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Band-Structure Trend in Hole-Doped Cuprates and Correlation with 7', ,, 4«

E. Pavarini, 1. Dasgupta,* T. Saha-Dasgupta,’ O. Jepsen, and O. K. Andersen
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Variation of Longer Range Hopping & T, with Jahn-Teller splitting
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Looking for Cuprate Analogues

Yellow — the “metal”, Red — the “ligand”, Blue, Green — the “spacer”

Periodic Table of the Elements

—

V|A<_Gmnp notation

' Metais == Transition Elements '!' Radioactive

Atomic Number >
Number of elecirons . Nonmetals . Lanthanide Series -// Synthetic

in each shell
i Noble Gases i Actinide Series

V8 V8 ViB vilB Vil

4 5 6 7 8 9 10 11
2 - 2 2 2 2 2 2 - 2
Sc: Ti: Vi Cri Mn: Fe: Co: Ni:¢ Cu:

Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper
44,9558 47.867 50.9415 51.9961 54.93085 55.845 58.493320 58.6934 63.546

[ 39 1 40 T 41 T @ Jeas £] o | & T 46 T 47 ]
z 2 2 = ] 2 2 2 2

] (] 3 8
Yi Zri Nbi Mo: Tci Rui Rhi Pd; Ag i
Yidum °  Ziconfum 2 Niobum ' Molybdenum® Technelivm®  Rulhenium '  Rhodiom '  Paliadium ©  Sitver '
88.90585 91.224 92.90638 95.94 (98) 101.07 102.9055 106.42 107.8682

on Hfi Ta; Wi Rei Osi Iri Pti Au:

® x
La-Llu  ypoium Tantalum Tungsten '  Rhenium %3 Osmium ridium % Platium ¥ Gold
178.49 180.9479 183.84 186.207 190.23 192.217 195.08 196.9665

oo | g Unp, Unh Unsi Uno: Unei Uuni Uuu;

Atomic weight of the
( ) most stahle isotepe

Period

—Damn

mERRarn

2
3
n
»
"
2

7
W Ac-Lr Unnilquadium$  Unnilpentium 32 umnllhaxhlm,l llunllsepmm’: Uunllodlumﬁ Unnilenium 32 Ununnitium e Unununium 5
(261) (262) ©  (263) @ (262) * (265) ?  (a66) ®  (269) *  (272) ?

Y 3
o Lag
Lanthanum 3
138.9055

NI
.7 Ac

Actinium
277.028

|

NoRBB e




Ni-438 Phase Diagram as compared to Ni-214 and cuprates
Will electron doping create a superconductor?
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438 (La, Pr) — orbital polarization similar to cuprates (low spin state)
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Pr438 corresponds to a 1/3 hole doped cuprate
Could doping with Ce** create a superconductor?

LDA predicts that Ce will go in as 4+
(as well as Te, Th, and Zr)
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Intensity (arb. units)

Infinite Layer Nickelates (Ni* is in a d® configuration)
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Resistivity (m€Q cm)
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Hall Data indicate small electron pocket(s) for undoped phase
and a large hole-like Fermi surface for 20% doped phase
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Electronic Structure of RNiO,
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There is a large hole-like Fermi surface as in the cuprates, with the
additional presence of small La 5d electron pockets at I" and A. The
cuprate-like band is similar between LaNiO, and CaCuO,, except the
bandwidth is 80% smaller for Ni. Importantly, the t'/t ratio is identical.

Botana & Norman, arXiv (2019)




Wannier Analysis

Wannier on-site energies (eV) CaCuOa2 LaNiO»
oy 2.55 175
d:l:z,yz -2.44 -1.65
LaNiO, CaCuO; oty oo o
g ps O1 -4.20 -5.41
- py Ol -2.56 -4.48
p. O1 -2.72 -4.46
pz O2 -2.56 -4.47
py 02 -4.19 -5.41
p. O2 -2.72 -4.46

Wannier hoppings (eV)

d.y —p, O1 0.71 0.71
d., —p. O1 0.75 0.73
dy2_,2 —pe Ol -1.20 -1.23
d,2 —p, O1 0.25 0.20
py O2 - p, O1 0.53 0.59
pe 02 - p, O1 -0.33 -0.27
py 02 - p, O1 0.33 0.27
pr O2 - p, O1 -0.37 -0.16
p. 02 -p, O1 -0.17 -0.19

The Wannier orbitals are more localized in the Ni case. The hopping integrals
are comparable in size, but the charge transfer energy is larger for Ni by 1.7 eV.

Botana & Norman, arXiv (2019)




Doping Analysis

The large hole-like Fermi surface is self-doped because of the La 5d pockets.
This effect is reduced upon Sr (hole) doping. Hall data indicate that only the
small electron pockets are contributing for the undoped case. For the doped
case, the large Fermi surface is also contributing. This is similar to cuprates.

(4

LaNiO2
X Nes-pockets  neg-large Nes-total Ru-pockets  Ry-large Ry-total
0.0 -0.063 1.012 1.585 -5.21 0.32 0.21
0.2  -0.035 1.156 1.701 -9.29 0.28 0.19

Botana & Norman, arXiv (2019)




Unlike cuprates, though, there is no evidence for magnetism,
even though most theories to date predict this (is it due to bad
samples, Ni impurities, Nd moments, self-doped holes, Kondo?)
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RIXS exhibits a fluorescence line implying Ni 3d/O 2p mixing
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FLEX
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Interactions relatively larger for Ni because of reduced bandwidth
This enhances competing order and suppresses superconductivity
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LDA+DMFT predicts a phase diagram similar to cuprates
but with a suppressed value of J
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And consistent with other work, the doped hopes
should be primarily on the Ni sites (unlike cuprates)
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Does Kondo Effect Suppress Magnetism?
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Where to Go?

Does magnetism exist in undoped or electron-doped samples?
Can we grow high quality bulk samples (Hayward thesis)?
Thin film samples on different substrates (lkeda, 2013)

Study variation with rare earth ion (Pr, Sm, Lu, Y, ...)

Map out Phase Diagram (both hole- and electron-doped)

Can R,Ni;Og4 be electron-doped?

Can higher order RP phases be made & reduced?

Charge transfer versus Mott versus Kondo

Do other cuprate analogues exist (silver fluorides, etc.)?



