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Highly Activated Polyporous Silver Film: Preparation by Voltammetric
Etching with Chloride Ion Promotion and Electrochemical
Determination of Trichloroacetic Acid

CHU You-Qun WANG Ling-Qiao HUANG Zhang-Kao XU Ying-Hua ZHAO Feng-Ming*
(State Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology,
College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310032, China)

Abstract: A highly activated polyporous silver film was constructed on the outer ring of silver wire by voltammetric
etching using halogen anions. In particular, chloride ion etching can promote the formation of self-supported
porous channel structure on silver wire surface via microcell reactions. Appling a continuous positive potential to
the silver wire electrode contributes to form a thin film of AgCl. After electrochemical reduction, chloride ions are
stripped from AgCl and the AgCl spontaneously transformed to self-supported polyporous silver film. The as
prepared self-supported polyporous silver film electrode (p-Ag film) reveals substantial electrocatalytic activity for
the selective and sensitive sensing of trichloroacetic acid. The p-Ag film electrode displays 174 and 3.7 times
enhancement in electrochemical active surface area and the dechlorination reaction, relative to the pristine silver
wire electrode (r-Ag wire). The novel electrodes exhibited a low detection limit of 70 nmol - L™ (fitting correlation

coefficient R?=0.998 3) with the trichloroacetic acid concentration range of 0.1~518.1 pwmol-L™.
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0 Introduction

Trichloroacetic acid (TCA), a non-biodegradable
organohalide pollutant, can be found in drinking water,
swimming pool, agricultural and industrial waste water
since the addition of chlorine to water for chlorination
disinfection!™. Tt has been urgently appealed to make
site monitoring over the concentration of TCA due to
its carcinogenic and mutagenic effects™®. Electroanaly-
tical techniques coupled with modified electrodes
have the merits of rapid detection, low consumption
and on-site monitoring, which cannot be obtained by
other methods, such as chromatographic!, microextrac-

1. electrophoresis®. A great deal of efforts have

tion'®
been put into developing non-enzymatic electrochem-
ical sensors based on metal nano-modified electrodes
owing to its electrocatalytic ability, stability and relia-
bility, such as Pd/Fe™, AgPd™, Cu™, Au@Ag™, Agl'.
Among the developed metal nano-modified electrodes
for the determination of TCA, Liu et al. reported the
electrode by controlled electrodeposition of silver
nanoparticles on chitosan hydrogel film to detect TCA
with acceptable selectivity. Bashami et al."® fabricated
a highly conductive thin film composite using the
casting solution of malic acid functionalized silver

17]

nanoparticles as a precursor. Chen et al." proposed

the free-standing nanoporous silver by selective
dissolution of AugpAgss alloys while inert component
(Au) is dissolved. Although the above studies have
achieved good results, we noticed that all the prepared
electrocatalysts are coated on a glassy carbon
electrode by physical combination in experimental
methods. This is extremely worrying for their binding
force, fastness and repetitive. Once detached, the test
results were inaccurate. To our great pity, until now,
wires, rods, plates or other metal electrode did not be
directly used for TCA detection due to their low
electrocatalytic activity for electrochemical reduction.
It is an attention-worth problem that a surface activated
layer should be formed on the metal materials by the
surface activation technique so that it can be directly
used as TCA- sensing electrode.
self-supported metal

Recently, nanoporous

electrodes are becoming more and more attractive due
to the rich porous structure, high surface area and
excellent electrocatalytic performance!™". For instance,

Yuan et al.®?

prepared a series of freestanding 3D
nanoporous silver from silver metal sheet by electro-
chemical approach. The prepared electrode displayed
130 and 11.5 times enhancement in catalytic activity
for oxygen reduction and formaldehyde electro-
oxidation, relative to the flat silver electrode. Li et al.
aimed at exploring an approach to prepare the self-
supported nanoporous silver electrode, which showed
good catalytic activity for oxygen reduction and
electrochemically stability with methanol tolerance
property, compared to the pristine silver electrode. In
previous works of our team, many silver electrodes,
such as roughened silver-palladium™, silver disk™),

