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Abstract: The gold electrodes modified with organic compsifrequently organic thiols and their derivatespresent
a new category of devices which are widely usedhatecular recognition, in special in case of bioacoles analysis.
Alkanethiols are spontaneously adsorbed on the gufthce and form a monomolecular film, with a hygbrdered
structure, called a self-assembled monolayer (SAM)s represents a promising approach which otfeespossibility of
design and assembling desired structures at maletayel. One of the main disadvantages in théatibn of these kinds
of electrodes at large scale is the relative higt of gold electrodes manufactured on specialc@dpanies. Starting
from these, we try to obtain the gold electrodelegtro-chemical deposition of gold, on platinumewThese electrodes
can be easily obtained in laboratory, with commahotatory equipments and are not so expensive. obtained
electrodes have been characterized with cyclicanaftetry and electrochemical impedance spectros¢gpyl). The
experimental results have show that the analypeaformances of these electrodes (quantity of tiatdined on surface,
permeability degree, stability in time of obtainembnolayer, etc.) are comparable with those obtaimed¢ase of
manufactured gold electrodes. The elctrodes have Sigher reproducibility in their electrochemidsdhaviour as well as
in their modification, and was prepared to be zgili in the detection of humic acid molecules fronvi®nmental
samples.
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1. Introduction The gold surface modification with organic thiols
compounds opens numerous opportunities for the
In the last years, chemical modified electrodesdif ~ construction of modified electrodes by using a welbwn
assembled monolayer of alkanothiols have beed efficient reaction. In generally, such modified
extensively used because their simplicity and iefficy electrodes are obtained in two ways [9-11]: (i)capon
[1]. The functionalization of such self-assemblef thiols on gold surface, followed by the adsavptiof
monolayer is important issue today because moleculdPecific receptor on thiols monolayer (embedment
architecture can be build which confer new surfacerocedure), or (i) adsorption of functionalizedots on
properties [2, 3]. The design and constructionuzhsnovel gold surface, where the functional groups of thiwse the
molecular devices is opening a huge number d¢Eceptor role. In both cases, the performanceshef t
app"cations in areas such as corrosion protecmting, obtained modifications are Significant dependent tb@
microelectronics, optics, chemical, biochemical angold surface quality. If the gold surface is theosth-faced
electrochemical sensors [4-8]. one, its cover degree is higher, the obtained naym®olis
The development of electrochemical sensors is dne Well ordered, and the electrodes have great analyti
the areas of great and faster growth in analytic@erformances. For to attain such performance, the
electrochemistry that led to an increasing search fspecialized manufactures have develop several rscree
cheaper devices with improved reproducibility, seévisy ~ Printing techniques [12-14], most at very low press, by
and stability. Despite the great versatility andspectives Which are obtained gold deposits with higher pyrity
show by electrochemical sensors, the utility ofectrode controlled roughness and very good adhesion to the
is limited by gradual degradation of its surfaceorff this substrate. But, these modalities for gold surfautetaining
point of view, the gold surface is a preferred dmecause are laborious, request special attention and ecerpsnand
has the third best electrical conductivity of aletais at these can be easily seed in the price of goldrelées. Due
room temperature and its inertness prevent thedtiomof ~ t0 their high cost, they cannot be used at largéesc
insulating surface oxides [5, 7].
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In this paper, to overcome these problendsvaith the 2. 3. n-dodecanthiol adsorption on gold surface
purpose of designing adequate surfaces for sensor
development, we present a new modality to obtailal go Modification of gold electrodes was carried outan
electrodes, by electrochemical deposition of gold ogdlass tube, where only the gold surface is in antath
platinum wires. These electrodes can be easilyimddain ~ Organic reagent. Thus, the gold clean electrodese we
|aboratory, with common equipments and are Cheé’ﬂ‘m‘_ immersed Separately in 20 mM of fresh n-dodecahthio
obtained electrodes have been characterized byiccychlcoholic solution. After 24 hours, they were wabhey
V0|tammetry and electrochemical impedance speaimsc several times with pure ethanol and then with deubl
The experimenta| results have show that the ana|yti distilled water. The modified gOld electrodes Wk@t in
performances of these electrodes (quantity of titdined double distilled water.
on surface, permeability degree, stability in tinoé
obtained monolayer, etc.) are comparable with tho

obtained in case of man_ufactured gold _e_Igctro_ddfm T The electrodes were mounted in a conventional three
elctrodes have show higher reproducibility in their

. . : L electrode cell. Before the measurements, the solsitare
electrochemical behaviour as well as in their modifon,

” . . ' degassed with Nfor 15 min. All potential values are
an_d was prepared to b? utilized in the detectiohushic reported with respect to a saturated calomel edetr
acid molecules from environmental samples.

