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ameworks and b-cyclodextrin-
based composite electrode for simultaneous
quantification of guanine and adenine in a lab-on-
valve manifold†

Yang Wang,* Huanhuan Chen, Yichun Wu, Huali Ge, Guiqin Ye and Xiaoya Hu*

In this work, a novel chemically modified electrode is constructed based onmetal–organic frameworks and

b-cyclodextrin (Cu3(BTC)2/b-CD, BTC ¼ benzene-1,3,5-tricarboxylate) composite material. The electrode

was used for simultaneous determination of guanine and adenine in a sequential injection lab-on-valve

format and exhibited sensitive responses to guanine and adenine oxidation due to the p–p stacking

interaction of Cu3(BTC)2 and the inclusion behavior of b-CD. The analytical performance was assessed

with respect to the supporting electrolyte and its pH, accumulation time and accumulation potential, and

the fluid flow rates. Under optimal conditions, linear calibration ranges for both guanine and adenine

were from 1.0 � 10�7 to 1.0 � 10�5 mol L�1, and detection limits (S/N ¼ 3) were found to be 5.2 � 10�8

and 2.8 � 10�8 mol L�1, respectively. The proposed sensor showed advantages of high sensitivity, simple

sample preparation protocol, enhanced throughput and good reproducibility. Finally, the practical

application of the proposed sensor has been performed for the determination of guanine and adenine in

real samples with satisfactory results.
Introduction

Deoxyribonucleic acid (DNA) is composed of sugar phosphate
backbone and nucleotide bases, which plays a crucial role in the
storage unit for heredity information. The bases in DNA are
adenine, guanine, cytosine and thymine. The abnormal changes
of nucleic acid bases in the organism create defects and muta-
tions of the immune system and may lead to various diseases.1,2

Thus far, the principal strategies for the separation and quan-
tication of bases in nucleic acids include high-performance
liquid chromatography, micellar electrokinetic capillary chro-
matography with electrochemical detection and at-line SERS
with high-performance liquid chromatography.3–5 Owing to high
sensitivity and selectivity, fast response, low cost and facile
sample pre-treatment, various approaches have been utilized in
the design of electrochemical sensors based on the electroactive
nature of DNA bases. Advancedmaterials, such as functionalized
grapheme,6 carbon ionic liquid,7 TiO2 nanoparticles–magnesiu-
m(II)-doped natrolite zeolite,8 graphitized mesoporous carbon,9

graphene–ionic liquid–chitosan composite lm,10 cyclodextrin,11

TiO2–graphene nanocomposite,12 CeO2 nanoparticles decorated
with multi-walled carbon nanotubes13 and silver nanoparticles–
eering, Yangzhou University, Yangzhou
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hemistry 2014
polydopamine–graphene nanocomposite,14 have been developed
to produce modied electrodes to increase detection sensitivity
for guanine and adenine detection.

As one of the most frequently investigated metal–organic
frameworks, Cu3(BTC)2 (BTC ¼ benzene-1,3,5-tricarboxylate)
shows interesting properties in hydrogen, methane and
carbon dioxide storage, gas separation and catalysis.15–17

Moreover, Cu3(BTC)2 with large porosity and high surface
area was also considered an ideal material in the fabrication
of electrochemical sensors. For example, copper(II)-based
metal–organic frameworks were used as selective electro-
catalysts for the reduction of O2 and CO2.18,19 Recent reports
demonstrated that Au–SH–SiO2 nanoparticles supported on
metal–organic framework were utilized as sensors for elec-
trocatalytic oxidation and determination of hydrazine and
L-cysteine.20,21 Our previous work also demonstrated that
multi-walled carbon nanotubes and metal–organic frame-
work composites can be used as novel electrode materials for
lead sensors in environmental water samples.22 CDs are cyclic
oligosaccharides of a glucopyranose, containing a relatively
hydrophobic central cavity and a hydrophilic outer surface.
The parent or natural CD consists of 6, 7 or 8 glucopyranose
units and is named a, b, or g-CD, respectively. b-CD has been
employed as a modier in voltammetry for analysis of guest
molecules by forming supramolecular complexes and thus
enhancing sensitivity and selectivity for the analyte of
interest.23–27
Analyst, 2014, 139, 6197–6203 | 6197
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Fig. 1 Schematic diagram of the SI-LOV system in conjunction with
voltammetry for simultaneous quantification of guanine and adenine.
C: carrier (H2O); SP: syringe pump; HC: holding coil; W: waste; A: air; S:
sample; PBS: phosphate buffer solution (pH ¼ 7.0); EFC: electro-
chemical flow cell.
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Currently, the combination of sequential injection lab-on-
valve (SI-LOV) with electrochemical techniques has proved to be
of great value and practical applicability.28–30 This strategy offers
many potential advantages, such as good reproducibility, less
time consumption, and easy automation for high sample
throughput. In the present work, a novel Cu3(BTC)2/b-CD modi-
ed electrode was fabricated, characterized and further applied
to differential pulse voltammetric determination of guanine and
adenine. The sensor combined the sequential injection lab-on-
valve system to develop an automatic analytical procedure, and
the feasibility of the proposed electrochemical sensor was
demonstrated by applying it to the simultaneous determination
of guanine and adenine in food and biological samples.