2728 and silver nano-

silver meshes®,, silver plates
particles™, were applied for electrochemical reduction
of halogenated organic compounds, showing excellent
electrocatalytic performance. In this work, we focus on
a voltammetric etching approach to spontaneously
produce the activated polyporous silver film on the
surface of silver wire. The influences of different
anions, such as HCO;, COs, SO, and Cl, were
investigated and chloride ions was considered as an
important factor to promote the spontaneous formation
of self-supported polyporous film on silver surface
through a micro-chemical reaction. A sensitive ampero-
metric sensor with highly activated polyporous silver

film electrode displayed low limit detection for TCA.
1 Experimental

1.1 Materials

Sliver wire (¢=0.5 mm) was derived from Tianjin
Incole Union Technology Co., Ltd. Trichloroacetic acid
(TCA) was 99% purity and purchased from Aladdin
Reagent Co., China. Sulfuric acid (HxS0,, 98%(w/w)),
(HNOs, 98% (w/w)) were obtained from
Xilong Scientific Co., Ltd, and sodium chloride (NaCl,
99.5%(wlw)) were bought from Shanghai No.4 Reagent
& H.V. Chemical Co., Ltd. Phosphate buffer solutions
(PBS) with pH =7.0 were prepared by mixing the
monopotassium phosphate (KH,PO,, 0.02 mol -1.™') and

nitric acid
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potassium hydroxide (KOH, 0.02 mol-L™).
1.2 Instrumentation

The morphology of silver electrode was examined
by high angle annular dark field scanning electron
microscopy (SEM) coupled with energy dispersive X-
ray spectrometer (EDX), using Cu Ko radiation at an
acceleration voltage of 15.0 kV. X-ray diffraction
(XRD) patterns were obtained using Netherlands
PNAlytical X'Pert PRO X-ray diffractometer equipped
with Cu Ka radiation (A=0.154 1 nm, 40 kV, 40 mA).
Samples were scanned from 10° to 110° at a step of
0.033°. The oxidation states of chemical species were
detected by X-ray photoelectron spectroscopy (XPS,
Kratos  Axis  Ultra  DLD)
monochromatized Al Ko operated at 300 W. The

using a focused
binding energies were referenced to the Cls line at
284.6 eV from adventitious carbon.
1.3 Preparation of activated self-supported

polyporous silver film

Silver wire was sonicated in acetone, and then
polished to a mirror finish using 1.0 mol +L™" nitric
acid. The polished silver wire was washed with
ethanol and deionized water water. The silver wire
after pretreatment was saved in the deoxygenated
anhydrous ethanol. Firstly, the silver wire (L=5.0 c¢m)
was fixed 1.0 em for etching, and the excess parts
were covered up. Then, the prepared silver wire was
synthesized in a 10 mL three-electrode cell, as the
(L=0.5 mm) as the
counter electrode and Ag/AgCl electrode as the

working electrode, platinum wire

reference electrode. The voltammetric etching was

controlled by electrochemical workstation (Ivium
potentiostat). The silver wire was carried out by
voltammetric scans in a range of —1.0 to 1.0 V,

L. After two cycles, the self-

scanning rate of 50 mV -s~
supported polyporous silver film electrode (p-Ag film)
was prepared.
1.4 Calculation of electrode roughness factor

The roughness factor is the actual electrochemical
surface area of the electrode measured relative to pure
metallic mercury per square centimeter. The roughness

factor (p) of silver electrodes was measured by small

amplitude potential step method. The definition of

roughness factor is as follows!"

REAY

P= AeCiA,
where i is the apparent current (mA); i.. is the steady
current after step (mA); ¢ is the second phase of the
current acquisition time (10 s); Ag is the step amplitude
(100 mV); Ap is the apparent area of the electrode
(1.57 em?; Cy is the double layer capacitor of pure
mercury (20 wF-cm™). The roughness of the silver wire
electrocdes were exposed through the electrochemical
detection methods of constant potential step in 1.0
mol - I TCA aqueous solution.

