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Signatures of superconductivity near 80 K  
in a nickelate under high pressure

Hualei Sun1,7, Mengwu Huo1,7, Xunwu Hu1, Jingyuan Li1, Zengjia Liu1, Yifeng Han2, 
Lingyun Tang3, Zhongquan Mao3, Pengtao Yang4, Bosen Wang4, Jinguang Cheng4, 
Dao-Xin Yao1, Guang-Ming Zhang5,6 ✉ & Meng Wang1 ✉

Although high-transition-temperature (high-Tc) superconductivity in cuprates has 
been known for more than three decades, the underlying mechanism remains 
unknown1–4. Cuprates are the only unconventional superconductors that exhibit  
bulk superconductivity with Tc above the liquid-nitrogen boiling temperature of 77 K.  
Here we observe that high-pressure resistance and mutual inductive magnetic 
susceptibility measurements showed signatures of superconductivity in single 
crystals of La3Ni2O7 with maximum Tc of 80 K at pressures between 14.0 GPa and 
43.5 GPa. The superconducting phase under high pressure has an orthorhombic 
structure of Fmmm space group with the d3 x y−2 2  and d3 z 2  orbitals of Ni cations 
strongly mixing with oxygen 2p orbitals. Our density functional theory calculations 
indicate that the superconductivity emerges coincidently with the metallization of 
the σ-bonding bands under the Fermi level, consisting of the d3 z 2  orbitals with the 
apical oxygen ions connecting the Ni–O bilayers. Thus, our discoveries provide not 
only important clues for the high-Tc superconductivity in this Ruddlesden–Popper 
double-layered perovskite nickelates but also a previously unknown family of 
compounds to investigate the high-Tc superconductivity mechanism.

High-transition-temperature (high-Tc) superconductivity in cuprates 
emerges from hole carriers doped to the Mott insulating state with a 
half-filled Cu 3d9 electronic configuration and S = 1/2 spin state1–4. As a 
result of the doping of carriers and metallization of the intra-layer Cu–O 
electronic σ bonding, the so-called Zhang–Rice singlet forms, leading 
to the high-Tc superconducting phase5,6. At optimal doping, it has been 
established that superconductivity has a d-wave pairing with gap nodes 
around the Brillouin-zone diagonals7,8. Layered structure consisting of 
corner-connected CuO6 octahedra and LnO (Ln = lanthanide) layers is 
a common feature of the high-Tc superconducting materials. Extensive 
efforts have been made to search for superconductivity in nickel-oxide 
compounds similar to cuprates9–11. Infinite-layer nickelates are one of 
the extensively investigated families, in which Ni+ (3d9) shows the same 
electronic configuration as Cu2+ cations. A previous study observed 
superconductivity with Tc around 9–15 K in Nd0.8Sr0.2NiO2 thin films12. 
Then, superconductivity was observed in other hole-doped LnNiO2 
thin films with infinite NiO2 layers and Nd6Ni5O12 with quintuple NiO2 
layers13,14. The maximum Tc of 31 K has been achieved in Pr0.82Sr0.18NiO2 
films at 12.1 GPa, which is below the so-called McMillan limit of 40 K 
(ref. 15). Superconductivity is observed in the reduced Ruddlesden–
Popper phases with the chemical formula Lnn+1NinO2n+2; these com-
pounds are obtained from the Ruddlesden–Popper phase Lnn+1NinO3n+1 
by removing two apical oxygen ions using a topochemical reduction 
method. A recent study suggests that the unavoidable hydrogen in 

nickelate films is important for superconductivity16. By contrast, no 
progress has been made on the observation of superconductivity in the  
Ruddlesden–Popper phase or bulk samples of nickelates17–19.

