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Abstract

We report herein the preparation of few chemically sensitized organically modified sol–gel glass (ormosil) films and sensing of dopamine
at the surface of the modified electrodes derived from these films. The chemical sensitization in ormosil-modified electrodes is introduced
by incorporating: (a) potassium ferricyanide and (b) either Nafion, or dibenzo-18-crown-6 or in situ generated Prussian blue from potassium
ferricyanide. Electrochemical sensing of dopamine on the surfaces of these modified electrodes have been investigated and found that: (i) the
presence of dibenzo-18-crown-6 facilitate the magnitude of dopamine sensing, (ii) conversion of potassium ferricyanide into Prussian blue

dibenzo-
ent under
-crown-6

n-6 in the
8-crown-6
le; (2) the
icyanide
-crown-6

d
e
te.
p-
m-
ites
y

ns-
a-
ls;
try
e of
ort

in
also enhances the magnitude of dopamine sensing as compared to that of control and Nafion sensitized modified electrodes, (iii) both
18-crown-6 and Nafion sensitized ormosil-modified electrodes are found selective to dopamine in the presence of ascorbic acid pres
physiological concentration range. These finding again directed our attention to investigate the sensing of dopamine: (a) on dibenzo-18
incorporated within Prussian blue sensitized modified electrode and (b) in the presence of varying concentrations of dibenzo-18-crow
Prussian blue modified electrodes. The investigations made on these lines again suggested the following: (1) increase in dibenzo-1
concentrations in the modified electrode increases the magnitude of dopamine sensing upto an optimum concentration of macrocyc
detection limit of dopamine sensing goes down to 30 nM as compared to that of dibenzo-18-crown-6 incorporated with potassium ferr
which was found to the order of 100 nM. Investigations of the interference of ascorbic acid revealed that the presence of dibenzo-18
introduces selectivity in dopamine sensing in the presence such common interfering analyte like ascorbic acid.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The material chemistry originating through sol–gel pro-
cess has increasingly gaining attentions of world scientists as
such materials have wide practical applications in various di-
rections. Organically modified sol–gel glasses (ORMOSILS)
are one of the categories of such materials that provided
wider applications to sensors technologist especially in elec-
trochemistry[1,2] and are deriving from organically func-
tionalized alkoxysilanes. Further encapsulation of electron
transfer mediators having reversible redox electrochemistry
within ormosil film is again potential requirement that might
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facilitate charge-transfer process within ormosil film require
for probing chemical/biochemical interaction taking plac
within or outside the nano-structured domains of solid-sta
One way to improve the electrochemistry of ormosil enca
sulated mediators is the preparation of metal–ceramic co
posite that possibly lead to generate increased hopping s
of electron transfer within solid-state network. The other wa
for the same is to incorporate chemicals that affect the tra
port of ion as well as charge transport within solid-state m
trix. Nafion and crown ethers fall amongst such chemica
accordingly, it was proposed to study the electrochemis
of electron transfer mediators in the presence and absenc
these chemicals whether they influence the charge transp
within solid-state nano-geometry.

