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a b s t r a c t 

The behavior of adsorbed CTAB on Au(111) electrodes has been studied using electrochemical and FTIR 

experiments in different aqueous solutions. The results show that the adsorbed layer is stable in acidic 

solutions in the whole potential range of study. The observed electrochemical and FTIR behavior is com- 

patible with the formation of a membrane of CTA 

+ on the electrode surface with the polar amino groups 

in contact with the surface. When the electrode charge is negative, the polar groups are attracted to the 

surface, so that the capacitance of the electrode is smaller than that recorded for the unmodified Au(111) 

electrode. As the charge becomes positive, the membrane detaches from the surface and water molecules 

permeate through it, changing the capacitance of the electrode and giving rise to characteristic peaks in 

the voltammetric profile. At potentials higher than these peaks, the behavior of the electrode is compa- 

rable to that observed for the unmodified electrode. The stability of the membrane is facilitated by the 

incorporation of anions of the supporting electrolyte. Those anions remain on the membrane even when 

the electrode is transferred to a different solution, as the electrochemical behavior shows. 

© 2021 Elsevier Ltd. All rights reserved. 
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. Introduction 

Gold nanorods (AuNRs), due to their anisotropy, have very inter- 

sting properties, and, for this reason, they have been widely stud- 

ed because of their potential in biological and biomedical applica- 

ions [1] . One of the most used synthetic methods for AuNRs em- 

loys cetyltrimethylammonium bromide (CTAB), which acts as both 

 capping and a shaping agent [2-4] . The synthetic method devel- 

ped by Murphy and El-Sayed groups relies on a seed-mediated 

rowth mechanism, in which the AuNRs grow from spherical Au 

eeds in CTAB containing solutions [2-4] . This results in nanorods 

hat have (111) facets on both tips and (110) facets on the sides, 

s revealed by the use of structure sensitive reactions [5] . The fi- 

al shape of the nanoparticles depends on the ionic strength of the 

olution and the counterion concentration [3] , highlighting the im- 

ortant role of the micellar morphology of CTAB and the surface 

hemistry [ 1 , 4 , 6-8 ]. Molecular dynamic simulations have also pro-

ided an additional understanding of the growth mechanism [9] . 

After the synthesis, CTAB remains tightly bonded to the gold 

urface forming a bilayer structure and the presence of CTAB in so- 

ution prevents the agglomeration of the AuNRs. The formation of a 
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TAB bilayer around the formed AuNRs has been extensively char- 

cterized by IR spectroscopy, thermogravimetric analysis, and zeta 

otential measurements as well as Raman spectroscopy [10-12] . 

n this bilayer, the bromide anion is adsorbed on the gold sur- 

ace and interacts with the (CH 3 ) 3 N 

+ functional group of the 

etyltrimethylammonium cation (CTA 

+ ). In this configuration, the 

ong hydrophobic alkane chain is pointing to the bulk of the solu- 

ion, which facilitates the formation of a second layer by the in- 

eraction of the alkane chain of other CTA 

+ cations. Thus, the hy- 

rophobic alkane chains are located in the central part of the bi- 

ayer while the cationic (CH 3 ) 3 N 

+ groups remain on the external 

ides of the bilayer. In the growing process, bromide anions have 

n important role as revealed by observed changes in the shape of 

he nanoparticles by the addition of iodide [13-15] . 

The use of CTAB prevents the direct use of the AuNRs in 

iomedical applications because of the ability of the surfactant 

o pass through cellular membranes [16] . Therefore, the removal 

f the CTAB layer from the AuNRs is a required step before 

ts use in physiological environments, which has triggered the 

tudy of these processes [ 3 , 4 , 17 , 18 ]. Furthermore, as dispersed

olutions of CTAB-AuNRs agglomerate when the surfactant con- 

entration is below the critical micelle concentration (~0.1 mM 

 CTAB < 1 mM), the removal of CTAB requires its exchange 
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ith a physiological-compatible molecule so that aggregation is 

revented [ 19 , 20 ]. 

In order to better understand the interaction of CTAB with gold 

urfaces, the interaction of CTAB with the Au(111) single crystal 

lectrode has been studied using cyclic voltammetry and FT-IR 

pectroscopy. The role of electrode charge and electrolyte compo- 

ition will be studied, which will allow reaching a better compre- 

ension of the behavior of the CTAB adsorbed on AuRNs in aque- 

us solutions. 