Among the Ruddlesden–Popper phase nickelates, the trilayer square 
planar NiO2 compounds attracted more attention because the valence 
state of Ni cations in the reduced Ruddlesden–Popper phase is +1.33, 
close to +1.2, in which the maximum Tc is expected theoretically20,21. In 
this study, we focus on the bilayer Ruddlesden–Popper bulk single 
crystals of La3Ni2O7 (ref. 22). A simple electron count gives a Ni2.5+—that 
is, 3d7.5 state for both Ni cations—and experiments indicate that La3Ni2O7 
is a paramagnetic metal23. Ni2.5+ is usually given by mixed-valence states 
of Ni2+ (3d8) and Ni3+ (3d7), corresponding to the half-filled states of 
both d3 z 2  and d3 x y−2 2  orbitals and the single-occupied d3 z 2  orbital, 
respectively. For the two nearest intra-layer Ni cations in a bilayer  
Ruddlesden–Popper phase, however, two d3 z 2  orbitals through apical 
oxygen usually have a large inter-layer coupling because of the quantum 
confinement of the NiO2 bilayer in the structure, and the resulting 
energy splitting of Ni cations can markedly change the distribution of 
the averaged valence state of +2.5. First, we synthesized La3Ni2O7 single 
crystals using a high-pressure floating-zone method. The structure of 
La3Ni2O7 crystallizes into an orthorhombic phase (space group Amam), 
with a corner-connected NiO6 octahedral layer separated by a La–O 
fluorite-type layer stacking along the c axis22,23 (Fig. 1). Then the struc-
ture was investigated at pressures of up to 41.2 GPa, because applying 
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pressure is effective to induce the Jahn–Teller effect through structural 
modification and electronic band structures. The synchrotron X-ray 
diffraction (XRD) patterns in the low-pressure phase from 1.6 GPa to 
10.0 GPa can be well indexed by the orthorhombic Amam space group 
(Fig. 1a). An anomaly in the positions of the reflection peaks occurs 
around 10 GPa, suggesting a structural transition (Fig. 1b). Our density 
functional theory (DFT) calculations indicate that the structure trans-
forms from the Amam to the Fmmm space group under pressure 
(Fig. 1c). The XRD patterns in the high-pressure phase above 15.0 GPa 
can be indexed by the orthorhombic Fmmm space group. Evolutions 
of the lattice parameters and unit cell volume as a function of pressure 
confirm the structural transition and the DFT calculations (Fig. 1c,d). 
In particular, the space-group transition corresponds to the change of 
the bond angle of Ni–O–Ni from 168.0° to 180° along the c axis, as 
depicted in Fig. 1f. X-ray is not sensitive to the position and content of 
oxygen ions. The structure of the high-pressure phase is determined 
by a combination of the DFT calculations and the XRD refinements. 

The structural parameters of La3Ni2O7 refined at 1.6 GPa and 29.5 GPa 
are listed in Extended Data Table 1. The inter-atomic distance between 
the Ni and apical oxygen is abruptly reduced from 2.297 Å in the Amam 
phase at ambient to 2.122 Å in the Fmmm structure at 32.5 GPa (Extended 
Data Fig. 1).

To explain the electronic structure of La3Ni2O7 under pressure, we 
conducted DFT calculations at 1.6 GPa and 29.5 GPa. The electronic 
structure can be understood by the crystal-field splitting of the NiO6 
octahedron on the eg and t2g orbitals of Ni cations24. Results of the non-
magnetic solution at 1.6 GPa indicate that the electronic states of Ni 

d3 x y−2 2  and d3 z 2  orbitals are well separated from the other three  
Ni t2g orbitals in the energy range of −2 eV to 2 eV and that the Ni d3 x y−2 2  
orbitals with oxygen 2p orbitals dominate across the Fermi level 
(Fig. 2a). The sizes of the hole Fermi surfaces around Γ and the electron 
Fermi surfaces around Y are comparable25. Below and above the  
Fermi level, there are electronic bonding and anti-bonding bands of  
the d3 z 2  electronic states because of the large inter-layer σ-bond  
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Fig. 1 | Structural characterizations of pressurized La3Ni2O7. a, Synchrotron 
XRD patterns of powder samples at various pressures between 1.6 GPa and 
41.2 GPa. b, Pressure dependence of the peak positions labelled by the Miller 
indices of the Amam space group at ambient pressure. c, The orange diamonds 
represent the change of volume as a function of pressure determined from 
experiments. The error bars for pressures between 10 GPa and 20 GPa are  
the volume differences determined from the Amam and Fmmm space groups, 
respectively. The violet circles represent the difference in enthalpy of one  
cell between the space groups Fmmm and Amam as a function of pressure 
calculated using the first-principles method. The enthalpy is defined as 

