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Abstract

A novel thin molecularly imprinted sol—gel film with specific recognition for cytidine was electrodeposited on the surface of piezoelectric quart
crystal (PQC) Au-electrode. In this method, a sufficiently negative potential was applied to the electrode surface to generate hydroxyl ions, wh
play the role of the catalyst for the hydrolysis and condensation of 3-(aminopropyl)trimethoxysilane (APTMS). The process of the preparation
the imprinted sol—gel film was investigated in detail by using the piezoelectric quartz crystal impedance (PQCI) technique and cyclic voltammet
The thickness of the imprinted film was controlled easily by adjusting the applied potential and the deposited time. The binding capacity a
the selectivity of the electrodeposited imprinted sol—gel film were also studied in detail by using PQCI, electrochemically impedance technig
and capacitance technique. The electrodeposited imprinted sol—-gel film exhibited high selectivity toward cytidine in comparison to interferii
substances. The dissociation constany) {K the nanomolar range indicated a strong imprinted interaction existing between the electrodepositec
sol—gel-imprinted film and the template cytidine.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The most common configurations of sol-gel-derived materials
are monoliths and thin films. Generally, monoliths are prepared

Applications of molecularly imprinted polymers (MIPs) for by pouring the silica sol into a container and allowing it to gel,
sensing materials attract growing interest for their potential merage, and dry slowly. Thin films of silica have been prepared by
its, such as good mechanical strength, durability to heat and predip-coating or spin-coating the silica sol on the surface of a suit-
sure, physical robustness, high affinity and outstanding substrasble substrate. Few years ago, the fabrication of sol-gel-derived
recognition ability1-5]. Many methods for synthesis have beenhydrophobic silica films using an electrodeposition procedure
developed, such as precipitation polymerizaf@lnelectrosyn-  was reported16,17]. However, the film usually flakes off the
thesis polymerizatiofv], surface imprinting polymerizatida], Au-electrode surface, which is an extensively applied substrate
and scaffold imprinting polymerizatiof®] and so on. Among for the analytical research, especially in the piezoelectric quartz
these methods, the recently developed self-assembly molecarystal (PQC) MIPs sensor. Thus, it is necessary to improve the
larly imprinting polymerization based on sol-gel technique issol-gel technigue to promote the sol—gel film adhesion to the
one of the fastest emerging field,11]. surface stably.

Sol-gel approach has been employed to develop new materi- In this work, a novel sol-gel-imprinted film stably deposited
als for chemical sensors, separations, optical media, and solidn the surface of the PQC Au-electrode by using the self-
state electrochemical devices because the sol-gel-derived matessembly and electrodeposited technique was achieved. 1,6-
rials can yield high sensitivity and long-term stabiliy)2—15].  hexanedithiol and Au nanoparticles were introduced during the

preparation to avoid the resultant electrodeposited sol-gel film
flaking off. A significantly negative potential was applied to

* Corresponding author. increase the pH near Au-electrode surface, which resulted in a
E-mail address: szyao@hnu.net.cn (S. Yao). homogeneous thin sol—gel cytidine imprinted film on the Au-
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electrode surface steadily. 3-(Aminopropyl)trimethoxysilaneThe size of the resultant Au nanoparticles was ca.10—-20 nm by
(APTMS) was proposed as the silicon precursor. The depositionsing scanning electron microscopy.

condition was investigated in detail. The characteristics of the As shown inFig. 1, prior to electrodeposition, the surface
sol—gel-imprinted PQC Au-electrode during the self-assemblypf the PQC Au-electrode was modified with organic/inorganic
and electrodeposition were investigated by using piezoelectrimultilayer by using the self-assembly technique. Firstly, the
technique and cyclic voltammetry. The binding performance ofAu-electrode was immersed in an ethanol solution of 1,6-
the sol—gel cytidine imprinted electrodeposited film was alschexanedithiol (0.01 M) for 12 h, rinsed with ethanol and dried
discussed by using the piezoelectric quartz crystal impedanagnder nitrogen gas. Secondly, Au nanoparticles were adsorbed
(PQCI) technique, electrochemical impedance technique anah the surface of the Au-electrode via covalent bond between Au
capacitance technique. The results show that this sol—gel eleand thiol, which was achieved by immersing the Au-electrode
trodeposition method is a feasible method for the preparation ahto Au nanoparticles colloid for 6 h. Thirdly, the electrode

imprinted sensing film. was immersed in toluene solution of 0.1 M APTMS for 12h
to accomplish the layer-by-layer self-assembly procedure.

