ﬁ—
HYDROTHERMAL SYNTHESIS..

3

SP>

SYNTHESE, PROPRIETES ET MODELISATION DES M1ATERIAUX

ON THE GROWTH AND POST-TREATMENT OF NANOSTRUCTURED
VANADIUM DIOXIDE (VO,) PHASES USING HYDROTHERMAL SYNTHESIS

Corinne Legros?, Olga Ishchenko?, Ana Sardinha Figueiredo?, Patrick Ribot?!, Céline Byl?,

Emilie Amzallag!, Nathalie Prud’homme?, Bernard Servet3, Guy Garry?, Michel Andrieux

1- Univ. Paris Sud, Univ. Paris Saclay, ICMMO-SP2M, CNRS UMR 8182, Bat 410, F-91405 Orsay Cedex, FRANCE
2- TE-OX, 2 rue Jean Rostand, F-91786 Orsay, FRANCE
3- Thales Research & Technology France, Campus Polytechnique, 1 avenue Augustin Fresnel, F-91767 Palaiseau Cedex, FRANCE

Synthesis parameters:

control on phase

~

VO,(A)

and

on morphology

d[V>*] 4 pH
aT(C d
dt(hours) U

illing %
Heating Rate

VO,(A)

increasing time J} )

« t >8h : Nanobelts ®» Nanowires
' ' 120h .
T A & « VO,(A) starts fading up
. t=72h
S 1 ! |:l ‘I i VOZ(A)
= | L ! A i 8h
- W s * VO,(B)
£ B K ¥
i N h! : ': P!
1 i Fo i 420876 V0, o t < 8h : V,0,
1 S T N i@
BB 2 l T g
L) T L) 1 i 1 1 1 1 I 1
15 20 25 30 35 40 45 50 55
20(degrees)

« 8h required to produce VO,
* At least 72h necessary to convert VO,(B) = VO,(A)
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FT-IR CHARACTERIZATION.
LCAO-DFT CALCULATIONS

VO, (B) C2/m space group
. _ 1 466 Bu/Au
3 steps Kohn & Sham - Density Functional Theory (KS-DFT) study: 2 491 Bu
3 665 Au
\ VO, (A) HT  /4/m space group
1 ) Structure and geometry optimization in CRYSTAL14 ® 1 453 Eu
\ 2 596 Au
2 ) Electronic structure calculations: Density Of States (DOS) and band diagrams 3 899 Eu
VO, (A) LT P4/ncc space group
I . . Cy . . . . @0 1 388 A2u
3 ) Modelling of IR absorption spectrum within the harmonic approximation 2 508 Eu
/ with respect to equilibrium structure 3 630 A2u
4 875 Eu
(D R.Dovesi, R. Orlando, A. Erba, C. M. Zicovich-Wilson, B. Civalleri, S. Casassa, L. Maschio, M. Ferrabone, M. De La Pierre, P. D’Arco, Y. Noel, M. Causa, M. Rerat, B. Kirtman, VO, (M1) P2;/Cspace group
Int. J. Quantum Chem. 114, 1287 (2014) 1 486 AU
® F. Pascale, C.M. Zicovich-Wilson, F. Lopez Gejo, B. Civalleri, R. Orlando, R. Dovesi, . Comput. Chem. 25, 888-897 (2004) 2 597 Bu / Au
@ C.M. Zicovich-Wilson, F. Pascale, C. Roetti, V.R. Saunders, R. Orlando, R. Dovesi, J. Comput. Chem. 25,1873-1881 (2004) 3 775 Bu / Au

Atomic Orbitals (AOs) basis set and B3LYP density functional were used

Crystallographic parameters: results match well with experimental data (<1%)

Development of

"beyond CMOS" devices
for digital signal processing
with high steep slope in the 10mV/decade.

EXPERIMENTAL

One-dimensional (1D) nanostructures,
such as nanorods and nanowires,
have considerable interest due to both their
fundamental research importance and the wide range

of potential applications in nanodevices.
In that way, synthesizing VO, nanowires and probing their
Intrinsic properties are critical to assess their possible role
In new Ultra-Fast electronic devices based on Metal Insulator phase
Transition (MIT) in VO..

