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ABSTRACT 
2,2’-Bithiophene-5-carboxylic acid (BTA) thin-films on platinum (Pt) electrodes were electrochemically prepared 
in acetonitrile solution containing 0.1 M tetrabutylammonium perchlorate (TBAP) and 0.05 M BTA. These films 
were complexes with several metal ions such as Cu2+, Ag+ and Co2+. Their structural characteristics were com-
pared with those of powder complexes chemically prepared from BTA and the corresponding metal ion. IR and 
XPS techniques reveal that the film complexes with metal ions have the same structures as the corresponding 
powder complexes. The electrocatalytic activity of BTA film-metal ions has been investigated toward ascorbic 
acid (AA) oxidation and compared to that obtained on a free BTA film. BTA film-metal ions exhibit good cata-
lytic proprieties and better detection of AA than a free BTA film. This new propriety allows these films to be 
used as electrochemical sensors. This electronic document is a “live” template. The various components of your 
paper [title, text, heads, etc.] are already defined on the style sheet, as illustrated by the portions given in this 
document. 
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1. Introduction 
Thiophene and its derivatives can be easily polymerized 
electrochemically or chemically to give conducting po- 
lymers with a range of useful properties that make these 
materials interesting candidates for a variety of potential 
applications [1,2], such as electro-chromic and electronic 
devices, electrical energy storage in rechargeable batte- 
ries [3] and electrochemical sensors [4], owing to their 
high chemical stability in air, their ease of preparation 
and the ability of controlling the doping level. However, 
conducting polymer systems do not have any intrinsic 
electrocatalytic activity, and they have been used as host 
matrices for different chemical species such as metal par- 

ticles [5], complex ions [6] and enzymes [7], through 
which these systems acquire catalytic activity. 

In recent years, there has been a growing interest in 
conducting polymer-metal systems [8,9], where the metal 
is directly attached to the π-conjugated backbone, and 
has the ability to access a continuum of redox states af- 
forded by metal-polymer cooperativity [9]. 

The incorporation of metal ions into organic conduct- 
ing polymers offers potential in the area of organic-in- 
organic hybrid materials. Polyalkynyl platinum(II) com- 
plexes were the first materials prepared in this field [10]. 
In general, a wide variety of metallic ions can be in- 
cluded by incorporation into conducting polymers. If 
these ions are catalytically or electrocatalytically active, 
new composite materials can be obtained, whose proper- *Corresponding author. 
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ties will be determined not only by the catalytically ac- 
tive ions, but also by the conducting polymer matrix [11]. 
This incorporation of dispersed ions into the conducting 
polymer matrix has two fundamentally different conse- 
quences: 1) the polymer structure becomes more porous 
and spongy, and eventually even at low ion concentra-
tions, facilitates the transport processes accompanying 
the intrinsic redox process of the polymer; 2) a novel 
composite material is obtained where the properties are 
influenced by both components [12]. 

The oxidation reaction of ascorbic acid (AA) was 
widely tested on various modified electrodes [13-17]. 
The role of the AA is known for its properties and its use 
as an antioxidant agent in foods and drinks, and it is also 
important for therapeutic purposes and biological meta- 
bolism. The determination of AA is a subject of conside- 
rable interest and with the use of simple, accurate and 
advantageous methods. Among of them, the electroche- 
mical determination method is very accurate with high 
selectivity and best sensitivity. It is recognized as one of 
the most approaches for the separation of biological com- 
pounds such as ascorbic acid and dopamine [18-20]. 
Therefore, this advantage has a significant attraction in 
biological and electrochemical research. 

With the aim of developing more efficient and novel 
organic-inorganic hybrid materials to improve their elec- 
trocatalytic properties, we were interested here in pre- 
paring materials based on 2,2’-bithiophene-5-carboxylic 
acid (BTA) (Schema 1(a)) and metal ions such as Cu2+, 
Ag+ and Co2+ that displayed electrocatalytic properties 
toward ascorbic acid oxidation (AA). BTA is selected for 
this study because: 1) it has an electroactive functional 
group (carboxylate group) able to coordinate to metal 
ions leading to complex materials; 2) the electro-oxida- 
tion of BTA leads to the formation of thin films on the 
electrodes. The BTA films chemically treated with metal 
ion solutions can be used as electrodes for the electroca- 
talytic oxidation of AA. The complex materials (film or 
powder form) were characterized by XPS and IR spec- 
troscopy.  

