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Abstract Anodic dissolution of copper in arginine and
hydrogen peroxide-based medium suitable for chemical
mechanical planarization slurry formulation was investigated
using electrochemical impedance spectroscopy. Potentio-
dynamic polarization and impedance data were acquired
for copper dissolving in hydrogen peroxide and arginine
solution. Reaction mechanism analysis (RMA) was
employed to determine the mechanistic pathway of copper
dissolution. RMA analysis indicates that a stable passiv-
ating film does not form on the copper surface, and the
direct dissolution of copper was also ruled out. A two-step
mechanism involving cupric oxide as an intermediate
species is proposed. The data were also fit to an electrical
equivalent circuit to obtain insight into the variation of the
parameters with the overpotential. The modeled data for
the two-step mechanism captures the essential features of
the impedance spectra at various overpotentials.

Keywords Anodic dissolution - Electrochemical impedance
spectroscopy - Reaction mechanism analysis - Chemical
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Symbol List

Cu/ Charged species of copper adsorbed onto the
electrode surface

Cu** Charged species of copper in solution

Loom Corrosion current

Ry Solution resistance

R, Resistance representing non-Faradaic reaction

C Capacitance representing non-Faradaic reaction

R, Resistance representing Faradaic reaction
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0 Constant phase element (CPE) representing the
double layer

Y, Parameter for CPE

n Exponent for CPE

F Faraday constant

J Current (A)

ko, koo Pre-exponential factors for rate constant

by,bs Exponents for rate constant

ki, ky Rate constants

vV Overpotential

ZE s Faradaic impedance at metal-solution interface

w Frequency

Jj imaginary number (square root of —1)

ZTotal Total impedance

0 Surface coverage of adsorbed species

Oss Surface coverage of adsorbed species under
steady-state conditions

T Total number of surface sites for the given
electrode

Ry Resistance to charge transfer

ZReperimena R€@1 component of experimentally measured
impedance

Imaginary component of experimentally mea-
sured impedance

ZI Mexperimental

ZRewes Real component of best fit impedance

L Imaginary component of best fit impedance

WRe Weight function for the error in real component

Wim Weight function for the error in imaginary
component

Introduction

Chemical mechanical planarization (CMP) is a key process
used in the formation of copper interconnects in semiconductor
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industry [1-3]. CMP involves removal of excess copper using
a slurry which consists of chemicals and abrasive particles. In
this process, the surface to be planarized is moved against a
pad with the slurry flowing between the surface and the pad.
The chemicals may etch or modify the surface, while the
abrasives would remove the surface by mechanical action.
Although acidic slurries are widely used for copper CMP,
they tend to corrode the equipment [4]. Recently, an alkaline
slurry containing an amino acid L-arginine and hydrogen
peroxide was proposed for copper CMP [5]. Arginine has the
useful property of suppressing the silicon dioxide polish rate,
even at alkaline pH [6].

Copper corrosion in acidic media has been investigated
extensively, and the kinetics of dissolution has been analyzed
in a wide range of pH and overpotential [7—12]. The
dissolution, as well as the deposition, is explained by the
two-step mechanism involving an adsorbed intermediate as

CuzCujy+e

+ 24y -
Cu,y, — Cu""+e

(1)

for low overpotentials. At higher overpotentials, based on
the impedance analysis, the following additional steps
involving an autocatalytic mechanism have been proposed.

+ =2t —
Cuads <_Cuads +e

CuZf+Cu — Cu* +Cuif+2e”

ads

(2)

In the acidic pH range, particularly at low overpotentials,
cuprous and cupric oxides are not expected to be present
[13]. Hence, the models proposed for copper dissolution in
acidic medium do not include any film on the metal surface.
In alkaline medium, passivating films are formed on the
copper surface. The nature of the film and the kinetics of
film formation have been investigated by electrochemical
and non-electrochemical techniques [14-26], and it was
shown that a typical film consists of Cu,O, CuO, and Cu
(OH), layers [15, 21, 23]. However, most of the studies
have focused on the film formation in alkaline solutions
which do not contain any additional oxidizing or complexing
agent. Arginine is an effective complexing agent which can
remove the copper oxide layers. Although arginine and
hydrogen peroxide have been shown to be a suitable
combination for Cu CMP slurry, the mechanism of the
dissolution of copper in this medium is not understood well
[5]. There are limited reports on the kinetics of copper
dissolution in an alkaline solution containing a complexing
agent and hydrogen peroxide [5, 27]. In this work, we probe
the copper dissolution using potentiodynamic polarization
and electrochemical impedance spectroscopy (EIS). Reaction
mechanism analysis (RMA) and electrical equivalent circuit
(EEC) are employed to model the system. From a detailed
comparison of the model predictions and the experimental
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data, we propose a two-step reaction mechanism involving
an oxide intermediate species.

