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SUDARAT SOMBATSRI : PREPARATION OF OPTICAL SENSING
MEMBRANE BASED ON DYE IMMOBILIZATION FOR THE
DETERMINATION OF COBALT(Il) ION. THESISADVISOR : SANCHAI
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OPTICAL CHEMICAL SENSOR/ CHITOSAN / COBALT/ NITROSO-R SALT

In this research, we have introduced a simple method for preparation of an
optical chemical sensor for the determination of cobalt(ll) ion in agueous solution
based on immobilized disodium-1-nitroso-2-naphthol-3,6-disulphonate or nitoso-R
salt in amodified chitosan film. High molecular weight chitosan was chosen to use
as a sensor matrix and its structure was modified with epichlorohydrin to enhance the
stability of the film in aqueous solution.

In the presence of cobalt(l1), color of the sensing film changed from yellow to
reddish orange as a result of complex formation between cobalt(l1) and nitoso-R salt.
Absorbance measurement of the complex was made at 525 nm. An optimum
response of the sensing film to cobalt(l1) was obtained in phosphate buffer solution of
pH 5.0 and the soaking time of 15 min.

Linear calibration curves over cobalt(ll) concentration ranges of 1-60 ppm
and 35-400 ppb were obtained with 3.0 and 300 mL solution, respectively. The limit
of detection of 0.82 ppm was obtained with 3.0 mL solution and that of 12 ppb was
obtained with 300 mL solution. Two major interference for the sensor are copper(l1)

and nickel(l1). The sensing film exhibited good stability for two months and high



reproducibility. The sensing films were aso applied for the determination of

cobalt(ll) in water samples with satisfactory results.
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CHAPTERI

INTRODUCTION

Heavy metal ions are growing interest in environtakand clinical analysis
because of their toxicity to human health. Colsatine of the most important metal
ions, which appears in many real and synthetic &snp Cobalt is an essential
element in trace amounts for human and animalafoexample, it is part of vitamin
B12 and plays a key role in the body’s synthesithisf essential vitamin. Deficiency
of cobalt can result in retarded growth rate, lokgappetite, and anemia in human.
However, harmful heath effects can also occur wbermuch metal is taken into the
body. The World Health Organization (WHO, 2006) has recwmnded that exposure
to cobalt in a concentration range from 0.04 to4Orig/kg body weight per day for
several years is leading to death. The AgencyTimxic Substances and Disease
Registry (ATSDR, 2004) regulated maximum allowaleleel of cobalt in soil to be
40 ppm and the United States Environment Prote@&mency (EPA, 2003) regulated
the concentration of cobalt in groundwater notxceed 2.2 ppm.

There are several techniques for the determinati@obalt such as flame and
graphite furnace atomic absorption spectroscopyJA&e et al., 2002; Matos et al.,
2005), molecular absorption and fluorescence spewpy (Rezaei et al., 2001; Shar
et al., 2004), voltammetry (Vega et al., 1997),rgpalispersive X-ray fluorescence
spectroscopy (EDXRF) (Jiang et al., 2005), and msmakphase capillary high

performance liquid chromatography (RP-Capillary-RI(Chung and Chung, 2003).



These methods require expensive equipments, skibpdrator, and sample
pretreatment. Therefore, alternative methods sscbptical chemical sensors which

are simple to use and require less expensive mstntihave been developed.

1.1 Chemical sensors

Sensor can be divided into two general groups. firkegroup is physical
sensor that is used to measure parameters sueimaerature and pressure changes
of samples. The second group is chemical sensahwhvolves a response of an
analyte such as inorganic cations and anions.

A chemical sensor can be defined as a device wieishonds to a particular
analyte in a selective way through a chemical reactChemical sensors contain two
basic functional units which are a receptor pad artransducer part. Some sensors
may include a separator which is, for example, anbrane. Figure 1.1 shows a
simplified diagram of a chemical sensor device, nvaaeceptor part responds to an
analyte, a chemical signal such as color change, ptioduction of heat or the
emission of fluorescence light is produced andsfi@med into a form of energy by a
transducer (Baldini et al., 2005).

Chemical sensors can be categorized into optidattrechemical, mass-
sensitive, and heat-sensitive, according to thedyyd transducer (Cattrall, 1997).

1. Optical sensors or optodes: The optical propertéshe sensor are
changed when the receptor part detects an analytgpectroscopic measurement is
usually associated with a chemical reaction and/eotional spectrometric method

including absorption, fluorescence, and reflectasprxtroscopy can be applied.



Sensing reagent

(Receptor part) Transducer

) _ Analytical signal
Analyte Chemical signal (Electrical)
sample
_— —> —_—
\_ 4
Y
Sensor

Figure 1.1 A simplified diagram of the components of a cheahgensor.

2. Electrochemical sensors: A receptor surface of agenpon biding an
analyte alters the electrical characteristics: itk (ion-selective electrodes and field
transistors, potentiometric cells), current at \egipotential (voltammetric sensors),
conductivity (conductometric and semiconductor gassors), and capacity of the
receptor.

3. Mass-sensitive or piezoelectric sensor: The seresmonds to a change in
the mass of a sensitive layer upon binding of aly&® with reagent molecules.

4. Heat-sensitive or calorimetric: The thermal effetta chemical reaction
involving an analyte is monitored with thermometer.

This thesis focuses on preparation of an opticanobal sensor for the
determination of Co(ll) where the receptor parsehsor has two main components

including sensing reagent and supporting matrix.



1.2 Research objectives

1.

To investigate varieties of organic dyes that canubed as a chelating
agent for Co(ll).

To examine different types of polymers which areitatle for
immobilization supporting matrix.

To construct sensing film for the determination @b(ll) in aqueous
solution.

To determine Co(ll) in real water samples with sleasing film.

1.3 Scopeand limitation of the study

1.

Chitosan and PVC were investigated as supportingixrfar organic dye
immobilization.

Dye, dye-metal complex and dye in supporting matrete characterized
by UV-VIS spectrometer.

Response of the developed sensors was studied BylB$pectrometer.
Sensor performance characteristics such as respiomseworking range,

detection limit, and lifetime were determined.



CHAPTER I

LITERATURE REVIEWS

Optical chemical sensors or optodes contain twanrmamponents including
sensing reagent such as organic dyes and supponidtigx. For heavy metal ion
optodes, a sensing reagent and a supporting nmatixisually based on conplexing
agent and polymer film or membrane. Organic ligaadorganic dyes are commonly
used as metal ion complexing agents, which areigdijsor chemically immobilized
in a polymer matrix.