2. Experimental 
2.1. Materials 
All chemical products and solvents (2,2’-bithiophene-5- 
carboxylic acid (BTA) (Acros organics); copper chloride 
CuCl2∙2H2O (Aldrich), cobalt chloride (CoCl2) and silver 
nitrate (AgNO3) (Fluka) and acetonitrile (Prolabo), were 
analytical grade and were used without further purifica- 
tion.  

2.2. Synthesis of BTA-Cu2+ Complex 
The complex was prepared following the procedure de- 
scribed in the literature [21]. BTA (50 mg, 0.39 mmol)  

 
(a)                      (b) 

Schema 1. (a) Schematic representation of the structure of 
BTA monomer used as ligand. (b) Proposed structure of 
BTA-Cu complex, with X = bithiophene. 
 
was dissolved in methanol (0.8 mL) and NaOH (15.6 mg, 
0.39 mmol) was added to this solution. After 30 min stir-
ring, CuCl2∙2H2O (26.1 mg, 0.19 mmol) in methanol (0.5 
mL) was added dropwise. The reaction mixture was 
stirred for an additional 30 min. The green solution was 
filtered, washed with methanol several times and dried at 
50˚C in vacuum. 

2.3. Electrosynthesis of BTA-M Films 
Thin films of BTA were first prepared electrochemicaly 
(cyclic voltammetry or chronoampremetry) in solution of 
CH3CN/TBAP 0.1 M, containing 5 × 10−2 M of BTA, 
then the film was rinsed with acetone to remove all traces 
of monomer and transferred in aqueous metallic solutions 
(M = Cu, Co, Ag) for concentration of 10−2 M each one 
for 10 min separately.  

2.4. Measurements 
Electrochemical measurements were carried out using 
potentiostat/galvanostat type EG & G Princeton Applied 
Research model 273 under Chem software, in three elec- 
trode and a one-compartment cell. In most of our expe- 
riments the working electrode was a platinum (Pt) disc 
0.03 cm2 in area. The counter-electrode was a steel grid 
and the reference was a conventional saturated aqueous 
potassium chloride-calomel electrode (SCE). The work- 
ing electrode was polished before each experiment by 
cloth polishing with 0.1 μm alumina slurry, and rinsed 
with acetone and ethanol. The supported electrolyte was 
0.1 M tetrabutylammonium perchlorate (TBAP) dis- 
solved in argon-purged acetonitrile.  

Infrared spectra of the complex and its precursor in the 
form of pressed KBr pellets were obtained on a Nicolet 
Magna-860 Fourier transform infrared spectrometer.  

XPS spectra were recorded using a Thermo VG ES- 
CALAB 250 system equipped with a micro-focused, mo- 
nochromatic Al Kα X-ray source (1486.6 eV) and a 
magnetic lens which increases the sensitivity of the ap-
paratus. The specimens were pressed against double- 
sided adhesive tapes mounted on sample holders, and 
then pumped overnight in the fast-entry lock at 5 × 10−8 
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mbar before introduction into the analysis chamber. A 
650 µm X-ray beam was used at a power of 10 mA × 15 
kV. The spectra were acquired in the constant analyser 
energy mode, with pass energies of 150 and 40 eV for 
the survey and the narrow regions, respectively. All sam- 
ples (powders and plates) were subjected to charge com- 
pensation achieved with an electron flood gun combined 
with an argon ion gun. The argon partial pressure was 2 
× 10−8 mbar in the analysis chamber. Avantage software, 
version 3.51, was used for digital data acquisition and 
processing. The peak binding energy positions were cali- 
brated by setting the C1s peak maxima to 285.0 eV. The 
apparent surface compositions were determined by con- 
sidering the integrated areas of the core-level peaks and 
their respective sensitivity factors.  

