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Copper electrodeposition onto a glassy carbon electfG@E) was investigated using linear sweep voltammetry and a potential

step technique in 5< 102 M Cu(NH,),2*, 1 M NHz and pH 10.5, in the presence of chloride and nitrate anions. Voltammetric
analysis showed that copper electrodeposition is carried out in two steps. The first step corresporitii,CICu(NHy),"

couple managed by diffusion control, whereas in the second, the reductiorfH@u: to Cu(0)is influenced by Cl and NG~

anions. In the case of chloride and chloride and nitrate baths, it may be observed that only 40-60% of deposited copper is oxidized
in the reverse potential sweep; these low charge recoveries are due to an disproportionation stage: the newly deposited copper
reacts with the Cu(llpresent in the reaction layer to form @u For baths containing only nitrates, the efficacy of charge recovery

is even smallef20%) due to an interaction between newly deposited copper and nitrate ions that could include a direct redox
reaction and/or nitrate reduction on the surface of copper nuclei, this reaction provokes an additional dissolution of copper nuclei.
The presence of chlorides in nitrate-containing baths seems to block said interaction between nitrates and newly deposited copper.
Through the analysis of current transients, copper electrocrystallization on GCE is shown to be performed by means of a
three-dimensional nucleation growth diffusion-limited mechanism in the presence of the three electrolytes studied here. However,
the presence of anions directly influences the magnitude and dependence of kinetic parameters of copper electrocrystallization
with the applied potential.

© 2001 The Electrochemical Society.DOI: 10.1149/1.1357176All rights reserved.

Manuscript submitted August 4, 2000; revised manuscript received January 5, 2001.

The use of electrodeposition in the preparation of new materialsnewly formed deposition. In particular, catalytic reactions of anions
with specific characteristicghin layers, dispersed materials, nano- present in the solution with newly formed metal deposit modify
structures)requires deep comprehension of different phases of thedeposition conditions and characteristics as shown in the case of
electrodeposition process. Nucleation kinetics and the growth of thecobalt'* In this respect, we have established the importance of
first metallic nuclei formed on the initial substrate are critical steps studying the influence of chloride and nitrate anions present in the
which determine the physicochemical properties of the electrode-deposition bath containinl M NH; at 10.5 pH on the copper elec-
posited materiafsand are, therefore, crucial points for understand- trocrystallization mechanism. In these baths, we have selected such
ing and control. Electrochemical characterization of the nucleationoperating conditions as to make the sphere ofliCicoordination
process is generally performed by collecting different forms of cur- the samaCu(NHs),2") in the three baths studied.
rent transients obtained when pulses are imposed on the substrate/
electrolyte interfacé.Recent studies have suggested that our under-
standing of the chemical and electrochemical reactions associated
with the electrocrystallization process is still incompléte. Electrochemical studies were made in a typical three-electrode

Our research group has previously reported studies on complexell. Hg/HgO/KOH was used as a reference electrode, specially rec-
cases of electrocrystallization for silver electrodeposition from two 0mmended for basic media; the contact with the working solution
alternative noncyanide electrolyte baths. An important adsorption ofvas made through a Luggin capillary. The electrode used had the
electroactive species has been observed in an ethylamine aqueog@¥perimental potential of 0.213 Vs. normal hydrogen electrode
medium? On the other hand, the mechanism of nucleation and(NHE). As an auxiliary electrode, we used a graphite rod introduced
growth of the silver nuclei deposited from ammonia media dependdnto & separate porous-glass compartment. As a working electrode,
on the chemical composition of the electrolytic bath. we used a glassy carbd®C) disk electrode with an area of 0.16

The influence of metallic ion concentration and pH effect on CM- The exposed surface was polished by Microci@hehler)to a
copper electrodepositiBrhas also been studied; however, it was Mirror finish with alumina powders down tojsm and treated in an
established that the predominant chemical form of the electroactivélltrasonic bath with pure water for 102’“'”- Three different media
species involved in the reduction process influences the type ofvere treated at 5¢ 102 1 M Cu(NHy),*" and 1 M Nk, All so-
nucleatiorf? Studies with cobalf showed that the modification in  lutions were prepared from analytical grade reagents using ultrapure
the sphere of coordination of cobalt complexes also producedVillipore-Q water (Millipore-Q system. The first bath contained 1
changes in the cobalt electrocrystallization mechanism. Thesé/! NaCl; the second, 1 M NaNOand 1 M NaCl; whereas the third
changes are related to the nature of the ligand. In the gold eleccontained only 1 M NaN@ The pH used was 10.5, regulated with
trodeposition in ammonia media it has been observed that temperdNaOH or HNG, in the case of nitrates, or with HCl in the case of
ture influences different mechanisms of nucleafibfihe influence  chlorides.
of substrate treatment on electrocrystallization has been investigated The electrochemical techniques used were voltammetry and

