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The "Quantum Matter Bordeaux" (QMBx) programme supported by the department of 
"Material and Light Sciences" of the University of Bordeaux has for mission to federate 
traditionally separated communities from Chemistry, Physics, Mathematics, Applied and 
Computer Sciences to help them tackle subjects related to understanding or devising quantum 
materials (Superconductivity, magnetism, topology, … ). 

In the frame of the QMBx program, a colloquium is organized on Thursday 16th of December 
2022, in the Andre DUCASSE amphitheater of the Institut d’Optique (100 seats are “Covid” 
available). Please register by email to quantum-matter.bureau@diff.u-bordeaux.fr before 
December 14 (a Zoom connection will also be provided).  

The scientific program is given below (each 40 min talk will be followed by 10 min of questions 
and a 10 min break). If you want to meet the visitors, please do not hesitate to contact them 
or baptiste.vignolle@icmcb.cnrs.fr / simon.bernon@institutoptique.fr  .  
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The "Quantum Matter Bordeaux" (QMBx) programme supported by the 
department of "Material and Light Sciences" of the University of Bordeaux has for 
mission to federate research activities around subjects related to superconductivity, 
magnetism, functional materials, molecule-based magnets, heterostructures, nano-
opto-mechanics, quantum chemistry, cold atoms, light-matter couplings, quantum 
technologies... 

In the frame of the QMBx programme, we are organizing an international colloquium 
on the afternoon of Thursday October 22nd, in the Pacault amphitheater of the 
Centre de Recherche Paul Pascal (40 seats are “Covid” available). This 
colloquium can be chosen as part of the formation for PhD students of the doctoral 
schools of the Chemical Sciences (ED-SC), and Physics and Engineering (ED-SPI). 
Please register by email to quantum-matter.bureau@diff.u-bordeaux.fr before 
October 19th (a Zoom connection will also be provided). 

The scientific program is given below (each 35 min talk will be followed by 15 min of 
questions and a 10 min break) and please don't hesitate to contact the visitors or 
their hosts if you want to meet them. 

 at 2 pm: "Integration of quantum chemistry methods in analysis of 
molecular magnetic properties" 
Dr. Elizaveta Suturina (University of Bath, UK; es2037@bath.ac.uk) 

Visit from the 11-25th of October 2020 
Contact person: Rodolphe Clérac (CRPP): clerac@crpp-bordeaux.cnrs.fr 

 at 3 pm: "Metal-insulator transitions in the spin-orbit Mott insulator 
Sr2IrO4

 investigated by angle-resolved photoemission" 
Prof. Véronique Brouet (Laboratoire de Physique des Solides, Orsay, 
France; veronique.brouet@u-psud.fr) 

Visit from the 19-23rd of October 2020 
Contact person: Sébastien Burdin (LOMA): sebastien.burdin@u-bordeaux.fr 

 at 4 pm: "Superconducting nickelates" 
Dr. Andrés Cano (Néel Institute CNRS & UGA, Grenoble, France; 
andres.cano@neel.cnrs.fr) 

Visit from the 21-23rd of October 2020 
Contact person: Sophie Tencé (ICMCB): sophie.tence@icmcb.cnrs.fr 

 at 5 pm: "Collective excitations in twisted bilayer graphene" 
Prof. Marco Polini (Università di Pisa & Graphene Labs Genova, Italy 
and University of Manchester, UK; marco.polini@icloud.com) 

Visit from the 19-23rd of October 2020 

Contact person: Fabio Pistolesi (LOMA): Fabio.Pistolesi@u-bordeaux.fr 
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QMBx Lecture Series: Colloquium, 22nd of October 2020 
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At 10 am 

At 11 am 

At 2 pm 

At 3 pm 

 « Spin triangles are learning new tricks»      
Dr. Anathassios BOUDALIS, Karlsruhe Institute of Technology (KIT), 
Karlsruhe, Baden-Württemberg, Germany 

 
 
 

 « Correlated Quantum Materials for Microelectronic Applications »    
Dr. Laurent CARIO, Institut des Matériaux Jean Rouxel (IMN),   
Nantes, France 
 

 « Cavity quantum electrodynamics with strongly correlated matter »    
Dr. Jean-Philippe BRANTUT, Ecole Polytechnique Fédérale de Lausanne 
(EPFL), Lausanne, Switzerland 

 
 « 3D dilute metals at high magnetic field »    

Dr. Benoît FAUQUE, Laboratoire de Physique et d’Etude des 
Matériaux (LPEM, ESPCI) and Collège de France, Paris, France 
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Baptiste Vignolle, Pierre Rodiere, Hassan Dahab, Alain Largeteau, François Weill, Vadim Kovrugin, 
Rafik Ballou, Christophe Marcenat, Thierry Klein, Gaston Garbarino,  Andrès Cano, Jean-Baptiste Vaney, 

