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ABSTRACT

Galvanic anodic polarization of copper electrodein electrolytes of different pH values containing different propor-
tions of adrenaline hydrogen tartarate (AHT) and catechol (Cat.) at different current densities has been studied.
The effect of complex formation on the underlying anodic reactions and inhibition effect of these compounds on
these electrodesisalso studied. The cathodic deposition of copper in the prepared complexes on the surface of the
cathode is involved to check their stability at different pH values and the effect of this stability on cathodic

behavior of copper electrode.

INTRODUCTION

Galvanostatic anodic polarization studies of cop-
per metal in presence of some organic compoundsre-
ved ed gppreciableinfluence of complex formation on
themetal dissolution potential indifferent pH values.
The complex stability can be examined by cathodicre-
duction of their dilute aqueous solutions.

Studieson the mode of oxidation of metallic cop-
per inacid, neutral and akaline mediahad been con-
ducted mainly by gd vanodtatic polarization. Themecha
nism of cathodic and anodic behavior of copper has
been deduced!”.

The pol arization behavior of acid copper solution
was studied@ using both direct and pul sed reversecur-
rent. Theuseof pulsereversescurrent in solutionscon-
tai ning both polyether and sulphopropyl sulphidewas
found toinhibit theadsorption/ diffusion at the cathode
surface. Theeffect of pulsed current on additive con-
taining solutionscanimprovedramaticaly themetd dis-
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tributioninlow current density areason plated items.

Organicfilms electrodeposited on acopper elec-
trodefrom imidazol ebasic solutionswereinvestigated®
by different methods. The coating onthe el ectrodewas
foundto consist mainly of copper (I) imidazolatewith
elther arandom or perpendicular orientationtothecrys-
talinesurface. ThelR dataindicatethat thefilm was
formed at the solution metal oxide/hydroxideinterface
and amorecompact filmwasformed closer tothemetd
surface.

Thedectrochemical behavior of copper anditsa-
loysindifferent mediaisacurrent interest, becausethey
arewiddy usedinindustry. Hydric phenolswereconsd-
ered asstrong col ored complexing and chel ating agents.

Catecol anditsimportant derivativeadrendinehave
thechemica propertiesof phenolsand property of pow-
erful reducing agents. Their complexing reactionswith
metascan beused elther to determinethe essentid meta
ionsin solution or to determine these phenolic com-
poundsin natura extracts.
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The present investigation comprised gal vanostatic
anodic polarization of copper eectrodein eectrolytes
of different pH val ues containing different amounts of
adrendinehydrogentartarate(AHT) and catechol (Cat.)
withtheaim of eucidating theeffect of complex forma-
tion on the underlying anodi c reactions. Another ap-
proachtothereativestabilitiesof thedifferent complex
speciesinvolved the cathodi ¢ reduction of these com-
plexesin dilute aqueous sol utions using spectroscopi-
cally pure copper as cathodes.

EXPERIMENTAL

Materials

Highest purity of adrenaline hydrogen tartarate
(AHT) CH,,NO,.C,H.O,, and catechol (Cat)
CH.O.,, i n add_ltl on to spectroscopically pure copper
wereusedinthisstudy.

Solutions

Stock solutionsof (AHT) and Cat., were prepared
by dissolvingthe cal culated weightsin the proper vol-
umeof distilled water and standardized using recom-
mended procedure®. Fresh accurate dilute solutions
were prepared at each study, keeping them in black
bottle.

Thebuffered solutionsfreefromAHT and Cat., such
asacetate buffer (pH = 4.5), phthal ate buffer (pH = 6.5)
and borate buffer (pH=9.5) were prepared. Buffered
solutionsof theabove pH valueswered so prepared so
asto contain varying amountsof AHT and Cat.

Electrodesand cdll

Spectroscopically pure copper formed thework-
ing electrode, fitted to aglasstube by means of epoxy
resinleavingaspecia surfaceareaof 0.25 cm?to con-
tact the solution. Before every run the electrode sur-
facewasmechanically polished using successvegrades
of emery papers up to 1000 grit. The electrode was
rubbed with asmooth polishing cloth, degreased with
acetone, revised with distilled water and transferred
quickly totheelectrolytic cell containing afresh test
solution. Saturated calomel dectrode (SCE) wasused
asareferencedectrode. Itsstability was checked after
each experiment to ensurethereliability of the experi-
ments. A lugging capillary introduced and kept very close
to the surface of theworking electrode to minimizing
the ohmic drop. Platinum sheet was used as acounter
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electrode.

All measurementswere carried out at aconstant
room temperature of 25°C.