Experimental
Apparatus

Electrochemical measurements were performed with a CHI
852C electrochemical workstation (Shanghai Chenhua Instru-
ment Company, China). A three-electrode system with a glassy
carbon electrode (GCE) as the working electrode, an Ag/AgCl
electrode as the reference electrode and a platinum wire as the
auxiliary electrode, was employed in the measurements. Static
contact-angle measurements were carried out at 20 �C with a
sessile drop method using a CAM200 optical contact angle
analyzer (KSV Instruments, Finland). The scanning electron
micrograph (SEM) images were obtained with the Hitachi
S-4800 (Japan). A FIAlab-3000 sequential injection system
(FIAlab Instruments, Bellevue, WA, USA) equipped with a 2.5
mL syringe pump (Cavro, Sunnyvale, CA, USA) and a homemade
LOV microconduit interfaced to match a six-port selection. All
externally used tubes were made of 0.8 mm i.d. PTFE tubing
(Upchurch Scientic, Oak Harbor, WA, USA).

Reagents and materials

Guanine and adenine 0.01 mol L�1 stock solutions were
prepared by dissolving 0.1511 and 0.1351 g of guanine and
adenine (Jinshan Chemicals, Shanghai, China) in 100 mL 0.05
mol L�1 sodium hydroxide. Working standard solutions were
obtained by stepwise dilution. Copper nitrate trihydrate
(Cu(NO3)2$3H2O), benzene-1,3,5-tricarboxylate (BTC), b-cyclo-
dextrin, and N,N-dimethylformamide (DMF) used in this work
were analytical grade, purchased from Sinopharm Chemical
Reagent Co., Ltd (Shanghai, China). Phosphate buffer solution
was prepared by mixing the stock solution of 0.1 mol L�1

NaH2PO4 and 0.1 mol L�1 Na2HPO4 and adjusting the pH at 7.0
with 0.1 mol L�1 H3PO4 or 0.1 mol L�1 NaOH solution. Double
deionized water (18 MU cm) was prepared via the Milli-Q water
purication system (Millipore, Bedford, MA, USA).

Synthesis of Cu3(BTC)2

Cu3(BTC)2 was prepared according to the following procedure
aer a minor modication.31 First, 0.0945 g H3BTC was dis-
solved in 6 mL ethanol, and 0.2178 g Cu(NO3)2$3H2O was dis-
solved in 3 mL water. The two solutions were mixed and heated
subsequently to 120 �C for 12 h. Aer the reaction, the blue
6198 | Analyst, 2014, 139, 6197–6203
crystals of Cu3(BTC)2 were isolated by ltration and washed with
water. The product was dried at 100 �C for 8 h before use.

Fabrication of working electrode

One milligram of Cu3(BTC)2 and 10 mg b-CD were dispersed
into 1.0 mL DMF by ultrasonic agitation for 2 h to give a
homogeneous suspension. The glassy carbon electrode (3 mm
in diameter) was polished successively with 1.0, 0.3, and 0.05
mm aluminum oxide powder on chamois leather. Then it was
rinsed with doubly distilled water and sonicated in ethanol and
doubly distilled water for 5 min. The electrode was immediately
dried with highly puried nitrogen gas. Aer cleaning, the 5.0
mL suspension was placed on the cleaning glassy carbon elec-
trode surface, and the solvent was allowed to evaporate under
an infrared lamp. The obtained modied electrode was stored
in air at room temperature.

