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Abstract: In this paper we have shown that some aromatic esnlike aniline, benzylamineé\-methylaniline, N-
ethylaniline, N,N-dimethylaniline, N,N-diethylaniline, o-toluidine, m-toluidine andp-toluidine added in the electrolyte
solution influence the copper electrodepositioncpss by decreasing the diffusion layer thicknegpeEmental results
have been obtained by linear sweep voltammetry @mdnoamperometry. The qualitative results obtaibgdinear
voltammetry show a significant effect of aromatmiaes on the cathodic copper electrodeposition. SEmi-quantitative
results obtained by chronoamperometry have beed tseletermine the diffusion coefficient of €uons using the
Randles — Sevcik equation. The calculated valuethefdiffusion layer thickness decrease from#0 in the blank
electrolyte solution to 1@m in the presence of 1 mL im-toluidine.
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1. Introduction Although the organic additives generally adsorhiten
copper electrode surface, they may exhibit dissimil
Copper electrodeposition from acid solution, in th&atalytic effects. For example, it has been fouhalt
presence of superficial active substances, sucbrganic benzylamine has a pronounced catalytic effect om th
nitrogen compounds and inorganic ions, like chieiihs, hydrogen evolution reaction in acid solution [11]t the
was extensively studied in the literature in thetptecades Same compound inhibits the €ureduction process
[1-5]. In most of these studies it is revealed teath [12,13]. The protonation of the benzylamine molecin
compounds act as inhibitors for the coppeaCid solution modifies its electronic structure ahds the
electrodeposition process through their adsorptibrthe dipole moment vector, on whose direction the adsmip
metal — electrolyte interface. The presence ofdiganic takes place [14].
additives in the electrolyte solution produces aréase of The adsorption of the organic additives is also
the cathodic peak current directly proportional ttee influenced by the presence of other ions in thetedéte
concentration of the additives. The overall effeétthe solution. It has been shown that in the presend@l'dbns
organic additives is to inhibit the nucleation pess and to the organic compounds form an adsorbed monolay¢nen
shift the reduction peak potential to more negatimties copper electrode with the thickness depending om th
[6]. However, the superficial active molecules avet Molecule volume, but in the absence of ©hs only a
permanently adsorbed on the same cathodic areasyree  Minimal adsorption was evidenced [15]. Another oeefor
point desorption and re-adsorption occur on sonmerot Using Cl ions in copper electrodeposition, taking into
cathodic areas where the interfacial concentratibithe —account that Cl/Cu” is the rate determining step, is the
cations is reduced [7]. Thus, new crystallizati@mngs can stability of CuU species in chloride media (&Eun chloride
form easily on the free cathodic areas. Many ofs¢he media forms only weak complexes) [16]. When both CI
substances, depending on the electrolyte acidibasicity, i0ns and reasonable quantities of amines are pres¢hne
are able to form oligomers by polymerization, actiode €lectrolyte solution, they act as inhibitors onlgr fthe
potentials closed to the copper reduction potentigFU”/Cu" electron transfer process while the “@uf
Therefore, the selection of appropriate additivesvéry reaction remains unaffected [17].

important. Compounds containingNHj cation can be The rate of copper deposition is influenced by saive

. N N factors, such as the kinetics of “uons reduction, the
considered as good inhibitors for copper electrod#n, gjecirochemical behavior of organic compounds a& th
especially when they are in complex combinationhwit

electrode interface and also how the flow of*Cions

Clor SO ions, since they shift the copper reductiomeaches the electrode surface [18]. It has beendfdhat

potential to more negative values. the adsorption of organic compounds at the interfaads
The rate determining step at current densitiesedds 10 @ decrease of the Elons diffusion coefficient and of

the limiting current density is the mass transp®rt9] but the mass transport rate [19] although the?*Quiffusion
the copper crystals growth, with a layered strietiakes Mechanism remains the same.

place at lower current densities where the chargester The aim of this paper is to study the modificatiufn
across the electric double layer is the rate détengnstep the  diffusion  layer  thickness  during  copper
[10]. electrodeposition in the presence of some aroraatices.
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2. Experimental where: | is the cathodic peak current for Cuions
reduction; n is the number of electrons involved in the

The electrochemical measurements were carried digdox reaction (in this case n = Mjs the scan rate, V' s
with a PAR 2273 potentiostat / galvanostat, equippéh ' D is the diffusion coefficient, cms®; A is the
specific modules for each method, i.e., PowerCwciglic
and linear voltammetry and PowerPulse
chronoamperometry.

