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Abstract A novel and reliable direct electrochemical meth-
od was established for the detection of adenine, based on the
differential pulse anodic stripping response at a poly
(amidosulfonic acid) (poly-ASA)-modified glassy carbon
electrode (GCE) fabricated by electropolymerization. The
characterization of electrochemically synthesized poly-ASA
film was investigated by atomic force microscopy, electro-
chemical impedance spectroscopy, and voltammetric meth-
ods. This poly-ASA-modified GCE could greatly enhance
the detection sensitivity of adenine. At optimum conditions,
the anodic peak exhibits a good linear concentration
dependence in the range from 3.0×10−8 to 1.0×10−6 M
(r=0.9994). The detection limit is 8.0×10−9 M (S/N=3). The
proposed method could be used to determinate the adenine in
tablets of vitamin B4 with satisfactory results.
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Introduction

Deoxyribonucleic acid (DNA) is a kind of important
substance in living organisms. Adenine is an integral part
found in DNA. Determining its concentration in DNA is

important to the measurement of nucleic acid concentration
itself. Nucleic acid plays a crucial role in the storage of
genetic information and protein biosynthesis. Indeed, the
presence of nucleic acid component in physiological fluids,
tissues, and cells is related to the catabolism of nucleic
acids, enzymatic degradation of tissues, dietary habits, and
various salvage pathways [1, 2]. Therefore, the quantitative
determination of adenine is a challenging and important
task owing to the fact that it can be an indicator of
important information on certain disease [3] and genetic
diagnosis [4]. At present, a variety of analytical methods
have been already developed for the detection and
quantification of adenine in nucleic acids, which include
high-performance liquid chromatography [2, 5–7], capillary
electrophoresis [8–13], micellar electrokinetic chromatog-
raphy [14], and chemiluminescence [3]. All the above
methods require trained personnel and a well-equipped
laboratory for their implementation. Therefore, there is a
need for simple, inexpensive assays capable of measuring
adenine. Recently, direct electrochemistry of DNA has
attracted much attention among analytical chemist. Com-
pared to the above methods, the electrochemical technique
is practically suited for the analysis of adenine due to its
high sensitivity and selectivity, fast response, inherent
simplicity, and low cost. To date, many electrochemical
protocols have been developed for the determination of the
concentration of adenine [1, 15–21]. For example, Chen et
al. reported the use of electrochemically pretreated glassy
carbon electrode (GCE) for the simultaneous determination
of adenine and guanine [1]. Farias et al. determine
ultratrace adenine by adsorptive stripping voltammetry at
a static mercury drop electrode [18]. Wang et al. reported
the simultaneous determination of adenine and guanine
using a β-cyclodextrin-incorporated carbon nanotubes-
modified electrode [17]. However, it is still essential to
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develop a new and reliable method with high efficiency
and convenience for the determination of adenine. To our
knowledge, the direct electrochemical measurement of
adenine at the poly(amidosulfonic acid) (poly-ASA)-
modified electrode has not been reported.

Because of its enhanced sensitivity behavior, good electro-
catalysis, and stability, polymeric film-modified electrodes
have been widely used to construct biosensors [22–26], but
have been little used for the direct determination of adenine.
In this work, we present a sensitive voltammetric approach
for the detection of adenine utilizing poly(amidosulfonic
acid)-covered glassy carbon electrode (poly-ASA-GCE). The
poly-ASA-modified GCE has the advantage of good affinity
from PASA for adenine, and based on this, the electrochem-
ical behavior of adenine on poly-ASA-modified GCE was
studied. It was shown that the current peak of the oxidation
of adenine could be enhanced in magnitude, and therefore, a
simple, reliable, inexpensive, and sensitive electrochemical
method was developed to determine trace level of adenine.
And the poly-ASA-modified GCE exhibited good stability
and reproducibility. The poly-ASA-modified GCE could
have a significant attraction in biological and chemical
researches.