Experimental

A standard three-electrode cell, with an Ag/AgCl (3.5 M
KCI) reference electrode, a platinum counter electrode
(both from CH Instruments), and a copper rod of 11 mm
diameter (99.9999%+ purity, Sigma-Aldrich) as the work-
ing electrode, was used. All the potentials reported are with
respect to the Ag/AgCl electrode. MilliQ water (Millipore)
was used in preparing the solutions, and all the chemicals
used were of AR grade. The working electrode was
polished with successively finer powders of alumina
(Buehler) and ultrasonicated immediately before each
experiment. The following solution compositions was
employed. One percent (vol/vol) hydrogen peroxide, 1%
(wt) arginine, and 0.1 M sodium sulfate as supporting
electrolyte. Potentiodynamic polarization experiments were
also conducted in solutions without arginine. For the
experiments without arginine, the pH was adjusted to 10
using concentrated sodium hydroxide. All the experiments
were conducted at room temperature, and the solutions did
not contain any abrasive powder.

The potentiodynamic and impedance data were acquired
with PARSTAT 2263 (EG&G Princeton Applied Research).
Potentiodynamic polarization curves were obtained by
sweeping the voltage from cathodic to anodic potential at
2 mV s ', The impedance data were obtained by applying
an ac perturbation of 20 mV (peak to peak) in the frequency
range of 50 mHz to 50 kHz at various DC potentials where
dissolution occurs. Zsimpwin software was used to deter-
mine the EEC parameters by complex non-linear least
square (CNLS) analysis. The RMA parameters were
estimated using sequential quadratic programming.

Results and discussion
Potentiodyanmic polarization measurements

The potentiodynamic polarization plots for copper in 1%
(vol/vol) hydrogen peroxide and 0.1 M sodium sulfate with
and without L-arginine are shown in Fig. 1. For the system
with only hydrogen peroxide, the anodic current branch is
lower, indicating the possible formation of a film. Copper
in alkaline media will tend to form cuprous and cupric
oxides and copper hydroxide film [13-26]. The film may
not completely passivate the surface but may still decrease
the dissolution rate [28]. Figure 1 shows that, in the
presence of arginine, the anodic branch does not exhibit any
sign of passivation. The anodic and cathodic branches were



J Solid State Electrochem (2009) 13:1351-1359

1353

0.7
0.6 1

5 051 - - Peroxide
(o]
< 0.4 1

S — Peroxide + Arginine
< 0.3 1

S

>
= 0.2
<

5011 -

0
&£-0.11 t .
.0.2.

-0.3 T
0.00001 0.0001

tent

0.001 0.01 0.1 1 10 100

I/ mAcm2

corr

Fig. 1 Potentiodynamic polarization curves for copper in solution
containing 1% (vol/vol) hydrogen peroxide and 0.1 M sodium sulfate
with and without 1% (wt) arginine, at a pH of 10

extrapolated, and the corrosion current (/.,;) was estimated
using the software PowerCorr. It was found that the
corrosion currents were 4,000 and 17 pA cm 2 for the
system with and without arginine, respectively. The large
increase in /.., with the addition of arginine shows that the
dissolution rate of copper increases significantly in the
presence of arginine and hydrogen peroxide. Potential pH
diagram for a simple amino acid glycine reveals that the
addition of glycine reduces the stability region of CuO, and
copper—glycine complex formation is preferred [29]. It is
quite likely that arginine also reduces the stability region of
CuO and would tend to complex the cupric ions and thus
dissolve the film. This would explain the lack of any sign of
passivation in the anodic branch of the polarization curve
for copper dissolution in arginine and hydrogen peroxide.
However, the possibility of copper oxide or copper
hydroxide formation at alkaline pH, at least as an
intermediate species, exists [13-26]. Hence, it can be
concluded that direct dissolution of copper is not likely to
occur in this system and that a thick, stable passivating
oxide is also not likely to be present.

