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Electrochemical deposition of semiconductors

Electrochemical synthesis is cheap, scalable, controllable, and
affords relatively good control of the synthesis conditions.
Semiconductor thin-film electrodeposition has
matured and offers several advantages over other deposition
techniques.
IGood control of deposition parameters,
I cheap,
Iwidely used in many industrial settings,
I solution chemistry opens up many possibilities.

At the same time, ironically, the main disadvantages are
related to solution chemistry:
I product contains residual electrolyte,
I sample handling may be complicated.

Preparation of TiCl4–HCl aqueous solution

TiCl4 (liquid) was transferred into a 10 ml plastic syringe.
The syringe was inserted into a three-neck round bottom
flask (under dry nitrogen atmosphere) and the TiCl4 was
slowly added to an ice-cold 37 % HCl solution while stirring.

Titanium hydrolysis and deposition reactions

TiCl4 hydrolyzes immediately upon contact with moisture,

TiCl4 + 2 H2O TiO2 + 4 HCl

and forms titanium dioxide and acidic vapours.
In fact, several species are present in aqueous solution:

Ti(OH) 2+
2 + Ti(OH) +

3 + Ti(OH)4 + 3 OH – 3 TiO2 + 6 H2O

Deposition of titanium oxide presumably occurs via a
peroxocomplex in solution.

[Ti(O2)(OH)n-2] (4 – n)+ + mOH – + kH2O TiO3(H2O)x

2 TiO3(H2O)x 2 TiO2 + O2 + 2 xH2O

The product usually requires firing above 450 ◦C to crystallise.

Solid porous templates

Below left: an anodized aluminium oxide membrane
with evenly spaced and uniformly sized pores.
Below right: a track-etched polycarbonate
membrane with uniformly sized pores.

The polycarbonate membrane is easy to work with
and easy to remove, but has lower pore density and
the pores may be tilted away from the substrate
plane normal. The aluminium oxide membrane has
better pore properties, but is more cumbersome to
work with and harder to remove without damaging
the deposit.

Electrodeposition cell configuration
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Net water splitting reaction

H2O(liq) + 2hν H2(g) + 1
2O2(g)

Water splitting is an uphill reaction with
∆G o = +237.2 kJ/mol, corresponding to a
minimum energy of 1.229 eV per photon, or a
photon wavelength of 1010 nm.

Earth receives a vast amount of solar energy

The Earth is constantly irradiated by sunlight. In fact,
solar energy provides more energy to the Earth in one
hour than humanity transforms in a year. Averaged over
a year, sunlight with a total energy of 100 000 TW hits
the Earth. Humanity transforms about 13 TW yearly for
its needs (in 2001). In 2050, human energy
transformation is projected to reach 27 TW.
Clearly, solar energy could supply all of humanity’s
energy needs for the foreseeable future. Even though
technical estimates put the amount of solar energy that
could be converted to just 600 TW, that is clearly still
much more than current energy requirements.

Transparent conductive oxide glass

IA transparent substrate greatly simplifies device
construction.

IGlass can withstand large temperature variations.
IDepending on composition, oxide layer may also

withstand high temperatures.

20 30 40 50 60 70 80
Scattering angle 2θ/°

0
50
0

15
00

25
00

In
te
ns
it
y/
ct
s

110

101

200

210

211

220

310

112

301

202

321

TEC7 fluorine-doped tin oxide substrates from
Pilkington. Cu Kα X-ray diffractometry indicates it is
well-crystallised. The sheet resistance of TEC7 is 7 Ω/�
and the optical transmittance is 81 %. Haziness 5 %.
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What is a photocatalyst made of?

H

Li

Na

K

Rb

Cs

Fr

Be

Mg

Ca

Sr

Ba

Ra

Sc

Y

LaLu

AcLr

Ti

Zr

Hf

Rf

V

Nb

Ta

Db

Cr

Mo

W

Sg

Mn

Tc

Re

Bh

Fe

Ru

Os

Hs

Co

Rh

Ir

Mt

Ni

Pd

Pt

Ds

Cu

Ag

Au

Rg

Zn

Cd

Hg

Cn

Ga

Al

B

In

Tl

C

Si

Ge

Sn

Pb

N

P

As

Sb

Bi

O

S

Se

Te

Po

F

Cl

Br

I

At

Ne

He

Ar

Kr

Xe

Rn

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

d 0 ions

d 10 ions

Non-metal

Photoelectrochemical applications

Photoelectrochemistry

H2 generation CO2 conversion
pollutant degradation

“solar fuel technology” . . .“photocatalysis”

self-cleaning
surfaces

What does a photoelectrochemical cell do?

A photoelectrochemical cell can perform all three
functions of an energy-conversion and storage system:
I capture the incident light by way of absorption,
I convert it into an electron-hole pair,
I store that energy by reducing some compound,

e.g. H2O, producing a fuel in the process, e.g. H2.
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∗pH 1.7 †pH unknown

‡pH 14 §pH 2
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