as well??3ikewise, it was possible to determine the influence of chronamperometry. Electrode potentials were controlled with an
simultaneous reactions occurring in the electrocrystallization pro-EG&G PARC 273A potentiostat connected to a microcomputer with
cess, such as hydrogen evolution and catalytic reactions of th&G&G M270 software. The voltammetry was performed at a poten-
tial interval of 400 to—900 mVvs.Hg/HgO and at sweep rates of 5,
20, and 100 mV/s, for the three systems mentioned above. The
N . ) chronamperometry was performed using potential pulses within an
o Eloctrochomioal odny attve Membore: interval of 600 to—1000 mV vs. Hg/HgO. All experiments were
Z E-mail: igm@xanum.uam.mx made with an initial oxygen purge using g kurrent and N bub-

Experimental
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Figure 1. Typical CVs for copper deposition obtained on GCE, from 5
X 1072 M Cu(NHy)42*, 1 M NH,, pH 10.5, with different anions present in
the deposition bathia) 1 M chloride,(b) 1 M chloride and 1 M nitratéc) 1

M nitrate. Scan rate: 20 mV/s. All anions were supplied as sodium salts.

bling was maintained during the whole experiment.

Results and Discussion

This paper describes a study of initial Cu deposition states in
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Figure 2. Typical CVs for copper deposition obtained on GCE, from 5
X 1072 M Cu(NHy),2*, 1 M NH,, pH 10.5, with different anions present in
the deposition batke) 1 M chloride,(b) 1 M chloride and 1 M nitrate(c) 1

M nitrate. The negative potential scan was inverted before th® @duc-
tion. Scan rate: 20 mV/s. All anions were supplied as sodium salts.

E = E° + 0.06 log Cu(NHg)," /[ NH,]?

= —0.403 Vuvs. Hg/HgO [2]

different alkaline media in the presence of ammonia and different

anions such as Cland NG~ on a GC disk. The stability constant of

Voltammetric behaviors such as those observed in Fig. 1c for

copper with ammoni& allows the latter to be used as a complex- nitrates are related to an additional supply of electroactive species
ation agent and determines the coordination sphere of Cu soluble ion the reduction process. This behavior is typically associated with

the electrolytic system. In the experimental baths used (e
NH;, pH 10.5 and Cu(ll)5 X 102 M) the predominant chemical
species of coppérare Cu(NH),2* for Cu(ll), and Cu(NH),"* for
Cu(l). It is important to note that neither the presenté & NO3™~

nor that of CI', modifies these predominant chemical species. A reported for

detailed study of the above can be found in Nila and G

Voltammetric study—Figure 1 shows the typical cyclic voltam-
mograms (CVs) obtained on the GC electrodéGCE) for

catalytic reactions. In the case of Co reduction, a secondary chemi-
cal reaction with nitratéé has been observed in the same way that it
may be occurring in our case of copper reduction.

The potentialgE) of Eg. 1 and 2 are calculated from the values
£0 817.183|s0 taking into consideration the experimen-
tal conditions of the solution. In a chemical speciation study, we
have shown that in the presence of 1 M nitrates and 1 M chlorides,
the Cu and ammonia complexes are not modified in their sphere of
coordination to basic pHs, thus preventing the formation of chloro-

Cu(NH3)?* reduction in different electrolytes. Generally, in the complexes.

reduction region of the three media two important cathodic pro-

cesses are observed, indicated pgndll .. The first procesd,, is

If the potential is reversed after reducing (@u and before re-
ducing Cu(l), only one oxidation peak appedFsg. 2). The half-

the one corresponding to @WUH3),3°" reduction toward wave potential Ej,) is evaluated as a half sum of the cathodic peak
Cu(NHy),", Reaction 1. It may be observed that the three systemspotential €, and the anodic peak potentiaE(;) for the peaks
have very similar behaviors, although in the experiment with nitrateshown in Fig. 2. The values @&;,, within the experimental interval
media, the peak of the cathodic reduction is found to be at slightlydo not vary considerably, thus indicating that the electroactive spe-
less negative potentials. cies are the same in the three electrolytes. On the other hand, these

