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Abstract We investigated the effect of allyl thiourea

(ATU) on both the electrodeposition and electrodissolution

of copper in aqueous sulfuric acid by combining cyclic

voltammetry (CV) with electrochemical quartz crystal

microbalance (EQCM) studies and surface enhanced

Raman spectroscopy (SERS). The results demonstrated

that the two-electron transfer reaction is the predominant

process for the copper dissolution–deposition process in

1.0 M H2SO4 solution not containing ATU in the potential

range -0.65 to 0.05 V versus SCE. In comparison, the

copper dissolution–deposition process in 1.0 M H2SO4

solution containing ATU corresponds to a one-electron

transfer reaction. The spectral features observed from the

SERS studies showed at molecular level that ATU can be

adsorbed tilted to the copper electrode surface and that

coordination occurs via the sulfur atom. The secondary

amino group is nearer to the surface than the primary

amino group. SO4
2- and HSO4

- can be coadsorbed on the

protonated -NH (CH2CHCH2) groups.
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1 Introduction

Thiourea (TU) is widely used as a brightener during copper

deposition [1–8]. It functions by interacting strongly with

the electrode surface and altering the mode of deposition to

produce coatings that are microscopically smooth and thus

appear bright. TU is also used as an acid inhibitor in

industrial operations, such as pickling, descaling, cleaning,

and acidisation of oil wells, to protect metals and alloys

[9–11]. Consequently, the effect of TU on both the elec-

trodeposition and electrodissolution of copper from acidic

sulfate electrolytes has been studied in detail with a variety

of techniques [12–22]. In the presence of TU, the electro-

deposition and electrodissolution of copper become

relatively complex due to the concurrence of electro-

chemical reactions at the copper/TU-containing solution

interface [23, 24], the chemical reactions between TU and

copper ions in the solution [25], and the strong chemi-

sorption of TU and its reaction products [26].

The interaction of TU with a copper electrode in aque-

ous sulfuric acid has been examined by several researchers

using the SERS technique [17–22]. Such studies have

yielded important information on the direct interaction of

TU with the electrode surface in situ. There is general

agreement that TU is strongly chemisorbed and that the

process of TU adsorption depends on the applied potential,

the bulk concentration of TU, and the kind of the sup-

porting electrolyte [13]. The TU molecule is adsorbed on

the copper surface via the sulfur atom. In relation to this,

Loo reported the vibrational frequency for the Cu–S

stretching mode to be at 288 cm-1 [17]. Furthermore, it is

evident that the adsorption of TU at the copper electrode is

accompanied by the co-adsorption of sulfate ions.

Alodan et al. examined the effect of TU on copper

dissolution and deposition in sulfuric acid solutions using
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the EQCM technique [15]. It was shown that TU forms

complexes with cuprous ions in the solution, which shift

the open circuit potential of the copper electrode in a

negative direction and cause copper to dissolve to cuprous

species even in sulfate media. At more positive potentials,

TU reacts with cupric ions and forms a complex, while at a

sufficient concentration of the cupric-TU complex, a sul-

fate complex film forms. The QCM results suggest that the

copper electrode dissolves to the cuprous state in the

presence of TU in sulfate media according to the following

reaction:

CuþH2NCSNH2  �������������!
kaðanodicÞ=kc cathodicð Þ

Cu H2NCSH2ð Þþþe

In recent years, N-substituted thioureas have also been

considered as possible additives for copper electrodepo-

sition [27, 28] and as inhibitors for iron corrosion [29].

Allyl thiourea (ATU, CH2=CHCH2NHCSNH2) is an

important derivative of TU. ATU has been found to have

a better inhibiting effect than TU and other derivatives,

such as ethylene thiourea and phenylthiourea, for transition

metals [30]. As compared to TU and other derivatives,

ATU has a more asymmetric structure. The molecule of

ATU contains methylene connected with ethylene and a N

atom, and it cannot cause a conjugative effect between

C=C and C=S. Therefore, the negative charge density

around the sulfur atom is still quite high. At the same time,

ATU may undergo hyperconjugation between methylene

and C=C, and may greatly increase the degree of freedom

of the C=C space circumrotation. This means that the ATU

molecule may act as a bidentate ligand that donates

electron via the sulfur atom and p- bond [30].

