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CHAPTER |

INTRODUCTION

1.1 Motivation

Phenolic compounds can be found in industrial waste for example coal
mining, oil refinery, paint, plastic, and pharmaceutical industry. It is highly toxic to
man and to aquatic organisms (Lindgren et al., 1997). Many techniques have been
used for determination of phenols from industrial wastes, such as colorimetry, gas
chromatography, liquid chromatography, and capillary electrophoresis. However,
these methods are very expensive, time-consuming, including complicated sample
pretreatment and giving low sensitivity. Therefore, biosensor technique which is
higher sensitivity, fast response, and lower cost, is an obviously advantageous

alternative.

In order to detect phenolic compounds using enzyme biosensor. Enzyme
immobilization is an important procedure for construction of biosensor. Horseradish
peroxidase (HRP) has good performances in degrading the phenolic compounds and
giving response to a large number of phenol derivatives in the presence of hydrogen
peroxide by enzymatic catalytic reaction. However, there still exist some important
problems such as the short lifetimes and enzyme instability. Thus, immobilization of

HRP is able to improve these problems.

Enzyme immobilization is enzyme immobilized on transducer which is a part
of a biosensor. Thus, enzyme support material is one of the important parameters in
enzyme immobilization process. Many researchers have investigated enzyme
immobilization on various porous materials such as alumina, polymeric resins, natural
polymeric derivatives, organic gels, fibers, zeolite, and mesoporous molecular sieves
(He et al., 2006). Among different support materials, mesoporous silica offer
interesting properties, uniform and adjustable pore size, large surface area, pore
volume and opened pore structures which make it more suitable for increase enzyme
loading. However, the poor conductivity of mesoporous silica is an important
drawback of this material, which might influence the performance of the biosensor.



To improve the conductivity, various metal nanoparticles such as silver (Ag), gold
(Au), platinum (Pt) etc. are used in enzyme immobilization process. It is well known
that Ag is the best conductor among metals and so Ag nanoparticles may facilitate
more efficient electron transfer including can adsorb the protein by the interaction

between the enzyme and Ag nanoparticle.

In this work, we are interested in immabilization of enzyme in mesoporous
silica/silver nanoparticle/ chitosan composite. Chitosan was selected because it is a
natural biopolymer, good film-forming ability, chemical inertness, high mechanical
strength, biodegradable, biocompatible and inexpensive.

1.2 Objectives
To investigate the immaobilization of Horseradish peroxidase in mesoporous

silica/silver nanoparticle/chitosan composite material.

1.3 Working scopes

1.3.1 Synthesize and characterize mesoporous silica (MCF), Ag nanoparticle on
mesoporous silica (MCF).

1.3.2 Immobilization of Horseradish peroxidase on mesoporous silica/silver
nanoparticle/chitosan.

1.3.3 Investigate effects of the amount of silica in chitosan (0.1-1 %w/v), chitosan
concentration (0.1-1%w/v) and amount of silver nanoparticle (100-1000
ppm) on HRP immobilization.

1.3.4 Determine the enzyme activity, reusability and stability.
1.4 Expected benefits
1.4.1 To increase efficiency of the enzyme immobilization in mesoporous silica

support.
1.4.2 To acquire basic information for biosensor development.



CHAPTER Il

BACKGROUND & LITERATURE REVIEWS

This chapter describes the properties and enzymatic reactions of HRP include
method of enzyme immobilization. Supports for enzyme immobilization have
described about synthesis, properties, and characterization. The basic data of
biosensor such as measurement method and other parameters has described include

literature reviews about material for enzyme immobilization on biosensor.

2.1 Horseradish peroxidase

Horseradish peroxidase is a monomeric glycoprotein with a molecular mass of
44 kDa, purified from horseradish roots (Amoracia rusticana), is a typical member of
the plant peroxidases that catalyses the oxidation of a number of organic and
inorganic compounds (the second substrate) with hydrogen peroxide or alkyl peroxide
(the first substrate) (Sato et al., 1995). Horseradish peroxidase is of great importance
for determination of phenolic compounds in environmental control, protection and
health benefits due to their toxicity and persistency in the environment (Yang et al.,
2006). Other applications of HRP include polymer synthesis especially for phenolic
resin synthesis, diagnostic assays, nucleic acid analysis, biosensors, bioremediations,

and other biotechnological processes (Liu et al. 2006).

Reactions of the enzyme can be shown as follows (Rosatto et al., 1999):

HRP (Fe*) + H,0, ——  HRP (Fe**) + H,0 (a)
HRP (Fe*") + AH, ——> HRP (Fe*") + AH* (b)
HRP (Fe*) + AH, —> HRP (Fe*") + AH*+H,0  (c)

The first Eg. (a) represents a two-electron oxidation of the heme prosthetic
group of the native peroxidase by H,0,. This reaction results in the formation of an
intermediate, HRP (Fe>*) (oxidation state +5). In the next Eq. (b), HRP (Fe>*) loses
one oxidizing equivalent upon one-electron reduction by the electron donor AH, and
forms HRP (Fe*") (oxidation state +4). In the third step (c), HRP (Fe*") accepts an



additional electron from the electron donor molecule AH; and the enzyme is returned
to its native state (Ruzgas et al., 1996).

2.2 Immobilized enzyme

The immobilization method has significant influence to the properties of
immobilized enzyme: such as, activity, stability, deactivation, and regeneration of
immobilized enzyme .The methods used to immobilize enzymes are broadly of two

types: attachment to insoluble supports; and entrapment (Table 2.1)

Table 2.1 Methods used for enzyme immobilization (Scragg,1998)
1. Attachment

Covalent attachment to supports
Adsorption

2. Entrapment
Within a polymer
Microencapsulation
Cross-linking
Semi-permeable membranes

2.2.1 Covalent attachment to solid supports

This technique is the formation of covalent bonds between the enzyme and the
support matrix. Enzyme and support surface bind together with the chemical linker
containing functional groups, such as amino, carboxyl and sulfhydryl. Generally, in
this method, chemical reagents may block active site of enzyme. They cause

inactivation of enzymes, shown in Figure 2.3

2.2.2 Adsorption to solid supports

Adsorption of an enzyme onto a solid is the simplest way of preparing
immobilized enzymes. The method depends on physical interaction between the
enzyme protein and the surface of the matrix, brought about by mixing a concentrated
solution of enzyme with the solid. However, the leaching of enzyme is a common

problem in this case.



2.2.3 Entrapment in a here-dimensional polymer network (Scragg,1998)
Enzymes can be immobilized within a polymer network by addition of the
enzyme to the monomers before the gel is formed. The polymers used to form the gels
can be either natural organic polymers or synthetic polymers, and these are listed in
Table 2.2. The synthetic gels can be prepared in one of two ways:
(1) The gel is made by polymerization of monomers with the cells present.

(2) The gel is made by cross-linking preformed polymers in the presence of cells.

entrapped in a matrix entrapped in droplets

Figure 2.1 Entrapping Enzyme
From: www.rpi.edu/dept/chem-eng/Biotech-Environ/IMMOB/Immob

2.2.4 microencapsulation
This is a process by which teeny droplets or particles of liquid or solid
material are surrounded or coated with a continuous film of polymeric material. This

method has the advantage of high activity due to high surface-to-volume ratio.


http://www.rpi.edu/dept/chem-eng/Biotech-Environ/IMMOB/Immob

Table 2.2 Methods for entrapping enzymes (Scragg,1998)

Gel formation method Polymer

Synthetic polymers polymerization

Polymerization

Cross-linking
Polycondensation

Natural polymers
Thermal gelation

lonic gelation

Precipitation

Polyacrylamide

Methacrylates
Polyethylene glycol-based
(photoreaction)

Polyurethane
Epoxy resin

Collagen

Gelatin

Agar- agarose
k-carrageenan
Alginate (Cat+)
Chitosan

Cellulose
Cellulose triacetate

2.2.5 Cross-linking with bifunctional reagents

Enzymes can be immobilized by cross-linking with enzyme molecules

together and so forming particles. The most popular cross-linking reagents are

glutaraldehyde, dimethyladipimidate, dimethyl suberimidate, and aliphatic diamines.

Figure 2.2 Cross-linking enzyme

From: www.rpi.edu/dept/chem-eng/Biotech-Environ/IMMOB/Immob
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Figure 2.3 Covalent attachment to solid supports (Shuler and Kargi, 1992)



2.3 Chitosan

Chitin, the precursor of chitosan is natural polyaminosaccharides. Chitin is the
most abundant natural fiber next to cellulose and is similar to cellulose in many

aspects and formular is Poly [B-(1 4)-2-acetamido-2-deoxy-D-glucopyranose]

OH j OH
HCCH, o
HO 0 —G HO -
) Hﬁ{:l{; HCCH,
OH d

Figure 2.4 structure of chitin (krajewska et al., 2004)

Chitin is found in the exoskeleton of arthropods or in the cell walls of fungi
and yeast, up to now the main commercial sources of chitin have been crab and
shrimp shells.

Chitosan, poly [B -(1-4)-linked-2-amino-2-deoxy-d-glucose], is the N-
deacetylated product of chitin. Chitin with a degree of deacetylation of 75% or above
is generally known as chitosan. In addition, the degree of deacetylation, which

determines the content of free amino groups in the polysaccharides (Khan et al.,
2002).

OH OH

Figure 2.5 structure of chitosan (krajewska, 2004)

Chitosan is insoluble in water, but is soluble in dilute organic acid solutions,
such as acetic, propionic, formic and lactic acid and soluble in acidic solutions below

pH about 6.5 (Krajewska, 2004). Chitosan is recommended as suitable functional



materials, because these natural polymers have excellent properties such as
biocompatibility, biodegradability, non-toxicity, adsorption properties and low cost
(Kumar et al., 2000). However, the determinants of chitosan properties have two most
important which are degree of deacetylation and molecular weight (Ren et al., 2005).
In study of Aiba S., (1991) found that the swelling of chitosan films depended on the
degree of acetylation of original chitosan and Wiles et al., (2000) proved that the
degree of deacetylation of chitosan and the viscosity of the casting solution did not
have any effect on the water vapor transmission rate properties of chitosan films. In
case of molecular weight, Nunthanid et al., (2001) reported that an increase in
molecular weight of chitosan would increase the tensile strength and elongation as
well as the moisture absorption capability of the resulting films. As enzyme
immobilization supports, Alsarra et al., 2002 studied the effect of molecular weight
and degree of deacetylation on lipase entrapment on chitosan bead. The results exhibit
chitosan with high molecular weight and degree of deacetylation resulted in a higher
loading. A lower activity was observed for beads produced with high degree of
deacetylation chitosan. Molecular weight did not have a clearly effect on the activity.
Some reason of the suitable of chitosan support for enzyme immobilization, chitosan
can be formed by several methods, e.g. precipitation, emulsion cross-linking, spray
drying, ionotropic gelation, emulsion-droplet coalescence and reverse micellar
method. Its reactive amino and hydroxyl groups — after chemical modifications —
make possible the coupling of enzymes. Therefore, chitosan is often used as support

material for enzyme immobilization (Biro et al., 2008).

2.4 Silica

Silica or Silicon Dioxide (SiOy) is one of the most common chemical
compounds. SiO; crystals are found in nature in three polymorphic forms, the most
common of which is quartz. Sand, agate, onyx, opal, amethyst and flint are silicon
dioxide with traces of impurities. Pure silica is colorless to white. Silica has many
important uses. It is used as filler for paint and rubber; in making ordinary glass; in
ceramics; in construction; in the preparation of other substances and in the field of
adsorption and catalyst supports because solids provide high surface areas and pore
volume.

Nowadays, silica has been synthesized from self assembled aggregates of

organic template and inorganic silica, due to their unique pore structures. In
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particular, their remarkable textural properties such as high surface area and large
pore volume make them well suitable for application as catalyst supports. Table 2.3

shown IUPAC classification of pores as a function of their size

Table 2.3 IUPAC classification of pores as a function of their size (Ayral et al., 2006)

Micropores Mesopores Macropores
<2nm
Ultra-micropores  Super-micropores 2-50 nm > 50 nm
<0.7nm > 0.7 nm

2.5 Mesoporous silica

Mesoporous silica has attracted much attention from scientists recently. These
materials possess adjustable and uniformed pore sizes in the range of 2 to 50 nm,
covering a new range of potential applications. The fundamental reasons for such rich
morphological behaviors for mesoporous materials are:

a. The silicate ions act as counterions to the cylindrical micelles to organize into

soft hexagonalliquid crystalline phase.

b. The rich organization of lyotropic surfactant system can be exploited to form
many meso-structures.

c. Control of higher hierarchical order of size above the nanometer scale can be
achieved by finetuning the interface curvature, either by changing composition
or reaction condition.

d. Silica condensation reaction can be controlled as in the late stage of the
reaction. The self-organization and siloxane bond formation processes can be
separately controlled (Mou and Lin et al., 2000).