Experiment

Adenine were purchased from Sigma and the stock solution
of 1.0×10−2 M adenine was prepared by directly dissolving
it in double-distilled water and then storing in a refrigerator
at 4 °C. Amidosulfonic acid was obtained from Sinopharm
Chemical Reagent Company (China). All other reagents
(such as K3Fe(CN)6, K4Fe(CN)6, KCl, acetone, NaH2PO4,
Na2HPO4, H3PO4, and NaOH) were purchased from
Shanghai Chemical Reagents Company (China). All
reagents were of analytical grade and used without any
further purification. The double-distilled water was used for
all experiments.

Electrochemical measurements were performed on a
CHI 660A Electrochemical Workstation (CH Instruments,
USA). A conventional three-electrode system was used
throughout the experiments. The working electrode was a
bare or poly-ASA-modified GCE (3.0 mm in diameter); the
auxiliary electrode was a platinum wire and a saturated
calomel electrode was used as the reference. All potentials
in this paper refer to this reference electrode. Cyclic
voltammetric experiments were carried out with a scan rate
of 100 mV s−1, unless otherwise stated.

Atomic force microscopy (AFM) images of the films
were collected on a multimode Nanoscope III (a) scanning
probe microscopy (Veeco Company, USA) in the tapping
mode. A microfabricated silicon cantilever with a bending
spring constant of 20–80 N m−1 and a resonance frequency

of 229–287 kHz was used to collect the images at a scan
rate of 1.0 Hz in air.

Electrochemical impedance spectroscopy (EIS) was
performed in 1.0 mM K3Fe(CN)6/K4Fe(CN)6 (1/1) mixture
with 0.10 M KCl as supporting electrolyte, using an
alternating current voltage of 5 mV within the frequency
range of 0.1–106 Hz by Autolab Electrochemistry Instru-
ments (Autolab, Eco Chemie, The Netherlands).

Prior to modification of poly-ASA, a bare GCE was
polished successively with 0.3 and 0.05 μm Al2O3 slurry
on silk. Then, it was rinsed with double-distilled water and
sonicated subsequently in a 1:1 aqueous HNO3 solution
(volume ratio of water to HNO3=1:1), acetone, and double-
distilled water. After being cleaned, the electrode was
immersed in pH 7.0 phosphate buffer solution (PBS) and
was activated by cyclic potential scanning from −1.2 to
1.2 V at 100 mV s−1 for 20 cycles.

Electrochemical modification of the activated GCE was
performed using cyclic voltammetry in PBS (pH 7.0)
containing 2.0 mM amidosulfonic acid in a potential range
of −1.5 to +2.5 V at a scan rate of 100 mV s−1 for 15 cyclic
times. After the electropolymerization, the modified elec-
trode was rinsed thoroughly with distilled water for further
application.

Twenty tablets, each containing 10.0 mg/tablet adenine,
were accurately weighed and finely powdered, respectively.
To the accurately weighed amount of powder equivalent to
approximately 70 mg of vitamin B4, 50 mL of 0.01 M HCl
was added. The mixture was shaken for 20 min and filtered
into a 100-mL volumetric flask. The residue was washed
several times with 0.01 M HCl and the solution was diluted
to the mark.

Results and discussion

Fabrication of poly-ASA-modified GCE

Voltammograms of 2.0 mM amidosulfonic acid in 0.1 M
PBS (pH 7.0) at the GCE are shown in Fig. 1. In the first
scan, cathodic peak 1 was observed with a peak potential
value at about −0.72 V. With a continuous increase of the
number of cycles, anodic peaks 2 and 3 appeared at
potentials of +0.05 and +1.46 V, respectively. Then, larger
peaks were observed upon further potential cycling and
trended to be stable after ten cycles, reflecting the
continuous growth of the polymer film and the saturation
of polymerization. These facts implied that poly-ASA
membrane was deposited on the surface of GCE by
electropolymerization. A homogeneous blue–black polymer
film was formed on the GCE surface. After electropolyme-
rization, the modified electrode was carefully rinsed with
double-distilled water and then kept in pH 7.0 PBS.
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The formation and morphology of the poly-ASA film
obtained on the GCE was characterized using AFM in air
(Fig. 2). The AFM images showed that the bare GCE
surface was relative smooth. After modification with poly-
ASA, the surface morphology became very rough. This
result demonstrated that poly-ASA film with mesoporous
morphology was deposited on the GCE surface.