Immobilization of a sensing reagent in a polymenembrane is an important
step in the development of an optode. The imnmdiibn techniques include
entrapment, electrostatic interaction, and covalketthchment. Entrapment is a
simple immobilization method, but a sensing reagamt be easily leached out of a
polymer matrix. In electrostatic technique, a gear sensing reagent is retained in a
polymer matrix by interacting with oppositely chadgfunctional group of the matrix.
This process is generally used with ion-exchangase The sensing reagent can be
displaced from the polymer matrix by ionic specigth similar charge to that of the
sensing reagent under appropriate condition. Fawalently immobilization, a
sensing reagent is covalently bonded to a polymatrira With this method, the
sensing reagent does not suffer from leaching asdaHonger lifetime. However, the
method often requires chemical modification of bditle sensing reagent and the

support matrix in order to facilitate the bindireaction.



2.1 Sensing reagent

Sensing reagents in optical sensor for the detextmoim of heavy metal ions
are usually based on organic indicator dyes sucpyaslylazo resorcinol (PAR)
(Yusof et al., 2002) for detection of Co(ll) or fdetermination of Hg(ll) (Ensafi and
Fouladgar, 2006), pyrogallol red for determinatiohtrace Co(ll) (Ensafi et al.,
2005), methyltrioctylammonium chloride (Rastegasta@nd Moradpour, 2007) for
Co(ll) determination, 2-(5-bromo-2-pyridylazo)-Si€thylamino)phenol  (Br-
PADAP) for detection of Ni(ll) (Amini et al., 2004) This thesis focuses on
investigation and application of organic indicattyes as a sensing agent for the
determination of Co(ll). Organic dyes, for exam@eo, carbonyl, phthalocyanine,
arylcarbonium, sulphur, methane, and nitro dyes banclassified by chemical
structures and functional groups. Some of the dyasare used for Co(ll) analysis

are discussed here.

211 Azodyes

The azo compound class accounts for 60% of all dyes
spectrophotometric analysis (Christic et al., 2082J has been studied extensively.
These dyes are characterized by chromophoric aagpgr(—N=N-) and have a wide
spectrum of colors such as yellow, orange, andwkith are more commercially
supplied than any other colored dyes. The exampfieee dyes in this group that
have been proved to be the suitable ligands to tmpith Co(ll) are pyridylazo
naphthol (PAN) (Matos et al., 2005; Shar et alQ®0 pyridylazo resorcinol (PAR)

(Jiang et al., 2005; Yusof et al., 2002; Karipcimd &abalcilar, 2007), thiazolylazo



(Chung and Chung, 2003) and pyridylazo diethylampiemol (PADAP) (Sozgen

and Tutew, 2004) and their chemical structureshosvn in Figure 2.1.

2.1.2 Nitro and nitroso dyes

For this class, compounds containing -Nfoup or a —NO group are
named only by means of the prefixes "nitro-" orntrmso-", respectively. Nitroso-R
salt or disodium-1-nitroso-2-naphthol-3,6-disulpatsy for example, was first
proposed as a complexing agent for the determmatiadCo(ll) ion by Van Klooster
in 1921. The structure of the dye is shown in FegR.2. It is a derivative of 1-
nitroso-2-naphthol which is a reagent for Co(ll ianalysis. The sulphonate groups
of nitroso-R salt make cobalt complex soluble intewaover a wide range of pH.
Nitroso-R salt has been used as a complexing agentdetermine cobalt
spectrophotometrically in agueous medium. Co-8@fB salt complex structure is
shown in Figure 2.3. Nitroso-R salt was also use@ reagent for the determination
some other ions such as Cu(ll) (Jianzhong and Zhuj995), Ni(ll) (Issa et al.,
1980; Ghasemi et al., 2004), Fe(ll) and Fe(lllafiev et al., 2006; Kruanetr et al.,

2008).



HO

pyridylazo naphthol (PAN)

aT=waw

HO

pyridylazo resorcinol (PAR)

O3 TN

H3C

5-methyl-4-(2-thiazolylazo) resorcinol (5-Me-TAR)

L / 2 3
Ny N_N Q— ™\
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Br

CH,CHg
2-(4-diethylamino-2-hydroxyphenylazo)-5-bromopynidi

Figure 2.1 Examples of azo compounds that can form compléx @o(11).



NO
OH
@0 © @
NaO;S SO;Na
Figure 2.2 Chemicalstructure of nitroso-R salt.
N/ O\/C202+
OH
@O0 © ®
NaO,;S SONa /
n=1-3

Figure 2.3 Chemical structure of cobalt-nitroso-R salt comple

2.1.3 Other classesof dyes
Other colorimetric reagent for determining cobdli(for example, is
murexide or 5,5-nitrilodibarbituric acid monoamnuum salt (Shamsipur and
Alizadeh, 1992). The dye has a significant colwairge in the visible region when it
complexes with cobalt(ll). The chemical structofemurexide is shown in Figure
2.4. Murexide has long been used as a metallodhromicator. However, the
stability constants of its complexes are not vemgé which could limit the use of

murexide as a metallochromic indicator in aqueahst®n.
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+

NH,
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Figure 2.4 Chemical structure of murexide.

2.2 Supporting matrix

Polymers are widely used as supporting matrix toagna sensing reagent in
optical chemical sensors. They can function aglactve element which allows
certain species to pass through or as a chemieakducer itself. Therefore,
polymers can influence the performance charactesisf a sensor such as sensitivity
and selectivity. Some requirements for a polynoelbé used as a supporting matrix
for optical chemical sensor are optically transpgréow intrinsic fluorescence or
absorbance, homogeneous, compatible with senseqgeng permeable to analyte,
flexible, controllable film thickness, and thernyaditable. Various polymers such as
cellulose, polyvinyl chloride or PVC, chitosan, emge, and nafion have been used in

optical sensor and some polymers are discussed here

221 Ceélulose
Cellulose, Figure 2.5 (a), is a polysaccharide isting of a linear
polymer chain ofp-(1—»4)-D-glucopyranose units. The one primary and two

secondary hydroxyl groups in each monomer unitolyrper structure are the groups
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that can be modified for immobilization suitableagent Ensafi and Aboutalebi
(2005) immobilized pyrogallol red on cellulose mear®e and used the membrane to
determine Co(ll) in solution with pH 9.3 by moniay the absorbance change at 550
nm. Rastegarzadeh and Moradpour (2007) used @assl membrane immobilized
with methyltrioctylammonium chloride to spectropbimietrically determine Co(ll) at
627 nm by forming an ion pair that changed a ceksimembrane to a blue complex
of [Co(SCN)]* on the membrane at pH 5. However, cellulose isllsw in water
and can be hydrolyzed by acids and bases. Consiigues use in aqueous medium

is limited.