Thecdl used wasmade of Pyrex glasswithout rub-
ber connection and consi stsof two componentswitha
sintered glassdisk in between to ensurethe separation
of theanolyte and catholyte as shownin the schematic
diagram.

Polarization measur ements

Electrode potentia measurementsand polarization
(anodic and cathodic measurements) at different cur-
rent densitieswereutilized for copper eectrodein ab-
sence and presence of ligand (AHT and Cat.), using
Prazisons Potentiometer E 353 Metrom AG Herisau,
Schweiz and congtant current devise (local ingtrument).

Anodicpolarization

Theopencircuit potential (OCP) measurements of
theworking copper € ectrodewerefollowed withtime
till steady state potential valueswere reached™, and
recorded in different buffer solutionswithout and with
variousamountsof ligand (AHT or CAT). Plotting the
steady state potential valueswith logarithm of ligand
concentration givesastraight line, fromthe dopesthe
ratio between metal and ligand was calculated.

Theanodic behavior of copper € ectrodewas stud-
iedinthesame solutionsat different current dengities,
by passing the current through the cdll for five minutes,
the charging and decay curveswererecorded at each
current density. The processwas repeated dongawide
range of current density on the sameelectrode surface,
thevariation of anodic potentia withtimewasrecorded.

Cathodic polarization experimentswere extended
for appropriatetimeat each current density till steady
state. Then shut off the applied current and repeated
thisstepfor variouscurrent densities, the decay poten-
tidswerefollowed withtime.

RESULTSAND DISCUSSION

The present investigation involvesthe study of an-
odic polarization of copper electrodein e ectrolytes of
different pH values4.5, 6.5 and 9.5 containing various
proportionsof adrenainehydrogentartrate (AHT) and
catechol (Cat.) at different current densities(c.d.). The
effect of complex formation on theunderlying anodic
reactionsand inhibition effect of these compoundson
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TABLE 1: Theopen-circuit potential values(mV) of copper
electrodein absenceand in presenceof different concentra-
tionsof ligandin variouspH values

% of pH =4.5 pH =6.5 pH =9.5
ligand AHT Cat. AHT Cat. AHT Cat.
0 2114 2114 1680 1680 1859 1859
0.1 2195 2257 163.0 190.8 159.2 136.5
0.2 216.3 2229 159.0 1986 156.0 134.0
0.3 213.3 2200 157.0 2035 1530 128.2
} AHT
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Figurel: Theopen circuit potential-timerelation for cop-
per electrode at pH- 4.5 in absence and in presence of
different concentrationsof (a) AHT (b) Catechol

thesedectrodesisstudied. Thisstudy involvesasothe
cathodic deposition of copper in the prepared com-
plexeson the surface of the cathodeto check their sta
bility at different pH va uesand the effect of thisstabil-
ity on cathodic behavior of copper electrode.

Anodicpolarization

Thevariation of opencircuit potential (OCP) with
time of copper electrodein acidic buffer solutions of
pH= 4.5 in absence and in presence of various con-
centrationsof AHT and Cat. areshowninfigure(1) as
representative curve.

Theresults show that the steady state open circuit
potential inabsenceof AHT liesat avaueof 211.4 mV
(SHE). It correspondsto very small concentration of
copper ionsinthevicinity of theeectrodesurface; this

= Pyl Paper

maly beattributed to the dlight dissolution of spectro-
scopicaly pure copper in such acid medium.

Theopencircuit potentia va ues obtained for cop-
per electrodein absence and presence of various con-
centrationsof AHT and Cat. indifferent pH valuesare
represented in TABLE 1.

It can be observed that, the open circuit potentia
shiftsto more positivevauein presenceof 0.1%AHT,
then it decreases by increasng AHT concentration but
itisdtill morepostivethanthevauein absenceof AHT.
These va ues show that the equilibrium concentration
of copper ionsnear the e ectrode surface decreases by
increasing AHT concentration dueto itstendency to
form Cu-complexes.

Thisbehavior may be explained on the basisthat,
in presence of 0.1% AHT ligand, the first adsorbed
molecul esareattached to themost activeanodic sites,
usually considered to be the corners or edges of in-
completelayer of aomsonthemetd surface. Thiswould
interfere with the anodic reaction by hindering the es-
cape of Cu (1) ions from the metal surface into the
solution. Uponincreasing AHT concentration, more
molecules of theligand would be adsorbed dueto Van
der Waal sforces between theAHT molecules. Thein-
creasingly close packed film thusbuilt up would further
inhibit theanodic reaction, by steric hindranceto es-
capeof Cu(Il) ions.