EIS measurements

EIS is a powerful tool that can be used to unravel the
mechanism of electrochemical reactions [30-35]. The
kinetics of dissolution and passivation of various metals
in acidic media have been successfully analyzed with EIS
[36-39]. Experimental EIS data for copper electrode in 1%
(vol/vol) hydrogen peroxide and 1% (wt) arginine with 0.1
M sodium sulfate as the supporting electrolyte at various
overpotentials are shown as data points in the Nyquist
representation in Fig. 2. The overpotentials were chosen
based on the results of potentiodynamic polarization curves
(Fig. 1). The open circuit potential (OCP) of the copper

electrode in arginine—hydrogen peroxide system was
140 mV vs Ag/AgCl, and hence the EIS data were acquired
at anodic potentials with an interval of 50 mV starting at the
OCP. In the high frequency regime, a capacitive loop
corresponding to the double layer regime is observed, while
in the low frequency regime, an additional capacitive loop
corresponding to the dissolution reaction is observed. The
loop at high frequencies shrinks with the overpotential,
while the loop at low frequencies expands. In the low
frequency loop, a linear region at 45° from the real axis can
be observed, particularly at the potential of 290 mV vs Ag/
AgCl. Usually, a 45° line in the Nyquist plot is associated
with diffusion-limited regime, and the implications are
discussed later.

Reaction mechanism analysis

The equations of impedance for various reaction mecha-
nisms have been reported [40—44] and are summarized here
for the candidate mechanisms. The following assumptions
are employed in the derivation of the impedance equations:
(1) The adsorption of the intermediate species follows
Langmuir isotherm model; (2) The rate constants depend on
the potential exponentially, similar to Tafel parameters; and
(3) The ac perturbation is small so that the nonlinear terms
can be neglected. When the amplitude of the exiting signal
is 10 mV or less, the system response would tend to be
linear [45]. It is to be noted that the linearity of a system
depends on several factors including the electrode surface,
electrochemical cell configuration, etc. Since the data show
a depressed semicircle, especially at higher frequency, a
constant phase element (CPE), rather than a simple
capacitor, was employed to represent the double layer. A
CPE is represented by the parameters Y, and n and may be
observed when the electrode surface is not uniform [46,

179 4 140mv
159+ 190mv
. 13 1 e 240mV
Ellq{ & 200mv
%7
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Fig. 2 Experimental EIS data at various overpotentials for copper in
1% (vol/vol) hydrogen peroxide, 1% (wt) arginine, and 0.1 M sodium
sulfate. The lines are drawn for guiding the eye and they do not
represent any data fit
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47]. While the exact source of the CPE behavior is not
agreed upon yet, it is widely used to represent the double
layer which exhibits frequency dispersion of capacitance
[48-52].

Inapplicability of the direction dissolution reaction
Consider the simple direct dissolution reaction given in Eq. 3.

The current (J) and the rate constants are given in Eq. 4
where F'is the Faraday constant and V' is the overpotential.

cuficut 126 (3)
J = Fh
kl — k]()eb'V (4)

Here k&, is the rate constant, kjo is the pre-exponential
factor, and b, is the exponent which represents the potential
barrier in the direction of the reaction. The Faradaic
impedance at the metal-solution interface Zg,,s and the
total impedance of the system Zy., are given respectively
by

1 dJ
= — = Flyb, = Fkigbe"” 5
ZF,m/s av 101 1001€ ( )
1 oy \ !
ZTotal = Rsol + ((ZF,m/s> +(]a)) YO) (6)

Here Ry, is the solution resistance and w is the angular
frequency of the applied ac voltage. Equation 5 shows that
the Faradaic impedance decreases with an increase in
overpotential and that it is independent of frequency of
perturbation for this mechanism. Thus, it is clear that the
impedance modeled by the direct dissolution mechanism
can give rise to only one capacitance loop which corre-
sponds to the CPE as given in Eq. 6. Hence, the mechanism
given by Eq. 3 cannot represent the dissolution of copper in
the arginine and peroxide solution. A reaction involving at
least one intermediate species is necessary to adequately
model this system.