We have made investigations[3–5] on the electrochem-
istry of electron transfer mediators encapsulated with
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ormosil film derived modified electrodes and based on
electrochemical measurements concluded the following: (1)
incorporation of palladium within the nanoporous geometry
of ormosil facilitate the charge transport with excellent redox
electrochemistry of encapsulated mediator followed by intro-
ducing electrocatalytic power in ormosil-modified electrode;
(2) incorporation of ruthenium derivatives also facilitate the
charge transport within solid-state matrix as well as influence
the electrocatalytic efficiency of the material. All these obser-
vations reveal the contribution of metal–ceramic composite to
improve the electrochemistry and electrocatalytic properties
of the modified electrodes. On the other hand, introduction
of organic moieties having ion-exchange and ion-recognition
site within ormosil matrix might alter the electrochemistry
of ormosil-encapsulated mediators. Accordingly, it was
aimed to investigate on these lines in the presence of
Nafion and dibenzo-18-crown-6. We have observed that the
ormosil film derived from 3-aminopropyltrimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane and phenyl-
trimethoxy silane in acidic medium retain the inherent
property of these organic moieties and the resulting film
is highly stable for practical applications. Potassium ferri-
cyanide is also encapsulated together with such moieties that
again generate excellent ormosil film for electroanalytical
applications. Indeed we got interesting observations on the
encapsulation of potassium ferricyanide/potassium ferro-
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alytical biochemists and accordingly development of meth-
ods for sensing dopamine has become an attractive require-
ment. The common instrumental techniques like HPLC have
been widely used for the determination of dopamine[8–10].
Recent review summarizes various analytical methods such
as HPLC, capillary electrophoresis techniques, and fluores-
cence methods for determining urinary catecholamines in
healthy subjects based on five criteria, i.e., analytical range,
limit of detection LOD, precision, application in real sam-
ples, and automation of the method)[8]. HPLC methods are
more sensitive (LOD in the range of 1 nM) than capillary
electrophoresis and fluorescence methods (LOD in the range
of 10 nM). Such methods of catecholamine detection are of-
ten complicated and very expensive. The use of lipid films
supported on a polymer has been frequently used for sensing
dopamine. The stabilized lipid films have been used as de-
tectors for the rapid repetitive analysis of this stimulant. The
receptor molecules are incorporated in the mixture during
preparation of the lipid membranes supported on the polymer.
The incorporation of calixarene receptor into lipid membrane
to enhance selectivity for dopamine sensing has been made
[11–14]which was attributed to “molecular recognition”, in-
volving cavity-shape fitting and hydrogen-bonding interac-
tions, as common for resorcinol-derived calixarenes[15,16].
The presence of such receptors prevents the sensing of other
catecholamines, adrenaline and other electroactive species.
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yanide within the ormosil derived from 3-aminoprop
rimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyl trimetho
ilane and phenyltrimethoxy silane in the presence
afion/crown ether which are reported in the presen
estigation. We further observed another interesting fin
hen tetrahydrofuran (THF) or cyclohexanone is allowe

nteract with 3-aminopropyltrimethoxysilane in the prese
f potassium ferricyanide. Such interaction resulted

ormation of charge-transfer type complex and appear a
ous to Prussian blue, however, THF result light blue co
hereas cyclohexanone result dark green colour. T
oloured reaction products ultimately converted into tr
arent ormosil film in solid-state whereas control orm
ith encapsulated potassium ferricyanide without ha

nteraction with THF/cyclohexanone resulted into li
ellow colour. Results on visible photography are repor
he electrochemistry of potassium ferricyanide/ferrocya
ncapsulated within these chemically sensitized orm
odified electrode is reported. These modified electr
re tested for the electrochemical sensing of dopamine

Dopamine play crucial role in central nervous system
elongs to the group of catecholamines. Such chemic
sympathetic neurotransmitter and plays an importan

n the metabolism of sugars, lipids, etc.[6]. These chem
als are used in the treatment of acute congestive and
ailure [7] which concentration in urine samples of hea
nimals without pheochromocytoma has been found bet
00 and 400�g/24 h3. The variation of dopamine level in h
an physiological fluid has been reported in between 2�M
nd 2 mM. It has now become an important analyte for
l

he electrodes coated with calixarene film have show
ective sensing of spiked dopamine in urine sample. A re
eport described an optical spot test for rapid and sele
etection of dopamine in human urine using stabilized i
ried lipid film [17].

Electrochemical sensors using modified electrodes
een widely used for the rapid detection of this sti

ant. The electrochemical sensors for dopamine base
B film [18], microfluidic system[19], biomemetic ap
roach[20,21], sol–gel material based electrodes[22,23],
nzymeless biosensor[24], bienzymatic system[25], en-
yme amplification system[26], plant tissue[27–29] and
oltammetric electrodes[30,31] have been reported. T
se of Nafion membrane and Nafion coated tissue po
as been described to increase the selectivity of dopa
ensing[32,33]. The detection limits of dopamine sens
n several electrochemical systems were to the order
.1, and 25�M for adrenaline, dopamine, and ephedrine
pectively. The selectivity coefficients as proposed by W
34] and Wang and Chen[35] were found to be 11.5 fo
opamine and 0.64 for ephedrine, if adrenaline is the prim
pecies. Our contribution on dopamine sensing start wit
se of polyphenol oxidase (tyrosinase) based electrod
ived from palladium-linked ormosil[3]. Such modified elec
rode, although responded nicely, however, both sensi
nd selectivity of dopamine sensing was very poor requ

or practical applications. Apart from abundance litera
vailable on dopamine sensing as described above, the
xists a need for real time selective analysis of dopa
ased on non-enzymatic system that has been attempted
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Table 1A
Composition of ormosil’s precursors for making system-1, -2 and -3