Thisbehavior isconfirmed by thefast increase of
potential to more positivevaueswithtime. At 0.1 %
the OCP reached 219.5 mV dueto the thickening of
complex layers, it decreases again to aconstant value
of stablecomplex tighted layer tothe surface.

Theseresultsindicate that the rate of dissolution
increased, but the copper ions decreased withincreas-
ing the concentration of AHT dueto the capturing Cu
(11 ionsin Cu-AHT complex formation.

Thisphenomenonisclearer at 0.3 %AHT. a time
from Oto 1.0 minutes, theligand mol ecul es penetrate
fast into the surface of the electrode to react with Cu
(1), Therefore Potential fastely dropped to 205 mV.

Thepotentid valuesstartsagaintoraiseup to 217
mV at time 2 to 4.5 minutes, may be attributed to the
fast thickening of Cu-AHT complex layer, causngthe
electrode polarizableto themore positivevaue. Some
mol ecul es of thiscomplex layer |eavesthe electrode
surfaceto givefinaly thetighted layer & whichtheeec-
trode equilibrium potentia arrived asteady statevalue
of 216 mV.
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Figure?2: Variation of open circuit potential of cooper elec-
trodeat variouspH valueswithlogconc.of (a) AHT (b) Cat.

Therateof penetration of AHT into Thee ectrode
surface decreaseswith increasing of AHT concentra-
tion, which may be attributed to the thicker Cu-AHT
layer at the el ectrode surface.

Also, it can be seenthat, theopen circuit potentias
obtained in presence of 0.1, 0.2 and 0.3% catechol
shiftsto morepositivevaduethan thebuffer done(211.4
mV). Thisbehavior asin caseof AHT indicating that,
theequilibrium concentration of copper ion decreases
withincreasingligand concentration, dueto theforma-
tion of Cu-Cat. complex.

Thethickening of complex layer of Cu-Cat., takes
aso 5minutesasin caseof Cu-AHT; at thesame pH=
4.5

Innear neutral phthalate buffer solution of pH=6.5
inabsenceof AHT ligand, the open circuit potential is
about 168 mV (SCH) which correspondsto small cop-
per ion concentrations that react with oxygenin aer-
ated medium to give oxideinthevicinity of theelec-
trode surface, according to thereaction.
2Cu+H,0—> Cu,0+2H* +2¢

Thisindicatesthat the pre-immersion oxidefilmis
retained in neutra solutions” whereit dissolvesinacid
medium. CuO and Cu,O arepossibleoxidesbut Cu,0

isthereaction product usually formed on copper im-
mersed in aerated agueous mediaand theanodic dis-
solution was controlled by diffusion of copperionsin
theoxidefilmg(Cu,O)®.

Theopen circuit potential valuesobtainedinthe
same buffer solution of pH =6.5 containing 0.1%,
0.2% and 0.3% AHT indicatethat the potential values
shifttolesspostivedirectionwithincreesngAHT con-
centration than buffer alone dueto theincreasing rate
of copper dissolution asaresult of complex formation.

Inpresenceof different concentrationsof Cat., such
as0.1%, 0.2% and 0.3% in buffer solution of pH=6.5;
thepotentia va ues shifted to more positive vaues, in-
dicating theformation of film of Cu-Cat. complex on
thedectrode surface, whileitsthicknessincreaseswith
increas ng catechol concentration.

The careful ingpection of theseresultsreferstothe
fast built up of the Cu-Cat. complex layer on the sur-
face of thee ectrodewithin thetimeinternal from Oto
8.0 minutesin case of 0.1% to 0.2 % catechol. The
built up of the Cu- Cat. layer isfaster at 0.3% catechol
and takesonly timeinterval from 0to 4 minutesto get
more positive steady state equilibrium potentia of 202
mV. Thebuilt up of the Cu-Cat. complex layer ismore
regular than thefluctuated onein caseof Cu-AHT as
indicated by theregular variation of pol arization poten-
tia incaseof catechol, anditsnon-regular variablein
caseof AHT.

Inakaineboratebuffer solution of pH=9.5in ab-
sence of AHT, the potential hasavalue of 185.9 mV
(SHE) which correspondsto passivelayer consistsof
aninner Cu,0 and outer CuO hydrated layer®, butin
presenceof 0.1%, 0.2% and 0.3%AHT, the potential
shiftstolesspostivevaues. Thesevauesindicatethat
thedissol ution of copper increaseswithincreasing ligand
concentration dueto migration of copper ionsto bulk
solutionforming the Cu-AHT complex. The potentia
values of theopen circuit potential of copper at pH =
9.5indifferent concentrationsof catechol shiftedtoless
positivevauethanin caseof AHT.

