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We explore the optical properties of La3Ni2O7 bilayer nickelates by using density functional theory includ-
ing a Coulomb repulsion term. Convincing agreement with recent experimental ambient-pressure spectra is
achieved for U ∼ 3 eV, which permits tracing the microscopic origin of the characteristic features. Simulta-
neous consistency with angle-resolved photoemission spectroscopy and x-ray diffraction suggests the notion of
rather moderate electronic correlations in this novel high-Tc superconductor. Oxygen vacancies form predomi-
nantly at the inner apical sites and renormalize the optical spectrum quantitatively, while the released electrons
are largely accommodated by a defect state. We show that the structural transition occurring under high pres-
sure coincides with a significant enhancement of the Drude weight and a reduction of the out-of-plane interband
contribution that act as a fingerprint of the emerging hole pocket. We further calculate the optical spectra for
various possible magnetic phases including spin-density waves and discuss the results in the context of exper-
iment. Finally, we investigate the role of the 2-2 versus 1-3 layer stacking and compare the bilayer nickelate
to La4Ni3O10, La3Ni2O6, and NdNiO2, unveiling general trends in the optical spectrum as a function of the
formal Ni valence in Ruddlesden-Popper versus reduced Ruddlesden-Popper nickelates.

I. INTRODUCTION8

The recent observation of superconductivity with Tc ∼9

80 K in pressurized La3Ni2O7 [1–3] suggested the bilayer10

Ruddlesden-Popper compounds as an intriguing new mem-11

ber of the steadily growing family of superconducting nick-12

elates [4–10] and instantly sparked considerable interest [11–13

40]. Despite these efforts, several aspects remain unclear so14

far. Specifically, the pairing mechanism and its relation to15

the pressure-driven structural transition from a Cmcm to an16

Fmmm [1, 23, 29] or I4/mmm space group [31, 37], both17

involving a suppression of the NiO6 octahedral rotations, is18

still intensely debated [12–14, 22, 23, 28, 39].19

The key ingredient to understand superconductivity on a20

fundamental level is an appropriate electronic structure. This21

necessitates a careful assessment of ab initio results and22

specifically raises a question about the role of electronic cor-23

relations in La3Ni2O7. Angle-resolved photoemission spec-24

troscopy (ARPES) reported a two-band Fermi surface at am-25

bient pressure [34]. Simultaneously, the formation of an ad-26

ditional Ni-3dz2 -derived flat band around the zone corner,27

∼ 50 meV below the Fermi level, has been observed [34].28

Density functional theory analysis of the Drude peak in the29

in-plane optical conductivity similar to Qazilbash et al. [41]30

suggested that La3Ni2O7 features strong electronic correla-31

tions, placing it in terms of Mottness close to the reference32

superconductor La2CuO4 [30].33

Intriguingly, optical spectra permit deeper insight into the34

electronic structure in a more complete energy window via the35

interband transitions. The availability of recently measured36
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experimental data provides a unique opportunity to estimate37

the correlation effects by following this distinct route.38

This motivated us to explore the optical properties of39

La3Ni2O7 bilayer nickelates from first principles including40

a Coulomb repulsion term. Convincing agreement with the41

experimental spectrum at ambient pressure is achieved for42

U ∼ 3 eV, which puts us in position to trace the microscopic43

origin of its characteristic features. In addition to the in-plane44

optical conductivity, we also predict the out-of-plane compo-45

nent, uncovering an unexpectedly strong anisotropy that re-46

verses as a function of frequency. Simultaneously, Ni 3dz2 en-47

ergies consistent with recent ARPES results and accurate lat-48

tice parameters are obtained, establishing the notion of rather49

moderate electronic correlations in La3Ni2O7. Moreover, we50

provide trends in the optical spectrum due to explicit oxygen51

vacancies, which predominantly occur at the inner apical sites.52

The released electrons are largely accommodated by an emer-53

gent defect state, in sharp contrast to doping the system.54

Subsequently, we predict that the structural transition oc-55

curring under high pressure is accompanied by a signifi-56

cant enhancement of the Drude peak and a reduction of the57

out-of-plane interband contribution, which opens a route to58

track the proposed changes in Fermi surface topology [1, 11–59

14, 23, 28] in future c-axis measurements. The impact of60

different magnetic phases including spin-density waves is in-61

vestigated. Finally, we uncover a distinct optical signature of62

the 2-2 versus 1-3 layer stacking [42, 43] and discuss the bi-63

layer compound in the broader context of related Ruddlesden-64

Popper and reduced Ruddlesden-Popper nickelates, identify-65

ing fundamental differences between the two families, but66

also general trends in the optical response relating to the for-67

mal Ni valence.68
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Figure 1. Optical properties of La3Ni2O7 at ambient pressure. (a) Optical in-plane conductivity σxx,yy(ω) and (b) out-of-plane conduc-
tivity σzz(ω), comparing DFT+U results for the stoichimetric case (blue) and in the presence of an explicit oxygen vacancy (VO) (red) to the
experimental data (black [30]), which uncovers very good qualitative and quantitative agreement for the interband transitions. The dashed lines
at low energies represent exclusively the interband contributions. (c) Low-energy anisotropy σxx,yy(ω) versus σzz(ω) of La3Ni2O7 from pan-
els (a,b). (d) Corresponding optimized geometries, together with the site-resolved VO formation energies. (e) Selected Γ-point wave functions
(absolute square) in La3Ni2O7 of the occupied Ni 3dx2−y2 (top and side view), occupied ’bonding’ Ni 3dz2 , and empty ’antibonding’ Ni 3dz2
states, revealing a distinct involvement of the inner apical oxygen ions. (f,g) Energy- and k-resolved transition dipole moments |P 2

α(n, k⃗)|0.5
(initial and final states depicted in red and blue, respectively) together with the orbital-resolved band structure. Large arrows mark the charac-
teristic transitions shown in panels (a,b). Small arrows highlight key differences in the band structure induced by the explicit VO. The insets
show the corresponding Fermi surfaces, colored by the Fermi velocity.