Silica-based mesoporous materials have been extensively studied in several
catalytic reactions with high specific surface area, well-defined regular pore shape,
narrow pore size distribution, large pore volume, and tunable pore size. For
adsorption process with, mesoporous silica large pore volume and pore size flexibility
are suited for selective adsorption of gases, liquids and solids.
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2.6 Synthesis of mesoporous silica

Mesoporous materials were synthesized as first time by scientists of Mobil
groups and then those matters have been continuously developed. The mesoporous
silicas were synthesized as different template, silica source and reaction temperature
to make its have different structure, pore size such as hexagonal phase (the MCM-41
has pore diameter range of 1.5-10 nm and SBA-15 has pore diameter range of 4-12
nm (Lettow et al., 2000), cubic phase (MCM-48) and lamellar phase (MCM-50). For
example, synthesis of MCM-41 with surfactant templating (Figure 2.6).

The liquid crystal mechanism of MCM-41 formation suggests that the as-
synthesized materials will have the micellar structures included intact. The occurrence
of MCM-41 has two pathways (Beck et at, 1992). In pathway 1 of Figure 14 , the
surfactant micelles was dissolved in solvent and most likely arranged in a micellar
array. When increase temperature during reaction, the micellar combine to rod and
arrange for hexagonal MCM-41. Then, added inorganic silicate source to this micellar
which rearranged to produce an inorganic structure after that calcination of this
reaction mixtures for clear out the micellar to produce the hexagonal silica. While
pathway 2 is another possible mechanistic pathway. This mechanism occurs due to

gravity of silicate which add to micellar to make the hexagonal structure.

Surfactant Micalle Micallar Rod

L "‘_l

st E,

quildngyins

Figure 2.6 Possible mechanistic pathways for the formation of MCM-41:

(1) liquid crystal phase initiated and (2) silicate anion initiated.

In case of synthesis of mesocellular silica foams (MCF), the procedures have
similar to MCM-41 but we added the swelling agents (oil) to surfactant micelles at
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ratio 0.5 to form the mesocellular foam material (Figure 2.7). In this study, we choose
MCF which is mesoporous silica possesses a system of interconnected pores with
diameters of 22-42 nm because of HRP immobilized in MCF was high activity and

stable under storage (Chouyyok et al., 2008).

Figure 2.7 Progress of the morphological transition in P123 templated materials
swollen by TMB. The proposed schemes show the formation and TEM micrographs
of the mesoporous silicas synthesized at oil-polymer mass ratios of
(@) 0 (b) 0.21 (c) 0.5 (Lettow et al., 2000).

2.7 Characterization of mesoporous silica (Sing K. S. W. et al., 1985)

Nitrogen adsorption represents the most widely used technique to determine
catalyst surface area and characterize the porous texture. Starting point is the
determination of the adsorption isotherm, which is the nitrogen adsorbed volume
against its relative pressure. Isotherm shape depends on the solid porous texture.

According to IUPAC classification six types can be differentiated (Figure 2.8).
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The reversible Type | isotherm are given by microporous solids having
relatively small external surfaces (e.g. activated carbons, molecular sieve zeolites and
certain porous oxides).

The reversible Type Il isotherm is the normal form of isotherm obtained with
a non-porous or macroporous adsorbent. The Type Il isotherm represents unrestricted
monolayer-multilayer adsorption.

The reversible Type I isotherm is not common, but there are a number of
systems (e .g. nitrogen on polyethylene). The adsorbate-adsorbate interactions play an
important role to this isotherm.

Characteristic features of the Type IV isotherm are its hysteresis loop, which
is associated with capillary condensation taking place in mesopores. The initial part
of the Type IV isotherm is attributed to monolayer-multilayer adsorption since it
follows the same path as the corresponding part of a Type Il isotherm obtained with
the given adsorptive on the same surface area of the adsorbent in a non-porous form.
Type IV isotherms are given by many mesoporous industrial adsorbents.

The Type V isotherm is uncommon; it is related to the Type I11 isotherm in
that the adsorbent-adsorbate interaction is weak, but is obtained with certain porous
adsorbents.

The Type VI isotherm, in which the sharpness of the steps depends on the
system and the temperature, represents stepwise multilayer adsorption on a uniform

non-porous surface.
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Figure 2.8 Type of physisorption isoterms
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Figure 2.9 Types of hysteresis loops

Hysteresis (Figure 2.9) appearing in the multilayer range of physisorption
isotherms is usually associated with capillary condensation in mesopore structures.
Such hysteresis loops may exhibit a wide variety of shapes. Type H1 is often
associated with porous materials known compacts of approximately uniform spheres

in fairly regular array, and hence to have narrow distributions of pore size. Many
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porous adsorbents (e.g. inorganic oxide gels and porous glasses) tend to give Type H2
loops, but in such systems the distribution of pore size and shape is not well-defined.
Indeed, the H2 loop is especially difficult to interpret: in the past it was attributed to a
difference in mechanism between condensation and evaporation processes occurring
in pores with narrow necks and wide bodies (often referred to as ink bottle pores), but
it is now recognised that this provides an over-simplified picture and the role of
network effects must be taken into account. The Type H3 loop, which exhibit plate-
like particles giving rise to slit-shaped pores. Similarly, the Type H4 loop is often

associated with narrow slit-like pores.

2.8 Silver nanoparticle (Ag)

Silver nanoparticles have advantages to improve the character of the biosensor
such as the metallic properties of the silver nanoparticle can enhance the electron
conductivity, the other can adsorb the protein by the interaction between the enzyme
and silver nanoparticle. Several methods currently have been applied to synthesize
silver nano-particles, such as physical processes of atomization or milling, chemical
methods of thermal decomposition, chemical reduction, sol-gel, water-in-oil (W/O)
microemulsions, or electrochemical processes. However, the method of chemical
reduction from aqueous solutions is most preferable for obtaining nano-sized particles
of silver. The essential feature of this chemical reduction method is to give a desirable

particle shape and size at high yield and low preparation costs (Kim et al., 2004).

2.8.1 chemical reduction method

Reducing agent such as NaBH,4, NazCgHsOy etc. is added to AgNO3 aqueous
solution for oxidation and reduction. In the formation of silver nano-particles by
chemical reduction method, several factors are important for preparation of nano-
sized powder of silver. Properties of silver nano-particles obtained by chemical
reduction method are affected by various parameters such as the molar concentration
ratio of R (JAgNO3]/[reducing agent]) value (Kim et al., 2004). For example,
synthesis of silver nanoparticle with NaBH, as reducing agent.

4AgNO;3; + NaBH, — 4Ag +4HNO3 + NaB
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2.8.2 in situ reduction method

This method is directly synthesis of Au nanoparticles in the pore channels of
mesoporous silica. As described below (Figure 2.10), the mesoporous silica was
modified surface with the help of functional linker groups (APTS) to produce the
nitridation of silica was a host for the incorporation of silver nanostructures. After
nitridation, the surface Si—-OH bonds of the host were at least partially replaced by Si-
NH, and/or Si-NH-Si bonds. Silver nitrate was used as Ag" source. The interaction
between the surface NHy species and the silver species is the key factor for
incorporating silver into the channels of the nitrided host. The surface NHx groups
may act as anchors to help immobilizing silver ions in the channels. Finally, add the
reductive reagent (DMF) reduced Ag* to Ag. (Zhao et al., 2004).

—g:—OH Si—0
I— Si—0— 5i—
g —8i=0H reflus o \"/\_
% |—5i—OH 1 (Me0),Si(CH,),NH, — - R NH2 +
£ e _on toluené - Si—0-_ N, T8
— Sl ‘_,.x
— S0
L 4 I - /‘\//\
Si—0—5i
51—{} i‘
5,_92‘3 NHz HCHO —5' 0~ N2
Oy, DMFR.T | & o~ NHEAQ
-El o-—si NHE ok El—{.‘r s
PV AV, Si- 0" TAY

Figure 2.10 Schematic illustration of in situ formation of Ag nanoparticle inside the
pore channels of MCM-41 (Zhao et al., 2004)

2.9 Biosensor

A biosensor is an analytical device which converts a biological response into
an electrical signal. It is used to determine the concentration of substances and other
parameters of biological. It consists of 3 parts (Figure 2.11).

e The biological component is an interaction of the biological component with
the substrate is highly specific to that substrate alone; thus, avoiding
interferences from other substances (such as enzymes, antibodies, nucleic

acids, etc).


http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Antibody
http://en.wikipedia.org/wiki/Nucleic_acid
http://en.wikipedia.org/wiki/Nucleic_acid
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e The transducer or detector device converts an observed change (physical or
chemical) into a measurable signal, generally an electronic signal whose
magnitude is proportional to the concentration of a specific chemical or set of
chemicals (Eggins, 1999).

e The signal processors usually converted to a digital signal and passed to a
microprocessor stage where the data is processed, converted to concentration
units and output to a display device or data store. The parameters in this part
have many parameters such as potential range, applied potential and scan rate
which these parameters are impact on the performance of biosensor.

Therefore, we should select the value of these parameters proper with each

experiment.
Analis [ >
betrate) |

ool | Signal

L L il Shgnal
l processor

Biclogical Transducer
dalecinn
alemenl

Figure 2.11 Schematic layout of a biosensor (Eggins, 1999).

2.10 Electrochemical method
2.10.1 Cyclic voltammetry (CV)

CV is an electroanalytical technique for studying electrochemical charge
transfer reactions. The current at working electrode is monitored while the electrode
voltage is changed to a higher or lower voltage, and finally, the voltage is changed

back to the original value (Figure 2.12).
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Figure 2.12 potential-time plot for cyclic voltammetry

(http://www. bath.ac.uk/- chsacf/solartron/Electro/html/dl.ht)
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Figure 2.13 current-potential plot for cyclic voltammetry

(http://www-biol.paisley.ac.uk/marco/enzyme_ electrode/chapterl/cv.gif)

Cyclic voltammogram (Figure 2.13) shows the anodic peak potential (Epa),
anodic peak current (ips) Or oxidation current because the potential is scanned
positively, anodic current occurs when the electrode becomes a sufficiently strong

oxidant. When the scan direction is switched to negative for reverse scan. The
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electrode becomes a sufficiently strong reductant. This causes the cathodic peak

potential (Epc), the cathodic peak current (ic) or reduction current occurs.

2.10.2 Amperometry

Amperometry is an electrochemical technique which a constant potential is
applied at working electrode, the current is measured (Figure 2.14).
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Figure 2.14 Current-time for constant potential amperometry
(www.rsc.org/ej/AN/2007/b611920d/b611920d-15.gif)

2.11 Performance Factors

Biosensor can be considered as a new technique in analytical field. Thus,
methods for determining the performance of biosensor and factors involved are
necessary. Some important factors are defined to use in measuring of biosensor’s
performance. (Eggins, 1999)

1. Selectivity — a range of chemical species that responses to a particular sensor.
A sensor may be so specific to one compound in group of related compounds.
It must have narrow range.

2. Range and Linear range — the concentration range of substances that can be
measured. At the lower limit is the detection limit, which is generally more
than 10° M (0.01 mM). The detection limit can be found by plot the

relationship between electrical potential and analyte’s concentration. Then,
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extending a liner portion of the graph to intersect the baseline. The intersection
between these two lines is a detection limit as shown in Figure 2.15.

!3"-|

o

< Ll

Figure 2.15 Method of determining the detection limit (Eggins, 1999)

3. Reproducibility — the ability of a test the biosensors to be accurately
reproduced. Reproducibility is different from repeatability. The result is
meaningless if the error of the experiment cannot be defined. Repetition of
numbers of experiment must be performed followed by standard deviation in
order to compare the result from new experiment to the standard value. The
expected reproducibility between replicate determinations should be at least
+5 to 10 %.

4. Response time — the amount of time required for the system to approach
equilibrium. This response time can be varied for each biosensor; however, the
typical value is less than 5-10 minutes.

5. Life time - the duration that the biological component on the biosensor lost it
activity. There are three aspects of lifetime related to biosensor; the lifetime of
the biosensor in use, the lifetime of the biosensor in storage and the lifetime of

the biological material stored separately.


http://en.wikipedia.org/wiki/Repeatability
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2.12 Literature reviews

2.12.1 HRP for phenol detection

Rosatto et al., 1999 studied immobilization of HRP on silica gel modified with
titanium oxide. They found that the enzymatic mechanism involved in peroxidase
based biosensor for phenol detection consists in the oxidation of native HRP (Fe**) by
hydrogen peroxide (Figure 2.16) and become HRP (Fe>*). Then HRP (Fe>*) get one-
electron by the electron donor (phenol), Meg and forms HRP (Fe*"). Then HRP (Fe*")
get one-electron by the electron donor (phenal), M4 again and forms native HRP
(Fe*"). In each step of HRP (Fe>*) changed to HRP (Fe**), Mieq get one-electron by
electrode. In this step, the reduction current is occurring and proportional to the
phenol concentration in the solution (Ruzgas et al., 1995). Nevertheless, peroxidase can
also do the direct electron transfer (Figure 2.17) between HRP itself and electrode.
Direct electron transfer is similar to mediator electron transfer but HRP (Fe>*) get
directly two electrons by electrode. However, direct electron transfer of the hydrogen
peroxide reduction by HRP was blocked when immobilised on silica-titanium due to

the insulator character of the matrix where the enzyme is immobilised.
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Figure 2.16 Mechanism of mediated electron transfer at HRP modified carbon paste
electrode. Mox and Mg are the oxidised and reduced forms of the mediator,
respectively (Rosatto et al., 1999).
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Figure 2.17 Mechanism of the direct electron transfer between HRP and base
electrode (Rosatto et al., 1999).