Recently, we have advanced copper electroless plating

technology by chemical displacement on an iron surface

from acidic cupric sulfate solutions containing a small

quantity of ATU, which is suitable for producing CO2 gas-

shielded welding wire. As compared to TU, ATU can

greatly increase adhesion and ameliorate the colour and

lustre of the deposit. It is important to obtain information

about the interaction of ATU and copper for a better

understanding of the particular effect of ATU on copper

inhibition and electrodeposition. To the best of our

knowledge, no other paper describes the effect of ATU on

copper dissolution and deposition at a molecular level and

in a quantitative manner.

In this work, we studied the effect of ATU on copper

dissolution and deposition in sulfuric acid solutions by

combining CV, EQCM, and SERS. We showed that ATU

may adsorb on the copper surface, inhibit copper electrode

processes, and change the mechanism of the anodic dis-

solution and cathodic deposition of copper. The results give

some insights into these processes.

2 Experimental details

Current and frequency changes were measured simulta-

neously as a function of the applied potential by an EQCM

(Seiko EG&G Parc Instruments), which was equipped with

a model 263 potentiostat/galvanostat and a QCA-917.

In the EQCM experiments, the working electrode was

one side of an AT-cut quartz crystal with the fundamental

frequency f0 = 9 MHz covered on both sides with a plat-

inum film (the electrode area was 0.196 cm2). The

platinum surface was cleaned by rinsing with Millipore

water followed by potential cycling between -0.25 and

1.4 V in 0.1 M H2SO4 solution, until stable j–E curve and

(Df) - E variation were recorded. Copper was plated on

top of the platinum film from 0.1 M cupric sulfate and 1 M

sulfuric acid solution at -10 mA cm-2 until a thickness of

about 2 lm was reached (denoted as Pt/Cu thereafter). The

reference electrode was a KCl-saturated calomel electrode

(SCE), separated from the cell by a bridge made of a

stopcock of two ends containing the solution. The counter

electrode was a platinum foil with a geometric area of

1 cm2. All the potential values given below refer to the

SCE. The sweep rate was 5 mV s-1. Electrochemical

measurements were made in a glass compartment with

30 mL capacity. The cell had a special Teflon cover with

holes designed to host the auxiliary and working electrodes

and the degassing tubes. The Luggin compartment was

connected directly to the cell body.

The relationship between surface mass change and res-

onant frequency change for an EQCM electrode is given by

the Sauerbrey Equation [31]:

Df ¼ f � f0 ¼ �2Dm f 2
0 /A(lq)1=2 ¼ �Cf Dm, ð1Þ

where f0 is the fundamental frequency of the crystal in Hz,

Df is the frequency change in Hz, Dm is the surface mass

change per unit area (g cm-2), A is the area of the electrode,

l is the shear modulus (l = 2.94791011 g cm-1s-2), q is

the density (q = 2.648 g cm-3) of quartz, and Cf is the

sensitivity factor of the quartz crystal in Hz lg-1.

The sensitivity factor for the EQCM used in the studies

was determined using the potentiostatic electrodeposition

of copper (1 M H2SO4 + 0.1 M CuSO4), in which the

charge densities were used to calculate the mass values,

and the resonant frequencies were measured experimen-

tally. The value of the sensitivity factor thus obtained was

902 Hz lg-1 assuming 100% current efficiency [6], which

is smaller than the calculated value of 915 Hz lg-1, using

Sauerbrey’s equation. The difference observed between the

experimental sensitivity coefficient and its theoretical value

is attributed to the difference between the resonant fre-

quency with the crystal oscillating in the vacuum and in the

solution [32].
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Raman spectra were recorded on a confocal microprobe

Raman system (LabRam 1) using an aircooled He–Ne

Laser operating at 632.8 nm. The working electrode

used for the spectroelectrochemical measurements was

machined from commercially available 99.99% pure cop-

per with a 6 mm diameter exposed surface. Prior to all

experiments, the electrode surface was abraded with 1,200

grade wet and dry silicon carbide paper and was thoroughly

rinsed with purified water. The usual electrochemical pre-

treatment for the activation of copper electrodes consisted

of 2-3 oxidation-reduction square pulses, which stepped the

applied potential from 0.4 V (5 s) to -0.4 V (15 s) in

0.1 M KCl solution, and the initial and final potentials were

-0.4 V. The pretreatment and roughening procedure and

additional details have been given elsewhere [33]. For the

collection of potential-dependent SERS spectra, the elec-

trode potential was stepped from -0.65 V to 0.0 V at an

interval of 0.10 V, and then stepped back to -0.65 V.