1.5 Electrochemical measurement

Electrochemical performance measurements of
trichloroacetic acid (TCA) was revealed in a potential
range of 0 to —1.2 V at a scan rate of 20 mV -s7,
using a three-electrode cell with the p-Ag film as
working electrodes, a platinum foil counter electrode,
and an Ag/AgCl reference electrode. The chronoam-
perometry was performed on a CHI600D potentiostat
at —0.6 V. The detection performance analysis was
conducted by different concentrations of TCA solutions
added to the Ny-satruated 0.02 mol L™ PBS (6 mL,
pH =7.0). The sensitivivity, stability, reproducibility
and anti-interfering activity of p-Ag film for electro-
chemical sensing TCA were also performed at —0.6 V.
2 Results and discussion
2.1 Influence of anions on the spontaneous

formation of polyporous silver film

A simple and fast method of voltammetric etching
was adopted to form a highly activated self-supporting
film on the surface of silver wire electrode. The anions
were inserted into the silver crystal lattice to control
the crystals to generate self-supported polyporous
silver film. Fig.1 shows the schematic of voltammetric
etching in different anions (R").

The pristine silver wire electrode (r-Ag wire) was
oxidized firstly to form the intermediate oxidation
silver state (o-Ag state) in the synergy of different
anions by voltammetric oxidation from 0 to 1.0 V.
Then, the voltammetric reduction was carried out to

fabricate the self-supported polyporous silver film
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Fig.1 Schematic of voltammetric etching in different anions (R), anions including HCO5~, COs*, NO;-, OH~, SO, F-, CI-, Br, I

electrode (p-Ag film) from 0 to —=1.0 V. The anions
included HCO;~, CO~, NO5-, OH-, SO/, I, Cl, Br,
[-. The activation of the silver wire electrode by
voltammetric  etching wusing different anions s
provided in Fig.S1 and Fig.S2 in the supporting
information.

The activation degree of different anions on the
surface of silver wire was analyzed by constant
potential step method in Fig.2. The p of the silver
electrodes after voltammetric etching was showed in
Table 1 (data from the Fig.2). The roughness factor of
the silver wire etched by chloride ion was 14.475 5
em?+em™. The values of other activated electrodes were
all less than 6 cm?-cm™ The results show the better
anion electrolytic etchant was chloridion. The
electrochemical performance of silver wire etched by
different anions was shown in Fig.S3. The silver wire
electrode etched by chloride ion has significant
current response towards 1.0 mmol L™ TCA. The
major detected compounds were chlorinated organics,
so the Cl™ activtion electrodes can be more beneficial.
Fig.S4 shows the constant potential step about the
surface roughness of the r-Ag wire. The p of the r-Ag
wire was calculated about 0.083 2 c¢cm?+cm™ from Fig.

S4. The p-Ag film by voltammetric etching containing

Table 1 Value of p calculated from Fig.2

Anion Integral area p ! (em*em™)
HCO5 17.946 5 5715 4
CO™ 184122 5.863 8
NO; 9.442 4 3.007 1
OH~ 4310 1 1.372 6
S0 2.873 6 0915 1
F 14.869 9 4.735 6
Ccl- 45453 1 14.475 5
Br 18.092 9 5.762 1
I 39390 1.254 5
r-Ag wire 0.261 3 0.083 2
30
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Fig.3  Activation of the silver wire electrodes by