Reversible

VO,(A) LT + VO,(A) HT + VO,(B)

éb method validated for the study of IR spectra

ATR mode

+ VO,(A) LT + VO,(A) HT + & VO,(B)

* Problem for VO,(B) calculated spectrum,
iIndeed experimental results in agreement with literature

Compound Wavenumbers (cm ')

VO3
VO,(B)

1010, 995, 950, 895, 861, 770, 543
997, 931, 875, 771, 534

@ J.-C.valmalette, J.-R. Gavarri, Mater. Sci. Eng. B54 (1998) 168-173

+ VO,(A) HT + VO,(M) + V0.,

Here, we synthesize VO, nanowires using Hydrothermal or Microwave Assisted Hydrothermal synthesis.

The composition and morphology of as-obtained samples were characterized using XRD, SEM, FT-IR correlated
with LCAO-DFT calculations. We also show that it is possible to form VO,(M) phase by peculiar post-treatments.

MICROWAVE (MW)-ASSISTED

\_

VO, (A+M)

J

Nanowires + Snowflakes

Whatever temperature: t < 8h

A Tot,
i UL_» JU‘U "N A
s | . Tt 3 | T,t
= | | 81-2392 VO _(B) 2 |
sl s | g
"2 ) U . A ..g | 42-(;1876 VO, (A)
= - 42-0876 VO,(A) - I J J Y L
82-0661 VO, (M) 82_5661 vo.(M)
_ N S W W N T A S
10 20 30 40 50 10 20 30 40
2Theta 2Theta
 For shorter time, VO,(A) + € VO,(B) .

* For longer time, mixture of VO,(B+A+M)

ﬁ—

OAfR 8@'\»

For higher temperature, % VO,(M) A

50

increasing tﬁ

g J
Microspheres + Snowflakes
- -
«
2
@ T, t
J 82-0661 VOZ(M)
R A
0 20 30 40 50
2Theta

 Major phase VO,(M) + € VO,(A)

* VO,(M1) simulated spectrum probably
shifted to lower o due to temperature (0OK)

. VO,(M) + VO,(A) HT

«  VO,(A) HT + VO,(B) + VO,

ANNEALING FOR 2h AT 700°C, Ar FLOW

Intensity(a.u.)

B e —— e — .-

(-311)

Ll A - Tube Furnace
; , A
| : \flia,Hydrothermal
| | [ 2 Ju\'L A s
i g Ei
b Lol : g
; = | 11 =. N
: : '-8:1' i é dsii-osm- VO,(M)
} i
i
|

o 81-2392- VO (B)
[=]

)
S M A A

RAMAN LASER ANNEALING

Intensity, a.u.

26(degrees)

Incomplete conversion of VO,(B) = VO,(M)
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CONCLUSION & OUTLOOMK.

- Influence of hydrothermal synthesis parameters was evaluated:
- The lower temperature to form VO,(B) is 180°C

NON-ASSISTED:

- Time has a very important role on the formation of VO,(A): t > 72h

- Appropriate morphology for integration in electronic device

- Further work should be conducted to form VO,(M) from VO,(B) and VO,(A) using this new versatile route
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Theory allows to assign vibrational modes
LCAO-DFT calculations match with measurements

Absorption bands of various VO, phases in agreement
with phases detected in DRX
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@ S.R. Popuri, M. Miclau, A. Artemenko, C. Labrugere, A. Villesuzanne, and M. Pollet,
Inorg. Chem 52(9), 4780-4785 (2013)
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« Phase transition sequence:
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- Faster way to form VO, nanostructures: t < 8h

- Possibility to produce VO,(M)

- Incompatible VO,(M) morphology with integration in electronic devices
- Investigation was supported by vibrational calculations: theory allows to assign vibrational modes of different VO, phases and LCAO-DFT calculations match with experimental spectra. This work should be optimized
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