Sample preparation

All samples were collected from the local supermarket or
hospital. Beer and urine samples were degassed ultrasonically
and further ltrated using 0.2 mm membrane lter before
analysis. Two grams of beef were weighed and homogenized in
10 mL deionized water using mortar and pestle. Aer ltration,
the extract was diluted to 100 mL with deionized water. The
blood sample with EDTA as the anticoagulant was ultra-
centrifuged and the blood plasma obtained. Parts of the blood
sample were diluted to 10 mL with deionized water for
determination.

Operating procedure

The operation manifold was shown in Fig. 1, and the operating
sequence was summarized from the following description:
500 mL carrier (deionized water) was drawn to clean all the
lines and remove possible air bubbles via port 2. Then, 500 mL
of air, 700 mL of phosphate buffer solution, 500 mL of sample,
and 700 mL of phosphate buffer solution were sequentially
aspirated into the holding coil via ports 5, 1 and 6, where the
sample merged with the phosphate buffer solution; aer ow
reversal, the mixed sample/reagent zones were propelled
This journal is © The Royal Society of Chemistry 2014

http://dx.doi.org/10.1039/c4an00901k


Paper Analyst

Pu
bl

is
he

d 
on

 0
9 

O
ct

ob
er

 2
01

4.
 D

ow
nl

oa
de

d 
by

 P
en

ns
yl

va
ni

a 
St

at
e 

U
ni

ve
rs

ity
 o

n 
17

/0
9/

20
16

 0
4:

02
:1

0.
 

View Article Online
forward through the electrochemical ow cell at a rate of 16 mL
s�1 via port 2, during which the analyte was accumulated onto
the surface of the modied electrode with an accumulation
potential of �0.3 V; the oxidation current was recorded by
differential pulse voltammetric measurements in the potential
range from 0.1 to 1.3 V.
Results and discussion
Characterization

The static contact angle is commonly used to characterize the
relative hydrophobicity/hydrophilicity of the modied elec-
trode surface. As shown in Fig. 2, the Cu3(BTC)2/GCE has a
relatively hydrophobic interface with a contact angle of about
72.7�. Meanwhile Cu3(BTC)2/b-CD/GCE became much more
hydrophilic with a contact angle of 34.9�. This phenomenon
suggests the high adsorbability of the Cu3(BTC)2/b-CD
modied electrode surface to water due to introduction of b-
CD hydrophilic groups. Fig. 3 shows the SEM micrographs of
Cu3(BTC)2 and Cu3(BTC)2/b-CD composites. Cu3(BTC)2
appears to be micron-sized crystals with typical octahedral
morphology. When b-CD and Cu3(BTC)2 were ultrasonically
agitated together, the small sheets/layers of b-CD were
observed, indicating that b-CD was well combined with
Cu3(BTC)2.
Fig. 2 Contact angle of water on Cu3(BTC)2/GCE (a), and Cu3(BTC)2/
b-CD/GCE (b).

Fig. 3 SEM images of Cu3(BTC)2 (a) and Cu3(BTC)2/b-CD (b).

This journal is © The Royal Society of Chemistry 2014
Electrochemical behaviors of guanine and adenine

