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Zinc oxide (ZnO) is a 1I-VI group semiconductor el
with a hexagonal Wurtzite crystal structure, a watde
direct bandgap of 3.37 eV (at 300 K), a large &geion
binding energy (60 meV), a strong cohesive enerfjy o
1.89 eV, a high optical gain (300 &n high mechanical
and thermal stabilities, and radiation hardnessO Zn
possesses a wurtzite structure similar to GaN, hwisc
widely used in high-performance optoelectronic desi
This oxide is a promising candidate material fovaatted
applications due to the above-mentioned charatt=ris
and unique combination of optical, electrical, metip)
piezoelectric, ferromagnetism and surface reagtivit
properties.

We have developed various techniques for
electrochemical design of ZnO nanostructured filfrise
structures are controlled by playing on many ddjmosi
parameters such as the deposition temperaturesitiepo
time and applied potential/current,  precursor
concentration and additives. The deposition priecip
consists in mixing a zinc salt with a hydroxide quresor

and to generate hydroxide near the electrode by an
electrochemical reduction reaction. Molecular oxyigea
classical and clean precursor since its electroasm
reduction only produces OHwithout any other by-
product. Using a bath depleted in Zn(ll) gives iisehe
growth of ZnO NWs arrays which density, length and
aspect ratio can be easily controlled.[1] Due te libw
precursor concentration, the lateral growth ofwhees is
rapidly stopped and the growth only occurs alorgy ¢h
axis. The wires are grown at rather high tempeeatund
photoluminescence measurements have shown that the
structural quality of the wires markedly increassth the
deposition temperature.[2,3] By using templated
substrates, organized arrays such as urchin-likkevino
structures in which the spines of the urchins aaglenof
ZnO nanowires, can be prepared.[4]

By increasing the Zn(ll) concentration, dense amdath
films are grown at high temperature of the aqudmth.

On the other hand, when the temperature is closedim
temperature, the nucleation on the electrode sarfac
difficult, first some hydroxide is formed which sowly
dehydrated with the deposition time. The film isdaaf
small nanocrystallites of about 20 nm in diame®gr.[

Other original structures have been prepared biusion
electrolysis.[6] In this case, ZnO particles with04nm
mean size are added in the ZnO electrodepositith ba
and by controlling the deposition solution flux tand the
electrode, it is possible to get a film made of plaeticles,
cemented by electrodeposited ZnO. The films present
larges pores and were highly light scattering.

The film structure can also be controlled by usamg
organic additive (dye, polymer, amino aciyl.in the
deposition bath that is integrated in the electpodéed

the

film and acts as a structure directing agent. Retaince,
textured nanoporous films with pore size of abduiinin
have been synthesized by using eosin Y as a steuctu
directing agent.[7]

The electrodeposited structures can be combined and
many combinations are possible. For instance, @re c
first grow an array of ZnO nanowires and, in a seco
step, grow nanocrystalline ZnO. The presence of ZnO
nanowire backbones favor the growth of an epitaxial
oxide and well-crystallization.[8] The coating i®rpus
and the pores are oriented perpendicular to the wir
surface (see figure). The most exposed ZnO plamretha
(001), whereas they were (100)-oriented in the céske
nanoporous films prepared with eosin Y. Similar
hierarchical structures have also been synthesisa

the large particle film prepared by occlusion elggsis.
Some applications of the electrodeposited strustwid

also be presented such as to dye-sensitized sell; c
LED and sensors.
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Figure: ZnO nanowire backbone covered by a ¢
epitaxial shell of nanocrystalline porous ZnO.
References

[1] H. Elbelghiti, T. Pauporté, D. Lincofhys. Satus
Solidi (a), 205, 2360-2364 (2008).

[2] Lupan O., Guérin V.M., Tiginyanu I.M., Ursaki.V.,
Chow L., Heinrich H, Pauporté T.J. Photochem.
Photobiol. A, 211, 65-73 (2010).

[3] T. Pauporté, E. Jouanno, F. Pellé, B. Viana, P.
Aschehoug,). Phys. Chem. C., 113, 10422-10431 (2009).
[4] V.M. Guérin, J. Elias, T.T. Nguyen, L. Philipp&.
Pauporté,Phys. Chem. Chem. Phys., 14, 12948-12955
(2012).

[5] T. Pauporté, I. JirkaElectrochim. Acta., 54, 7558-
7564 (2009).

[6] C. Magne, M. Urien, Th. Pauportglectrochim. Acta,
(2013) DOI: 10.1016/j.electacta.2013.03.104.

[7] T. Pauporté, J. Rathousky, Phys. Chem. C, 111,
7639-7644 (2007).

[8] V.M. Guérin, T. PauportéEnergy Environ. ci., 4
2971-2979 (2011).



