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ABSTRACT

The hyperrecativity of platinum electrodes renders these electrodes use-
lessfor routine el ectrochemical analysis. The present work utilizes modifi-
cation of polycrystalline platinum with Pb for enhancing the reactivity of
Pt electrode towards oxidation of ethanol and | atoms for suppression of
its liability towards molecular adsorption. The notion of enhancement of
oxidation of ethanol was fully tested by cyclic voltammetry. For better
sensitivity, ethanol was analyzed at the Pt-Pb( o ) electrode by differen-
tial pulse voltammetry. The electrode showed alinear response for ethanol
within a concentration range of 5x10° M to 4x10° M with a minimum de-
tectability of 1.1x107 mol I (0.11 ppm ethanol). The accuracy of analysisof
ethanol at the Pt-Pb( o electrode was tested by comparing it with a
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spectrometric analysis of ethanol.

INTRODUCTION

Surfaceswith adatoms, whichinasenseimitate*“sur-
facealoys” are known to impart a new chemistry to
metallic solid surfaces?. A vast number of publications
inthelast two decadesindicated that adatoms may en-
hance catalytic properties?, induce surface passivation
for corrosion inhibition® or might be used for tuning
selectivity and reactivity of the solid surfaces for
electrocatalytic“ and e ectroanaytical gpplications®.

Inthiscontext, € ecrooxidation of ethanol wasfound
to be enhanced by lead adatoms on platinum elec-
trodes®. On the other hand, we have used iodine
adatoms on platinum for imparting passivationto the
platinum e ectrodetowardsmolecular adsorption within
afair potential rangerenderingit useful for e ectroandy-
sg.

On the premisethat we can add adatomsto passi-
vatethe surface or enhanceitscatalytic properties, the
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present work was undertaken with theaims of modify-
ing platinum eectrodeswith adatomsfor sdlectiveandy-
sisof ethanol. Theatom of choicefor passivation was
theiodine atom whilethe atom for imparting the de-
sired catalytic propertieswasthelead atom.

EXPERIMENTAL DETAILS

A home-made potentiostat based on operational -
amplifier circuitry and an x-y recorder (EG& G model
REO074) were used for collection of cyclic
voltammetric data. A conventiond, three-electrode cell
equipped withamultiple-inlet system for admission of
supporting e ectrolyteand the other solutionsand for
purging and blanketing the solution with oxygen-free
nitrogen was used. The working electrode used for
voltammetric measurementswasa 1.0 mm diameter
polycrystalline platinum el ectrode (99.95%, Johnson
Matthey, USA) rounded at theend to provide arepro-
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ducible surface areauponimmersion underneath the
surface of the solution intheworking el ectrode com-
partment. Thereferenced ectrodewasaAg/AgCl/[Cl
|=1.0mol I Theauxiliary electrodewas aspiral shaped
platinum wire (99.95%, Johnson Matthey, USA). The
solutionswerepositioned on ashdf tofacilitatetheflow
of solutionstothecell by gravity action.

A 173 polarographic andyzer (Princeton Applied
Research) coupled to an SMDE model 303 was modi-
fied by disabling the mechanical functionsassociated
with themercury dectrode. Themercury capillary was
replaced by a2-mm diameter polycrystalline platinum
wireembedded snugly ina1.95 mm bore-size PTFE
deeveby dippinginliquid nitrogen beforeinsartioninto
thedeeve. The SMDE dectronics were bypassed by
connecting thedectrodesdirectly totheandyzer. Thus,
all the potentia waveformsthat could be suppliedto
the SMDE were made availableto the modified plati-
num electrode. This setup was used for differential
voltammetric and stripping andys sexperiments.

All thereported potentialsweremeasured and re-
ported against Ag/AgC!/[Cl] = 1.0mol I and all mea-
surements were carried out at ambient temperature
(~25°C).

Materials

All the reagents used were of analytical-reagent
gradeand were used asreceived without further purifi-
cation. Platinum wires were supplied by Johnson
Matthy, (USA). Lead perchlorate, potassiumiodide,
spectroscopic grade ethanol, acetonitril (A.R.), acetone
(A.R.), andformadehyde(A.R.) were supplied from
Aldrich (USA). The gases used were CP-grade prod-
ucts supplied by National Gas and coupled with
Oxosorb (Supel co) for removal of residual traces of
oxygen. All solutionswere prepared from the reagents
dissolvedintriply ditilled water; thesecond distillation
of which was carried out from basic potassium per-
manganate sol ution.

Procedures

Polycrystalline platinum el ectrode wasiodinated
from the gas phase by following the procedurereported
by Wieckowski and hisassociatesfor preparation of
platinum® and rhodium® single crystal electrodes.
Briefly, the el ectrodewas held over aplunger that con-
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tained iodine crystals. The plunger was placed at the
bottom of aglasstubethat was purged with oxygen-
freenitrogen. Theelectrode holder wasfreefloating on
the nitrogen stream. Gas-phaseiodination lead to an
iodine coat that was more stable and associated with
lower background compared to that obtained by ad-
sorption from aniodide-containing solution.