222 Agarose

Agarose, Figure 2.5 (b), is a gel-type hydrophsligpport, chemically
inert and microbiologically resistant material.idtquite stable in gel form and is the
most widely used support in affinity chromatographyAgarose can be easily
manufactured and simply activated and functiondlgh an indicator. Hashemi et
al. (2008) developed an optical sensor based omagple immobilized on a
transparent agarose film for determination of Qu(llThe linear response of the
sensor was in a concentration range of 6.29x8014x10° M and limit of detection

was 1.10x18 M.

2.2.3 Polyvinyl chloride
Polyvinyl chloride or PVC, Figure 2.5 (c), is a fidepolymer for
sensor applications because it is optically traremaand hydrophobic which is stable

in aqueous solution. However, a membrane made RYM alone is relatively stiff
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(a) Cellulose OH
o HO OH
O o y o
HO OH
OH n
(b) Agarose OH
Q o)
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c .
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0} OH
0 OH \ g
CH,OH /™
NH,

(e) Nafion '(FZCcmj‘X(TFCE)W

O— CF,CF—OCFR,CF,SO;H

[

Ch;

Figure 2.5 Chemical structures of polymers.
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and therefore, a suitable plasticizer is addectluce the stiffness of the material.
Ozturk et al. (2007) reported 4-(2-furylmethleneptienyl-5-oxazolone (PFO)
embedded in PVC used for Fe(lll) sensing in a cotraéion range of 18 10% M at

pH 7 with limit of detection 3.8xIDM.

2.24 Chitosan

Chitosan, Figure 2.5 (d), is a cationic naturalypatcharide which is
nontoxic, hydrophilic, and resistant to many cheasc Chitosan is soluble in
aqueous acidic solution such as acetic, formidyyalrochloric acid, to give a viscous
solution. The amino groups in chitosan are fullgtpnated at pH~3, and then the
polymer chains are positively charged along the/mpelr backbone in the solution,
resulting in dissolutionChitosan has various functional groups includingnenand
hydroxyl group on the saccharide backbone thatbeamodified and used to couple
with sensing reagent under a mild reaction condlitioSensing reagent may be
physically or chemically immobilized into the chsem membrane. Adsorption of
dyes on chitosan can be attributed to the interactietween the protonate amine
group of chitosan (R-N§J and the anionic group of the dye molecule. Duktasl.
(2006) immobilized anionic Nylosan dye onto catomhitosan and used as an
alcohol sensor. In case of chemical immobilizatioovalent bonds are formed by
chemical reaction between sensing reagent andifmattgroups in chitosan. For
instance, Miao and Tan (2000) chemically bondedxydase with chitosan using
glutaraldehye as a bridging reagent.

Chitosan film can be formed by a casting technigue high

molecular weight chitosan has been reported to lgmael film-forming properties
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(Nunthanid et al., 2001). Yusof and Ahmad (2008yaloped an optical sensor
based on pyridylazo resorcinol (PAR) immobilized dhitosan membrane for the
determination of Co(ll) using flow injection analys The disadvantage of this
optode was leaching of the sensing reagent in agusaution.

Active groups of chitosan which are amine and hygrgroups can
form hydrogen bonds with water. Consequently,nigenbrane swells in an aqueous
solution and the physical stability of the membréneduced. Chitosan membranes
can be modified by crosslinking reaction to imprdiveir stability. The hydroxyl and
amino groups on glucosamine unit of chitosan p@uide reactive sites for such
modification. There are two types of crosslinkisgstems. One is chemical
crosslinking, using reagents such as glutaraldehy@A), glyoxal, and
epichlorohydrin. Crosslinking chitosan polymer idsa with glutaraldehyde
(Monteiro et al., 1999; Beppu et al., 2007; Viearad Beppu, 2006), epichlorohydrin
(Wan et al., 2003; Vieira and Beppu, 2006) and xgy@Patel and Amiji, 1996; Yang
et al.,, 2005) are examples of chemical modificatiodnother system is ionic
crosslinking, using sulfuric acid or tripolyphospdas crosslinking reagent (Cui et

al., 2008).

2.25 Nafion
Nafion, Figure 2.5 (e), is polyfluorinated hydrdoan. The polymer
consists of a polytetrafluoro ethylene backbone @arluorovinyl ether pendent side
chain with sulfonic acid group built into its sttupe. Nafion has become a polymer
of choice for sensor applications because it isrdpldobic and resistant to most

solvent, oxidant, and bases. In addition, nafioemirane is permeable for many
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cations, but it is impermeable for anions and ntempoompounds. Amini et al.
(2004) reported an optical sensor based on 2-(BxB-pyridylazo)-5-
(diethylamino)phenol (Br-PADAP) immobilized in nafi which was used for the
determination of Ni(ll). The sensor showed line@sponse to Ni(ll) in a
concentration range of 8.52x33.40x10° M. The reagent leaching was not
observed.

In this thesis, some dyes were investigated asdingplexing agents
for Co(ll) in aqueous solution and only those thiattvided positive results were used
to immobilize in chitosan and PVC. The dye immized films were studied
spectrometrically for their response to Co(ll). tio@ chemical sensors reported for

the determination of Co(ll) are summarized in Tghle



Table 2.1 Summary obptical chemical sensor for the determination oflJ.o

Sensing Supporting Linear range/ Principle of Response Regeneration time References
reagent matrix detection limit detection time
pyridylazo chitosan 1.70x180.17 M reflectance 60s 5 min in 0.2M Yusof and Ahmad
resorcinol /1.34x10"° M (760 nm) HCI+ saturated KCI (2002)
pyrogallol red cellulose 1.70xPa1.52x10° M absorption 120 s 10 s in 0.01M HCI Ensafi and
/3.6x10" M (550 nm) Aboutalebi
(2005)
methyltrioctyl cellulose 8.5x16-1.3x10* M absorption 7 min <1min in 0.02M Rastegarzadeh
ammonium /5.9x10° M (627 nm) NaxCy04 and Moradpour
chloride (2007)

ot
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CHAPTER |11

EXPERIMENTAL

Chemicals and materials

. Chitosan with low molecular weight (MW ~ 150,000dAch)
. Chitosan highly viscous (MW > 600,000, Fluka)