H = E(V) + PV, where E(V) is the energy. The results indicate the ground  
structure changes to the Fmmm space group at high pressures. d, Lattice 
constants a, b and c refined from the XRD patterns. e, Refinements of the 
synchrotron XRD patterns at 29.5 GPa (top) using the space group Fmmm  
and at 1.6  GPa (bottom) using the space group Amam. f, The Ni–O–Ni angle 
between two adjacent octahedra shaded in cyan changes from 168° in the 
ambient-pressure (AP) Amam space group to 180° in the high-pressure (HP) 
Fmmm space group. g, Crystal structure of La3Ni2O7 with the orthorhombic 
structure. a.u. stands for arbitrary units.
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coupling through an inner apical oxygen (Fig. 2d). There seems to be 
a band gap because of the quantum confinement of the NiO2 bilayer in 
the structure. The splitting makes the d3 z 2  bonding bands lower in 
energy and fully occupied, whereas the d3 x y−2 2  bands are still degener-
ate and have a quarter filling (Fig. 2e). Moreover, the bonding d3 z 2  
electronic states form rather flat bands along both the Γ–X and Γ–Y 
directions, which are the main characteristics of the electronic σ bonds. 
For the high-pressure phase at 29.5 GPa, however, the d3 z 2  bonding 
bands lift upwards crossing the Fermi level as the apical oxygen ions 
are hole-doped (Fig. 2b) and a small-hole Fermi pocket emerges around 
the centre of the Brillouin zone (Extended Data Fig. 2), corresponding 
to the metallization of the lower σ bonds. Furthermore, the same num-
ber of electrons is added to the Ni d3 x y−2 2  orbitals, increasing their 
electron occupation as evidenced by the wider proportion of d3 x y−2 2  
bands below the Fermi level (Fig. 2b). The occupied electrons of Ni 

d3 x y−2 2  orbitals are expected to strongly interact with the 2p orbital 
of oxygen ions, forming the intra-layer Zhang–Rice singlets5. The 
obtained total densities of states reach a maximum at the Fermi energy 

(Fig. 2b). As high pressure is applied, the electronic interactions 
between the bilayers of NiO2 are increased, as evidenced by the enlarged 
splitting of the d3 z 2  orbitals at the X and Y points. Therefore, the unique 
feature of the pressurized electronic structure makes the filling of 
electrons for the two Ni2.5+ cations resemble that of Cu2+ (3d9) in 
hole-doped bilayer cuprates26. The metallization of the inter-layer 
σ-bonding bands shows the emergence of conventional high-Tc super-
conductivity in MgB2, Li3B4C2, H3S and other hydrogen-enriched com-
pounds27–29, enabling us to explore the possible superconductivity in 
the high-pressure phase of La3Ni2O7.

Figure 3a shows the temperature dependence of the resistance for 
La3Ni2O7 single crystals in the pressure range of 0–18.5 GPa. At ambi-
ent pressure, La3Ni2O7 is metallic and behaves like a Fermi liquid. The 
anomalies in resistance that suggest the existence of charge-density 
wave observed previously in polished 80-μm thick samples cannot be 
clearly observed in the unpolished sample23 (Fig. 3a). The single crystals 
used for high-pressure measurements were taken from the sample 
measured at ambient pressure. A pressure of 1.0 GPa can change the  
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Fig. 2 | DFT calculations for La3Ni2O7 at 1.6 GPa and 29.5 GPa. a, Projected 
electronic band structures of Ni cations and O anions in La3Ni2O7 calculated 
using the structural parameters obtained from the synchrotron XRD at  
1.6 GPa and a Coulomb-repulsive U = 4 eV. The corresponding density of  
states (DOS) near the Fermi level are shown on the right. The violet curves 
represent the contributions from La, red curves from Ni and green curves from 
O. b, Projected electronic band structures and the density of states at 29.5 GPa. 
c, Schematic of the three-dimensional orthorhombic Brillouin zone. The red 

lines correspond to the paths of the electronic bands in a and b. d, Schematic  
of the intra-layer σ-bonding states formed by the strong interaction of the Ni 