3. Results and Discussion  
3.1. Electrochemical Behaviour of BTA and a  

BTA-Cu2+ Complex  
By applying an anodic polarization to the platinum elec- 
trode in a 0.1 M TBAP acetonitrile solution of 5 × 10−2 
M BTA, we obtained cyclic voltammetric curves be-
tween 0 and +1600 mV with an oxidation peak at about 
1460 mV (Figure 1(a)). This peak corresponds to the 
oxidation potential of BTA. As can be seen, only the 
anodic current intensity increases during the successive 
potential scans (Figure 1(b)), with a slight shift of the 
oxidation peak towards positive potentials. This behav-
iour is due to the formation of a thin film having a short 
conjugation length (BTA dimer). A similar film can be 
obtained by applying a constant potential at 1350 mV for 
240 s. It is also worth noting, in both the above cases, 
that the films formed on the electrodes are very adherent, 
stable, and have a coppery colour.  

A similar study was undertaken with the BTA-Cu2+ 
complex (chemically synthesized its proposed structure 
is shown in Schema 1(b)) under the same conditions. 
The voltammetric behaviour of this complex is charac- 
terized, on the first scan, by a shoulder about 1100 mV 
and a peak at 1360 mV (Figure 2). Compared to the peak 
of free BTA oxidation (Figure 1), the last peak at 1360 
mV is better defined and a negative shift about 100 mV 
was observed. These results may be attributed to the 
oxidation of a BTA-Cu2+ complex. In the back-sweep, a 
wave appears at about 160 mV (see figure insert), tenta- 
tively assigned to copper reduction in the BTA-Cu2+ 
complex. On the second scan, a large wave at about 350 
mV corresponds to copper oxidation and the oxidation 
peak observed at 1360 mV disappears. Surprisingly, dur- 
ing successive potential cyclic sweeps between −100 and 
1600 mV (Figure 2) in a BTA-Cu2+ complex solution, no 
film is formed on the Pt electrode, contrary to the case of 
free BTA.  

 
 

Figure 1. Cyclic voltammograms of BTA 5 × 10−2 M in 0.1 
M TBAP/CH3CN at Pt electrode. Scan rate = 50 mV∙s−1. (a) 
first cycle recorded in 0 - 1600 mV range, (b) repetitive 
scans between 400 and 1600 mV. 

 

 
Figure 2. Cyclic voltammogram of BTA-Cu2+ complex in 0.1 
M TBAP/CH3CN at a Pt electrode at 50 mV∙s−1. 

3.2. Characterization of Free BTA Film and  
BTA Film-Cu2+ Complex  

3.2.1. Electrochemical Characterization  
Thin films freshly prepared either by cyclic voltammetry 
or by the potentiostatic method were cycled in CH3CN 
containing 0.1 M TBAP or in H2O containing 0.1 M Li-
ClO4 to study their electrochemical behaviour. In both 
cases, these films present no redox peaks in the range of 
potential from 0 to 1600 mV (Figure 3(a)), indicating 
that there is no electroactivity corresponding to the dop- 
ing-dedoping of these films.  

Despite the lack of electroactivity in both the above 
solutions, the BTA dimer films having carboxylic func- 
tional groups are able to complex electroactive species 
such as Cu2+, Co2+ and Ag+, which allow them to be used 
as sensors. These films were immersed in aqueous solu- 
tions containing either Cu2+ or Co2+ for 10 min, then 
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rinsed with water and transferred to an electrochemical 
cell containing either CH3CN + 0.1 M TBAP or water + 
0.1 M LiClO4.  

In the first case, the cyclic voltammogram (CV) dis- 
played oxidation and reduction peaks at 590 and 340 mV 
(Figure 3(b)), respectively. In addition, the difference 
between the oxidation and reduction potentials, ΔEp = 
255 mV, showed that the process is irreversible and the 
ratio of anodic to cathodic peak currents (Ipc/Ipa = 1) 
corresponds to a one-electron process. These results can 
be attributed to the Cu2+/Cu+ redox couple incorporated 
(trapped or complexed) [22] into the BTA films.  