System A (�l) B (�l) C (�l) D (�l) E (�l) F (�l) G (�l) H (�l)

1 70 10 5 – – 60 240 5
2 70 10 5 – 5 60 235 5
3 70 10 5 – 60 240 5

A, 3-aminoproyltriethoxy silane; B, 2-(3,4-epoxycyclohexyl)ethyl trimethoxysilane; C, phenyltrimethoxy silane; D, dibenzo-18-Crown-6 (2 mg/ml) in
phenyltrimethoxysilane; E, ethanolic solution of Nafion as supplied by Aldrich; F, aqueous solution of potassium ferricyanide (10 mM); G, distilled water
and H, HCl (0.5N).

present investigation. Electrochemical oxidation of dopamine
at the surface of chemically sensitized ormosil-modified elec-
trodes as described above is reported in this communication.
The systems provided deeper insight on the electrochemistry
of dopamine oxidation as well as novel approach to introduce
selectivity for sensitive sensing of dopamine.

2. Experimental

2.1. Materials

3-Aminopropyltrimethoxysilane, alcoholic Nafion solu-
tion, dibenzo-18-crown-6 and phenyltrimethoxysilane were
obtained from Aldrich Chemicals Company. Dopamine was
obtained from Sigma Chemicals Company. The aqueous so-
lutions were prepared in triple-distilled water. All other chem-
icals employed were of analytical grade.

2.2. Construction of ormosil-modified electrodes

The modified electrodes were made on clean and dried
indium tin oxide (ITO) electrode using 10�l of homog-
enized ormosil’s precursors solution of desired composi-
tion as given inTables 1A and 1C. For easy presentation,
t ead-
i uent
m (con-

trol), system-2 (Nafion® sensitized); and system-3 (dibenzo-
18-crown-6 sensitized). System-4 and -5 were also studied
that could be made with Prussian blue obtained through
chemical reaction between tetrahydrofuran/cyclohexanone,
3-aminopropyltrimethoxysilane and potassium ferricyanide.
The composition of these reagents is given inTable 1B.
When these reagents are mixed together, the yellow colour
of potassium ferricyanide was converted into light blue with
tetrahydrofuran and dark green with cyclohexanone under
ambient conditions. The complete reaction product was used
to make system-4 and system-5. These two systems dif-
fer from each other in absence (system-4) and the presence
(system-5) of dibenzo-18-crown-6. The composition of or-
mosil’s precursors is given inTable 1C. The system-5 could
be again differentiated into 5a, 5b, 5c and 5d based on varying
concentrations of dibenzo-18-crown-6 as shown inTable 1C.
The ormosil’s precursors as shown inTables 1A and 1Cwere
homogenized by stirring and 10�l of each homogenized sus-
pension was layered on cleaned and dried ITO electrode. The
ormosil’s film was allowed to dry for 5–7 h. The electrode was
assembled in electrochemical cell and the electrochemistry
of modified electrodes in each case was examined by cyclic
voltammetry.