Impedance characterization of the poly-ASA film-modified
GCE and its electrochemical properties

The poly-ASA film-modified GCE was characterized by
EIS (shown in Fig. 3a). From Fig. 3a, we can see that the
redox process of the [Fe(CN)6]

3−/[Fe(CN)6]
4− ions

showed an electron transfer resistance of about 87 Ω
(Fig. 3a, curve a) at a bare GCE. When a bare GCE
was electropolymerized with ASA for different cyclic
times, the electron transfer resistance increased signifi-

Fig. 2 AFM images of a bare
GCE (a) and a poly-ASA film-
modified GCE with 15 cyclic
times surface (b)
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cantly for the first ten cycles (Rct=3,595 Ω), then did not
increase with the electropolymerization times (Fig. 3a,
curve d–h). The surface coverage (θ) of poly-ASA film on
a bare GCE can be evaluated from the EIS according to
the equation [27, 28]:

q ¼ 1� RBare
ct

.
RPoly�ASA
ct ð1Þ

where RBare
ct denotes the charge transfer resistance of bare

GCE, RPoly�ASA
ct is the corresponding resistance of the

modified GCE by poly-ASA film with difference
electropolymerization cyclic times. Figure 3b shows the
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poly-ASA film surface coverage (θ) on bare GCE. It is
evident that a saturated monolayer of poly-ASA film on
the bare GCE surface was already formed after electro-
polymerization for ten cyclic times; then, the surface
coverage (θ) did not change with the increase of cyclic
times.

Figure 4a shows the cyclic voltammograms of the poly-
ASA film-modified GCE in 0.05 M H2SO4 solution at
different scan rates ranging from 10 to 300 mV·s−1. It can be
seen that a well-defined redox couple appears and the peak
current increases with increasing the scan rate. As shown in
Fig. 4b, the anodic peak current (Ipa) is linearly dependent of
the scan rate (v) with the equation: Ipa (μA)=−0.048v+0.27
(r=0.9995), and the ratio of anodic peak current to the
cathodic peak current (Ipa/Ipc) was almost equal to unity.
The above results suggest that the electrochemical re-
sponse of the poly-ASA-modified GCE corresponding to a
surface-controlled process is reversible. The separation of
the peak potentials (ΔEp = Epa − Epc) is 32 mV. Based on
the formula (ΔEp is close to 2:3RT

nF or 59/n mV at 25 °C)
[29], the number of electrons involved in the electrochem-
ical process is two. Thus, the surface concentration of
electroactive species (Γ) of the poly-ASA film could be
evaluated according to the equation [30, 31]:

ip ¼ n2F2 AΓn
4RT

ð2Þ

where n represents the number of electrons involved in the
reaction, A is the geometric surface area (0.0225 cm2) of
the electrode, Γ (mol cm−2) represents the surface
coverage, v is the scan rate, R, T, and F denote as usual
for the gas constant, the temperature, and the Faraday
constant, respectively. From the slope (0.048; Fig. 4b) of

the anodic peak current versus the scan rate, the surface
concentration of poly-ASA was calculated to be 5.68×
10−10 mol cm−2, which further confirms the immobilized
state of the poly-ASA.