The main parameters to operate of biosensor have many parameters such as
optimal potential, scan rate. In each experiment which have differently value of these
parameters (Table 2.4). In this study, we chose the applied potential at 0 V, potential
range between -0.5 to 0.5 V because of the optimal range is -0.2 to 0 V (Varga et al.,
1995) and in more negative values the enzymes molecules could be inactivated by the
formation of reduced compound with HRP, decreasing the activity at time function
(Rosatto et al., 1999).



Table 2.4 Condition of phenol and H,O; biosensor by immobilized enzyme
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Matrices for immobilization

Potential range on

Applied potential

Scan rate

Enzyme Substrate Voltammetry on Amperometry Reference
on electrode (mV/s)
(V) (V)
Adsorbed on solid graphite Ruzgas et al.,
HRP H,0,+Phenol -0.2t0 0.4 -0.05 100
electrode 1995
Cosnier S. and
HRP+Tyrosinase | H,O,+Phenol | Poly(amphiphilic pyrrole) - -0.2 - Popescu 1.C.,
1996
HRP H,O,+Phenol Silica-titanium - 0 - Rosatto et al.,
1999
poly(carbamoylsulfonate)
) _ ] Chang et al.,
HRP+Tyrosinase | H,O,+Phenol | /poly(vinyl alcohol) bearing -0.75t00.75 -0.05 10 2002
styrylpyridinium groups
HRP+Tyrosinase | H,O,+Phenol MCM-41/ poly(vinyl -041t004 -0.05 100 Dai et al., 2004

alcohol)

€



Potential range on

Applied potential

Matrices for immobilization Scan rate
Enzyme Substrate Voltammogram | on Amperometry Reference
on electrode (mVI/s)
(V) V)
Nanosized silver particles
HRP H.0, . -0.6to 1 -0.3 10 Xu et al., 2004
/silica sol-gel
Carboxymethyl
HRP H.0, ) ) -0.6t0 0.2 -0.4 100 Xu et al., 2006
chitosan/gold nanoparticle
Chitosan/silica sol-gel-
) ) f Yuan etal.,
HRP H,0, potassium ferricynamide -0.1t0 0.6 -0.05 50 2007
and gold nano particles
Cyteamine/silver
HRP H.0, - -0.4t0 0.1 -0.2 10 Ren et al., 2008
nanoparticle
HRP H,0, Clay/chitosan/gold -0.6t00.2 -0.3 200 Zhao et al.,
nanoparticle 2008
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2.12.2 Mesoporous silica on biosensor

Recently, a series of inorganic pore materials such as titania sol-gel, clay,
mesoporous molecular sieves and pore alumina have been proven to be promising as
the immobilization matrices due to their regular structure, good mechanical, thermal,
and chemical stability. Among them, mesoporous silica has a large specific surface
area, excellent mechanical, thermal, and chemical stability, good adsorption and
penetrability. Thus it is a good matrix for protein immobilization through physical or
chemical action (Dai et al., 2007).

Dai et al., (2004) studied the immobilization of tyrosinase-peroxidase on
matrix of mesoporous silica type MCM-41 and PVA. The electrocatalytic response of
bienzyme based biosensor to phenol was about 2 times larger than tyrosinase
monoenzyme modified electrodes. The MCM-41 has an important role in enhancing
the enzymatic activity of tyrosinase and suitable for enzyme loading. This matrix is
very efficient for preventing the enzyme leakage out of the film. The sensor could
retain 93% of initial activity within a storage period of 60 days at 4 °C. Another
example on mesoporous silica is that of Dai et al., (2004), in which the direct electron
transfer of horseradish peroxidase immobilized on matrix of hexagonal mesoporous
silica (HMS) and PVA. They found that HMS could provide a microenvironment for
HRP to undergo facile electron transfer reaction. The large specific surface area of
HMS resulted in high enzyme loading and the electrochemical behavior which
depended on the specific properties of the HMS. However, another enzyme was
immobilized on mesoporous silica together. Glucose oxidase (GOD) was immobilized
on matrix of mesoporous silica (MCM-41) and PVA. The porous structure of the
MCM-41 film makes the immobilized enzyme easy to be accessed by its substrate and
brings out a good performance of the modified electrode. After a storage period of 3
months the biosensor showed an 11% loss of activity (Dai et al., 2006). In addition,
Dai et al., (2007) studied the glucose sensor was constructed by entrapping glucose
oxidase and horseradish peroxidase in matrix of hexagonal mesoporous silica
structures (SBA-15) and nafion. The modified electrode with SBA-15 showed greater
responses than electrode without SBA-15. The SBA-15 mesoporous materials
accelerated the electron transfer between the entrapped HRP and electrode and
prevented the aggregation of enzyme on electrode. The activity to glucose retain 90%

of initial activity when storage of 60 days at 4 °C.
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2.12.3 Chitosan on biosensor

Chitosan has been found to be an interesting biopolymer for immobilization of
desired biomolecules because of excellent film-forming ability, high permeability,
mechanical strength, nontoxicity, biocompatibility, low cost and easy availability.
With its attractive properties, chitosan has received much attention as material for
design of modified electrodes (Khan et al., 2008; Wang et al., 2002).

In case of chitosan as a support on enzyme immobilization, chitosan showed
good storage stability for enzyme support. Wang et al., (2002) studied a novel
tyrosinase biosensor has been developed for detection of phenols, which is based on
the immobilization of tyrosinase in a positively charged chitosan film. They were
found that chitosan cross-linked with (3-aminooryloxypropyl) dimethoxymethylsilane
is beneficial for the immobilization of tyrosinase. The large microscopic surface area
and porous morphology of chitosan matrix lead to high enzyme loading, and the
enzyme entrapped in this matrix can retain its bioactivity. The catalytic current
response could maintain about 75% after storage for 70 days at 4 °C. Abdullah et al.,
(2005) studied the immobilized tyrosinase enzyme in a chitosan film for the detection
of phenol. The optimum chitosan concentrations were found to be 2% (w/v). The
biosensor also demonstrated optimum activity of buffer solution at pH 6-7 and
showed good stability for at least 2 months. Some researcher crosslink chitosan film
with glutaraldehyde to provide a high enzyme loading because the widely present
amino groups present in chitosan molecules facilitate immobilization of enzymes on
chitosan by covalent binding loading and a stable film matrix for enzyme
immobilization. Thus leading to less leakage of enzyme from the biosensor surface. It
was found that the biosensor retained about 85% of its original response after one
month (Miao et al., 2000). Another example on chitosan combined with other
material to improve their properties is that of, Fan et al., (2006) studied an
amperometric biosensor for phenol determination based on chitosan/laponite clay
composite matrix. The composite film was used to immobilize polyphenol oxidase on
the surface of electrode. Chitosan was utilized to improve the analytical performance
of the pure clay-modified bioelectrode and decreased the electron-transfer resistance
at the electrode surface. The chitosan/laponite clay/polyphenol oxidase bioelectrode

retained about 88% of its original response after 60 days at 4 °C. In the study of Xu et
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al., (2006), the results exhibit the presence O-carboxymethyl chitosan (CMCS) in
silica sol-gel for HRP immobilization. The film would not crack. When there was no
CMCS, the response time for analytic substrate became longer and not more enzyme
activity was retained. Therefore, the presence of CMCS provided friendly
surroundings for the immobilization of enzymes. Similarly, Yang et al., (2004)
studied the immobilization of Glucose oxidase in surface treated nanoporous
ZrO,/Chitosan composite matrix was. ZrO, was treated with sodium dodecylbenene
sulfonate to make the surface of ZrO, changed from hydrophilic to hydrophobic. The
surface-treated ZrO,/Chitosan film showed that the matrix was porous and highly
homogeneous and in presence of chitosan which could overcome the cracking caused
by inorganic material for enzyme immobilization in biosensor construction. Glucose
oxidase immobilized in this material maintained its activity about 75.2% of its

original response after 30 days of storage.

2.12.4 Metal on biosensor

Various metals have been studied as additive for enzyme immobilization in
biosensor such as silver (Ag), gold (Au), platinum (Pt), and palladium (Pd).These
metal nanoparticles have good interaction with the protein. Among these metals,
silver is the best conductor. It can act as tiny conduction centers and can facilitate the
transfer of electrons (Ren et al., 2005).

In case of silver loading in enzyme immobilization process, Xu et al., (2004)
studied the nanosized silver particles are used to dope into the silica sol-gel film to
prepare a biosensor. The HRP, mediator methylene blue (MB), nanosized silver
particles and silica sol—-gel solution are mixed and coated on the surface of electrode
for biosensor. The Ag nanoparticles in the sol-gel film not only improve the
conductivity, but also adsorb the enzyme molecules to keep the stability of the
biosensor. So the biosensor has higher sensitivity than the traditional sol-gel
biosensor. The current response decreased about 18% in 2 weeks. Ren et al., (2005)
studied an immobilization of glucose oxidase in Ag nanopaticles sol cross-linked with
a polyvinyl butyral (PVB). The result indicates that the current response of the
electrode containing Ag nanopaticles is much larger than the enzyme electrode

containing no Ag nanoparticles. The Ag nanoparticles function as electron-conducting
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pathways between the enzyme and the electrode surface, therefore the electron
transfer rate between the enzyme and the electrode is increased significantly and the
time reaching the steady-state current response reduced from 60 to 20 s. Ren et al.,
(2005) studied immobilized HRP on silver nanoparticles adsorbed on a cysteamine
monolayer-modified electrode, and detected H,O,. The catalytic current at the
HRP/cysteamine electrode was very slight compared to that at the HRP/silver
nanoparticles/cysteamine electrode. Silver nanoparticles play an important role in the
catalysis process because the silver nanoparticles facilitate electron transfer between
HRP and the bulk electrode surface and provide more binding sites for the
immobilization of HRP, thus increasing the biosensor’s sensitivity. When it was
stored at 4 °C for two weeks, the sensor retained more than 86.2% of its initial
response.

Recently, many published works gave the relation between nanoparticles and
inorganic material to improve the conductivity of inorganic material. Lin et al.,
(2008) studied the catalytic activity of silver nanoparticles confined in the
mesoporous silica SBA-15 to the reduction of hydrogen peroxide (H;0,). The Ag-
SBA-15 modified electrode exhibited an excellent electrocatalytic activity toward the
reduction of hydrogen peroxide (H.O,). The electrode can maintain over 97% of the
initial value in the response to H,O, after 100 days. In the same way of the study of
Bai et al., (2007), have proposed gold nanoparticles-mesoporous silica (SBA-15)
composite as a support for glucose oxidase immaobilization. The result reveals the
introduction of gold nanoparticles improved the conductivity of SBA-15. Besides,
gold-nanoparticle were assembled on the surface of porous calcium carbonate
microspheres (CaCOs) hybrid material for immobilized HRP in the determination of
H,0,. When without the gold-nanoparticle, HRP-CaCO; are not stable in aqueous
solution. Therefore, the direct and stable electron transfer of HRP was suggested to be
the result of the synergic effect of both CaCO3; and gold-nanoparticle. The hybrid
material provided a biocompatible environment for HRP to orient the heme edge
toward its electron donor or acceptor and facilitate its electron-transfer process. When
the biosensor was stored in a dry state at 4 °C, the current response for H,0,

decreased by only about 6% of the original value after 20 days (Cai et al., 2005).
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MATERIALS & METHODS

3.1 Chemicals

1. Horseradish peroxidase (HRP, EC 1.11.1.7), available from Toyobo,
Japan.

2. Phenol (C¢HsOH), available from Carlo Erba Regent Co.

3. potassium hydrogen phosphate (K;HPO,), available from Ajax Fine Chem.

4. potassium dihydrogen phosphate (KH,PO,), available from Ajax Fine
Chem.

5. Hydrogen peroxide (H,O,) 30%, available from E.Merck, Darmstadt.

6. Chitosan (deacetylation degree 95 %, MW 1,450 kDa), available from
Seafresh chitosan Co., Ltd., Thailand.

7. Acetic acid (CH3COOH), available from BDH laboratory supplies.

8. Silver nitrate (AgNQ3), available from Poch S.A.

9. Hydrochloric Acid (HCI), available from J.T. Baker.

10. Tetraethyl orthosilicate (TEOS), available from Sigma Aldrich.

11. Pluronic P123, available from BASF.

12. 1,3,5-Trimethylbenzene (TMB), available from Supelco.

13. Sodium Borohydride (NaBHj,), available from Ajax Fine Chem.

14. Sodium Hydroxide (NaOH), available from Ajax Fine Chem.

15. Toluene Anhydroscan (C¢HsCHz), available from Lab Scan.

16. Dichioromethane (CHCl,), available from Fisher scientific.

17. Silica dioxide nanopowder (SiOz), commercial grade, available from
Sigma Aldrich.

* All chemicals were of analytical grade and used without further purification.