. Chemicals for preparation of acetate buffer: glaaigetic acid (99.9%,

J.T.Baker), sodium acetate trihydrate (99.5%, BCAd)y] deionized water

. Chemicals for preparation of phosphate buffer: phosic acid (85%,

UNIVER), dibasic sodium phosphate (99.5%, Riedelidaén), and

deionized water

. Crosslinking reagent: glutaraldehyde solution (28%&, Unilab), glyoxal

solution (40% in water, Fluka), and epichlorohyd©®8%, Aldrich)

. Poly(vinyl chloride) high molecular weight (Fluka)
. Tetrahydrofuran (99.8%, Carlo Erba)
. Plasticizers : dioctyl phthalate (99.0%, Aldrich)

. Indicator dyes: disodium-1-nitroso-2-naphthol-3igutbhonate (AR

grade, Fluka) or nitroso-R salt, 5-methyl-4-(2-#ubylazo)resorcinol
(95.0%, Aldrich), 1-[[4-(phenylazo)phenyl]lazo]-zpthalenol or sudan
lll (AR grade, Fluka), 5,5-nitrilodibarbituric atimonoammonium salor

murexide (AR grade, Carlo Erba), 1-(2-pyridylazej&phthol (97.0%,

Fluka), 4-([2,4-dihydroxyphenyllazo)benzenesulfoaa@d sodium salt or
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tropaeolin O indicator (AR grade, Riedel-de Haé#)(2-pyridylazo)-
resorcinol (95.0%, Fluka), tri-sodium 5-hydroxy-4-gulfonatophenyl-4-
(4-sulfonatophenylazo)pyrazole-3-carbaxylate ortraaine (AR grade,
Fluka).

10. Cobalt stock solution, 1000 mg/L (BDH)

3.2 Apparatusand instruments

1. Apparatus for membrane preparation; glasswares gide, transparent
film, magnetic stirrers, magnetic bars, micropipgtolypropylene (PP)
bottles, and hot air oven.

2. CHEMA4-Vis-fiber spectrometer (USB 4000, Ocean atic

3. Fourier transform infrared (FT-IR) spectrometer (b spectrum GX,
Perkin- Elmer)

4. Flame-atomic absorption spectrometer (AAnalyst Brkin- Elmer)

5. pH meter (DELTA 320, Mettler Toledo)

3.3 Spectrometric measurements

3.3.1 Measurement with UV-VIS spectrometer
Absorbance of a sensing membrane was measuredawiiv-VIS
spectrometer. The absorbance measurement waspeaddically while the sensing
membrane was dipped in a solution which was coethin a 10-mm cuvette. The
sensing film was first introduced in the UV-VIS atte filled with buffer and

recorded as a blank. For the absorbance measurentan sensing film was dipped
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in 3.0 mL Co(ll) solution or 3.0 mL water samplethwvicontinuous stirring. The

absorbance of the sensing film was measured iw#wvelength range of 350-700 nm.

3.3.2 Measurement with FT-IR spectrometer
FT-IR spectrometer was used to obtain spectra ibbsdm films. The
sample film was prepared by detaching the film fittvn transparent film and cut into
a suitable size. The sample film was placed ordgamaple holder of the spectrometer
before infrared spectra were recorded. The avetfaigkness of the film was 0.01
mm. The spectra were obtained in the wavenumbegeraf 400-4000 cthand a

resolution of 4 cni.

3.3.3 Measurement with atomic absor ption spectrometer
Concentrations of Co(ll) ion in water samples wdetermined by
atomic absorption spectrometer and parameters hierinistrument setting are as
follow;
Oxidant/Fuel: air/acetylene (2:5)
Wavelength: 240.7 nm
The only treatment of sample was digestion withiaiacid following a standard

method for examination of water and wastewater é@ierg et al., 1992).

3.4 Preparation of aqueous solutions

1. Dye solutions (0.10% w/v) were prepared by dissmvi0.0 mg of dyes

in a suitable solvent such as ethanol and watprdduce 10 mL solutions.
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2. 1% (v/v) acetic acid was prepared by diluting 1 oflglacial acetic acid
in deionized water and the volume was made uplio 1

3. Acetate buffer solution was prepared by mixing M.5odium acetate and
0.1 M acetic acid and the pH of the solution wasistdd with 1 M NaOH.

4. Phosphate buffer solution was prepared by dissglvih.6 g of dibasic
sodium phosphate in deionized water and mixed whbsphoric acid
solution. pH of the solution was adjusted with BILINaOH or HCI.

5. 0.02 M epichlorohydrin solution was prepared bysdiging 0.4 g of
epichlorohydrin in 200 mL of 0.067 M NaOH and th@usion volume
was adjusted to 250 mL.

6. Solutions of cobalt was prepared by diluting appeip volume of the
stock Co(ll) solution and the solution volume waguated with buffer

solution.

3.5 Study of cobalt(l1) complexing agents

The organic dye solution was mixed with 10 ppm Qogblution with the
volume 1:1. The colored change of the solution whserved after mixing the
solution for 30 min to 1 h. Absorption spectruntloé solution mixture was recorded

by the UV-VIS spectrometer and compared to thahefdye solution.

3.6 Preparation of sensing films

3.6.1 Preparation of PVC based sensing film
A mixture for membrane preparation was preparedlibgolving 120

mg of PVC, organic dye, and dioctyl phthalate (D@P2 mL tetrahydrofuran (THF).
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The resulting mixture was stirred for 5 min at rotemperature. An aliquot of 250
ML of this solution was poured on a glass slide @kidF was evaporated at room

temperature for overnight (12 h). The size offtlme was 2.0x2.5 cm.

3.6.2 Preparation of chitosan film
Chitosan solution was prepared by dissolving 1.@® lgigh molecular
weight chitosan in 100 mL 1% (v/v) acetic acid $ioln. The solution mixture was
stirred at room temperature for 3 h and sonicated3D min to remove the air
bubbles. To make a chitosan film, 250 pL of th#odan solution was casted onto a
transparent film, dried in a hot air oven at 60UC 24 h, and kept in a dessicator.

The size of the film was 0.8x3.5 cm.

3.6.3 Preparation of crosslinked chitosan film

Crosslinked chitosan films were prepared by eith@mogeneous or
heterogeneous method. For homogeneous methodajtlghyde or glyoxal was
added into 1% (w/v) chitosan solution and the sotutvas stirred for a given time.
The concentrations of glutaraldehyde and glyoxdahasolution were 0.75% and 4%
wt, respectively. The solution mixture was pipdtt(250 pL) and casted onto a
transparent film, dried in a hot air oven at 608€24 h, and kept in a dessicator.