The oxidation of these two bases using Cu3(BTC)2/b-CD/GCE by
the differential pulse voltammetry experiments is investigated
with a mixture of guanine and adenine in pH 7.0 phosphate
buffer solution (Fig. 4). There were no oxidation peaks in the
absence of guanine and adenine over the potential range from
0.3 to 1.3 V, indicating that all the electrodes were non-elec-
troactive in the selected potential range. At the bare GCE, two
small oxidation peaks were observed for guanine and adenine,
indicating the sluggish electron transfer kinetics of guanine
and adenine. In cases of the Cu3(BTC)2-modied electrode
(curve b), two anodic peaks are observed with relatively larger
peak currents. However, the reversible redox responses of Cu(II)/
Cu(I) and Cu(0) to Cu(I) for Cu3(BTC)2 were not observed due to
the different potential scan range.19 Cu3(BTC)2 consists of metal
ions and organic ligands and has the ability to interact with
components through p–p stacking interactions. Both guanine
and adenine have three aromatic rings. Hence, they may be
adsorbed to the Cu3(BTC)2 surface through p–p stacking
between the aromatic rings and the organic ligands.32,33 Aer
modication with b-CD, two well-dened oxidation peaks were
observed with larger peak separations and higher peak currents
corresponding to the oxidation of guanine and adenine,
respectively. This can be attributed to the fact that with a
hydrophobic inner cavity and a hydrophilic outer side, b-CD can
be viewed as biological guest molecular receptors by forming
stable host–guest inclusion complexes. At the Cu3(BTC)2/b-CD
modied electrode, a substantial enhancement of guanine and
adenine peaks is observed, due to the synergistic effect of the
two kinds of functional materials. These results indicated that
the Cu3(BTC)2/b-CD composite-modied electrode cannot only
identify the guanine and adenine, but also enhance detection
sensitivity. In addition, the peak-to-peak separation of guanine
and adenine was 0.32 V, which was large enough to determine
guanine and adenine simultaneously and effectively decrease
the interaction between guanine and adenine.

Electrochemical mechanisms usually can be acquired from
the relationship between peak current and scan rate. The cyclic
voltammograms of Cu3(BTC)2/b-CD/GCE in phosphate buffer
Fig. 4 Differential pulse voltammograms at bare GCE (a and e),
Cu3(BTC)2/GCE (b and f), b-CD/GCE (c and g), Cu3(BTC)2/b-CD/GCE
(b and h) in the absence (a–d) and presence of 10 mmol L�1 guanine
and 10 mmol L�1 adenine (e–h) in pH 7.0 PBS.

Analyst, 2014, 139, 6197–6203 | 6199
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solution at different scan rates were investigated in the range of
50–250 mV s�1. Peak currents of the Cu3(BTC)2/b-CD/GCE
increased with the increment of the scan rate. A good linear
relationship could be observed between the peak current and
scan rate in the range of 10–240 mV s�1 (Fig. S1†). For 0.5 mmol
L�1 of guanine, the anodic peak followed the linear regression
equation Ipa (mA) ¼ 0.0181v (mV s�1) + 1.27 (R2 ¼ 0.9912). For
0.5 mmol L�1 of adenine, the regression equation was Ipa (mA) ¼
0.00557v (mV s�1) + 0.446 (R2 ¼ 0.9920). These results indicated
that the electrode reaction of guanine and adenine at
Cu3(BTC)2/b-CD/GCE was a typical adsorption-controlled
process.

Effects of supporting electrolyte and its pH

Different supporting electrolytes including sulfuric acid, acetic
acid, phosphate buffer solution, Britton–Robinson buffer solu-
tion and acetate buffer solution were studied in order to nd the
appropriate medium for oxidation of guanine and adenine. The
phosphate buffer solution gives the best stripping peak shape
and the highest stripping peak current. Therefore, phosphate
buffer solution was chosen as the determining medium.
Another parameter affecting the electrochemical response of
the Cu3(BTC)2/b-CD/GCE is the pH of the supporting electrolyte.
Variations of peak current with respect to pH of the electrolyte
in the range of 5.0–9.0 were investigated (Fig. S2†). The anodic
peak currents of guanine and adenine increase slightly with
increasing pH from 5.0 to 7.0. This phenomenon can be
attributed to the fact that biochemical compounds are more
stable in pH ¼ 7 solution. However, peak currents decrease as
pH increases further, because the increase of OH� will lead to
the reduction of protons, resulting in the slowdown of the
chemical oxidation process. Therefore, a 0.1 mol L�1 phosphate
buffer solution with pH 7.0 was selected. In addition, all anodic
peak currents for oxidation of guanine and adenine shied
towards more negative potential with an increase in pH,
showing that protons have taken part in their electrode reaction
processes. Linear relationships of the peak potential of DNA
bases and the pH were Epa, guanine ¼ �0.058 pH + 1.116, R2 ¼
0.9923; Epa, adenine ¼�0.063 pH + 1.461, R2 ¼ 0.9906 with slopes
of 58 and 63mV per pH, respectively. These results were close to
the expected Nernstian theoretical value of 58 mV per pH at
25 �C, suggesting that the electron uptake was accompanied by
an equal number of protons. This conclusion is in accordance
with the known two electrons/two protons electrochemical
reactions of guanine and adenine,8,12 and the oxidation mech-
anism of guanine and adenine was shown in Fig. S3.†