2. Experimental section The electrodeposited sol—gel film on the surface of the self-
assembled PQC Au-electrode was carried out by using cyclic

2.1. Reagents voltammetry. A solution containing 2.0 ml of 0.2 M KCI, 2.0 ml

of ethanol, and 0.5 ml of APTMS, was sonicated for ca. 3min

Guanosine, adenosine, cytidine, thymidine, uridine, deoxythuntil a homogeneous phase (initial sol) was observed. About
ymidine, deoxyguanosine, and adenosine monophospha&90ul of 0.1 M cytidine solution was added into 2 ml of the ini-
(AMP) were purchased from Sigma Chemical Co. 1,6-Hexanetial sol and stirred. Then negative potential frer@.4 to—1.2V
dithiol, hydrogen tetrachloroaurate(lll) (HAugAH20), and  (versus SCE, the scanning rate is 0.05mV/s) was applied to
APTMS (97%) were purchased from Aldrich. Anhydrous the self-assembled PQC Au-electrode for 20-30 min. Finally,
ethanol, sodium hydroxyl, potassium ferricyanide, potassiunthe electrodeposited sol-gel-imprinted Au-electrode was taken
ferrocyanide, potassium di-hydrogen phosphate, and di-sodiumut of the cell, rinsed with ethanol and dried in a desiccator at
hydrogen phosphate were purchased from Changsha Chemeom temperature for 24 h. The electrodeposited non-imprinted
cal Co. Phosphate buffer solution (0.1 M, formed by mixingsol-gel Au-electrode was prepared with the same procedure
KH2PO, with NapHPO, solutions, PBS) was used as back- without addition of cytidine into the initial sol.

ground solution. The extraction of the template molecule from the imprinted
sol-gel film was achieved through repeatedly washing the
2.2. Apparatus imprinted sol—-gel electrode with the ethanol and double-distilled

water until the template molecule could no longer be detected
9 MHz PQC (AT-cut, 12.5mm in diameter) coated with Au under UV (dmax=280 nm) from the supernatant.
electrode (6 mm in diameter) on both sides was used. The exper-
imental setup for PQCI can be found in our previous work2.4. PQCI measurements
[18]. The conductance (G) and susceptance (B) of the PQC
Au electrode were measured synchronously with a HP 4192A In the following step, the variations of the equivalent param-
LF impedance analyzer (frequency range 5 Hz—13 MHz, USA)eters (the response frequency; the motional resistance and the
Application program was written in Visual Basic (VB 5.0) to static capacitance) were real-time recorded with HP 4192A
control the HP 4192A LF impedance analyzer. The resonant frampedance analyzer. After the sol-gel PQC Au-electrode was
guencies, equivalent parameters, data-collecting time, and scanmersed in 10 ml of background solution (0.1 M PBS, pH 7.0)
times were recorded during the experiments. for 20 min, stable base-line parameters were obtained. Then a
An electrochemical workstation (CHI660A, Shanghai Chen-series of sample solutions (cytidine standard solutions) were
hua Instrument Co.) was employed to investigate the electrcadded into the background solution in an increasing concen-
chemical performance of the sol-gel-imprinted electrodepositettation order and the corresponding response parameters were
film. All electrochemical experiments were performed using arecorded. After the measurement, the electrode was immersed
three-electrode system with the sol-gel-imprinted Au-electrodén ethanol and double-distilled water to remove the adsorbed
as the working electrode, a platinum electrode as the auxiliargnalyte.
electrode, and a saturated calomel electrode (SCE) as reference
electrode. 2.5. Electrochemical measurements

2.3. Preparation of the sol-gel film The electrochemical impedance measurements were per-
formed in the presence of 10 ml of 10 mMzlke(CNk]/K4
The preparation of Au hanoparticles was carried out accordf=e(CN)] (1:1) PBS (containing 0.2 M NaCl solution as sup-
ing to a previously reported worKl9]. 1.8 ml of 1% (w/w) porting electrolyte). Prior to addition of sample into the back-
sodium citrate solution was added into 50 ml of 0.01% (w/w)ground solution, the three electrodes were stabilized in the
HAuCI, boiling solution, refluxed for ca.15 min until a wine- background solution for ca. 20 min. The sample was added in an
red color solution was observed and cooled at room temperaturicreasing concentration order and the time interval for the addi-
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Fig. 1. Schematic representation of the preparation of molecularly imprinted film on the surface of PQC Au-eHS~~~~ SH corresponds to 1,6-hexanedithiol;
LAUlto Au nanoparticledCHy0)3S8i ™ NH; to APTMS anc€ to cytidine.