It can benoticed that thereisawidedifferencein
OCPvaluesof eectrodein buffer doneand withAHT
or Cat. inakalinebuffer solutions. Thismay bedueto
the high dissolution of copper in such solution leading
to theformation of Cu-AHT or Cu-Cat. complexes,
which mask the copper ionsleasing to less potential
vauesthan that with buffer aone.

The relation between the steady state potential
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Figure3: Chargingand decay curvesof copper electrode
in acetate buffer pH=4.5in absenceand in presence of
different AHT concentrations
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Figure4: Chargingand decay curvesof copper dectrode
in acetate buffer pH=4.5in absenceand in presence of
different catechol concentrations
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TABLE 2: Thedopeof logarithmicrelation of copper elec-
trodewith differ ent concentrationsof AHT and Cat. with open
circuit potential valuesat variouspH values

Slope mV
PH ART Cat.
25 0 28
6.5 30 31
95 31 2

(OCP) and log concentration of AHT or Cat. at vari-
ous pH valuesis shown infigure (2). therelationis
draight lineswith dopesrepresentedinTABLE 2, which
isindependent of pH of the solution.

This behavior may be explained on the basisthat
the anodic dissolution of copper in presence of ligand
(AHT or Cat.) may berepresented by:

Cu—>Cu? +2e
Cu*+HL = (CuH,L) +2¢

Applying Nernest equation it was found that the
sop=29.5mV at 25° C, whichisin agreement with
the experimentally measured valueof 30+ 1 mV.

The charging and decay curvesof copper eectrode
in absenceand presence of AHT and Cat. in different
buffer solutionsusing pul se current arerepresented to
study the effect of current on the behavior of theelec-
trodein such buffer solutions.

Figures(3, 4) show thecharging and decay curves
obtained of copper eectrodein acetate buffer solution
of pH=4.5in absence and presence of different con-
centrationsof AHT and Cat. asrepresentative curves.
It can be observed that, in absenceof AHT the curve
referstotheslow gradual increasein polarization po-
tential withincreasing of current density thisisdueto
the presenceand thickening of theresistiveoxidefilmid,
On shut off the current, the el ectrode potentia returns
rapidly totheinitia steady Statepotentia vaue, indicat-
ingthat thefilmformedisrapidly dissolved or theoxide
may bein equilibrium with copper ions.

In presenceof 0.1%AHT, adlight increase of po-
larization at al current densities occurred dueto the
formation of athinfilm of copper complex ontheelec-
trode surface. Theincreasein thepolarization behavior
may be dueto theohmic potential drop acrossthefilm
aswell asthechargetransfer polarization. Theresulting
potentia gradient isnecessary to drivethedissolving
copper ionsthrough the surfacefilm. When shut off the
current, the el ectrode potentia returnsto haveavalue
dightly positive than that of OCP dueto persi stence of
thefilm of Cu-complex and /or copper oxide onthe
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surface of theelectrode.

In presenceof 0.2%AHT, the potential shifted to
thelesspositivedirection than 0.1% upto 0.2 MACm
2, dueto the depletion of Cuions near thesurface of the
electrodeviamigration of Cuionsto thebulk solution
toform Cu-AHT complex. Withincreasing of the ap-
plied current; the potential increasesagaintoavalue
moreanodicthanthat inthebuffer done. Thisisdueto
adsorption of complex at the surface of the el ectrode.
When shut off the current the potentid returnstoavaue
less positive than that of the OCP due to decomposi-
tion of thecomplex or rearranging itself towards cop-
per ionsthat diffusedin solution.

Inpresenceof 0.3%AHT the potential asin 0.2%
hasavaluelessthan that in buffer aloneupto 0.3 MA
Cm?, thenit takesthe samevaueasin buffer within-
creasing current. Thisisduetothefact, that theforce of
ligand attraction towards copper ionsat lower current
density ismore preferable than that of the electrode
surface. So copper ionsmigrateto thebulk solution but
withincreasing current, AHT migratesto the surface,
forming thecomplex on thed ectrode surface. On shut
off the current the potential shiftstothelesspositive
direction than OCP indicating the presence of athin
film at theelectrode surface.

It can benaticed from figure (3) that therearetwo
arrests (plateau), oneistheformation arrest when ap-
plying the current and the second isthe decomposition
arrest when shut off the current. Thetwo arrestsare
linear in absence or presence of different concentra-
tions of AHT except in presence of 0.3% AHT, the
decompogitionarrestisnonlinear at current density (c.d)
morethan 0.3MACm?, dueto thedissociation or dif-
fusonof Cu (1) ionsviathefilmformed into the bulk
solution. Theformation and decomposition arrestsare
nonlinear at al current densities.