The second reduction procesis, corresponds to the QNHs)," values are also similar to the thermodynamic equilibrium potential
reduction to Cu(0), Reaction 2. These voltammograms display charassociated with the passage of(ILyCu(l) for Eq. 1, thereby indi-
acteristic features of nucleation phenomena, namely, large peakating that in said experimental conditions, the sphere ofiliCu
separation and crossover on the cathodic branches, due to the preseordination with NH does not change; furthermore, these values
ence of nucleation and growth procesea. well-defined reduction appear, in all cases, as the ammonia complexes described in Eq. 1,
peak may be seen in the systems with the presence of chlorideg such a way that Cland NQ;~ anions added to the baths always
(chloride, and chloride and nitrate, Fig. 1a. blowever, in the  pehave as supporting electrolytes. The modificatiolE gfin these
experiment in nitrate-containing mediui®ig. 1c), the well-defined  processes in the presence of nitrates, may be due to charge transfer
reduction peak is not observed, but on the contrary, with the potenrate changes probably associated with the modification of the GCE/
tial varying toward more negative values, the current keeps growinge|ectrolyte interphase. However, this is not the objective of this
work.

In the region of anodic current in Fig. 1 different oxidation pro-
cesses showing a great complexity are observed: production of hy-
droxides, oxides, and/or chlorides that may be adsorbed or forming
soluble species. These anodic processes, peaksdll , in Fig. 1,
may be related as corresponding systems to the redudtioasd
Il .. It has been proposed that at this ghtound 10.5), three oxida-

Cu(NHy),2* + 1e= Cu(NH,)," + 2NH;

E® + 0.06 log Cu(NHy),2"1/[ Cu(NHy)," ][ NH4 ]2
— —0.173 Vus. Hg/HgO

m
I

[1]
Cu(NHy)," + 1e= CW’ + 2NH;
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Figure 4. Relationship between the charge associated with an@lic énd
cathodic Q.) branches for copper voltammetric deposition and different
switching potentials E_,) obtained from the system: % 1072 M
Cu(NH,)2*, 1 M NH;, pH 10.5, with different anionga) 1 M chloride, (b)

1 M chloride and 1 M nitrate(c) 1 M nitrate.

Figure 3. Typical set of voltammograms obtained for different negative
switching potential€ _, , at a scan rate of 20 mV " sor copper deposition
onto GCE, from 5X 1072 M Cu(NH5),2~, 1 M NHj, pH 10.5, in 1 M NaCl.

tion peaks are observed for one mediumhwiitM NH,CI. Since the
copper appears to have reversible behavior when inverting the pohave shown tha, values are quite close to the thermodynaic
tential sweep in the first reduction pegkig. 2), the oxidation of  values(differences of 20 mV at moswhen analyzing the Cu re-
newly deposited Ci@) produces at least two oxidation peaks. It can duction in ammonia media at acid pH: we have also found differ-
be explained as follows: the oxidation of @at the interface is not  ences of the order of 100 mV when the deposition is made in basic
limited by diffusion, so a high concentration of Quappears at the  media. The difference in experimental potential might be due to the
interface and GO or CuCl is formed. fact that in basic media of pH 10.5 some chloride and hydroxide
With the purpose of ensuring diffusion control conditions, we precipitates would appear in the interphase. Given these conditions
performed a study with a rotating disk to analyze the process ofwe may say that there is an acceptable correlation betigemd
Cu(NHy),2*/Cu(NHy),". A constant potential of-0.4 V vs.Hg/  E’, and that Reaction 2 describes metallic copper formation. On the
HgO was fixed for 10 s, then the potential was inverted to a value ofpther hand, in the case of a nitrate/solution system,Bh&aries

0.6 V for 10 s as well. This program of potential is applied t0 consjderably withE_, , so it is not possible to associate it with
different rotation ratesw) of the electrode for the three different thermodynamic potential.

