@ IFA-CEA (C1-07) : TiO,-based nanoparticles

for applications in photovoltaic cells
or bactericide elements (NanoPhoB)

Roadmap of the project )
photocatalysis

Year one:
synthesis of « X-doped » nanoparticles by laser pyrolysis

Year two :
Synthesis of new generation of nanoparticles

Selection of nanoparticles from year one
Elaboration of (SDSSC) solid state Dye Sensitized Solar Cells
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- National Institute for Lasers, Plasma and Radiation Physics (NILPRP),
Laboratory of Laser Photochemistry, Bucharest, Romania; lon Morjan — Director
of the Project

-Edifices Nanométriques, CEA - IRAMIS/SPAM, Saclay, France,

Nathalie Herlin Boime - Director of the Project

- XLIM institute, Limoges, France, Johann Bouclé




NanoPhoB

1- Introduction : The Nanophob project
- > objectives of the project
-> The laser pyrolysis technique
-> synthesis and characterization
of TIO, based nanoparticles
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2 - TiO, based devices N
DSSC device performances W
N-doping effect : Université \aine

- > Numerical simulations : isolated TiO, clusters

- > EPR characterization

3 —TiO, for photocatalysis

degradation of salicilic acid



1- Laser pyrolysis
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CArS 1- S-doped nanoparticles
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Nanoparticles with :

- diameter in the range 10-20 nm

- S content up to 4 % "

- variable anatase to rutile ratio o I R T R

- red-shift of the gap wave lenght (nm)
(compared to TiO,)




1- C- "doped” nanoparticles
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Nanoparticles with :

- diameter in the range 10-30 nm

- core shell structure

- C content in the range 15 10 21 % i
(correlated to C,H, flow rate) Y . B

- gap between 2.6 and 3.2 eV AR WA
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1- N-doped nanoparticles
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Synthesis from TTIP + NH;

Nanoparticles with :

- diameter in the range 8-12 nm

- N content in the range 0.2 to 2 %
(correlated to NH3 flow rate)

- more than 90 % anatase

- a second gap in the visible 0
intensity correlated to N content ° ! 2 3 4 5
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Outline

1- Introduction : The Nanophob project
-> The laser pyrolysis technique
-> synthesis and characterization
of TIO, based nanoparticles

2 - TiO, based devices

DSSC device performances
N-doping effect : Université \aine
- > Numerical simulations : isolated TiO, clusters

- > EPR characterization
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@2%)818) Fabrication of porous TiO, photoanodes and solid DSSC

= Nanocrystals (15 wt.%) \

= Ethanol Spin- Sintering 2 pm thi

= Ethyl cellulose (EC) Coating ule e porous film
TiO,:EC = 3:2 (wt.)

H. Melhem at al., Adv. Energy Mater. 1 (2011) 908
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G LRI 2 - SSDSC : Device performance
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= Improved photocurrent with doping
No modification of Voc : no drastic change in the CB of TiO,

H. Melhem at al., under publication solar Energy Materlals (2012)



2 - SSDSC : Device performance

Incident photon to current efficiency spectra Direct contribution of N-TiO, to current generation
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Underlying mechanisms ?
investigation by EPR shows an increased mobility of charges
attributed tfo N atoms in substitution
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C-TiO, sample
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Photocatalysis : degradation of salicylic acid

= UV illumination (355 nm)
= UV + visible illumination
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Promising preliminary results : to be continued



Conclusion and perspectives

v’ various X-TiO, nanoparticles

v" Demonstration of efficient Solid-State DSSC based on N-doped
TiO, nanocrystals, Influence of N-doping on device performance

= Improved photocurrent

=> Direct conversion of photons into electrons from the doped metal oxide

v' promising photocatalytic results

v" Insights in the characterization of synthesized particles (HRTEM, XPS,...)
v Synthesis of novel TiO,-based polymeric composites and characterization
(structural and photocatalytic properties)
v" Insights in the mechanisms of charge transfer in PV cells

( -> improvement of efficiency) PhD Jin Wang
v' Complementary photocatalytic measurements

Common proposal to the international call of ANR ?
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In progress : Jin Wang, PhD student, working visit in Bucharest