3.2 Apparatus

1. Cyclic voltammetry (CV) and amperometry was performed using a
Glucosen potentiostat (Chulalongkorn University, Thailand). All electrochemical
experiments were performed in three-electrode cell using a glassy carbon electrode
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(GC) as working electrode, a silver/silver chloride (Ag/AgCl) reference electrode and

a platinum counter electrode (figure 3.1).
2. The working electrode was cleaned by sonication using ultrasonic cleaner

(CREST, model D, Malaysia).
3. Vacuum oven (Binder model VD23, USA) used for synthesis of MCF.

4. Magnetic stirrer (Barnstead Thermolyne, Canada).

computer

Potentiostat

A 4
A 4

a) (b) (c

Figure 3.1 Schematic diagram of experiments: (a), (b) and (c) shown in figure

3.2 and potentiostat shown in figure 3.3

(@) (b) (©)

Figure 3.2 (a) working electrode (WE), (b) counter electrode (CE) and (c) reference
electrode (RE).
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Figure 3.3 Glucosen potentiostat

3.3 Synthesis of mesoporous silica (MCF)

Pluronic P123 (MW = 5800, 2.0 g, 0.4 mmol) was added to 75 mL of 1.6 M
HCI at 35-40 °C using magnetic stirrer. One gram of TMB was then added to the
polymer solution, and the mixture was stirred for at least 1 h. Tetraethyl orthosilicate
(TEOS, 4.25 g, 21 mmol) was added as the silica source. After the mixture was stirred
for 24 h at 35-40 °C and aged for 24 h at 100-120 °C in vacuum oven, the solids were
collected by filtration with filter paper no.5 and dried in air for 24 h. The resulting
powder was calcined at 500 °C for 6 h to produce the mesoporous silica material
(Lettow et al., 2000).

3.4 Synthesis of Ag/MCFE and Ag/SiO,

In our method, we used the in situ reduction method to synthesis Ag/MCF.
This method had 2 steps, surface functionalization to produce MCF-NH, for host of
the incorporation of Ag nanoparticle and Ag loading as describe below.

In the functionalzation step, surface of MCF was functionalized follow
method of Zhao et al. (2004). In this process, 1 g of calcined MCF and 10 ml of ATPS
were added in 150 ml toluene anhydrous in teflon bottle then the mixture was heated
at 100 °C for 24 h in vacuum oven. Subsequently, the solid was filtrated off by filter
paper no.5 and washed with 150 ml of toluene anhydroscan and 30 ml of
dichloromethane . Finally, resulting solid was dried under vacuum at 50 °C for 10 h to
produce the modified MCF.
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In the metal loading step, silver nitrate was used as Ag" precursor. The

chemical sonocation technique was selected for reduction silver nanoparticle. The
functionalized MCF (0.1 g) was poured in 50 ml AgNOs; solution of various
concentrations (20, 100, 500, 1000 ppm) in flask 125 ml and the solid-mixture was
stirred with magnetic stirrer for 6 h at room temperature. Then the mixture in flask
was put in ultrasonic cleaner and irradiation at frequency of 40 kHz for 12 h. During
the mixture in flask was react, the flask was purged with argon gas to eliminated
oxygen all the time. And flow cool water to control temperature in ultrasonic bath at
20 °C all the time. After the reduction, the resulting solid was filtrated by filter paper
no.5 and dried in vacuum oven at 50 °C for 10 h to produce Ag/MCF. The synthesis
of Ag/SiO, was same to the synthesis of Ag/MCF but we changed MCF to SiO;

nanopowder.

3.5 Characterization of MCF, Ag/MCF and Ag/SiO,

The specific surface area and pore volumes of MCF were measured and
calculated according to the Brunauer-Emmett-Teller (BET) method. The weight of the
sample was 0.3 g. And the sample was degassed at 300 °C prior to the measurement.
Transmission Electron Microscopy (TEM) to determination of surface characteristics
such as pore diameter by using JEOL JEM-2100. Fourier transform infrared (FT-IR)
spectrometer for identifying the chemical structure of modified MCF by using FT-IR
model 1760x. X-ray diffraction (XRD) for the structure of MCF by using XRD model
JDX-8030. UV-vis absorption spectrum was recorded on a Shimadzu UV-2450
spectrophotometer for identifying Ag nanoparticles in MCF and on Si, the absorbance
spectra of Ag/MCF and Ag/SiO, in the wavelength range of 200-700 nm.

3.6 Synthesis of Ag

The preparation of Ag solution were obtained by chemical reduction of metal
salts to yield the corresponding zero valent metal nanoparticles with NaBH,4. To
ensure the entire reduction, the concentration of NaBH, was 10 times that of metal
salt (Huang et al., 2004). Prepare 50 ml of (20, 100, 500 ppm) AgNOj solution in
flask 250 ml controlled at 70 °C all the time using magnetic stirrer and mixed with 50

ml of the concentration of NaBH, was 10 times that of each AgNOj3 concentration,
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then stirred for 90 minutes and mixtures will change to yellow. Silver nanoparticle

solution was stored in dark brown bottle at 4°C.

3.7 Preparation of chitosan solution

In this study, we prepare the chitosan concentration (0.1-0.7 %w/v). For
example, chitosan solution (0.5 %w/v) was prepared by dissolving 0.5 g of chitosan
powder in 100 mL of acetic acid (1%, v/v). The viscous chitosan solution was stirred
by magnetic stirrer overnight at room temperature. Then, adjusted the pH of all
chitosan concentration to 5.0 with 0.1 M NaOH solution.

3.8 Preparation of Ag/chitosan solution

0.1 ml silver nanoparticle solution of various concentration (100, 500, 1000

ppm) add in 1 ml chitosan 0.5 %w/v in beaker 10 ml and stirred for 30 minutes.

3.9 Procedures for modified working electrode

3.9.1 Working electrode cleaning

Before each experiment, working electrode was first polished with 0.3 um
alumina slurry and rinsed with distilled water. The electrode was then sonicated using
ultrasonic cleaner at frequency of 40 kHz in absolute ethanol for 5 minutes and
distilled water 5 minutes, respectively. After dried in ambient condition for 30

minutes, the electrode was ready to use as bare electrode.

3.9.2 Preparation of the modified working electrode with different
composite
3.9.2.1 Chitosan film
32 pl of 10 mg/ml HRP (in pH 6.0 phosphate buffer) was dropped into 1 ml of
chitosan solution (0.5 %w/Vv) in beaker 10 ml and stirred at 4 °C for 6 h. 5 pl of the
prepared solution was dropped on the pretreated WE surface and allowed to dry under

ambient condition for 2 h.
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3.9.2.2 Chitosan/MCF composite film
In this study, we prepare the amount of MCF in chitosan solution (0.1-0.7
%w/Vv). For example, MCF (0.1 %w/v) was prepared by 1 mg of MCF were dispersed
in 1 ml of various chitosan concentration (0.1-0.7 %w/v) in beaker 10 ml and stirred
at 4 °C for 90 minutes to produce a MCF colloid. 32 pl of 10 mg/ml HRP (in pH 6.0
phosphate buffer) was dropped into MCF colloid and stirred at 4 °C for 6 h. 5 ul of the
prepared solution was dropped on the pretreated WE surface and allowed to dry under

ambient condition for 2 h.

3.9.2.3 Chitosan/(Ag/MCF) and Chitosan/(Ag/SiO,) composite film

7 mg of various Ag in MCF (section 3.4) were dispersed in 1 ml of chitosan
0.5 %w/v in beaker 10 ml and stirred at 4 °C for 90 minutes to produce a
Chitosan/(Ag/MCEF) colloid. 32 ul of 10 mg/ml HRP (in pH 6.0 phosphate buffer) was
dropped into Chitosan/Ag/MCF colloid and stirred at 4 °C for 6 h. 5 ul of the prepared
solution was dropped on the pretreated WE surface and allowed to dry under ambient
condition for 2 h. In case of chitosan/(Ag/SiO,) was same to chitosan/(Ag/MCF) but
changed Ag/MCF to Ag/SiO,.

3.9.2.4 (Ag/Chitosan solution)/MCF composite film
7 mg of MCF were dispersed in 1 ml of various solution of Ag/chitosan 0.5
%w/v (section 3.8) and stirred at 4 °C for 90 minutes to produce an Ag/Chitosan
solution/MCEF colloid. 32 pl of HRP was dropped into (Ag/Chitosan solution)/MCF
colloid and stirred at 4 °C for 6 h. 5 pl of the prepared solution was dropped on the

pretreated WE surface and allowed to dry under ambient condition for 2 h.

3.9.2.5 Cyclic voltammetric and Amperometric phenol sensor
The cyclic voltammogram response of modified electrode to phenol was
measured by add the 60 ul of 0.1 M phosphate buffer solution pH 7 (PBS pH 7)
containing 0.1 mM hydrogen peroxide into 5.94 ml of 0.1 M PBS pH 7 containing 0.1
mM phenol in beaker 10 ml as substrate solution. The solution was stirred at a
constant rate using a magnetic stirrer bar. Cyclic voltammogram were recorded at
scan rate 50 mV/s and the potential between -500 mV and 500 mV.
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The amperometric response of modified electrode to phenol was measured
same as cyclic voltammetric but fixed potential at 0 mV. The solution was stirred at a

constant rate using a magnetic stirrer. Current was measured as a function of time.

3.9.3 Reusability of modified electrode

We chose the best composite film in this study to investigate the reuse of
modified electrode using amperometric method. Then, we wipe some solution which
attaches the composite film on surface electrode with blotting paper after that we use
this modified electrode to test the response of modified electrode again until the

modified electrode has shown no response.



CHAPTER IV

RESULTS AND DISCUSSION

The results in this chapter are divided into three sections. Firstly, the physical
and chemical properties of MCF, modified MCF, SiO, nanopowder, and modified
SiO, nanopowder. In addition, results from UV-vis spectroscopy and TEM
micrographs for Ag/SiO, nanopowder, and Ag/MCF were described. Please be noted
that only modified MCF and modified SiO, nanopowder (modified SiO,) were used
for syntheses of Ag/IMCF and Ag/SiO; nanopowder (Ag/SiO,), since aminopropyl
groups which was added to the surface after modification were used for incorporation
of Ag nanoparticles. Secondly, effects of amounts of MCF, chitosan, and Ag particles
on biosensor responses are discussed. Finally, reproducibility of the modified

biosensor electrodes are illustrated.

4.1 Characterization of MCF and SiO, nanopowder

Figure 4.1 shows the nitrogen adsorption-desorption isotherm of MCF. From
the isotherm characteristics of H1 hysteresis loop of type-1VV mesoporous material, it
could be concluded that MCF synthesized in this work was of approximately uniform
spheres in fairly regular array as classified by IUPAC (See Section 2.7).

:

5 88 § ¢

Volume Absorbed (cm3/g)

0 0.2 04 0.6 0.8 1 1.2
Relative Pressure (P/P°)

Figure 4.1 N, adsorption-desorption isotherm of MCF
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The pore size and pore size distribution were calculated from adsorption branches of
isotherms by the Barrett—-Joyner—Halenda (BJH) method and are displayed in Figure
4.2. The pore size distribution peak is narrow and of one peak with the average pore

diameter of 23.7 nm.
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Figure 4.2 Pore size distribution of MCF
MCF (Chouyyok et al.,2008)
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Figure 4.3 XRD patterns of MCF
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XRD pattern of the synthesized material, as shown in Figure 4.3, confirms that

the mesoporous silica synthesized was of mesocelluar foam characteristics or uniform

arrays of sphere as already mentioned. In addition, XRD pattern of MCF which was

synthesized in this study was of the same pattern as that of Chouyyok et al.(2008).

The specific surface area, pore size, and pore volume of MCF were

determined from nitrogen adsorption isotherms and are displayed in Table 4.1. It is

noticed that, the pore size and pore volume of MCF are indicated, while that of

SiO;nanopowder are not. This is because SiO, nanopowder used was of a nonporous

type. On the other hand, MCF average pore size was determined at 23.7 nm which

corresponds to an IUPAC classified mesoporous material. Therefore, it is not

surprising that MCF contained much higher surface area (approximately 4 folds

higher) than SiO, nanopowder.

Table 4.1 Physical properties of MCF and SiO, nanopowder.

Support Pore size* (nm) Surface area (m?/g) | Pore volume (cm®(g)
MCF 237 629.97 1.85
SiO;
nanopowder** ) R 155 )

*From figure 4.1 Pore size distribution of MCF.

**Specification from Sigma-Aldrich.

The surface of MCF and SiO, nanopowder were modified to host Ag. Similar

to what was already mentioned in section 2.6.2, the surface silanol groups allow

covalent linkage with functionalized organic moieties, APTS in this case. Therefore,

the aminopropy! groups with amine functional groups at the far end were linked to the

silanol groups (Figure 4.4).

g
g
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sl GH ‘—sil—ﬂ/-

Figure 4.4 Schematic illustration of modified surface of silica with APTS
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Silver nitrate was used as Ag® source. The interaction between the surface
NH, species and Ag" was same as Long et al.(2007). The surface NH; groups may act
as anchors to help immobilizing Ag*. Changing of Ag” to Ag can be obtained by using
H,O (Long et al., 2007) associate with ultrasound at frequency of ca. 40 kHz shown in
Figure 4.5.