Proposed reaction mechanism

The dissolution of copper in glycine and hydrogen peroxide
system at pH 4 has been investigated with Fourier
transformed EIS, and the role of hydrogen peroxide and
the amino acid has been delineated [53]. Normally,
hydrogen peroxide would react with copper to form
cuprous and cupric oxides. However, in the presence of
Cu—amino acid complexes, hydrogen peroxide dissociates
into hydroxyl radicals (*OH) which are powerful oxidizing
agents [54]. For glycine and hydrogen peroxide-based
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solutions, hydroxyl radicals would convert the copper to
copper oxide by the reaction

Cu+2 (*OH) — CuO +H,0. (7)

The oxide would subsequently be dissolved by the
complexing action of amino acid [48]. It was also proposed
that the direct dissolution transfer (Cu — CuZj+2e”) was
unlikely in the presence of hydrogen peroxide [53]. It is
likely that arginine and peroxide, in the presence of copper,
also produce significant amounts of hydroxyl radicals
which oxidize the copper surface. Hence, a candidate
mechanism involving one intermediate species and two
more parameters kp, and b, was chosen. The reaction
between the hydroxyl radical and the copper surface can be
described by the Faradaic reaction given below.

Cu+ (*OH) —KL, Cu0 + H* e (8)

This may proceed in parallel with the reaction given by
Eq. 7. In alkaline pH, the product H'" ion in Eq. 8 would
react with hydroxyl ions to form water, and the cupric oxide
would be dissolved by arginine through non-Faradaic
reactions similar to the dissolution of copper oxide by
glycine. At a pH value of 10, arginine would be present
mostly as neutral species, as given in Fig. 3 [55]. It may
complex with CuO and may dissolve as given in Eq. 9 where
HX is the form given in Fig. 3. The non-Faradaic reactions
are similar to the dissolution of copper by glycine [48].

Cu0 + 2HX —R2, Cu[X],+H,0 9)

Cuprous and cupric oxides and cupric hydroxides are
expected to be present on the copper surface at alkaline pH
[7, 14-26]. However, in the presence of complexing agents
such as ammonia which dissolve the oxide, they may not
completely cover the surface but rather be present at
submonolayer coverage [13]. Thus, it is unlikely that
copper surface in arginine and peroxide solution is
completely covered by a thick film of oxide. The
potentiodynamic polarization data (Fig. 1) also does not
show any evidence for the presence of a passivating oxide
film. Hence, the impedance caused by a possible thick
oxide film is not considered in this analysis.

For the reaction given by Egs. 8 and 9, with the
intermediate species CuO having a surface coverage 6, the
unsteady-state mass balance can be written as

de

—=k(l1-6)—ko 10
o =h(l-6)—h (10)
where 7 is the total number of surface sites per unit area for
the given electrode surface. Under steady-state conditions,
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Fig. 3 The structure of L-arginine at pH of 10

the surface coverage (fy) and the current due to Faradaic
reaction (J) respectively are given below:

ki
Ogg = ——. 11
S8 ki + ky ( )
J=Fk(l-0) (12)

The Faradaic impedance (Zp,,s) is obtained by taking
the derivative of the current given in Eq. 12 with respect to
the voltage, and it is given by

&= Zowp) " =F i (hoe(1-6))

(13)
=Fky eblv(bl(l - ess) - %)

However, from Eq. 11, k(1 — 0ss) = k;0ss. By expand-
ing the Eq. 10 in series form and neglecting the second- and
higher-order terms, it is seen that

49 4 — (ky + b1k V) (1 — 6ss — 42) — (ko + boka V) (Bss + 4%)

jor e = (ki + ky) (— 92) + biki (1 — Oss) — bakaBss (14)
Thus
(ZF,m/sy1 = (R) ' —Fhk 46 where
(R)™' = Fbik bss (15)
d0 _ (bi=by)kybss
dv = ki+k+jor

Here, R, represents the resistance to charge transfer. It is
seen from Eq. 15 that, when the parameter b, is greater than
b,, the rate of change of surface coverage with potential is
positive. In this case, Faradaic impedance will decrease
with the frequency, and the impedance behavior will
resemble that of a capacitor. The total impedance (Zrotar)
is given by the equation

1

ZTotal = Rsol + (16)

The best fit spectra are shown in Fig. 4 as dotted lines
along with the experimental data points. The corresponding
parameters are shown in Table 1. The solid lines in Fig. 4
are best fit results for the EEC discussed later. It is to be
noted that except for the parameters Y, and »n, the values in
the table are applicable for all the voltages. The actual rate
constants k; and &, at each overpotential can be calculated

using the formula given in Eq. 4. The parameter set for the
mechanism was obtained by sequential quadratic program-
ming method, minimizing the error term given by