II. RESULTS69

A. Optical spectrum, dipole transition analysis, and impact of70

oxygen vacancies71

We begin with a detailed analysis of the in-plane opti-72

cal conductivity σxx,yy(ω) of La3Ni2O7 at ambient pres-73

sure [Fig. 1(a); Cmcm space group] and close comparison74

with recently measured data obtained from reflectivity exper-75

iments [30]. At least four characteristic interband peaks can76

be identified in the experimental spectrum: A small prepeak77

at around ω ∼ 0.35 eV (A), two dominant peaks at 0.9 eV (B)78

and 1.2 eV (C), and a smaller peak at 2.3 eV (D). Interestingly,79

we find that the simulated spectrum obtained for U = 3 eV80

nicely reproduces these features both qualitatively and quan-81

titatively. The quantitative agreement (i.e., the peak intensi-82

ties and peak energies) is particularly good for peaks B and83

D, whereas the energy of peak C is overestimated by 0.3 eV.84

Furthermore, close inspection uncovers a small fifth peak at85

ω ∼ 2.7 eV (E) that is reproduced at ∼ 2.8 eV. The simula-86

tion even predicts a finite spectral weight near peak A. Since87

the experimental in-plane Drude peak is significantly renor-88

malized [30], as one can see by comparing to our simulated89

result, such low-energy interband features can be clearly re-90

solved.91

The convincing agreement of the simulated spectrum for92

La3Ni2O7 and experimental observations puts us in a posi-93

tion to trace the microscopic origin of its characteristic fea-94

tures. The energy- and k-resolved TDMs P 2
α(n, k⃗) in con-95

junction with the orbital-resolved band structure [Fig. 1(f)]96

allow us to identify spectral peaks B and C to in-plane polar-97

ized transitions between Ni 3dx2−y2 and Ni 3dz2 states. The98

low-energy spectral weight (A) stems from excitations in the99

immediate vicinity of the Fermi level, particular at finite kz ,100
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which are promoted by the substantial octahedral rotations. At101