Potentiostatic adsorption of lead at aclean plati-
num electrodeand at i odinated surface was carried out
by equilibrating the Pt or the Pt-1_,electrodeswith a
1.0x103*mol I Pb?* solutionat 0.2 V (inthedouble
layer region) for fiveminutes.

RESULTSAND DISCUSSION

Cyclicvoltammetry

Figure 1-A shows the equilibrium cyclic
voltammogram for ploycrystaline platinum electrode
aongwiththethevoltammogramfor theplatinumeec-
trodethat isdosed with lead (Figure 1-B). Thecyclic
voltanmogram for the Pt-Pb_, electrode shows distinct
featuresfromthoseof theclean platinumdectrode. The
charge under hydrogen adsorption/desorption peaksis
highly suppressed indi cating that thefree platinum sur-
faceishighly reduced (i.e., alarge proportion of the
surfaceisoccupied by lead atoms). A prominent oxi-
dation peak at about 0.0 V isobserved dong withits
counter cathodic peak. Thevoltammetric featuresin
the oxidation region on the voltammogram of the Pt-
Pb_, electrode seemingly involve platinum surface oxi-
dation in addition to reversi ble oxidati on/reduction of
the adsorbed |ead species.

Stability of lead on the surfacewasinvestigated by
cyclingthedectrode potentid withinthepotentid limits
—0.9 V and —0.2 V. The voltammogram showed no
change upon cyclization. Thevoltammogramwasame-
nabl e to reproduction even after leaving the electrode
inpurewater for 72 h.

Figure 2 showsthe LSV voltammogramsfor the
Pt-Pb(ad) electrodein 0.10 M NaOH solution con-
taining avariable concentration of ethanol. Oxidation
of ethanol ismanifested by apeak centered at ~ -0.24
V. The peak currents were extracted from the
voltammogramsand plotted against ethanol concentra-
tionto establishthe cdibration curve (Figure 3). The
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cdibration curve showed excdllent linearity betweenthe 6 10 \I
peak current and the concentration of ethanol inthe o
solution (correlation coefficient =0.9937). Thelinear
regressionequationis

i(A) = 7634 [C,H,OH] +2.3133

Thehigher sendtivity of the Pt-Pd_, electrode compared
to unmodified platinum e ectrodeisattributed in part to
the catalytic effect imparted by lead adatoms and har-

nessing the hyperactivity of platinum surfacetowards
molecular adsorption.

08 -0.4 0.0 +0.4 +0.8
E/V

Figure2: Thelinear sweep voltammogramsof a Pt-Pb(ad)
electrodein 0.1 M NaOH solution containing (1) 1.0x10°M
(2) 2.0X10°M (3) 3.0X10°M (4) 4X10°M (5) 5.0x10°*M
and (6) 6.0x10°M. dE/dt =20mV/s.
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Figure 3: Plot of the ethanol oxidation peak at Pt-Pb(ad)
electrode ver sus concentration of ethanol in 0.1 M NaOH
solution. The voltammetric data were extracted from the
voltammogramsshown in Figure?2.

Selectivity of Pt-Pb(ad) electrode toward oxida-
tion of ethanol was investigated by running the
voltammogram in presence of some potentia organic
interferences such asacetone, acetonitrileand formal-
dehydes. The cyclic voltammogram for a Pt-Pb(ad)
el ectrodein asolution contai ning acetoneisidentical

with the voltammogram of Pt-Phb(ad) el ectrodein ac-
Figure 1 : The cyclic voltammogram of polycrystalline  gone freeelectrolyte, Thisindicatesthat the electrode
platinum dectrode(A)in plain 1.0M NaOH solutionand,dE/ . . L s 1
dt =50 mV/s(B) after open circuit dosingwith 1.0x10°M ISInSens tlvetovyardg acetoneupto 2'5)(1_0 mo', L™~
Pb2 solution. Thevoltammogram wasrecorded in 0.20M  Moreover, thecalibration curvefor ethanol insolutions
NaOH solution, dE/dt =30mV/s. containing acetoneindicated that thelinear relationship
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between the peak current and the concentration of etha-
nol is not affected by the presence of ethanol (R? =
0.9966).

Similarly, another potentid interference, acetonitrile
wasinvestigated by adding acetonitrileto the ethanol -
containing supporting € ectrolyteto makeasolutionfrom
4.2x107 M to 2.5x10° M in acetonitrile. Theresults
were similar to those results obtained in the case of
acetone. Neither the voltammogram nor the ethanol
calibration curvewere affected by the presence of ac-
etonitrile (R?=0.9965 in presence of acetonitrile).