Effects of accumulation potential and accumulation time

The effect of accumulation potential on the anodic peak
currents of guanine and adenine solutions was examined over
the�0.1 to �0.5 V range (Fig. S4†). The peak current of guanine
initially increased, obviously by changing accumulation poten-
tial from �0.1 to �0.3 V and then rapidly decreased from �0.3
to �0.5 V. At the same time, the peak current of adenine
increased slightly with increase of potential from�0.1 to�0.3 V
and decreased above �0.3 V. Thus the accumulation potential
6200 | Analyst, 2014, 139, 6197–6203
of �0.3 V was chosen as the optimum accumulation potential
for further experiments. The peak current increased with
deposition time increasing up to 180 s (Fig. S5†), and no satu-
rated adsorption of guanine and adenine at the electrode
surface was observed. Considering both high sensitivity and
short analysis time, the optimal accumulation time of 120 s was
employed in further experiments.

Effect of sample solution ow rate

In a ow system, sample ow rate has a signicant effect on the
adsorption of analyte when passing through the electro-
chemical ow cell, which was thus investigated within a range
of 8–24 mL s�1 (Fig. S6†). The signal intensities of guanine and
adenine gradually increased with the ow rate until 16 mL s�1

and then decreased at a higher sample ow rate. The
phenomenon indicated that the adsorption process of guanine
and adenine on the electrode surface was not instantaneously
achieved. A higher ow rate was facilitated to improve the signal
intensity by less dispersion between bases and the electrode
surface. However, an excessively high ow rate could seriously
deteriorate the Cu3(BTC)2/b-CD modier on the electrode
surface. As a compromise, a sample ow rate of 16 mL s�1 was
nally used throughout this work.

Study of interferences

Possible interferences for the detection of guanine and adenine
in food and biological samples were investigated by adding
various foreign species into the phosphate buffer solution
containing 0.5 mmol L�1 guanine and 0.5 mmol L�1 adenine. The
tolerance limit was dened as the maximum concentration of
the interference substances that brought less than�5% relative
error in the detection. It was found that 500-fold of glucose,
cysteine, glycine, glutamic acid, lactic acid, deoxyribose, ribose,
cholesterin, uric acid, thymine, and ascorbic acid had no
signicant interference. Xanthine and hypoxanthine were also
studied, because their structures were very similar to the target
analytes. The results indicated that 30-fold of xanthine and
hypoxanthine can inuence the peak potential and current
response of adenine. Furthermore, the common inorganic ions
such as Na+, K+, Ca2+, Fe3+, Cu2+, NO3

�, and SO4
2� had almost

no interference on the determination (at least 10 000-fold).
Therefore, the modied electrode can be considered a good
electrochemical sensor for recognition of guanine and adenine.

Individual determination of guanine and adenine

Under optimized conditions, differential pulse voltammograms
are recorded for the individual determination of guanine and
adenine in phosphate buffer solution (pH 7.0) at a scan rate of
50 mV s�1. The voltammetric responses of different concen-
trations of guanine and adenine were evaluated when the
concentration of one changed, whereas the other was kept
constant. Fig. 5 shows that the anodic peak current for guanine
increased with higher guanine concentration in the ranges 0.1–
1 mmol L�1 and 1–10 mmol L�1, while the response current of
adenine was kept constant (0.3 mmol L�1). Similarly, the inu-
ence of adenine concentration was checked by increasing the
This journal is © The Royal Society of Chemistry 2014
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Fig. 5 Differential pulse voltammograms of different concentrations
of guanine in the presence of 0.3 mmol L�1 of adenine at Cu3(BTC)2/b-
CD/GCE. Guanine concentrations: (a) 0.1, (b) 0.3, (c) 0.5, (d) 0.7, (e) 1, (f)
3, (g) 5, (h) 7 and (i) 10 mmol L�1. Optimized instrument parameters:
pulse width 0.2 s, pulse period 0.5 s, and step increment 4 mV. Inset:
linear range of peak current versus concentration of guanine.