For heterogeneous method, a chitosan film was lonksd in
glutaraldehyde, glyoxal, or epichlorohydrin soluatio

For crosslinked in glutaraldehyde solution, a cato film was
immersed in a solution of 0.75% (w/w) glutaraldedydithout agitation at room

temperature for 2 h. After that, the film was wedhvith deionized water to remove
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unreacted glutaraldehyde (Baroni et al., 2008). ciiasslink chitosan with glyoxal,
the chitosan film was immersed in 4% (w/w) glyoxsdlution at 40°C without
agitation for 30 min, and then the film were washéth deionized water (Yang et
al., 2005).

In the epichlorohydrin crosslinking process, thetadan film was
immersed in 0.02 M epichlorohydrin at 40°C undentowous agitation for 2 h.
After that, the film was washed with deionized wateremove unreacted croslinking

agent (Wan et al., 2003).

3.6.4 Preparation of chitosan based sensing film
The sensing film was prepared by immobilizing ofjaic dye onto
the crosslinked chitosan film. In this procesg tnosslinked chitosan films were
soaked in 0.10% (w/v) of dye solutions under cardurs agitation for 3 h at 27°C,
washed with deionized water, dried, and kept iressttator. For NRS immobilized
chitosan film, the chitosan film was immersed 2@ (w/v) of NRS solution with

continuous stirring for various times.

3.6.5 Study of stability of chitosan film and chitosan based sensing films
Chitosan and crosslinked chitosan films were soakedater, 1 M
HCl and 1 M NaOH for 1 h to test the physical digbof the films. For the sensing
films, the films were soaked in buffer solutions BHo 8 for 1 h with acetate and

with phosphate buffer systems.
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3.7 Responseof sensing film

3.7.1 Response of sensing film to cobalt(l1) ion
PVC and chitosan based sensing filwexe dipped into 3.0 mL Co(ll)
solution at pH 5.0 in a cuvette. The color changfebe sensing films were observed
and the absorption spectra were recorded with thNeVLS spectrometer in the

wavelength range of 350-700 nm.

3.7.2 Interferencestudy
The response of nitroso-R salt immobilized in ckato film to other
metal ion was measured bypping the sensing film into 3.0 mL solution cantag
50 ppm of the tested metal ions. The pH of theitgmis was 5.0 and the soaking
time was 15 min. The tested ions were K(I), Ca@iIll), Fe(ll), Fe(lll), Cu(ll),
Zn(Il), and Ni(ll). The absorbance signals obtdingth the tested metal ions were

compared with that obtained with Co(ll).

3.7.3 Calibration studies

Nitroso-R salt immobilized in the crosslinked clsin films were used
to obtain calibration curve for Co(ll). The sengiiims were submerged into 3.0 or
300.0 mL of Co(ll) solution at different concentogis. The pH of the solutions and
the soaking time were 5.0 and 15 min, respectivétpr the measurement with 3.0
mL solution, the sensing film was dipped in theusoh containing in the cuvette
with continuous stirring. For the measurement vd@0 mL solution, the sensing
film was soaked in Co(ll) solution which was contd in a 500-mL beaker with

stirring for 15 min. Then, the sensing film wasnmed from the Co(ll) solution,
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rinsed with deionized water, and placed into adyu$lution in a cuvette to record

the absorbance signal.

3.7.4 Water analysis

The sensing film was used to determine of Co(lljhe real samples.
The water samples were collected from a reservairv@astewater drainpipe located
in Suranaree University of Technology (SUT), Nakiaichasima, Thailand. The
water samples were filtered and stored in polypl&py containers at 4°C.

For the measurement with the sensing film, the wsdéenples were
filtered and pH of the sample solutions was adpisteb with a buffer solution.

The determination of Co(ll) with the atomic absorba spectrometer
was done with the standard method for examinatibrwater and wastewater
(Greenberg et al., 1992). A sample of 50 mL washldoed with 5 mL conc. HN®
The solution was boiled gently and evaporated botaglate until volume of solution
was 20 mL. If precipitation occurred, conc. HN®as added and heating of the
solution was continued until a clear solution whtamed. The digested solution was
cooled down to room temperature and the voluméefsblution was adjusted to 50

mL with deionized water.
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RESULTSAND DISCUSSION

4.1 Complexing agentsfor cobalt(l1) ion

Some organic dyes including 5-methyl-4-(2-thiazsdreinol (5-Me-TAR),
pyridylazo rescorcinol (PAR), sudan lll, 1-(2-pyaro)-2-napthol (PAN), disodium-
2-nitroso-2-napthol-3,6-disulphonate  or  nitroso-R alts (NRS), 4-([2,4-
dihydroxyphenyllazo)benzenesulfonic acid sodiun saltropaeolin O, trisodium 5-
hydroxy-1-(4-sulfonatophenyl-4-(4-sulfonatophengjmrazole-3-carbaxylate or
tartrazine, and 5,5'-nitrilodibarbituric acid monmaonium salt or murexide were
investigated as a complexing agent for Co(ll) inagmeous solution. A solution of
0.10% (w/v) of organic dye was mixed with 10 ppm(lQcsolution in a buffer pH
5.0 and the observation was made for 30 min afigingn  The results are shown in
Table 4.1.

Five organic dyes, 5-Me-TAR, PAN, PAR, murexided 8RS, reacted with
Co(ll) in solution at pH 5.0 resulting in apparehtanges of the colors of the organic
dye solutions. Absorption spectra of the dye sohst and the dye solutions mixed
with Co(ll) were recorded by a UV-VIS spectromeded are shown in appendix A.
The wavelengths for absorption maximum of the dyletens and the dye solutions
mixed with Co(ll) are given in Table 4.2. The oolaf tartrazine, sudan Ill, and

tropaeolin O solution did not change when the dyee mixed with Co(ll) solution.
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Table 4.1 Color of organic dye solutions at various pH ameirt mixture with Co(ll).

Color of Color of dye solution
Organic dye mixturein
pH 3 pH 5 pH 8 pH >8
solution pH 5
PAN dark green yellow yellow yellow yellow
5-Me-TAR red-brown orange orange orange orange
Sudan llI red red red purple -
PAR red orange orange reddish -
orange
yellow-
Tartrazine yellow yellow yellow -
orange
Tropaeolin O orange orange orange orange orange
Murexide pink colorless purple purple -

yellow- yellow-
Nitroso-R salt reddish orange yellow yellow
green green
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Table 4.2 Absorption characteristic of dye solutions andrtkemplexes with Co(ll).

