatures.

On the other hand, with the advent of ARPES (Angle-resolved photoemission
spectroscopy), an advanced technology that can map the electronic energy state
at ks pace of a superconducting single crystal into a 3D state, the distribution of
electron energy in a superconducting state and a non-superconducting state can
be distinguished. As a result, it has come closer to confirming the essential
phenomenon of superconductivity [26,27]. However, since this experimental
method is obtained through the Fourier transform of the spectroscopic
measurement values, it is possible to check how much the electron energy
distribution in the crystal is in k space, but it is not possible to obtain information
on the position of electrons in the lattice. .

Nevertheless, it seems that the MIT research team [28] found information
about the position of electrons and new hints about the spatial structure. It was
confirmed that graphene, a structure of single carbon, showed superconductivity
when it was overlapped at a magic angle (1.10) . It has been found experimentally
along with calculations that a constant energy state is displayed near the level.
The prediction that a stable energy state exists near or just below the Fermi-level
is consistent with the ARPES measurement results, and accordingly, it is possible
to predict the existence of a recently hidden superconducting band [26] or

theoretically propose its basis [29]. New theorists are emerging one after another.

Based on statistical thermodynamics, the author has three waves with clear

was noticed by chemical/material engineers for the next 10 years. Critical temperature rig@ysical definitions of the gaseous state (fluid) including the liquid state.
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A generalized van der Waals equation of state was proposed through modeling
[30], which describes it as accurately as possible using lametta, and based on
this, it was derived that the viscosity of the liquid is a state function due to the
state of the material, up to the Corresponding State [ 31] has presented a new
perspective on viscosity. This is a departure from Henry Eyring's model
approach to liquids [32-34], and it presents a new alternative to solve various
fluid problems that have been delayed due to difficulties in modeling in the

meantime from the point of view of state functions.

Based on this experience, | revisited the early ideas of superconducting
research that superconducting electrons have liquid-like properties. In fact, at
the time of the initial discussion of superconductivity, it is regrettable that |
could not participate in the discussion of superconductivity or superfluid
phenomena due to the limitations of the liquid theory that was not fully
established. This is because the heat capacity characteristics of superconducting
electrons, which BCS cannot explain, coincide with the y-transition, which is
the heat capacity change characteristic at the critical point of a material (Fig.

2) [35,36].

1.1. Fluid analysis of the critical temperature (Tc) and heat capacity (Cp) of a

substance

In general, when looking at the state in which gases and liquids coexist
from the point of view of particles, gases have degrees of freedom in the xyz
three directions that each particle has, but in liquids, clusters are formed by
van der Waals forces between particles, and within the gravitational field In , it
is condensed on the bottom as 2-Dimension, and the number of 3-Dimension
particles increases when the surface tension is large. Of course, in the zero-
gravity field, pseudo-2D particles and dense 3D particles due to the surface
tension of the clusters are mixed. Then, what is the state of the particles at the
critical temperature (Tc) of the substance? According to the author's thesis , it
means the point where Nce = 0, where the cell state modeling the liquid state
completely disappears, and the physical quantity that can clearly see this state
is the point at which the heat capacity dissipates to infinity. It means to make

a transition.

1.2. State Equation, Viscosity, and Electrical Resistance

Among the characteristics of fluids, the main issue regarding viscosity that
can be seen in everyday life is whether viscosity related to the flow of matter
can be described as a state function related to the state of matter. This is
because viscosity becomes a criterion for judging whether it is simply a
dynamic property or a thermodynamic property, which is an inherent property
of a material. If the general formula of viscosity [31] representing the degree of
fluid flow can be created, it can be said to prove that viscosity is an intrinsic

thermodynamic property of matter.

all. The astrology theory based on the break theory of Prof. Dongsik Choi and
Prof. Wonsoo Kim [37] describes the form of this general formula. This
viscosity theory is a phenomenological theory applied to real fluids derived by
assuming a new concept that the sum of the absolute values of the attractive
force and the repulsive force is the absolute pressure when calculating
viscosity as a state function. Thie,research led to the calculation of properties
such as the viscosity of the He superfluid at the time [38], and it was intuitively
possible to see the possibility that it could be applied to electronic fluids as
well. This is because, in the case of superconducting transition or metal
conductivity, the changes in electrical resistance and isopoise viscosity line
are similar, and the phase transition of heat capacity has the same pattern, y-
transitio, on both sides [13 ]. At the time, it was a hypothesis and a problem
that could not be mathematically proven, but the feasibility of this approach

was confirmed by an experiment by Levitov and Flakcovich in 2016 [39].