Fig. 6 Differential pulse voltammograms of different concentrations
of adenine in presence of 0.3 mmol L�1 of guanine at Cu3(BTC)2/b-CD/
GCE. Adenine concentrations: (a) 0.1, (b) 0.3, (c) 0.5, (d) 0.7, (e) 1, (f) 3,
(g) 5, (h) 7 and (i) 10 mmol L�1. Optimized instrument parameters: pulse
width 0.2 s, pulse period 0.5 s and step increment 4 mV. Inset: linear
range of peak current versus concentration of adenine.

Fig. 7 Differential pulse voltammograms of mixture solution con-
taining guanine and adenine at equal concentrations in phosphate
buffer (pH¼ 7.0) at Cu3(BTC)2/b-CD/GCE: (a) 0.1, (b) 0.3, (c) 0.5, (d) 0.7,
(e) 1, (f) 3, (g) 5, (h) 7 and (i) 10 mmol L�1. Optimized instrument
parameters: pulse width 0.2 s, pulse period 0.5 s and step increment
4 mV. Inset: dependencies between peak current (mA) and bases
concentration (mmol L�1).
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adenine concentration while keeping the guanine concentra-
tion constant at 0.3 mmol L�1. As shown in Fig. 6, the anodic
peak current for adenine was directly proportional to its
concentration in the ranges 0.1–1 mmol L�1 and 1–10 mmol L�1,
while the peak currents related to the guanine did not obviously
change. Hence the change in concentration of one studied base
did not have a signicant inuence on the other one. The
calibration graphs of the two bases had two linear sections, and
the rst had a higher slope than the second. This phenomenon
could be ascribed to the fact that the absorption process at the
modied electrode surface is predominant at the low concen-
tration range and the diffusion process on the monolayer-
covered surface occurred at the high concentration range.
Similar results have been reported for guanine and adenine
quantication.12,34,35
Simultaneous determination of guanine and adenine

To investigate the potential of the Cu3(BTC)2/b-CD-modied
electrode for simultaneous determination of guanine and
adenine, the peak current responses of these species when
This journal is © The Royal Society of Chemistry 2014
simultaneously changing concentrations of guanine and
adenine in a mixture were measured by differential pulse
voltammetry. As shown in Fig. 7, the Cu3(BTC)2/b-CD-modi-
ed electrode exhibited two well-dened and distinguishable
anodic peaks for the oxidation of guanine and adenine,
which matches well with their individual anodic peak
potential as discussed in the above section. It can also be
observed that the peak currents of both bases increased
linearly with their concentrations, and both oxidation peaks
were well separated on the Cu3(BTC)2/b-CD-modied elec-
trode without interfering with each other. Linear equations
and detection limits are listed in Table 1. The limit of
detection was calculated by IUPAC, dened as LOD ¼ 3s/s,
where s is the standard deviation of the blank signals and s is
the slope of the linear calibration graph. A relative standard
deviation (R.S.D.) of 2.52% and 3.03% for 10 measurements
of 0.5 mmol L�1 of guanine and adenine mixture suggested
that Cu3(BTC)2/b-CD/GCE had good repeatability. Comparing
the data showed that improved performance for the simul-
taneous determination of guanine and adenine can be ach-
ieved using the Cu3(BTC)2/b-CD/GCE, as displayed in Table 2.
The analytical parameters including detection limit and
linear range are better or comparable to other reports using
different modied electrode materials. Thus, Cu3(BTC)2/b-
CD/GCE is a promising candidate for construction of sensi-
tive and selective biosensors. More importantly, the
Cu3(BTC)2/b-CD-modied electrode is applicable to the
sequential injection LOV system. The combined techniques
offer advantages in comparison to the traditional batch vol-
tammetric methods, such as reduced sample/reagent
consumption, programmable ow and outline means for
miniaturization of assays. The long-term stability of
Cu3(BTC)2/b-CD/GCE was further studied within the LOV and
then the anodic peak currents were recorded. The results
indicated that current response remained unchanged aer
continuous scanning for 15 cycles, indicating that the
Cu3(BTC)2/b-CD/GCE was stable in the on-line ow system.
Analyst, 2014, 139, 6197–6203 | 6201
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Table 1 Simultaneous determination of guanine and adenine at Cu3(BTC)2/b-CD/GCE

DNA bases Linear range (mmol L�1) Linear equation (mA, mmol L�1) R2 Detection limit (mmol L�1)