2 2
Crror = Z [WRe (ZRecxpcrimcmal - ZRebcslﬁl) + Wim (Zlmcxpcnmcmm - Zhnhcslﬁl) ]
(17)

taken over all the frequencies and voltages. Here, wg, and
Wim are the weighing functions which could be chosen as
unity or as the inverse of the square of the real and
imaginary part of the experimental impedance. The errors
in the impedance measurements can be heteroskedastic, i.e.,
a strong function of frequency. Specifically, if the imped-
ance values span over an order of magnitude or more, the
choice of weight function would make a significant
difference in the values of the optimized parameter set,
and the unity weight function may not be the appropriate
choice. However, in this case, all the impedance values
were between 5 and 25 ) in magnitude, and the fitted
parameters were not sensitive to the weight function
chosen. The values listed in Table 1 are based on the unity
weight function.

EEC model of the Cu—solution interface

Harrington and van den Driessche have shown that, for a
particular class of reaction mechanisms, the equivalent
circuits can be made with resistors and capacitors alone
[34]. EIS data could be modeled either by assuming an
electrical circuit and obtaining the parameter by regression
or by sequential regression of the line shapes to the data
[56]. For example, a series of elements in Voight circuit can
be used to fit data simulated by circuits containing
capacitors, inductors, Warburg impedance, or CPE. The
number of time constants captured in the data could be
determined by the number of Voight elements necessary to
obtain a low residual sum of squares. When adding more
Voight elements does not result in a significant reduction in
the residual sum of squares, the fit would be considered
adequate to describe the data. Since the EIS data in Fig. 2
show two loops which may be described by two capacitors,
the method of sequential regression was not chosen, and
instead the data was fit to the equivalent circuit shown in
Fig. 5. In Fig. 5, Ry, is the solution resistance and Q
represents the CPE. R, represents the resistance to Faradaic
reactions while R; and C; can be interpreted as the
resistance and capacitance associated with the non-Faradaic
reaction. In the literature, a slightly more complicated
circuit has been employed to describe the Fourier trans-
form-electrochemical impedance spectra of dissolution of
copper in glycine and hydrogen peroxide [53].

It is seen that the basic characteristics of the experimental
data are captured well by the EEC. All the estimated
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parameters except R, are plotted against the overpotential in
Fig. 6. The solution resistance is estimated to be about 4.79+
0.28 2 for all the four spectra. From Fig. 6b, it is seen that
R, decreases slightly with increase in the overpotential,
indicating that the Faradaic reaction may be enhanced at
higher potentials. With an increase in overpotential, R;
increases while C; decreases as seen from Fig. 6a. Since R;
and C, are associated with the same reaction, they are
expected to be coupled and show trends in mutually opposite
directions [53]. While the increase in R; with overpotential
may be partly compensated by the decrease in R,, the
decrease in C; with overpotential would result in an increase
in impedance as seen in the low frequency loop of Fig. 2.
Since the dissolution rate of the copper in arginine and

hydrogen peroxide solution is high, the total impedance is
low. It is seen that at the high frequency limits the total
impedance can be approximated by the estimated solution
resistance and at the low frequency limits the impedance can
be approximated by the sum of the three resistances in the
circuit given in Fig. 5. The parameter values associated with
CPE are shown in Fig. 6¢c. The Y, and n values estimated by
EEC (shown in Fig. 6c¢) are very similar to the estimates
obtained for RMA, shown in Table 1. It is clear that the
exponent n deviates from the ideal value of 1 as the
overpotential increases. At the low overpotential of 140 mV
vs Ag/AgCl, the parameter is about 0.85. However, at the
higher overpotential of 290 mV vs Ag/AgCl, the value for n
is about 0.65. The parameter value of 0.85 would indicate

Table 1 Parameters used for

Parameter Value Units
the RMA
k1o 1.58x1077 moles cm 2 57!
b, 6.60 v!
ko 5.84x1077 moles cm 2 5!
by -0.97 v
T 7.43x10°8 moles cm 2
Y, at various DC potentials OCP 3.86x107° QO em 2"
OCP+50 mV 7.92x10°3
OCP+100 mV 1.26x10°*
OCP+200 mV 3.68x10°*
n at various DC potentials OCP 0.90 -
OCP+50 mV 0.82
OCP+100 mV 0.79
OCP+200 mV 0.69
Rl 4.81 Q cm?
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Fig. 5 Electrical equivalent circuit for copper in 1% (vol/vol)
hydrogen peroxide, 1% (wt) arginine, and 0.1 M sodium sulfate