tion of the standard sample solution was 15 min. The temperatutgifunctional organics (thiol) have two reactive centers, one reacts
of the tested solution in electrochemical cell was controlled atvith an oxide and the other reacts with a metal for attachment ofa
25+ 0.1°C. After the measurement, the analyte was removedtrongly adherent thin silica layer on Au surfag23]. However,

as mentioned above. the insulation of the resulted modified layer made the further
electrodeposition of alkoxysilane on the electrode impossible.

3. Result and discussion Therefore, a hybrid multilayer film based on thiol-Au nanopar-
ticles and Au nanoparticles-amidogen has been fabricated via

3.1. Imprinting procedure self-assembly because a compact film of Au nanoparticles has

good conductivity21]. The procedure is shown irig. 1. For

A cytidine imprinted sol-gel film attempted to deposit each process, the mass modified on the surface of the PQC
directly on the surface of the PQC Au-electrode without addingAu-electrode was calculated by using the piezoelectric tech-
acid-catalyzer or base-catalyzer into the sol. In order to achieveique and the results are givenTable 1. Given the thiol has
it, a significantly negative potential was applied to increasea strong tendency to adsorb onto Au surface, it is reasonable to
the pH at the electrode surface. The concentration increase assume that all the Au nanoparticles are linked with the APTMS
hydroxyl ions, which act as a catalyst in the condensation promolecules. Thus, the value of 1.3 of the molar ratio between the
cess, resulted in the deposition of a sol—gel film. The reactionadsorbed Au nanoparticles and the adsorbed APTMS suggests
taking place in the two-step procedure are as follows: the combinations between the Au nanoparticle and APTMS may
NH2(CHz)3Si(OCHg)z + 3H20 be in molar ratio of 1:1, and may be in that of 2:1 or more.

— NH3(CH3)3Si(OH)3 + 3CH30H ()
Table 1

The mass change on the surface of PQC during the self-assembly

NH2(CH2)3Si(OH); + NH2(CHz)3Si(OH)s

Modification procedure Frequency shift (Hz) Mass change (ng)
NH2(CH2)3(0OH)2Si—O—Si(OH)2(CH2)3NH2 + H20
= NH2(CH2)3(OH), (OHR(CH2)sNH2 + Ha 1,6-Hexanedithiol 261.4+ 0.6 405.1+ 0.9
2 Au nanoparticles 205.7+ 0.4 318.8+ 0.6
APTMS 184.5+ 0.3 290.0+ 0.5
_Prewous studies s_howed that it was very difficult to form aEIectrodﬂmSition

thlq, stgble sol-gel fllm on thg surface of Au-electrddé], Rt 623.24 0.3 966.0+ 0.5
which is an extensively applied substrate for the analytical 20 1131.3+ 0.2 1753.5+ 0.4
research, especially in the PQC-MIP sensor. In order to solve this 3¢° 1325.2+ 0.5 2054.1+ 0.8

problem, firstly, we attempted to assemble a layer of organic sili- 4% 1554.7+ 0.1 2409.8+ 0.3

cate reagent by using (3-mercaptopropyl)triethoxysilane, whicha Number of scanning cycle.
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In order to investigate further the change of the conductanceespectively. Additionally, the physical and chemical properties
of the PQC Au-electrode during the assembly, cyclic voltam-of the background liquid also cause the frequency to change.
metry was employed. When 1,6-hexanedithiol was modified ol he effect of the density (9 and viscosity () of the liquid on
the surface of the PQC, the significant lack of faradic currenthe resonant frequency is as folloy23]:
than that of the bare Au-electrode was observed, which indi- 3/2 12
cates that the film is compact and electrons hardly permeats f, — _M (4)
it. It is important to note that the introduction of Au nanopar- (moqriq)/?
ticles resulted in the increment of the redox peak of the PQC ¢ relationship between the motional resistancg) (@&d
Au-electrode, which manifested that Au nanoparticles were nof,e (an) of the liquid is given as follow§24]:
only self-assembled on the electrode surface, but also partly
distributed within the film as tiny conduction centers and facil- , (rfopLnL)/2A 5)
itated the electron-transfer. Although the faradic current of the ™ — K2