electrolytes. The redugtiorllzdgnsity curréftis measured at 10 s Charges due to the cathodi®{) and anodic Q,) processes can
and it varies linearly witho™, in a typical diffusion control of the  he obtained by integrating the cathodic and anodic branches of the
current. The diffusion coefficients of the order of6 10 cn¥/s, | — E_, curves, respectively. Figure 4 shows plots of Qg/Q,
obtained _for the_ three systems, are very similar among each otheftio as a function of _, for copper deposition from different so-
reported in the literature. lutions considered. It should be noted that these recoveries are low

In the case of a Cq(l)/Cu(Cs)ystem, the experiment is c_arried OUt (40 to 60%)for the systems containing chlorides, and chlorides and
at a reduction potential of-0.75V vs.Hg/HgO. For chloride, and  pjtrates(Fig. 4a-b), but they are even lower for systems containing
chloride and nitrate baths, the relations(pfvs. w2 are linear and only nitrates(Fig. 4c). Generally, when only metal deposition is
correspond to a diffusion control; however, for a nitrate-containing present in several stages, that is, through successive charge transfers,
system this linear behavior is not observed, and this different behavthese low recoveries are due to a reaction of disproportion&tion,
ior suggests a coupled chemical reaction. which would, in this case, be the following reaction

Influence of the switching potentials (§.—The study focuses on Cu(NHp) 2" + Cu(0) = 2Cu(NHy)," [3]
the second reduction region where the electrocrystallization occurs.
In order to determine the type of kinetic control which is taking

place dur_lng'the grovvt_h of nuclei, a vol_tammetrlc study using dif- tionation reaction on the metal deposition stability has scarcely been
ferent switching potentialsH_,) was carried out. The analysis was  antioned, since there is a general tendency to analyze cases with
limited in the potential region at the cathodic deposition péglon g jntermediate species between the metallic ion to deposit and the
GCE. Figure 3 shows a typical set of the obtained voltammogramqjeposited metal, as in the case of(B4Ag(0), Au(l)/Au(Au(0), or
using different switching cathodic potentidts , , at a scan rate of 4 Cu(ll)/Cu(0) system itself where Gl is not stablee.g., in
20 mV sL In this figure, the overcrossing potenti&y was indi- sulfuric acid media.
cated. ) ) ) ) Therefore, low charge recoveries observed in the medium con-
The overcrossing potential remains constant at approximatelytaining nitrate solution indicate an additional or different contribu-
—500 mV vs. Hg/HgO for the case of chloride, and chloride and tion from that of disproportionation that could be explained in terms
nitrate solutions, regardless of the chang&gf indicating, accord-  of some process coupled to the cathodic reaction. In other words,
ing to Fletcher!® charge transfer control during the copper electro- this evidence supports the simultaneous presence of another ca-
crystallization process. Fletctiéproposed that for this type of con-  thodic procesgthat may consume electrons or recently deposited
trol, E; values should correspond to the reversible potenEd) (of copper)besides copper reduction. The main characteristic of this
the metal redox couple @NH,),"/CW® which is theoretically  second process is that its charge transfer product cannot undergo
equivalent to—403 mVvs.Hg/HgO (Eq. 2). In a previodbstudy we oxidation during an anodic scan. It is likely that an interaction be-

It is important to emphasize that the influence of this dispropor-
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tween newly deposited copper and nitrate ions in solution might be 8o
taking place. This interaction seems to be prevented by the presenc
of chloride anions. It may also include a direct redox reaction and/or
nitrate reduction on the surface of the copper nuclei. The former
reaction would consume the copper deposit, and the latter would 89 -
provide electrons to the external circuit. Jointly or separately, these
reactions explain the low copper recovery efficiency for a nitrate _ 1} \ a
bath. £

In a solution containing only nitrates, the following mechanism E‘w- ‘
of copper deposition may be proposed according to the following =

faradic reactiong4, 5, 6) l '

CU(NHy)zaq" + 1€ (GCE) = Cu/GCE+ 2NHs [4] 20

2NHg(aq + CU(0)/GCE= Cu(NHy)yq + 26 (Cu)  [5]

Considering Reaction 5, we propose simultaneous nitrate reduc- 0.0 10 20 3.0 40
tion during the cathodic process according to the following reaction t(s)

6H,0; + NOyq + 86 (Cu) = NHzpaq+ 9 OHyy 6] 100

The proposed Reactions 5 and 6 are based on the solution pH an
thermodynamic diagrams of predominant nitrogen spéediéghe
direct catalytic reaction of NO to NH; has been reported for the
case of Tl reduction in nitrate-containing medta.