Electrochemical behaviors of adenine
at poly-ASA-modified GCE

The cyclic voltammograms of 1.0×10−4 M adenine at a
bare GCE (curve c) and a poly-ASA-modified GCE (curve
b) in 0.1 M PBS (pH 4.0) are shown in Fig. 5. At poly-
ASA-modified GCE, adenine exhibits a well-defined
oxidation peak at about +1.2 V, while the peak current
signal at the bare GCE is poor. This result is that, in ASA,
there are electron-rich N atoms and high electron density of
the sulfonic group, hence, the poly-ASA film is negatively
charged in the condition of 0.1 M PBS (pH 4.0), while
adenine is positively charged, which resulted in the adenine
adsorbed from the bulk solution on the surface of poly-
ASA-modified GCE by the electrostatic interactions. The
peak potential of adenine at poly-ASA-modified GCE is
almost same as that obtained at bare GCE. No reduction
peak was observed on the cathodic scan, which indicated
that the oxidation of adenine on poly-ASA-modified GCE
is an electrochemically irreversible process.

The influences of scan rate and pH on the oxidation
of adenine at the poly-ASA-modified GCE

The cyclic voltammograms of 1×10−4 M adenine in
0.1 M PBS (pH 4.0) at different scan rates are shown in
Fig. 6a. The peak current increases with increasing the
scan rate, while the peak potential shifts to a more positive
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value. As shown in Fig. 6b, the peak current of adenine is
directly proportional to the scan rate (v) in the range of
10–200 mV s−1 (Ipa=0.267v+4.074, r=0.9996). These
results demonstrate that the electrode process was con-
trolled by reactant adsorption and the electron transfer
kinetics [1, 16].

The effect of solution pH (2.0–8.0) on the electrochemical
responses of the poly-ASA-modified GCE toward the
determination of adenine was studied. As shown in Fig. 7a
and b, the anodic peak current of adenine reached the
maximum at pH 4.0, then, the peak current decreased with
the increase of solution pH. The pH dependence of oxidation
peak potential of adenine is shown in Fig. 7c and obeys the
equation, Ep=1.427−0.061pH (r=0.9994), respectively. The
oxidation of adenine at solid electrode is expected to follow a
three-step mechanism involving the total loss of six electrons
(shown in Scheme 1) and the first two-electron oxidation is a
rate-determining step [1, 16, 17, 32].

The effect of accumulation potential and time on the current
responses of adenine

The effects of accumulation potentials and accumulation
time on the anodic stripping peak current responses of
adenine were investigated. Figure 8a depicts the effect of
accumulation potential on the anodic stripping peak
currents after 300 s of accumulation time. It was found
that the current–accumulation potential curve slightly
increases from +0.4 to +0.8 V. As the accumulation
potential shifted more positively, the current decreased.
Thus, +0.8 V was elected as the optimal accumulation
potential.

At the same time, the study of the accumulation time
was also carried out at the potential of +0.8 V. From
Fig. 8b, it can be seen that the anodic stripping peak current
of 1.0×10−7 M adenine increases gradually with increasing
accumulation time, whereas the peak current hardly
changes as the accumulation time further increased. Here,
the accumulation time of 300 s was selected.

Determination of adenine

Under the optimum experiment conditions, the calibration
plot for adenine detection in 0.1 M PBS (pH 4.0) was
carried out by differential pulse voltammetry (DPV). As
shown in Fig. 9, the electrochemical response of adenine
increased linearly with the increase of the adenine concen-
tration in the range of 0.030–1.0 μM. The linear regression
equation was expressed as: Ipa (μA)=−0.42+30.81C (μM)
with a correlation coefficient of r=0.9994. And the
detection limit (S/N=3) is 8.0×10−9 M.