All the chemicals were of analytical grade, and the

solutions were prepared using Milli-Q water (Millipore

Ltd, Japan). All experiments were carried out in solutions

deaerated with purified nitrogen and at room temperature

(*22 �C).

3 Results and discussion

3.1 CV and EQCM Studies

3.1.1 Cathodic deposition and anodic dissolution

of copper in aqueous sulfuric acid

Figure 1 shows the cyclic voltammogram (Fig. 1a) and the

associated frequency change (Fig. 1b) in 1.0 M H2SO4

solution, measured on a Pt/Cu surface in the potential

region between -0.60 and 0.05 V. The anodic dissolution

of copper begins at about –0.05 V (Fig. 1a). The frequency

starts to increase at about the same potential. The cathodic

deposition of the copper ions formed in the preceding

potential scan begins at about 0.00 V (Fig. 1a) and ends at

about –0.30 V during the reverse scan; this is accompanied

by a simultaneous frequency decrease (mass increase). The

frequency plot does not return to its initial value after the

scan, indicating that the mass decrease due to cupric ion

dissolution was larger than the mass increase due to cupric

ion deposition after the scan. That is to say, some of the

Cu2+ produced during oxidation will be dispersed into the

bulk of the solution and thus be unavailable for deposition

during the reverse scan. Finally, starting from -0.36 V at

the reverse scan, the cathodic current increases steadily due

to the contribution of hydrogen evolution reaction on

copper.

For characterising the electrochemical and other pro-

cesses at the electrode surface, the primary EQCM data are

usually treated in different ways. An often straightforward

option [34–36] is to form an Df versus DQ curve and use

the Sauerbrey equation and Faraday’s law to calculate a

parameter M/n from the slope of such a curve:

M/n ¼ ð�dDf/dDQÞ F=Cf ð2Þ

where M is the molar mass of the species responsible for

the mass change, n is the number of electrons involved in

the charge transfer process, F is the Faraday constant

(96,500 C mol-1), and DQ is the experimentally measured

charge changes. By using the value of M/n, the molar mass

of the deposited or dissoluted species on the electrode

surfaces can be ascertained to provide a quantitative basis

for further judging the electrochemical mechanisms of

electrode reactions. It should be emphasized that the

experimental M/n values obtained using this method do not

involve any hypothesis about the reaction mechanisms but

are directly based on the primary data. Their main benefit is

that the corresponding theoretical values are easily calcu-

lated for suggested reactions. The theoretical M/n is simply

the molar mass of the deposit divided by the number of

electrons involved in the reaction [16].
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Figure 2 shows theDf versusDQ plot obtained from the data

in Fig. 1, which is for the anodic reaction (Fig. 2a) and for the

cathodic reaction (Fig. 2b), respectively. An M/n value of

32.0 g mol-1 is obtained in the potential range from -0.05 V

at the forward scan to 0.00 V at the reverse scan. This value

corresponds to the two-electron oxidation of copper (Eq. 3):

Cu ¼ Cu2þ þ 2e ð3Þ
Theoretically M/n = 63.54/2 = 31.77 g mol-1. The

cathodic deposition of copper yields an M/n value of 34.2 g

mol-1 between 0.00 and -0.30 V during the reverse scan,

which corresponds to the reverse of Eq. 3.

3.1.2 Cathodic deposition and anodic dissolution

of copper in a sulfuric acid solution containing

ATU

Figure 3 shows the cyclic voltammogram (Fig. 3a) and the

associated frequency change (Fig. 3b) in a solution con-

taining 11 m M ATU and 1.0 M H2SO4, measured on a Pt/

Cu surface. The anodic current begins to flow at about

-0.40 V, which is much more negative than that when the

scans are measured in the solution without ATU. In the

successive potential scan, the anodic current increases, and

a main current plateau A near -0.06 V is observed. Only

one reduction peak B appears at about -0.53 V at the

reverse scan. As compared to Fig. 1a (without ATU), the

current in Fig. 3a (with ATU) is much lower, indicating

that ATU may inhibit copper electrode processes.

The frequency increases (mass decreases) in the poten-

tial range from -0.40 V at the forward scan to -0.40 V at

the reverse scan. In the potential range between -0.40 and

-0.65 V where the cathodic current peak B was observed,

the frequency starts to decrease slowly. Also the frequency

does not return to its initial value by the end of the scan.