Note that the addition of chlorides to nitrate baths somehow pre-
vents this catalytic reaction. Probably, a specific adsorption of chlo-
rides on GCE or on newly deposited copper atoms may be the cause
This hypothesis requires a more profound analysis. Chronamperom
etry studies are shown here with the aim of demonstrating the influ-
ence of solution anions on the nucleation and growth in the process
of Cu electrocrystallization. 20

80

60 b

- j(mA/icm?)

40

-840 mV vs Hg/HgO

Potential step study-Figure 5 shows current transient curves
for all three systems representing the region corresponding to coppe
electrocrystallization. It is important to emphasize that the imposed 0o 10 20
potential pulses are found in the region of greater negative potentials t(s)
than those corresponding to the reduction of (\g),>" to 60
Cu(NHy),* (Fig. 1). For the system containing only nitrates, the
potentials applied were far more negative.

In all cases, the first sudden change of current is attributed to the
double layer charge and immediately afterward, the typical response
of nucleation and growth takes place. As for the case of chloride
media (Fig. 5a and b), there is an increase of current reaching its
maximum, followed by a slow decrease that ends in a constant state
above zero current. This is a typical behavior of three-dimensional
(3-D) nucleation diffusion-limited growtf>2% On the other hand,
Fig. 5¢, where only nitrates are present, also shows a maximum
current, followed by a decrease toward different currents in accor-
dance with the potentials applied. These different currents may be
the consequence of the presence of a nitrate chemical reaction. Fc -740 mv
the purposes of identification of the electrocrystallization process we 1
apply the theoretical model corresponding to 3-D nucleation-growth

-520 mv

3.0 4.0

FN
=)
O

-800 mV vs Hg/HgO

- j(mAfcm?)

N
o

proposed by Scharifker and Hiff8. o i : i . ] . ]
Figure 6 shows the comparison, in nondimensional 0.0 1.0 2.0 3.0 40
coordinate$? of experimental transients with the corresponding the- t(s)

oretical plots for extreme casémstantaneous and progressiva

3-D nucleation growth diffusion-limited cases. It may be observed Figure 5. Experimental current transients obtained on GCE, i 80" M
that the nondimensional experimental transients range within thecU(NHs)>*, 1 M NH;, pH 10.5 deposition bath, with different aniorta) 1
interval delimited by instantaneous and progressive nucleation. A chioride, (b) 1 M chioride and 1 M nitrate(c) 1 M nitrate. In each case,
for the solution containing only nitrates, it may be seen that at timesdn’“ferent potential ranges were imposed to GC electrode, these ranges are

. marked on figure.
threefold greater thaty,,, experimental curves go beyond the do- g

main of 3-D growth. equation is also valid for describing instantaneous and progressive

Once the theoretical model satisfactorily describes the entirencleation and does not require classification of the nucleation
transient, the relevant information about the kinetic parameter canpnechanism prior to its use

be obtained from the current and the time corresponding to the po-

1/
tentiostatic maximum. As an alterative method, Sharifker’'s general _ ZFD c 1- exp( —NomkDlt — 1 — exp(—At)
equatio’® (Eq. 7)for time evolution of the current density via the 312 ° A
3-D nucleation with growth limited by diffusion was used. This [7]
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Figure 7. Dependence of nucleation rat&) with applied potential for cop-
per electrocrystallization onto GCE from % 1072 M Cu(NHy),2*, 1 M
b NHs, pH 10.5, with different anions present in the deposition b&hl M
chloride,(b) 1 M chloride and 1 M nitrate(c) 1 M nitrate.
%1 Instant
P nstantaneous
5 N ‘Nucleation
= < 4[8mCM]Y?
Progressive = § [8]
Nucleation P
0.4 4 . . . . .
M andp are atomic weight and density deposited material, re-
spectively. The saturation number density of the formed copher
was calculated using Eq. 9
f Ng = (ANy/2kD)Y? (9]
[¢] T Y Y
0.0 1.0 2.0 3.0
ttm The experimental data were adjusted by the nonlinear fitting
12 equation, using the EQO001 program furnished by Scharifker and
Mostany?® From this procedure, we have obtained Mg N, and
¢ A values for the copper electrocrystallization as function of applied
potential from different electrolyte solutions.
eoneoss
-— 23
g Progressive b A A
= Nucleation A
0.4 3
H 197
1 5: A o
o
i Z .
0.0 . v r £ eee ®
0.0 1.0 U%r?l 3.0 4.0 15 c
Figure 6. Comparison of theoretical nondimensional plotd ()? vs. Ut,,,
for instantaneous and progressive nucleatjoalculated according to the
Scharifkef? model for 3-D growth with experimental data corresponding to
11
0.6 0.7 0.8 0.9
- E (V vs Hg/HgO)