2.3. Electrochemical measurements
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onversion of potassium ferricyanide into Prussian blue

eagent 3-Aminoproyltriethoxy silane (�l)

etrahydrofuran (10�l) 70
yclohexanone (5�l) 70

stands for total content of reaction product.

able 1C
omposition of ormosil’s precursors for making system-4, -5a, -5b, -5

ystem X B (�l) C (�l) Y (�l)

(i) 0 mg/ml (ii)

(R) 10 5 – –
a (R) 10 5 5 –
b (R) 10 5 – 5
c (R) 10 5 – –
d (R) 10 5 – –

, reaction product R (Prussian blue) as shown inTable 1B; Y, solution of dib
ane; C, phenyltrimethoxy silane; G, distilled water and H, HCl (0.5N)
The electrochemical measurements were performed
Solartron Electrochemical Interface (Solartron 1

K3Fe(CN)6 (10 mM) (�l) Colour of reaction produc

60 Light blue (R)
60 Dark green (R)

5d

G (�l) H (�l)

/ml (iii) 1.0 mg/ml (iv) 2.0 mg/ml

– – 240 5
– – – 5
– – 235 5
5 – 235 5
– 5 235 5

8-crown-6 in tetrahydrofuran; B, 2-(3,4-epoxycyclohexyl)ethyl trimeth
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Electrochemical Interface). An electrochemical cell made up
of two pieces of Teflon® (6 cm× 6 cm ×1.8 cm) was used
for the measurements. The upper piece of Teflon had ar-
rangement of holding Ag/AgCl reference and platinum foil
counter electrodes with 3 ml of working solution. The ormosil
film made on ITO electrode was sandwiched between these
two pieces of Teflon having the arrangement of gold con-
nector for electrical connection. The cyclic voltammetry was
studied between−0.2 and +0.6 V versus Ag/AgCl at desired
scan rate. The amperometric measurements using the modi-
fied electrode were obtained at the desired operating potential
vs. Ag/AgCl in the presence and absence of dopamine. The
experiments were performed in phosphate buffer (0.1 M, pH
7.0) at 25◦C. Purging nitrogen for 15 min into the electro-
chemical cell provided insensitivities to any environmental
interfering analyte including oxygen under working poten-
tial range in present experimental conditions.

3. Results and discussion

Our recent report describes on the contribution of
ionophore-encapsulated ormosil’s films useful for sensing
hydrogen peroxide[36]. While proceeding ahead on the
preparation of ormosil film using dibenzo-18-crown-6, we
noticed the problem of its solubility in the macrocycle in
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Fig. 1. Cyclic voltammograms of potassium ferricyanide encapsulated
ormosil-modified electrodes prepared under four different conditions
(Table 1) in 0.1 M phosphate buffer pH 7.0 at the scan rate of 5, 10, 20,
50 and 100 mV/s.

3.1. Electrochemistry of chemically sensitized
ormosil-modified electrodes

Fig. 1 shows the electrochemistry of potassium ferri-
cyanide encapsulated within these ormosil-modified elec-
trodes (system-1 to system-4). Amongst all these modified
electrodes, presence of Nafion within ormosil film caused bet-
ter redox electrochemistry of ormosil encapsulated potassium
ferricyanide. The peak separation is virtually independent
of scan rate which is attributed to ion-exchange behavior
of Nafion whereas the crown ether-modification showed
relatively larger peak current and peak separation changes
significantly on scan rate. Relatively greater peak separa-
tion in system-3 may be due to existence of ion-pair and
charge separation is possibly introduced within film through
the recognition of potassium ion by dibenzo-18-crown-6
whereas ferricyanide ions lie out side of the macrocyclic
cavity. This generates an increase in capacitive current as
supported by increase in capacitive components in system-
3. It should be noted that duration of drying time caused
dramatic effect on the electrochemical performances of the
ormosil-encapsulated mediator. The drying time has been
optimized under present experimental conditions together
the contribution of laboratory’s environment in order to get
optimum electrochemical performances of ormosil-modified
electrode. Low drying time under such conditions, i.e., 1–3 h
rmosil’s precursors. Fortunately dibenzo-18-crown-6
ittle soluble into phenyltrimethoxysilane and the initial o
ervations were satisfactory with system-3. However, we
her noticed that the data on different concentrations of c
ther would be valuable to many electro analytical app

ions; accordingly, we attempted to increase the concentr
f dibenzo-18-crown-6 in ormosil film using tetrahydrofu
s solvent. During such experimentation we observed
otassium ferricyanide get converted into Prussian blu