Addition of folmal dehydeto the el ectrol yte con-
taining ethanol showed an enhancement of the oxida-
tion peak current. Thisenhancement isdependent on
the concentration of forma dehyeinthesolution. Cyclic
voltammetricinvestigation of forma dehydeinterference
indicated that formal dehydera sesthebackground level
inthe potentia rangefromnearly OV to 0.5V. Thus,
theeffect of forma dehyderesidesintheincreaseinthe
level of thebackground and itseffect can bee iminated
by addition of aconstant concentration of formal de-
hydeto all standard solutionsand analyzed samples.

Linear sweep voltammetry isknown to beatech-
niqueof relatively poor sengtivity, it, however, demon-
strated that platinum el ectrodes coated with lead are
goplicableto sdectiveandysisof ethanol. Enhancement
of the sengitivity can be brought about by using differ-
entia pulsevoltammetry.

Strategic modification of platinum electrodewith
Pb and | adatoms

|odine adatomsimpart aremarkableinertnessto
platinum el ectrodestowards mol ecular adsorption. The
surface dectrochemistry isentirdly suppressed in pres-
enceof iodineadatoms.

On the premise that Pb adatoms enhance
electrooxidation of ethanol at one hand and iodine
adatoms suppress mol ecul ar adsorption on the other
hand, iodinewas added to form abinary adatom sys-
temfor increas ng theimmunity of thed ectrodetowards
molecular adsorption asproved in previousinvestiga:
tiongd9, Differential pulsevoltammetry wasused for
enhancing the sensitivity of the Pt-Pd_-I-_, electrode
towards ethanol. Platinum electrode was
potentiostatically pretreated with Pb?* at -0.17 V and
then pretreated with 1.0x10“M |- solution at the same
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potentid.

Figure4 showsthedifferentia pulsevoltammetric
curvesobtained at thePt-I_-Pb_ electrodein ethanolic
solutions. The peak currentswere extracted fromthe
voltammogramsand pl otted against the concentration
of ethanol. Thecdibration curveequationis

Peak current (uA) = 50.196 C_, +304.51

with R?=0.9941 which atteststo the remarkablelin-
earity of thecalibration curve. Thisindicatesthat the
Pt-Pb_-I_ electrodeis applicableto analysis of etha-
nol inagqueoussolutions,

0.00 0.20 E/V

1

10 pA/inch,

Figure4: Differential pulsevoltammogramsfor Pt-Pb(ad)-
I (ad) electrodein 0.10 M NaOH solution + (a) 1.82x10°M
ethanol (b) 2.27x10° M ethanoal (c) 2.73x10° M ethanol (d)
3.18x10°M ethanoal (€) 3.64x10° M. Instrument par ameters.
scan rate = 5 mV/s, clock time = 0.5 s, and modulation
amplitude=50mV/s.

Theworking rangeisrather l[imited to therange
5x10° M to 1.4x10° M. Thelowest detectionlimit on
basisof SIN ratio of 3gaveavalueof 1.1x107 mol |2
(0.11 ppm ethanol). Compared to spectrophotometric
methods, the devel oped method isvery convenient and
lessliabletointerferences V.

Thedevel oped method was applied to anaysis of
area sampleof commercia local wine Jordan River
Shiraz (Yousf M. Haddad). Thenomind concentration
of the origina wine samplewas 12% (w/v). Anaiquot
fromtheoriginal samplewasdiluted to provideacon-
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centration of 1.0x10°moal I*X. Analysisof ethanol inthe
sample gave avalue of 9.5x10* mol.|. Based onthe
nomind valueof theconcentration of theorigind sample
(12 (Wiv)%, 2.60 mol. I'%) the deviation fromthe nomi-
nal vaueisabout 2.3x10“* mol 1. Thisdeviationisat-
tributed tothevolatility of ethanol which decreasesthe
concentration of ethanol renderingit lower thanthenomi-
nal vaue. Thisresult ateststo theapplicability of modi-
fied electrodeto anadysisof red-life samples.

CONCLUSIONS

The present work presented asimplevoltammetric
method for analysisof alcohol. Onthecontrary of the
hyperactive unsd ectiveunmodified platinum el ectrode,
Pt-Pb_-I_,electrode showed higher selectivity higher
sel ectivity towards ethanol and remarkableinertness
towardsinterferences. Modification of platinum surfaces
with lead adatomsand iodineinvolvesasmpleproce-
durenot morethan allowing the e ectrodeto contact a
sol ution containing P?* followed by equilibration of the
electrodewith I containing solutionat opencircuit. The
electrode is stable as far asthe potential scan is not
extended totheoxidation region.

In contrast with theunmodified platinum el ectrode
whereimpuritieswith concentrationsin theorder of 10°
or lessrender the e ectrode completdly usdess*?, analy-
sisof ethanol at Pt-Pb_-I_ electrode showed that the
Pt-Pb_-I_, electrodeisnot affected by impurities. The
electroderesponsetowards ethanol waslinear inafair
dynamic rangeand minimum detectability.

—— Fyll Peper
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