. Experimental 

Owing to the low solubility of CTAB in acid solutions, the study 

f the CTAB interaction with the Au(111) electrode was carried out 

y immersing the electrode at open circuit into a water solution 

ontaining the salt. After rinsing the excess of CTAB with water, the 

lectrode was transferred to the electrochemical cell and immersed 

t a controlled potential (0.1 V). In the design of the experiments, 

wo facts must be considered. First, the presence of bromide anion 

an interfere with the CTA 

+ /Au interaction because bromide anion 

s strongly adsorbed on the gold electrode [ 21 , 22 ], and, thus, it can

ompete with the adsorption quaternary ammonium ion. Second, 

TAB can form micelles in aqueous solutions and the formation of 

hese micelles can alter the interaction of the species with the gold 

urface. To avoid that, the concentration of the CTAB in the solu- 

ions was below the critical micelle concentration, which is ~1 mM 

or this case [ 19 , 20 ]. The same procedure was used to modify the

lectrodes with a cetyltrimethylammonium hydroxide (CTAOH) ad- 

ayer. 

Au(111) single crystal electrode was prepared using Clavilier’s 

ethod [ 23 , 24 ] by obtaining firstly a single crystal bead from a

used crystallized ultrapure 0.25 mm diameter gold wire. Secondly, 

t was mounted in a four-cycle goniometer on an optical bench 

nd, after being properly oriented with laser reflection, cut and 

olished with diamond paste. 

Every electrochemical experiment was set using a glass cell 

ith a reversible hydrogen electrode (RHE), for pH 1, and a Ag/AgCl 

1 M KCl) electrode, pH 3, as references. A gold wire was used 

s counter-electrode. Supporting electrolyte solutions were pre- 

ared using concentrated perchloric acid (Merck Suprapur R ©), sul- 

uric acid (Merck Suprapur R ©), and ultrapure water (18.2 M � cm, 

lga Vivendi). pH 3 solutions also contain sodium fluoride (Merck 

uprapur R ©) to maintain both pH and the ionic strength con- 

tant through the experiments. Adsorbates solutions were pre- 

ared using CTAB, (BioUltra, for molecular biology, ≥ 99.0%, Sigma- 

lrich) and CTAOH (10 wt.% in H 2 O, Sigma-Aldrich). All solutions 

ere deaerated with Ar (N50, Air Liquide). Voltammetric experi- 

ents were carried out at room temperature using a wave signal 

enerator (EG&G PARC 175), potentiostat (eDAQ 161), and digital 

ecorder (eDAQ e-corder 401) workstation. Cyclic voltammograms 

ere recorded at 50 mV s −1 

In situ infrared experiments were carried out using a Nexus 

700 (Thermo Scientific) spectrometer equipped with an MCT-A 

etector and a wire grid ZnSe polarizer (Pike Tech). The spectro- 

lectrochemical cell was equipped with a prismatic CaF 2 window 

eveled at 60 °, which was placed at the top of a Veemax (Pike 

ech.) reflectance accessory. A resolution of 8 cm 

−1 was used to 

ollect every potential-dependent spectra, which is presented in 

bsorbance units (a.u.) as –log(R/R o ), where R and R o represent the 

eflectivities at the sample and reference potentials, respectively. 

he positive and negative bands correspond, respectively, to the 

ain and the loss of species at the sample potential with respect to 

he reference potential. The electrode potential was stepped from 

he reference to the sample potential collecting 100 interferograms 

t each potential. 
2 
. Results and discussions 

The Au(111) surface presents a complex behavior because it can 

econstruct, that is, the top layer can have two different atomic 

rrangements: the (1 × 1) surface structure (i.e., the expected 

tructure for a (111) face of an fcc metal) and the (22 × √ 

3) 

econstructed structure also termed as herringbone reconstruc- 

ion [ 25 , 26 ]. After flame annealing, the surface is reconstructed. 

hen transferring to electrochemical environments, the stability 

f these structures depends on the sign of the surface charge and 

he presence of adsorbates [ 27 , 28 ]. In the absence of adsorbates, 

he herringbone structure is stable for negatively charged surfaces, 

hereas the (1 × 1) structure is the surface with the lowest en- 

rgy for positively charged surfaces [29] . For this reason, the po- 

ential at which the surface has zero charge, that is, the potential 

f zero charge (pzc) is an important value in the analysis of the be- 

avior of these surfaces, whose value for gold is pH-independent. 

ue to the presence of two different structures, two pzc’s can be 

easured, one of the unreconstructed (1 × 1) structure (pzc un ) and 

ne for the reconstructed surface (pzc r ). The values for the pzc un 

nd pzc r in perchloric acid solutions are 0.43 and 0.52 V vs. RHE, 

espectively [30-32] . 