he presence of 3-aminopropyltrimethoxysilane and tetr
rofuran or cyclohexanone. Such conversion again dire
ut attention to study the system derived from only P
ian blue in the ormosil film and further in the presenc
arying concentrations of dibenzo-18-crown-6 together P
ian blue within the film. It should be noted that during s
ddition care was always taken to retain the inherent p
rty of dibenzo-18-crown-6 within the film. According

wo more systems system-4 (with Prussian blue only)]
ystem-5 (with Prussian blue and varying concentration
ibenzo-18-crown-6) have been made as discussed in

ion 2. After having these five system made, we intende
tudy the following: (1) the variation in electrochemistry
3Fe(CN)6 in different systems if any; (2) to study the che

stry of Prussian blue formation; (3) to study interaction
otassium ferricyanide and dibenzo-18-crown-6 if any;

o study the dopamine sensing on these modified electr
5) to study the effect of dibenzo-18-crown-6 on dopam
ensing, if any; (6) to study the selectivity of dopamine s
ng. The findings on these lines are reported in follow
ections.
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resulted, although smooth film over ITO electrode, however,
the mediator got leached out from the film during electro-
chemical measurement. On the other hand, high drying time,
i.e., >8–10 h resulted the film with poor electrochemical be-
havior of ormosil-encapsulated mediator. Such behavior of
the modified electrode is expected due to the property of
sol–gel reactions that ultimately approach to the state of xero-
gel with added property of densitification thereby causing
restricted translational movement of the encapsulated me-
diator. We are working on these lines by introducing novel

electro catalyst within nano-structured domain and detail out
put would be communicated in later publication.

3.2. Chemistry of Prussian blue formation

Chemistry of electrode-4 is found very interesting
which is prepared using the reaction product of THF/
cyclohexanone, 3-aminopropyltrimethoxysilane and potas-
sium ferricyanide. Potassium ferricyanide in the presence
of 3-aminopropyltrimethoxysilane and either tetrahydrofuran

F
c
(
c
(
a
a
p

ig. 2. (a) Colour change in the formation of charge-transfer complex: (1)
olour resulted with cyclohexanone. (b) Absorption spectra of Prussian blue
I and II) shows the absorption spectra of the solution of potassium ferricyan
yclohexanone [curve-3 and -4 (I) show recordings of same system at the in
II) shows recording of same system at the interval of 5 min]. (c) Absorption
nd curve-3 for system-4 (tetrahydrofuran). (d) Absorption spectra on the in
bsorption spectra of solution containing 10 mM potassium ferricyanide (30�l), T
otassium ferricyanide (30�l), 1 mg/ml dibenzo-18-crown-5 in THF (5�l), distille
potassium ferricyanide colour, (2) colour resulted with tetrahydrofuran and (3)
formation in the presence of cyclohexanone (I) and tetrahydrofuran (II). Curve-1
ide and 3-aminopropyltrimethoxysilane; curve-2 (I), the absorption after adding

terval of 5 min]; curve-2 (II), the absorption after adding tetrahydrofuran [curve-3
spectra of ormosil; curve-1 for system-1; curve-2 for system-4 (cyclohexanone)
teraction of potassium ferricyanide and dibenzo-18-crown-6; curve-1 shows the

HF (5�l), distilled water (965�l) and curve-2 show the same with 10 mM
d water (965�l). The inset show the spectra within 240–358 nm.
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Fig. 2. (Continued).