(SCE). The potentiostatic apparatus consist in MER
5000 Potentiostat / Galvanostat driven by Corrware
Software.

& 4. Cyclic voltammetry measurements

2. Experimental 2. 5. Impedance spectroscopy measurements (EIS)

EIS measurements were performed using an
2. 1. Materials AUTOLAB impedance analyser. The cell used in these
experiments has the same construction as we dedcrib

The platinum wires (purchased from Merck) were cutaPove. The Randles modified equivalent circuit [Wés
up and incorporated in a glass tube, thus theia &webe Used to fit the impedance spectroscopy results tand
close by 1 crh A cooper conductor was used for to ensuréletermine the electrical parameters values for emse.
the electrical connection. Before utilization, thiatinum The circuit includes the electrolyte resistanceween
wires have been cleaned in air / acetylene flanfee TWorking and reference electrodesg)(Relectron-transfer
KAU(CN), salt (from Aldrich) from electro-deposition bathresistance (B, Warburg impedance (W) and the constant
was analytical degree reagent, and was used withther ~ Phase element (Q) which takes into account theuéecy
purifications. The n-dodecanthiol and humic acidgents dispersion, direct correlated with the electrodagimess
were purchased from Fluka and were used as receflied [18].
other reagents were analytical degree. All aqueous ) )
solutions were prepared with double distilled water 3. Results and discussion
obtained from a commercially distillation system. . . .
The behaviour of each electrode was compared with. a For gold electro-deposition, the platinum wires ever

olycrystalline gold wire electrode (area=1%npurchased mmersed in an electro_lysis bath. The six Wor_king
?ror)rg ByAS-Bioa%aIyticaI System ( po electrodes are connected in parallel to the paistati. This

The 1 mM solution of Ru(NEJ*"2* redox couple was gold electro-deposition was studied with the puepas

used as marker, because is well known for its dgapat reaching the desir_ed el_ectrodes properties: good
detecting even the small defects in the self-ask=ib appearance, mechanical resistance, controlled resgh
monolayer [15] deposit uniformity and good adhesion on gold depimsi

substrate. The electro-deposit method turned oubeo
simple, fast and inexpensive, permit the obtainioiy
reproducible electrodes surfaces, and the reqiinesl for
a suitable gold deposit is not so long. In tablearg
presented surface characteristics of the gold relees
obtained in different experimental conditions.

2. 2. Gold electro-deposition

A common electrolysis cell was used for gold electr
deposition. The gold electro-deposition bath wanpased
by 15 mg/mL KAu(CN) salt and 115 mg/mL citric acid. TABLE 1 The characteristics of gold electrodes obtained by
The final pH of the mixture was adjusted to be 4hW gectro-deposition on platinumwires.

KOH. A current of 5 mA/crfwas applied through the cell,

during of 6 hours with magnetic shaking of 100 rgkfter, Without flame cleaning | With flame cleaning
this time the electrodes were washed with doubsilieid of platinum wires of platinum wires
water and electrochemical cleaning, by cycling i5 ™ Adherence Adequate Excellent

. . . Roughness factor 7.176 5.521
KO_H solution in 3 steps [16]. Whe.n the cleaningpsteas = After 4 days, detachment of gold by mechanicdioacis observed; **
verified, the electrodes were used in the experimen Here is not detachment of gold, even after 15 days.
164

BUPT



Chem. Bull. " POLITEHNICA" Univ. (Timisoara) VVolume 53(67), 1-2, 2008

On the basis of these characteristics, in the durth At it can see from Fig. 2, the gold electrodes ivigtz
experiments the gold electrodes was prepared dtdy a by electro-deposition showing a typical Nernstian
preliminary flame cleaning of platinum wires. behaviour. The values of relevant parametérs=E310.98

