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The Toolbox

 Topochemical reactions  reduction … so many

 reduction using specific hydrides
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Outline :

 1-What possible Topochemical reductions ?
 2-Reduction by solid Hydrids.
 3-What samples (powder, single crystal , films…).

 4-Some “Local” results on “funny” square-planar 
Nickelates.
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1-Electrochemical intercalation

X Li +Co4+O2  LixCo3,4+O2
X Li +Mo4+O2  LixMo3,4+O2

J.B. Goodenough Chemistry 
Nobel Prize 2019

Topochemical reduction vs. oxidation inseparable chemistry
by reversibility
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… a question of Electrochemistry ….

1-Electrochem. oxygen (de)intercalation

3 electrodes Electrochemistry : the material 
is the working electrode : Electrolysis of 
water (OH-)
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SrFeO2.5  SrFeO3

La2CuO4  La2CuO4+

ICMCB. JSSC 96, 20, (1992)



The electrochemical intercalation of oxygen into La2CuO4 has been carried

out for the first time in anhydrous organic±inorganic media such as dimethyl

sulfoxide (DMSO)/0.1M NaClO4 or nBu4NBF4. The electrochemical reaction

needs the presence of an oxygensource (KO2) even with potential oxidizing

supporting electrolytes (NaClO4). The anodic polarisation is performed at

room temperature, with the aim of replacing the aggressive alkaline media.

… a question of Electrochemistry … Improvement
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SuperconductingSemiconducting

ICMCB, J. Mater. Chem., 2000, 10, 829

1-Electrochem. oxygen (de)intercalation
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Application to Nickelates / Ionic conductivity problematic,  
Rennes, Montpellier, Nantes, Bordeaux



=0.25
Ni3+

In situ, NPD

=0.0
Ni2+

1-Electrochem. oxygen (de)intercalation



Topochemical reduction : 

Tunable 
electrochemical “window “

Catal. Lett. (2015) 145: 95
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1-Electrochem. oxygen (de)intercalation



1.Heterogeneous Reduction by H2 gaz

100% H2

6% H2:N2

Lacorre, JSSC, 97, 495, 1992
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1.Metal Exsolution during reduction

Rather common : exsolution of Ni0 from perovskites 
 decoration by nanometric Ni0 … catalysis 

 nanometric Cu0 … during Li intercalation

Nat. Mat. 2003,2,  755
11

Something to avoid !!!
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1. Reversible Metal Exsolution
during topochemical red./oxyd. 

(2014) Angew. Chem. – Int. Ed., 53, 13365
(2015) Inorganic Chemistry, 54, 8733
(2015) Cryst. Growth Des. 15, 4237
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1.Other « exotic case » / YMnO3 restack
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YMn3+O3 YMn2+O2.5



Robust AFM, 
TN =710 K

1. Topochemical Red. by Fluorination

F- for O2- , many ways (see A. Demourgues)  … a simple one 
using PVDF
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AFe3/4+O3-d +PVDF  AFe3+O2F, 300-400°C

Birmingham group, JSSC,184, 2011, 1361.
JSSC,203, 2013, 218 … etc

Cubic perovskite

Hex. perovskite



GDR MEETICC – Journées Supraconductivité dans les nickelates, 5 nov. 2019 Paris (France) 

1. Topochemical Red. by Fluorination

C’est
Quoi ???
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1. Topochemical Red. by Fluorination

Chem.Commun.,2019,55, 7239

Cr4+

Cr3.6+Cr3.8+

Many 
possibilities

What is it 
???

What is it 
???



NaH, 200°C

RP. LaSrCo3+O4 LaSrCo1.76+O3.38

3+ 1+

CaH2, 400°C
LaSrCo3+O4 LaSrCo1.7+O3H0.7

1. Topochemical Red. by solid Hydrids



2. Reactivity with solid Hydrids

Angewandte Chemie, 53 (2014) 7556.

NH3 NH3CaH2

~500°C~400°C

H- N3-

Yajima et al.,  Nature Chem.  2015
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Interest: Binary metal hydrides can be utilized to extract oxide ions from complex

transition metal oxides. The resulting phases can contain transition metal cations in
highly unusual oxidation states and/or coordination environments. Alternatively binary
hydrides can also bring about hydride-for-oxide anion exchange to yield oxide-
hydrides phases, which contain both O2- and H- anions. The lack of -symmetry
valence orbitals on the hydride ion means that anion-ordered oxide hydride phases
can have electronic band structures which are qualitatively different from their all-
oxide analogues.

Angewandte Chemie, 53 (2014) 7556.

NH3 NH3CaH2

~500°C~400°C

H- N3-

Yajima et al.,  Nature Chem.  2015
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2. Reactivity with solid Hydrids



Reduction of SrVO3 SrVO2H
Small-scale test reactions showed no reaction occurred between
SrVO3 and CaH2 at temperatures below 600 °C. Reactions between
SrVO3 and CaH2 performed at temperatures between 600 °C and
630 °C yielded a new phase that could be indexed on the basis of a
tetragonal unit cell with lattice parameters a= 3.934(1) Å and c=
3.667(1) Å as determined by X-ray powder diffraction data.
Reactions performed above 630 °C led to sample decomposition

2.Hydrids: Experimental … crucial T° choice
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280°C

600-630°C

SrFeO2



1-24 H
240-400°C

NdNiO2

SrTiO3 (001)

4-6 H
260-280°C

Fluorite-type

2. Beware of the Oxy-Hydrids NdNiOxHy
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PressureSolvent

2.Hydrid: Experimental … crucial T° choice
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Inorg. Chem. 2011, 50, 6696



2. Hydrid, exp. … What reduc. Agent ?

Can give 
oxy-hydrids

Can give 
oxy-hydrids
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3. Reduction by Hydrids: What samples ?

GDR MEETICC – Journées Supraconductivité dans les nickelates, 5 nov. 2019 Paris (France) 

Powder: 95% of the papers !!!

 Topochemical means no fully 
reconstructive

What about epitaxial films ???



3.Reduction by Hydrids: What samples ?

Reduced-Square plane topologies

Ni2+/Ni+
Fe2+

Sr3Co2O4Cl2

Co2+/Co+

4d-5d TM

S=0 Ru2+, S=1 Ni+



3.Reduction by Hydrids: What Samples ?

Other Possible Square plane based topologies
For reduction

d8,d9
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Co2+ Mn2+/3+



103

103

SrFeO2.5/KTaO3

SrFeO2/KTaO3

CaH2, 280°C
24 hours

3.Reduction by Hydrids: What samples ?
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Preserved crystallinity
and texture
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3.Reduction by Hydrids: What samples ?

High diffusion

Low diffusion

Specific O2- and  diffusion
paths that guaranty the
structural preservation… by
reactivity time during CaH2

reduction.



3. Reduction by Hydrids: What samples ?

Single Crystals : YES, possible … but small and twinned 



4. Some “Local” results on square-planar “exotic” 
Nickelates

Ar, 100-200°C



Ba1.21Ni+2.56
1.39O3

BaNi2+O2 in KOH flux

2GPa, 900°C

Ba17Ni+2.82
22O48

BaNi(O, OH)3.08

4. Some “Local” results on square-planar “exotic” 
Nickelates



4. Some “Local” results on square-planar
“exotic” Nickelates