Au-electrode decreased again when APTMS was adsorbed Qjherey is the electromechanical coupling factor. The absolute
the surface of the PQC, the PQC Au-electrode was still e|eCt”9aIueAfo/ARm for the net density/viscosity effect on the 9 MHz
because a pair of tiny redox peaks was observed. Thus, it maqhQC resonance is approximately 10.1 H{2&]. Obviously, the
the further electrodeposition possible. larger the absolute value @fy/ ARm, the weaker the viscous
The electrodeposition process can be performed in man¥ffect and the stronger the mass effect.
ways. Cyclic vol_tammetry, a classical _and conventional m_ethod, As given inFig. 2, when a sample solution (cytidine standard
was employed in th|s_ work. A reduction wave commencing aTsqution) was added, the response frequency)zetiuced with
potential more negative than0.8V was observed due 10 the the increment of time and then reached a stable value. Simul-
reduction of oxygen to hydroxyl ions at the Au electrode SUrtaneously, the change of motional resistance g\&nd static
face[16]. The current of the reduction wave reduced with thecapacitance (A€, which is relative to the capacity and struc-
increment of the cyclic scan, which can be explained by the poojre of the electrical double layer) increased. The absolute value
conductance and compactness of the resultantimprinted sol—g&i A f/ AR, (62.5 Hz/<) is higher than that of the characteristic
film. Wh(_an the scanning c_ycle was over 4_0, the _reductlon wav@psolute value ol fo/ ARm (10.1 Hz/2)[25]. This indicates that
almost disappeared and did not reduce with the increment of thge frequency decrease is a result of the synergistic effect from
scanning cycle for the insulation of the resultant sol—gel film.the mass factor. Hence, a series of standard sample solutionsin an
This indicated that the thickness of the electrodeposition ﬁ'”]ncreasing concentration order were added, and the response fre-
did notincrease any more. A layer of imprinted sol—gel film wasyyencies of the sol-gel sensor were recorded. As givEigir8,
deposited steadily on the PQC Au-electrode surface by usingye response frequencies of the imprinted sol-gel sensor to the
scanning electron microscope technique. _ analyte were more significant than that of the non-imprinted
Among the influencing factors of the film thickness, the so}ge| sensor. This can be attributed to the much more bind-
applied potential was the most important. The more negative th@,g sites existing in the imprinted sol-gel film than that in the

applied potential, the more the thickness of the resultant sol-g@jon-imprinted sol-gel film. The frequency shift increased with
film. For example, the thickness of the film obtained by applying

the potential over the range0.4 to—1.0V for 40 cyclic scans
was calculated as 40.7 nm. However, when the applied potential
was over the range 0.4 to—1.2 V, the thickness of the resultant
film was 90.1 nm. Another parameter influencing the deposited
film thickness was the deposition time. For example, by apply-
ing —1.2 V for 40 cyclic scans, the resultant film’s thickness was
1.85 times thicker than that of 20 cyclic scans by applying the
same potential.

3.2. Performance of the sol-gel-imprinted film

After removal of the template molecule from the imprinted
film, imprinted cavities were obtained. The binding of the
sol—gel-imprinted film with template molecule just depended on
these resultant imprinted cavities. In piezoelectric analysis, the
Sauerbrey equation shows only the mass effect on the frequency
change of the quartz crystal as folloy@2]:

2f%Am
(pgiq)™?A

wheref is the fundamental frequency;the geometric surface Fig. 2. Typical PQCI spectrum of the sol-gel-imprinted PQC sensor for the
area;pq and uq are the density and shear modulus of quartz sample solution (sample concentration 2.50~7 M).

