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Eﬂ Introduction

Perovskite compounds ABO3
Ferroelectricity and magnetic ordering mutually exclusive

Ferroelectric perovskites Magnetic Perovskites

Isolants, lone pair + 3d0 3dn, (Jahn Teller, tilts...)
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/V‘Eﬂ Introduction

PbVO3 appears as an interesting candidate:
isostructural to the ferroelectric PbTiO3
cations V4+ spin %2

Some results and questions :

Structure

S.G. P4Amm a =3.80005(6) A, ¢ =4.6703(1) A,
the largest tetragonal distortion, c/a = 1.23, among the PbTiO3

compounds

Shpanchenko, R. V et al. C. Chem. Mater. 2004, 16, 3267-3273
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/VZH Introduction

Magnetism: not so clear...

Long-range ordering or short range ordering?

NPD: neither extra antiferromagnetic peaks nor an increase in the nuclear

Bragg peaks were observed at the temperature T=1.5K
(pb impurities PbV6011)

The magnetic susceptibility of polycrystalline samples of PbVO3 + single
crystal: two-dimensional S=1/2 square lattice antiferromagnet with long range
order at TN = 43 K (uSr) =50K (M=(H))

Due to the electronic configuration of the V4+ (3d1), which promotes
the VO vanadyl bonding with a dxy orbital ordering ?

Magnetic frustration?
Oka, K et al Inorg. Chem. 2008, 47, 7355.




/VZH Introduction

Multiferroic: bulk vs thin fiims...

Experimental measurements of bulk samples and epitaxial thin films show
great contrast between each other.

Polycrystal semiconducting samples do not exhibit obvious magnetic
transition, while high quality epitaxial thin films show a magnetic transition
around 100 K.

Ferroelectricity, proved in thin films with an effective piezoelectric coefficient
d33 = 3.1 pC/N

Kumar, A et al . Phys. Rev. B 2007, 75, 060101.




/VZH Our study

Powder synthesis

Substitution of V by Ti : evolution of the magnetic properties

Substitution of V by Fe : new magnetic properties,
new phases ?

Single crystals synthesis

PbVO3 can only be synthesized at high pressure .




2 The High pressure - High temperature
CLL equipments at the Institut Néel

institut

BELT
Pyrophyllite cell
Calcite \ Sample
insulators capsule
(Au, Pt, ..))

Teflon

gasket - _

Graphite furnace

- 8 GPa, 1500 °C
- Volume : 0.04 cm3
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2 The High pressure - High temperature
CEL equipments at the Institut Néel

institut

CONAC
Calcitecell Mo
l 1IN Sample
Calcite L capsule
insulators T (Au, Pt, ...)
Calciteor
Pyrophyllite  Graphite furnace
washer

CONAC?28 CONAC40
-7,5GPa, 1500 °C -6 GPa, 1500 °C
-Volume :0.17cm3 -Volume :0.80 cm3

The Conac 40 anvil
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’ HP-HT powder synthesis
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* Samples were prepared
from stoichiometric mixtures

. 6 GPa

powder

of PbO, V203, V205.

90min

TiO2 and Fe203.

quench |!

time

time

Typical pressure and temperature
are 6 GPa-700°C.

* substitution series (nominal composition)

- PbV1-xTixO3 x =0, 0.1, 0.25, 0.5, 0.6, 0.75, 0.8, 1
- PbV1-xFexO3 x =0, 0.1, 0.25, 0.3, 0.4, 0.5, 0.6, 0.65, 0.75
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) HP-HT powder synthesis
EEL

institut
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Rietveld on PXRD PbV0.9Ti0.103

Almost single phase powder samples were obtained at 6 GPa, 700° C
for 90 min dwell time.

)l
GrenoblefINP
/ UNIVERSITE
s rHRARER



Intensity (arb. units)
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HP-HT

powder synthesis

Pb(V1-xTix )O3
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for the Ti series, a complete solid
solution is obtained for 0<x<1.
Increasing the substitutions decreases c
and increases a, thus converging towards
the lattice parameters of PbTiO3.

&

A linear variation of lattice
parameters with the degree of
substitution is observed

Shift in the position of diffraction peaks
101 (right) and 110 (left) for Ti series

lattice parameters (Ii)
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for the Fe series, the tetragonal
structure is conserved until 50%
substitution. Then, a new cubic phase is
observed with unreacted products as
impurities.
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Pb(V1-x Fex ) O3

HP-HT powder synthesis

Shift in the position of diffraction
peaks 101 (right) and 110 (left) for
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Intensity (arb. units)
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Rietveld refinement
on PbV0.7Fe0.303 tetragonal
phase PAMM
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HP-HT powder synthesis

Pb(V1-x Fex ) O3
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Rietveld refinement
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’ HP-HT powder synthesis
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size (A)

Pb(V1-x Fex ) O3
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composition (% Fe)
The grains are smaller and more mechanically strained
along the c axis.
Anisotropic strain and particle size quantified by XRD are
attributed to disorder due to V/Fe substitution.