Figure 4 shows the frequency change in Fig. 3b as a

function of the charge consumed. An M/n value of 61.9 g

mol-1 in a sulfuric acid solution containing ATU is

obtained from -0.40 V at the forward scan to -0.40 V at

the reverse scan. This is most probably due to the one-

electron oxidation of copper. The cathodic deposition of

copper yields an M/n value of 65.4 g mol-1 between

-0.40 and -0.65 V at the reverse scan, which corresponds

to the one-electron reduction of copper. These results are

similar to those of TU [15]. This larger M/n value may be

due to morphology changes on the electrode surface as

observed earlier [34] with Cu–Se compounds. Roughening

of the deposit is known to cause liquid trapping in surface

cavities, which thereby increases the mass of the deposit

[37]. Obviously, the M/n values for copper dissolution–

0 400 800 1200 1600

0

100

200

300

400

500
b

M /n=34.2  

∆f
 /H

z

∆Q / µC

0 400 800 1200 1600

0

100

200

300

400

500
a

M /n=32.0 

∆f
 /H

z
∆Q / µC

Fig. 2 Plot of Df versus DQ of

Pt/Cu electrode in 1.0 M H2SO4

solution for anodic reaction (a)

and cathodic reaction (b)

-0.8 -0.6 -0.4 -0.2 0.0

-0.2

0.0

0.2

0.4

E / V (vs. SCE)

a

j /
m

A
· c

m
-2

A

B

-0.8 -0.6 -0.4 -0.2 0.0

∆ f
=

 1
00

0 
H

z

E / V (vs. SCE )

bFig. 3 Cyclic Voltamogram (a)

and frequency response (b) for

Pt/Cu electrode in 1.0 M H2SO4

+11 mM ATU, Sweep rate

5 mV s-1

1504 J Appl Electrochem (2008) 38:1501–1508

123



deposition processes measured in the presence of ATU are

different from those obtained in the absence of ATU,

indicating that ATU may change the mechanism of the

anodic dissolution and cathodic deposition of copper and

produce Cu (I) species.

Figure 5 shows the charge that passes through the

electrode during the potential scan. The shape of the charge

plot is similar to that of the frequency plot. Furthermore,

the final value of the charge remains above zero after the

potential scan.

3.2 In situ SERS studies

Typical in situ SERS spectra of an electrochemically

roughened copper electrode in a 1.0 M H2SO4 + 11 mM

ATU solution with change of the electrode potential from

-0.65 to 0.00 V are given in Fig. 6. Below -0.65 V, the

spectral intensity is affected by hydrogen evolution. The

normal Raman spectrum of a 0.5 M ATU+1.0 M H2SO4

solution is also given in Fig. 7 to facilitate comparison and

discussion on the interaction of ATU with a copper elec-

trode in a sulfuric acid solution. Assignment of the

different vibrational bands is performed by combining the

information from the spectra and from the literature

[17–22]. A summary of SERS vibrational frequencies and

their detailed assignments is given in Table 1. These

spectra have the following features.
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(a) Obviously, the most intense band appears at around

294 cm-1 in the SERS spectra. Considering the molecular

structure of ATU, we assume that the 294 cm-1 band may

arise from the Cu-S stretching vibration. To verify this,

the copper electrode was directly immersed in 0.1 M Na2S

solution, and a Raman spectrum (Fig. 8) was acquired at

the open circuit potential, which shows the same band as

that in Fig. 6 at around 287 cm-1. Hence, the SERS spectra

presented in Fig. 6 strongly support the claim that ATU

adsorbs at the copper surface, and that coordination occurs

via the sulfur atom. This behaviour is similar to the find-

ings of Loo that thiourea adsorbs at the copper surface and

that coordination occurs via the sulfur atom [17]. When the

potential is changed from -0.65 to -0.45 V, where copper

is not electro-dissolved (see Fig. 3), the relative intensity of

the bands at 287 cm-1 increases, which is a result of the

increased adsorption of ATU at the electrode surface.

Accordingly, adsorption of ATU at the copper electrode is

dependent on the electrode potential.

