Comparison between the article and script of thesis

All nanomaterials and a part of results presented and discussed in this article titled ‘Efficient
multi-metallic anode catalysts in a PEM water electrolyzer’ provide from the script of thesis
titled: ''Synthèse et caractérisation de matériaux électrocatalytiques pour l'activation de la
molécule d'eau: application dans une anode d'électrolyseur de type PEM''. This script of thesis is
written by Mamaca Nurcan and defended 4 November 2011 in order to obain a PhD degree in
chemistry.
1) The experimental part presented in article was detailed in scipt of thesis.
a) Synthesis of nanomaterials
‘The Ru, Ir, Sn and Ti polymeric precursors (metal–resin) were separately
prepared by mixing citric acid (CA) (Sigma Aldrich) in ethylene glycol (EG)
(Sigma Aldrich) at 60–65 °C. Previously, the precursor salt RuCl3·xH2O
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(Sigma–Aldrich) was dissolved in an acidic solution (HCl/H2O 1:1, v/v)
then it was added slowly at a molar ratio of 1:4:16 of CA/EG/metal. After
total dissolution of the precursor salt, the temperature was raised to 90 °C
and kept at this level for 2–3 h, under vigorous stirring. In a similar way
iridium, tin and titanium resins were prepared with the same ratio from
IrCl3·xH2O (Sigma Aldrich), SnCl2·xH2O (Alfa Aesa), and
Ti[OCH(CH3)2]4 (Sigma Aldrich). However, the tin and titanium salts did
not require the preliminary dissolution in a hydrocloric acid solution. Then
different desired catalysts were prepared from a mixture of different
compositions required for the resins of ruthenium, iridium and Ti or Sn.’

Molar ratio was presented in the folowing table (citric acide/ethylen
glycol/metallic salt):

b) Heat treatment
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‘The mixture is calcined at 400 °C in oven under oxygen atmosphere
in order to obtain oxide species. The temperature was firstly raised at
250 °C at a rate of 1 °C min−1 and it was kept there for 1 h. Then, the
temperature was increased to 350 °C at a rate of 10 °C min−1, and kept
for another 1 h. Afterward, the temperature was increased up to 400 °C
at a rate of 30 °C min−1 and kept there for 1 h to recover a material free
from organic carbon. After calcination a catalyst powder was obtained
and can be used for preparing the catalytic ink.’

c)

Preparation of the catalytic ink
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‘The obtained catalytic powders were used to prepare the different catalytic anodes.
The powder (4 mg) was dispersed in a solution (839 µL) containing water (725 µL)
and a Nafion® solution (114 µL) (5 wt.% in aliphatic alcohol, Aldrich). The resulting
ink was ultrasonically homogenized for few hours. For each electrochemical
experiment 30 µL of the ink were deposited onto a slab of gold (1 cm2) to serve as
supporting substrate of the working electrode; the catalytic ink was then dried under
nitrogen (U quality, from Air Liquide company). This ultrasonical homogenization
step is very sensitive because it enables to avoid sedimentation of metallic particles
in the ink, involving thereby nonrepeatable experiments.’

d) Electrochemical measurements
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‘All the solutions used in this work were prepared with 18.2 MΩ cm water
produced at 20 °C and purified by a Millipore-Milli-Q system. The Nafion®
membranes utilized in the Membrane Electrode Assemblies (MEAs) of the
PEMWE cell contain sulfonic acid groups which are equivalent to 0.5 mol L−1
H2SO4. For this reason, all the voltammetry experiments were carried out in
0.5 mol L−1 H2SO4 (Merck) as supporting electrolyte. The latter
measurements were performed in a conventional three-electrode
electrochemical glass cell (20 mL) using Radiometer Analytical (PGZ 402)
potentiostat Electrochemical Interface. A Reversible Hydrogen Electrode
(RHE) and a slab of vitreous carbon (8 cm2) electrically connected with a gold
wire served as reference and counter electrodes, respectively. The working
electrode was composed of the catalytic ink made from the suitable mixture of
a powder of the Ru based material, a Nafion® 5 wt.% solution and water. This
catalytic ink (0.38 mg cm−2) was then deposited at the surface of a gold
substrate as conductive carrier.’

2)

Results and discussions

a) Cyclic voltammograms
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b) BET measurement
Unit is modified
The BET measurements of the materials gave 102.5, 142 and 372 cm2 mg−1 as
respective specific surfaces of the Ru0.85Ir0.05Ti0.1O2, Ru0.85Ir0.05Sn0.1O2 and
Ru0.9Ir0.1O2 anodes
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c)

Capacitance measurement

Unit is modified
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When measuring the specific capacitances of the materials in the potential
window 0.5–1 V vs. RHE the values of 8.6, 20.8 and 33 F g−1noble metal are obtained
for Ru0.85Ir0.05Sn0.1O2, Ru0.85Ir0.05Ti0.1O2 and Ru0.9Ir0.1O2

