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Abstract— The recent claim of a room-temperature, ambient-

pressure superconductor, LK-99 [Pb10(PO4)6O], has ignited 

immense excitement and skepticism within the scientific 

community. This report critically analyzes the available evidence 

regarding the superconducting properties of LK99, considering 

both experimental findings and theoretical analyses. It explores 

the synthesis process, the observed phenomena, and the 

limitations of current research, concluding with a balanced 

perspective on the validity of the claim and the need for further 

investigation. Early publications by the Korean research group 

led by Sukbae Lee and Ji-Hoon Kim provided interesting data on 

the possibility of superconductivity in LK-99 at room temperature 

and atmospheric pressure f, an all characteristic of hyper 

conductivity but these findings have been met with significant 

scrutiny and skepticism by the broader scientific community. One 

major area of concern is the reproducibility of the results. 

Despite numerous attempts by researchers worldwide to 

synthesize and characterize LK-99, achieving consistent results 

have proven challenging. The synthesis process is complex and 

involves intricate steps that require careful control of 

temperature, pressure, and reactant ratios. Even slight variations 

in these parameters can significantly impact the final product, 

potentially leading to inconsistencies in the observed properties. 

Another critical aspect is the lack of conclusive evidence 

supporting the presence of superconductivity in LK-99. While the 

initial reports showed a decrease in electrical resistance and 

diamagnetic behavior, these observations are not entirely 

conclusive and could be attributed to other factors, such as the 

presence of impurities or other conducting phases within the 

material. Furthermore, the absence of definitive Meissner effect 

observations, which would conclusively demonstrate the 

expulsion of magnetic fields from the superconductor, raises 

further questions. Theoretical analysis of the structure and 

electronic properties of LK-99 also presents challenges. The 

predicted band structure of the material suggests the possibility 

of superconductivity, but it remains unclear whether the specific 

properties of LK-99 contribute to room temperature 

superconductivity. 

The scientific community is actively investigating the claims 

surrounding LK-99. Numerous research groups around the 

world are currently working on replicating the synthesis process 

and rigorously characterizing the material's properties. As the 

scientific community gathers more experimental and theoretical 

data, a clearer picture will emerge regarding the validity of the 

claims. It is essential to approach these findings with a critical 

eye, acknowledging both the potential for groundbreaking 

discoveries and the need for rigorous scientific validation. 

Accordingly, according to the experimental publications that 

investigated the creation of this new model, the claims were not 

proven true. 

Keywords—Superconductors, lk-99, Room Temperature 

Superconductivity, Meissner effect 

I. INTRODUCTION  

Superconductivity, a phenomenon characterized by way of 

the whole disappearance of electrical resistance and the 

expulsion of magnetic fields (called the Meissner impact), 

holds giant capability for revolutionizing various 

technologies. Imagine a world with lossless power 

transmission, levitating trains, and unimaginably rapid 

computers – all made viable by using harnessing the 

electricity of superconductors. However, the realization of 

those futuristic packages has been hampered with the aid of 

a fundamental problem: superconductivity has historically 

most effective been found at extremely low temperatures, 

typically requiring highly-priced and complex cryogenic 

structures [1]. This inherent constraint has limited 

superconductivity to specialized fields and avoided its 

massive adoption . 
The discovery of a fabric displaying superconductivity at 

room temperature and ambient pressure might represent a 

paradigm shift in substances technology and engineering. It 

would free up unheard of possibilities for technological 

advancement, ushering in a generation of enormously 

efficient electricity grids, frictionless transportation, and 

powerful quantum computing. The effect of any such 

discovery might be a ways-attaining, touching upon almost 

each thing of modern lifestyles . 
In July 2023, a South Korean research crew announced the 

synthesis of a purported room-temperature, ambient-strain 

superconductor, LK-99, a lead-apatite-based totally 

compound with the chemical formulation Pb10(PO4)6O [2,3]. 

This claim, observed with the aid of interesting films 

demonstrating partial levitation of the fabric in a magnetic 

area, dispatched shockwaves via the medical community, 

sparking fervent discussions and a international race to copy 

the findings. However, the initial exhilaration becomes 

tempered by using healthy. The development of a true room 

temperature superconductor would be an extremely 

significant scientific breakthrough with major technological 

implications. Some key points to consider: 

Novelty: 
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- Room temperature superconductivity has been a major 

goal of materials science for decades. Any credible claim of 

achieving this would be highly novel. 