or cyclohexanone under go Prussian blue formation and the
yellow color of potassium ferricyanide changes depending
on the nature of electron acceptor participating in Prussian
blue formation as shown inFig. 2a. Tetrahydrofuran gen-
erate light blue color whereas cyclohexanone result dark
green colour. We have investigated the kinetics of such re-
action spectrophotometrically and shown inFig. 2b for cy-
clohexanone (I) and tetrahydrofuran (II).Fig. 2b (I) shows
the variation of absorption maxima under three different
conditions. Curve-1 (Fig. 2b (I) shows the absorption as
a function of wavelength of the solution containing potas-
sium ferricyanide and 3-aminopropyltrimethoxysilane be-
fore the addition of cyclohexanone whereas curve-2 to -4
[Fig. 2b (II)] show the absorption after the addition of cy-
clohexanone at the interval of 5 min in each case. Similarly,
curve-1 (Fig. 2b (II) shows the absorption of the solution
similar to that for curve-1 as reported inFig. 2b (I) before
the addition of tetrahydrofuran. The variation in the absorp-
tion spectra shown inFig. 2b justify the following: (1) the
absorption maxima recorded for potassium ferricyanide at
420 nm (curve-1 for bothFig. 2b (I) and (II) disappear; (2)
the reaction of cyclohexanone to form Prussian blue is faster
than tetrahydrofuran; (3) the reaction product with cyclohex-
anone causes reappearance of another peak around 675 nm
[Fig. 2b (I) curve-2 and -3] whereas tetrahydrofuran gen-
erate new peak at 570 nm; (4) the absorption peak at both
5 n in
a rod-
u tion
i rge-
t uch
c met-
r lue
f osil
( cy-
c Dis-
a ed in

system-1) and appearance of large plateau in UV region in
system-4 in both cases (cyclohexanone and tetrahydrofuran)
justifies the charge-transfer complexation in Prussian blue
formation.

3.2.1. Interaction of potassium ferricyanide and
dibenzo-18-crown-6

Another important aim to proceed ahead is to understand
the interaction of potassium ferricyanide and dibenzo-18-
crown-6. For this, we conducted few spectrophotomteric in-
vestigations as shown inFig. 2d. Curve-1 (Fig. 2d) shows
the spectra of solution containing potassium ferricyanide
whereas curve-2 shows the spectra of the same solution with
dibenzo-18-crown-6 recorded between 200 and 700 nm. The
inset shows the variation of absorption between 240 and
328 nm. There are two major finding out of the observations:
(1) there is appearance of a new peak closed to 280 nm; (2)
the absorption at 420 nm which is characteristic of potassium
ferricyanide that gets decreased after the addition of crown
ether. These two findings justify the interaction of potassium
ferricyanide and dibenzo-18-crown-6.

3.3. Sensing of dopamine at the surface of chemically
sensitized electrodes

Fig. 3a shows the cyclic voltammograms of ormosil-
m after
t ffer
p nt in
s ared
t erm
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4 -3 is
p or-
m ared
t
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r the
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s The
q ng on
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p otas-
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t nide.
H m-3
a . In
70 and 675 nm get disappear kinetically; (5) variatio
bsorption in UV region is also seen in the reaction p
ct of cyclohexanone and tetrahydrofuran. Such varia

n the kinetics of cyclohexanone interaction reflects cha
ransfer complexation during Prussian blue formation. S
onclusion is also supported by another spectrophoto
ic observation of ormosils without and with Prussian b
ormation.Fig. 2c shows the absorption spectra of orm
control/system-1) (curve-1) and of ormosil [(system-4
lohexanone (curve-2) and tetrahydrofuran (curve-3).
ppearance of absorption at 420 nm (curve-1 as observ
odified electrodes (system-1, system-4) before and
he addition of 1 mM dopamine in 0.1 M phosphate bu
H 7. The results show large difference in peak curre
ystem-3 after the addition of 1 mM dopamine as comp
o all other three systems. The order of sensitivity in t
f peak current variation is found to be system-3 > sys
> system-1 > system-2. The high sensitivity of system
ossibly due to facilitated diffusion of dopamine within
osil as a result of ion pair existence in system-3 as comp

o other three systems.
We again investigated the encapsulation of potassium

ocyanide within the ormosil matrix and investigated
opamine sensing. It should be noted that potassium
ocyanide does not undergo Prussian blue formation i
resence of THF/cyclohexanone. The results on dopa
ensing using potassium ferrocyanide encapsulated or
re comparable to system-1, -2 and -3. The dopamine se

s same order as observed with potassium ferricyanide
fied electrode, however, the magnitude of current ch
fter dopamine addition is less as compared to that of p
ium ferricyanide under similar experimental condition.
uestion arises here what is nature of dopamine sensi