Experimental determinations were carried out in a
conventional three-electrode one-compartment gtzdls
using a working electrode made of copper (99.99% Ci
with a surface of 0.5 cinTwo graphite rods were used as
counter electrode, and a silver-silver chloridecetele as
reference. To compensate the ohmic drop in therelgte
solution a Luggin capillary was placed close towlmeking
electrode. The working electrode surface was pegplly — oo
grinding with different grain sizes SiC paper folled by
polishing with diamond powder (DP-Spray Struergyr
grit. 0,03

Aniline (A, for synthesis> 99% GC), benzylamine
(BA, for synthesisz 99% GC),N-methylaniline (MA, for
synthesis> 98% GC),N-ethylaniline (EA, for synthesis 0.044
98% GC)N,N-dimethylaniline (DMA, for synthesis 99%
GC), N,N-diethylaniline (DEA, for synthesis 99% GC),

Cu2+
fm(,alectrode surface area, Gmand C is the active species
concentration in the electrolyte solution, mol'tm

0.00

0,01

i, Acm?

o-toluidine (T, for synthesis- 99% GC),m-toluidine (T, -0.054

for synthesis> 99% GC) andg-toluidine (T, for synthesis -

> 99% GC) were purchased form Merck and used : 08 07 06 05 04 03 02 01
received. Sulfuric acid (Merck, p.a., 95-97%) aogpper Evs AgAGCI/KC, V

sulfate pentahydrate (CuSG#,0, Merck,> 98%) were Fi+g_ure 1. Influence of organic amines on the caithpﬁak c+urrent for
used to prepare the aqueous electrolyte solutions. C*ions redf.‘ftﬁnsfrorgoac'd e'(e:Ctrot'yltg SO\'/UQO” @a tCuZ » 1.86 mol
All experiments were carried out at 25 * G.lin 250, 50 ppm €}, at 10 mV's sean rate.
unstirred solution.
In Fig. 2 the influence of the scan rate on théadic
peak current is presented. The main effect of tam sate
3. Results and Discussion is the shift of the cathodic peak potential to moegative
values and the increase of the cathodic peak durren

To obtain information about the influence of aroimat According to equation (1) the peak current is prépoal
amines, chosen as inhibitors for Zueduction process, t0 the bulk ion concentration and to the squaré cbdhe
steady-state polarization curves on copper eleetngere Scan rate, indicating that the electrode reacsarontrolled
recorded. Fig. 1 shows a set of polarization cureesrded Py mass transport. _
on copper from a common galvanic electrolyte sohyti The mass transport of €uions from the bulk of the
based on copper sulfate (20 g C#*), sulfuric acid (1.86 splutlpn to the elelctrode _surfgce is assured byraeactive
mol L% and chloride (50 ppm §I[20, 21], and different diffusion mechamsm. Diffusion appears becaus_e hef t
aromatic amines (1 mL1). concentration gradient between bulk and interface

As it can be observed, the addition of organic asin concentration, while convection appears because¢hef
generally leads to a decrease of the peak curremsity density gradient between bulk and interface elégeo
compared to the blank electrolyte solution. This ¢e Solution density [19]. As shown in literature [26}2he
explained by the adsorption of the amines whickidea a Presence of organic compounds in the electrolytetisa
decrease of Gii ions concentration at the electrodedoesn’t change the electrodeposition mechanism.edery
interface. An important feature is the peak powrghift interfacial viscosity is changed, and accordinglye t
toward more positive values, in the presence ohamin diffusion of the active species (€ions) decreases.
the electrolyte solution, determined by the chanfjehe The dependence of the peak current ersus the
diffusion layer thickness. According to literatulata [22, Suare root of the scan rate™) shown in Fig. 3 is a
23] for reversible or quasi-reversible systems,hsas Straight line, indicating that the process is esulely
cu/Cu/Cl’, a quantitative interpretation is possiblecontrolled by diffusion.  From this representatitine