Fig. 5. Deposition was carried out from% 1072 M Cu(NH;),2", 1 M NH;,
pH 10.5, with different anionsta) 1 M chloride, (b) 1 M chloride and 1 M

nitrate, (c) 1 M nitrate.

0.5

Figure 8. Dependence of number density of active sitBis)(with applied
potential for copper electrocrystallization onto GCE fromx5102 M
Cu(NHy),2*, 1 M NH,, pH 10.5, with different anions present in the depo-

Where the number density of active sitedNig the nucleation rate
constant isA, the diffusion coefficient i, the concentration i€,
the time ist, z is the equivalent numbeF is Faraday constant, and

sition bath:(a) 1 M chloride, (b) 1 M chloride and 1 M nitrate(c) 1 M

nitrate.

Eqg. 8 definex
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Figure 9. Dependence of number density of the formed
%17, copper nuclei Ny with applied potential for copper
- A electrocrystallizatin onto GCE from % 1072 M
oo b Cu(NHy),2", 1 M NH,, pH 10.5, with different anions
a i c present in the deposition batta) 1 M chloride,(b) 1 M
g chloride and 1 M nitrate(c) 1 M nitrate.
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In the case where the deposition is made in the presence ofrystallization. According to the reports in literature, we have pro-
chloride, kinetic parameters of nucleation increase as the potentigbosed that the nitrates present in solution oxidize the newly depos-
becomes more negative nucleation ratérig. 7a)and the number  ited copper. The presence of chlorides in the nitrate bath seems to
of formed and active sitel, andNg, respectively(Fig. 8a and 9a)  diminish this reaction considerably.
increase exponentially with the potential, thus complying with the  As a result of the chronoamperometry study, it was possible to
theory of 3-D nucleation growth diffusion-contrdt> When there  determine that in the presence of Naj@opper electrocrystalliza-
is chloride and nitrate in solution it is no longer possible to considertjon probably follows a 3-D nucleation diffusion-limited growth
exponential increasg~ig. 7b, 8b, and 9b), prpbably because of the mechanism, which is modified by the appearance of a simultaneous
competition among ions, namely, chloride’s tendency to get ad-reaction, possibly one between nitrates and newly deposited Cu. The
Zﬁzib?r?eogotrzeS;E:%rffas(éigr:é);rthreegst\i,gx g??l(i)tfgfeii;)igﬁignucelfbhaotic behavior of kinetic parameteksN,, andNg, depending on

Likewise,%nother important fa>c/t is the magnitude of kineticpEa-.the potential appliqd, supports this as§umption: In .th? case of a
rameters in which the presence of nitrates and chlorides allows botﬁhlo”de.bath‘ therg IS ".JIISO a 3-D nucleation d|ffu5|on-llm|t'ed growth_

mechanism; the kinetic parameters have an exponential behavior

N, andNg to increase considerably. On the other hand, for the case . ) . .
in which the deposition is made in the presence of NaNQ, and deper_ldlng on the potentlz_il appl_led, and their values are of Ies§er
N, vary chaotically with applied potentidFig. 8c and 9¢), indicat- magnltgde. The aforementioned is probably a re.sult of an adsprptlon
ins{g thg existenceyof a repa?ctionpin additiogﬁ to the 3-D, nucleation of chlorides on the GCE or of the newly deposited Cu nuclei. The
addition of NaCl to the nitrate bath inhibits the secondary reaction

mechanism in the Cu electrocrystallization process. This will also bedescribed above, just as nitrates can inhibit the chloride adsorption.

corroborated by the fact that at high potentiostatic pulse times, th . S - .
y gh p P ! %Fe magnitude of kinetic parameters and their tendency in accor-

associated currents go beyond the two extreme cases of nucleati ) ) X . .
(Fig. 6¢). Moreover, in the voltammetric study, the same Cu depo- ance with the applied potential show this conjugated effect. Thus,

sition behavior is detected to be different from the other media. SaidCU €lectrocrystallization in the nitrate and chloride bath follows a
behavior might be attributed to the presence of a coupled reactior'i_‘umeaﬂon that approximates progressive 3-D nucleation diffusion-

between newly deposited copper and Nan solution* limited growth mechanism more closely.