d3 x y2 − 2  and O 2px/y orbitals (left). The inter-layer σ-bonding and anti-bonding 
states consisting of the Ni d3 z2  and O 2pz orbitals (right). e, Electronic 
configuration of two Ni2.5+ (3d7.5) in the environment of bilayers of NiO6 
octahedra. The dz2  orbitals of two Ni cations in the adjacent layers form the 
bonding and anti-bonding states.
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ground state from metallic to weakly insulating, consistent with 
previous reports30,31. The increase of resistance under a small pres-
sure could be ascribed to the distortion of the NiO6 octahedra32. With 
further increase in pressure, La3Ni2O7 undergoes a weakly insulating 
to metallic transition at about 10 GPa, and a clear drop in resistance 
at about 78.2 K is observed at pressures above 14.0 GPa, indicating a 
superconducting-like phase transition. The temperatures of the drop 
are weakly pressure dependent, reaching 80 K at 18.5 GPa. Above Tc, the 
resistance increases linearly up to 300 K, which is a typical property of 
a strange metal state characterizing the normal state of the optimally 
doped cuprate superconductors33. As pressure gradient and internal 
strain effect could affect the electrical transport properties under 
pressure, as observed in K0.8Fe1.7Se2 (ref. 34) and BaFe2S3 (ref. 35), we 
used a soft material KBr as the pressure-transmitting medium, and 
the resistance is measured at higher pressures (Fig. 3b). The sharp 
drops in resistance and the flat resistance that approaches zero below 
Tc suggest a superconducting transition. The behaviours of resistance 
are repeatable, as shown in Extended Data Fig. 3.

To show the diamagnetic property of our samples under high pres-
sure, we measured the inductive voltage, which can be regarded as a.c. 
magnetic susceptibility36, for the La3Ni2O7 single crystal under pres-
sures up to 28.7 GPa using a diamond anvil cell and a mutual induction 
method37. There is a diamagnetic response below 77 K at 25.2 GPa from 
the real part of the a.c. magnetic susceptibility χ′(T), as shown in Fig. 3c. 
The measured electronic and magnetic properties demonstrate that the 

transition near 80 K corresponds to the emergence of superconductiv-
ity. Magnetic susceptibility below 14.3 GPa was also measured by adopt-
ing a palm-type cubic anvil cell. No detectable diamagnetic response 
corresponds to the weak and broad drops in resistance at 9.4 GPa and 
11.2 GPa in Fig. 3a. Figure 3d shows the evolution of the resistance at 
18.9 GPa under various magnetic fields up to 14 T. The field-suppressed 
superconductivity is more pronounced at lower temperatures. This is 
comparable to that of the cuprate superconductors, in which the onset 
Tc is kept unchanged38. The upper critical field μ0Hc2(0) of La3Ni2O7 has 
been determined using the criterion of 0.9 × R(Tc

onset), where R(Tc
onset) is 

the resistance at the onset Tc. The Ginzburg–Landau formula is adopted 
for fitting μ0Hc2 at various pressures, yielding the highest μ0Hc2 = 186 T 
for 18.9 GPa (Fig. 3e). An estimation of the in-plane superconducting 
coherence length is 4.83 nm for 18.9 GPa at zero temperature.

The electrical and magnetic measurements under high pressure were 
repeated on several single-crystal samples (Extended Data Figs. 3–5). 
The corresponding Tc values are summarized in the temperature–
pressure phase diagram in Fig. 4. The transition from a weak insulating 
phase to a superconducting phase against pressure is similar to the 
hole-doping dependence of superconductivity in the infinite-layer nick-
elate films16,39–41. But the superconductivity with a high transition tem-
perature above the liquid-nitrogen boiling point of 80 K emerges in the 
orthorhombic Fmmm phase, and the Tc values are not markedly changed 
in the superconducting region. The normal state of the superconduc-
tivity shows a strange metal behaviour that is characterized by a linear 
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Fig. 3 | Superconducting transitions in La3Ni2O7 single crystals under 
pressure. a, Resistance of La3Ni2O7 versus temperature at different pressures 
from 1.0 GPa to 18.5 GPa with the gasket of cubic boron nitride (cBN) and epoxy 
mixture. The resistance at ambient pressure was measured independently in an 
unpolished sample. b, High-pressure resistance measurements using KBr as the 
pressure-transmitting medium. The arrow shows the onset superconducting 
transition temperature (Tc). The onset Tc at 18.9 GPa is 78 K. c, The background- 
subtracted real part of the a.c. susceptibility showing a prominent diamagnetic 
response at 25.2 GPa with a current frequency of 393 Hz and a magnitude of 