In case of Cat. (figure 4) the formed film needs
higher current density to be adsorbed on the electrode
surfacemorethanin caseof AHT.

Theoveral reaction during the dissolution of cop-
per in acidic solution may be represented by:
2CUu’+4H*+0, - 2Cu* +2H,0
Whichisthesum of galvanicreaction
2Cu—2Cu* + 2¢e
O,+2Cu*+4H* + 26— 2H,0 + 2Cu*

Thebehavior of copper € ectrodein near—neutral
buffered solution (PH=6.5) showsinitial oxidation
followed a dight higher potential by oxidation of Cuto
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Cu,0 and oxidation of Cu,0to CuO
Cu— Cu* + 2e
2Cu +H,0 > Cu,0 +2H"+2e

Inalkalinesolution (pH=9.5), Cu,Oisfirstly the
oxidation product of copper:
2Cu°+20H - Cu,0+H,0+2¢

Followed by oxidation of Cu,0 to CuO or Cu
(CH),

Cu,0 +20H"— 2Cu0 + 2e-
Cu,0 +20H" +H,0—>2Cu (OH), + 2e

Dissolution of copper in neutral and dkaline solu-
tion leadsto theformation of an oxidefilm consisting of
Cu,O or duplex ™ Cu,0/CuO depending on the
el ectrolyte composition. The passivation of copperin
alkaine solutionisdueto oxidelayer whose electro-
chemical character and structure depends considerably
on the solution composition and applied current.

Itisnoticed that agreen precipitatewasformed at
the copper electrodein presence of AHT in different
buffer solutionsbut it more compact in borate buffer
and black precipitate wasformed in presence of Cat.
So the preci pitate found on the el ectrode surface de-
pendson theligand not onthe buffer.

Theeffect of ligand concentration on the mecha
nism and kinetics of anodic dissol ution of copper may
bevisuaized from the current polarization relations at
various pH values. Theanodic Tafel linesfor various
pH valuesat avariousligand concentrationsfrom 0 to
0.3% aredeterminedinthe TABLE (3). Themeasured
overpotential would thusbethe sum of both activation
and ohmic polarization of the surfacefilm of copper
complex and possi ble copper oxideformed onthee ec-
trodesurface. Thelugging capillary waspositioned very
closetothe dectrode surface; hencethe ohmic poten-
tial drop on the solution sidewas negligible. Further-
more; the polarization was taken at the moment of
switching onthe current and beforeany signification
filmthickening occurred, hencethepolarizationises-
sentially activation one. Theover potential valuesde-
pend on the metal nature, the kind of the electrolyte
solution, pH andthec.d. values.

Figure (5) representestherel ation betweenn and
logarithm of current density asrepresentative curve
wheren isthe changein e ectrode potentia that occurs
by applying current to the electrode surface in absence
and presence of different concentrationsof AHT and
Cat. At pH = 4.5 It can be seen that, there are two
digtinctive Tafd regions, thefirgt atlow polarization and
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TABLE 3: Tafel dopevaluesof copper electrodewith differ-
ent ligand concentrationsin variouspH values

— oH=45 oH=65 pH=95
Ligand% — = F—C AHT Cat. AHT Cal
0 162 162 478 478
63 63 6 65
o1 171 162 394 261 695 1005
' 65 67 54 134 554 Q12
- 25 162 334 300 512 980
: 6 71 59 107 482 950
03 246 179 225 290 916 1100
: 65 76 71 102 606 980

thesecond a higher polarization. It can a so benoticed
that, the presence of ligand increasesthe Tafel dopein
thelow polarization region aswell asin high polariza-
tionregionasshownin TABLE (3).

Thefirst Tafd region correspondsto diffusion con-
trolled mechanism, whereasthe dectron transfer inthe
second Tafel regionisunder activation control.

Theoverpotentia vauesshiftedtolesspositivevaue
with theincreasing of theligand concentrationinfirst
Tafe region but in the second Tafd region the potential
hasnearly equd vaues. Theanodictransfer coefficient,
symmetry factor, takesthe value between 0tol,

Its effect on the potential difference across the
doublelayer promotestheforward reaction, and it can
be cal culated from thefollowing equations:
n=E-E°
WhereE istheélectrode potential valueinthemoment
of switching ontheapplied current before any signifi-
cant film appeared at the el ectrode surfaceand E° is
the potential at theequilibrium. Thisrelationshipisex-
pressed by Tafel equation:
n=a+blogl
b=2.303RT/(1-a) ZF

WherebisTafel dope, aistransfer coefficient, zis
the number of transfer electrons, T isthetemperature
(=298K) and Risthegas constant 8.314 JK*ml-and
FisFaraday constant (9.6519 x 10*C). Tafel lopein
acidic solutionin presenceof different concentrations=
63-71mVdec?, indicating that theinitid anodicstepis
essentidly thesameindl solutions.