Christine Labrugère, Etienne Gaudin, Sophie Tencé, & Alain Demourgues 

GDR Meetic, Plenary Conference, Latresne-Bordeaux, May 30th- June 2nd 2023



Introduction :  Cuprates and High Tc superconductivity

Oxygen intercalation, Cu-O charge transfer,  CuO4 square planar (D4h), 

Jahn-Teller (JT) distortion and Fermi Surface

A perspective of superconductivity as multiband phenomena : cuprates, iron and aromatic systems
H. Aoki. J Supercond Nov Magn, (2012), 25, -1247

Long range hopping t’ / Nearest neighbors hopping t   Tc 

La2CuO4+x HgBa2CuO4+x



SrF2

1%F2, 15min, T=200°C : 2 phases Immm (Pristine)  + Fmmm

SrF2

5% F2, 15min, T=200°C : 1 phase  Fmmm

Sr1.8Ca0.2CuO3  : Immm 

a = 12.673 (1) Å 

b = 3.903 (2) Å 
c = 3.482 (2) Å 
V = 172.27 (2) Å3

Sr1.8Ca0.2CuO2F2+x  : Fmmm 

a = 13.339 (2) Å 

b = 5.504 (1) Å 
c = 5.384 (1) Å 
V = 395.23 (2) Å3

Sr1.8Ca0.2CuO2F2+x  : Fmmm 

a = 13.373 (2) Å 

b = 5.499 (1) Å 
c = 5.390 (1) Å 
V = 396.4 (2) Å3

Fluorine intercalation in cuprates :

how creating holes for superconductivity ?

Low temperature (200°C)
F2-direct Fluorination, Tc=40K 

La2Cu(O,F)4+y

B. Chevalier , A. Tressaud et al.
Physica C, 167 (1990), 97-101

Synthesis and superconducting properties
of strontium copper oxyfluorides

Optimum Tc= 47 K
M. Al-Mammouri et al. Nature (1994) 369, 382-384

Immm Fmmm
Sr2CuO2F2

CuO4F2

Topochemical reactions



Similarities and differences between LaNiO2 and CaCuO2

and implications for superconductivity
A.S. Botana and M.R. Norman
Phys Rev 10, 011024, (2020)

The square planar (D4h, JT) : 
similarities and difference between CaCuO2 and LaNiO2

(P4/mmm)

Stronger Cu(d)-O(p) hybridization (lower charge transfer energy)
>> Ni(d)-O(p)  local moment magnetism

 Higher superexchange coupling J  (CaCuO2 ) >> J (LaNiO2 )
 5dz2 (La, RE) band contribution at EF in La(RE)NiO2

Higher dispersion of Cu(dx2-y2) orbitals

e- pocket (La, 5d bands)Self-doping of 
the Ni dx2-y2 band



Imagining a new phase : La2NiO3F (T’ Nd2CuO4) 

increasing the ionic character

of R-O/F bonding in RP phases 

Incorporation of Fluorine

in Fluorite-type blocks 

Enhancement (competitive bonds) of NiO2 2D character cuprates





Topotactic reduction (CaH2) of bulk- RE1-xSrNiO3 (RE = La, Nd) perovskite

RE1-xSrNiO3 perovskite (RE = La, Nd) :
HP O2 (T=900°C, 250 bars), Sr Solubility limit = 0.07

c

a

Stacking faults related to steric effect

The lower the <Ni-O-Ni> angle  into pristine O3 
The higher the stacking faults rate in IL O2 

(decrease under pressure)
Nd > Pr* > Nd/Sr > La

Stronger Nd-NiO2 interactions at local scale

RE1-xSrxNiO2 infinite layers (RE = La, Nd) :
Reduction (CaH2), T=250°C)

XRD : Anisotropic size broadening (110) vs (101)
+ strong variation of (110)/(101) intensity ratio

Occurrence of stacking faults in NdNiO2 

along c direction (Nd)
(FAULTS-XRD & HRTEM)

Decrease of stacking faults
under pressure in NdNiO2 

along c direction (Nd)



Cp = 𝜸T + 𝜷T3

Electronic Specific heat


Cp

T
= 𝜸 + 𝜷T², at low temperature

 Metallic state :   N( EF )  m* (effective mass)

DFT calculation : N(EF) = 1 state/eV/LaNiO2   (DFT) = 2.4 mJ/mol/K2

𝜸(NdNiO2) ≈ 8x𝜸(LaNiO2)

 Low T upturn : Magnetic order (T < 2K) and/or Schottky anomaly

 M = f(H) : local magnetic interactions

 Spin glass behavior ** with spin freezing temperature :

Tf = 12K (LaNiO2), 6K (NdNiO2), 5K (Nd0.95Sr0.05NiO2)

CaCuO2 : AF ordering TN= 442 K

DC Magnetic susceptibility

* Hepting, M. et al. Electronic structure of the parent compounds of superconducting infinite-layer nickelates. Nature Materials, 19 (2020), 381-385
** Lin, H. et al. Universal spin-glass behaviour in bulk LaNiO2, PrNiO2 and NdNiO2. New J. Phys. 24 (2022), 013022