voltammetric etching in 0.5 mol- L™ NaCl

with scan rate of 50 mV-s™
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chloride anion had the largest roughness, which was
about 174 times higher than that of the r-Ag wire.
Fig.3 shows the activation of the silver wire
electrode by voltammetric etching. The activate fluid
was a solution of 0.5 mol L™ NaCl and the activated
process was two cycles voltammetric etching from —1.0
to 1.0V (Fig.S5 and Fig.S6). The oxidation peak (Fo)
at 0.4 V was attributed to the oxidation of Ag+e™ —
Ag*, and then the chloridion was inserted into the silver
crystal lattice to obtain the AgCl crystals. The reduction
peak (Eg) at —0.4 V was attributed to the reduction of
AgCl-e- — Ag+Cl™. The cyclic voltammograms curves
(CVs) of the first and second voltammetric etching
were compared in Fig.3(a,b). It is obvious that the
oxidation capacity of the second cycle was stronger
than the first one. It is mainly caused by the smooth
surface of silver wire after pre-cleaned, leding to the
oxidation of silver element only existed in superficial
silver wire. The intermediate oxidation state of AgCl
soild covered the electrode, compelling chloride ion
difficult to infiltrate into the internal of silver wire.
After the first cycle, there are a large number of holes
in the surface of silver wire due to abscission of
chloridion. It is easier than the first cycle for
chloridion to insert into the silver crystal lattice as
result of the chloride ions permeate into the silver
wire electrode, meanwhile it makes the more silver
element oxidized to Ag* ion. It is better to select two

cycles voltammetry for electrochemical etching.

2.2 Characterization of polyporous silver film
Fig.4 shows the SEM images of the surface

structure about silver wire electrode before and after

(Fig.4a), the

(r-Ag wire) was

voltammetric etching. Before etching
surface of the pristine silver wire
smooth and the intermediate oxidation state (o-Ag
state) sticks to skin layer, generating the nanospheres
to pile up, and enhancing the roughness (Fig.4c). With
the reduction reaction of Ag* and the departure of CI7,
Fig.4b presents the porous structure to form the self-
(p-Ag film). Fig.4e shows

the secondary pores of p-Ag film gather in size from

supported polyporous film

0.2 to 0.6 wm. Fig.4d shows the cross section for p-Ag
film of the thickness was 8~9 pm.

Fig.5 shows the XRD patterns of pristine silver
wire (r-Ag wire), intermediate oxidation state (o-Ag
(p-Ag film). For the
r-Ag wire, the diffraction peaks at 20=38.2°, 44.3°,
64.5°, 77.4° and 81.6° can be indexed to the (111),
(200), (220), (311) and (222) crystal planes of metallic
AgP respectively. When the r-Ag wire was etched in

state) and polyporous silver film

the synergy of chloride anion, the o-Ag state exhibited
the distinct diffraction peaks at approximately 26 =
27.8°, 32.2° and 44.3°, which were attributed to the
(111), (200) and (220) crystal planes of AgCl™,
respectively. When the o-Ag state was electrochemical
reducted, the p-Ag film had the same XRD patterns as
that of the r-Ag wire. It indicates that the intermediate
state of silver wire formed Ag/AgCl crystals. Further,

Precentage / %

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Pore size / pm

Fig.4 SEM images of (a) r-Ag wire, (b) p-Ag film, (c) 0-Ag state and (d) cross section of p-Ag film;

(e) Size histograms of the secondary pores of p-Ag film
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Fig.5 XRD patterns of silver wire electrodes

the present of both Ag and Cl in the etching process
was confirmed by energy dispersive X-ray spectroscopy
(EDS) (Fig.S7), suggesting that the oxidited Ag was
present in its solid AgCl form. The EDS elemental
mapping of Ag and Cl was homogeneously distributed
throughout the Ag network® wherein the semi-
(Table S1) shows that the molar

radio between Ag and Cl was about 3.4. The data is

quantitative analysis

beneficial attest that the oxidation state of sliver
element was AgClL.
surface  elemental

To further confirm the

composition and chemical state of the prepared p-Ag
(Fig.6). The survey XPS

spectrum reveals that the surface of p-Ag film was

film, XPS was carried out

composed of Ag, Cl and O element, which agrees with
EDS and XRD measurement. Table S2 shows the atom
ratio about the electrochemical etching of Cl to Ag
was approximately 1:1. The high-resolution XPS spectra

of Ag3d of r-Ag wire and p-Ag film in Fig.6b shows
that the characteristic peak of Ag3ds, and Ag3ds, were
368.2 and 3742 eV,
According to the literature™®, the peak of the r-Ag
wire and p-Ag film at 368.2 and 374.2 eV can be
attributed to the Ag species. The peak of o-Ag state in

centered at respectively.