The interference of foreign substances were investigated
by analyzing a standard solution of 0.10 μM adenine into
which increasing amounts of interfering analyte was added.
If the tolerance limit was taken as the maximum concen-
tration of the foreign substances (approximately 5% relative
error), Na+ (1,000 μM), glucose (1,000 μM), carbamide
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Fig. 10 Repeatability at the identical surface of poly-ASA-modified
electrode in 0.1 M PBS (pH 4.0). The numbers represent the times of
successive measurement, which is 20. Adenine concentration=0.10 μM;
accumulation time=300 s; accumulation potential=+0.8 V

Table 1 Recovery test of adenine in tablet (n=5)

Sample Added
(×10−8 M)

Found
(×10−8 M)

Recovery (%) RSD (%)

Adenine 0.00 3.81 / 3.8
3.00 6.93 104.00 4.2

10.00 13.79 99.80 4.1
30.00 34.48 102.23 3.9
50.00 52.42 97.22 4.5
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(800 μM), ascorbic acid (800 μM), Ca2+ (300 μM), Mg2+

(300 μM), Cu2+ (250 μM), cucitric acid (200 μM),
dopamine (100 μM), lysine (50 μM), and cysteine
(50 μM) did not affect the determination of adenine.

Reproducibility and stability

The repeatability was also evaluated by successively
measuring the same 0.1 μM adenine for 20 times at the
identical surface of poly-ASA-modified GCE and there was
no electrode regeneration procedure necessary to apply
between successive measurements. The average currents
were 2.38 μAwith the relative standard deviation (RSD) of
4.3% (shown in Fig. 10). Additionally, the reproducibility
between multiple electrode preparations (n=10) was esti-
mated by comparing the oxidation peak current of 0.10 M
adenine and the average peak current was 2.32 μAwith the
RSD of 4.6%. The results indicated that the poly-ASA-
modified film can prevent the adsorption of adenine and
adenine oxidation products at the electrode surface which is
observed at bare carbon electrodes, and the modified
electrode has a good reproducibility.

The stability of the poly-ASA-modified electrode was
investigated over a 2-week period. When the poly-ASA-
modified electrode was stored in 0.1 M PBS (pH 7.0) at 4 °C
in a refrigerator and was periodically removed from storage
to measure the current response of 0.10 μM adenine, the
anodic peak currents lost only 5.1% of the initial response
after 2 weeks. It manifested that the poly-ASA-modified
electrode showed good stability.

Analytical application

The above-presented method was applied to the determi-
nation of adenine in tablets of vitamin B4, which were
prepared as described in the experimental section. The
tablet samples of vitamin B4 were diluted appropriately for
determining and were analyzed by the standard addition
method. The analytical result (10.29 mg/tablet) was in
good agreement with the value indicated in the instruction
booklet. Based on the above-presented method of mea-
suring adenine by poly-ASA-modified GCE, the recovery
of adenine for tablets was listed in Table 1. The
satisfactory results showed that the above-presented
method can be used to determine concentration of adenine
in commercial tablets.

Conclusions

In this work, we reported a novel method for the
determination of adenine at low level by DPV at the poly-
ASA-modified GCE prepared by electropolymerization

method. The experimental results suggest that the poly-
ASA film can enhance the sensitivity for determining
adenine. In differential pulse voltammetric determination,
the detection limit was evaluated to be 1.0×10−7 M. And
the proposed method could be applied to the detection of
adenine in pharmaceutical formulations. In addition, after
successive measurements, the modified electrode shows a
stable response without fouling of the electrode surface by
the adsorption of the oxidized product of adenine. The
coexistence of other substances does not affect the property
of the poly-ASA-modified GCE and the determination of
adenine. The present new method for the determination of
adenine proposed an excellent platform for expending the
application of the polymer film in electrochemical field.

Acknowledgement This project was financially supported by the
National Natural Science Foundation (no. 20675071) of China.