Nd(Sr)NiO2  vs LaNiO2 : transport and magnetic properties



 Crystal field splitting of Nd3+ at low T (4I9/2 GS Kramers doublet) and Schottky-like anomaly

 The two level Schottky anomaly becomes more indistinctive as increasing magnetic field (Zeeman)

 NdNiO2 and Nd1-xSrxNiO2 : Cp/T = f(T) almost similar behaviors despite stacking faults observed in NdNiO2

 Variation of Cp/T vs T in LaNiO2 : local magnetic excitations Ni+(S=1/2)  cuprates

Nd(Sr)NiO2  vs LaNiO2 : Cp/T = f(T) vs magnetic field



From (Cu)NiO4 D4h site in IL-Perovskite to FeSi(As)4 Td site in anti-PbFCl (FeSiLaFx)

Fe

Si

La
F

Fe

Si

La
Dissociation of covalent C-F bonds

at the surface of LaFeSi 
Topotactic intercalation of F- anions in Td (La4) site

T=450°C-500°C
C4F8, flow, 10-30ml/min
1-4h

Topotactic fluorination of intermetallics as a new 
route to quantum materials.

J-B. Vaney et al. Nature Comm, 2022, 13, 1462-1471



A. Cano & F. Bernardini

 Tc decreases with Fluorine content 
 Increase of metallicity in FeSi sheets with F content => Inductive effect & Electronic correlations 

Increase of the 2D character of the 
Fermi surface

LaFeSiLaFeSiF

Metallic
Multi-band
 3d (Fe) states

Similar to 
LaFeAsO0.85F0.15

(Tc=26 K).
by direct synthesis,
never topotactic!

holes electrons

F

Electronic structure (Band diagram and Fermi surface)



X

M

RX RM
Polarizability &

Van der Walls Forces

Electronegativity & 
Madelung Potential

Symmetry

Conclusion :
Anharmonic stabilization with various breathing mode 

of Oxygen- Copper, Nickel, Iron , Hydrogen in square coordination  

What’s next ?
Mixing Anions X to enhance
square planar configuration



Alain LARGETAU  (HPO2)

François WEILL (HRTEM)

Vadim KOVRUGIN (FAULTS)

ILL

Emmanuelle SUARD (D2B)
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Topochemical reduction of Perovkite vs RP phases :
2D character, NiO2 IL and R influence 

Theoritical investigations of superconductivity in trilayer square-planar nickelates
E.M. Nica et al. Phys Rev B, 102, (2020), 020504

e- pocket (R, d bands)

Self-doping of 
the Ni dx2-y2 band

Stronger
Ni-O hybridization

Destabilization of
R-d bands above EF

R-O becomes more ionic

RNiO2, IL

R4Ni3O8 , RP









Cp = 𝜸T + 𝜷T3

Electronic Specific heat


Cp

T
= 𝜸 + 𝜷T², at low temperature

 Metallic state :   N( EF )  m* (effective mass)

DFT calculation : N(EF) = 1 state/eV/LaNiO2   (DFT) = 2.4 mJ/mol/K2)

𝜸(NdNiO2) ≈ 8x𝜸(LaNiO2)

 Low T upturn : Magnetic order (T < 2K) and/or Schottky anomaly

 M = f(H) : local magnetic interactions

 Spin glass behavior ** with spin freezing temperature :

Tf = 12K (LaNiO2), 6K (NdNiO2), 5K (Nd0.95Sr0.05NiO2)

CaCuO2 : AF ordering TN= 442 K

DC Magnetic susceptibility

* Hepting, M. et al. Electronic structure of the parent compounds of superconducting infinite-layer nickelates. Nature Materials, 19 

(2020), 381-385** Lin, H. et al. Universal spin-glass behaviour in bulk LaNiO2, PrNiO2 and NdNiO2. New J. Phys. 24 (2022), 

013022

Nd(Sr)NiO2  vs LaNiO2 : transport and magnetic properties



Pauling electronegativity 

1929 (Rules), 1954 (Nobel Prize),
1962 (Nobel peace prize)



Peter Schwerdtfeger & Jeffrey K. Nagle (2019) 2018 Table of static dipole polarizabilities of the neutral elements in the periodic table, 
Molecular Physics, 117:9-12, 1200-1225, DOI: 10.1080/00268976.2018.1535143



The H4 unit in CaH6 ‘clathrate’ hydride with sodalite framework : superconductivity with Tc = 220-235 K at 150 GPa

ELF of CaH6

Superconductive Sodalite-like clathrate calcium hydride at high pressure
PNAS, H. Wang et al. 2012, 109, 17, 6463-6466

Optimized H-H distance in square H4 unit 
H-H (CaH6)= 1.26 Å < H-H (H3S) = 1.54 Å

H3S, Im-3m (cI14) : Tc = 190 K at 150 GPa

ELF of CaH0

Band structure

CaH6 Ca0H6 CaH0