1.3. How to raise the critical temperature: 1-Dimensional electron structure &

electron correlation

What is noticeable in the new approach based on the above-mentioned
basis is that it is important to have a low-dimensional (2D, 1D, etc.) electronic
structure that severely limits the number of electron states in order to increase
the critical temperature under normal pressure. Theoretically, as the critical
temperature of a material decreases in dimension, the following ratio was

calculated [40].
3D:2D:1D = 1:1.767:4.5 3)
2D:1D = 1:2.546 (4)

From this point of view, when 28 K, the highest critical temperature of a
superconducting alloy with electrons having a three-dimensional degree of freedom,
is substituted into Equation (3), the upper limit of the critical temperature in the
second dimension is about 50 K, and the upper limit of the critical temperature in
the first dimension is about 126 K. According to Equation (4), substituting Tc = 138
K for HgBa2Ca2Cu308+y , which has the highest critical temperature among
superconductors with two-dimensional characteristics , reaches 351 K. Of course,
this is a schematic result that does not consider the pressure effect in the bonding
structure, such as chemical pressure, and qualitatively means that the critical
temperature of a material with a one-dimensional electronic structure has a

possibility of about 126 to 350 K. only Of course, as mentioned above, the

distribution of electrons in the position where electron-electron interaction is possible must exist in higt

2. Experimental method

With this theoretical background and considering commercialization, four

elements (Pb, Cu, S, P = 1:1:1:0.2) among the most abundant materials on Earth
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Fig. 3. Abnormal magnetic hysteresis behavior under Zero-Field-Cooling and Field-Cooling. (a) Transition temperature is about
323 K (500 C) (b), (c) Reproducibility results of same experiment procedure.

In 1999, a new attempt was made in a simple system by selecting . The
manufacturing method is to sufficiently grind the selected elements with a
pestle and subdivide them into 1g each in a 10 mm diameter quartz tube,
and then use a vacuum pump to keep the inside of the quartz tube in a
vacuum at 10y3 Torr to propane to a length of about 15 cm . Seal the quartz
tube with an oxygen torch. Thereafter, the quartz tube taken out of the
furnace is cooled by heating in a furnace (Furnace, A-Jeon Industrial Co. Ltd)
at 900 ° C. for 24 hours, and a sample is taken. It was well ground and
sampled, and the magnetic susceptibility was measured using SQUID
(Superconducting quantum used interference device, MPMS-XL, Institute of
Basic Science). Magnetic Property Fig. The same results as in Fig. 3a could
be confirmed, and the reproducibility of the critical temperature through
repeated experiments at the time. 3b and 3c were confirmed. However, due
to a manufacturing method problem, it

was not possible to find even the structure of a characteristic material that
appears to have a critical temperature of over 300 K, which is assumed to be
in a very small amount. While studying the superconductivity phenomenon
amidst continuous suspicion, in 2017, based on these data, repeated

experiments were conducted in earnest, and cases where the quartz tube

It has been discovered that an amorphous form of material of unknown origin
has unique magnetic properties. (2018) The magnetism of foreign matter
was not typical of superconductivity, but showed superparamgnetism
characteristics. Regarding this characteristic, research professor Kwon
Yeong-wan of Ku-KiST Graduate School of Convergence, Korea University,
gold-plated DNA, which is the research subject of electron transfer through
EPR. Following the similarity between the relationship between state and
magnetic susceptibility [41] and the opinion that the superconductivity
phenomenon could also be regarded as EPR, the evaluation of EPR
characteristics was conducted from 2017, but the structure of the material
was clearly secured and the structure It was difficult to see progress with
EPR-only methods until the manufacture of high-purity materials containing
a large amount was successful. In order to clarify this process, firstly, the
process of finding a structure showing the above characteristics in 2019 and
the conjecture contents and results, and secondly, in 2021, it succeeded in
separating the substance and structural analysis was possible. The results
of the synthesis of normal-temperature and normal-pressure superconductivity
were summarized and applied for, and a third patent application was filed in