References

1. Wang HS, Ju HX, Chen HY (2002) Anal Chim Acta 461:243,
doi:10.1016/S0003-2670(02)00297-0

2. Sheng RS, Ni F, Cotton TM (1991) Anal Chem 63:437, doi:10.
1021/ac00005a010

3. Liu EB, Xue BC (2006) J Pharm Biomed 41:649, doi:10.1016/j.
jpba.2005.12.012

4. Amri CE, Baron MH, Maurel MC (2003) Spectrochim Acta A
59:2645, doi:10.1016/S1386-1425(03)00034-9

5. Ivandini TA, Hond K, Rao TN, Fujishima A, Einag Y (2007)
Talanta 71:648, doi:10.1016/j.talanta.2006.05.009

6. Moral PG, Arin MJ, Resines JA, Diez MT (2005) J Chromatogr B
826:257, doi:10.1016/j.jchromb.2005.07.044

7. Mailinger W, Baumeister A, Reuss M, Rizzi M (1998) J
Biotechnol 63:155, doi:10.1016/S0168-1656(98)00095-9

8. Markuszewski MJ, Britz-McKibbin P, Terabe S, Matsuda K,
Nishioka T (2003) J Chromatogr A 989:293, doi:10.1016/S0021-
9673(03)00031-1

9. Kiessling P, Scrib GKE, Suss F, Werner G, Knoth H, Hartmann M
(2004) J Pharm Biomed Anal 36:535, doi:10.1016/j.jpba.2004.
07.005

10. Robb CS, Yang SC, Brown PR (2002) Electrophoresis 23:1900,
doi:10.1002/1522-2683(200206)23:12<1900::AID-ELPS1900>
3.0.CO;2-Z

11. Klampfl CW, Himmelsbach M, Buchberger W, Klein H (2002)
Anal Chim Acta 454:185, doi:10.1016/S0003-2670(01)01570-7

12. Huang YC, Lin CC, Liu CY (2004) Electrophoresis 25:554,
doi:10.1002/elps.200305735

13. Xiong X, Jin OY, Baeyens WRG, Delanghe JR, Shen XM, Yang YP
(2006) Electrophoresis 27:3243, doi:10.1002/elps.200500870

14. Wang WP, Zhou L, Wang SM, Luo Z, Hu ZD (2008) Talanta
74:1050, doi:10.1016/j.talanta.2007.06.047

15. Alvarez JLM, Calzon JAG, Fonseca JML (1998) J Electroanal
Chem 457:53, doi:10.1016/S0022-0728(98)00124-7

16. Liu HY, Wang GF, Chen DL, Zhang W, Li CJ, Fang B (2008)
Sens Actuators B 128:414, doi:10.1016/j.snb.2007.06.028

17. Wang ZH, Xiao SF, Chen Y (2006) J Electroanal Chem 589:237,
doi:10.1016/j.jelechem.2006.02.014

18. Farias PAM, Wagener ALR, Castro AA (2001) Talanta 55:281,
doi:10.1016/S0039-9140(01)00422-2

19. Yogeswaran U, Thiagarajan S, Chen SM (2007) Carbon 45:2783,
doi:10.1016/j.carbon.2007.09.029

J Solid State Electrochem (2009) 13:1545–1552 1551

http://dx.doi.org/10.1016/S0003-2670(02)00297-0
http://dx.doi.org/10.1021/ac00005a010
http://dx.doi.org/10.1021/ac00005a010
http://dx.doi.org/10.1016/j.jpba.2005.12.012
http://dx.doi.org/10.1016/j.jpba.2005.12.012
http://dx.doi.org/10.1016/S1386-1425(03)00034-9
http://dx.doi.org/10.1016/j.talanta.2006.05.009
http://dx.doi.org/10.1016/j.jchromb.2005.07.044
http://dx.doi.org/10.1016/S0168-1656(98)00095-9
http://dx.doi.org/10.1016/S0021-9673(03)00031-1
http://dx.doi.org/10.1016/S0021-9673(03)00031-1
http://dx.doi.org/10.1016/j.jpba.2004.07.005
http://dx.doi.org/10.1016/j.jpba.2004.07.005
http://dx.doi.org/10.1002/1522-2683(200206)23:12<1900::AID-ELPS1900>3.0.CO;2-Z
http://dx.doi.org/10.1002/1522-2683(200206)23:12<1900::AID-ELPS1900>3.0.CO;2-Z
http://dx.doi.org/10.1016/S0003-2670(01)01570-7
http://dx.doi.org/10.1002/elps.200305735
http://dx.doi.org/10.1002/elps.200500870
http://dx.doi.org/10.1016/j.talanta.2007.06.047
http://dx.doi.org/10.1016/S0022-0728(98)00124-7
http://dx.doi.org/10.1016/j.snb.2007.06.028
http://dx.doi.org/10.1016/j.jelechem.2006.02.014
http://dx.doi.org/10.1016/S0039-9140(01)00422-2
http://dx.doi.org/10.1016/j.carbon.2007.09.029