Fig. 1 shows the voltammetric profiles of the Au(111) electrode 

odified with CTAB in 0.1 M HClO 4 and its comparison with that 

btained in the absence of CTAB. The selected potential range cor- 

esponds to that between the onset of the hydrogen evolution 

nd the surface oxidation. For the unmodified Au(111) electrode 

n 0.1 M HClO 4 , the voltammetric profile, obtained after flame an- 

ealing and immersion of the electrode at a controlled potential 

f 0.1 V, shows a broad wave corresponding to the absence of spe- 

ific adsorption ( Fig. 1 , black trace). At the immersion potential the 

urface is reconstructed and potentials above the pzc, the recon- 

truction is lifted. Due to the absence of specific adsorption, the 

ifting of the reconstruction does not give rise to a characteristic 

eak. However, the presence of reconstruction/lifting of the recon- 

truction phenomena has its effect on the profile, because it is not 

ymmetrical with respect to the x-axis. The lifting of the recon- 

truction is faster than the reconstruction process [33] so that the 

urface structure present on the electrode depends on the scan di- 

ection, giving rise to the observed asymmetry. 

For the Au(111) surface modified with CTAB, the voltammetric 

rofile changes significantly from that obtained in perchloric acid 

 Fig. 1 , red trace). After some cycles, the voltammogram reaches 

 stable profile. The time for the open circuit adsorption during 

he adsorption procedure was 30 s in all cases. This adsorption 

ime was selected because for longer times no significant changes 

ere observed in the stable profiles, whereas, for shorter times, 

he peaks in the profile were less developed. As shown in Fig. 1 A,

he initial voltammetric profile of the modified electrode changes 

pon cycling. The broad signal appearing between 0.18 and 0.8 V in 

he negative scan direction, and the positive currents above 1.1 V 

n the positive scan direction progressively decrease. In parallel, 

he peaks in the negative scan direction at 0.9 V become sharper 

nd better defined. After some cycles, a stable voltammogram is 

btained ( Fig. 1 C), which indicates that the adsorption of these 

pecies is strong enough in this potential range to reach a station- 

ry behavior and no significant desorption of the adsorbed adlayer 

s taking place. 

One of the possible causes of the initial evolution of the pro- 

le for the modified electrode can be related to the presence of 

romide anions trapped within the adsorbed layer or adsorbed on 

t due to coulombic attraction between the anion and the posi- 

ively charged adlayer. It should be noted that the profile is differ- 

nt from that obtained in the presence of 0.1 mM KBr in solution 

 Fig. 1 B, red trace) [21] . Additionally, when bromide is not present

n solution, adsorbed bromide progressively desorbs upon cycling, 
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Fig. 1. A) Voltammetric profile for the unmodified Au(111) electrode and the evolution of the profile of the CTAB modified Au(111) electrode upon cycling in 0.1 M HClO 4 . B) 

First scan for the CTAB modified Au(111) electrode in 0.1 M HClO 4 and for the unmodified Au(111) electrode in 0.1 M HClO 4 + 0.1 mM KBr. C) Voltammetric profiles for the 

CTAB and CTAOH modified Au(111) electrodes in 0.1 M HClO 4 . The vertical lines mark the position of the pzc un (dashed line) and pzc r (dotted line) of the unmodified Au(111) 

surface. D) Voltammetric profiles for the CTAB modified Au(111) electrode with different upper potential limits in 0.1 M HClO 4 . Scan rate: 50 mV s -1 . (For interpretation of 

the references to color in this figure, the reader is referred to the web version of this article.) 
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nd the profile evolves from corresponding to bromide solutions 

o that obtained in the absence of bromide, that is, the one shown 

n Fig. 1 A with black trace. When the first scan for the modified

lectrode is compared to that obtained in for the bromide contain- 

ng solution ( Fig. 1 B), the broad wave observed between 0.18 and 

.8 V has a similar shape to that obtained in KBr solutions, which 

uggests that bromide is adsorbed on the surface and interacting 

he adlayer. However, the charge is significantly smaller because 

he presence of other adsorbed species on the electrode surface 

namely CTA 

+ ) diminishes the coverage of adsorbed bromide. As 

an be observed in this latter figure, bromide is completely des- 

rbed below 0.18 V. In the absence of bromide in solution, at these 

otentials, bromide anions diffuse from the surface. In the positive 

can direction, bromide is partially readsorbed, but after some cy- 

les the bromide concentration at the interphase becomes negligi- 

le and a stable profile is obtained. The initial oxidation currents 

t 1.2 V can also be assigned to the bromide oxidation process. 