higher energies, transitions from the O 2p valence states to the102

Ni 3dz2 states can be observed (D, E).103

The predicted out-of-plane optical conductivity σzz(ω)104

[Fig. 1(b)], while smaller for low energies as expected in a lay-105

ered system (see inset), exceeds the in-plane components sub-106

stantially for ω > 0.35 eV and uncovers a strong anisotropy107

of the optical response. The spectrum features a very pro-108

nounced peak at ∼ 1.1 eV that consists of at least two distinct109

contributions (A, B), a smaller peak at ∼ 1.9 eV (C), and a110

broad peak around 3.2 eV (D). The Drude peak is rather neg-111

ligible. We attribute these features to strong transitions be-112

tween the occupied ’bonding’ Ni 3dz2 states and empty ’anti-113

bonding’ Ni 3dz2 states (A, B) as well as unoccupied Ni 3dz2–114

Ni 3dx2−y2–O 2p hybrid states around the M point (C), but115

also to excitations from the O 2p valence states to Ni 3dx2−y2116

states (D) [Fig. 1(f)]. Interestingly, comparison of the TDMs117

thus reveals that light with varying polarization excites tran-118

sitions between highly distinct electronic states in these novel119

nickelate compounds.120

Figure 1(e) visualizes the Γ-point wave functions of se-121

lected states in La3Ni2O7 that contribute prominently to the122

optical spectrum. We see that the states extend over the en-123

tire bilayer due to the substantial Ni 3d-O 2p hybridization.124

In the Ni-3dx2−y2 -derived states in the valence band, only125

the basal oxygen ions are involved. In stark contrast, the Ni-126

3dz2 -derived states in the valence and conduction band show a127

strong hybridization with the apical oxygen ions, but simulta-128

neously minor contributions from the basal oxygen ions. No-129

tably, the charge density at the inner apical oxygen site is con-130

siderably higher for the final than for the initial states; there-131

fore, even an excitation with out-of-plane polarization is as-132

sociated with a certain degree of charge transfer. This is con-133

sistent with the band structure [Fig. 1(f)], which uncovers an134

increasing involvement of oxygen in the Ni eg states with in-135

creasing energy.136

A further interesting unknown at the present time is the role137

of oxygen vacancies (VO’s) in the physics of bilayer nicke-138

lates [28, 31, 38]. It has been reported that the normal-state139

properties of La3Ni2O7 depend sensitively on the oxygen con-140

tent; in particular, oxygen appears to control the metallicity of141

the samples [44–46]. In order to obtain a first-principles im-142

pression of the trends in the optical spectrum, we consider143

an explicit single VO in the unit cell. Surprisingly, we iden-144

tify inner apical oxygen [site 3; see Fig. 1(d)] as the lowest145

formation energy site (EVO
f = 2.99 eV/VO), which has been146

confirmed independently by high-resolution electron ptychog-147

raphy [47]. Still, this formation energy is higher than e.g.148

in perovskite LaNiO3 (∼ 2.8 eV [48]). The formation ener-149

gies of basal VO’s (site 2, 3.53 eV/VO) and outer apical VO’s150

(site 1, 5.06 eV/VO) are even further enhanced and reach val-151

ues reminiscent of SrTiO3 [49, 50], which suppresses these152

defects exponentially.153

Figure 1(a) shows that the presence of an explicit VO leaves154

the overall structure of the in-plane optical spectrum invari-155

ant, but enhances the spectral weight below 0.6 eV and re-156

duces the intensity of the two main peaks B and C, rendering157

values closer to experiment. Furthermore, the right slope of158

peak C becomes less steep and the spectral weight beyond159

ω > 2.6 eV is increased, which also brings the simulated160

curve closer to experiment. Simultaneously, peak D can no161

longer be resolved, which indicates that the present VO con-162

centration (corresponding formally to La3Ni2O6.75) is higher163

than in the experimental sample. For out-of-plane polarization164

[Fig. 1(b)], the intensity of peak B is significantly reduced,165

while peaks C and D are broadened and shifted to higher en-166

ergies.167

Inspection of Fig. 1(g) shows that the overall band structure168

and the TDMs stay similar to the stoichiometric case, partic-169

ularly in the ideal bilayer without VO. Interestingly, two de-170

fect states with strong Ni 3dz2 character emerge at −0.8 and171

−1.5 eV. One of these states is split off from the conduction172

band and accommodates the two released electrons. Slight173

variations of EF can be attributed to states with Ni 3dx2−y2174

character around the M point, which experience a lifting of175

the degeneracy along the Brillouin zone boundary in the de-176

fective bilayer. Concomitantly, the Fermi surfaces show a177

strongly reconstructed shape and reduced Fermi velocity (i.e.,178

increased resistivity; blue colors) in the defective bilayer, par-179

ticularly near the M point [Fig. 1(g)].180

This mechanism confines the impact of VO’s largely to the181

defective bilayers, while the remaining system shows an elec-182

tronic structure close to the stoichiometric compound at only183

modest electron doping. This is reflected in the renormaliza-184

tions of the optical spectrum, which we find to be moderate in185

view of the rather high VO concentration considered here. We186

therefore speculate that the general nesting properties of the187

stoichiometric compound are relatively robust and may carry188

over to the Fermi surface in slightly oxygen-deficient samples,189

resulting in a similar superconducting pairing.190

B. Correlation dependence of the optical spectrum191

Next, we investigate how the ambient-pressure optical spec-192

trum of La3Ni2O7 varies with the Coulomb repulsion param-193

eter, and estimate the strength of the electronic correlations in194

this system by comparison to recent experimental data.195

Figure 2(a) shows that U has a very strong impact on the196

in-plane optical conductivity, affecting both its intensity and197

shape. Specifically, we observe a reduction in overall inten-198

sity from U = 0 to 5 eV, probably due to decreasing TDMs,199

and a simultaneously raising energy of peak C due to an in-200

creasing separation of the Ni 3dz2 and Ni 3dx2−y2 states (see201

Supplementary Information). For higher U values, the energy202

of peak B is concomitantly decreased.203

We identify the best overall agreement with recent exper-204

imental data [30] for U = 3 eV [Fig. 2(a)]. While the B-205

C energy difference is even more accurately described for206

yet smaller U values, the peak intensities are up to twice as207

high as the experimental curve, whereas the spectral weight208

for photon energies between ω ∼ 2-3 eV is considerably un-209

derestimated. Good quantitative agreement is also found for210

U = 4 eV, albeit with overestimated B-C energy difference.211

For U ≥ 5 eV, we find a clear disagreement with experiment212

that particularly manifests in the strongly overestimated B-C213
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Figure 2. Correlation dependence of the optical spectrum of La3Ni2O7 at ambient pressure. (a) Optical in-plane conductivity σxx,yy(ω)
as a function of the on-site Coulomb repulsion parameter, exhibiting strong variations with U and very good quantitative agreement with
experimental data (black [30]) around U ∼ 3 eV. In addition to spectra obtained for consistently optimized lattice parameters (magenta),
the panels show results for the experimental cell geometry (cyan). (b) Evolution of the corresponding out-of-plane component σzz(ω).
(c) Optimized lattice parameters (±0.5% error bar) compared to x-ray diffraction data [46], demonstrating very good agreement for U ∼ 1.5-
3.5 eV.

energy difference. This poses an upper limit to the static cor-214

relation effects in La3Ni2O7.215

Additionally, Fig. 2(b) displays the correlation dependence216

of the out-of-plane component σzz(ω). The characteristic217

peak around ∼ 1.1 eV exhibits only a minor energy shift and218

predominantly becomes narrower with increasing U . In sharp219

contrast, peak C follows a pronounced nonlinear trajectory to-220

wards higher energies with increasing U , reflecting the con-221

tinuous lowering of the occupied Ni 3dz2 states and the con-222

comitant raise of the Ni 3dx2−y2 states, particularly the empty223

ones around the M point (see Supplementary Information).224

At present, we are not aware of available experimental data225

for the out-of-plane component of the optical conductivity.226

Future measurements, particularly for peak C, would provide227

intriguing additional information about the correlation effects.228

The quality of the estimated U value can be tested by an-229

alyzing the predicted cell geometry. Figure 2(c) shows that230

the in-plane lattice parameters a, b decrease monotonically231

from 5.41, 5.50 Å (U = 0 eV) to 5.30, 5.36 Å (7 eV). In232

sharp contrast, the out-of-plane lattice parameter c increases233

simultaneously from 20.32 to 21.41 Å. Consistent with the234

analysis of the optical spectrum, we find that U ∼ 1.5-3.5 eV235

renders close agreement (within ±0.5% error bars) with the236

experimental lattice parameters a = 5.396, b = 5.449,237

c = 20.516 Å from x-ray diffraction (XRD) [31, 46].238

Moreover, recent angle-resolved photoemission spec-239

troscopy (ARPES) on La3Ni2O7 identified the formation of240

Ni-3dz2 -derived states ∼ 50 meV below the Fermi level [34].241

For U = 3 eV (4 eV), we observe the Ni 3dz2 states242

∼ 60 meV (150 meV) below the Fermi energy (see Supple-243

mentary Information), an important agreement given current244

debates about the electronic structure of bilayer nickelates.245

This corroborates our conclusion in favor of U ∼ 3 eV.246

By comparing the Drude weight obtained from experiments247

to DFT calculations, previous work found that La3Ni2O7 fea-248

tures strong electronic correlations that significantly reduce249

the kinetic energy of the electrons and place the bilayer nick-250

elate in terms of Mottness close to the parent compound of251

cuprate superconductors La2CuO4 [30]. The present quanti-252

tative analysis of the optical interband transitions, which re-253

flect the relative energies of the active Ni eg orbitals and their254

distance to the O 2p states in the valence band, as well as the255

consistency with ARPES and XRD rather establish the notion256

of moderate electronic correlations in this novel high-Tc su-257

perconductor.258

The rare-earth nickelates [51] including the infinite-layer259

compounds [52–55] are known to exhibit a more cova-260

lent nature and distinct Ni-O hybridization than related261

cuprates. Consequently, the latter are often described by262

higher Hubbard-U values such as 6.5 eV [56, 57] than nick-263

elate systems (1-4 eV [58–64]). It has been reported that the264

bilayer nickelates show a strong involvement of the oxygen265

system as well [23, 31]. The resulting more delocalized wave266

functions rationalize the trend of reduced electronic correla-267

tions relative to the paradigmatic cuprate superconductors.268
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Figure 3. Evolution of the optical spectrum of La3Ni2O7 un-
der high pressure. Optical conductivities σxx(ω), σyy(ω), and
σzz(ω) of La3Ni2O7 (a) at ambient pressure, (b) at 30 GPa, and
(c) at 50 GPa. The insets show a larger energy range. (d) Corre-
sponding Fermi surfaces, colored by the Ni orbital character (dz2 −
dx2−y2)/(dz2 + dx2−y2). (e) Energy- and k-resolved transition
dipole moments at 30 and 50 GPa (cf. Fig. 1) provide a microscopic
explanation for the changes observed in the optical spectrum.