Afo=— )
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Fig. 3. Response course of the frequency shift of the sensor to each concentration

of cytidine. (1) Non-imprinted film. (2) Imprinted film. (a) 610-°M; (b)

1x10°8M; (c) 5x 1078 M; (d) 1x 10" M; () 5x 10" M; () 1 x 1078 M;
6 - 5M (i 5

(@ 5x107°M; (h) 1x 107 M. () 5 x 107°M. Fig. 4. Specific binding performance of the imprinted sol-gel film in buffer

solutions with different pHs. Data were plotted as bound max/bourgyB)

the increment of the sample concentration over a concentras. 1/concentratiorkqs were calculated from the slope of the curves.

tion range from 5.0< 10-2M to 5.0 x 10~> M. However, when

the sample concentration was over &.00~° M, the frequency L ) - .

shift did not increase any more. The reason may be that theH 80 (0.084), which indicates its enhanced affinity at high pH.
imprinted binding amount of the imprinted sol—gel film toward By comparing non-l_mp.nnted sol-gel f|-Im and imprinted solgel
the template nucleotide is limited due to the limited imprinted/ilM. the optimum binding pH was estimated to be between pH
sites existing in the imprinted film. As in our previous work /-0 @nd 8.0, where the affinity of the imprinted sol—gel film

[26], a relationship between the frequency shift {(Afz) and ~ Was several times higher than that of the non-imprinted sol—gel

the sample concentration {aV) was regressed as follows: film. . ) o
Studies showed that the swelling of the imprinted polymer
—Af; = 4942+ 56.9log C;, r=0.97 (6)  upon the association of the analyte enhances the permeability

of the electrolyte through the imprinted polymer fili#,26].

In this work, the binding capacity of the sol-gel-imprinted Thys, it is possible to investigate the binding performance of
film was further investigated in different pH PBS by using piezo-the sol-gel-imprinted film with cytidine by using the electro-
electric technique. The binding capacities of the imprinted filmchemical impedance technique, which is an effective method to
to template molecule at pH 5.0, 6.0, 7.0, 8.0 were measureghrobe the features of surface-modified electrd@@$. Gener-
respectively. Fronfig. 4, the affinity of the imprinted film to  gjly, a typical shape of an electrochemical impedance spectrum
template was estimated for each buffer solution and the valugsyyquist plot) includes a semicircle segment, observed at higher
of the dissociation constants {kKwere estimated. As shown frequencies, which corresponds to the electron-transfer resis-
in Table 2, allKq are in the nanomolar range. This suggeststance of the modified film on Au-electrode surfaceyRAs
a strong imprinted film-template interaction existing betweengiven inFig. 5, the sample concentration ranging from 10~6
the imprinted film and the nucleotid@7]. For non-imprinted  tg 5% 104 M, Ret reduced with the increment of the sample
sol—-gel film,Kq values vary from 1.0pM atpH 5.0t0 1.08tM  concentration. However, when the sample concentration was
at pH 8.0, no significant effect of pH on the binding capac-jower than 1x 106 M, the electrochemical impedance spec-
ity of it with cytidine was observed. However, for imprinted trum did not give significant change. According to previous
sol-gel film, Kq value at pH 5.0 (0.19) is twice over that at studies[29], it was found that the imprinted adsorption data

fit well to the Freundlich isotherm model. Therefore, the lower

Table 2 the sample concentration, the smaller the adsorbed mass. Thus,
Influence of pH on cytidine binding of sol-gel film whenthe adsorbed mass was too small, the swelling degree of the
pH Ka (M) ?mprinted film was glso _too small to generate significant change
- - —— - in the electrochemical impedance. However, when the sample
Imprinted film Non-imprinted film - centration was over510~4M, no significant change of
5.0 0.19 1.05 the electron-transfer resistancesjRwas also observed. It is
6.0 0.14 0.99 interesting to note that a linear relationship between the circu-
;:8 8:324 1:38 lar diameter of the electrochemical impedance spectraRpg

k) and the sample concentration (I6g M) ranging from
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Fig. 6. Capacitance shift as a function of the concentration of cytidine. Inset:
Fig. 5. Nyquist plot of electrochemical impedance spectra of the sol-gelreal-time binding curves of sol-gel film with cytidine (M) by using the
imprinted PQC Au-electrode upon interaction with cytidine of different con- capacitive sensing technique. (1) Non-imprinted sol-gel film. (2) Imprinted
centrations. (a) OM. (b) ¥ 10°°M. (c) 5x 108M. (d) 1x 10°°M. (e) sol—gel film.
5x107°M. (f) 1 x 1074 M and (g) 5x 10~* M. Inset: relationship between
the circular diameter and the cytidine concentration. ground solution, the capacitance of the imprinted sol—gel film
reduced for ca.10 min and then became stable. The change of
1x10°5M to 5x 10~*M was observed (Inset iRig. 5) and  the sensor capacitive response with the cytidine concentration is
regressed as follows: shown inFig. 6(b). The results demonstrated when the concen-
tration exceeds 3AM; there is no obvious capacitance change.
l0g Ret = 0.567—0.043 log C:. r=097 Q) The total signal cr?ange caused by cytidine fgr imprinted solggel