s the amount of adsorbed bromide diminishes, the oxidation cur- 

ents also diminish. Thus, bromide has been completely desorbed 

hen the stable voltammogram of Fig. 1 C is obtained, and the ad- 

orbed layer should only contain CTA 

+ cations. To further confirm 

his hypothesis, the Au(111) electrode was modified with CTAOH, 

sing the same procedure used for the modification with CTAB. 

or the Au(111) modified by the CTAOH, the stationary behavior 

s achieved instantly, and as can be seen in Fig. 1 C, the stationary

oltammetric profile for the CTAOH modified electrode is almost 

dentical to that obtained for the CTAB modified electrode. Thus, 

t can be concluded that the observed features correspond to the 

lectrochemical behavior of adsorbed CTA 

+ . 
3 
The stable profile of the Au(111) CTAB modified surface shows 

everal peaks in the region between 0.8 and 1.1 V, and below 

.8 V an almost flat response associated with double-layer pro- 

esses is observed. The currents measured in this region are lower 

han those measured for in the absence of the adsorbates, which 

s typical of the presence of a hydrophobic layer. Additionally, ow- 

ng to the redox stability in the selected potential range of the 

TA 

+ species, the peaks in the voltammogram should be related 

o changes in the configuration of the adlayer and not to a redox 

rocess of the species [34] . The modifications in the adlayer config- 

ration should lead to changes in the capacitance (and charge) of 

he electrode, resulting in net charge transfer processes that give 

ise to peaks. As can be seen in Fig. 1 A, the number of peaks in

ach scan direction is different and peaks are not symmetrical with 

espect to the x-axis, suggesting a complex change in the structure 

ith some irreversible steps. To get insight into this issue, the pro- 

le was recorded with several upper potential limits ( Fig. 1 D). As 

an be seen, a 1 peak is closely related to c 2 peak, whereas peak 

 3 contains contributions of the processes taking place at a 2 and 

 3 peaks. However, the c 1 peak, the one at the lowest potential, is 

nly fully developed when the potential in the positive scan direc- 

ion is higher than that of peak a 3 . This behavior clearly indicates 

hat the transformation in the CTAB layer has an important irre- 

ersible component, requiring some time to reach the initial struc- 

ure. 

Another important piece of information regarding the behavior 

f the formed layer is the enlargement of the potential window to 

tudy the region corresponding to the oxide formation/reduction of 

he Au(111) electrode above 1.2 V ( Fig. 2 ). The CTAB-free Au(111) 
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Fig. 2. Voltammetric profiles of the unmodified and CTAB modified Au(111) elec- 

trode in 0.1 M HClO 4 up to 1.7 V and 1.2 V. The initial profile for CTAB-Au(111) up 

to 1.2 V and that recorded in the same potential region after the oxidation have 

been enlarged 10 times to better observe the peaks. Scan rate: 50 mV s -1 . 
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lectrode shows two peaks in the positive scan direction related 

o the Au-OH monolayer formation and the full oxidation of the 

urface forming an Au-O layer, respectively [35-37] . The negative 

can direction only shows a large reduction peak which contains 

he combined contribution of the reduction of the Au-O to Au in 

 single process. Interestingly, the profile in this region for the 

TAB modified Au(111) electrode is essentially the same as that 

bserved for the unmodified surface. The two characteristic peaks 

orresponding to the oxidation of the surface appear at the same 

otentials and the only significant difference is a slight increase 

n the charge. This increase in charge is also observed in the ca- 

hodic peak, which also appears at the same potential. The anal- 

gous profile for both electrodes could have been an indication 

hat the oxidation of the surface leads to the desorption of the 

dsorbed CTA 

+ layer. However, the profile between 0 and 1.2 V 

ecorded after this excursion to higher potential values is essen- 

ially the same as that recorded initially, which indicates that the 

TA 

+ layer has remained unaltered after the surface oxidation pro- 

ess. Given that the formation of the Au-OH and Au-O layers re- 

uires the presence of water and those oxidation processes are in- 

ibited by the presence of chemically adsorbed molecules, CTA 

+ is 

ot bonded to the surface. Thus, it can be proposed that the CTA 

+ 

ayer has the behavior of a lipid membrane covering the surface. 