In order to check roughness and cleanness of thev, AE, = 79.08 mV and®/i%, = 1.019 (n = 6) clearly
electrode surfaces and the reproducibility amongmth reflect that the response of the electrodes isodepible
cyclic voltammograms of the 6 gold electrodes werand similar with the manufactured gold electrode.[

performed in 1 M HCIQ at 50 mV/s and a potential In order to underline the performances of obtained
domain between 500 and 1700 mV. Fig. 1 shows &a&ypi gold electrodes and to show the applicability othsu
voltammogram indicating a clean gold surface. devices, its chemical modification was studied.
p.o0a1 It is well known that organic thiols and their dexties
spontaneously adsorb onto gold surface to formoaeel
packet oriented monolayer (SAM) [20]. In literatusee
N described many aspects related to the adsorptidhias
. = g on gold surface [21, 22].
-~ - "\ I,f‘ In this study, the gold electrodes were modifiedhwi
% || n-dodecanthiol (T10C). For the evaluation of theOT1
_E | | adsorption on electrodes surface, we used the mhetho
- [ | proposed by Walczak et al. [23], based on reductive
-aomat - |I desorption of thiols at basic pH. After modificatjothe
|| electrodes were rinsed with absolute ethanol angbldo
IdI distiled water. Cyclic voltammograms were obtained
sweeping the applied potential between — 0.4 V -add2
0002 : > : o : - VISCE at 100 mV/s in 0.5 M KOH solution, previously

E (Voltz) degasses with  nitrogen. The obtained cyclic

Figure 1. Cyclic voltammogram for one of six goldatrodes in 1 M voltammograms are presented in Fig. 3.
HCIQ,, at 50 mV/s

-0.350x10°%

For all the six electrodes, the voltammetric resgasn
are almost identical. The reproducibility of theopedure -0.260x10-54
used in the electrode construction was evaluated | ]
comparing the charge of the gold oxide reducticakpand -0.170x10°4
the result was 907.1416.5uC/cn? (n = 6).

The hexaamineruthenium complex (Ru@y’?" 0.080x10°
was used to investigate the electron transfer hebaof a )
reversible redox couple in solution. Ru(§E"** is .
commonly used as electrochemical marker since & h 0.010x104
great electrochemical properties: stable in bothdation ]
states, electrochemically reversible and presenfast 0.100x10 o0 50 0 0o

. ) 0300
electron-transfer rate. The cyclic voltammogram hwit £V

Ru(NHy)s™"* were performed in 1M NaN for the g, 3. cyclic voltammogram of immobilized n-dodathiol on gold
electrodes obtained by gold electro-deposition latirum electrodes obtained by electro-deposition, in 0.&@H at 100 mV/s
wires (Fig. 2).

LEEE In this figure, three peaks can be observed duéeo
reductive desorption of the self-assembled T10Ce Th
height of the first peak is 12.534 1@, which means that
= around 55.7 molecules of T10C was adsorbed of ganh

- from electrode surface.

In addition, the changes of the interfacial projesrof
electrodes by thiol adsorption were evaluated using
Ru(NH)e>"?*  redox couple, by EIS experiments.
Electrochemical impedance spectroscopy (EIS) is a
sensitive and non-destructive technique, widelydufe
the characterization of functionalized electrodése thiols
adsorption on electrode has as result the alteratib
capacitance and interfacial transfer resistance thef
conductive surface; and thus EIS is an adequatddpthe
E Valts} analysis of interfacial property change on modified
electrodes [24, 25]. On the other hand, the eladiransfer
behaviour of a redox couple on SAM moadified elede®

Figure 2. Cyclic voltammogram for one of the sig@attodes obtained by
electro-deposition with 1 mM Ru(Nj*"?*in 1 M NaNQ at 50 mV/s

165

BUPT



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

VVolume 53(67), 1-2, 2008

give the important information’s on the
morphology and defects [23].
Fig. 4 illustrates the results obtained by adsorptf

n-dodecanthiol (T10C) on electrode surface. In absef

T10C, the impedance plot show a negligible seniiircvery

surfacemoment, cannot be establish a precise linear depeed
between cyclic voltammogram characteristics and the
concentration of humic acids from solution, thessuits
show that by using proposed procedure we can olatain

reproducible  surface, suitable for sensors

domain, which means that a very fast electron-feans development.

process with a diffusion limiting step occurs.