In the second case, similar observations to those of the 
first case were observed, but the two redox peaks shifted 
to more negative potentials, at 100 and −100 mV, respec- 
tively (Figure 4). Moreover, when the electroactivity of 
BTA thin-films after immersion in CuCl2 solution was 
tested in an aqueous solution of 0.1 M LiClO4, a drastic 
change in the CV features was observed. The related CV 
shows behaviour similar to that observed for CuCl2 in 
aqueous solution, consisting of electrochemically irre- 
versible redox peaks Cu2+/Cu+ at ca. +100 and −100 mV. 
It is interesting to note that these peaks shift to more 
negative potentials compared to that obtained in CH3CN 
and have good electrochemical stability under repetitive 
cyclic voltammetry. These results, in aqueous solution, 
imply that the BTA film-Cu2+ has rather good electro- 
chemical stability, is more electroactive and has high 
porosity, which is necessary to allow the oxidation-re- 
duction of Cu2+ complexing or trapping with BTA dimer 
films. 

A similar study was carried out by immersing BTA 
thin-films in an aqueous solution of CoCl2 or AgNO3. 
The redox properties of BTA thin-film-Co2+ or BTA 
thin-film-Ag+ in aqueous solution exhibit features similar 
to those observed for BTA thin-film-Cu2+ (data not 
shown), which confirms the presence of metallic ions in 
BTA thin-films [23-25].  

3.2.2. XPS Spectra Analysis 
To verify and confirm the presence of metal ions in the 
BTA thin-films, XPS measurements were carried out on 
the free BTA thin-film, BTA thin-film-Cu2+ and BTA- 
Cu2+ complex powder chemically prepared. 

The survey spectra of a BTA thin-film and after its 
immersion in a 0.1 M CuCl2 solution for 10 min are 
shown in Figure 5. All the expected elements such as C1s, 
O1s, S2p in the polymer film can be seen (Figure 5(a)). 
Additional peaks can be detected in BTA thin-film-Cu2+ 
at 935.2 and 955.0 eV corresponding to Cu 2p3/2 and 
2p1/2 (Figure 5(b)), respectively, which indicates that 
Cu2+ species present in the BTA-Cu2+ complex-modified 
surface. However, it is interesting to note that similar 
peaks at the same binding energies are observed in the  

 
 

Figure 3. Cyclic voltammogram of BTA-Cu2+ complex in 0.1 
M TBAP/CH3CN at a Pt electrode at 50 mV∙s−1. 
 

 
 

Figure 4. Cyclic voltammogram of BTA thin-film-Cu2+ in 
0.1 M LiClO4/H2O at 100 mV∙s−1. 
 
case of a BTA-Cu2+ complex powder. These results sug-
gest that Cu2+ is complexed by BTA thin-film. In addi-
tion, when comparing the binding energy (BE) values of 
the O1s in BTA and BTA film-Cu2+, we note that the 
oxygen BE is shifted about 0.8 eV (from 532.5 to 531.7 
eV) due to O-Cu bonding [26], resulting probably from 
the complexation of a -COO− functional group of BTA 
with Cu2+. This observation was confirmed below by IR 
spectroscopy.  

Similar XPS analysis were performed on BTA thin- 
film-Ag+, BTA thin-film-Co2+ and on the corresponding 
complexes under form of powders. These analyses reveal 
the presence of Ag+ and Co2+ in the BTA thin-films and 
powder complexes (data not shown). In our study, the 
detection of an O-Cu bond by XPS spectrum confirmed 
the formation of the BTA-Cu2+ complex [27]. 

3.2.3. IR Spectra 
IR measurements were performed on the ligand (BTA), 
BTA film-Cu2+ deposited on an ITO electrode and a  
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Figure 5. XPS survey spectra of: (a) BTA thin-film and (b) 
BTA thin-film after immersion in 0.1 M CuCl2 solution for 
5 min. 