2022 with more detailed claim reinforcement [42]. The manufacturing

was destroyed due to internal pressure during rapid cooling or reaction were found. method of this material (LK-99) [43] identified so far is summarized as follows.
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Lanarkite and Cu3P were uniformly mixed at a molar ratio of 1:1 in a It is now possible and then shaped into a thin cuboid for electrical
mortar and pestle. The sample was placed in a reaction tube, sealed with measurements. For other analyses, the remaining samples were
a vacuum of 10y3 Torr, and reacted at 9250 C for 5 to 20 hours. Re- pulverized and used in powder form. In the case of the former, lanarkite
evaluate the dark gray ingot after the reaction and Cu3P as raw materials were prepared by mixing PbO and PbSO4 powder in a mortar
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Fig. 5. Zero resistivity measurement of thin film sample (a) measurement window picture at RO experiment (Keithley 6221 & 2182A)
(b) uploaded thin film on copper plate in probe station (MSTech) (c) Measured data of LK-99 thin film (under + 3 x 10y8 V) Zoom
in data of yellow box.
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were uniformly mixed with a pestle at a molar ratio of 1:1. Then, the sample
was transferred to an alumina crucible and reacted in a furnace at 7250 C
for 24 hours. After completion of the reaction, a white sample was obtained
and pulverized with a mortar. In the latter case, Cu and P powders were
mixed in respective compositional ratios. Then, the sample was transferred
to a quartz tube. A thick quartz tube was sealed with a thickness of about
20 cm to 1 g of sample in a vacuum of 10y3 Torr, and reacted in a furnace
at 550° C for 48 hours. After taking it out of the tube, a dark gray ingot was
obtained and pulverized. Reagents used in the solid phase reaction were
PbO (JUNSEI, GR), PbSO4 (KANTO, GR), Cu (DAEJUNG, EP) and P
(JUNSEI, EP).

3. Results and discussion

3.1. Superconducting properties of LK-99

(1) Apatite structure based on lead (Pb)
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About 1 out of 10 lead Pb in (Pb10(PO4)6) is replaced with copper (Cu),
resulting in shrinkage (Fig. 4) (Pb10yxCux(PO4)6, 0.9 < x < 1.1) (Space
group: P 63/m(no. 176), Unit cell dimensions: a = 9.8430 A, ¢ = 7.4280 A)
[42].

(2) Resistance 0 characteristics: international standard in current-voltage characteristics
in a narrow range when materials are thermally deposited to produce high-purity thin films
Data in the range of 10y8 ~ 10y9 V/cm below 1.0y6 V/cm (International
Electrotechnical Commission standards) were secured (Fig. 5). (3) Current-
critical temperature

characteristics: When measuring the resistivity of an ingot sample based
on = 30 mA, which can be measured stably using the 4-probe method, the
critical temperature (Tc) is 104 degrees C (approximately 377 K ) [42], when
resistance was measured based on + 60 mA, it was confirmed that the
critical temperature (Tc) was 97 degrees Celsius (approximately 370 K)
(Fig. 6a, Fig. 6b). As the temperature rises, which is a general
superconductivity characteristic in current-voltage characteristics from room

temperature to almost 400 K, the critical current decreases, and even at

400 K, microcurrents of less than 10 mA are maintained without superconducting-conducting
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Fig. 6. LK-99 Ingot sample results of 4-probe measurement for Transition temperature (Tc) following applied Currents (a) + 30 mA
(from patent: 10-2021-0112104) (b) £ 50, + 60, £ 70 mA, respectively. (c) Current-voltage measurement results following tempera
ture variation (T) (Keithley 228A, 182, 2000).
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Fig. 8. Hysteresis results through zero field cooling and field

cooling of LK-99.

Confirmed. (4)

Current-critical magnetic field measurement: When measuring the ingot sample
and testing the current-voltage characteristics under an external magnetic field, the
critical current drop phenomenon according to the increase in the external

magnetic field was confirmed (Fig. 7). (5) Magnetic susceptibility: In the magnetic
susceptibility measurement according to the temperature of the thin film sample, the
hysteresis of ZFC (zero field cooling)-FC (field cooling) up to 400 K, which is the limit
of SQUID, was confirmed (Fig. 8) (KARA : MPMS 3-evercool).

(6) Calculation result of heat capacity (Cp/T) through precise voltage-temperature

measurement based on current application : The characteristic change of heat

capacity at the critical temperature (Tc) has the characteristics of y-transition as
mentioned above. . The temperature is constantly raised within the limits that the

measuring equipment can measure, and a constant current is applied in units of

400 msec, based on the results of measuring the voltage and temperature of the sample.