C. Evolution of the optical spectrum under high pressure269

Based on these insights, we now predict the pressure depen-270

dence of the optical conductivity of La3Ni2O7 consistently at271

U = 3 eV and thereby track the changes in the electronic272

structure across the structural phase transition.273

Figure 3(a) shows σxx(ω), σyy(ω), and σzz(ω) for the274

orthorhombic Cmcm geometry at ambient pressure. In275

sharp contrast to the pronounced in-plane versus out-of-plane276

anisotropy, the in-plane anisotropy σxx(ω) ̸= σyy(ω) is rather277

small. The inset shows that the optical spectrum exhibits a dis-278

tinct ’hump’ of moderate anisotropy between ∼ 4 and 12 eV.279

We assign it predominantly to transitions from O 2p (below280

−2 eV) to La 5d (above 1.8 eV) [Fig. 1(f)]. Since the corre-281

sponding TDMs are relatively low, its considerable magnitude282

is a cumulative effect related to a high density of states.283

At 30 GPa [Fig. 3(b)], the in-plane anisotropy vanishes284

due to the orthorhombic-to-tetragonal phase transition. The285

in-plane peaks B (1.3), C (1.7), and D (2.45 eV) as well286

as the out-of-plane peaks A (0.9), B (1.4), and C (2.3 eV)287

are shifted to higher photon energies. This can be under-288

stood from a pressure-enhanced energy difference between289

the lower and upper Ni 3dz2 states that is accompanied by an290

increased energy of the Ni 3dx2−y2 states, specifically around291

the M point [31]. The in-plane peak A vanishes for finite292

pressure (not visible) due to the quenched octahedral rota-293

tions. Simultaneously, the Drude peak is considerably inten-294

sified due to the metallization of the Ni 3dz2 states [γ pocket,295

Fig. 3(d)]: The DFT+U plasma frequencies increase from296

ω2
p,xx,yy ∼ 9.75 to 16.65 eV2 and from ω2

p,zz ∼ 0.02 to297

0.20 eV2 (see Supplementary Information). The hump ex-298

periences a substantial broadening and now extends towards299

higher energies owing to the pressure-induced increase of the300

O 2p band width (lowering of the energy onset of the O 2p301

states) in the valence band [31].302

At 50 GPa [Fig. 3(c)], the in-plane peaks B (1.4), C (1.8),303

and D (2.7 eV) as well as the out-of-plane peaks A (0.95),304

B (1.45), and C (2.4 eV) are shifted to even higher energies.305

Concomitantly, the out-of-plane Drude weight is further in-306

creased (ω2
p,zz ∼ 0.31 eV2).307

Interestingly, we observe a pressure-induced intensity re-308

duction of the out-of-plane peak B, which directly reflects309

the partial depletion of the ’bonding’ Ni 3dz2 states in the310

valence band [Figs. 3(e) and 1(f)]. Simultaneously, a new311

transition from ∼ −1.2 eV to these depleted states becomes312

active [Fig. 3(e)]. Together with the Drude peak enhance-313

ment, this allows us to experimentally track the proposed314

emergence of a hole pocket γ [1, 11–14, 23, 28]), which315

plays a key role in the suggested s± superconductivity mech-316

anism [12, 13, 22, 23, 28]. Therefore, the results promote op-317

tical spectroscopy as powerful technique to track transitions318

of the Fermi surface topology in high-pressure experiments.319

D. Optical signature of different magnetic phases320

Recent measurements suggested the presence of a spin-321

density wave (SDW) in La3Ni2O7 at ambient pressure [38,322

65]. However, nuclear diffraction and nuclear magnetic res-323

onance studies found no long-range magnetic order [66, 67].324

Motivated by this topical discussion, we explore the optical325

spectra for different magnetic phases in Fig. 4, which have326

been obtained by performing simulations for large supercells.327

We find a unique optical signature with strong in-plane ver-328

sus out-of-plane anisotropy for each magnetic phase. For329

instance, the prominent peak in σzz(ω) (A, B) is shifted to330

higher energies (2.6-2.8 eV) for the (π, 0) antiferromagnetic331

(AFM) stripe order suggested in Ref. [23] and the AFM-A332

order (with and without site disproportionation, i.e., an in-333

plane checkerboard charge and spin modulation [31]) and is334

less pronounced than in the nonmagnetic case. For all AFM335

phases [Fig. 4(c)-(f)], the σzz(ω) Drude peak is negligible or336

fully quenched, and the interband onset of σzz(ω) is found at337

higher energies than for σxx,yy(ω).338

The (π/2, π/2) bi-stripe AFM order superimposed by339

Ni2+/Ni3+ charge order [Fig. 4(f)] has been proposed recently340
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by experiment [68] and theory [69] as good representation of341

the SDW in La3Ni2O7. Similar to AFM-A order with site342

disproportionation, the σxx,yy(ω) Drude peak is absent due to343

the emergence of a finite band gap.344

Interestingly, the experimental curve, which has been mea-345

sured at T ∼ 150 K [30] above the SDW transition, agrees346

best with the result of our nonmagnetic simulation, judging347

from the overall shape and peak positions of the interband348

spectrum together with the presence of a Drude peak. Notably,349

the sample remains metallic down to low temperatures [30].350

These results will be helpful in the interpretation of future351

low-temperature studies.352

E. Role of the layer stacking and comparison with related353

Ruddlesden-Popper nickelates354

Finally, we discuss the results for the bilayer com-355

pound La3Ni2O7 [Fig. 5(c)] in the broader context of re-356

lated Ruddlesden-Popper (RP, An+1NinO3n+1) and reduced357

Ruddlesden-Popper (RRP, An+1NinO2n+2) nickelates.358

We observe comparable shapes of the optical conductiv-359

ity for the three RP members [Fig. 5(a-c)] shown. The tri-360

layer nickelate La4Ni3O10 [n = 3, Fig. 5(a)] has recently361

been proposed to be superconducting [71, 72]. The char-362

acteristic out-of-plane peak, which is found to universally363

stem from transitions between Ni-3dz2 -derived quantum-well364

states [cf. Fig. 1(f)], is lowered to ω ∼ 0.75 eV due to the re-365

duced quantum confinement relative to the bilayer compound.366

An interesting variant of the n = 2 bilayer geometry is the367

recently observed 1-3 stacking [42, 43] [Fig. 5(b)]. We find it368

to be metastable and 82 meV/f.u. above the 2-2 ground state.369

The simulated spectra strongly resemble their n = 3 analogs.370

In particular, the characteristic out-of-plane peak appears at371

the same energy as in La4Ni3O10, yet with reduced intensity.372

Unique manifestations of the single-layer ∼ 2+ Ni states in373

the spectrum are not observed.374

We find the best agreement of the experimental spectrum375

with our theoretical results for La3Ni2O7 in the bilayer 2-2376

stacking [Fig. 5(c)]. In contrast, in the predicted spectrum for377

the 1-3 stacking, the in-plane peak B is significantly lower378

than the experimental data and peak D is not visible at all,379

whereas peak C and the spectral weight below 0.6 eV are over-380

estimated. We speculate that 2-2 and 1-3 phases may coex-381

ist in experimental samples. Intriguingly, the results establish382

σzz(ω) as ideal observable to quantify their relative volume383

fraction due to the highly characteristic peak energies.384

Complete reduction of the apical oxygen in La3Ni2O7 re-385

sults in the RRP structure La3Ni2O6 [73, 74] [Fig. 5(d)].386

The formal Ni valence jumps from 2.5+ to 1.5+ due to the387

released electrons, which we find to be largely accommo-388

dated by the Ni 3dz2 states. Hence, the spectral weight up389

to ω ∼ 2 eV is strongly suppressed; specifically, the charac-390

teristic peaks in σxx,yy(ω) and σzz(ω) vanish. A double peak391

appears in σzz(ω) between 2-3 eV, which is far less intense392

than in the RP nickelates and of different origin; we attribute393

it to transitions between Ni 3dz2 and La 5d states.394

The n = ∞ end member of the RRP series is the infinite-395

layer geometry [Fig. 5(e)], in which the Ni 3dz2 states are396

fully occupied [53, 75]. Here we consider NdNiO2 [Fig. 5(e)],397

which hosts superconductivity in film geometry [4]. The398

in-plane optical conductivity agrees reasonably with earlier399

DFT+DMFT simulations for LaNiO2 [70] (inset), particular400

in the interband regime, which corroborates the validity of our401

approach. In addition, we predict the out-of-plane component,402

which uncovers a further reduced anisotropy. With respect to403

La3Ni2O6, the interband onset of σzz(ω) shifts to lower en-404

ergies and now coincides with σxx,yy(ω) at ∼ 1 eV. While405

the characteristic peaks are absent, we find the higher-energy406

spectral weight to be enhanced in the RRP versus RP com-407

pounds.408

These observations mirror fundamental differences in the409

electronic structure between the two Ruddlesden-Popper fam-410

ilies. The successive occupation of the Ni 3dz2 states provides411

each material with its unique optical signature. This mani-412

fests predominantly in the out-of-plane component, but also413

for in-plane polarization due to the pronounced Ni 3dx2−y2 -414

3dz2 coupling (cf. Fig. 1). The optical spectra of the RP nick-415

elates exhibit characteristic peaks with substantial anisotropy.416

In sharp contrast, since the Ni 3dz2 states are largely filled417

in the RRP compounds, the corresponding spectra are dom-418

inated by the hump, which is complemented by excitations419

from Ni 3d to rare-earth 5d states and extends to lower ener-420

gies due to the higher Fermi level.421
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Figure 5. Role of the layer stacking in La3Ni2O7 and comparison with related Ruddlesden-Popper nickelates. Optical conductivity (in-
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III. DISCUSSION422