according to Randles-Sevcik equation: diffusion coefficient DCuz+ of the oxidizing species can be
s 1 determined with high precision.
| = (2.687x10°) (h? V2 [D2 [ALC (1)
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Figure 2. Scan rate influence on the cathodic pealentv=10mV &, —v=20mVs,—v=30mV§,—v=40mV &,—v=50mV &), for
Cu?* ions reduction from unstirred blank solution (a)idrom solutions containing 1 mi'lof A (b); BA (c); MA (d); EA (e); DMA (f); DEA (g) oT
(h); mT (i) andpT (j).
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Figure 3. Dependence of the peak current on tharequot of the scan rate for €ions reduction from acid solution (20 ¢ C?*, 1.86 mol [*
H,SO,, 50 ppm C) in the presence of organic amines.

TABLE 1. Fitting results of current peak versifédependence and calculated diffusion coefficients

Amine slope intercept R DCuz+ 1c°[cm? s?
blank 105.43 -4.27% 10° 0.998 6.21
A 92.02 -1.14% 10° 0.998 4.73
BA 75.14 -2.11x 10° 0.999 3.15
MA 81.75 -5.41x 10° 0.997 3.73
EA 78.45 -1.68x 10° 0.999 3.44
DMA 74.82 -2.22x 10° 0.999 3.13
DEA 73.28 -7.30% 10° 0.999 2.98
oT 73.01 -2.11x 10° 0.999 3.06
mT 71.18 -2.71x 10° 0.998 2.83
pT 73.23 -2.45% 10° 0.999 2.99

The result shown in Table 1, obtained by linearecorded after holding the electrode for 10 secoadsa
regression, indicate that the addition of aminesthie potential where no electrochemical processes tdkeep
electrolyte solution leads to a decrease of thepeslo(E = 0.0 V) followed by stepping the potential ta=E0.25
compared to the blank solution, due to their adsmmpon V for 100 seconds. The shape of the applied patestiep
the electrode surface. The adsorption of the anshedds is given as inset in Fig. 4. The potential stepseaua
the electrode surface and blocks the’’Cons diffusion sudden increase of the current density due t6" @ns
towards the interface. diffusion from bulk to the electrode interface [28]he

Since the experimental measurements are carriegtoutmmediate decrease of current density correspods t
high C&#* concentration in unstirred electrolyte solutioits, Ci#*—Cu" reduction and to Cuions accumulation in the
can be assumed that the?Cions transport from bulk to electrochemical double layer.
the electrode surface takes place only by diffusion The maximum amount of Cuions formed in the
Diffusion is determined by a concentration gradientélectrochemical double layer corresponds to thestemn
between bulk C current density reached at the end of the potestigh.

Since the reduction of Cuo metallic copper (Cu~Cl) is
(CCuz+ ). The idea that, the electrolyte solution is sglgn considered to be the fast step [29-31], it can $sumed

acidified (1.86 mol [* H,SO, = pH = 0), as is shown in the that th? time needed lo f_orm a metallic copper riage
literature [27], it can be assumed that the onlyaftie ions ProPortional to the diffusion time of CU toward the

which can reach to the electrode surface aré" @ns elect_rode interface [10]. E_ven if there is a COMiEIoN
gradient, the presence of Gbns prevents the Cuons

(Cerr =0). diffusion into the bulk by forming Cug), and the current

Fig. 4 shows the chronoamperometric curves obtainégmains constant in time (Fig. 4). The amount ofried
in the blank solution and in the presence of aramatCu’ would be the same as the amount of @duced to

amines. The current density versus time dependemeee Mmetallic copper.

Cuz+) and interface concentration
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Figure 4. Current - time dependencies fof'Gons reduction, in the absence and presence df il fradded amine, for a potential step at E = - 0.25 V.