Ultrasound at
frequency of ca.
40 kHz

H,O

Figure 4.5 Schematic illustration of in situ formation of Ag nanoparticle on
modified surface silica (Zhao et al., 2004)

In order to confirm the surface modification, Figure 4.6 exhibits the FTIR
spectra of MCF and SiO, nanopowder before and after surface modification. For
MCF, 1200-1000 cm™ band was attributed to siloxane, Si-O-Si, vibrations while the
band between 3700 and 3200 cm * was attributed to Si—OH stretching (silanol group).
For the surface modified materials, the presence of aminopropyl groups were
identified by the appearance of C—H stretching band between 2935-2945 cm™ (Luan
et al., 2005). Zhao et al. (2004) also confirmed the similar FTIR patterns on MCM-41
(See Figure 4.6).
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Figure 4.6 FTIR of MCF, modified MCF, SiO, nanopowder and modified SiO;
compare with modified MCM-41 (Zhao et al., 2004).

After modified surfaces of MCF and SiO, nanopowder with aminopropyl
groups, the presence of C—H stretching occurred. The modification of MCF in this
amount of aminopropyl groups does not decrease both surface area and pore diameter
(Luan et al., 2005).

4.2 Characterization of Ag/MCF and Ag/SiO,

In order to confirm the attachment of Ag on modified MCF and SiO,
nanopowder, we used the UV-vis spectrophotometer and TEM to test the UV-visible
light absorption and size of Ag respectively. UV-visible light spectrum of Ag/SiO,,
and Ag/MCEF at different Ag concentrations (100, 500, 1000 ppm) are demonstated in
Figure 4.7, and 4.8, respectively. It is obviously noticed that Si nanopowder without
Ag does not show any peak at 420 nm. Therefore, absorbance peak at a wavelength of
420 nm was most likely indicated the Ag particle. This is also in accordance to Zhao

et al., (2004) who reported the same 420 nm wavelength for Ag particle. Moreover,
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the Figure demonstrates the increase in absorbance intensity with increased Ag
concentration. Therefore, it could be concluded that Ag particles were incorporated on
the surface of SiO, nanopowder. Similarly, MCF and Ag/MCF were tested using UV-
vis spectrophotometry, and the results are shown in Figure 4.8. It is obviously noticed
that MCF without Ag does not show any peak. However, the absorbance peaks show
almost same pattern of all the Ag concentrations and have been appeared at the
wavelength of 440 nm. However, it is believed that the revealed peak may have Ag

attachment.
25
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Figure 4.7 UV-vis spectrums of Ag/SiO, with various amount of Ag

20 ppmAY/MCF
—— 100 Ag/MCF
= = 500 Ag/MCF
1000 Ag/MCF

Absorbance (a.u.)
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Wavelength (nm)
Figure 4.8 UV-vis spectrums of Ag/MCF with various amount of Ag
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In order to confirm the UV-vis results regarding Ag attachment on the surfaces
as well as to determine rough sizes, and distribution of Ag particles on these surfaces,
Transmission electron microscopy (TEM) were used. The micrographs are shown in
Figure 4.9, which Figure 4.9(a) demonstrates spherical cells and frame structure of
MCEF synthesized in this work. This is in accordance to Chouyyok et al. 2008 who
reported the very similar TEM image. The Ag nanoparticles were attached on surface
of MCF shown in figure 4.9(b). The dark spots in figure 4.9(b) are the Ag
nanoparticles integrated with the pore structure of MCF with average size of 19 nm. It
was likely that more surface area of MCF caused higher silver nitrate entrapment than
the case of nonporous SiO, nanopowder. Therefore, bigger Ag particles were
observed. The dark spots on surface of Si in figure 4.9(c) are the Ag nanoparticles

which good distribution on surface of Si nanopowder and average size of about 9 nm.

(a)

(b) ()

Figure 4.9 TEM micrograph of synthesized MCF (a), Ag/MCF (b), Ag/SiO; (c).
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When the surface area, pore volume and pore size were checked again after

Ag loading on silica with nitrogen adsorption isotherms and pore size was calculated

from adsorption branches of isotherms by the Barrett-Joyner—Halenda (BJH) method

and were shown in Table 4.2

Table 4.2 Physical properties of MCF, SiO, nanopowder and Ag/MCF

Support Pore size (nm) Surface area (m?/g) | Pore volume (cm®g)
MCF v 629.97 1.85
Ag/MCF 24.5 300.13 1.47
S10; ; 140-180 :
nanopowder

Considering pore size, surface area, and pore volume of MCF before and after

Ag loading, it was likely that Ag was entrapped in the pore of MCF. In addition, Ag

attachment on the outer surface of MCF was possible. When comparing a 23.7 nm

pore size of MCF and 4.8 nm average molecular diameter of HRP (Takahashi et al.,

2001), it was possible that HRP could be entrapped in the pore of MCF in addition to

adsorption on the outer surface of the mesoporous material. The proposed schematic

diagrams for HRP entrapment in various matrices are shown in Figure 4.10
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MCF

Pore of MCF

(€) (d)

Figure 4.10 Proposed schematic diagrams for HRP were entrapped in chitosan (a),
MCF and chitosan (b), Ag/MCF and chitosan (c) and Ag/chitosan amd MCF (d)

4.3 The effect of amount of MCF, chitosan concentration, and amount of Ag in

each composite film on cyclic voltammogram.

The factor which is really the most important contributing component to the
performance of an immobilized enzyme system are physical and chemical properties
of support. They have effect on activity and stability of enzyme. The support
functional group which is chemical properties have effect on immobilized enzyme
whereas physical properties such as pore size, specific area and tortuosity have effect
on Effective Diffusivity (Det) as shown in equation 4.1 which concern in mass
transfer limitation.

b 3D 8N (4.1)
T

Where D, is a function of bulk diffusivity (Ds), particle porosity (g), tortuosity (t) and

hindrance factor (H)



45

The schematic diagram of mass transport processes in this study was shown in
Figure 4.11. In Figure 4.11 exhibit that the diffusivity of substrate solution must
thought the matrix which is the support for enzyme immobilization so diffusivity is

more important

(HEP. MCF and Ag were

entrapped in chitosan) Bulk solution
E
Iﬁ Mrag Ex Sty *— Stk
C / =y J'
T 4
TR AR
o g I'VIDK « P lawar — P bulk
D
E

Figure 4.11 Proposed schematic diagram of mass transport processes in this study. E
is enzyme, M is mediator, S is substrate and P is product. The subscripts red and ox

indicate that the reduced and oxidized forms of enzyme or mediator

4.3.1 The effect of base solutions on cyclic voltammogram

In this section, we tested the response of bare electrode in presence of base
solutions. The base solutions in this study is consist of PBS pH 7 as buffer solution
for dissolve the substance solutions, Hydrogen peroxide and Phenol which acted as
substance solutions to determine the interfere of each solution in electrochemical

reaction with 50 mV/ s of scan rate and potential range between -0.5 — 0.5 volts.
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Figure 4.12 Cyclic voltammograms of bare electrode of base solutions: PBS
(pH 7), H,0, and Phenol. Scan rate is 50 mV/s.

4.3.2 The effect of HRP on cyclic voltammogram

In order to test the effect of HRP, we would like to test the modified WE with
HRP and without HRP. When compare between the modified WE with HRP/chitosan
0.5% and bare electrode in presence of 0.1 mM of Phenol and 0.1 mM of H,0; is
shown in Figure 4.13. It was found that the couple of redox peak of HRP occurred
while nothing happened without HRP. The anodic peak current or oxidation current
(A) occurred when the potential is scanned positively, which may came from the
oxidation of HRP by H,O,. The cathodic peak current or reduction current (B)
occurred when the potential is scanned negatively, which came from the reduction of
phenol by electrode (see figure 2.12). This reduction current is proportional to the

phenol concentration in the solution (Ruzgas et al., 1995).
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Figure 4.13 Cyclic voltammograms of modified electrode with 0.5% w/v chitosan /
HRP in presence of 0.1 mM of Phenol and 0.1 mM of H,0, compared with base

solutions. Scan rate is 50 mV/s.

4.3.3 The effect of MCF on cyclic voltammogram

In previous work of Dai et al., (2008), the mesoporous materials prevented the
aggregation of enzyme on electrode include the mesoporous silica has a high surface
area, controlled porosity and mechanical resistance, which to get high sensitivity. In
this section, MCF was loaded in film of HRP and chitosan to determine the effect of
MCEF in this composite film. The composite film of 0.1 %w/v MCF / HRP / 0.5 %w/v
chitosan modified WE was shown in Figure 4.14. When compare between the
composite film which loaded and not loaded MCF. The presence of MCF in
composite film improves greatly the electron transfer between the electrode and the
immobilized HRP, because of we found that the reduction current of this composite
film was higher than the reduction current of composite film without MCF. According
to Dai et al. (2008), though MCF is not conductive, it prevented the aggregation of

proteins on electrode, thus was in favor of the electron transfer.
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Figure 4.14 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan
/HRP and 0.5% w/v chitosan / HRP / 0.1%w/v MCF in presence of 0.1 mM of Phenol
and 0.1 mM of H,0,. Scan rate is 50 mV/s.

For next section, the amount of MCF in composite film of chitosan and HRP
was investigated. The couple of redox peak for the results shown in Figure 4.15. The
results indicate that the response of reduction current of sensor increased when the
amount of MCEF increased in range of 0.1 - 0.7 %w/v of MCF in chitosan. However,
the response of the biosensor decreased when MCF content was more than 0.7%w/v.
The increase of MCF content up to 0.7 %w/v may be attributed to the good
distribution of enzyme in chitosan because of MCF have a large specific surface area
and good adsorption (Dai et al., 2005). However, the increase of MCF content up to
0.9 %wl/v decreased the reduction current, it was possible that the excessive MCF

obstructed the diffusion of substrate.
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Figure 4.15 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / various amount of MCF compared with 0.5% wi/v chitosan / HRP in presence

of 0.1 mM of Phenol and 0.1 mM of H,O,. Scan rate is 50 mV/s.

Based on these results, the suitable amount of MCF in composite film was
0.7%w/v and this content was used for the subsequent study on effect of chitosan

concentration.

4.3.4 The effect of chitosan concentration on cyclic voltammogram

The chitosan concentration has affect on mass transfer limitation because the
concentration of chitosan was higher lead to the film was thicker and brittle, it would
lead to a higher diffusion barrier for the substrate and mediator. Thus, Effective

Diffusivity (D) decreased lead to the mass transfer was limited. In this case, A

composite film which were prepared with different concentrations of chitosan (0.1-
0.7 %w/v), MCF 0.7%w/v and HRP were investigated. Figure 4.16 shows that the
highest reduction response was observed at 0.5 %w/v of chitosan. When the
concentration of chitosan was higher than 0.5 %w/v result in the immobilization film
was thicker and rigid, it would lead to a lower diffusion for the substrate and mediator
(Wang et al., 2005). On the other hand, the concentration of chitosan was lower than
0.5 %wl/v, the sensor response was lower than 0.5 %w/v together because the
immobilization of HRP with low chitosan concentration might be the three-

dimensional structure of HRP changed lead to decreasing activity of enzyme and the
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leagkage of enzyme. Based on these results, the suitable chitosan concentration in
composite film was 0.5%w/v and this content was used for all subsequent studies.

0.600
—— 0.1%chitosan / HRP / 0.7%dVICF

- ——-0.3%chitosan / HRP / 0.7%4MVICF

~
%’

= 0.5%chitosan / HRP / 0.7%dMCF

/# =0O. 000
// ] / / 0.7%chitosan / HRP / 0.7%MICF
i (e Na'a"al

E/V (vs.Ag/AgCl)
Figure 4.16 Cyclic voltammograms of modified electrode with various chitosan
concentration / HRP / 0.7%w/v MCEF in presence of 0.1 mM of Phenol and 0.1 mM of
H20,. Scan rate is 50 mV/s.

4.3.5 The effect of amount of Ag in MCF on cyclic voltammogram
Silver (Ag) is the best conductor among metals, and so Ag nanoparticles may

facilitate more efficient electron transfer than gold nanoparticles in biosensors not
only improve the conductivity, but also adsorb the enzyme molecules to keep the
stability of the biosensor (Ren et al ., 2005). However, the excessive Ag in enzyme
immobilization may be attributed to inhibition of enzyme activity. For the different
structure of MCF and Silica nanopowder, the response of each composite film may be
differently. The MCF which has pore size and high surface area may be the higher
attachment of Ag than Si nanopowder which is non porous and can help more electron
transfer. In this section, the amount Ag precursor which was attached in MCF were
varied. Figure 4.17 exhibit the behavior of modified WE with 0.5%w/v chitosan /
HRP / various amount of Ag precursor which was attached in MCF. The results
indicate that the increase of amount Ag in MCF, all the response peak of Ag/MCF
almost remained same pattern and all the reduction peaks were lower than composite
film without Ag, in spite of the fact that the Ag possess good conductivity which can

make possible conducting channels to facilitate electron transfer between the active
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center of HRP and the electrode surface (Ren et al., 2005; Xu et al., 2004). The

decrease in activity of enzyme may be attributed to the aggregation of Ag on MCF

obstructed the diffusion of bulk solution.

