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Abstract

The electroreduction of azo dye(D&C
orange No 4)was performed on
silver/quartz, and gold/quartz, and was
electrochemical  deposition  various
metals films (lead, zinc, copper, tin,
antimony,  cadmium, nickel) on
silver/quartz and gold/quartz substrates,
and was investigated by electrochemical
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quartz crystal microbalance (EQCM)
with AT-cut, 9 MHz quartz crystals. The
results demonstrated that the
electrocatalytic property of antimony is
the best than other metals. In addition,
atomic force microscopy, AFM) and
scanning electron microscopy, SEM)
images clearly showed the structure of
adsorbed D&C orange No 4 molecule
layers on metal modified silver/quartz
and  gold/quartz The
electrocatalysts of silver quartz crystal
based Sh-Cd , Sh-Zn and Sbh-Pb surface
alloy were prepared by codeposition and
the sensitivity of alloy is higher than Ag.
The order is Sb-Cd /Ag > Sb-Zn /Ag>
Sb-Pb /Ag >Ag.
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electrodes.

The name of the azo dyes because a
molecular group consisting of one or
more azo group (- N=N-) bridges linking
substituted aromatic structures. Today,
azo colorants account for more than

40 % of the world production of organic
colorants. There have been at least 3000
kinds of azo dyes used for various
purposes in the textiles, leathers, food,
pharmaceutical and cosmetic industries.
Although azo dyes with an in vitro
technique for the prediction of



percutaneous penetration/dermal
absorption were evaluated and shown to
have limited bioavailability [1]. When
azo dyes enter into the human body, they
split into corresponding aromatic amines
by liver enzymes and intestinal
microflora. Many aromatic amines are
mutagenic and/or carcinogenic [2-10].
Biodegradation of azo dyes is generally
by azo-bond reduction during anaerobic
digestion and generates aromatic amines
[11-12]. Azo dyes such as D&C Brown
No. 1, D&C Orange No. 4, D&C Red
No. 6, D&C Red No. 7, D&C Red No.
17, D&C Red No. 31, D&C Red No. 34,
D&C Red No. 36 have listed in
“Cosmetics Unmasked Ingredients”
there is a potential risk associated with
these ingredient. Some of azo dyes such
as Cl 12150, CI 20170, Cl 27290 and ClI
26100 can form carcinogenic amines
upon metabolism in the gut by the
SCCNFP (Scientific Committee
Cosmetic Non-Food Products), poses a
risk to the health of the consumer.

B3P eh

Methods for the quantitative detection
and characterization of azo dyes are
electronic spectroscopy [13], infrared
spectroscopy [14], mass spectroscopy
[15-16], gas chromatography/mass
spectroscopy [17], high-performance
liquid chromatography with UV-Vis
detector and mass detector [19-21], and
electrochemical methods [22-25].
Although, spectroscopy provides a rapid
analysis and mechanism elucidate such

as photodegration and biodegradation by
means of hydroxylation, oxidation and
hydrolysis. Solvent effects are
significant absorption due to the
conjugation between azobenzene and the
aromatic ring system. Thus, the
measurement azobenzene derivatives in
various solvent, is difficult selection.
Much of the previous MS work on
sulfonated azo dyes has focused on
screening procedures by detection of
structurally diagnostic fragmentions.
Since azo dyes are highly ionic materials
several sulfonic acid groups per
molecule. HPLC has been used for the
analysis of highly polar components. To
detect azo dyes in waste water and
animal skin carcinogenesis test, and
hence the need for trace analysis, has
encouraged the development of coupled
liguid chromatography methods with
several ionization techniques. Synthetic
azo dyes are soluble disodium salt and
/or calcium lake pigment. Non-volatile
salts are not compatible with MS
detection due to the deposition of salts in
the ion source, resulting in the
instrument failure. The aim of the
present study was to design a solid
electrode, such as Sh-Cd, Sb-Zn, Sh-Pb
surface alloy at gold or silver as the
working electrode, and to develop an
electrochemical analytical method
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Experimental
Materials and reagents