he electrode made without potassium ferricyanide/Pru
lue. Accordingly, we also investigated on these lines
reparing similar modified electrodes in absence of p
ium ferricyanide Prussian blue and observed dopamine
ng under similar conditions.Fig. 3b shows the results
hese four systems in absence of potassium ferricya
ere, it should be noted that the difference in syste
nd -4 was only in solubilizing the dibenzo-18-crown-6
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Fig. 3. (a) Cyclic voltammograms of system-1 to -4 before (1) and after the addition of 1 mM dopamine (2) in 0.1 M phosphate buffer pH 7.0 at the scan rate
of 5 mV/s. (b) Cyclic voltammograms of system-1 to -4 made in absence of potassium ferricyanide. The system-3 and -4 have only difference of crown ether
solubilization. The system-3 was made using crown ether dissolved in tetrahyrofuran whereas in system-4 crown ether was dissolved in phenyltrimethoxysilane.
Prussian blue was absent in system-4. Results show before (1) and after the addition of 1 mM dopamine (2) in 0.1 M phosphate buffer pH 7.0 at the scan rate
of 5 mV/s.
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system-3, this was dissolved in tetrahydrofuran whereas in
system-4, it was present in phenyltrimethoxysilane. It could
be concluded from the results (Fig. 3b) that the presence
of doibenzo-18-crown-6 causes amplification in dopamine
sensing which is in accordance to the observations made us-
ing potassium ferricyanide/Prussian blue encapsulation.

3.4. Effect of Dibenzo-18-crown-6 concentration on
dopamine sensing

The results reported inFig. 3suggested that the presence of
dibenzo-18-crown-6 caused amplification in dopamine sens-
ing as compared to that recorded for system without the
same. Further, the results reported inFig. 3 also revealed
that system-4 even in absence of dibenzo-18-crown-6 also
responded nicely with relatively much better amplification as
compared to that of system-1 and -2. Accordingly, we moni-
tored dopamine sensing on system-5 made with the presence
of Prussian blue and varying concentrations of dibenzo-18-
crown-6 (system-5a, -5b, -5c and -5d) (Fig. 4). It should be
noted that the preparation of ormosil films is triggered by con-
version of potassium ferricyanide into Prussian blue at first
instant followed by addition of dibenzo-18-crown-6 solution
in tetrahydrofuran of desired concentrations and other neces-
sary additives as shown inTable 1C.Fig. 4shows the results
o re

sults recorded inFig. 4 justify the significance of the crown
ether on dopamine detection. Some important findings are as
follows: (1) in the presence of crown ether the amplification
appreciable; (2) the response on dopamine sensing increases
on increasing crown ether concentrations upto 1 mg/ml and
further rise in crown ether concentration in the film resulted
decrease in response; (3) maximum response is recorded with
the ormosil film made with 1 mg/ml dibenzo-18-crown-6;
(4) absence of crown ether shows poor dopamine sensing
(system-1) followed by strong interference from ascorbic
acid. These finding again conformed our conclusion on the
contribution of dibenzo-18-crown-6 on dopamine sensing.
We used the system as referred system-5b for the analysis of
dopamine.

Fig. 5 shows typical results on the additions of varying
concentrations of dopamine using system-5c made using
1 mg/ml dibenzo-18-crown-6 together ormosil precursors.
Excellent dopamine sensing is recorded with much faster
response time to the order of <10 s. Inset toFig. 5 shows
the calibration curve for the same. The lowest detection limit
is recorded to be 30 nM which is much superior as com-
pared to any electrochemical systems available right now in
literature on similar approach. Such large amplification in
dopamine sensing could be explained from following consid-
eration. Dibenzo-18-crown-6 is an excellent carrier of potas-

s

F
s

n dopamine sensing on system-5a, -5b, -5c and -5d. The
ig. 4. Cyclic voltammograms of system-5a, -5b, -5c and -5d before (1) and
can rate of 5 mV/s.
-sium ion. Accordingly, the potassium ion of redox specie
after the addition of 0.5 mM dopamine (2) in 0.1 M phosphate buffer pH 7.0 at the
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Fig. 5. Typical response curve of sytem-3 on the addition of increasing
concentrations of dopamine in 0.1 M phosphate buffer pH 7.0. The electrode
was polarized at 200 mV vs. Ag/AgCl. The inset shows the calibration curve
for dopamine analysis using system-5c.