Thehighvaduesof Tafd dopesmay bedueto diffu-
sion of dissolved oxygenin solution or inthe surface
filmd®d. The Tafd dopesinakdinesolutionswerefound
to be much larger than in acidic dueto the presence of
the surface oxide and/ or complex films on the el ec-
trode surfaceat such ahigh anodic potentials.

Therelation of over potentia and log c.d. for cop-
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Figure5: Current polariation curvesfor copper elec-

trodeat pH=4.5in absenceand in presenceof () AHT (b)
Cat.

per electrodein different pH valuesof 4.5, 6.5and 9.5
inabsenceand presence of different concentrations of
AHT and Cat. isstudied.

Figure(6) showsthecurrent polarization curvesfor
copper electrodein presence of 0.2% ligand at differ-
ent pH va uesasrepresentative curve. It showsthat the
potential inacidic solutionislesspositivethanthat in
neutral andakalinesolutionsat al current densitiesand
congtant ligand percent indicating that thefilmismuch
thicker inakainesolution.

The passivation isdescribed through theformation
of Cu,O monolayer followed by the growth of apas-
sive CuO layer, and the build of the CuO-Cu(OH),
layer, soin buffer solution without ligand theformation
of these oxideisappeared. In presenceof ligandsthe
overa| processbeing accompanied by theformation of
Cu (11 solublespecies® which form thecomplex film
at theelectrode surface.

It was also found that the rel ative contribution of
these processes and the structure of the passive layer
depend onthenumber of variablessuch as, thesolution
composition, chemical structureof the organic com-
pounds, the nature and surface charge of themetal ion,
distribution of chargein the moleculeand the type of

e, P pterioly Science

Hn Tndéan g%wumé



182

Copper in different solutions of adrenaline and catechol

MSAIJ, 4(3) April 2008

Full Paper ==

interaction between organic moleculesand themetdlic
surface™, Thephysical (electrostatic) adsorption and
chemisorptionsarethe principal typesof interaction
between and organic compound and themetd surface,
the chemi sorptions occurs more slowly than physical
adsorption.

AHT and Cat. canbeoxidized giving ketonenamey
adrenochromein alkalinemedium. Theketonic com-
pounds become chemisorbed on the active centers of
the metal surfacethrough thelone pair of theketonic
oxygen electron, and also lone pair on the nitrogen of
theamino group of AHT. The presenceof compact film
of Cu-AHT andthinfilm of Cu-Cat. complex at elec-
trodesurfaceindicatethat theadsorption ability of AHT
islargethan that of catechol especialy inlow concen-
tration but in high concentration the other factor effect
issteric hindrance.

In general the mechanism for growth of thefilms
beyond the chemi sorbed mono-layer stage usually in-
volved transport of Cuionsthrough the porous com-
plex surfacefilms.

Theseionsthen react with physically adsorbed AHT
or catechol moleculesto precipitateinsoluble Cu-ligand
complexes at the surface. With areservoir of ligand
maintained in thetreatment solution, theavailability of
Cu ions at the solid-liquid interface controlled the
growth of the Cu-ligandfilm.

Theeffect of adsorbed moleculesonthemeta isto
retard the anodic dissol ution reaction of thismetal by
meansof different mechanismsaschangesintheelec-
trical doublelayer, formation of aphysica barrier, re-
duction of metd reectivity, participation of theinhibitor
inpartia eectrochemicd reactions.

Cathodicpolarization

Thispart amschiefly to check the cathodic depo-
gtion of Cu (1) fromits phenolic complexesand how
thisprocess depend partly onthe stability of these com-
poundsin relation to process conditions (pH, concen-
trationsof complexes, current density, pol arization po-
tentid...... etc.) thereforethe cathodic charging and
decay curvesof copper e ectrodein presence of 0.05%
w/v Cu-AHT or Cu-Cat., complexesindifferent pH
valuesand applied different current are studied

Representative charging and decay curvesobtained
on cathodic polarization at aspectroscopically pure
copper cathodefor solutionsof 0.05% w/v Cu-AHT
and Cu-CaT. complexesin acetate buffer of pH =4.5

» MV

bjleat.