his membrane allows the permeation of water molecules through 

t to reach the electrode surface in such a way that the surface 

an be oxidized at the usual potentials. This hypothesis matches 

ith the biomimetic membranes of phospholipids studied by Lip- 

owski on gold surfaces [ 38 , 39 ]. Moreover, the separation between 

he CTA 

+ membrane and the Au(111) layer depends on the elec- 

rode potential. At potentials below the pzc, the membrane is close 

o the surface, because the surface charge is negative and attracts 

he polar groups of the cations so that the double layer capac- 

tance is slightly smaller than that observed for the unmodified 

u(111) surface. As the potential increases and the surface charge 

ecomes positive, the polar groups close to the surface start be- 

ng repelled by the surface positive charge, and additional water 

olecules penetrate in the region between the surface and the 

TA 

+ membrane, giving rise to the observed peaks. Under these 

onditions, where water layers are in contact with the electrode 

urface, the surface oxidation processes take place under similar 

onditions to those achieved for the unmodified electrode. Prob- 

bly, the small changes observed in the oxide region are related 

o the different activity of the involved species in the region be- 
4 
ween the membrane and the electrode surface. When the oxides 

re reduced, and the surface charge becomes negative again, the 

embrane is attracted to the surface returning to the initial point. 

t should be noted that the formation of the CTA 

+ layer has been 

bserved well below the critical micelle concentration. The forma- 

ion of full layers on interphases has already been reported for the 

ater-air interphase, where a monolayer is formed for a concentra- 

ion of CTAB of ca. 1.4 mM [40] . The formation of the full layer is

ue to the amphiphilic nature of the CTA 

+ cation. The special en- 

ironment of this interphase stabilizes the adlayer and thus the 

olar heads are pointing to the polar side of the interphase (wa- 

er) whereas the nonpolar tails are pointing to the nonpolar side 

air). As aforementioned, the observed behavior, the voltammetric 

rofile of adsorbed CTA 

+ on the Au(111) electrode between 0 and 

.2 V is compatible with the formation of a layer. Clearly, when 

he surface charge is negative, the polar group must be close to 

he surface, and this interaction helps in the stabilization of the 

dlayer. This type of behavior is compatible with the formation of 

 single layer or also the formation of a bilayer, as has been de- 

cribed in the formation of nanoparticles [10-12] . When behavior 

or E > 1.2 V in Fig. 2 is considered, the detachment of the layer for

 > 1.2 V and its reattachment when the potential diminishes sug- 

ests that the adlayer may have a bilayer structure. The detached 

onolayer should have some additional stability that would allow 

ts existence in the detached form because the stabilizing force for 

he formation of the layer (the negative charge of the electrode) 

as disappeared, and then, the repelled CTA 

+ cations would dif- 

use to the bulk of the solution. Without this additional stabiliza- 

ion force, when the charge becomes negative again, a significant 

odification of the behavior would have been observed, and the 

rofile would have been closer to that obtained for the unmodi- 

ed electrode. However, the observed behavior is that the layer at 

ositive surface charges is still stable because no significant loss of 

he layer is observed, implying that the CTA 

+ structure has some 

dditional stability. The most probable configuration in which the 

ayer maintains its structure is the formation of a bilayer, because 

nder these conditions both sides of the layer have a polar nature, 

ith favorable interactions with the polar solvent and anions in 

olution. However, the formation of a monolayer, with the incor- 

oration of anions that help in the stabilization, or even the for- 

ation of a partial bilayer, cannot be discarded. Further works are 

n progress to fully characterize the layer. 

To corroborate that the surface charge is the reason for the 

hanges in the adlayer, the voltammogram of the CTAOH modified 

u(111) electrode was recorded in a solution with pH = 3. As can 

e seen in Fig. 3 , although there are some differences in the peak 

efinition, the shape of the profiles is, essentially, the same. In fact, 

hen the profiles are plotted in the SHE scale, peaks appear at the 

ame potential. Similar results are obtained with the CTAB mod- 

fied electrode. As aforementioned, in absence of specific adsorp- 

ion, the pzc is constant in the SHE, which corroborates that the 

bserved processes in the adlayer are driven by the surface charge 

f the electrode. 