This indicated that the electrochemical impedance techniquéensor was more than 17%. For non-imprinted sol-gel sensor,
is a feasible method for quantified analysis of the sample corthe total signal change was only ca. 6.0%. The results confirm
centration. that in the case of the sensor for cytidine, the analyte binding

An attempt was made to characterize the binding perforwith the film is essential for the changes in capacitance.
mance of the film to the template molecule by using the capac-
itance technique because the resultant electrodeposited sol-gef. Selectivity and stability
imprinted film is insulating. According to previous studies
[30,31], when one plate is covered with an insulator and the other The key property of the molecularly imprinted sensor is its
is an image electrode of insulator/electrolyte solution interface€apability of recognizing a specific target molecule. The selec-
connected to the counter electrode, if the resultant phase andige recognition is based on functional group and shape com-
() is close to 90, the device displays near-ideal capacitor behav{lementarity between the template molecules and 3D structure
ior. In this work, when the frequency of 1000 Hz was chosen a®f binding sites in the imprinted film. To assess the recogni-
the work frequency, the resultant phase angilevs 85.5. This  tion performance of the electrodeposited imprinted sol—gel film,
indicated it is possible to investigate the binding performance oselectivity factor (i), which is defined as the ratio of the sensor’s
the sol-gel sensor toward the template molecule by using capaftequency shift toward the interfering substance to that toward
itance technique. the template molecule, was calculated. A series of interfering

According to previous studig80,31], the capacitance;, compounds, which concentrations were 50~° M, were tested

between two parallel plates separated with a distarisgiven by using piezoelectric technique. As showTable 3, allKjts of
by equation: the imprinted sol-gel sensor to interfering substances are much

smaller than that of the non-imprinted sol—gel sensor, which sug-

C= coed (8)  gested thatthe imprinted sol-gel sensor can distinguish cytidine
d from the interfering substances.
wheregg is the permittivity of free space; the dielectric con- Since differenRe; can be obtained for the sol-gel-imprinted

stant of the material between the plates, Amslthe surface area. Au-electrode before and after its interaction with the analyte,
Using capacitive method, the real-time combination curves ofhe electrochemical impedance technique could also serve as a
imprinted/non-imprinted sol—gel film with template molecule tool to evaluate selectivity of the imprinted film modified Au-
are shown irFig. 6(a). When a sample was added into the backelectrode. As mentioned above, a series of interfering substances
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Table 3
The selectivity of the imprinted sol-gel film
Interfering substance Imprinted sol—-gel film Non-imprinted sol—gel film

Kit = Afil Af2 Kit = AReti ARet () Kit = Afil Af2 Kit = ARet(jy ARey”
Guanosine 0.21 0.24 0.93 1.01
Thymidine 0.36 0.34 0.91 0.96
Uridine 0.44 0.41 0.89 0.99
Deoxythymidine 0.38 0.31 0.95 0.94
Deoxyguanosine 0.20 0.23 0.90 0.95
Adenosine 0.18 0.25 1.08 0.97
AMP 0.13 0.20 0.95 0.99

2 Ki is defined as the ratio of the sensor’s frequency shift toward the interfering substance to that toward the template molecule.
b K is defined as the ratio of the change of the diameter of the electrochemical impedance spectra toward the interfering substance to that toward the tem
molecule.

were also tested and the results are also showabie 3. Similar  tested techniques, the capacitance technique gives the narrowest
results of the electrochemical impedance experiment with that aesponse range (5—3MM), but it provides an alternative detec-
the piezoelectric technique were observed, which further provetion tool for an insulated imprinted sol—gel film and its binding
that the imprinted sol—gel film can selectively recognize cytidinewith template. All these results suggest that the electrodeposited
from the interfering substances. In both cases, special selectivigol-gel imprinted method is feasible.
of the imprinted film toward its template is demonstrated. The
shape effect seems to play a crucial role in the selectivity oAcknowledgements
the imprinted film. For example, uridine, which has very similar
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