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Electrochemical Behavior of Thin Platinum(111) Films Deposited
on Mica Surfaces
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Atomieally smooth Ptoelectrode surfaces are usully
prepared from single covstals ond are, of necessity, of lim.
ited area. It iz possible to prepare “smaath” elecirode sur.
faees by mechanical polishing with o fine polishing agent
g, Ol wm aluming), but such sucloces are ol
maerascapically smaoth fe g, with asperities =1000A)L An
alternalive approach iz to depozit a thin flm onfe o
Emaoih substrate such as Aal glass or quadz. One prob.
lem wlil this approach is the weak adbesion of o this
melal flm to the substmies, capecially when the slectroda
is immersed in lguid and subjected to an applicd olec-
tredde potential. Mica is a naturally oceurcing materlal that
st be cleaved o produse gn atomicnlly smaath sucfhes,
It hoz been used to prepare epitoxlally scown sITEle
ciyslal flms (1-9) for UHV experdments, and flms of Ag
and Au on mica have been applicd to electrachemical
measdrements (B, §, Thin Agl11) films have been pre.
pared 1o study clectrorelleclance (Ba) and lo investigote
the migration of complexes (& ot eieetrade’eleotralvle in-
terfares AULIL) 9b) Hlms were wtilized to exomine 1he
hydrogen adsarption dgotherm in acidie solutions. Tn this
piper, wo report lhe proparation of smoath P10 filns
grom on freshly cleaved naica surfaces and the eleciro-
chemical behavior of such films in aquecus and non
agquenns golulisons,

The thin platinur Blms were prepansd by RF aput-
Eering a1 2 = 10-! tarr under Ar Bow with a Materials Re-
search Corporation Mode] MRC 86520 triple shutter RAD
sputtering module. Films 10004 thick were prepared ot a
deposition e of 10 Vs, Before deposition, & thin sheet
wis first peeled off fram o thick mica plate (grade 2, ruboyr
s micd dheet, United Misecal and Chermical) in nir,
Mica has been used frequently for aurface studies {1.71
and technigues like multiple beam inferderametiny (105
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enn be used 40 conlicn the perfect cleavage and smoelh
surfoee

The civstallography of the regulling platinum Alm de-
posited on the nica surface was e ined WEINE Xeruy
dilfraction techniques. Figure | shows spectrs abtained af
bare (B and Pt-depozited (A) mies surfices, Althcugh the
background spectrum (Fig, 1B) due 1o the bare mica sur.
fave 18 relalively complicated, 8 peak at 26 = 3p5 (Fyr.
LAy that priges Iram PHILD (ASTM no. 4-0808) can he
clearly identificd. Mo peaks assaclaped with allwr coyslal
phases wero found, so thal the crystal phose of the e
fulling platlouwm flm §s clearly {1173 Srinning electron
micToscopy (SEM) was uscd to eheol the smooihness of
e thin PAIIL flm. Thers werg no digtinguishable js-
Innd feafures ml up Lo 40,00 magnification, Theso re-
sulta indicate that 4 smooth thin PAT1L) Al can be regd.
Uy prepared on the mics sucface ¢, 22,

Far clecirorhamion] mesirementzs, the thin platinumn
flm wag connected with conductive silver painl [Acme
Chemicals and [nsulation Compony) 1o 8 copper wire lead
in n gioga tube. The electrode surface wns masked by &
kn epoay and silicone Tubber cemens, except for the
area o Be examined, The evelic valtammagram 2V ohe
toined al the thin platinum filn in o solution of 056
H.50, is shawn in Fig. 2A. The nalwre of hydragen ad-
sorption and oxide film formation on platinem single-
crvstal elestrodes have besn the subiect of many anldisg
(L1-16). As shown in Fig. ZA, at the PUmicn alectrode in
the hydrogen adsorption region, only a single peak at
=02V 2 observed. These results, when compared with
those reporied previously under similar experimental
conditions (11, 13a), show that the thin platinum filmn
used In the prosent study behaves as 0 PHI1D surface
Therefore, the electroehermical results as consistent with
the assignrment of the PU111) surface a3 deduced from thi:
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Frg. 1. In::r diffeaciazn Spedtna el F'I-d-!pp'l.lhr& mrzn surlace (4] and
Eava o suifoce (B,

oy dillraction datas The thon PL Glm beonme (ks il
U wlectrade potential was cepentedly scanined over the
hycdrogeis evolulion region. This probably eam be atieb
uled In peaetration by hydrogen infe the platinem lallioe.
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Fig. 1 A Cyelic woltommietey of thin PR TT1) film on .54 H_50,. Elec.

brode orae 002 cm?, Scan soze: 10 m¥'-s ' B: Some gt &, eecept tha
salution contalning 1.4 oM FelCHL ', Scon rote: 50 m¥-p—'
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Fig. 3. Cyclic wollammariy of | st DPA in 016 TEAF MeCH sols.
fige of 12 ¢m® thin PET11) Lilm, Scen rate 100 = oa—!

However, thig thon fim was vory stable il the electrade
peiential was mol wlowed into the hvdrogen adeorplion or
crerlution regiom. The respor e of FaiC Wi, 4 al thx Lhin
Erlatinmiem filng be given i Fig. 215 Thoe elecssade eonlil b
scgnned repentedly over these petentiols without loss of
o frem the surriee. The abeserved behavior is similar o
that [ound with bulk P oeleostroces.

To demenstrate the uselulness of this smoath thin
PRLI1L film im noragquenus medin, eecle voaltarimelsy ol
B 10.diphenylanthrocens  FPAT carcied puat in MeCN-01AM
tetralndy lamumonrem Auarchomite (TRAF selution {Fup.
31 Batl ceversible redoctieon (DPA < DEA <) and oxida-
lion (DPFA — DPAY meaclioes were ohsereed The Ahin
platinum filen was stable in the solutiun oo repested
seinming of the clestrode polenticl between 4 165 and
=20V ve. Ap wire, Eleclrapencrated chomiluimliesesnee
(ECLY was alzo ohserved wath tbus Win platinum flm in
the samie salution fuc pobential sleps (B0 el elween
+1.85 and —ZAV. In paet atudbes, we Taund thet P4 flms
sputiered on pless would pect from the subslmate wlen
subyjected boosuch large potentin] excursions, presamably
becpuze of the significant chanpes of surfood Tensien &t
Lhe Mesolutian interface,

Thie posgible applicalion of thin PE Blms deposited i
miti a5 optically tranaparent electrodes [OTED (0T) was
alsn expimned, A SOUA P [l oo meica is tranzsmireni in
Lhe visible region with relatively constan] absorbance (o
L0y with an azsecinted sheet resigtonsce of aleoul 15 (bCL
Thess mesults are comparible Lo those mepemed for PLde
posited an gunertz (1T However, o demonstrated aboose,
Lhee Pl Bl on mieie appears to show Belter mechasical
Slabulity

i concluzion, the expeniments deserthed here indicats
that smpoth thin PRHETL filme con be casily prepared on
cleaved mies surfaces, Our cesulis alse show that Chese
thin Rlms ame staible in aguesas and ponaouesns meds
during elecirochemuczl expesiments. Mica sudfares onn
be el ax smeoth temiplates 1 propare 3 wide gange of
thin Alm clecttodes, We are especially interested in such
electrodes for e vonstniction of an alirathin lover elee
lrachemiiral eell I.II-\.i.|'|l|.L Pidea bakasee |_|_I-r_'|:|_l'_iq s (L. Studd-
i of this application and furher characiernsation of
Lhese flms are currently wnder Drvestigation in this
laharatory,
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