[K3Fe(CN)6] lies within the cavity and ferricyanide anions
are distributed within rest of the film. The presence of anion
within film facilitates the diffusion of dopamine cation within
the solid-state ormosil film and accordingly crown-ether de-
pendent amplification in dopamine sensing is recorded.

3.5. Selectivity in dopamine sensing

The analysis of dopamine is normally corrupted due to
the presence of other electro active species especially ascor-
bic acid present in physiological fluid. We again investigated
the dopamine sensing in the presence of ascorbic acid and is
recorded inFig. 6. Curve-1 shows the results before the ad-
dition of ascorbic acid whereas curve-2 shows the same after
the addition of 1 mM ascorbic acid which is around three-fold
greater than the normal physiological ascorbic acid concen-
tration. After the addition of ascorbic acid, instead of increase
in amperometric response the anodic current get decreased
(curve-2;Fig. 6). When dopamine (0.2 mM) is added in the
system after ascorbic acid addition again there is enough re-
sponse on dopamine sensing which justifies that the system is
not corrupted by ascorbic acid. However, when the ormosil-
modified electrode without dibenzo-18-crown-6 was used to
monitor dopamine, the electrode responded to ascorbic acid.
Accordingly, the selectivity of dopamine sensing was justi-
fi itiv-
i ined

Fig. 6. Cyclic voltammograms of system-5 before (curve-1) and after the
addition of 0.2 mM ascorbic acid (curve-2) followed by addition of 0.4 mM
dopamine in 0.1 M phosphate buffer pH 7.0 at the scan rate of 5 mV/s.

as follows. The presence of anion within the ormosil ma-
trix restricts the diffusion of ascorbate anion within the or-
mosil. Accordingly, reverse in the diffusion of ascorbic acid
kinetics as compared to dopamine diffusion kinetics prevail,
which justify the importance of present system for dopamine
sensing. We also observed that increase in crown ether con-
centration caused relative decrease in ascorbic acid sensing
that again justify the contribution of dibenzo-18-crown-6 in
dopamine sensing. System-2 also not responded to ascor-
bic acid which is in accordance to the property of Nafion
restricting diffusion of ascorbic acid within the film. How-
ever, system-1 and -4 responded to ascorbic acid significantly.
The studies on the interferences from other species and the
practical applications of the sensor are underway and will
be reported in later publication. It is further necessary to
talk on the miniaturization of the sensor into a portable de-
vice. The recent growth on optrode’s design will possibly be
helpful in this direction as opto-electrochemistry has shown
powerful tool during recent year and the idea behind which
could be emanated from the power of neural network in living
system.

Since the present ormosil-modified electrodes do not in-
corporate any biological molecules the stability of the elec-
trodes are quite excellent, however, the storage condition of
the electrode is very crucial. The electrodes are quite stable
for six months retaining close to 99% reproducibility even
a

4

des
f r in
ed from the participation of dibeno-18-crown-6. Insens
ty of ascorbic acid to the present system could be expla
fter six months when stored in working buffer.

. Conclusion

We report herein few chemically sensitized electro
or electro analytical applications. Five system that diffe
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each other in the presence of potassium ferricyanide (system-
1), potassium ferricyanide and Nafion (system-2), potassium
ferricyanide and dibenzo-18-crown-6 (system-3), Prussian
blue only (system-4) and Prussian blue with dibenzo-18-
crown-6 (system-5). These modified electrodes were used for
dopamine sensing. It was found that the presence of dibenzo-
18-crown-6 caused better amplification in dopamine sensing.
The conversion of Prussian blue within ormosil (system-4)
resulted enhanced dopamine sensing as compared to that of
potassium ferricyanide only (system-1) and also system-2
which was further enhanced due to the presence dibenzo-18-
crown-6 that caused facilitated diffusion of dopamine within
the ormosil film. The presence of crown ether also caused
selectivity in dopamine sensing especially in the presence
of ascorbic acid mainly based on the restricted diffusion of
ascorbate ion within the ormosil film.
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