50 mA. The red solid line in the inset shows the raw data and the grey dashed 
line is a fitted background following the trend above the transition at 77 K. The 
vertical dashed line marks the Tc. d, Resistance curves below 150 K at different 
magnetic fields from 0 T to 14 T at 18.9 GPa. The vertical dashed lines show the 
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temperature-dependent resistance up to 300 K. This may indicate that 
the high-pressure metallic phase is close to a quantum critical regime.

We note that some samples are insulating at low pressures and 
cannot be tuned to metallic state up to 20 GPa. These should be 
related to the presence of slightly deficient oxygen ions in La3Ni2O7−δ. 
Previous experiments have shown that when the oxygen-deficient 
variant 0.08 ≤ δ ≤ 0.63, a phase transition of the structure occurs 
from orthorhombic to tetragonal symmetry and the electrical 
transport properties change from metallic to weakly insulating at 
ambient pressure42,43. With regard to the metallic behaviour of our  
superconducting samples, the deficient oxygen variant δ should be 
less than 0.08.

In summary, we have shown that the electronic occupancy of Ni2.5+ 
(3d7.5) in the Ruddlesden–Popper double-layered perovskite nickelate 
La3Ni2O7 can mimic the Cu2+ of hole-doped bilayer high-Tc cuprates 
because of the presence of strong inter-layer coupling of d3 z 2  orbitals 
using the apical oxygen anions. This inter-layer coupling results in the 
formation of the inter-layer σ-bonding and anti-bonding bands lying 
below and above the Fermi level. Applying a high pressure can realize 
the metallization of the σ-bonding bands below the Fermi level through 
hole doping in the d3 z 2  orbitals and electron doping in the d3 x y−2 2   
orbitals. These are the most important indicators of the high-Tc super-
conductivity with Tc ≈ 80 K observed in La3Ni2O7 single crystals above 
14 GPa. Although both d3 x y−2 2  and d3 z 2  orbitals are involved, these 
features are distinctly different from the infinite-layer superconduct-
ing nickelates, in which the electronic states of oxygen 2p orbitals  
are far below the Fermi level and have a much reduced 3d–2p mixing 
because of the larger separation of their site energies. In our experi-
ments, Tc is comparable with that of the high-Tc cuprate superconduc-
tors1,4 and higher than the record Tc of the iron-based superconductors44. 
This is one of the first experimental reports on the signatures of super-
conductivity in both bulk nickelates and the Ruddlesden–Popper phase 
of nickelates. Our results indicate that the nickel-oxide system enables 
the study of high-Tc superconductors and helps in understanding its 
unconventional high-Tc superconductivity mechanism.
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Methods

Material synthesis
La3Ni2O7 single crystals were grown using a vertical optical-image 
floating-zone furnace at an oxygen pressure of 15 bar and a 5-kW Xenon 
arc lamp (100-bar Model HKZ, SciDre)23.

High-pressure synchrotron X-ray experiments
High-pressure synchrotron radiation XRD data were collected at 
300 K with a wavelength λ = 0.6199 Å at the Beijing Synchrotron Radia-
tion Facility. An asymmetric diamond anvil cell (DAC) with a pair of 
300-μm-diameter culets was used. The steel gasket was pre-indented 
and a diameter of 110 μm was laser-drilled at the centre to serve as a 
sample chamber. The samples were ground into powder and a ruby 
sphere was loaded in the middle of the sample chamber and silicone 
oil was used as a pressure-transmitting medium. The pressure was 
calibrated by measuring the shift of its fluorescence wavelength. The 
data were initially integrated using Dioptas (with a CeO2 calibration)45  
and the subsequent Rietveld refinements were processed using 
TOPAS-Academic46.