The sample of
A4-[(2-hydroxy-1-naphthyl)azo]
benzenesulfonic acid monosodium salt
(D&C orange No:4; CI:15510) was from
Sensient cosmetic technologies low.
Other chemical reagents used were of

analytical grade.
Apparatus
Electrochemical experiments were

made with an EG&G Princeton Applied
Research Model 394 Polarographic
Analyzer (Princeton, NJ, USA) or 263 A
potentiostat /galvanostat. The
electrochemical quartz crystal
microbalance (EQCM) system consisted
of a 263 A potentiostat /galvanostat,
which was coupled to a Seiko/ EG&G
model QCA 922 quartz crystal analyzer.
The QCM cell was manufactured in a
home- made and connected to QA-CL4
Well Type Quartz Crystal Holder



(Seiko).The crystal was mounted in the
holder and connected with the
QCA922-10 Adapter Cable. When
quartz crystal is immersed into the
solution, only one side of the crystal was
exposed to the electrolyte solution and
used as the sensing surface that enables
measurements of small changes in mass
and in viscosity of the liquid. The 9
MHz quartz crystal used for working
electrode substrate (geometric area is
0.196 cm?) was purchased from Seiko
Japan, which gold or silver 300 nm
sputtered onto a titanium layer (100
nm)on a quartz crystal. A platinum wire
counter and a Ag/AgCl reference
electrode (Model RE-1, BAS) completed
the electrochemical set-up.

Preparation working electrodes

Metals (lead, zinc, copper, tin,
antimony, cadmium and nickel) were
deposited potentiostatically onto the Ag
and Au electrodes of the quariz exposed
to 0.1 M acetate buffer, and the
resonance frequency of the quartz was
monitored. QCM crystals covered with a
thin layer of metals and were the
subsequent voltammetric studies. The
accumulation of D&C orange No 4 on
M/Ag quartz, or M/Au quartz was made
between 0.2 and — 1.0 V.

¥ fdm

D&C orange No 4 on Ag/quartz and
Au/quartz

Fig. 2(a), (b), (c) and (d) depicts the
cyclic voltammogram (CV) and
frequency shift (A f) of D&C orange No

4 (4.34x10" mole L") on a Ag (K.C.C),
Ag(Seiko) and Au(Seiko) quartz crystals
in the potential region between 0.2 and
-1.0 V, respectively. It can be seen in
Fig. 2 that frequency decreases during
the CV process, i.e., mass on the
electrode increases, which means D&C
orange No 4 is adsorbed on the electrode.
The sharp frequency shift and peak
current on a Ag(Seiko) is higher than the
other. CV obtained using the standard
addition method (the regression
equations used was y = 0.1222 x +
11.16; the correlation coefficient was r =
0.9998; andy = 0.1387 x + 16.37 r
=0.9990 for Au and Ag electrodes,
respectively) showed a well-defined
reduction peak. The calibration graphs
were linear for D&C orange No 4 over
the range of concentrations used (0.567 -
8.25 x 10 M), and a representative
CVs on a Ag electrode were shown in
Fig. 3. The adsorption of D&C orange
No 4 to Ag/QCM was also examined
using AFM (AFM, NanoMan
NS4+D3100) and shown in Fig. 4 a and
b. The azo dye absorption formed island
(b), rather than a film surface of uniform
thickness (a).

Surface alloy electrodes

Thin film of metals (Zn, Pb, Sb, Cu, Cd,
Sn and Ni) deposited on the silver and
gold electrodes, respectively. Fig.5 and 6
show frequency shifts data and CV
recorded at a Au and Ag - coated quartz
crystal electrodes as a function of
scanning potential in 0.1 M acetate



buffer solution. It is apparent from Fig. 5
and 6 the frequency responses change
significantly for Pb, Sb, Cd, and Zn
deposition on electrodes. These results
are in agreement with voltammetric
evidence, that the electrocatalytic
properties of Pb, Sb, Cd, and Zn are
superior to the other metals at Ag, Au
and graphite electrodes. For comparision
modified electrode substance, four
pictures of scanning electron microscope
(FE-SEM, JEOL: JSM- 7000) shown in
Fig.7 A, B and C. It is can be seen Sb
nanoparticles were distributed more
uniformly and apparent in Ag, Au and
graphite electrodes than the other metals,
respectively. The Zn particles (smaller
than 100 nm) were dispersed with very
slight aggregation, as seen in Fig.7C,
because of Zn weak absorption on the
surface graphite. However, the particles
of Sb on the surface graphite were
dispersed more aggregation than the
other metal on the surface graphite