- The LK-99 material (a copper-doped lead apatite 

compound) represents a new approach compared to 

traditional superconductor research. 

Potential significance: 

- Could enable much more efficient electrical transmission 

and storage. 

- May allow for more powerful and compact 

electromagnets, with applications in medical imaging, 

transportation, etc. 

- Could revolutionize fields like quantum computing. 

 

              2.        Synthesis and Structure of LK-99 

LK-99 is synthesized through a noticeably sincere solid-

state response route, regarding a multi-step system of 

mixing and heating powdered precursor substances. The 

number one elements are lead oxide (PbO), lead sulfate 

(PbSO4), and copper phosphide (Cu3P) [4]. 

The synthesis starts by means of combining PbO and PbSO4 

in a 1:1 molar ratio, accompanied by way of heating the 

aggregate in a crucible at 725°C for twenty-four hours. This 

initial step outcomes inside the formation of a lead-apatite 

precursor, Pb9(PO4)6O. Subsequently, Cu3P is added to the 

lead apatite precursor, and the aggregate is again heated at 

925°C for 5-20 hours. This second heating step is essential 

for the purported incorporation of copper into the lead-

apatite lattice, forming the final LK-99 compound with the 

nominal method Pb10(PO4)6O [3]. The resulting LK-99 cloth 

is generally polycrystalline, which means it is composed of 

a couple of small crystals with varying orientations (fig 1). 

The crystal structure of LK ninety nine is based on the 

apatite circle of relatives, characterized by using a 

hexagonal arrangement of phosphate (PO4) tetrahedral and 

lead ions (Pb2). The unique region and role of copper inside 

the shape remain unclear, and there's ongoing debate 

concerning the degree of copper substitution within the 

lead-apatite lattice. Some studies propose that copper 

doping modifies the electronic structure of the lead apatite, 

leading to the emergence of charge providers responsible for 

the discovered electric houses (fig.2) [5]. 

 

Fig. 1. (a) Layout of sealed vacuum crystal tube with mixed power. (b), (c), 

(d) Heat treatment conditions of Lanarkite, Cu3P, Pb10-xCux (PO4)O. 

(0.9arXiv (2023). DOI: 10.48550/arxiv.2307.12008     

 

Fig. 2. Crystal structure of LK-99 based on the lead-apatite structure. The 
position of copper atoms (Cu) within the lattice remains a subject of 

investigation.[3] 

 

 

The complexity of the crystal shape and the uncertainties 

surrounding the copper incorporation pose enormous 

challenges for knowledge the underlying mechanisms that 

could lead to room-temperature superconductivity in LK-99. 

Further investigations utilizing superior characterization 

techniques, inclusive of X-ray diffraction, neutron 

diffraction, and electron microscopy, is necessary to clarify 

the correct atomic association and the impact of copper 

doping at the fabric's homes. 

 

3.      Evidence for Superconductivity 

 

The primary evidence presented by Lee et al. [2] for room-

temperature superconductivity in LK-99 includes: 

• Sharp drop in electrical resistivity: The authors r

eported a significant decrease in resistivity around 

105°C, interpreted as a superconducting transition. 

• Partial levitation in a magnetic field: Videos dem

onstrated a small portion of the synthesized materia

l levitating above a magnet, suggesting the presenc

e of the Meissner effect. 

• Negative magnetization: Magnetic susceptibility 

measurements indicated a diamagnetic response, fu

rther supporting the possibility of superconductivit

y. 

         4.          Counterarguments and Limitations 

 

 

Despite the intriguing observations, several factors cast dou

bt on the claim of room-

temperature superconductivity in LK-99: 

• Lack of complete levitation: The partial levitation

 observed in the videos could be attributed to other 

factors, such as diamagnetism or ferromagnetism,  

rather than the Meissner effect. True superconducto

rs' exhibit complete levitation and expulsion of ma

gnetic fields (fig.3) [6]. 
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• Inconsistencies in resistivity measurements: Inde

pendent replication attempts have failed to consiste

ntly reproduce the sharp resistivity drop reported b

y the original authors [7]. 

• Absence of zero resistance: No definitive evidenc

e of zero electrical resistance, a hallmark of superc

onductivity, has been presented. 