High-pressure electrical property measurements
The electrical resistance measurements of La3Ni2O7 single crystals 
were performed using the standard four-probe method. High pres-
sure was generated with screw-pressure-type DAC made of nonmag-
netic Be–Cu alloy. Diamond anvils with a 400-μm culet were used, 
and the corresponding sample chamber with a diameter of 150 μm 
was made in an insulating gasket achieved by cubic boron nitride and 
epoxy mixture. A single crystal with a dimension of 80 × 60 × 10 μm3 
was loaded without pressure-transmitting medium in run 1. Fine KBr 
powders as the pressure-transmitting medium and a single crystal of 
the same size were adopted in run 2. Pressure was calibrated using 
the ruby fluorescence shift at room temperature for all experiments. 
Electrical measurements were taken on a physical property measure-
ment system (PPMS, Quantum Design) providing synergetic extreme  
environments with temperatures from 2 K to 300 K and magnetic fields 
up to 14 T.

The observed transitions and residual resistance depend on the 
pressure-transmitting medium because of the homogeneity of pres-
sure. The resistance of different single-crystal samples of La3Ni2O7 
in run 1, run 3 and run 4 under pressure is measured without a 
pressure-transmitting medium. The transitions are broad down to 
2 K. The transitions in resistance of run 2 with KBr become sharper. 
Moreover, a flat stage in resistance below the transition temperature 
is observed, indicating a superconducting transition. The flat stage is 
not expected for the emergent orders such as charge-density wave and 
spin-density wave. We note that there is only a small drop in resistance 
for the superconducting transition in BaFe2S3 under pressure measured 
using NaCl as the pressure-transmitting medium. Zero resistance is 
achieved by replacing a liquid transmitting medium such as glycerine35. 
However, high-pressure electrical measurement using the liquid trans-
mitting medium is technologically challenging. The nonzero resistance 
of La3Ni2O7 under pressure below the transition may also be related to 
the inhomogeneity of the stoichiometry—in particular, the deviation 
of the oxygen content.

Magnetic susceptibility measurements
The a.c. magnetic susceptibility up to 14.3 GPa using a palm-type 
cubic anvil cell was measured at the Synergetic Extreme Condition 
User Facility. For these measurements, no discernible anomaly 
could be detected (Extended Data Fig. 6). We then measured the a.c. 
magnetic susceptibility up to 28.7 GPa using a magnetic inductive 
technique34,36 in the School of Physics and Optoelectronics, South 
China University of Technology. The 600-μm diamond culets and 
the corresponding sample chamber with a diameter of 180 μm were 

made in a nonmagnetic Be–Cu gasket. The sample chamber was filled 
with fine La3Ni2O7 powder without any other pressure-transmitting 
medium. Pressure values were estimated from the calibration curve 
determined by the ruby fluorescence wavelength at 300 K. This mag-
netic inductive technique consists of three parts—exciting coil, pickup 
coil and compensating coil. The a.c. in the exciting coil of 100 turns 
with a diameter of 8.5 mm is fed from a Stanford Research SR830 
digital lock-in amplifier. The corresponding excitation field is about 
9 oersted. Inside the excitation coil, a pickup coil of 100 turns with a 
diameter of 2.0 mm is wounded around the sample, and a compen-
sating coil is oppositely connected next to it. The alternating mag-
netic field generates electromotive forces in the pickup coil, which is 
detected by Keithley 2182A. The detected signal is a superposition of 
the susceptibility of the metallic parts of the DAC and the susceptibility  
of the sample.

DFT calculations
The first-principles calculations were performed using the DFT as 
indicated in the Vienna ab initio simulation package47. The projector 
augmented-wave method48 with a 600-eV plane-wave kinetic cut-off 
energy was used. The generalized gradient approximation of Perdew–
Burke–Ernzerhof49 form was used for exchange-correlation functional. 
A 19 × 19 × 5 k-points mesh was used for the self-consistent and Fermi 
surface calculations. The lattice parameters were fixed to the experi-
mentally refined lattice constants obtained from XRD. The atomic 
positions were fully optimized until forces on each atom were less than 
0.001 eV Å−1, and the energy convergence criterion was set at 10−6 eV 
for the electronic self-consistent loop.