(b) The SERS spectra in Fig. 6 exhibit new bands and

frequency shifts of vibrational modes in relation to the

ATU solution spectrum. The C=S stretching (702 and

762 cm-1) and the NCN bending (464 cm-1) modes have

the largest frequency shift compared with their solution

values (717, 778 and 430 cm-1, respectively). The new

signals at 1,368 and 1,461 cm-1 in the ATU surface

spectra correspond to the vibrational modes of combined

C–S/C–N stretching [18] and NCN asymmetric stretching

[38], respectively, which are greatly enhanced after

adsorption. These results indicate short-range interactions

between the copper surface and ATU. TU presents three

canonical forms [39]. Similarly, we assume that ATU may

present the following canonical forms I, II, and III:

      NH2

S=C

      NH (CH2CH=CH2)

       NH2
+

-S-C

       NH (CH2CH=CH2)

       NH2
-S-C

       N (CH2CH=CH2) H
+

I IIIII

If ATU is bonded to the copper surface through a sulfur

atom, the contributions from the canonical forms II and III

will increase, decreasing the double bond character of the

C–S to that for a single bond and increasing the C–N to that

for a double bond. In this way, the frequency of the C=S

stretching mode should be lower than 717 or 778 cm-1,

and the frequency of the NCN stretching mode should be

higher than 430 cm-1 (values of 717, 778, and 430 cm-1

corresponding to the ATU solution spectrum). All these

facts further support the possibility that ATU adsorbs on

the copper surface through its sulfur atom and that the

molecular structure of ATU changes significantly after

adsorption.

(c) An analysis of the relative intensity change of the

bands at 606 cm-1 with potential may provide some ori-

entation information on the adsorption of ATU. According

to the surface selection rule of SERS, those vibrational

modes with polarisability perpendicular to the surface can

be greatly enhanced, whereas those with polarisability

parallel to the surface will not be enhanced [33]. The

606 cm-1 band, designated as SCNN out of the plane

bending mode, increases in intensity with increasing neg-

ative potential. The enhancement of this mode with

Table 1 Frequencies and assignment of vibrational bands in the

normal Raman spectrum and SERS spectra of ATU

Raman frequencies

of 1.0 M H2SO4 +

0.5 M ATU

solution/cm-1

SERS frequencies

of ATU at Cu

electrode/cm-1

Assignment

294 Cu–S stretching

430 464 NCN bending

591 606 SCNN out-of plane

bending

717 702 C=S stretching

778 762 C=S stretching

983 977 SO4
2- stretching

1,053 1,048 HSO4
- stretching

1,252 1,249 C–H in plane

deformation

1,293 1,289 C–H in plane

deformation

1,368 Combined C–S/C–N

stretching

1,461 NCN asymmetric

stretching

1,648 1,644 C=C stretching

2,924 C–H stretching

0 200 400 600 800 1000 1200

287

40
0C
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Raman shift / cm-1

Fig. 8 SERS spectrum obtained on a roughened copper electrode

after being immersed in 0.1 M Na2S solution at the open circuit

potential
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increasing negative potential indicates that this vibrational

mode may have a polarisability perpendicular to the sur-

face. According to its molecular structure, if this type of

vibration has a polarisability perpendicular to the surface,

the ATU molecular orientation has to be flat on or tilt to the

surface at a more negative potential.

(d) A few bands near 1249, 1289, 1644, and 2924 cm-1

may be seen on the SERS spectra, which are attributable to

the C–H in-plane deformation, C=C stretching, and C–H

stretching vibrational modes, respectively [22]. The inten-

sity of these bands may change with electrode potential,

but no observable changes in band position are noted.

These results indicate that the C=C bond in the

CH3CH=CH– group is not directly attached to the copper

surface and that the secondary amino group is nearer the

surface than the primary amino group. Another point that

supports this conclusion is the observation that the bands at

1249, 1289 and 1644 cm-1 are only slightly changed from

the corresponding bands in the solution spectra. Thus, the

whole ATU molecule tends to adsorb in a tilted way

through its CH3CH=CH– group towards the copper elec-

trode surface.

(e) It has been reported that the frequencies of aqueous

SO4
2- and HSO4

- were 997 and 1057 cm-1 respectively,

971 and 1,052 cm-1 for two species adsorbed on copper

[18]. From Fig. 6, it is evident that the SERS spectra also

show two strong bands at 977 and 1,048 cm-1 arising from

the stretching mode of SO4
2- and HSO4

- respectively, and

the frequencies of these bands are not shifted with poten-

tial. This means that SO4
2- and HSO4

- are not directly

adsorbed on the Cu surface, but rather co-adsorbed with

ATU as their frequencies are different from those of free

sulfate ions. Considering that the hyperconjugation of alkyl

often increases the alkalinity of aliphatic amine, we can

conclude that the –NH (CH2CHCH2) group in the ATU

molecule may be protonated more easily than the –NH2

group. As the ATU molecule adsorbs at the copper surface

via the sulfur atom (form III), we assume that SO4
2- and

HSO4
- are quite likely to coadsorb on the protonated -NH

(CH2CHCH2) groups.