Wavelength (nm)

Organic dye

Dye solution Co(ll) and dye mixture
PAN 480 465, 580620
5-Me-TAR 478 485, 585shoulder)
PAR 390 510
Murexide 520 515, 46(shoulder)
Nitroso-R salt 372 383, 425

The influence of pH on the color change of the nigayes was also studied
by mixing the dye solutions with buffer solutionkl 8.0, 5.0, and 8.0. This study
was conducted to clarify that the color changehefdyes solution was resulted from
Co(ll) or pH of the solution.

pH had no effect on the color change of the sahgtiof PAN, 5-Me-TAR,
tropaeolin O, and NRS except for murexide, tartrazisudan Ill, and PAR.
However, murexide solution exhibited a distinguslbhange of its color when the
dye solution was mixed with Co(ll) solution at pHD5 Within 1 h of observation, all
solution mixtures had no considerable change of tdotors. Therefore, PAR, PAN,
5-Me-TAR, murexide, and NRS were chosen for furthteidies as sensing reagents
to immobilize in a suitable supporting matrix. dddition, pH of the solution for
further studies was selected to be less than &8use Co(ll) precipitated in a basic

solution.
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4.2 Supporting matrix and sensing film

42.1 PVCfilm

Polyvinyl chloride (PVC) was initially chosen assapporting matrix
for dye immobilization because it is hydrophobid aptically transparent. It also
has good mechanical and film forming properties.

PAN was dissolved in PVC solution and the solutieas casted on a
glass slide to obtain a PAN immobilized PVC filmthva size of 2.0x2.5 cm. It was
found that PAN immobilized in PVC slowly formed cplax with Co(ll) ion in
aqueous solution. The green complex of Co(ll) BAdN was observed ~1.5 h after
the sensing film was immersed in Co(ll) solutidBlow response of the sensing film
to Co(ll) could be resulted from low ion mobility the hydrophobic PVC membrane.
Other sensing reagents, 5-Me-TAR, PAR, murexide] airoso-R salt did not
dissolve in PVC solution because they are hydraptiles. Therefore, PVC polymer

was not a suitable supporting matrix for these eatgy

4.2.2 Chitosan film
Chitosan was investigated as a supporting matrigalee it is
optically transparent, resistant to many chemicatg] nontoxic. A film of chitosan
was simply formed by a casting technique. Howetrer film swelled and dissolved
in aqueous acidic solution, which limited its useSwelling and dissolution of
chitosan film resulted from the interaction of amind hydroxyl groups of chitosan
with water molecules. To reduce swelling of chatosfiim, modification of a

chitosan film via crosslinking reaction was studweith crosslinking reagent such as
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glyoxal, glutaraldehyde (GA), and epichlorohydriftCH). The results are shown in
Table 4.3.

Chitosan films crosslinked with epichlorohydrin,uggraldehyde or
glyoxal, were physically stable in acidic and alksdlutions as well as in distilled
water for at least 1 h. Glutaraldehyde and glyaeacted with amino groups of
chitosan while epichlorohydrin preferred to readthwhydroxyl groups of chitosan
(Vieira and Beppu, 2006). GA- and glyoxal- crasiséid chitosan films were more
brittle than those crosslinked with ECH under thel®d condition. Therefore, ECH

was selected as a crosslinking reagent for the firmatilon of chitosan film.

Table 4.3 Solubility studies of chitosan film and crosslinkautosan film in various

aqueous solutiorfs.

Solubility of chitosan film

Membrane
1M HCI 1M NaOH DI water
Chitosan soluble insoluble swollen
Chitosan-GA insoluble insoluble insoluble
(swollen)
Chitosan-Glyoxal Insoluble insoluble insoluble
(swollen)
Chitosan-ECH insoluble insoluble insoluble

@Crosslinked chitosan film were obtained under lrgieneous method.
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Pure chitosan films were clear and colorless tee pallow. The
chitosan film, especially those prepared from loweolecular weight chitosan
became dark yellow after being stored for a few kgeat room temperature.
Therefore, high molecular weight chitosan was gsetedor the preparation of
chitosan film in this work.

The structure of modified chitosan was charactdribg FT-IR as
shown in Figure 4.1. Spectrum of chitosan filmwbkoa broad and strong band
ranging from 3300 to 3500 chindicating the presence of —OH and —Ngtoup.
The peak at 2879 circan be assigned to —GHroup. The peak located at 1587 tm
is characteristic of primary amine. The peak at71.8m’ corresponds to the C-N
stretching.

The chitosan film crosslinked with GA shows an e@ase in the
transmittance at 1665 c¢hrbecause of imine bonds, C=N. For ECH-crosslinked
chitosan film, decrease in transmittance betwedd0 Hhd 1300 cihwas related to
C-O-C stretching vibration, typical of epichlorolmydcrosslinking and is in

agreement with literature (Wan et al., 2003).

4.2.3 Immobilization of organic dyein crosslinked chitosan film
5-Me-TAR, PAR, murexide, and nitroso-R salt wereedisto
immobilize in the chitosan film because they redatgéth Co(ll) producing colored

product which could be monitored spectrometrically.
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Figure 4.1 FTIR transmittance spectra of uncrosslinked chitpsglutarldehyde-

crosslinked chitosan, and epichlorohydrin-crosdthkhitosan.

5-Me-TAR reacted with Co(ll) in solution at pH S@sulted in a red-
brown complex with absorption maximum at 485 nmowldver, when 5-Me-TAR
was immobilized in chitosan film, the dye leached iato the solution at pH 5.0.

PAR formed a red complex with Co(ll) in solution @t 5.0 with
absorption maximum at 510 nm. When PAR was imnesddll in chitosan film and

exposed to Co(ll) solution at pH 5.0, the colortleé sensing film changed from
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orange to red within 5 min. The absorption maximwas 520 nm. However,
leaching of PAR from the sensing film into the $mno was observed.

Murexide is the ammonium salt of purpuric acid whias been used
as a complexing agent for a large number of matalqueous solution in a pH range
of 5-8. When chitosan film immobilized with murdei was immersed in a Co(ll)
solution, the color of the sensing film changedrfrpurple to colorless. The sensing
film soaked in a solution of pH 5.0 resulted invdlp disappearing of the color of
murexide within 1 h.

Nitroso-R salt is a common reagent that reacts @dfil) ion forming
a colored complex. In the presence of Co(ll), théor of nitroso-R salt changed
from yellow to reddish orange in buffer solutionp&t 5.0. Similar color change was
also observed with nitroso-R salt immobilized intasan film. Dye leaching from
the sensing film into the solution was not obserwedcidic solution because of the
fact that protonated amino groups of chitosan aukd electrostatically with
sulfonate groups of nitroso-R salt. Thereforerosib-R salt immobilized in
crosslinked chitosan film was further investigatesdan optical chemical sensor for

the determination of Co(ll).