• Theoretical challenges: The proposed mechanism 

of superconductivity in LK-

99 remains unclear and lacks strong theoretical gro

unding. Existing theoretical models struggle to expl

ain room-

temperature superconductivity in such materials 

[8]. 

 

Fig. 3. LK-99 Partial Levitation phenomenon obtained from 

annealed sample [3] 

   We can make a comparison among most 

important superconductors as in table (1):[9-18] 

1. Cuprates, bismuth-based, and mercury-based 

superconductors are well-established and 

extensively studied high-temperature 

superconductors. 

2. LK-99 is a recently claimed room-temperature 

superconductor (as of 2023) that has not been 

independently verified. Its properties are based on 

claims that are still subject to scientific scrutiny 

and debate. 

3. The highest Tc values for cuprates and mercury-

based superconductors are quite similar, as some 

mercury-based compounds are also considered part 

of the cuprate family. 

4. Bismuth-based superconductors, while having a 

lower Tc than some other cuprates, have unique 

properties that make them interesting for certain 

applications. 

5. The comparison table of superconducting systems 

reveals several interesting trends and points of 

discussion in the field of superconductivity 

research: 

6. Historical Progress 

The discovery timeline (1986 for cuprates, 1988 for 

bismuth-based, 1993 for mercury-based) shows the 

rapid progress made in high-temperature 

superconductivity research during the late 1980s 

and early 1990s. This period marked a significant 

leap from the previous record of 23 K for 

conventional superconductors to over 130 K for 

cuprates. 

7. Critical Temperatures (Tc) 

Cuprates and mercury-based compounds stand out 

with the highest confirmed Tc values (up to 135 K 

at ambient pressure). This is a remarkable 

achievement, allowing superconductivity above the 

boiling point of liquid nitrogen (77 K), which is 

much cheaper and easier to handle than liquid 

helium used for conventional superconductors. 

8. Chemical Composition and Structure 

All confirmed high-temperature superconductors 

(cuprates, bismuth-based, and mercury-based) 

share similar layered perovskite structures and 

contain copper-oxide planes. This suggests a 

common mechanism for high-temperature 

superconductivity in these materials, likely related 

to strong electron correlations in the copper-oxide 

layers. 

9. Superconducting Mechanism 

The d-wave pairing mechanism, believed to be 

common in these materials, distinguishes them 

from conventional superconductors with s-wave 

pairing. This unconventional pairing mechanism is 

not fully understood and remains an active area of 

research in condensed matter physics. 

10. Challenges and Applications 

Despite their high Tc, widespread application of 

these materials is limited by challenges such as 

brittleness, anisotropic properties, and complex 

manufacturing processes. However, they have 

found use in specialized applications like MRI 

machines and maglev trains. 
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11. The LK-99 Controversy 

The claimed room-temperature superconductivity 

of LK-99 (at 400 K) would be revolutionary if 

confirmed. However, its inclusion in the table 

highlights the ongoing challenges in the field: 

12. The difficulty of achieving room-temperature 

superconductivity, a long-standing goal in the field. 

13. The importance of reproducibility and peer review 

in scientific claims, especially for potentially 

groundbreaking discoveries. 

14. The excitement and skepticism that accompany 

claims of room-temperature superconductivity, 

reflecting both the potential impact of such a 

discovery and the field's history of unverified 

claims. 

From the comparison we can suggests several 

avenues for future research:[9-18] 

1. Further exploration of copper-oxide based 

materials and related compounds. 

2. Investigation of novel material systems that might 

support high-temperature superconductivity. 

3. Efforts to improve the manufacturability and 

practical applicability of known high-temperature 

superconductors. 

4. Continued theoretical work to fully understand the 

mechanisms of high-temperature 

superconductivity. 

       5.       Discussion 

The claims surrounding LK-99 have ignited a fervent debate 

in the clinical network, prompting both excitement and 

cautious skepticism. While the preliminary reports of room-

temperature superconductivity presented a tantalizing 

glimpse right into a capability paradigm shift in substances 

technological know-how, the following scrutiny has 

revealed giant obstacles and inconsistencies within the to be 

had evidence . 