BTA-Cu2+ powder. By comparing the IR frequencies of 
the free ligand with those of BTA film-Cu2+ and BTA- 
Cu2+ powder can be highlighted the formation of the 
complex (Figure 6). It is interesting to note that there are 
differences between the main characteristic absorp- tion 
peaks of these materials and that of the ligand. The 
strong band at 1673 cm−1corresponding to υ (C=O) 
stretching vibration of COOH in the free ligand (Figure 
6(a)) disappears and new very strong and sharp bands in 
the 1550 - 1510 and 1450 - 1400 cm−1 regions corre-
sponding to the asymmetric and symmetric vibrations of 
the -COO− group, respectively, appear in the BTA film- 
Cu2+ and BTA-Cu2+ powder (Figure 6(b)). These results 
clearly show COOH functional group deprotonation and 
coordination to a Cu2+ [28-30]. In addition, a broad, weak 
band at 3358 cm−1 observed in BTA film-Cu2+ and 

BTA-Cu2+ powder is attributed to υOH of the methanol or 
water involved in the BTA-Cu2+ structure [21,31,32]. 
The bands at 813 and 777 cm−1 are assigned to C-S bond 
vibrations. 

3.3. Electrocatalytic Behaviour of BTA  
Thin-Film-Metal Ion Complexes toward  
Ascorbic Acid  

Many compounds have been found to be active electron 
transfer mediators of the electocatalytic oxidation of 
ascorbic acid (AA) [13,33,34]. In our case also, the elec- 
trocatalytic behaviour of BTA thin-film modified by ion 
metals has been studied toward ascorbic acid oxidation in 
a 0.1 M phosphate buffer at pH 7.4.  

BTA thin-films were immersed for 10 min in various 
solutions containing CuCl2, CoCl2 and AgNO3; then the 
electrode was removed, rinsed with distilled water and  

 

 
Figure 6. FTIR spectra of: (a) BTA; (b) BTA-Cu2+ complex. 
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transferred to a freshly prepared ascorbic acid solution. 
Cyclic voltammetry was used to examine the electroacti- 
vity of BTA thin-film-metal ion complexes deposited on 
Pt electrodes. The cyclic voltammograms of 0.1 M phos- 
phate buffer containing 5 mM of AA clearly show (Fig- 
ure 7) that BTA thin-film-metal ion complexes present 
good electrocatalytic activity toward AA compared to 
that obtained on a free BTA thin-film.  

As shown in Figure 7, there is no peak corresponding 
to the oxidation of AA on a free BTA film (Figure 7(a)). 
However, irreversible oxidation peaks at ca. 126, 285 and 
306 mV were obtained on BTA thin-film-Cu2+, BTA 
thin-film-Ag+ and BTA thin-film-Co2+, respectively, cor- 
responding to AA oxidation. These results suggest that 
the metal ion plays an intermediate to transport the elec- 
tron transfer between AA and the BTA thin-film elec- 
trode. It should be noted that the oxidation peak current 
on BTA thin-film-Ag+ is approximately twice that on 
BTA thin-film-Cu2+ and BTA thin-film-Co2+. This find- 
ing reveals that the catalytic activity of Ag+ complexed 
with BTA thin-film is the best toward AA oxidation and 
BTA thin-film-Ag+ can be detected a very low concen- 
tration of AA in a solution (~1 µM). In contrast, the oxi- 
dation of AA on BTA thin-film-Cu2+ was shifted to nega- 
tive potential about 200 mV compared to that at BTA 
thin-film-Co2+. This result suggests that electron transfer 
between AA and BTA thin-film by the intermediary of 
Cu2+ is easier than that by Co2+. 

4. Conclusion  
In this work, we have prepared and characterized BTA 
films deposed electrochemically on Pt electrodes. We 
have shown that these films after immersing in metal ion 
 

 
Figure 7. Comparison of the CV responses for 5 mM AA in 
phosphate buffer solution (0.1 M PBS, pH 7.4) at various 
modified electrodes: (a) BTA thin-film; (b) BTA thin-film- 
Cu2+; (c) BTA thin-film-Ag+ and (d) BTA thin-film-Co2+; v 
= 100 mV∙s−1. 

solutions such as Cu2+, Ag+ or Co2+ had an electrocata-
lytic process for AA oxidation as analyte. This electro- 
catalytic activity toward such an analyte is particularly 
interesting owing to the fundamental importance for sev-
eral applications, especially in the pharmaceutical and 
food fields. Moreover, we have shown by spectroscopic 
techniques (IR, XPS) that BTA can form a complex with 
Cu2+, Ag+ or Co2+, and that these metallic ions remain in 
the film after its use as an electrode in the reaction of AA 
oxidation. These electrodes may be used as sensors for 
the detection of AA. 
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