= 0.5%chitosan / HRP / 0.7%dVICF

- - - 0.5%chitosan / HRP / 20 ppmAg
MCF 0.7%

- ——- 0.5%chitosan / HRP / 100 ppmAg
MCF 0.7%

0.5% chitosan/ HRP / 500 ppmAg
MCF 0.7%

—— 0.5%chitosan / HRP / 1000 ppmAg
-10.000 1 MCF 0.7%

E/V (vs.Ag/AgCl)

Figure 4.17 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / various amount of Ag in 0.7%w/v MCF compared with 0.5% chitosan / HRP /
0.7%w/v MCF in presence of 0.1 mM of Phenol and 0.1 mM of H,O..

Scan rate is 50 mV/s.

4.3.6 The effect of amount of silver in SiO, nanopowder on cyclic voltammogram

In the case of the amount Ag precursor which was attached in SiO;
nanopowder were varied. The suitable of amount Ag precursor which was attached in
SiO, nanopowder was 500 ppm because the reduction peak is highest than all amount
Ag precursor which was attached in SiO, nanopowder when observed at 0 volt
(Figure 4.18). It was possible that the distribution of Ag on SiO, nanopowder was
good lead to facilitate the electron transfer.



52

- ——- 0.5%chitosan / HRP / 100 ppmAg
Si02 0.7%

0.5%chitosan / HRP / 500 ppmAg

Si02 0.7%
0.6

....... 0.5%chitosan / HRP / 1000 ppmAg
SiO2 0.7%

20 -
E/ V (vs.AgAgC)

Figure 4.18 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / various amount of Ag in 0.7%w/v SiOz nanopowder in presence of 0.1 mM of
Phenol and 0.1 mM of H,O,. Scan rate is 50 mV/s.

4.3.7 The effect of amount of silver in chitosan on cyclic voltammogram

After Ag attached on MCF and SiO; nanopowder were discussed in section
4.2.5 and 4.2.6, respectively. It is probable that the Ag was confined in silica host.
Therefore, Ag solution was dispersed in chitosan solution to produce Ag/chitosan
solution so Ag was spread all in matrix in this section. Figure 4.19 exhibited the
response of modified electrode with various amount of Ag solution in chitosan
0.5%wl/v. The highest reduction current appear in the modified electrode with
0.5%w/v chitosan mixed with 20 ppm Ag solution, HRP and 0.7%w/v modified MCF
due to this composite has amount of Ag which suitable for facilitate the electron

transfer including may help the distribution of enzyme in matrix.
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Figure 4.19 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
various amount of Ag solution / HRP / 0.7%w/v modified MCF in presence of 0.1
mM of Phenol and 0.1 mM of H,0,. Scan rate is 50 mV/s.

4.3.8 The effect of various matrices on cyclic voltammogram

10 - Sl
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» 0.7%odified MCF / HRP

— = - 0.5%chitosan /500 ppmAg
MCF 0.7%/ HRP
-+ 0.5%chitosan / 500 ppmAg
SiO2 0.7%/ HRP

0.5%chitosan / 0.7%4MVICF /
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Figure 4.20 Cyclic voltammograms of modified electrode with various matrices in
presence of 0.1 mM of Phenol and 0.1 mM of H,0O,. Scan rate is 50 mV/s.
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The best matrices in each section were shown in Figure 4.20 in order to
choose the best matrix to use for the study in reusability. The results indicate that the
composite film consist of 0.5%w/v chitosan mixed with 20 ppm Ag solution, HRP
and 0.7%w/v modified MCF showed the highest response on phenol detection

because its has highest the reduction current than all composite.

4.4 Reusability

From section 4.3.8, the highest response on phenol detection appear in
composite film consist of 0.5%w/v chitosan mixed with 20 ppm Ag solution, HRP
and 0.7%w/v modified MCF. Thus, we chose this composite film to reuse for phenol
detection with amperometry method. The potential was fixed at 0 VV because in more
negative values the enzymes molecules could be inactivated by the formation of
reduced compound with HRP, decreasing the activity at time function (Rosatto et al.,
1999). Figure 4.21 exhibited when modified electrode with this composite material
was used in first time, the current had occurred immediately but when the modified
electrode was used in second and third times, the current had not reacted. The
assumptions for the cause of only one time use of enzyme; the leaching of enzyme
from matrix, the denature of enzyme from other material added in composite film, the
adsorption of product in composite film in first used cause the fresh substrate cannot
diffuse through the film to react with HRP again and the potential was applied in

electrochemical reaction to make enzyme denature.
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Figure 4.21 Amperometric of modified electrode with 0.5%w/v chitosan mixed with
20 ppm Ag solution, HRP and 0.7%w/v modified MCF in presence of 0.1 mM of
Phenol and 0.1 mM of H,O; at 0 volt.

For the leaching of enzyme from matrix, the residue solution after the
chemical reaction in first used was tested with chemical reaction in order to confirm
enzyme leak to the residue solution. After we checked the activity of enzyme from
residue solution, the result indicates that the residue solution had enzyme activity
about 31.43% of initial activity. It can be concluded that the enzyme leaked out the
composite film. Therefore, it causes only one time use of enzyme

For the denature of enzyme from other material added in composite film, we
will seek that what material in this composite materials pose for the modified
electrode with these material used once. First step, we eliminated the 20 ppm Ag
solution get off these composite materials so the composite material will consist
0.5%w/v chitosan, HRP and 0.7%w/v modified MCF (Figure 4.22). The figure
indicates that when we eliminated the Ag solution, the modified electrode was used
only first time together thus the Ag solution did not concern to make the modified

electrode cannot reuse.
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Figure 4.22 Amperometric of modified electrode with 0.5%w/v chitosan, HRP and
0.7%w/v modified MCF in presence of 0.1 mM of Phenol and 0.1 mM of H,O, at 0

volt

Second step, we eliminated the 0.7%w/v modified MCF get off these
composite materials so the composite material will consist 0.5%w/v chitosan, HRP
and 20 ppm Ag solution (Figure 4.23). The Figure indicates that when we eliminated
the MCF modified, the modified electrode was used only first time together thus the

MCF modified did not concern to make the modified electrode cannot reuse.

0.5
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Figure 4.23 Amperometric of modified electrode with 0.5%w/v chitosan, HRP and 20
ppm Ag solution in presence of 0.1 mM of Phenol and 0.1 mM of H,0, at 0 volt
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Third step, we eliminated both 0.7%w/v modified MCF and 20 ppm Ag
solution get off the composite film (Figure 4.24). The response of modified electrode
had been active in first time in the same way, composite film which eliminated 20

ppm Ag solution (first step) and 0.7%w/v modified MCF (second step).
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Figure 4.24 Amperometric of modified electrode with 0.5%w/v chitosan and HRP

in presence of 0.1 mM of Phenol and 0.1 mM of H,0O; at 0 volt

The all materials were eliminated from composite film except chitosan. The
reuse of modified electrode had first time together. Therefore, all materials except
chitosan did not concern to make the modified electrode cannot reuse. However, the
properties chitosan may cause one time use of enzyme. Because of when we used the
composite film in first time, the film color changed from light yellow to dark brown
(data not shown) which the reason of the change of film color probably to adsorption
of product in the film.

To confirm that chitosan had more affected in enzyme immobilization, the
various chitosan concentration were tested again with amperometry method (Figure
4.25). The result indicate that 1%w/v of chitosan concentration has been slightly
response while concentration of chitosan of 0.1, 0.3, 0.5 and 0.7% (w/v), almost same
pattern which higher response than 1%w/v of chitosan concentration because these
concentration had not impact from mass transfer whereas 1%w/v of chitosan
concentration may impact on diffusivity. However, all chitosan concentration cannot

reuse.
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Figure 4.25 Amperometric of modified electrode with various chitosan concentration and HRP in presence of 0.1 mM of Phenol and 0.1 mM of
H.0, at 0 volt
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Figure 4.26 Amperometric of modified electrode with 0.5%w/v chitosan and HRP in presence of 0.1 mM of Phenol and 0.1 mM of H,0; at
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While the response of various voltage on amperometric shown in figure 4.26.
The result indicates that all various voltage had been shown one time use of enzyme
together. Therefore, the voltage did not cause the denature of enzyme. However, when
various voltages in electrochemical reaction, the response of modified electrode have
difference clearly. The applied potential had an important influence over the sensor
response, because the applied potential contributes to the sensitivity and selectivity of
the system (Mello et al., 2003).



CHAPTER V

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The immobilization of Horseradish peroxidase in mesoporous silica/silver
nanoparticle/chitosan composite material. Major findings from this work can be
summarized as follows:

5.1.1 The physical properties of MCF

The specific surface area, pore size, and pore volume of MCF were
629.97 m?/g, 23.7 nm and 1.85 cm°®/g, respecticvly.

5.1.2 The physical properties of Ag/MCF and Ag/SiO;
The specific surface area, pore size, and pore volume of Ag/MCF were
300.13 m?/g, 24.5 nm and 1.47 cm®/g, respecticvly. It was revealed that Ag particles
were possibly entrapped in MCF pores as well as on the outside surface. The Ag
nanoparticles were attached on MCF have average size 19 nm while the Ag

nanoparticles were attached on SiO; nanopowder have average size 9 nm.
5.1.3 Additives such as MCF and Ag particles helped enzyme dispersion to a

certain concentration, however, higher concentration of additives results in higher

substrate/product mass transfer limitation.

5.1.4 Ag particles were found to help enhancing electrical response.

5.1.5 Optimal compositions of modified electrode are 20 ppm Ag solution,
chitosan 0.5 %w/v, modified MCF 0.7%w/v and HRP.

5.1.6 The use of modified electrode was limited to only once. The main cause

was probably enzyme leakage from chitosan matrix.
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5.2 Recommendations for the future studies

5.2.1 Ag should be made to distribute thoroughly on silica.

5.2.2 The effect of the other metals (Au or Pt) on HRP activity should be
studied.

5.2.3 The effect of other parameter on biosensor such as scan rate should be
studied.

5.2.4 The effect of molecular weight and %deacetylation of chitosan should be
studied.
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Appendix A

Raw data

Table A.1 Cyclic voltammogram of 0.1 M PBS pH 7 using bare electrode

V(volt) 1(LA)
-0.499 Q52
-0.45 -1.155
-0.401 -0.357
-0.347 -0.039
-0.298 0.103
-0.245 0.176
-0.196 0.205
-0.147 0.225
-0.093 0.245
-0.044 0.25
0 0.245
0.054 0.254
0.103 0.269
0.157 0.279
0.205 0.254
0.254 0.259
0.308 0.284
357 0.308
0.411 0.303
0.46 0.333
0.489 0.308
0.435 0.176
0.386 0.137
0.333 0.113
0.284 0.093
0.235 0.093
0.181 0.073
0.132 0.059
0.078 0.083
0.029 0.064
-0.015 0.054
-0.068 0.029
-0.117 0.015
-0.171 0
-0.22 -0.034
-0.269 -0.083
-0.323 -0.196
-0.372 -0.416
-0.421 -0.788
-0.475 -1.433
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Table A.2 Cyclic voltammogram of 0.1 mM H,O; using bare electrode

V(volt) 1(LA)
-0.470 -2.505
-0.419 -0.643
-0.370 -0.161
-0.318 0.067
-0.267 0.171
-0.215 0.213
-0.166 0.248
-0.116 0.264
-0.064 0.277
-0.013 0.279
0.033 0.284
0.083 0.297
0.134 0.284
0.186 0.293
P.237 0.318
0.285 0.310
0.338 0.303
0.388 0.313
0.440 0.338
0.488 0.363
0.458 0.194
0.406 0.127
(X355 0.103
0.303 0.093
0.253 0.078
0.204 0.073
0.152 0.062
0.101 0.055
0.049 0.041
0.002 0.028
-0.046 0.005
-0.098 -0.010
-0.148 -0.036
-0.199 -0.057
-0.250 -0.095
-0.300 -0.150
-0.352 -0.297
-0.403 -0.584
-0.452 -1.130
-0.487 -1.903
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Table A.3 Cyclic voltammogram of 0.1 mM Phenol using bare electrode

V(volt) 1(LA)
-0.489 -1.583
-0.437 -0.949
-0.386 -0.283
-0.336 0.000
-0.286 0.127
-0.235 0.197
-0.184 0.232
-0.134 0.259
-0.081 0.281
-0.031 0.279
0.015 0.289
0.065 0.289
0.116 0.297
0.168 0.294
0.218 0.293
0.269 0.297
0.320 0.305
0.370 0.325
0.423 0.346
0.473 0.380
0.475 0.277
0.424 0.149
0.374 0.109
0.323 0.090
0.271 0.072
0.220 0.070
0.169 0.049
0.119 0.050
0.068 0.036
0.018 0.028
-0.028 0.015
-0.080 0.000
-0.130 -0.026
-0.181 -0.041
-0.232 -0.070
-0.282 -0.121
-0.334 -0.235
-0.385 -0.463
-0.435 -0.851
-0.486 -1.556
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Table A.4 Cyclic voltammograms of modified electrode with 0.5% w/v chitosan /
HRP in presence of 0.1 mM of Phenol and 0.1 mM of H,0;