The optical properties of La3Ni2O7 bilayer nickelates were423

investigated by performing density functional theory simu-424

lations including a Coulomb repulsion term. We analyzed425

specifically the microscopic origin of the interband transi-426

tions, which reflect the relative energies of the active Ni eg427

orbitals and their distance to the O 2p states in the valence428

band, and uncovered a surprisingly strong anisotropy of the429

optical response that reverses with frequency. The optical430

spectrum was found to be considerably impacted by on-site431

correlation effects, and very good agreement with experiment432

at ambient pressure is attained for U ∼ 3 eV. This value si-433

multaneously provides Ni 3dz2 energies consistent with recent434

angle-resolved photoemission spectroscopy as well as lattice435

parameters that are in close agreement with x-ray diffraction.436

The renormalizations of the optical spectrum due to oxygen437

vacancies, which were found to predominantly occur at the438

inner apical sites, further improve the agreement with experi-439

ment. Their explicit treatment revealed that the released elec-440

trons are largely accommodated by an emergent defect state,441

as opposed to charge doping the sample.442

We found that the structural transition occurring under high443

pressure is accompanied by a significant enhancement of the444

Drude weight and a concomitant reduction of the out-of-plane445

interband component, which act as a fingerprint of the pro-446

posed Ni 3dz2 hole pocket formation. This promotes optical447

spectroscopy as powerful technique to track transitions of the448

Fermi surface topology in high-pressure experiments.449

Moreover, we identified the unique optical signature of dif-450

ferent magnetic phases in La3Ni2O7 at ambient pressure, in-451

cluding very recent models of spin-density waves. These452

insights will be helpful in the interpretation of future low-453

temperature studies.454

Furthermore, we discussed the topical question of the 2-2455

versus 1-3 layer stacking in La3Ni2O7. The out-of-plane op-456

tical conductivity emerges as ideal observable to quantify the457

relative volume fraction of these possibly coexisting phases458

due to their highly characteristic peaks.459

Finally, we broadened the perspective by comparing the460

bilayer nickelate to La4Ni3O10, La3Ni2O6, and NdNiO2,461

which unveiled that each material exhibits its unique opti-462

cal signature. We identified fundamental differences between463

Ruddlesden-Popper and reduced Ruddlesden-Popper nicke-464

lates, but also general trends that relate to the formal Ni va-465

lence.466

In conclusion, the present comprehensive study estab-467

lishes the notion of rather moderate electronic correlations in468

La3Ni2O7. The uncovered trends and their microscopic anal-469

ysis may guide future experiments, support the quest towards470

understanding the origin of superconductivity in this high-Tc471

nickelate, and accelerate the discovery of related compounds472

with enhanced properties.473

METHODS474

Density functional theory calculations475

We performed first-principles simulations in the frame-476

work of (spin-polarized) density functional theory (DFT [76])477

as implemented in the Vienna Ab initio Simulation Pack-478

age (VASP) [77, 78], employing a wave-function cutoff of479

520 eV. Exchange and correlations were described by using480
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the generalized gradient approximation as parameterized by481

Perdew, Burke, and Ernzerhof [79]. Static correlation effects482

were considered within the DFT+U formalism [80, 81], using483

U = 3 eV at the Ni sites unless stated otherwise.484

To account for octahedral tilts and oxygen vacancies, the485

La3Ni2O7−δ bilayer nickelates (δ = 0, 0.25) were modeled486

by using orthorhombic 48-atom unit cells. The Brillouin zone487

was sampled employing 12× 12× 4 Monkhorst-Pack [82]488

and Γ-centered 19× 19× 5 k⃗-point grids in conjunction with489

a Gaussian smearing of 5 mRy. The lattice parameters a, b490

and c as well as the internal ionic positions were accurately491

optimized in DFT+U under zero and finite external pressure,492

reducing ionic forces below 1 mRy/a.u. We proceeded analo-493

gously for La4Ni3O10, La3Ni2O6, and NdNiO2.494

The oxygen vacancy formation energies are related to the495

DFT+U total energies via496

EVO
f = E(La3Ni2O7−δ)− E(La3Ni2O7) + δ µO , (1)

where µO = 1
2E(O2) models the oxygen-rich limit. The497

well-known overbinding of gas-phase O2 molecules in DFT498

necessitates a correction of E(O2), which we performed499

such as to reproduce the experimental O2 binding energy of500

5.16 eV [48, 50, 83–86].501

We obtain the imaginary part of the frequency-dependent502

dielectric function εαβ(ω) = ε
(1)
αβ(ω) + i ε

(2)
αβ(ω) from the503

cell-periodic parts of the Kohn-Sham states |n, k⃗⟩ and the cor-504

responding eigenenergies ϵn,⃗k by evaluating [87]505

ε
(2)
αβ(ω) =

4π2e2

Ω
lim
q→0

1

q2

∑
c,v,⃗k

2wk⃗ δ(ϵc,⃗k − ϵv,⃗k − ω)

×⟨c, k⃗ + qe⃗α|v, k⃗⟩⟨v, k⃗|c, k⃗ + qe⃗β⟩. (2)

Here, α, β ∈ {x, y, z} label the different spatial directions,506

Ω denotes the unit cell volume, and c and v enumerate the507

conduction and valence band states, respectively. These inter-508

band contributions are complemented by the Drude peak:509

ε
(2)
αβ(ω) =

Γ

ω

ω2
p,αβ

ω2 + Γ2
. (3)

We predict the plasma frequency squared ω2
p,αβ directly from510

the DFT+U electronic structure (see Supplementary Informa-511

tion). In contrast, the lifetime Γ is considerably more difficult512

to obtain. We employ Γ = 10 meV here, motivated by re-513

cent experimental Drude peak analysis for La3Ni2O7 [30] and514

DFT+DMFT results for LaNiO2 [70]. Subsequently, the real515

part of the optical conductivity is obtained via516

σαβ(ω) = ε0 ω ε
(2)
αβ(ω) (4)

σxx,yy(ω) =
σxx(ω) + σyy(ω)

2
. (5)