367 SéS 3é9 3}0 3I?1 3?‘2 3%3
Temp (K)
Fig. 9. Calculated specific heat capacity over Temperature (Cp/

T) of LK-99 at + 60 mA current near Tc. It shows the charac
teristic form of y-transition near Tc.

The heat capacity was calculated as, Fig. As shown in Fig. 9, characteristics very
similar to y-transition were confirmed around the critical temperature. A detailed
analysis

of the precise structure and electronic structure of this, and an interpretation of
the measurement results of the magnetic susceptibility curve (MH) according to the
controversial external magnetic field will be summarized and published in an
international journal.

Apatite structure is uniquely a material with an anisotropic electronic structure
with different physical properties along the c-axis and ab-axis, and is a complex
material with an electronic structure close to 1D. The condensation of the crystal
structure during impurity doping on this structure was detailed in a previous study
[44] by Professor Emeritus Oh Geun-ho. In this paper, this material (LK-99), which
has an electronic structure close to 1D, has a critical temperature measured over
400 K, that is, it provides surprising data that maintains the superconductivity
phenomenon beyond room temperature and exceeds 100 degrees Celsius under
normal pressure. In order to help understand the physical meaning and interpretation
of this material, the difference between the approach of physicists from the existing
perspective and the statistical thermodynamic logic of Professor Dong-shik Choi,
who seems new but old, has been outlined. . In addition, due to the nature of
venture companies, the approach was shared to help scholars who will have

academic discussions about it at the time of patenting and disclosure.

In fact, these approaches are based on A. Mourachkine's [45] book, 'Room
Temperature Superconductivity', which suggests the possibility of normal
temperature and pressure superconducting materials, which do not seem to be
accepted as orthodoxy among physicists, and a new material based on iron (Fe). It
can be confirmed that Dr. Hosono [46] of Japan, who opened the series of
superconducting materials, presented the possibility of superconducting 1D materials

having the same apatite structure. and
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Based on their experience, it can be seen that LK-99 meets the standard of normal
temperature and pressure superconductor. The emergence of

normal temperature and normal pressure superconductors that can solve all kinds of
current environmental and energy problems, as summarized in Professor Oh Geun-ho's
contribution [2], will lead to the future environment of mankind (quantum computers,
efficient use of electrical energy, quantum wireless It is judged that it can be used for
communications, ultra-high efficiency motors based on high magnetic fields, precision
instruments including MRI, hyper loops, etc.). Due to the nature of electronic materials
called superconductors, precise analysis is preceded based on single-crystal materials,
and this paper is submitted after judging that intensive research on materials and various

attempts are needed.

Acknowledgments

After the death of Professor Dong-Sik Choi, accountants Ki Se-Woong and CEO Lee
Byung-Gyu (Procell Therapeutics Co., Ltd.) provided financial support for them to devote
themselves to research and development to find normal temperature and normal
pressure superconductors for 6 years according to Professor Dong-Sik's teachings. ,
Chairman Yoon Sang-eok (Hwain Co., Ltd.), and many investors who participated in the
investment. Above all, I would like to express my gratitude to the talented collaborators
with strong personalities, who shared the joys and sorrows together, and to Jaekyu
Bang and Kyungcheol Kim, who are devotedly sharing the difficulties with the recent
research team. This research was mainly carried out with research and development
expenses of the Quantum Energy Research Institute, and part of the financial resources
were funded by the government (Ministry of Education) in 2019, and research conducted
with the support of the National Research Foundation Basic Research Project (No.
2019R111A1A01059675) and Korea University Support was received through the

school's approval (Korea University Grant).

References

[ 1] H.K. Onnes, “Further experiments with liquid helium.

C. On the change of electric resistance of pure metals at
very low temperatures etc. IV. The resistance of pure
mercury at helium temperatures”, Proceedings of the
Section of Sciences 13 (1911) 1274.

[ 2] K.H. Auh “A short note of superconductors”, Journal of the
Korean Crystal Growth and Crystal Technology 31(5)
(2021) i.

[3]J.G. Bednorz and K.A. Miller, “Possible high Tc super
conductivity in the Ba-La-Cu-O system”. Z. Phys. B. 64(1)
(1986) 189.

[ 41 H. Takahashi, K. Igawa, K. Arii, Y. Kamihara, M .

Hirano and H. Hosono, “Superconductivity at 43 K in an
iron-based layered compound LaO1yxFxFeAs”, Nature
453 (2008) 376.

[ 5] P. Phillips, “Advanced solid state physics. perseus books”,

Phillips ed. Overseas Press (2008) p. 224.