V(volt) I(pA)
-0.481 -2.505
-0.429 -2.505
-0.378 -2.396
-0.328 2l
-0.277 -2.056
-0.227 -1.340
-0.175 -1.024
-0.124 -0.807
-0.073 -0.701
20.023 -0.597
0.023 -0.507
0.075 -0.401
0.124 -0.292
0.176 -0.143
0.227 -0.011
0.277 0.122
0.329 0.249
0.378 0.352
0.431 0.414
0.481 0.498
0.466 0.271
0.416 0.097
0.365 0.015
0.315 -0.047
0.263 -0.163
0.212 -0.279
0.161 -0.417
0.111 -0.556
0.060 -0.696
0.010 -0.827
-0.038 -0.946
-0.088 -1.075
-0.139 -1.228
-0.189 -1.508
-0.241 -2.118
-0.290 2419
-0.342 -2.498
-0.393 -2.505
-0.444 -2.505
-0.486 -2.505
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Table A.5 Cyclic voltammograms of modified electrode with 0.5% w/v chitosan /
HRP / 0.1% w/v MCF in presence of 0.1 mM of Phenol and 0.1 mM of H,0,

V(volt) 1(uA)
-0.483 -2.456
-0.434 -2.505
-0.381 -2.505
-0.331 -2.397
-0.282 -1.216
-0.228 -0.806
-0.179 -0.597
-0.127 -0.553
-0.076 -0.555
-0.028 -0.628
0.021 -0.670
0.070 -0.613
0.120 -0.607
0.173 -0.545
0.222 -0.382
0.276 -0.140
0.325 0.121
0.375 0.274
0.427 0.388
0.476 0.458
0.468 0.260
0.419 0.093
0.369 -0.006
0.316 -0.155
0.267 -0.386
0.215 -0.685
0.165 -0.967
0.116 -1.204
0.062 -1.352
0.013 -1.425
-0.034 -1.513
-0.085 -1.565
-0.134 -1.649
-0.188 -1.869
-0.237 -2.166
-0.287 -2.423
-0.339 -2.505
-0.388 -2.505
-0.442 -2.505
-0.491 -2.505
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Table A.6 Cyclic voltammograms of modified electrode with 0.5% w/v chitosan /
HRP / 0.3% w/v MCF in presence of 0.1 mM of Phenol and 0.1 mM of H,0,

V(volt) I(pA)
-0.487 -1.897
-0.436 -2.505
-0.385 -2.505
-0.336 -2.322
-0.282 -2.021
-0.233 -1.908
-0.181 -1.534
-0.130 Snar3
-0.081 -1.267
-0.028 1191
0.016 1142
0.068 -1.024
0.119 -0.859
0.168 -0.626
0.220 -0.368
0.271 -0.122
0.321 0.116
0.374 0.269
0.423 0.372
0.474 0.448
0.473 0.274
0.422 0.103
0.370 0.013
0.321 -0.112
0.269 -0.303
0.218 -0.564
0.169 -0.842
0.116 1115
0.067 -1.378
0.015 -1579
-0.031 “1.727
-0.080 -1.857
-0.134 -1.973
-0.183 -2.253
-0.235 -2.505
-0.286 -2.505
-0.334 -2.505
-0.386 -2.505
-0.437 -2.505
-0.489 -2.505
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Table A.7 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / 0.5%w/v MCF in presence of 0.1 mM of Phenol and 0.1 mM of H,0,

V(volt) I(pA)
-0.469 -2.505
-0.421 -2.505
-0.370 -2.505
-0.318 -2.366
-0.269 -2.348
-0.215 -2.270
-0.166 -2.163
-0.116 -1.962
-0.063 -1.869
-0.016 -1.841
0.034 -1.814
0.083 -1.713
0.132 -1592
0.186 “1.411
0.235 -1.068
0.289 -0.556
0.338 -0.077
0.387 0.210
0.441 0.365
0.482 0.423
0.458 0.167
0.406 0.038
0.357 -0.126
0.303 -0.463
0.254 -1.011
0.204 -1.628
0.151 -1.980
0.103 -2.084
0.049 -2.205
0.002 -2.285
-0.045 -2.293
-0.098 -2.379
-0.147 -2.490
-0.201 -2.505
-0.250 -2.505
-0.299 -2.505
-0.352 -2.505
-0.401 -2.505
-0.455 -2.505
-0.329 -1.670
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Table A.8 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / 0.7%w/v MCEF in presence of 0.1 mM of Phenol and 0.1 mM of H,0,

V(volt) I(pA)
-0.455 -10.570
-0.401 -6.650
-0.352 ~4.890
-0.303 -3.820
-0.250 -3.330
-0.201 -2.840
-0.147 -2.640
-0.098 -2.450
-0.049 -2.300
0.000 -2.350
0.049 -2.350
0.098 -2.100
0.152 -1.810
0.201 -1.220
0.254 -0.680
0.303 -0.240
0.352 0.050
0.406 0.340
0.455 0.490
0.489 0.440
0.440 0.050
0.391 0.050
0.338 -0.150
0.289 -0.390
0.235 -0.980
0.186 -1.610
0.137 -2.450
0.083 -2.690
0.034 -2.940
-0.015 -2.890
-0.064 -3.130
20.113 -3.280
-0.166 -3.620
-0.215 ~4.210
-0.264 -5.630
-0.318 -7.440
-0.367 -8.560
-0.421 -9.740
-0.470 -10.270
-0.479 -10.080
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Table A.9 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /

HRP / 0.9%w/v MCF in presence of 0.1 mM of Phenol and 0.1 mM of H,0,

V(volt) I(pA)
-0.470 -6.680
-0.416 -6.600
-0.367 ~4.450
-0.313 -3.030
-0.264 -2.250
-0.215 -1.910
-0.161 -1.520
-0.113 ~1.470
-0.059 -1.420
-0.010 -1.370
0.034 -1.370
0.088 -1.170
0.137 -1.080
0.191 -0.730
0.240 -0.440
0.289 -0.340
0.342 0.200
0.391 0.240
0.445 0.340
0.494 0.390
0.455 0.150
0.401 0.000
0.352 -0.050
0.303 -0.340
0.250 -0.590
0.201 -0.980
0.147 -1.320
0.098 -1.710
0.049 -2.050
0.000 -2.010
-0.049 -2.250
-0.103 -2.300
-0.152 -2.500
-0.201 -2.790
-0.254 -3.720
-0.303 ~4.940
-0.357 -6.210
-0.406 -7.090
-0.455 -7.930
-0.489 -8.370
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Table A.10 Cyclic voltammograms of modified electrode with 0.1%w/v chitosan /
HRP / 0.7%w/v MCEF in presence of 0.1 mM of Phenol and 0.1 mM of H,0,

V(volt) I(pA)
-0.489 -10.690
-0.440 -5.870
-0.386 -3.180
-0.338 -2.150
-0.284 -1.660
-0.235 -0.880
-0.186 -0.980
-0.132 -0.930
-0.083 -0.880
-0.034 -0.880
0.015 -0.780
0.064 -0.640
0.117 -0.490
0.166 -0.240
0.215 -0.150
0.269 -0.050
0.318 0.200
0.372 0.240
0.421 0.240
0.470 0.290
0.475 0.200
0.426 0.100
0.372 0.100
0.323 -0.100
0.274 -0.240
0.220 -0.340
0.171 -0.540
0.117 -0.640
0.068 -0.830
0.020 -0.980
-0.029 “1.170
-0.078 -1.080
-0.127 -1.270
-0.181 ~1.370
-0.230 -1.960
-0.284 -2.790
-0.333 -3.620
-0.382 -4.110
-0.435 ~4.700
-0.484 -5.430




82

Table A.11 Cyclic voltammograms of modified electrode with 0.3%w/v chitosan /
HRP / 0.7%w/v MCEF in presence of 0.1 mM of Phenol and 0.1 mM of H,0,

V(volt) I(pA)
-0.465 -10.130
-0.411 -5.580
-0.362 -3.910
-0.313 -3.080
-0.259 -2.500
-0.210 -2.200
-0.157 -2.010
-0.108 -1570
-0.059 -1.420
-0.005 -1570
0.039 TNTALY,
0.088 -1.420
0.142 -1.270
0.191 -0.830
0.245 -0.490
0.294 -0.200
0.342 0.050
0.396 0.100
0.445 0.590
0.499 0.240
0.450 0.290
0.401 0.000
0.347 -0.200
0.298 -0.390
0.245 -0.490
0.196 -0.980
0.147 -1.170
0.093 -1.610
0.044 -1.810
-0.005 -1.910
-0.054 -2.200
-0.103 -1.960
-0.157 -2.540
-0.205 -2.590
-0.254 -3.130
-0.308 ~4.700
-0.357 -5.280
-0.411 -6.070
-0.460 -6.850
-0.489 -7.190
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Table A.12 Cyclic voltammograms of modified electrode with 0.7%w/v chitosan /
HRP / 0.7%w/v MCEF in presence of 0.1 mM of Phenol and 0.1 mM of H,0,

V(volt) I(pA)
-0.494 -7.810
-0.440 -3.570
-0.391 ~1.610
-0.342 -0.880
-0.289 -0.980
-0.240 -0.930
-0.186 -0.490
-0.137 -0.290
-0.088 -0.340
-0.034 -0.440
0.010 0.050
0.064 -0.150
0.113 -0.240
0.161 -0.240
0.215 0.050
0.264 0.150
0.318 0.290
0.367 0.340
0.416 0.390
0.470 0.440
0.479 0.290
0.426 0.150
0.377 0.000
0.328 0.050
0.274 -0.200
0.225 -0.290
0.176 -0.440
0.122 -0.490
0.073 -0.730
0.020 -0.880
-0.024 -0.880
20.073 1170
-0.127 -1.370
-0.176 ~1.420
-0.230 -1.730
-0.279 -2.690
-0.328 -2.930
-0.382 -3.720
-0.431 -1.030
-0.484 -0.730
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Table A.13 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / 20 ppm Ag MCF 0.7%w/v in presence of 0.1 mM of Phenol and 0.1 mM of
H,0,

V(volt) I(LA)
-0.494 6.7
-0.455 -4.75
-0.406 -2.98
-0.352 -1.91
-0.303 =
-0.25 -0.44
-0.201 -0.29
-0.152 0
-0.098 0.2
-0.049 0.44

0 0.54
0.049 0.34
0.098 0.39
0.152 0.68
0.201 0.59
0.254 1.66
0.303 0.73
0.352 0.64
0.406 0.59
0.455 0.64
0.494 0.73
0.44 0.2
0.391 0.05
0.338 0
0.289 0.1
0.24 0.1
0.186 0.1
0.137 -0.15
0.083 0.2
0.034 -0.54
-0.01 -0.59
-0.064 -0.64
-0.113 -0.78
-0.166 -0.83
-0.215 -1.08
-0.264 157
-0.318 -2.15
-0.367 -2.74
-0.421 -3.86
-0.47 -5.04
-0.479 -5.38
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Table A.14 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / 100 ppm Ag MCF 0.7%w/v in presence of 0.1 mM of Phenol and 0.1 mM of
H,0,

V(volt) I(LA)
-0.47 -8.41
-0.421 -2.98
-0.367 -1.76
-0.318 -1.52
-0.264 =
-0.215 -0.88
-0.166 !
-0.113 -0.24
-0.064 0.1
-0.01 0.15
0.034 0.2
0.083 -0.05
0.137 0.15
0.186 0.15
0.235 0.34
0.289 2.25
0.338 1.08
0.391 0.73
0.44 0.44
0.489 0.59
0.455 0.15
0.406 0.1
0.352 0.1
0.303 0.05
0.254 -0.15
0.201 -0.15
0.152 0.1
0.098 -0.15
0.049 -0.44

0 -0.44

-0.049 -0.39
-0.098 -0.29
-0.152 -0.98
-0.201 -1.66
-0.25 -1.91
-0.303 2.3
-0.352 -3.13
-0.401 -2.89
-0.455 -3.96
-0.494 -5.38
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Table A.15 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / 500 ppm Ag MCF 0.7%w/v in presence of 0.1 mM of Phenol and 0.1 mM of
H,0,

V(volt) I(LA)
-0.484 -6.07
-0.431 1.42
-0.382 -0.73
-0.328 -0.68
-0.279 -0.49
-0.23 -0.34
-0.176 -0.24
-0.127 -0.15
-0.078 0.15
-0.024 0.24
0.02 0.2
0.073 0.34
0.122 0.24
0.171 0.39
0.225 0.34
0.274 1.81
0.328 1.03
0.377 1.08
0.426 1.22
0.479 1.66
0.47 0.64
0.416 0.15
0.367 0
0.318 0
0.264 0
0.215 0.1
0.161 -0.15
0.113 -0.15
0.064 0.2
0.01 -0.44
-0.034 -0.54
-0.083 -0.73
-0.137 -1.13
-0.186 -1.66
-0.24 -2.01
-0.289 -2.15
-0.338 -2.69
-0.391 -3.38
-0.44 5.19
-0.494 -5.23
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Table A.16 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / 1000 ppm Ag MCF 0.7%w/v in presence of 0.1 mM of Phenol and 0.1 mM of
H,0,