To further analyze this process, FTIR experiments have been car- 

ied out ( Fig. 4 ). In the first set of spectra, the potential is increased

rom 0.1 V, whose spectrum is taken as reference, up to 1.2 V, 

nd the spectra are taken every 0.10 V. As can be seen, a neg- 

tive band at 2905 cm 

-1 starts developing from 0.6 V in parallel 

ith the growth of a weak positive band at 1381 cm 

-1 . This poten-

ial coincides with the onset potential for the peaks observed in 

he voltammetric profile, which clearly indicates that these bands 

orrespond to the processes taking place in these peaks. The band 

t 1381 cm 

-1 can be assigned to the symmetric bending mode of - 

H 3 groups [41] whereas the band at 2905 cm 

-1 corresponds to the 

ermi resonance of the symmetric stretching of the -CH 2 groups 

 40 , 42 ]. In the negative scan direction, when the reference spec- 
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Fig. 3. Voltammetric profiles of the Au(111) electrode in the presence of ad- 

sorbed CTAOH in solutions with pH ≈1 (0.1 M HClO 4 ) and pH ≈3 (2.99 × 10 −2 M 

HClO 4 + 4.84 × 10 −2 M NaF). Scan rate: 50 mV s -1 . 
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rum is taken at 1.2 V, the evolution of these bands is the oppo-

ite. Due to the reflection of the p-polarized FTIR signal on the sur- 

ace, there is an increase in the field that the groups close to the 

urface are observing allowing to detect adsorbed species. The in- 

rease of the band related to the symmetric bend of –CH 3 groups 

an be related to the formation of hydrogen bonds between the 

CH 3 groups and water and the change in orientation with re- 

pect to the gold surface [41] , as has been already reported for 

old nanorods. This increase in the band intensity is consistent 

ith the detachment of the CTA 

+ cations from the surface and the 

ermeation of water to fill the gap created between the layer and 

he electrode surface. On other hand, the diminution of the bands 

ssociated with –CH 2 groups should be related to conformational 
ig. 4. FTIR spectra for the CTAB modified Au(111) electrode in 0.1 M HClO 4 for the (A)

nitial potential of each scan direction. 

5 
hanges in the alignment of the hydrocarbon chain in the nonpolar 

ail of the cation as the membrane detaches. 

Given that the interaction of the CTA 

+ adlayer with the surface 

s purely electrostatic, the presence of strongly adsorbing anions 

n the electrolyte can modify these interactions. To investigate this 

oint, the profiles were recorded in 0.1 M H 2 SO 4 . Fig. 5 A shows

he voltammetric profile of the unmodified (111) electrode and 

he evolution upon cycling of the CTAB modified electrode with a 

harp peak with a pre-shoulder. For the unmodified electrode, sul- 

ate adsorption starts at ca. 0.3 V and give rise to a peak at 0.59 V

ue to the lifting of the reconstruction in the positive scan direc- 

ion [28] . The sharp pair of peaks at ca. 1.1 V is due to the forma-

ion of and disorder/order transition in the adsorbed sulfate layer 

43] . In the case of the CTAB modified electrode, the initial positive 

can direction resembles that obtained in perchloric acid. The peak 

ppears at a lower potential than that recorded in perchloric acid 

robably because of the presence of sulfate, which adsorbs strongly 

n the electrode surface and shifts the pzc to lower potential val- 

es. However, in the negative scan direction, the peaks are smaller 

nd less developed. The presence of a strongly adsorbed sulfate 

ayer, which is adsorbed above 0.3 V, prevents the interaction of 

he CTA 

+ adlayer with the surface. As the cycling progresses, the 

reviously described set of peaks diminish progressively until a 

table profile is reached ( Fig. 5 B). This profile is very similar to that

ecorded in the absence of the adlayer. In fact, the peaks related to 

he disorder/order transition for the sulfate adlayer are still visi- 

le. The comparable profile to that measured for the unmodified 

lectrode would suggest that the CTA 

+ adlayer would have been 

lmost completely desorbed. However, the profile below 0.4 V is 

ifferent, which is a clear indication the adlayer is still present. 