Fig.6b2 shows the characteristic peak of Ag3ds, and
Ag3dsy, at 367.1 and 373.1 eV, respectively. The peak
of the o-Ag state at 367.1 and 373.1 eV can be
assigned to the Ag * species of AgCl. From the
literatures™*' the two peaks at the binding energies
of 199.1 and 197.5 eV can be ascribed to Cl2p,;, and
Cl2py, in Fig.6¢2. It provides the favorable evidence
that the o-Ag state is AgCl crystale during the electro-
chemical etching process.

The activation mechanism of silver wire electrodes
is reflected in Fig.7. The r-Ag wire was immersed in
0.5 mol -L.™" NaCl solution. It is Ag element around
the face of r-Ag wire transformed into Ag* ion. Because
a lot of the chloridion are permeaed into the silver
crystal lattice, Ag* and Cl~ are combined rapidly into
AgCl crystals on the surface layer of silver wire
electrodes. There is a stratum AgCl oxidation film to
wrap the silver wire electrodes. The response equation
1s:

Ag-e+Cl- — AgCl 1)

Then, also in the 0.5 mol-L™" NaCl solution, the
AgCl crystals are destroyed for the absence of Cl™ ion.

(a3) p-Ag film (b3) p-Ag film 120 (c3) Cl2p,, p-Ag film
Ag3d 100 Clp,,
Cl2p  Ols 80k
1y e
1
- 60
¥ A A
(a2) ) 0 0-Ag state 51200k (€2) Cl2p,, 0-Ag state
| 1 <
i I 2 800} Cl2py,
D] v 2
1 2
Gl \* E 400F-
- ! r-Ag wire r-Ag wire
@ ;| 800 (c1) Clp,,
E ili // Cl2p,,
700+ )
| A
v
V‘Jh B 600} /\_//y\
0 600 1200 365 370 196 198 200
Binding energy / eV Binding energy / eV Binding energy / eV

Fig.6  (a) XPS spectra of silver wire; High-resolution XPS spectra of (b) Ag3d and (c) Cl12p of silver wire
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Fig.7 Schematic showing the steps involved in the ion transfer of the voltammetric etching silver wire electrode

The Ag* ion is restored into Ag element, adhered to
the surface of electrode. The reduced equation is:
AgCl+e” — Ag+Cl™ (2)
The Ag elements attach to the surface of the
activated silver wire electrode after voltammetric
etching shows porous structure. The roughness of p-Ag
film is larger than the r-Ag wire.
2.3 Electrochemical behavior of the p-Ag film
The electrochemical behaviors of r-Ag wire and
p-Ag film were examined by cyclic voltammograms in
1.0 mmol - L™ TCA and 60 mL PBS with pH=7.0. Fig.
8a shows the CVs of r-Ag wire and p-Ag film in the
PBS. The electrochemical performance of r-Ag wire
electrode in PBS displays only one observable peak.
The p-Ag film electrode obviously exhibited three
distinct reduction peaks for detecting TCA. The
results indicate that activated elemental silver on the
the TCA
molecule in solution. Fig.8b shows the CVs of p-Ag

electrodes surface can easily capture

film with 1.0 mmol -L. " trichloroacetic acid (TCA),
dichloroacetic acid (DCA), or monochloroacetic acid
(MCA). The peak of MCA showed one reduction
potential at about —0.85 V, the peaks of DCA showed
two reduction potential at about —0.85 and -0.45 V,
and the peaks of TCA three reduction
potential at about —0.85, —0.45, and —-0.25 V.