4.3 Optical chemical sensor based on immobilized nitroso-R salt in

crosslinked chitosan film

Nitroso-R salt reacted with Co(ll) to form a redd@range complex at pH 5.0
in aqueous solution with an absorption maximum & 8m, whereas NRS itself
exhibited an absorption maximum at 372 nm as shiawfigure 4.2. The spectra of

NRS immobilized in chitosan film and the film in @Y solution at pH 5.0 are shown
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Figure 4.2 Absorption spectra of NSR solution and NRS-Co(dinplex in solution

pH 5.0.

in Figure 4.3. The absorption maximum of the sem$ilm occurred at 435 nm and
the sensing film immersed in Co(ll) solution had@iption maxima at 435 and 478
nm. However, for quantitative measurement of Goflith the sensing film, the

absorbance at 525 nm was used because of the nminibackground absorption.
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Figure 4.3 Absorption spectra of the sensing film and the isgn§ilm soaked in

Co(ll) solution at pH 5.0.

4.3.1 Study of immobilization time

The time for immobilization of NRS was varied totaib the

maximum amount of NRS immobilized on a chitosamfil The NRS concentration

used for this study 0.10% (w/v) and the absorbariddRS on chitosan film at 435

nm was monitored. Figure 4.4 shows that the amotimimobilized NRS increased

with an increasing soaking time of the chitosamfiin NRS solution.

The

absorbance of the NSR immobilized chitosan film vedatively stable after 3 h.
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Figure 4.4 The influence of time on the immobilization of NRS.

Therefore, a submerged time of 3 h was chosenyerimimobilization on chitosan

film.

4.3.2 Response of the sensing film to Co(l1)

The response of the sensing films immersed in isoluwith various
concentrations of Co(ll) were monitored spectroroally at 525 nm. More rapid
responses were obtained with higher concentratid®ogll) as shown in Figure 4.5.
The absorbance approached a plateau in ~8 minOf@nd 50 ppm Co(ll) solution

and the signal was relatively stable after thatodk ~11 min for solution with lower
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Figure 4.5 Time dependence of the response signal at 525 ntheo$ensing film

with Co(ll) at different concentrations.

Co(ll) concentrations. The response time of thesisggy film to Co(ll) was controlled
by diffusion process and the rate of complex foromat Therefore, the time for
absorbance measurement was chosen to be 15 minasa tslight difference in

measurement time is not critical.
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4.3.3 Effect of pH

The effect of pH over the range of 3-7 on the resposignal of the
sensing film to Co(ll) was studied with a soluticontaining 50 ppm of Co(ll) and
two buffer systems, acetate and phosphate bufiere wsed to control the pH of the
solutions. The results are shown in Figure 4.6sg®nse signals in phosphate system
were higher than those in acetate system and tisengefilm was unstable in acetate
buffer because chitocan film could dissolve in kudfer that contained acetic acid.
Therefore, phosphate system was used to contrébpéptimization of condition.

In phosphate buffer, maximum response was obtaatgaH 5.0. At
pH > 6.0 response signals decreased because NRS leadhiedm the sensing film.
Cobalt precipitation also occurred in a basic sofut Lower response signals were
also obtained at pH 4.0 because the formation of Co(ll)-NRS was ngbfable in
acid solution as also reported by Wunsch (1978)e dptimum pH for the formation
of Co(Il)-NRS complex in solution was in a range5e8 (Ondrejcin, 1964; Forster
and Zeitlin, 1966; Dewey and Marston, 1971).

Maximum response was also obtained at pH 5.0 imseduffer and
similar behavior was observed at ptb as in the phosphate buffer. At pH 3.0, the
signal decreased about a factor 2 compared tathatl 5.0 because the sensing film
deformed and the edges of the film started to piel

All the response signals in acetate buffer wereelothan those in
phosphate buffer. This could be resulted fromdfability of cobalt complex in the
two buffer solutions. That is cobalt formed motab$e complex with acetate anion
than with phosphate anion; consequently, therdemse cobalt ions to form complex

with NRS.
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Figure 4.6 The effect of pH on the response signal of the sensing filn® foph of

Co(ll).

4.3.4 Calibration

Calibration curves for Co(ll) are shown in Figure 4.7, and 4T8e
calibration curve in Figure 4.7 was obtained with a solutidnrnae of 3.0 mL. The
linear correlation equation is y = 0.011x + 0.031 and thealicorrelation coefficient
(R? is 0.999 for Co(ll) concentration range of 1-60 ppm. Limitefection is 0.82

ppm and it was calculated from the following equation,
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Figure 4.7 Calibration curve for Co(ll) obtained with 3.0 malstion.

33D blank
m

DL = , where

DL is limit of detection
SDuiank IS a standard deviation of the blank

m is the slope of the calibration curve

The calibration curve with lower Co(ll) concentaati was obtained

with a 300 mL solution as shown in Figure 4.8.ieér fit equation is
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Figure 4.8 Calibration curve for Co(ll) obtained with 300 mdlstion.

y = 0.335x + 0.004 and the correlation coefficiequals to 0.998. The limit of

detection is 12 ppb.
Lower limit of detection was obtained with a largetume of solution
because for a given amount of NRS in the sensingand the same concentration of

Co(ll) in solution, a larger volume of solution ¢amed more absolute amount of

Co(Il) which resulted in higher signal response.
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4.3.5 Interference study
Some metal ions were examined for their reactitotyhe sensing film
by measuring the sensing film in a solution contajr50 ppm of the tested metal ion

at pH 5.0 and measuring absorbance at 525 nm.reBéis are listed in Table 4.4.

Table 4.4 Response of sensing film to some metal ions.

lon Relative response®
Al(IIT), Ca(lly 0.006
Fe(I1), Zn(Il), K(1) 0.014
Fe(Il) 0.039
Cu(lly 0.574
Ni(11) 0.188
Co(lly 1.000

®Relative response was calculated from the absoebahmther metal ion-sensing

film divided by the absorbance of Co-sensing film.

The sensing film exhibited the highest responseCtgll). The
reactivity of the sensing film to Cu(ll) and Ni(Nyere about a factor of 2 and 5 less
than that of Co(ll). The relative responses ofliCapnd Al(lll) were extremely low.
K(l), Zn(ll), and Fe(lll) produced the response aba factor of 70 than that of
Co(ll). Fe(ll) had a response of a factor of 2&éo than that of Co(ll). Therefore,
the major interferences for this sensing film wéng(ll) and Ni(ll). However, the
binding of Cu(ll) and Ni(ll) can be reduced by weghthe sensing film with 1.0 M

HCl and HNQ, respectively.
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Co(I)-NRS complex was stable in strong acid soluti(\Winsch,
1978; Przeszlakowski and Kocjan, 1982); consequergimoval of Co(ll) from the
sensing film was difficult and regeneration of #snsing film was not accomplished.