’ HP-HT powder synthesis
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Magnetic properties for PbV1-xFexO3, x= 0-0.4
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ZFC — FC curves show the presence Magnetic hysteresis indicates the
of magnetic ordering transition presence of a ferromagnetic component
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’ HP-HT powder synthesis
/VEEL
ot Magnetic properties for PbV1-xFexO3, x= 0-0.4
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The magnetic ordering transition is The transition temperature
observed in all the iron doped samples increases with x(Fe)

)l
GrenobleJINP
UNIVERSITE
/ JosepH FOURIER



’ HP-HT powder synthesis
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Magnetic properties for PbV1-xFexO3, x= 0-0.4

Neutrons powder diffraction D1B ILL
No long range ordering spin glass?
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First result Mossbauer confirm magnetic Fe local ordering
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’ HP-HT powder synthesis
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X-Ray absorption spectroscopy

A change in the degree of oxidation for S e
vanadium IS observed as the 12]
concentration of iron is increased. No 1.01 V“v‘“—
change is observed for Ti substitution. g
§ 0.4 1
@
V4 V5 S
s o™ =
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+ ++25%Fe s
—+— 25% Ti energy (eV)
0.4 —— PbVO3
3
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5
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©
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energy (eV)
BM32/FAME French CRG beamline of the ESRF, in transmission mode. (coll. J-L Hazemann, O. Proux)
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’ HP-HT powder synthesis
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X-Ray absorption spectroscopy

It can be inferred that Fe3+ cations are substituted to
V4+, leading to the general formula :

Pb(VH-2x ¥x Fex )
O3 + + +

The solid solution has to stop at x=0.5.

In the case of titanium, the substitution IS isovalent,
allowing a complete solid solution:

Pb(VExTix )O3
_I_
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’ HP-HT Single crystal synthesis
CEL
Single crystals were obtained by hydrothermal method in CONAC

10% wt water added to the mixture and slow cooling under
pressure.

200 pym

EHT = 3.00 kv SgnlA=inlem Date :13 Apr 2012 [l/f\‘ﬂ
ystern Vacuum = 6.01e-006 mbar
WD = 8.0mm Mag= 24X  (Polaroid reference) Time 214040 Sttt




FEL

institut

EHT = 3.00 kv Signal A = InLens Date :13 Apr 2012 fﬂ
WD = 7.4 mm Systern Yacuumn = 4.98e-006 mbar Tirne 220744

Mag = 2067 KX (Polaroid reference) Institut
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Bruker Kappa Apexll, AgKa, OBmax = 34.85°wR=2.8%, gof=1.6, 405 refl, 14param.
, 80/20%

Racemic twin

Single crystal XRD Structure resolution

U22 U33

Wyckoff |x y z Uy,
Pb la 0 0 0 0.00759(8) | 0.00759(8) | 0.01299(10)
AY 1b 0.5 0.5 0.5690(3) 0.0061(3) 0.0061(3) 0.0126(5)
01 1b 0.5 0.5 0.2153(19) 0.013(2) 0.013(2) 0.015(3)
02 2c 0.5 0 0.6900(14) | 0.0088(19) | 0.0086(19) 0.017(2)

Pb-O1 (x4) 2.867(3)
Pb-02 (x4) 2.386(4)
V-01 1.649(9)
V-01 3.013(9)
V-02 (x4) 1.9810(19)
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The measurement of resistivity vs. T
shows a semi-conducting behaviour
(decrease of resisitivity with
temperature) with a possible activation
energy of 0.2 eV.
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HP-HT Single crystal synthesis

Resitivity measurements
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’ Conclusions
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* the substitution of V by Fe and by Ti was studied. In the case of
Fe a new cubic phase was discovered for x=0.5.

* anisotropic strain and particle size quantified by XRD, attributed
to disorder due to V/Fe substitution.

* preliminary XAS data indicate heterovalent V/Fe and isovalent
V/Ti substitution

* single crystals of PbVVO3 were grown at high pressure. Their
structure was refined by XRD.




In progress

specific heat measurements
electric polarization
neutron powder diffraction

Mossbauer spectroscopy
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°* Rendez vous demain
pour d’autres
histoires de
multiferroiques.......



’ HP-HT powder synthesis
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=ttt Magnetic properties for PbV1-xFex0O3, x= 0-0.4

8004 ™ 10% Fe 1T
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50 0 50 100 150 200 250 300 350 400
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1/y vs. T plot shows antiferromagnetic

interactions, magnetization increases with
x(Fe)
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moment (U / f.u.)

| —@— l/ylinear fit
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2.5-
2.0
10 20 30 40
% Fe

Magnetic moment per f.u (pB) from
Curie-Weiss fit indicate a too large
moment for Fe3+