[ 6] M. Cross, “Fermi liquid theory: Principles”, California
Institute of Technology (2004, Caltech Statistical Phys
ics Lecture: Physics 127, Third term Lecture 9 http://
www.pmaweb.caltech.edu/~mcc/Ph127/c/Lecture9.pdf)
1-5.

[ 7] P. Kapitza, “Viscosity of liquid helium below the y-
point”, Nature 141 (1938) 3558.

[8]J. Bardeen, L.N. Cooper and J.R. Schrieffer, “Micro scopic
theory of superconductivity”, Physical Review 106 (1957)
162.

[9]1J. Bardeen, L.N. Cooper and J.R. Schrieffer, “Theory of
superconductivity”, Physical Review 108 (1957) 1175.

[10] E. Maxwell, “Isotope effect in the superconductivity of
mercury”, Physical Review 78(4) (1950) 477.

[11] H. Frohlich, “Theory of the superconducting state. I.

The ground state at the absolute zero of temperature”,
Phys. Rev. 79 (1950) 845.

[12] B.D. Josephson, “The discovery of tunnelling supercur
rents”, Rev. Mod. Phys. 46 (1974) 251.

[13] F. London, “Superfluid”, vol. 1 F. London ed. (Wiley and
sons,1950) p. 152.

[14] H.S. Deaver. Jr. and W.M. Fairbank, “Experimental evi
dence for quantized flux in superconducting cylinders”,
Phys. Rev. Lett. 7 (1961) 43.

[15] R. Doll and M. Nibauer, “Experimental proof of mag netic
flux quantization in a superconducting ring”, Phys.

Fox. Easy. 7 (1961) 51.

[16] O. Yilmaz, M. Saglam and Z.Z. Aydin, “Solution of Dirac
equation for an electron moving in a homoge neous
magnetic field: Effect of magnetic flux quantiza tion”, New
and Old Concepts in Physics 4 (2007) 141.

[17] J.E. Jacak, “Magnetic flux quantum in 2D correlated states
of multiparticle charged system”, New J. Phys. 22 (2020)
093027.

[18] AP Drozdov, PP Kong, VS Minkov, SP Besedin, MA
Kuzovnikov, S. Mozaffari, L. Balicas, FF Balaki rev, DE
Graf, VB Prakapenka, E. Greenberg, DA
Knyazev, M. Tkacz and M.l. Eremets, “Superconductiv
ity at 250 K in lanthanum hydride under high pres sures”,
Nature 569(7757) (2019) 528.

[19] A.P. Drozdov, M.l. Eremets, |.A. Troyan, V. Ksenofon tov
and S.1. Shylin, “Conventional superconductivity at 203
kelvin at high pressures in the sulfur hydride sys tem”,
Nature 525 (2015) 73.

[20] N. Dasenbrock-Gammon, E. Snider, R. McBride, H.
Pasan, D. Durkee, N. Khalvashi-Sutter, S. Munasinghe,
SE Dissanayake, KV Lawler, A. Salamat and RP
Dias, “Evidence of near-ambient superconductivity in a N-
doped lutetium hydride”, Nature 615 (2023) 244.

[21] N.W. Ashcroft, “Metallic hydrogen: A high-temperature
superconductor?”, Phys. Rev. Lett. 21 (1968) 1748.

[22] H.T. Kim, “Room-temperature-superconducting Tc driven
by electron correlation”, Sci. Rep. 11(2021) 10329.

[23] Y. Yanase, T. Jujo, T. Nomura, H. Ikeda, T. Hotta and K.
Yamada, “Theory of superconductivity in strongly
correlated electron systems”, Physics Reports 387(1-4)
(2003) 1.

[24] M.K. Wu, J.R. Ashburn, C.J. Torng, P.H. Hor, R.L.

Meng, L. Gao, Z.J. Huang, Y.Q. Wang and C.W. Chu,
“Superconductivity at 93 K in a new mixed-phase Y-Ba
Cu-O compound system at ambient pressure”, Physical



Machine Translated by Google

70 Sukbae Lee, Jihoon Kim, Sungyeon Im, SooMin An, Young-Wan Kwon and Keun Ho Auh

Review Letters 58 (1987) 908.

[25] A. Schilling, M. Cantoni, J.D. Guo and H.R. Ott,
“Superconductivity above 130 K in the Hg-Ba-Ca-Cu-O
system”, Nature 363 (1993) 56.