MV

Log cd
Figure6: Current polariation curvesfor copper elec-
trodepresenceof 0.2% AHT or catechol at different pH
values(a) AHT (b) Cat.

at different current densities (0.03, 0.05and 1.0 mA
cmr?) areshown infigure (7). At 0.03 mAcm? the po-
tential decreasesvery dowly within’5 minutesfrom 150
mV to 130 mV and keepsits value constant up to 40
minutes. On shut off the current the potentia returnsto
amorepostivepotentia 190mV thanthegarting vaue.

Onincreasing thecurrent to 0.05 and 1.0 mAcm?
the initial potential valuesis 30 mV and -75 mV
representively and taking constant valueup to 45 min-
utes. On shut off the current the potentia shiftsto more
positivevaues150mV and40mV incaseof 0.05and
1.0mAcmr?respectively. The s ow deposition of cop-
per isexplained by thehigh stability valuesof thiscom-
plexinacid medium. Itisnoticed that the potentid shifts
to morenegative vad uewith increasing the applied cur-
rent.

In caseof Cu-Cat. Complex, onapplying 0.03mA
and 0.05 mA, it isnoticed that abrupt decrease of po-
tentia, thismay be dueto hydrogen evol ution. On shut
off the current the potential taking 5 minutesto reach
steady valueand it shifted to less positivevalues.

When applying 1.0 mA the potential decreases
dowly within 15 minutesthen decreasessharply, then
the potentia takescongtant val ueup to 55 minutes. This
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Figure7: Cathodic charging and decay curvesof copper
electrodeat pH =4.5and different c.d. (a) 0.05% (w/v)
Cu-AHT complex (1:2). (b) 0.05% (w/v) Cu-Cat.complex
1:2)

may be explained by the dissol ution of Cu-Cat., com-
plex. When shut off the current the potentia returnto
itsorigina vauewithin 8 minutes, ispresumably needed
to establish asteady state concentration profile of Cu-
Cat. complex near the e ectrode surface; the potential
returntoinitiad vaue, indicating theabsenceof any strong
adsorption at the el ectrode surface.

Figure (8) showsthe cathodic charging and decay
curvesof copper electrodeat c.d. =0.03mAcm? and
different pH values (4.5, 6.5 and 9.5) in 0.05% (w/v)
of both Cu- AHT and Cu-Cat. complexes.

Incaseof Cu-AHT it showsthat, the potentia has
mostly constant value of 150mV at pH =4.5upto 40
minutesand on shut off the current the potentia returns
toavauenearly equd itsorigind value. Withincressing
of pH the charging potentia decreasesto more nega-
tivevalues. Thisisessentidly duetothepH effect, i.e.
increase of pH shiftstheequilibrium potentia towards
morecathodic values.

Furthermore, increase of pH decreasesthe hydro-
genion concentration, hence at acertain current den-
Sty thee ectrode hasto bepol arized more cathodically
at pH = 9.5 morethan 6.5 and 4.5 thismay berelated
to minimum decomposition of the Cu-AHT complex
and consequently less copper deposition with the de-
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crease of pH, which confirmed by thefact that on shut
off the current the potential returnsto more positive
values. Thisbehavior may be explained by the compe-
tition between OH- and ligand to deposit copper as
different possible compounds such as Cu (OH),
Cu(OH), or Cu,O, CuO ontheelectrode surface.

Incaseof Cu-Cat. complex at different pH values,
it showsan easier release of Cu(ll) from thiscomplex
(duetoitsstability lessthan Cu-AHT) to the electrode
surfaceinacidic, neutrd or dkainepH. Thereforethere
isadow decrease of potentia to more negativevaues
at different pH values, and on shut off the current po-
tentia abruptly goesto highly positivevauesinacidic
pH thanin akaline pH which may berelated to the H*
reduction and charging of doublelayer in acidic me-
dium. Theincreaseof potential dueto theliberation of
theligand moleculesovercomesthe decreasein poten-
tia duetothepH increase.

Itisknownthat inpH 4.5, 6.5and 9.5, theequilib-
rium potentia of hydrogen e ectrodeisabout 0.26, 0.38
and 0.56V (SHE) respectively.