For the DFT + U treatment of Ni 3d electrons in La3Ni2O7, the U param-
eter was estimated to be 5.9 eV using the linear-response method. We 
tested the U values with 4 eV, 5 eV and 6 eV, which gave similar results. 
Finally, an effective Hubbard U for the 3d electrons of Ni cations was 
chosen as 4 eV in this study50. The energies as a function of volume (E(V)) 
were calculated from the first-principles calculations. The volume of 
the unit cell was fixed using the experimental lattice parameters, and 
the atomic positions were fully optimized. The Murnaghan equation 
was used to fit the E–V data. The pressure dependence of the enthalpy 
can be written as H = E(V) + PV. The ground-state phase was determined 
from the enthalpy.

Data availability
Source data are provided with this paper.
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Extended Data Fig. 1 | Ni-O distances in the NiO6 octahedra of La3Ni2O7 
under pressure. a, Ni-O distances against pressure. The lattice constants are 
refined from synchrotron X-ray diffraction. The Ni-O distances are determined 

from optimization by the density functional theory and used in the 
calculations. b, Sketch of the NiO6 octahedra. The d1, d2, d3, and d4 label the 
corresponding Ni-O distances.
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Extended Data Fig. 2 | Density functional theory calculations for La3Ni2O7 at 
1.6 and 29.5 GPa. a–f, Orbital-decomposed band structures of La3Ni2O7 at a–d 
1.6 GPa and e–f 29.5GPa. i, The total density of states at 1.6 and 29.5 GPa near  
the Fermi level. j, Schematic of the three-dimensional reciprocal unit cell.  
The red lines correspond to the paths of the electronic bands. k, Calculated 

two-dimensional Fermi surfaces of La3Ni2O7 in a Brillouin zone at 1.6 GPa 
marked by a black square. The Fermi surfaces consist of electrons bands (α1,2) 
and a hole band (β1). l, Two-dimensional Fermi surfaces of La3Ni2O7 at 29.5 GPa. 
Additional hole bands (Ni d3 z 2) cross the Fermi level.



Extended Data Fig. 3 | Resistance measurements of La3Ni2O7 single crystals 
under pressure acquired in different runs. a–c, Resistance curves obtained 
from: a, Run 1, b, Run 3, and c, Run 4 measured with a gasket of cubic boron 
nitride without a pressure-transmitting medium. The vertical dashed lines 

indicate the onset superconducting transition temperature Tc. The inset in a is 
a photo showing the electrodes for the high-pressure measurements. A current 
of 10 μA was used for the measurements.
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Extended Data Fig. 4 | Suppression of superconductivity of La3Ni2O7 by external magnetic fields. a,b, Resistance measured at a, 29.1 GPa and b, 43.5 GPa in the 
Run 2 with KBr as the pressure transmitting medium. The horizontal dashed lines mark 0.9 × R(Tc

onset), where R(Tc
onset) is the resistance at the onset Tc.



Extended Data Fig. 5 | Diamagnetic response measurements of La3Ni2O7 
under pressure using the magnetic inductive technique. a–c, Raw data of 
the real part of the ac susceptibility showing a prominent diamagnetic 
response at 28.7 GPa with a current magnitude of 50 mA and frequency of a 373, 
b 393, c 423 Hz. d–f, Identical measurements at 25.2 GPa. The red dashed lines 
are fitted backgrounds following the trend above the superconducting 
transitions. Insets in a–f show the diamagnetic signals obtained by subtracting 
the fitted linear backgrounds. The transition temperature shifts because the 

pressure changes for each measurement. g, h, Diamagnetic response 
measurements at 5.3 GPa measured during the decompressing process with a 
373 and 393 Hz frequency current, respectively. i, The background 
measurement of the diamagnetic response of the cell without a sample. The 
inset in i is an image of the experimental set-up for the ac susceptibility 
measurements in a diamond-anvil cell, with a signal coil around the diamond 
anvils and a neighbor compensating coil.
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Extended Data Fig. 6 | Magnetic susceptibility of La3Ni2O7 measured at 13.0 
GPa with the palm-type cubit anvil cell. The sharp drop at 3.6 K corresponds 
to the superconducting transition of Pb, which is used to calibrate the pressure. 
No other obvious transitions are reflected from the magnetic susceptibility.



Extended Data Table 1 | Lattice parameters refined from experiments and optimized theoretically

Refined lattice parameters, atomic coordinates of La3Ni2O7 at 1.6 and 29.5 GPa. The values in the brackets are parameters optimized by the density functional theory method and adopted in the 
calculations.
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