Guanine 0.1–1 Ipa ¼ 1.476C � 0.0435 0.9966 0.052
1–10 Ipa ¼ 0.582C + 0.813 0.9992

Adenine 0.1–1 Ipa ¼ 1.072C + 0.186 0.9939 0.028
1–10 Ipa ¼ 0.448C + 0.925 0.9938

Table 2 Comparison of proposed method with selected previously reported electrochemical methods for determination of guanine and
adeninea

Methods Technique

Linear range (mmol L�1) Detection limit (mmol L�1)

System Ref.Guanine Adenine Guanine Adenine

G–COOH/GCE DPV 0.5–200 0.05 0.025 Batch 6
CILE/CPE CV 0.3–50 1.5–70 0.0787 0.25 Batch 7
TiO2NPs–MgY/ZMCPE DPV 0.1–10 0.013 0.02 Batch 8
GMC/GCE DPV 25–200 25–150 0.76 0.63 Batch 9
GS–IL–CS/GCE DPV 2.5–150 1.5–350 0.75 0.45 Batch 10
PNAANI/CPE DPV 0.1–10 0.05 Batch 11
TiO2–G/GCE DPV 0.5–200 0.15 0.1 Batch 12
CeO2–MWCNTs/GCE DPV 5–50 5–35 0.01 0.02 Batch 13
Cu3(BTC)2/b-CD/GCE DPV 0.1–10 0.052 0.028 Automatic This work

a G–COOH: graphene–COOH; CILE: carbon ionic liquid electrode; TiO2NPs–MgY/ZMCPE: TiO2 nanoparticles–magnesium-doped zeolite Y-modied
carbon paste electrode; GMC: graphitized mesoporous carbon; GS–IL–CS: graphene sheets–ionic liquid–chitosan; PNAANI: cyclodextrin-modied
poly(N-acetylaniline); TiO2–G: TiO2–graphene; CeO2–MWCNTs: CeO2 nanoparticles decorated multi-walled carbon nanotubes; GCE: glassy carbon
electrode; CPE: carbon paste electrode; DPV: differential pulse voltammetry; CV: cyclic voltammetry.

Table 3 Determination of guanine and adenine in food and biological samples

Sample Analyte Original (mmol L�1) Added (mmol L�1) Found (mmol L�1) Recovery (%)

Beef Guanine 6.54 4 10.51 99.2
Adenine 6.02 4 10.06 101

Beer Guanine 3.70 4 7.80 102.5
Adenine 1.02 4 4.97 98.7

Blood Guanine — 0.5 0.49 98.0
5 4.98 99.6

Adenine — 0.5 0.48 96.0
5 5.05 101.0

Urine Guanine — 0.5 0.48 96.0
5 4.93 98.6

Adenine — 0.5 0.51 102.0
5 4.89 97.8
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Analytical applications

In order to ascertain its potential application, the utilization of
the Cu3(BTC)2/b-CD/GCE in real samples was investigated by
analysis of guanine and adenine in food and biological samples.
For the sample analyses, 500 mL of sample solution was taken
and recovery experiments were performed by measuring the
differential pulse voltammetry responses, in which known
concentrations of guanine and adenine were added. High
recoveries were achieved at a range of 96.0–102.5% for all the
samples (Table 3), suggesting that the proposed method is
feasible and effective with high accuracy.
6202 | Analyst, 2014, 139, 6197–6203
Conclusion

In this work, we have successfully developed an electrochemical
method for simultaneous determination of guanine and
adenine at the Cu3(BTC)2/b-CD/GCE in a miniaturized and
automatic sequential injection LOV system. Well-dened peaks
and signicant increase of peak currents were observed by
adsorption of guanine and adenine compounds at the
Cu3(BTC)2/b-CD/GCE surface, which clearly demonstrated that
the composite material could be used as an efficient promoter
to enhance kinetics of the electrochemical process of guanine
This journal is © The Royal Society of Chemistry 2014
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and adenine. The effects of potential interfering species were
studied, and it was found that the proposed procedure was free
from interferences of most common interfering ions and
organic compounds. The proposed sensor was employed in
determination of guanine and adenine in food and biological
samples with satisfactory recovery. Thus, our proposed method
might be adopted as an alternative method for quantitative
determination of electroactive biomolecules with high sensi-
tivity and speed.
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