(f) As shown above (Fig. 3), copper starts to be electro-

dissolved at about -0.35 V. The spectra in Fig. 6 show

that the relative intensity of the 294 cm-1 peak is probably

at its highest value at -0.35 V while the other peaks have

disappeared. The 294 cm-1 peak is still large at -0.25 V.

This peak seems to behave differently than the others, at

least at these potentials. The appearance of the band at

294 cm-1 in the whole potential range indicates that ATU

is adsorbed on the Cu surface through the S atom. In the

forward scan, its coverage increases as the potential shifts

from -0.65 to -0.35 V. When the potential increases

further, dissolution occurs, which may decrease the SERS

activity and ATU coverage. As a result, the Cu–S band

exhibits a maximal SERS signal at about -0.35 V. During

Cu dissolution, the ATU is also dynamically adsorbed on

the Cu surface, which may decrease the SERS enhance-

ment of the group (e.g., C–H) not attached directly to the

Cu surface. Therefore, their SERS signals can hardly be

seen in the potential range -0.35 to 0.00 V.

Figure 9 presents the SERS spectra of adsorbed ATU on

a roughened copper electrode in a 1.0 M H2SO4 + 11 mM

ATU solution from 0.00 V to -0.65 V immediately after

completion of the scan shown in Fig. 6. Comparison of

Figs. 6 and 9 shows some interesting differences. The

spectra in Fig. 9 change much less with potential than do

those in Fig. 6. The spectra in Fig. 9 from 0.00 to -0.35 V

correspond to conditions when metal dissolution, not

deposition, is occurring (see Fig. 3). Most of the bands

listed in Table 1 appear in the spectra. Yet, over the same

potential range when the scan is proceeding in the forward

direction (as shown in Fig. 6) when metal dissolution is

also occurring, most bands have disappeared. Based on

this, it appears that some ATU is adsorbing during disso-

lution when the electrode potential is decreasing from 0.0

to -0.35 V during the reverse scan, but not during disso-

lution over the same potential range during the forward

scan. Less dissolution occurs during the reverse scan than

during the forward scan. This may be due to the amount of

metal dissolution affecting the ability to detect adsorbed

states so that the larger amount of dissolution during the

forward scan is masking adsorption. At -0.35 V, all the

SERS signals are small, which may be attributed to lower

SERS enhancement.
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Fig. 9 SERS spectra of adsorbed ATU on a roughened Cu electrode

in 11 mM ATU + 1.0 M H2SO4 solution at different potentials from

0.00 V to -0.65 V
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4 Conclusion

The anodic dissolution and electrodeposition of copper and

the effect of ATU on the processes in aqueous sulfuric acid

have been investigated using CV, EQCM, and SERS. The

experimental results demonstrate that the M/n values for

copper dissolution–deposition processes in the solution

without ATU are 32.0 and 34.2 g mol-1, respectively,

indicating that the two-electron transfer reaction is the

predominant process. ATU may inhibit copper electrode

processes and change the mechanism of the dissolution and

deposition of copper. The M/n values for copper dissolu-

tion–deposition processes in the solution with ATU are

61.9 and 65.4 g mol-1, respectively, indicating one-elec-

tron processes and producing Cu (I) species. Using the

SERS technique, we observed the adsorption of ATU at a

copper electrode in electrolytes containing ATU in solu-

tion. The SERS results demonstrate that ATU adsorbs at

the copper surface through its sulfur atom and that the

molecular structure of ATU changes significantly after

adsorption. The C=C bond in the CH3CH=CH- group does

not adsorb directly at the copper electrode, but the sec-

ondary amino group is nearer to the surface than the

primary amino group. Therefore, the whole ATU molecule

trends to adsorb in a tilted way through its CH3CH=CH-

group towards the copper electrode surface. SO4
2- and

HSO4
- can also coadsorb on the protonated -NH

(CH2CHCH2) groups. The results give some insights into

these processes.

Acknowledgment This work was supported by the Natural Science

Foundation of China and the Natural Science Foundation of Fujian

Province under Contracts 20433040 and E0310026.

References

1. Tantavichet N, Pritzker MD (2005) Electrochim Acta 50:1849
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