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ABSTRACT

| sopropanol el ectro-oxidationson to Pt surface in surfactant environment
have been reported. Analysis of the cyclicvoltammtry results shows that
isopropanol solution containing surfactants show a remarkable depres-
sion of all the peak current as compared to pure isopropanol solution. Itis
observed that in the presence of SDS (sodium dodecy! sulfate) the oxida
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tion current of 2-PrOH is reduced to a small extent but it is reduced to a
large extent in the presence of CTAB (cetyl trimethyl ammonium bromide).
It is also revealed from the study that both oxidation potential and the

peak current are function of surfactant concentration.
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INTRODUCTION

Direct dcohol fuel cells(DAFCs) attract attention
aspower sourcesin numerous applicationsat low op-
erating temperaturé™. Different typesof acoholscan
beusedin DAFC. Electro-oxidation of long chain car-
bon atom al coholsinvolves more intermediates and
productsthan that of methanol electro-oxidation and
thusmoreefficient electro-catalystsare needed at low
temperature. Platinumisthe best choiceasan e ectro-
catalyst for alcohol fue cdll?3.

Thee ectro-oxidation kineticsof organic molecules
isof fundamenta importanceineectrocatdysis, andis
asoavitd factor inthe gpplication of theoxidation as
anodic processindirect fuel cells.

Alcohol electro-oxidation mechanismonto plati-

num surface hasbeen sudied widdly for longtime. Many
mechanismsfor a cohol oxidation have been proposed.
Although abreakthrough in the understanding of the
acohol eectro oxidation mechanism was obtained by
techniqueslikeingtuinfrared reflectance Spectroscopy,
ingtu IR reflection-absorption spectroscopy, inSitu sur-
face-enhanced | R absorption spectroscopy etc.“l,

El ectrooxidation mechanism of isopropanol isvery
complex in nature. Recently isopropanol (2-PrOH)
el ectro-oxidation studiesshow that itisapromising fuel
becauseit showsalower over potentia and higher per-
formancethan methanol.

Therefore, theinvestigeationsof reactionmechaniams
arevery important. Thereaction mechanism of 2-PrOH
el ectro-oxidation hasa so been investigated by means
of electrochemical and spectroscopictechniques(ingtu


mailto:abhikchemistry@gmail.com

RREC, 4(4) 2013

Abhik Chatterjee et al.

137

infrared spectroscopy), on line mass spectroscopy.
Accordingto thesestudies, it isfound that acetoneis
themain dectro-oxidation product of 2-PrOH. Acetone
playsboth therole of product and intermediate, and
that theformation of afurther oxidized product, CO,,
wasa so observed. Sunand Lincarefully examined the
el ectro-oxidation of 2-PrOH on platinum surface®”,
Theé ectro-oxidation of 2-PrOH on threebasal planes
((112), (110) and (100)) and two stepped surfaces
((610) and (211)) of platinum singlecrystalshasbeen
studied by usinginsitu FTIR spectroscopy!™. There-
sults showed that the oxidation of 2-PrOH obeysthe
same reaction mechanism on the basal planesaswell
ason the stepped surfaces. It was determined that ac-
etone (characterized by IR bandsaround 1698, 1430,
1368, 1238 and 1157 cmr?) and carbon dioxide (de-
picted by an IR band near 2345 cm?) are the main
product speciesinvolvedinisopropanol eectro-oxida:
tion. The production rate of acetoneand carbon diox-
ideinisopropanol e ectro-oxidation at different poten-
tialsand on different Pt single crystal electrodes has
been evaluated quantitatively fromin Stutime-resolved
FTIR spectroscopic data

Two potentid regionsare characterised for the pro-
duction of acetonein isopropanol oxidation, one be-
tween 0.20 and 0.80 V/SCE and the other from 0.80
to 1.20 V. The activity of the Pt single crystal elec-
trodes in the first potential region is Pt (100)>Pt
(610)>Pt (211)>Pt (111)>Pt (110), and in the second
potential regionitisPt (110)>Pt (111)>Pt (211)>Pt
(100)>Pt (610). Thisstudy provides new datato de-
scribe quantitatively thekinetics of isopropanol oxida
tion on Pt singlecrysta el ectrodes, and contributesto
theunderstanding of the structural effectsof the Pt sur-
faceaomic arrangement inthedectrocataysisof irre-
versiblereactions. They showed quantitatively that ac-
etone formsthrough the dehydrogenation of 2-PrOH
asamain reaction path, and a so that the oxidation of
adsorbed 2-PrOH proceeds further to yield CO, in
parallel. From the study it was concluded that dehy-
drogenation of isopropanol isthemain reaction,

(CHg_CH OH _CHa) Dehydrogenation CHg_Co_CH3 +2H"+ 2e

Inthe present study, weliketo add morelight on
the proposed mechani sm using cationic and anionic sur-
factant as probemolecules. It isexpected that in sur-
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factant medium the diffusion of acohol moleculeswill
be duggish. Again cationic and anionic surfactantsare
expected to behave oppositely towards dehydrogena
tion step. It should be mentioned that el ectrodekinetic
studiesfor largenumber reactionsus ng surfactant have
been reported earlier®9. Inalmost all the casesit has
been found that surfactants can markedly affect there-
dox reactionson the el ectrode surface. These may be
duetoi)changing thedoublelayer structureii) changing
therate of electron transfer by both acceleration or in-
hibitioniii) changing the E1/2 value of an el ectro ac-
tive species. It isexpected that the present study will
hel p understanding the mechanism of 2-PrOH oxida-
tion.