Further proofs of the presence of the CTA 

+ layer can be ob- 

ained if the scan is extended up to 1.7 V. Fig. 6 shows the profiles

f the unmodified (red trace) and the CTAB modified Au(111) (blue 

race) electrode in 0.1 M H 2 SO 4 . As can be seen, the main peak for

he oxidation of the Au(111) surface for the modified electrode in 

.1 M H 2 SO 4 is sharper and appears at higher potential values than 

hat recorded for the unmodified electrode. This type of behavior is 

 clear indication that the adsorption of sulfate is stronger for the 
 positive and (B) negative scan directions. The reference spectrum is taken at the 
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Fig. 5. (A)Voltammetric profiles of the Au(111) electrode in 0.1 M H 2 SO 4 for the 

unmodified and CTAB modified Au(111) electrode. The arrows indicate the evolu- 

tion of the profile for the modified electrode upon cycling. (B) Comparison of the 

stable profiles for the unmodified and CTAB modified Au(111) electrode in 0.1 M 

H 2 SO 4 and that obtained after the transfer of the CTAB modified Au(111) electrode 

from 0.1 M H 2 SO 4 to 0.1 M HClO 4 and its oxidation. Scan rate: 50 mV s -1 . (For in- 

terpretation of the references to color in this figure, the reader is referred to the 

web version of this article.) 
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Fig. 6. Voltammetric profiles of the unmodified and CTAB modified Au(111) elec- 

trode in different conditions. Scan rate: 50 mV s -1 . (For interpretation of the ref- 

erences to color in this figure, the reader is referred to the web version of this 

article.) 
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TAB modified electrode, which points out that adsorbed sulfate 

nteracts with the positively charged adlayer hindering its desorp- 

ion. This fact implies that the CTA 

+ layer is interacting with the 

dsorbed sulfate creating a structured interphase composed of an 

dsorbed sulfate layer in contact with the electrode surface and 

 CTA 

+ layer. The adsorption of the sulfate layer, in this case, is 

tronger than that observed for a pure sulfate layer. 

The existence of the structured interphase in which the CTA 

+ 

ayer is stabilized by the presence of anions can also be corrobo- 

ated by transfer experiments. For this experiment, the CTAB mod- 

fied electrode is initially characterized in 0.1 M H 2 SO 4 . After the 

table profile of Fig. 5 A is obtained, the electrode is emersed from 

he cell at 1.2 V and transferred to a cell containing 0.1 M HClO 4 ,

here it is immersed at 1.2 V. Starting from this potential value, 

 voltammetric scan is registered in the oxidation region up to 

.7 V. As can be seen in Fig. 6 , green trace, the oxidation profile

btained after the transfer to the HClO 4 solution is very different 

rom that obtained previously in the HClO 4 solution ( Fig. 2 ). In fact,

he peak distribution and the charges are almost the same as those 
6 
ecorded previously in for the CTAB modified electrode in H 2 SO 4 

 Fig. 6 , blue trace) which clearly indicates that the presence of the 

tructured interphase has remained unaltered after the transfer to 

he perchloric acid solution. Sulfate anions are still present in the 

lectrolyte interphase close to the electrode surface so that the 

lectrochemical response is still that typical of sulfuric acid solu- 

ions. Moreover, the voltammogram in the region E < 1.2 V still has 

he characteristics of the presence of a sulfate layer ( Fig. 5 B, blue

race), although the peaks are displaced to slightly higher poten- 

ial values probably due to the absence of sulfate in the supporting 

lectrolyte. 

. Conclusions 

The electrochemical and FTIR results explain the stability of the 

TAB layers on the gold surfaces. The results presented here sug- 

est that a layer of CTA 

+ cations is formed after the transfer from 

he solution containing CTAB. This layer attaches/detaches from the 

urface depending on the electrode charge. At negative charges, the 

mino polar groups are attracted to the surface, whereas positive 

harges repel the membrane and water molecules intercalate be- 

ween the electrode surface and the membrane. For this reason, 

he oxidation of the surface gives rise to peaks that are compara- 

le to those obtained in the absence of the membrane, because at 

hese potentials the membrane is detached from the surface. De- 

pite the movement of the membrane, it is stable in acidic media. 

ue to the strong repulsive forces between the CTA 

+ chains within 

he membrane, its stabilization is accomplished by the interaction 

ith the anions of the supporting electrolyte, as the transfer ex- 

eriments from sulfuric to perchloric solutions demonstrate. 
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