V(volt) I(LA)
-0.499 -4.45
-0.45 -3.42
-0.401 27
-0.347 AT
-0.298 -1.08
-0.25 -0.78
-0.196 -0.49
-0.147 -0.24
-0.093 0.05
20.044 0.29

0 0.24
0.054 0.44
0.103 0.34
0.157 0.59
0.205 1.03
0.254 1.22
0.308 0.88
0.357 0.64
0.411 0.64
0.46 0.64
0.489 0.68
0.435 0.15
0.386 -0.05
0.333 -0.1
0.284 0.1
0.235 -0.34
0.181 0.1
0.132 -0.24
0.083 -0.15
0.029 -0.44

-0.015 -0.34
-0.068 -0.49
-0.117 -0.64
-0.166 -0.93
-0.22 1.22
-0.269 152
-0.323 -1.66
-0.372 -2.15
-0.421 -3.28
-0.475 -3.86
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Table A.17 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / 100 ppm Ag SiO, 0.7%w/v in presence of 0.1 mM of Phenol and 0.1 mM of
H,0,

V(volt) I(LA)
-0.499 -13.31
-0.445 -10.23
-0.396 -7.68
-0.347 -5.43
-0.294 il
-0.245 -2.98
-0.101 2.5
-0.142 -2.05
-0.093 -1.96
-0.039 -1.76
0.005 -1.61
0.059 0y
0.108 -0.88
0.157 0

0.21 1.66
0.259 5.04
0.313 6.75
0.362 421
0.411 3.52
0.465 3.28
0.484 2.69
0.431 T2
0.382 0.83
0.333 0.49
0.279 0.05
0.23 -0.15
0.181 -0.59
0.127 -1.13
0.078 -1.91
0.024 -2.64
-0.02 -3.38

-0.068 -3.77
-0.122 411
-0.171 -4.16
-0.225 -4.26
20.274 -4.65
-0.323 -5.19
-0.377 -6.31
-0.426 -8.95
-0.479 -11.89
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Table A.18 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / 500 ppm Ag SiO, 0.7%w/v in presence of 0.1 mM of Phenol and 0.1 mM of
H,0,

V(volt) I(LA)
-0.479 -20.4
-0.431 -15.41
-0.377 -11.55
-0.328 -8.41
-0.274 -5.72
-0.225 -3.82
-0.176 -2.74
-0.122 -1.76
-0.073 -1.37
-0.02 Y,
0.024 -0.88
0.073 -0.64
0.127 0.15
0.176 1.76
0.225 6.21
0.279 17.66
0.328 5.14
0.382 3.33
0.431 2.74
0.479 2.15
0.465 1.22
0.416 0.49
0.362 0.29
0.313 0.15
0.264 0
0.21 -0.15
0.161 -0.34
0.108 -0.64
0.059 -1.42
0.01 455
-0.039 -3.96
-0.088 -3.96
-0.142 -4.16
-0.191 4.6
-0.24 -5.63
-0.294 -7.09
-0.342 -9.54
-0.391 -13.16
-0.445 -17.56
-0.494 -22.06
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Table A.19 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
HRP / 1000 ppm Ag SiO; 0.7%w/v in presence of 0.1 mM of Phenol and 0.1 mM of
H,0,

V(volt) I(LA)
-0.484 -18.2
-0.435 5.97
-0.382 -4.01
-0.333 -2.69
-0.284 -2.01
-0.23 0
-0.181 To%
-0.127 -0.88
-0.078 -0.78
-0.029 -0.59
0.02 -0.49
0.068 -0.34
0.122 0.1
0.171 0.64
0.22 2.05
0.274 2.94
0.323 2.94
0.372 2.25
0.426 1.76
0.475 1.08

0.47 0.49
0.421 0.2

0.372 0.05
0.318 0.05
0.269 -0.05
0.215 -0.15
0.166 -0.24
0.117 -0.34
0.064 -0.49
0.015 -2.25

-0.034 -1.52
-0.083 -1.61
-0.132 2.1
-0.186 2.2
-0.235 -2.79
-0.289 -3.57
-0.338 4.4
-0.386 -5.48
-0.44 7.14
-0.489 9.3
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Table A.20 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan / 20
ppm Ag / HRP / 0.7%w/v modified MCF in presence of 0.1 mM of Phenol and 0.1

mM of H,O,

V(volt) I(LA)
-0.479 -23.75
-0.431 -23.21
-0.377 -15.26
-0.328 -12.24
-0.274 -10.41
-0.225 -9.43
-0.176 -8.56
-0.122 -8.16
-0.073 -7.65
-0.02 -7.38
0.024 -6.89
0.073 -5.96
0.127 -4.93
0.176 -3.56
0.225 20
0.279 -0.78
0.328 0.18
0.382 0.64
0.431 0.98
0.479 1.08
0.465 0.94
0.416 0.4
0.362 -0.09
0.313 -0.29
0.264 117
0.21 171
0.161 2.73
0.108 -3.81
0.059 -4.69
0.01 547
-0.039 -5.91
-0.088 6.11
-0.142 -6.4
-0.191 -6.94
-0.24 -8.16
-0.294 -10.12
-0.342 -12.08
-0.391 -13.2
-0.445 -14.13
-0.494 -14.82
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Table A.21 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
100 ppm Ag / HRP / 0.7%w/v modified MCF in presence of 0.1 mM of Phenol and
0.1 mM of H,0,

V(volt) I(LA)
-0.455 -10.96
-0.406 -5.43
-0.357 -3.57
-0.303 -3.03
-0.254 i
-0.201 -1.96
-0.152 -1.57
-0.103 1,32
-0.049 SN(S
0 -1.03
0.044 -0.88
0.098 -0.59
0.147 -0.39
0.201 0.05
0.25 0.68
0.298 1.47
0.352 2.01
0.401 2.35
0.455 2.84
0.494 3.33
0.445 191
0.391 0.54
0.342 0.1
0.289 -0.93
0.24 -1.42
0.191 -2.35
0.137 -3.33
0.088 -3.67
0.034 -3.47
-0.01 -2.98
-0.059 -2.15
-0.113 2.3
-0.161 -2.54
-0.21 -3.13
-0.264 411
-0.313 -5.04
-0.367 -5.38
-0.416 -5.92
-0.465 6.7
-0.479 6.7
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Table A.22 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
500 ppm Ag / HRP / 0.7%w/v modified MCF in presence of 0.1 mM of Phenol and
0.1 mM of H,0,

V(volt) I(LA)
-0.484 -25.05
-0.431 -9
-0.382 -5.33
-0.333 -3.42
-0.279 2.4
-0.23 -1.66
-0.176 -1.42
-0.127 117
-0.078 -1.08
20.024 -0.83
0.02 -0.78
0.068 -0.49
0.122 -0.44
0.171 -0.24
0.225 -0.2
0.274 0.05
0.323 0.29
0.377 0.29
0.426 0.44
0.479 0.88

0.47 0.64
0.421 0.15
0.367 0.05
0.318 -0.1
0.264 -0.29
0.215 -0.59
0.166 -1.08
0.113 -0.54
0.064 -0.93
0.01 Okl

-0.034 -1.13
-0.083 -1.61
-0.137 157
-0.186 -1.86
-0.235 -3.33
-0.289 -455
-0.338 5.77
-0.391 6.6
-0.44 -7.34
-0.489 -8.07
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Table A.23 Cyclic voltammograms of modified electrode with 0.5%w/v chitosan /
1000 ppm Ag / HRP / 0.7%w/v modified MCF in presence of 0.1 mM of Phenol and

0.1 mM of H,0,

V(volt) I(LA)
-0.484 -6.07
-0.431 1.42
-0.382 -0.73
-0.328 -0.68
-0.279 -0.49
-0.23 -0.34
-0.176 -0.24
-0.127 -0.15
-0.078 0.15
-0.024 0.24
0.02 0.2
0.073 0.34
0.122 0.24
0.171 0.39
0.225 0.34
0.274 1.81
0.328 1.03
0.377 1.08
0.426 1.22
0.479 1.66
0.47 0.64
0.416 0.15
0.367 0
0.318 0
0.264 0
0.215 0.1
0.161 -0.15
0.113 -0.15
0.064 0.2
0.01 -0.44
-0.034 -0.54
-0.083 -0.73
-0.137 -1.13
-0.186 -1.66
-0.24 -2.01
-0.289 -2.15
-0.338 -2.69
-0.391 -3.38
-0.44 5.19
-0.494 -5.23
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Figure A.1 Amperometric of modified electrode with 0.5%w/v chitosan mixed with
20 ppm Ag solution, HRP and 0.7%w/v modified MCF in presence of 0.1 mM of
Phenol and 0.1 mM of H,O, at 0 volt (first time)
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Figure A.2 Amperometric of modified electrode with 0.5%w/v chitosan mixed with
20 ppm Ag solution, HRP and 0.7%w/v modified MCF in presence of 0.1 mM of
Phenol and 0.1 mM of H,0, at 0 volt (second times)
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Figure A.3 Amperometric of modified electrode with 0.5%w/v chitosan mixed with
20 ppm Ag solution, HRP and 0.7%w/v modified MCF in presence of 0.1 mM of
Phenol and 0.1 mM of H,O; at 0 volt (third times)
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Figure A.4 Amperometric of modified electrode with 0.5%w/v chitosan, HRP and
0.7%w/v modified MCF in presence of 0.1 mM of Phenol and 0.1 mM of H,0O, at 0

volt (first time)
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Figure A.5 Amperometric of modified electrode with 0.5%w/v chitosan, HRP and
0.7%w/v modified MCF in presence of 0.1 mM of Phenol and 0.1 mM of H,0O, at 0
volt (second times)
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Figure A.6 Amperometric of modified electrode with 0.5%w/v chitosan, HRP and
0.7%w/v modified MCF in presence of 0.1 mM of Phenol and 0.1 mM of H,O, at 0
volt (third times)
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Figure A.7 Amperometric of modified electrode with 0.5%w/v chitosan, HRP and 20
ppm Ag solution in presence of 0.1 mM of Phenol and 0.1 mM of H,0, at 0 volt (first

time)
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Figure A.8 Amperometric of modified electrode with chitosan 0.5%w/v, HRP and 20
ppm Ag solution in presence of 0.1 mM of Phenol and 0.1 mM of H,0O, at 0 volt
(second times)
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Figure A.9 Amperometric of modified electrode with 0.5%w/v chitosan, HRP and 20

ppm Ag so

lution in presence of 0.1 mM of Phenol and 0.1 mM of H,0, at 0 volt

(third times)
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Figure A.10 Amperometric of modified electrode with 0.5%w/v chitosan and HRP in
presence of 0.1 mM of Phenol and 0.1 mM of H,O, at 0 volt (first time)
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Figure A.11 Amperometric of modified electrode with 0.5%w/v chitosan and HRP in
presence of 0.1 mM of Phenol and 0.1 mM of H,0; at 0 volt (second times)
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Figure A.12 Amperometric of modified electrode with 0.5%w/v chitosan and HRP in
presence of 0.1 mM of Phenol and 0.1 mM of H,O; at 0 volt (third times)
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Figure A.13 Amperometric of modified electrode with 0.1%w/v chitosan and HRP in

presence of 0.1 mM of Phenol and 0.1 mM of H,O; at 0 volt
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Figure A.14 Amperometric of modified electrode with 0.3%w/v chitosan and HRP in

presence of 0.1 mM of Phenol and 0.1 mM of H,0, at 0 volt
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Figure A.15 Amperometric of modified electrode with 0.7%w/v chitosan and HRP in
presence of 0.1 mM of Phenol and 0.1 mM of H,0O; at 0 volt
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Figure A.16 Amperometric of modified electrode with 1.0%w/v chitosan and HRP in
presence of 0.1 mM of Phenol and 0.1 mM of H,0; at 0 volt
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Figure A.17 Amperometric of modified electrode with 0.5%w/v chitosan and HRP in

presence of 0.1 mM of Phenol and 0.1 mM of H,0; at -0.2 volt
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Figure A.18 Amperometric of modified electrode with 0.5%w/v chitosan and HRP in

presence of 0.1 mM of Phenol and 0.1 mM of H,0, at -0.1 volt
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Figure A.19 Amperometric of modified electrode with 0.5%w/v chitosan and HRP in
presence of 0.1 mM of Phenol and 0.1 mM of H,O; at 0.1 volt
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Figure A.20 Amperometric of modified electrode with 0.5%w/v chitosan and HRP in
presence of 0.1 mM of Phenol and 0.1 mM of H,0O; at 0.2 volt



105

Appendix B

Conference
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usavnleseendinaluiagrenindnvesiilanessanmaylalawn”, Extended Abstract

for Conference at Chiang Mai, Thailand with the name of “ The 17th Thailand
Chemical Engineering and Applied Chemistry Conference” (TICHE) 2007 -
Fundamental of Chemical Engineering and Applied Chemistry, 29-30 October 2007.
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