Inthe course of the cathodic deposition of copper,
thefollowing stepwisereactions may take place:
(Cu(H,L),) > Cu(HL) +HL
Cu(HL)> Cu* +HL + 2e
2H*+ 26 5> H,

Theequilibriumdectrodepotentid of thesecathodic
reactions may berepresented by:

E,=E° [2.303RT/F] pH +

(2308RT/F) Log [(Cu(HL),)/(CU(HL)] (1)
Where E° is the standard electrode potential of copper, given
by:

K (HL)=Cu (HL),/Cu(HL) @
E°=[2.303RT/F] LogK &)
E, = [2.303RT/F] pH +[2.303RT/F] log (HL) (4)

Where K isthe formation constant of the respective complex.
Subsgtituting in equation (1) we have:
E =-0.059pH + 0.059Log[HL] (5)

The successivetransformation leadsto thelibera-
tion of two molesof AHT from each mole of copper
complex. The E, vauesobtained, becomeslessnega-
tivein the direction of theincreased dissociation. It
should be duly recognize that the occurrence of the
arrestsonthecharging curves might be correlated with
the decreased hydrogen overpotential due to the
enhanced catal ytic action according to theabove mecha
niam.

Thecathodic deposition of copper follow astepwise
mechanism wherethe el ectron transfer step cupricto
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Figure8: Cathodic charging and decay curvesof copper
dectrodeat ¢.d.=0.03mAcm?2and different pH values(a)
0.05% (w/v) Cu-AHT complex (1:2) (b) 0.05% (w/v) Cu-
Cat. complex (1:2)

cuprousionisratelimiting step at high current density,
both activation and masstransfer processes control the
rate of deposition™

CONCLUSION

- Inacidic buffer solutions, the open circuit potentia
values obtained for copper el ectrodein presence of
AHT and Cat shiftsto more positivevalue than the
buffer a one. Thisbehavior indicating that, the equi-
librium concentration of copper ion decreaseswith
increasing ligand concentration, dueto theformation
of cu- ligand complex.

- Innear neutra buffer solution, thebuilt up of the Cu-
cat. complex layer ismoreregular than thefluctuated
oneincaseof Cu-AHT.

- Inalkalinebuffer solutions, it can benoticeawide
differencein OPC vaues, duetothe high dissolution
of copper in such solution leading to formation of
complexes.

- Therelation between the steady state potentia and
concentration of ligand a various pH vauesisstraight
linewith dopeswhichisindependent of pH of the

solution.

- Thecharging and decay curvesof copper electrode
inabsence and presenceof AHT and Cat. indifferent
buffer solutions using pul se current are represented
to study theeffect of current on the behavior of the
electrodein such buffer solutions. Therearetwo ar-
restsoneisformation when applying the current and
the second isdecomposition when shut off the cur-
rent, thetwo arrestsare nonlinear at al current dens-
ties.

- Thestudy of the effect of ligand concentrationson
the mechani sm and kinetics of anodi ¢ dissol ution of
copper, givehigh values of Tafel dopesinalkaline
solutions than in acidic dueto the presence of the
surface oxideand/or complex film ontheelectrode
surface at such ahigh anodic potentials.

REFERENCES

[1] O.Yu.Vasil, V.N.Kokzei; Ukrainski Khimicheskii
Zhurnal, 59, 176 (1993).

[2] T.Pearson, J.K.Dennis; J.Appl.Electrochem.,
20,196 (1990).

[3] N.W.Richmond, W.Faguy, PWeibel, C.W.Stephen:
J.Electroanal.Chem., 448, 237 (1998).

[4] S.R.El-Shaboui, S.A.Hussien, A.M.Abdel-Alim;
J.Assoc.of Anal.Chem., 71, 74, (1988).

[5] M.A.Barbosa; Corrosion Science, 23, 1293 (1983).

[6] M. M. Khater, B.GAteya, M.A.Zayed; Egypt.J.
Chem., 26, 1 (1983).

[7] R.L.Deutscher, R.Woods; J.Appl.Electrochem., 16,
413 (1986).

[8] Y.Feng, W.K.Tea, K.S.Siow, GL.Tan, A.K.Hsieh;
Corrosion Sci., 38, 369 (1996).

[9] S.B.Adelgju, Y.Y.Duan; Br.Corrosion J., 29, 309
(1994).

[10] W.Kautek, J.GGordon; J.Electrochem.Soc., 137,
267 (1990).

[11] D.Tromans, Ru Sun; J.Electrochem.Soc., 139, 3235
(1991).

[12] J.R.Vilche, FE.Varela, E.N.Codaro, B.M.Rosales,
GMoriena, Fernandez, Corrosion Sci., 39, 655
(1997).

[13] Y.Feng, K.S.Siow, W.K.Teo, K.L.Tan, A.K.Hsieh;
Corrosion, 53, 546 (1997).

[14] S.Trasatti; Electrochim Acta, 37, (1992).

[15] J.0.M.Bockceris, GRazumney; Electroanal.Chem.
Interfac.Electrochem., 41, 1, (1973).

Watarioly Science  mmm—
A VWMW