C;

R,

that the electrode surface has a significant roughness at OCP.
At higher potentials, the dissolution rate and subsequently the
surface roughness would increase, resulting in a lower value
for n. However, a value as low as 0.65 would indicate that
diffusion effects come into play since a value of 0.5 for the
exponent n would correspond to Warburg impedance which
essentially represents diffusion [46]. This is also seen from
the clearer appearance of the 45° line in the low frequency loop,
with increasing overpotential. The parameter ¥, is seen to
increase with the overpotential. Even for smooth electrodes
which exhibit an ideal capacitance behavior, the double layer
capacitance value may depend on the voltage [57], perhaps due
to the change in specific adsorption of anions. In this case, the
best value for # is 0.85 at the OCP, and this would correspond
to a significant roughness of the electrode surface. With the
electrode exhibiting non-ideal behavior, it is not surprising that
both ¥, and n vary with the potential in this case.

A comparison of the other parameters estimated and the
trends in the EEC show that the resistance R, would
correspond to the reaction given in Eq. 8. Since the value
of b; is positive, an increase in overpotential would
increase the corresponding reaction, thereby reducing the
resistance. Similarly, the negative value of b, and the
increase in value of R, with the overpotential indicate that
the electrical elements R; and C; are associated with the
reaction given in Eq. 9.

The main features of the EIS data are captured well by
the RMA. Specifically, with increase in DC overpotential,
(1) the capacitance loop in the high frequency regime
shrinks, (2) the capacitance loop in the low frequency
regime expands, and (3) the point of intersection of the two
capacitance loops moves to the right. A specific character-
istic that is not captured by RMA is the reduction in the
overall impedance at the lowest frequency with increase in
overpotential. Particularly, the best fit plot corresponding to
140 mV (vs Ag/AgCl) deviates more from the experimental
data compared to the best fit results at higher overpotentials.
The difference may be due to possible interference by other
reactions near OCP that are not considered in the mechanistic
analysis. The order of magnitude of the parameters estimated
compare well with those reported in literature for other metal
dissolution reactions [38—40]. In the overpotential region
investigated, both k; and %, are of comparable value, and
hence the overall rate of reaction depends on both
parameters. It is to be noted that the reactions given in
Egs. 7, 8, and 9 may be reversible. It is seen that the data can

Fig. 6 Parameters of electrical T0.08 12 -
equivalent circu@t corregponding & 141 Loo7 E 11
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b Faradaic reaction, and € 104 DTS _g
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be fitted well with forward reactions alone, which means that
the rates of reverse reactions may be low in the concentration
and potential ranges investigated. The proposed reactions
(Egs. 8 and 9) indicate that the copper surface is covered
with a sub-monolayer of CuO. The existence, composition,
and the surface coverage of the film have to be verified by
other techniques such as electrochemical scanning tunneling
microscopy or spectroscopic techniques. Based on the
results, the kinetic model could be modified suitably to
explain the impedance as well as other results in a consistent
manner and a more thorough understanding of the dissolu-
tion mechanism would be possible. The EEC may also need
to be modified to account for all the processes occurring in
the system.

Conclusions

The dissolution mechanism of copper in arginine and
hydrogen peroxide medium was investigated using poten-
tiodynamic polarization and EIS technique. Potentiody-
namic data indicate the absence of passivation even at
alkaline pH. EIS data show a capacitance loop at high
frequencies corresponding to double layer capacitance and
an additional capacitance loop at lower frequencies
corresponding to non-Faradaic relaxation processes. Elec-
trical equivalent circuit analysis and reaction mechanism
analysis were employed to fit the EIS data, and based on
the comparison of the experimental and the best fit data, as
well as potentiodynamic results, the direct dissolution of
copper was ruled out. A two-step mechanism involving a
Faradaic reaction between the hydroxyl radicals and the
copper surface with cupric oxide as the product [14-26]
and the subsequent dissolution of cupric oxide by com-
plexation [53] is proposed. Both EEC analysis and RMA
capture the essential features of the experimental results
obtained at various overpotentials. Further analysis of the
copper surface in arginine and peroxide solution by
complementary techniques is necessary to confirm the
presence of the intermediate oxide species and to under-
stand their characteristics.
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