The partial levitation observed in the videos launched with 

the aid of Lee [2] sparked instant interest, because it 

appeared to suggest the presence of the Meissner effect, a 

hallmark of superconductivity. However, the unfinished 

nature of the levitation, with only a portion of the material 

lifting off the magnet, raises worries approximately 

alternative motives. Diamagnetic substances, as an instance, 

can exhibit vulnerable repulsion from magnetic fields, 

doubtlessly mimicking the Meissner impact without truly 

being superconducting. 

 

         6.       Future Directions 

Numerous research groups worldwide are currently attempti

ng to synthesize and characterize LK99 to independently ver

ify the initial claims. These efforts include: 

• Replication of synthesis protocols: Optimizing an

d standardizing the synthesis process is crucial for 

obtaining consistent samples for analysis [8]. 

• Detailed structural and chemical characterizatio

n: Understanding the precise structure and composi

tion of LK-

99, particularly the role of copper doping, is essenti

al for elucidating its electronic properties [1]. 

• Comprehensive property measurements: Precise

 and reliable measurements of electrical resistivity, 

magnetic susceptibility, and heat capacity are neces

sary to conclusively demonstrate or refute the exist

ence of superconductivity. 

• Theoretical modeling: Developing robust theoreti

cal models to explain the observed phenomena and 

predict the properties of LK-

99 is crucial for advancing our understanding of po

tential room-temperature superconductivity. 

         7.         Conclusion 

LK-99 ignited a spark of excitement in the scientific 

community with the claim of room-temperature 

superconductivity. However, substantial limitations and 

inconsistencies in the evidence cast a shadow of 

controversy. Further research and independent verification 

are essential to determine if LK-99 is a true scientific 

breakthrough or a case of misinterpreted data. 

Regardless of the final verdict, the intense interest in LK-99 

has reignited the quest for room-temperature 

superconductors. This has motivated scientists to explore 

new materials and unconventional approaches, pushing the 

boundaries of scientific exploration. 

In short, the evidence that LK-99 is actually a 

superconductor at room temperature remains elusive. 

Further research and independent applications are needed to 

determine the true nature and applicability of the materials. 

Open communication and cooperation among researchers is 

essential to remove doubts about LK-99, foster open 

scientific discussion and accelerate the search for truth. 

Although hope an existence of a room-temperature 

superconductor is of undeniable interest though, and the 

scientific community should approach the LK-99 cases with 

rigorous scrutiny and a fair amount of skepticism. Complete 

confirmation requires rigorous replication, detailed 

characterization, and thorough examination of alternative 

explanations. The ongoing scientific debate over LK-99 is a 

testament to the independence and unflinching truth of 

science. Therefore, the existence of a superconductor at 

room temperature and normal atmospheric pressure has not 

yet been achieved. 
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Table (1) comparison table for the superconducting systems: Cuprates, bismuth-based, mercury-based (Hg), and LK-99.[9-18] 

Property Cuprates Bismuth-based Mercury-based (Hg) LK-99 
Chemical Family Copper oxides Bismuth oxides Mercury oxides Lead-apatite 

Discovery Year 1986 1988 1993 2023 (claimed) 

Typical Tc Range 30-135 K 20-110 K Up to 135 K 400 K (claimed, unverified) 

Highest Known Tc 135 K (HgBa2Ca2Cu3O8+δ at ambient pressure) 110 K (Bi2Sr2Ca2Cu3O10+δ) 135 K 
(HgBa2Ca2Cu3O8+δ) 

400 K (claimed, unverified) 

Crystal Structure Layered perovskite Layered perovskite Layered perovskite Apatite-like structure 

Key Elements Cu, O, rare earths, alkaline earths Bi, Sr, Ca, Cu, O Hg, Ba, Ca, Cu, O Pb, Cu, P, O 

Superconducting 
Mechanism 

d-wave pairing (believed) d-wave pairing (believed) d-wave pairing 
(believed) 

Unknown/Controversial 

Notable Characteristics High Tc, complex phase diagram Intrinsic Josephson junctions Highest Tc at ambient 
pressure 

Room temperature claim 
(unverified) 

Challenges Brittle, anisotropic properties Complex growth process Toxicity of mercury Reproducibility issues, 
skepticism 

Current Applications MRI, maglev trains, some electronics Limited commercial use Mainly research Not yet applied (if verified) 
 

 

 

 

 

 

 

 

 

 

 

 

 