The reduction of TCA involves three Cl atoms in

showed

the TCA molecule dechlorination reaction route, which
can be confirmed from three reduction peaks in the
Fig.8b. The first reduction peak nearby -0.25 V

indicates the first Cl atom in the TCA in the reaction
6]

equation!'®:
o
Cl Cl
\ )|\ noo N\
Cl H
The second reduction peak around -0.45V

demonstrates the second Cl atom in the TCA in the

reaction equation:

ok (a) of (b)
Blank system

20 =20

g 40 < -40r

2 o £ -60}
E £
3 3

© ol © 80

-100 F -100 -

\ -
-1.0 -08 -06 -04 -02 0.0 -1.0 -08 -06 -04 -02 0.0
Potential / V (vs Ag/AgCl) Potential / V (vs Ag/AgCl)
Fig.8 (a) CVs of r-Ag wire and p-Ag film in 1.0 mmol-L™* TCA and pH=7 PBS at 20 mV-s™;

(b) CVs of p-Ag film in 1.0 mmol-L" MCA, DCA and TCA at 20 mV-s™
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The third reduction peak beside -0.85 V

represents the third Cl atom in the TCA in the

reaction equation:

a 9 H
N HO* N\ |
H H

Fig.9 shows the cyclic voltammetry of TCA in the

concentration range from 0.2 to 5.0 mmol - L~ With

oF

=
-100

Current / pA
N
S
=

-300

400+ 5.0 mmol-L™!

-ll.O -0l.8 -OI.6 -0|.4 -OI‘2 OI.O
Potential / V (vs Ag/AgCl)

Crex=0.2, 04, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.4, 2.6,

2.8, 3.0, 3.2, 34, 3.6, 3.8, 4.0, 4.2, 44, 4.6, 4.8, 5.0 mmol - L7';

Scan rate: 20 mV -s™

Fig.9 CVs of p-Ag film in the successive addition of

different concentrations of TCA

the increasing of TCA concentration, the reduction
peak currents increased from -100 to =500 A,
nevertheless the reduction peak potential at —0.85 V
deviated to —0.95 V. It indicates that the carboxylic

group of TCA may interact with the silver element,
which leads to a negative shift in potential.
2.4 Amperometric detection of trichloroacetic

acid

Fig.S9 exhibits the amperometric responses of p-
Ag film at different potentials. The amperometry
responses of 10 wmol - L™ TCA at -0.6 V were greater
than the other potentials from -0.1 to —0.5 V. The
amperometric -t curves were performed with the
successive addition of TCA into a stirring electro-
chemical cell containing 6 mL. PBS (0.02 mol-L7,
pH=7.0) at an optimized potential of =0.6 V (Fig.10a).
The current response of TCA attained a stable state
within 3 s as a result of the excellent electrocatalytic
activity of polyporous structure. Fig.10b presents the
linear fitting relationships between the current
responses. The linear regression equations of p-Ag
1=0.182 6C,+2.820 8 (fitting correlation
coefficient R?=0.998 3), where i (0.1~518.1 pwmol-L™)
is the current and Cr, is the concentration of TCA.
(LOD) is determined using the

equation LOD=3S;/b, where b is the slope of the

film was

The limit of detection

calibration curve and Sy is the standard deviation of
the blank solution. The LOD (S/N=3) of p-Ag film sensor
was calculated to be 70 nmol - L™, Table 2 shows the
modified

demonstrate that p-Ag film provides a facile but

electrodes in the references. The results
effective electrochemical sensor to detect TCA.

Fig.11 shows the effects of interferents such as
glucose, citric acid, ascorbic acid, acetic acid, and
NaCl at -0.6 V on TCA. It can

be seen, adding

120
(a) =l 100t (b)
100F
80}
< 80| <
= 60} = %0
o =]
= £
= - .
O 40} 340 i=0.182 6C,,+2.820 8
R=0.998 3
20f 20}
or ok
0 300 800 1200 1600 0 100 200 300 400 500 600
Time /s Concentration / (umol-L")

Fig.10

(a) Amperometry responses of p-Ag film sensor at 0.6 V with successive addition of TCA in PBS