To disentangle the individual contributions to the optical spec-517

trum, we calculate the transition dipole moments (TDMs),518

P⃗ (n, k⃗ → n′, k⃗′) = ⟨n′, k⃗′|eˆ⃗r |n, k⃗⟩

=
iℏe

(ϵn,⃗k − ϵn′ ,⃗k′)m
⟨n′, k⃗′| ˆ⃗p |n, k⃗⟩ (6)

which determine how the system interacts with an electromag-519

netic wave of a given polarization. The sum of squares P 2 is520

the transition probability between two states. To visualize the521

TDMs in a compact, yet energy- and k-resolved form, we con-522

struct the following cumulative quantities for each valence and523

conduction band state from the squares of the distinct vector524

components:525

P 2
α(v, k⃗) =

∑
c

P 2
α(v, k⃗ → c, k⃗), (7)

P 2
α(c, k⃗) =

∑
v

P 2
α(v, k⃗ → c, k⃗). (8)

DATA AVAILABILITY526

The data is available upon reasonable request to the authors.527

ACKNOWLEDGMENTS528

We thank Prof. Roser Valentí for helpful discussions. This529

work was supported by the National Science Foundation,530

Grant No. NSF-DMR-2118718. L. F. acknowledges support531

by the European Union’s Horizon 2020 research and innova-532

tion programme through the Marie Skłodowska-Curie grant533

SuperCoop (Grant No. 838526).534

AUTHOR CONTRIBUTIONS535

BG, LF, and PJH conceived of the project. JJH, GRS, RGH,536

and PJH supervised the research. BG performed the theoreti-537

cal simulations and corresponding analysis. BG, LF, and PJH538

wrote the paper. All authors discussed the results and revised539

the paper.540

COMPETING INTERESTS541

The authors declare no competing interests.542

[1] Sun, H. et al. Signatures of superconductivity near 80 K in a543

nickelate under high pressure. Nature 621, 493–498 (2023).544

[2] Hou, J. et al. Emergence of high-temperature superconducting545

phase in pressurized La3Ni2O7 crystals. Chin. Phys. Lett. 40,546



9

117302 (2023).547

[3] Zhang, Y. et al. High-temperature superconductivity with zero-548

resistance and strange metal behavior in La3Ni2O7. Preprint at549

https://arxiv.org/abs/2307.14819 (2023).550

[4] Li, D. et al. Superconductivity in an infinite-layer nickelate.551

Nature 572, 624–627 (2019).552

[5] Li, D. et al. Superconducting dome in Nd1−xSrxNiO2 infinite553

layer films. Phys. Rev. Lett. 125, 027001 (2020).554

[6] Zeng, S. et al. Phase diagram and superconducting dome of555

infinite-layer Nd1−xSrxNiO2 thin films. Phys. Rev. Lett. 125,556

147003 (2020).557

[7] Osada, M. et al. A superconducting praseodymium nickelate558

with infinite layer structure. Nano Lett. 20, 5735–5740 (2020).559

[8] Osada, M. et al. Nickelate superconductivity without rare-earth560

magnetism: (La,Sr)NiO2. Adv. Mater. 33, 2104083 (2021).561

[9] Pan, G. A. et al. Superconductivity in a quintuple-layer square-562

planar nickelate. Nat. Mater. 21, 160–164 (2022).563

[10] Goodge, B. H. et al. Resolving the polar interface of infinite-564

layer nickelate thin films. Nat. Mater. 22, 466–473 (2023).565

[11] Luo, Z., Hu, X., Wang, M., Wú, W. & Yao, D.-X. Bilayer two-566

orbital model of La3Ni2O7 under pressure. Phys. Rev. Lett. 131,567

126001 (2023).568

[12] Gu, Y., Le, C., Yang, Z., Wu, X. & Hu, J. Effective569

model and pairing tendency in bilayer Ni-based superconductor570

La3Ni2O7. Preprint at https://arxiv.org/abs/2306.07275 (2023).571

[13] Yang, Q.-G., Wang, D. & Wang, Q.-H. Possible s±-wave super-572

conductivity in La3Ni2O7. Phys. Rev. B 108, L140505 (2023).573

[14] Lechermann, F., Gondolf, J., Bötzel, S. & Eremin, I. M.574

Electronic correlations and superconducting instability in575

La3Ni2O7 under high pressure. Phys. Rev. B 108, L201121576

(2023).577

[15] Sakakibara, H., Kitamine, N., Ochi, M. & Kuroki, K. Possible578

high Tc superconductivity in La3Ni2O7 under high pressure579

through manifestation of a nearly half-filled bilayer Hubbard580

model. Phys. Rev. Lett. 132, 106002 (2024).581

[16] Shen, Y., Qin, M. & Zhang, G.-M. Effective bi-layer model582

hamiltonian and density-matrix renormalization group study for583

the high-Tc superconductivity in La3Ni2O7 under high pres-584

sure. Chin. Phys. Lett. 40, 127401 (2023).585

[17] Christiansson, V., Petocchi, F. & Werner, P. Correlated elec-586

tronic structure of La3Ni2O7 under pressure. Phys. Rev. Lett.587

131, 206501 (2023).588

[18] Shilenko, D. A. & Leonov, I. V. Correlated electronic structure,589

orbital-selective behavior, and magnetic correlations in double-590

layer La3Ni2O7 under pressure. Phys. Rev. B 108, 125105591

(2023).592

[19] Wú, W., Luo, Z., Yao, D.-X. & Wang, M. Superexchange and593

charge transfer in the nickelate superconductor La3Ni2O7 un-594

der pressure. Science China Physics, Mechanics & Astronomy595

67, 117402 (2024).596

[20] Cao, Y. & Yang, Y.-f. Flat bands promoted by Hund’s rule597

coupling in the candidate double-layer high-temperature super-598

conductor La3Ni2O7 under high pressure. Phys. Rev. B 109,599

L081105 (2024).600

[21] Chen, X., Jiang, P., Li, J., Zhong, Z. & Lu, Y. Critical charge601

and spin instabilities in superconducting La3Ni2O7. Preprint at602

https://arxiv.org/abs/2307.07154 (2023).603

[22] Lu, C., Pan, Z., Yang, F. & Wu, C. Interlayer coupling driven604

high-temperature superconductivity in La3Ni2O7 under pres-605

sure. Preprint at https://arxiv.org/abs/2307.14965 (2023).606

[23] Zhang, Y., Lin, L.-F., Moreo, A., Maier, T. A. & Dagotto,607

E. Structural phase transition, s±-wave pairing, and magnetic608

stripe order in bilayered superconductor La3Ni2O7 under pres-609

sure. Nat. Commun. 15, 2470 (2024).610

[24] Liao, Z. et al. Electron correlations and superconduc-611

tivity in La3Ni2O7 under pressure tuning. Preprint at612

https://arxiv.org/abs/2307.16697 (2023).613

[25] Qu, X.-Z. et al. Bilayer t-j-j⊥ model and magnetically medi-614

ated pairing in the pressurized nickelate La3Ni2O7. Phys. Rev.615

Lett. 132, 036502 (2024).616