. Universidad Autonoma Metropolitana-1ztapalpa and UNAM, Facultad
Conclusions de Qumica assisted in meeting the publication costs of this article.
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Upon imposing different switching potentialE€( ,) in the troanal. Chem. 443, 80 (1998). ) )

study, thermodynamic potentials associated with overcrossing po-6- M. Palomar-PardaveM. Miranda-Heradez, |. Gonziez, and N. BatinaSurf.

tential for experiments were observed for chloride, and chloride and , SC' 399, 80 (1998). ) ,

i baths; this was not the case of the baths with nitrates alone. A™" M. Palomar-PardaveM. T. Ramrez, | Gonztez, A. Semuya, and B. R.

nitrate baths; : Scharifker,J. Electrochem. Soc143, 1539(1996).

low charge recovery@,/Q.) was also observed probably due to the 8. C. Nila and I. GonZaz, J. Electroanal. Chem401, 171(1996).

presence of a successive electron transfer system in which a coppe?- C. Nila and I. GonZaz, Hydrometallurgy. 47, 63 (1996).

disproportionation process takes place. Lower charge recoveries ad?- m;ig?f&;?rdave Gonzdez, A. Soto, and E. M. Arcel. Electroanal. Chem.,

sociated with the nitrate bath as well as th_e reduction process 'Wlthh. G. Trejo, A. F. Gil, and |. Goritez, J. Electrochem. Soc142, 3404(1995).

out the appearance of a voltammetry defined peak, call to mind a2 . Trejo, A. F. Gil, and I. Goritez, J. Appl. Electrochem26, 1287(1996).

secondary chemical reaction or one coupled with the copper electro:3. M. Miranda-Herhadez, 1. Gonziez, and N. Batina). Phys. Chem. B., In press.

References

Downloaded on 2016-09-16 to IP 130.203.136.75 address. Redistribution subject to ECS terms of use (see ecsdl.org/site/terms_use) unless CC License in place (see abstract).


http://ecsdl.org/site/terms_use

Journal of The Electrochemical Society48 (4) C315-C321(2001) C321

14. E. Barrera, M. Palomar-Pardaw. Batina, and |. Gonzez, J. Electrochem. Soc., 19. T.I. Quickenden and Qingzhong Xi, Electrochem. Soc143, 1248(1996).

147, 1787(2000). 20. A. Serruya, J. Mostany, and B. R. Scharifkér,Electroanal. Chem.464, 39
15. R. M. Smith and A. E. MartellCritical Stability ConstantsVol. 4, Plenum Press, (1999).
New York (1976). 21. A. Serruya, J. Mostany, and B. R. Scharifker, in Extended Abstract of the X
16. S. FletcherElectrochim. Acta28, 917(1983). Congreso de la Sociedad Venezolana de Eleciroiga, Universidad $non Boli-
17. M. Pourbaix and N. De Zoubov, #tlas of Electrochemical Equilibria in Aqueous var, p. 57, April 23-25, 1997.
Solutions 2nd ed., National Association of Corrosion Engineers, section 18.1, p. 22. B. R. Scharifker and G. Hill&lectrochim. Acta28, 879(1983).
493 (1974). 23. B. R. Scharifker and J. Mostany, Electroanal. Chem177, 13 (1984).
18. R. M. Smith and A. E. MartellCritical Stability ConstantsVol. 3, Plenum Press, 24. A. Serruya, J. Mostany, and B. R. ScharifkerChem. Soc., Faraday Tran89,
New York (1974). 233(1993).

Downloaded on 2016-09-16 to IP 130.203.136.75 address. Redistribution subject to ECS terms of use (see ecsdl.org/site/terms_use) unless CC License in place (see abstract).


http://ecsdl.org/site/terms_use