(pH=7.0, Cyc, was from 0.1 to 518.1 wmol-L™Y); (b) Plot of i vs Cyey



interferents did not show any signification response.
The results indicate that the p-Ag film have an
detection of TCA. The
reproducibility of the p-Ag film was researched by

excellent selectivity for
chronoamperometry at —-0.6 V with adding 0.5 and
10.0 pmol-L™" TCA for 5 times (Fig.S10). The relative
(RSD) was 4.5% and 9.5% ,
declaring the good reproducibility. Furthermore, the p-

standard deviation

Ag film sensor has also good stability with detection
(Fig.S11). of

performance The properties same
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Table 2 Comparison of different electrodes for TCA determination
. Linear range / LOD / o Stability / Long-term
Modified electrode Reproducibility o Reference
(pmol - L") (pmol - L") % stability
Tonic liquid-functionalized 819
graphene-AgPd alloy nanoparticle 0.5~50 0.2 ; ’ :7 72 89.6%, 21 days [11]
cycles
composite !
Hemoglobin on the core-shell
0.16~1.7 0.12 — 42 95%, 7 days [13]
Au@Ag nanorod
Silver nanoparticle coated
) 5.0~120 1.9 — <7 93%, 15 days [14]
multi-walled carbon nanotubes
A highly conductive thin film
0.1~2.0 0.03
composite based on silver nanoparticles 3.90% <5 95%, 30 days [16]
4.0~100 0.079
and malic acid
Free-standing
i 2 500~25 000 25.4 — — — [17]
nanoporous silver
Hemoglobin was immobilized on
the surface of carbon ionic liquid 2.8%+0.03%,
500~16 000 167 — 96.8%, 14 days [42]
electrode with chitosan and MnO, 6 cycles
nanoparticle composite materials
Titanate nanotubes were self-assembled 378
on the chitosan and the model 0.015~1 500 — 6.31%. 6 cycles 3.04 89.3%, 14 days [43]
electrochemical probe is thionine '
p-Ag film 0.1~400 0.072 1.4%, 5 cycles 222 74.4%, 14 days This work
sl (a) TCA (b) TCA
165 TCA
ascorbic acid
6F glucose uel 12F
é TCA  [citric acid e E‘ NaCl
- -
g 4} 2 8k TCA acetic acid
£ £} .
O O ascorbic acid
)| 4+ citric acid
glucose
1 1 1 1 1 1 0 i 1 1 1 1
0 0 100 200 300 400 500 400 600 800 1000 1200
Time /s Time /s
Fig.11 Amperometry responses of the p-Ag film with different interferents at 0.6 V

electrode maintained above 90% after five tests.

Furthermore, the analysis data of two identical
polyporous electrodes at different times for detecting
TCA were summarized. The data show that the p-Ag
film electrode could maintain 89.4% and 91.2% after
two weeks (Fig.S12). It implies that the silver wire
electrode after voltammetric etching by Cl™ ion demon-
strated an acceptable stability. It may be because the
activated Ag element was not easy to fall off the

surface of silver electrodes after the Cl~ ion voltam-
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metric etching. However, it is important to realize that 126-132

the p-Ag film must be kept in the absence of oxygen.
3 Conclusions

In  summary, the activated self-supported

polyporous silver film electrode (p-Ag film) was
successfully fabricated by a simple voltametric etching
and successfully applied in nonenzymatic electro-
chemical determination of TCA. The selection of
anions was critical for voltametric etching. The p-Ag
film can be obtained in electrolytic etchant containing
chlorine than the other anions for detecting TCA. In
comparison to the r-Ag wire, the p-Ag film had the
greater roughness and displayed the more excellent
electrochemical performance of TCA. The fabricated
p-Ag film showed high reproducibility, repetition,
sensitivity, and long-stability, making it effective as an
electrode for determination of TCA. The amperometric
characterization confirms that the linearity of the
developed non-enzymatic electrochemical sensor for
detection of TCA from 0.1~518.1 wmol L™ and the
detection limit can reach 70 nmol - L™ (S/N=3).
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