[26] Huang, J., Wang, Z. D. & Zhou, T. Impurity and vortex states in617

the bilayer high-temperature superconductor La3Ni2O7. Phys.618

Rev. B 108, 174501 (2023).619

[27] Qin, Q. & Yang, Y.-f. High-Tc superconductivity by mobilizing620

local spin singlets and possible route to higher Tc in pressurized621

La3Ni2O7. Phys. Rev. B 108, L140504 (2023).622

[28] Liu, Y.-B., Mei, J.-W., Ye, F., Chen, W.-Q. & Yang, F. s±-wave623

pairing and the destructive role of apical-oxygen deficiencies in624

La3Ni2O7 under pressure. Phys. Rev. Lett. 131, 236002 (2023).625

[29] Zhang, Y., Lin, L.-F., Moreo, A., Maier, T. A. & Dagotto,626

E. Trends in electronic structures and s±-wave pairing for the627

rare-earth series in bilayer nickelate superconductor R3Ni2O7.628

Phys. Rev. B 108, 165141 (2023).629

[30] Liu, Z. et al. Electronic correlations and energy630

gap in the bilayer nickelate La3Ni2O7. Preprint at631

https://arxiv.org/abs/2307.02950 (2023).632

[31] Geisler, B., Hamlin, J. J., Stewart, G. R., Hennig, R. G. &633

Hirschfeld, P. J. Structural transitions, octahedral rotations, and634

electronic properties of A3Ni2O7 rare-earth nickelates under635

high pressure. npj Quantum Materials 9, 38 (2024).636

[32] Rhodes, L. C. & Wahl, P. Structural routes to stabilise su-637

perconducting La3Ni2O7 at ambient pressure. Preprint at638

https://arxiv.org/abs/2309.15745 (2023).639

[33] Wang, G. et al. Pressure-induced superconduc-640

tivity in polycrystalline La3Ni2O7. Preprint at641

https://arxiv.org/abs/2309.17378 (2023).642

[34] Yang, J. et al. Orbital-dependent electron correla-643

tion in double-layer nickelate La3Ni2O7. Preprint at644

https://arxiv.org/abs/2309.01148 (2023).645

[35] Lu, C., Pan, Z., Yang, F. & Wu, C. Interplay of two eg or-646

bitals in superconducting La3Ni2O7 under pressure. Preprint at647

https://arxiv.org/abs/2310.02915 (2023).648

[36] Wang, G. et al. Observation of high-temperature superconduc-649

tivity in the high-pressure tetragonal phase of La2PrNi2O7−δ .650

Preprint at https://arxiv.org/abs/2311.08212 (2023).651

[37] Wang, L. et al. Structure responsible for the superconducting652

state in La3Ni2O7 at high pressure and low temperature condi-653

tions. Preprint at https://arxiv.org/abs/2311.09186 (2023).654

[38] Chen, K. et al. Evidence of spin density waves in La3Ni2O7−δ .655

Phys. Rev. Lett. 132, 256503 (2024).656

[39] Zheng, Y.-Y. & Wu, W. Superconductivity in the657

bilayer two-orbital hubbard model. Preprint at658

https://arxiv.org/abs/2312.03605 (2023).659

[40] Kakoi, M., Kaneko, T., Sakakibara, H., Ochi, M. & Kuroki,660

K. Pair correlations of the hybridized orbitals in a lad-661

der model for the bilayer nickelate La3Ni2O7. Preprint at662

https://arxiv.org/abs/2312.04304 (2023).663

[41] Qazilbash, M. M. et al. Electronic correlations in the iron pnic-664

tides. Nature Physics 5, 647–650 (2009).665

[42] Chen, X. et al. Polymorphism in the ruddlesden–popper nick-666

elate La3Ni2O7: Discovery of a hidden phase with distinctive667

layer stacking. Journal of the American Chemical Society 146,668

3640–3645 (2024).669

[43] Puphal, P. et al. Unconventional crystal structure of670

the high-pressure superconductor La3Ni2O7. Preprint at671

https://arxiv.org/abs/2312.07341 (2023).672

[44] Wu, G., Neumeier, J. J. & Hundley, M. F. Magnetic suscep-673

tibility, heat capacity, and pressure dependence of the electri-674



10

cal resistivity of La3Ni2O7 and La4Ni3O10. Phys. Rev. B 63,675

245120 (2001).676

[45] Taniguchi, S. et al. Transport, magnetic and thermal properties677

of La3Ni2O7−δ . J. Phys. Soc. Jpn. 64, 1644–1650 (1995).678

[46] Zhang, Z., Greenblatt, M. & Goodenough, J. Synthesis, struc-679

ture, and properties of the layered perovskite La3Ni2O7−δ . J.680

Solid State Chem. 108, 402–409 (1994).681

[47] Dong, Z. et al. Visualization of oxygen vacancies and self-682

doped ligand holes in La3Ni2O7−δ . Nature 630, 847–852683

(2024).684

[48] Malashevich, A. & Ismail-Beigi, S. First-principles study of685

oxygen-deficient LaNiO3 structures. Phys. Rev. B 92, 144102686

(2015).687

[49] Geisler, B. & Pentcheva, R. Fundamental difference in the688

electronic reconstruction of infinite-layer versus perovskite689

neodymium nickelate films on SrTiO3(001). Phys. Rev. B 102,690

020502(R) (2020).691

[50] Sahinovic, A. & Geisler, B. Active learning and element-692

embedding approach in neural networks for infinite-layer ver-693

sus perovskite oxides. Phys. Rev. Research 3, L042022 (2021).694

[51] Middey, S. et al. Physics of ultrathin films and heterostructures695

of rare-earth nickelates. Annu. Rev. Mater. Res. 46, 305–334696

(2016).697

[52] Lee, K.-W. & Pickett, W. E. Infinite-layer LaNiO2: Ni1+ is698

not Cu2+. Phys. Rev. B 70, 165109 (2004).699

[53] Botana, A. S. & Norman, M. R. Similarities and differences700

between LaNiO2 and CaCuO2 and implications for supercon-701

ductivity. Phys. Rev. X 10, 011024 (2020).702

[54] Geisler, B. & Pentcheva, R. Correlated interface electron gas in703

infinite-layer nickelate versus cuprate films on SrTiO3(001).704

Phys. Rev. Research 3, 013261 (2021).705

[55] Geisler, B. Rashba spin-orbit coupling in infinite-layer nicke-706

late films on SrTiO3(001) and KTaO3(001). Phys. Rev. B 108,707

224502 (2023).708

[56] Anisimov, V. I., Zaanen, J. & Andersen, O. K. Band theory and709

Mott insulators: Hubbard U instead of Stoner I . Phys. Rev. B710

44, 943 (1991).711

[57] Zhong, Z., Koster, G. & Kelly, P. J. Prediction of thickness712

limits of ideal polar ultrathin films. Phys. Rev. B 85, 121411713

(2012).714

[58] May, S. J. et al. Quantifying octahedral rotations in strained715

perovskite oxide films. Phys. Rev. B 82, 014110 (2010).716

[59] Chakhalian, J. et al. Asymmetric orbital-lattice interactions in717

ultrathin correlated oxide films. Phys. Rev. Lett. 107, 116805718

(2011).719