[26] IM Vishik, WS Lee, R.-H. He, M. Hashimoto, Z .

Hussain, T.P. Devereaux and Z.-X. Shen, “ARPES stud
ies of cuprate Fermiology: superconductivity, pseudogap
and quasiparticle dynamics”, New J. Phys. 12 (2010)
105008.

[27] T. Yu, C.E. Matt, F. Bisti, X. Wang, T. Schmitt, J. Chang,
H. Eisaki, D. Feng and V.N. Strocov, “The relevance of
ARPES to high-Tc superconductivity in cuprates”, npj
Quantum Mater. 5 (2020) 46.

[28] Cao Y, Fatemi V, Demir A, Fang S, Tomarken SL, Luo
JY, Sanchez-Yamagishi JD, Watanabe K, Tan iguchi T,
Kaxiras E, Ashoori RC and Jarillo-P. Her rero, “Correlated
insulator behavior at half-filling in magic-angle graphene
superlattices”, Nature 556 (2018) 80.

[29] Y. Bang, “Pairing mechanism of heavily electron doped
FeSe systems: dynamical tuning of the pairing cutoff
energy”, New J. Phys. 18 (2016) 113054.

[30] S.B. Lee, J.H. Jeon, W.S. Kim and T.S. Chair, “A new
model approach for the near-critical point region: 1.
Construction of the generalized van der waals equation
of state”, J. Phys. Chem. B 112(49) (2008) 15725.

[31] W.S. Kim and S.B. Lee, “A corresponding state theory for
the viscosity of liquids”, Bull. Korean Chem. Soc. 29
(2008) 33.

[32] H. Eyring and R.P. Marchi, “Significant liquid struc tures”,
J. Chem. Educ. 40(11) (1963) 562.

[33] M.S. Jhon and H. Eyring, “Physical Chemistry, An
Advanced Treatise yol. X: Liquid State”, D. Hender son
Ed. (Academic Press, New York) (1971) p. 335.

[34] J.0. Hirschfelder, “Henry Eyring, 1901-1982", Annual
Review of Physical Chemistry 34 (1983) xi.

[35] F. London, “The y-phenomenon of liquid helium and the
bose-einstein degeneracy”, Nature 141 (1938) 643.

[36] J.D. Van der Waals, “The equation of state for gases and
liquids”, Nobel Lectures, Physics 1901-1921 (Elsevier
Publishing Company, Amsterdam, 1967) p. 254.

[37] T.S. Chair, W.S. Kim, H.S. Pak and M.S. Jhon, “A cal
culation for the viscosity of fluids by using van der Waals
equation of state”, Korean J. Chem. Eng. 6 (1989) 121.

[38] W.S. Kim, J.Y. Kim and T.S. Chair, “Viscosity of helium
calculated by using the brake theory of viscos ity”, J.
Korean Chem. Soc. 36 (1992) 376.

[39] L. Levitov and G. Falkovich, “Electron viscosity, cur rent
vortices and negative nonlocal resistance in graphene”,
Nature Phys. 12 (2016) 672.

[40] S.H. Park, M. Kim, T.S. Chair and W.S. Kim, “The
dependence of the critical temperature on the dimen
sions of the electron motion”, J. Korean Chem. Soc. 40
(1996) 401.

[41] YW Kwon, CH Lee, DH Choi and JI Jin, “Material science
of DNA”, J. Mater. Chem. 19 (2009) 1353.

[42] Quantum Energy Research Institute, patent registration
number: Republic of Korea 10-2020-0092373, patent
application number: 10-2021-0112104, patent applica
tion number: 10-2022-0106845.

[43] Named LK-99 after the initials of the family name (Lee
and Kim) of the two people who first discovered a sub
stance with a critical temperature of over 320 K and
continued research on it with the last two digits of the
year of discovery (1999).

[44] S.H. Hwang, K.K. Orr, C.K. Lee, C.M. Lee and D.W.
Kim, “A study on color in apatite with the addition of
transition element”, J. Korean Chem. Soc. 23 (1986) 43.

[45] A. Mourachkine, “Room-temperature superconductivity”,
1st ed. A. Mourachkine Ed. (Cambridge International
Science Publishing (CISP). Cambridge, 2006) p. 271.

[46] Y. Zhang, Z. Xiao, T. Kamiya and H. Hosono, "Elec tron
confinement in channel spaces for one-dimensional
electride”, J. Phys. Chem. Lett. 6 (2015) 4966.