EXPERIMENTAL

Sulfuricacid (Merck), cetyl trimethyl ammonium
bromide, CTAB (Aldrich) and sodium dodecyl sulfate,
SDS (HimediaLab.Limited, Mumbai) were used as
supplied. Isopropanol (Merck) wasdistilled under ni-
trogen atmosphere. A three el ectrode set up was con-
structed for thisstudy, wherebare Pt foil wasthework-
ing e ectrode; thecounter eectrodewasthePt foil, while
asaturated calomel electrode (SCE) served asrefer-
ence electrode. The supporting electrolyte was 1M
H,SO, solution. For surfactants, the concentration be-
low and above CM C wereinvestigated. Theisopro-
panol oxidation wasmeasured by cyclic voltammetry
at different scanrates. All theexperimentswere carried
out at room temperature, 25°C. Electrochemica mea
surements were performed using a Potentiostat-
gavanostat (VersaStat™ |1, Princeton Applied Re-
search).

RESULTSAND DISCUSSION

Figure 1 representsthe cyclic voltammograms of
2-PrOH in 1M H_SO, medium at 30 mV's* scanrate
in the presence of different surfactants.
Cyclicvoltammogram of pure isopropanol solution
showsthat three oxidation peaksare observed at about
0.271V and at about 1.041V intheforward scan and
inthereversescan at about 0.3V.

But thecydicvoltammogram of d cohol solution con-
taining surfactant show that thefirst oxidation peek prac-
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tically negligible and the second oxidation peak de-
creases. Fromthefigure, itisseenthat in the presence
of SDSthe oxidation current of 2-PrOH i.e. Ip (sec-
ond oxidation peak) isreduced to asmall extent but it
isreduced to alarge extent in the presence of CTAB.
ButE, values changeto asmall extent in both the sur-
factants. It isalso observed that Epand l botharefunc-
tion of SDS concentration (figure 2.) Abovethe CMC,
theoxidationrate still decreasesfor theanionic surfac-
tant systems, which was not observed for the cationic
one and at high concentration of CTAB, the
voltammograms areentirely changed and isdueto the
bromideoxidation.
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Figurel: Isopropanoal oxidation in surfactant environment
(a) pure2-PrOH solution (b) in 3mM SDS(c)in 8.1mM SDS
(d)in11mM SDS(e) in 0.2mM CTAB (f) in .95mM CTAB.
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Figure2: Variation of peak current and peak potential with
SDSconcentration

We assumed that the dehydrognation step isthe
rate determining step. Thecationic and anionic surfac-

tants behave oppositely towards the dehydrognation
Research & Reotews On

step. SDS accel eratesthe dehydrognation of 2-PrOH
but CTAB retardsthe dehydrognation. The positively
charged CTAB layer retardsthe deprotonation at the
electrode surfaceviae ectrogtatic repulsion. Thenega
tively charged layers of SDS may favor theaccumula-
tion of H* ion near the electrode because of electro-
staticinteraction. The observed behaviors of two sur-
factants established the proposed rate determining step
of oxidation of 2-PrOH.

Thecurrents|p of peak2 increasewith the square
root of scanrate. Plots of the anodic peak currents of
2-PrOH oxidation (Ip) versusscan rates (V) ranging
from 30to 50 mV s gavestraight lines(figure 3) and
thusobeysthefollowing relaionship.
|p=2.985*10°n [(1-a)n ] ?AD¥2C V2 D
Where Ip, isthe anodic peak current (mA), nisthe
number of eectronsinvolved inthe oxidation, A isthe
areaof electrode (cm?), V isthescanrate (Vs?), Cis
the concentration of the el ectro active speciesin bulk
solution (mol cm3). Thus2-PrOH electro-oxidationis
anirreversbleone. Astheegation containsD (diffusion
coefficient), sofromthe s opeof the curvesitisseen
that diffusion coefficient decreaseswithincreasing sur-
factant concentration. Thecyclic voltammogramsof 2-
PrOH sol ution containing SDS show aremarkable de-
pression of all the peak current ascompared to only 2-
PrOH solution. These observations may be explained
by changesof thediffusion coefficients (D) of thed ectro
active species. Thediffusion coefficient value(D) isa
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Figure 3: Scanratedependenceof theanodic peak current
for (a) only 2-PrOH (b) in 3mM SDS(c) in 8.1mM SDS(d) in
11 mM SDSsolution
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measurement of the chargetrangport ratewithinthelig-
uidfilm near the dectrode surface. Thediffusion coeffi-
cient decreaseswith theincrease of surfactant concen-
tration. Thismay be dueto thefact that the surfactant
molecul es are adsorbed on the el ectrode surface and
simply servesasawall to prevent the 2-PrOH mol -
eculesfor elctrodic reaction.

At thesametime, thegrowing thicknessof adsorp-
tion layer movesthe plane of el ectron transfer away
fromthedectrode surface. Thediffusonof eectroactive
substancei.e, 2-PrOH through the compact adsorbed
layer of surfactantismuch dower and thisleadsto the
increase of the oxidation potentid.

CONCLUSION

A generd conclusonemerging fromour investiga
tionisthat the dehydrogenation isthevita stepfor the
2-PrOH oxidation. It isalso seen that the dehydroge-
nation of 2-PrOH ismuch facilein SDS environment
compared to CTAB. The positively charged CTAB
layer retardsthe dehydrogenation and the negatively
charged layersof SDS may favor the accumulation of
H*. Itisa so observed from the study that theva uesof
diffusion coefficientsaregradually decreaseswithin-
creasing SDS. Thusthe surfactant mol ecul es control
thediffusion of 2-PrOH moleculestowardsthe elec-
trode, which leadsto decreasetherate of 2-PrOH oxi-
dation.
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