The presence of amines in the electrolyte solution nF D _, [C ..
leads to a decrease of the cathodic current redaatie= 0 i(r) =- ou cw_ (2)
s when the step potential is applied. This canxpdaemed o(7)

as a result of the diminished €ions concentration at the where:n is the number of electrons involved in the redox
interface, due to the adsorption of protonated aminreaction (in this case n = 1;is the Faraday constant, 96
molecules, as it has been confirmed for thiour@ §8d 3- 486 C mot:; D _ . is the diffusion coefficient, cfrs* and

mercapto-1-propansulfonate sodium salt [33]. Atehd of cu
the potential step, the cathodic current in thesg@mee of
amines is higher than in the blank solution ands terABLE 2
corresponds to a decrease of the real electrodecsudue ‘
to its covering by adsorbed molecules [6]. Theu@fice of
chloride ions can not be excluded, since they acatd the

d is the diffusion layer thicknesgm;

Diffusion layer thickness values for cappe
electrodeposition from acidic electrolyte solutimnthe presence
of various added amines (1 mi%)L

Cu** reduction process even in the presence of amines. Amines Acls] | -i()[mA] 5 [um]
As discussed above, reaching the constant current blank - 4.71 40
value corresponds to a maximum loading with” @ns. A 47 5.05 28
The momentr when this maximum loading is reached 3’2 ?1)3 g'gg ;i’
corresponds to the moment when the copper metar lay EA 52 574 18
formation begins. As it can be seen, this momenteadeses DMA 14 6.17 15
from around 90 seconds in the absence of additivélse DEA 13 6.32 14
electrolyte solution, to around 10 seconds in thes@nce or 12 6.42 14
of toluidines. mT 8 6.57 13
This can be related to the degree of electrodeasarf pT 10 6.70 14
coverage, which on turn depends on the coveragemel The data presented in table 2 shows that the

of the amines molecules. A smaller molecule cowadp
to a smaller coverage degree and hence to a lesharing
time (the effective time reported to the covereecebde
surface). Larger coverage degrees correspond toatles

addition of organic compounds to the electrolytéutson
leads to a decrease of the diffusion coefficierd ahthe
diffusion layer thickness, due to the highe(z) values
, © 7 : determined by higher degrees of surface coveragean
difference time 4r) for Cu” reducing process. observed that, the presence in the electrolyte solution
From relation (2) [23], taking into account that,7@ {etermines an almost three times decrease of fhesidn
time the C_, =0 (all these ions are rapidly reduced tocoefficient and of the diffusion layer thicknessmiar
Cu .
. e _ effects have been also obtained for BA, probablyabse
metallic copper), the diffusion layer thicknegs at the of the methyl group attached to the amino group mod

momentr can be estimated, using the diffusion coefficien&irecﬂy to the benzene as in case of all othemasiused
values calculated_ . above. in this study.

79



Chem. Bull. " POLITEHNICA" Univ. (Timisoara)

Volume 56(70), 2, 2011

4. Conclusions

7. Firoiu C., Tehnologia proceselor electrochimi&g). Didactica si
Pedagogit, Bucuresti, 1983
8. Ibl N. and Schadegg Ki, Electrochem. Socl14 (1),1967 54-58.

The diffusion coefficient of Cii ions and the diffusion 9. vaduva C.C., Vaszilcsin N. and Kellenberger &Ahe Annals of

layer thickness have been determined for
electrodeposition from acidic electrolyte solutiam the
presence of aromatic amines, by linear sweep voftainy
and chronoamperometry.

The results showed that, if 1 mL*laromatic amine is
added into the electrolyte solution, the effedibislecrease
the diffusion coefficient and the diffusion laydriakness.
The most obvious changes have been obtainethToithe
diffusion layer thickness decreased from gt in the
absence ofnT to 13um in the presence ofiT. It can be
concluded that the maodification of the diffusionyda
thickness depends on the nature of the organictiaeisli
particularly on their electronic properties [11,Jad also
molecular volume.

Decreasing of both diffusion coefficient of €tions
and diffusion layer growth represents a semi-qtainie
measure for the inhibitory effect of added amines.
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