[60] Gibert, M., Zubko, P., Scherwitzl, R., Íñiguez, J. & Triscone,720

J.-M. Exchange bias in LaNiO3–LaMnO3 superlattices. Nat.721

Mater. 11, 195–198 (2012).722

[61] Liu, J. et al. Heterointerface engineered electronic and mag-723

netic phases of NdNiO3 thin films. Nat. Commun. 4, 2714724

(2013).725

[62] Kim, H.-S. & Han, M. J. Effect of charge doping on the elec-726

tronic structure, orbital polarization, and structural distortion in727

nickelate superlattice. Phys. Rev. B 91, 235102 (2015).728

[63] Geisler, B., Blanca-Romero, A. & Pentcheva, R. Design of n-729

and p-type oxide thermoelectrics in LaNiO3/SrTiO3(001) su-730

perlattices exploiting interface polarity. Phys. Rev. B 95, 125301731

(2017).732

[64] Geisler, B. & Pentcheva, R. Confinement- and strain-733

induced enhancement of thermoelectric properties in734

LaNiO3/LaAlO3(001) superlattices. Phys. Rev. Materials735

2, 055403 (2018).736

[65] Liu, Z. et al. Evidence for charge and spin density waves in737

single crystals of La3Ni2O7 and La3Ni2O6. Sci. China Phys.738

Mech. Astron. 66, 217411 (2022).739

[66] Ling, C. D., Argyriou, D. N., Wu, G. & Neumeier, J. Neutron740

diffraction study of La3Ni2O7: Structural relationships among741

n =1, 2, and 3 phases Lan+1NinO3n+1. J. Solid State Chem.742

152, 517–525 (2000).743

[67] Fukamachi, T., Kobayashi, Y., Miyashita, T. & Sato, M. 139La744

NMR studies of layered perovskite systems La3Ni2O7−δ and745

La4Ni3O10. J. Phys. Chem. Solids 62, 195–198 (2001).746

[68] Chen, X. et al. Electronic and magnetic excitations in747

La3Ni2O7. URL https://arxiv.org/abs/2401.748

12657. Preprint at https://arxiv.org/abs/2401.12657 (2024).749

[69] LaBollita, H., Pardo, V., Norman, M. R. & Botana, A. S. As-750

sessing the formation of spin and charge stripes in La3Ni2O7751

from first-principles. URL https://arxiv.org/abs/752

2407.14409. Preprint at https://arxiv.org/abs/2407.14409753

(2024).754

[70] Kang, C.-J. & Kotliar, G. Optical properties of the infinite-layer755

la1−xsrxnio2 and hidden hund’s physics. Phys. Rev. Lett. 126,756

127401 (2021).757

[71] Zhu, Y. et al. Superconductivity in trilayer nickelate La4Ni3O10758

single crystals. Preprint at https://arxiv.org/abs/2311.07353759

(2024).760

[72] Zhang, M. et al. Superconductivity in trilayer761

nickelate La4Ni3O10 under pressure. Preprint at762

https://arxiv.org/abs/2311.07423 (2024).763

[73] Pardo, V. & Pickett, W. E. Metal-insulator transition in layered764

nickelates la3ni2o7−δ (δ = 0.0, 0.5, 1). Phys. Rev. B 83, 245128765

(2011).766

[74] Zhang, Y., Lin, L.-F., Moreo, A., Maier, T. A. & Dagotto,767

E. Electronic structure, magnetic correlations, and super-768

conducting pairing in the reduced ruddlesden-popper bilayer769

La3Ni2O6 under pressure: Different role of d3z2−r2 orbital770

compared with La3Ni2O7. Phys. Rev. B 109, 045151 (2024).771

[75] Sahinovic, A., Geisler, B. & Pentcheva, R. Nature of the mag-772

netic coupling in infinite-layer nickelates versus cuprates. Phys.773

Rev. Mater. 7, 114803 (2023).774

[76] Kohn, W. & Sham, L. J. Self-consistent equations including ex-775

change and correlation effects. Phys. Rev. 140, A1133–A1138776

(1965).777

[77] Kresse, G. & Joubert, D. From ultrasoft pseudopotentials to778

the projector augmented-wave method. Phys. Rev. B 59, 1758–779

1775 (1999).780

[78] Blöchl, P. E. Projector augmented-wave method. Phys. Rev. B781

50, 17953–17979 (1994).782

[79] Perdew, J. P., Burke, K. & Ernzerhof, M. Generalized gradient783

approximation made simple. Phys. Rev. Lett. 77, 3865–3868784

(1996).785

[80] Liechtenstein, A. I., Anisimov, V. I. & Zaanen, J. Density-786

functional theory and strong interactions: Orbital ordering in787

Mott-Hubbard insulators. Phys. Rev. B 52, R5467 (1995).788

[81] Dudarev, S. L., Botton, G. A., Savrasov, S. Y., Humphreys, C. J.789

& Sutton, A. P. Electron-energy-loss spectra and the structural790

stability of nickel oxide: An LSDA+U study. Phys. Rev. B 57,791

1505 (1998).792

[82] Monkhorst, H. J. & Pack, J. D. Special points for Brillouin-zone793

integrations. Phys. Rev. B 13, 5188 (1976).794

[83] Geisler, B. & Pentcheva, R. Inducing n- and p-type thermoelec-795

tricity in oxide superlattices by strain tuning of orbital-selective796

transport resonances. Phys. Rev. Applied 11, 044047 (2019).797

[84] Geisler, B. & Pentcheva, R. Competition of defect ordering and798

site disproportionation in strained LaCoO3 on SrTiO3(001).799

Phys. Rev. B 101, 165108 (2020).800

[85] Sahinovic, A. & Geisler, B. Quantifying transfer learning syn-801

ergies in infinite-layer and perovskite nitrides, oxides, and fluo-802

https://arxiv.org/abs/2401.12657
https://arxiv.org/abs/2401.12657
https://arxiv.org/abs/2401.12657
https://arxiv.org/abs/2407.14409
https://arxiv.org/abs/2407.14409
https://arxiv.org/abs/2407.14409


11

rides. J. Phys.: Condens. Matter 34, 214003 (2022).803

[86] Geisler, B., Follmann, S. & Pentcheva, R. Oxygen vacancy for-804

mation and electronic reconstruction in strained LaNiO3 and805

LaNiO3/LaAlO3 superlattices. Phys. Rev. B 106, 155139806

(2022).807

[87] Gajdoš, M., Hummer, K., Kresse, G., Furthmüller, J. & Bech-808

stedt, F. Linear optical properties in the projector-augmented809

wave methodology. Phys. Rev. B 73, 045112 (2006).810


	 Optical properties and electronic correlations in La3Ni2O7 bilayer nickelates under high pressure 
	Abstract
	Introduction
	Results
	Optical spectrum, dipole transition analysis, and impact of oxygen vacancies
	Correlation dependence of the optical spectrum
	Evolution of the optical spectrum under high pressure
	Optical signature of different magnetic phases
	Role of the layer stacking and comparison with related Ruddlesden-Popper nickelates

	Discussion
	Methods
	Density functional theory calculations

	Data availability
	Acknowledgments
	Author Contributions
	Competing Interests
	References