0 L 1 L ]
1] 5000

7500
z
Figure 4. Impedance spectroscopy of gold electrob&ained by electro-
chemical deposition immobilized with T10C, in pnese of 1 mM
Ru(NH)s**"?" as marker in 1 M NaN©Frequency range: 1 —°18z. The
amplitude of the alternative voltage was 10 mV.
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Figure 5. Cyclic voltammograms of gold electrodbtamed by electro-
deposition immobilized with T10C, at different cemtrations of humic
acids with 1 mM Ru(NK)*"?" in acetate buffer (pH = 4) as supporting
electrolyte; scan rate = 50 mV/s.
1: 0 M humic acids; 2: 1M humic acids; 3: 16 M humic acids; 4: 18
M humic acids; 5: 18 M humic acids)

Fig. 6 show the results obtained by EIS, perfornmed

o B mentioned experimental conditions, for T10C modifie
When, T10C is immobilized on electrode surface, thgoq electrodes, in absence and in presence ofchacids.

semicircle domain is enlarged and indicated a highsfer
resistance due to the increased thickness and cbngss,
as well as the fewer pinhole defects on the eldetro
surface.

One of the promising applications of this type of
modified electrodes is the molecular recognitiono T
achieve this purpose, we try to use the gold aldels
modified with T10C for the detection of humic acids

The humic acids are natural macromolecules, and ar

one of the main constituents of soils, which haw&rang
hydrophobic character (due to their huge molecoiass)
and numerous functional groups (-COOH, -OH, -C=0,
NH,, etc). Starting from these characteristics, iseexgd
that humic acids molecules from solution to be dos
onto thiol monolayer from gold surface, and this to
facilitated the electron-transfer reaction of Rugyfi’>
redox marker.

In order to check the viability of this hypothesibe

gold electrodes obtained by electro-deposition were

modified with T10C and then used for humic acids
detection. In this case, the experiments were peed in
acetate buffer (pH = 4), which ensure a high icitzra
degree of functional groups from humic acids madlesu
and will facilitated the interaction with positiven marker.
The cyclic voltammograms recorded at different
concentrations of humic acids are presented in3=iff.can
be observed from Fig. 5, an increasing of peakghtetvith

-7500

000 |-

uoL

AwT10C
2500 |- /
AuT10C/humic acids
o 1 1 1 | 1
o 2500 5000 7500
=

Figure 4. Nyguist representation for Au/T10C/elelgtie and
AuT10C/humic acid/electrolyte in 1 mM Ru(N)#*"?*, acetate buffer
(pH = 4). Frequency range: 1 —>1z. The amplitude of the alternative

voltage was 10 mV.

The values of relevant parameters determined using

Randles modified equivalent circuit, are preseiietiable
2. The values of determined parameters indicaie ttie

the increasing of analyte concentration. Even, liis t obtaining procedure of gold electrodes (gold etectr
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deposition , thiol adsorption) can be carried oithwgreat
reproducibility.

TABLE 2. The values of the equivalent circuit elements

Rs (Q) Ra (Q) W (10°)
Au/T10C 109.2 2359 2.09
Au/T10C/humic acids 726 2098 3.19

4. Conclusions

7. Yang, N., Wang, X., Thin self-assembled monalayfer
voltammetrically monitoring nicotinic acid in foooll. Surf. B. 2008
Vol. 61, pp 277 — 281.

8. Zhao, W., Xu, J.J., Chen, H.Y., Electrochemigi@sensors based on
layer-by-layer assemblie&lectroanalysis. 2006 Vol. 18(18), pp 1737 —
1748.

9. Dalmia, A., Liu C.C., Savinell, R.F., Electrochieal behaviour of gold
electrodes modified with self-assembled monolayeith an acidic end
group for selective detection of dopamine Electroanal. Chem. 1997,
Vol. 430(1-2), pp 205 — 214.

10. Espindiu, M.J., Hagenstrom, H., Kolb, D.M., Etionalized self-
assembled monolayers on Au(111) electrodes: Surfaeestures and
electrochemistryLangmuir. 2001, Vol. 17, pp 828 — 838.

11. Uosaki, K., Sato, Y., Kita H., Electrochemicaharacteristics of a

In this paper we have described a simple an@old Electrode Modified with a Self -Assembled M&yer of

inexpensive method to obtain disposable gold eldes.
The electro-deposition of gold on platinum wiresguces
clean surfaces with an electrochemical performanc
comparable to manufactured gold electrodes; thexetbe
results can be straight forward analyzed with elbwn
theoretical models for the electron transfer preces
electrodes.

Also,
deposition have demonstrated to provide a suitsilpbport
for the thiol immobilization, the chemical modifigan of
surface can be carried out with a very good repritdity,
suitable for the sensor development.
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