The surface morphology of a
Zn/Ag/QCM and Sb/Ag/QCM
nanoparticle  hybrid  films  were
investigated by atomic force microscopy
that can provide molecular imaging. The
Fig. 8 a and 8b show AFM images of a
Zn/Ag/QCM and Sb/Ag/QCM,
respectively. The Sb diameter ( ~500
nm) on the Ag/QCM surface (Fig.8b) is
smaller than Zn ( ~600nm) on the
Ag/QCM (Fig.8a). To confirm the
electroanalytical  utility of Sb/Ag
nano-composite electrode, we studied

the electrochemical experiments the
antimony had diameters in the range 250
~500 nm, and in cyclic voltammograms.
It was found that Sh-Cd /Ag film gave a
better performance than Sh-Pb/Ag and
Sb-Zn/Ag, and were chosen for use in
the determination of azo dyes. The
calibration graphs were linear for D&C
orange No 4 over the range of
concentrations used (4.34 - 15.1x10™M),
and a representative CVs on a Sbh-Cd
/Ag alloy electrode were shown in Fig.9.
The sensitivity of Sb-Cd /Ag
alloy(y=0.4244x+0.077) is higher than
Ag (y = 0.1387 x + 16.37). The order is
Sh-Cd /Ag > Sh-Zn [Ag> Sb-Pb /Ag
>AQ.

Conclusions

The EQCM response from the cyclic
voltammogramms has been demonstrate
for seven underpotential deposition
(UDP)systems, i.e., Pb, Zn, Cu, Sn, Sb,
Cd , Ni and their alloys on Ag and Au
quartz crystal electrodes, respectively.
These electrodes were applied to absorb
process of azo dye D&C orange No 4
and used as a sensitive, dynamic,
piezoelectric sensor.
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Fig. 2 Potentiodynamic simultaneous recording of current and frequency of D&C
orange No 4 (4.34x10™ mole L™) on a (a) Ag(K.C.C.),(b) Au(Seiko), and (c)
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Fig. 6 Potentiodynamic simultaneous recording of current and frequency of metals on
a Ag surface (a) Cd /Au (b) Pb/Au(c) Zn/Au (d) Sb/Au alloy EQCM electrodes in 0.1
mole L™ acetate buffer solution, sweep rate at 25 mV/s.

Fig. 7 ASEM (at 10 kV) of metal particles distribution in the Ag surfaces: (a) Cd /Ag
(b) Pb/Ag(c) Zn/Ag (d) Sb/Ag alloy EQCM electrodes

Fig. 7 B SEM (at 10 kV) of metal particles distribution in the Au surfaces: (a) Cd /Au
(b) Pb/Au(c) Zn/Au (d) Sb/Au alloy EQCM electrodes
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Fig. 7 C SEM (at 10 kV) of metal particles distribution in the graphite surfaces: (a) Cd
/ graphite (b) Pb/ graphite (c) Zn/ graphite (d) Sb/ graphite electrodes
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Fig. 8 AFM 2D and 3D images of (a) Zn (1 mM)/Ag/QCM); (b) Sb(1
mM)/Ag/QCM).
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Fig. 9 Cyclic voltammograms of different concentrations at aSb-Cd/ Ag electrode and
related current-concentration curve: (a) 4.34 x10*: (b)8.25 x10™(c)1.51x10 (M in 0.1

mole L™ acetate buffer solution, sweep rate at 25 mV/s.
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