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(RZFE HDE)

Designing novel oxides

Cédric Tassel

Oxides offer a wide range of opportunities for
science and technology and are used in many
applications such as magnets, resistors, LED,
pigments, etc. These materials are usually prepared
using the most common method that is simply
to react a mixture of easy-to-obtain component
materials at relatively high temperatures typically
above 800 °C . This technique has been used for
centuries and thousands of materials have been
prepared. In order to discover novel properties, it
is now very important to find new methods for the
synthesis of compounds.

Our research consists in developing exotic
syntheses pathways and researching the possible
use of the obtained materials. Topochemical
reactions consist in using existing materials and
modifying their ionic network by adding/removing/
replacing their atoms while at the same time
preserving the overall structure. A good example
is the reaction of SrFeO; (Figure below) with
iron in FeO, octahedra that can undergo oxygen
loss giving SrFeO, with FeO, square planes. This
chemistry uses hydrides to remove oxygen from
frameworks. Hydrides are composed of alkali (i.e.
lithium, sodium) or alkali earth metals (i.e. calcium,
strontium) and the hydride anion H". The reaction
occurs as follows:

MO + CaH, > MO,.; + 0 H, + d CaO + 1- 6 CaH,
where M is a cation and & the oxygen extracted.
Resulting materials possess different properties
with the original; for instance, an insulator
becomes a conductor, a non-magnetic material
transform into a magnetic one. Our favorite
playground for these reactions is the perovskite
structure ABO;. This framework is made of BOs
octahedra sharing corners and an A site sitting at
the center of the network.

Recently, our group investigated the reactivity
of (Ba,Sr)FeO; and reduced it to a new type
of framework with triangles and octahedra.[1]
Interestingly when a similar reaction is performed
with titanium perovskites, hydrogen intercalates
in place of oxygen and the framework keeps its
perovskite structure. The investigation of the
insulating (Ca,Sr,Ba)TiO; structures shows that
they transform into (Ca,Sr,Ba)TiO;H, with possibly
interesting conducting properties.[2] The reduction
of materials is a promising topic towards a better
understanding of anion chemistry, which can be
applied to fuel cells, membranes and catalysis.

Schematic view of the reduction of SrFeO; to SrFeO,. The blue, red and
green balls represent iron, oxygen and strontium respectively.

[1] Yamamoto, et al. Journal of the American
Chemical Society (2012) 134, 11444.

[2] Sakaguchi, et al. Inorganic Chemistry (2012)
51, 11371.
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FTZEDARIEH 100 JRE DR SHERKR SN, i
TDEDE DNA. RNA. FJ)\JE, BBED TFRERKRL
ROFNMSEESNTLET, MiEEMENSTHEL
TOFENFEIN. FAYDEBHBEVDNCLUTECTZDT
L&D DTN SRIAHENERINCHAREINDIC(E.
DTFREN—TEELDESNCENEREIND [EERRE]
NBDEY, KEDOMIRTISRINDZIDIRLDIRS2TIL
REET, SR FZ2ERBCETDIDTLLDIN,. BED
N THFHE<BKEIRRN. COBBICFENANDZ
BX 3N IEEDMRTHNSBESHNCIAD DDHNET,

2.5%FEEDOED TAB/RHPT 0.25 K/um DR E LT
(RXREZES K) Z2kdDE. AZLDNA ZEBR
RIS, NEVWEDEFEERACBET D ENDIH 1K
FHNRDERREFREUELUZ (Maeda, et al. (2011)
Phys Rev Lett 107, 038301), 5 (C. DNA T RNA (&
EHROBRDNDFCTRIRL BEOD FREEZREE
I, CDDFEEZEDRNA(FE. KOSRAICEHIE
NPT EZRHUELUR (Maeda, et al. (2012)
Proc Natl Acad Sci USA 109, 17972). BELE%E R

OO EHIR S (F. 1 RS —LEFPEMESDIRED
FEGHREE (B - A% - B SHRMEEd2E U
MUBZISRUTCTEMEIEZ S BRWLWC ETHDEU. [H]
LCREY] OB E——DXIBIHkEI(E. RUT
BETRMOEEFITTIN FELARULFEZEDIR
DEBERNBEOREDEETREICHESZN, LD
AN -t =8 - SUERRRICIS U CERRICERENE U,
BMNFT. EBDOEICTHUIAATZFHBDH (L. RITHU
<EN. BAZZEIELRNSE. WEEFTEDRL
ZRNDT (TBATZDTT,

M EDESRPEALARYATZSDHNERZ s < DH)
I 300 D8N E. TChSEHHENTZ [HhEMN-C
AS—A] OFRGEZFEPIDEN. AEDBETT,
TDEHICKRETI(E, EE - 7SEFEB - RILSTED
[FEPRZERFEL,. DN DIRMABCTHIEERNTENZS
FALELUZ. WKUT MERA/ VT I2EDEDH
RER, TOERGFFEEXAZERICNITZIAFTZIVD
TRFEHRBZVEIa>OEMEIC. LW<KEMNBDRZENT
SO TIFIRVWIERNET,

(I3MMCU 7=2DD)

TRELARLIC LD RNA D7t E Dl

M BT THEZEDAESSPBE CTHOITD [DFH
BN THDENZFY, BEOHKEHILICEEER
{EFMEEARSIHRELNRNHDZENMSNTNET,
AEDE. REARCEBSIURENSED. MigAD
R EAIIERENTZNELNEE A
E5(C. AT THASHCUZIRRSLE> 7Y MO
K[UINSYITIRERRD D FIRIEECHERUT, ERDTF
DIFENLPTNENWSBUMZREET, S ERF
DFVMRZEIHCHIEHT D, FTLULD FIRERMAD
BRAMFSNET.
(FREZ DSFF)
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