20. Wu KB, Fei JJ, Bai W, Hu SS (2003) Anal Bioanal Chem
376:205

21. Jelen F, Yosypchuk B, Kourilova A, Novotny L, Palecek E (2002)
Anal Chem 74:4788, doi:10.1021/ac0200771

22. Ragupathy D, Gopalan AI, Lee KP, Manesh KM (2008) Electro-
chem Commun 10:527, doi:10.1016/j.elecom.2008.01.025

23. Liu AH, Honma I, Zhou HS (2007) Biosens Bioelectron 23:74
24. Kumar SA, Tang CF, Chen SM (2008) Talanta 74:860
25. Wang HS, Huang DQ, Liu RM (2004) J Electroanal Chem

570:83, doi:10.1016/j.jelechem.2004.03.019
26. Liu AL, Zhang SB, Chen W, Lin XH, Xia XH (2008) Biosens

Bioelectron 23:1488, doi:10.1016/j.bios.2008.01.001

27. Sabatani E, Cohen-Boulakia J, Bruening M, Rubinstein I (1993)
Langmuir 9:2974, doi:10.1021/la00035a040

28. Henke C, Steinem C, Janshoff A, Steffan G, Luftmann H, Sieber M,
Galla HJ (1996) Anal Chem 68:3158, doi:10.1021/ac9512261

29. Bard AJ, Faulkner LR (1980) Electrochemical methods, funda-
mentals and applications. Wiley, New York

30. Brown AP, Anson FC (1977) Anal Chem 49:1589, doi:10.1021/
ac50019a033

31. Sharp M, Petersson M, Edström K (1979) J Electroanal Chem
95:123, doi:10.1016/S0022-0728(79)80227-2

32. Brett CMA, Brett AMO, Serrano SHP (1994) J Electroanal Chem
366:225, doi:10.1016/0022-0728(93)02994-S

1552 J Solid State Electrochem (2009) 13:1545–1552

http://dx.doi.org/10.1021/ac0200771
http://dx.doi.org/10.1016/j.elecom.2008.01.025
http://dx.doi.org/10.1016/j.jelechem.2004.03.019
http://dx.doi.org/10.1016/j.bios.2008.01.001
http://dx.doi.org/10.1021/la00035a040
http://dx.doi.org/10.1021/ac9512261
http://dx.doi.org/10.1021/ac50019a033
http://dx.doi.org/10.1021/ac50019a033
http://dx.doi.org/10.1016/S0022-0728(79)80227-2
http://dx.doi.org/10.1016/0022-0728(93)02994-S

	Sensitive determination of adenine on poly(amidosulfonic acid)-modified glassy carbon electrode
	Abstract
	Introduction
	Experiment
	Results and discussion
	Fabrication of poly-ASA-modified GCE
	Impedance characterization of the poly-ASA film-modified GCE and its electrochemical properties
	Electrochemical behaviors of adenine at poly-ASA-modified GCE
	The influences of scan rate and pH on the oxidation of adenine at the poly-ASA-modified GCE
	The effect of accumulation potential and time on the current responses of adenine
	Determination of adenine
	Reproducibility and stability
	Analytical application

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