NRS form complex with some metal ions such as NiQu(ll), and
Fe(ll) (Pyzynska et al., 1994) and the spectra &SNnetal ion complexes in

chitosan films are shown in Figu4e9.

1.0

Sensing film
— Co(ll)
- =--Cu(ll)

0.6+

Absorbance

0.4-

0.2 N N

"""""""

0.0 T T . . .
400 500 600 700
Wavelength (nm)

Figure 4.9 Absorption spectra of sensing film and the sendilgs with some

interference ions.
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From the spectra, it is evident that measuringabhgorbance of the
sensing film response to Co(ll) at 525 nm provideldtively low contribution from

the interference signals.

4.3.6 Reproducibility and lifetime
The reproducibility of the preparation of the seg film was
evaluated by measuring the absorbance at 435 nenaensing films and the results

are shown in Figure 4.10 and from the data, theutatied relative standard deviation

(RSD) was 1.96%.

1.0
| | m [ | . - - | . -

B
[&]
8
2
2 04}
<

0.0 T T T T T T T T T T

0 2 4 6 8 10
Sensing film no.

Figure 4.10 Absorbance of the sensing film at 435 nm.
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The reproducibility of the response of individuahsing film to Co(ll)
was assessed by measuring the signal of five depseasing films with 10 and 60
ppm Co(ll) standard solutions under optimum cooditi The results are summarized

in Table 4.5.

Table 4.5 Absorbance of the sensing films with 10 and 60 gpagll) solutions at

525 nm.

Sensing film no. 10 ppm Co(l1) Sensing film no. 60 ppm Co(ll)

1 0.133 6 0.687
2 0.134 7 0.681
3 0.139 8 0.687
4 0.135 9 0.685
5 0.134 10 0.688

The RSD for the measurement with 10 ppm Co(ll) satuwas 1.74%
and that with 60 ppm Co(ll) solution was 0.41% fetime of the sensing films was
examined over a period of 60 days and the resuitslaown in Figure 4.11. The
sensing films exhibited good stability for up tootmonths. No significant change in

the absorbance was observed as the calculated RSR2.12%.
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Figure 4.11 Stability of sensing films over a period of 60 days

4.3.7 Water sampleanalysis
The applicability of the sensing film was testedhwmivater samples
collected from a water reservoir and a wastewataindipe located in SUT and the
results are shown in Table 4.6. The results obthimith the proposed method agreed
well with those obtained with AAS method, as eviddabyt-test (shown in appendix

B).
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Table 4.6 Determination of Co(ll) in water sampl@s.

Co(ll) Proposed method AAS method
Sample added Co(ll) Recovery Co(ll) Recovery
(ppm) found (%) found (%)
(ppm) (ppm)
0 NDP - ND -

SUT water 2.00 2.11+0.01 105.5 2.12+0.01 106.0

reservoir 4.00 4.14+0.02 103.5 4.18+0.02 104.5

8.00 8.14+0.04 101.8 8.02+0.04 100.3

0 ND - ND -

wastewater 2.00 2.09+0.01 104.5 2.10+0.01 105.0

4.00 4.09+0.03 102.2 4.20+0.02 105.0

8.00 8.13+0.03 101.6 8.02+0.04 100.3

®The reported values are means of five replicatesoreanents and the standard

deviations.

®ND= not detected.



CHAPTER YV

CONCLUSIONS

This research was directed towards the development of an optical chemical
sensor for the determination of Co(ll) in agueous solution. The optical chemical
sensor was constructed by immobilizing an organic dye that forms complex with
Co(l1) into an appropriate polymer matrix. High molecular weight chitosan was used
as a supporting matrix and was made into a film by a casting technique. Optically
transparent chitosan film was modified by crosslinking with epichlorohydrin (ECH)
to enhance the stability of the film in aqueous solution.

From five organic dyes, 5-Me-TAR, PAN, PAR, murexide, and NRS that
reacted with Co(l1) in a solution a pH 5.0, only NRS was successfully immobilized
in the modified chitosan film.

In the presence of Co(ll), the color of the sensing film changed from yellow to
reddish orange as a result of complex formation which enabled spectrometric
determination of Co(ll). Absorbance measurement of the complex was made at 525
nm because of the minimum background absorption and less signal contribution from
the interferences. The optimum pH of the solution for the maximum response of the
sensing film was 5.0. At lower pH, lower response was obtained because of
unfavorable condition for complex formation, whereas, in basic solution leaching of
NRS from chitosan film and precipitation of Co(ll) occurred. The developed sensing

film exhibited good sensitivity, high reproducibility, and good long-term stability.
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The sensing film can be used for 60 days after preparation without significant change
in the response signal. The detection limits for Co(Il) were 0.82 ppm with 3.0 mL
solution and 12 ppb with 300 mL solution. The detection limits of the method are
adequate for the determination of Co(ll) at environmental relevant level. The
proposed method performed satisfactorily on the analysis of water samples.

The use of the sensing film provides an dternative method for the
determination of Co(l1) in agueous sample with a simple measurement procedure and
no requirement of expensive instrument. The proposed method also consumed less

reagents and produced less waste than traditional molecul ar absorption spectrometry.
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APPENDIX A
ABSORPTION SPECTRA OF SOME ORGANIC DYES

AND THEIR COMPLEXESWITH COBALT(Il) ION
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Figure A.1 Absorption spectra of 1-(2-pyridylazo)-2-naphthol and its complex with

Co(ll) in solution at pH 5.0.
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Figure A.2 Absorption spectra of 5-Methyl-4-(2-thiazolylazo)resorcinol and its

complex with Co(Il) in solution at pH 5.0.
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Figure A.3 Absorption spectra of pyridylazo resorcinol and its complex with Co(ll)

in solution at pH 5.0.
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Figure A.4 Absorption spectra of murexide and its complex with Co(ll) in solution at

pH 5.0.
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Figure A.5 Absorption spectra of nitroso-R salt and its complex with Co(ll) in

solution at pH 5.0.



APPENDIX B

STATISITICAL EVALUATION OF DATA FROM

WATER SAMPLE ANALYSIS



Paired t-test
Paired t-test was used to compare the difference in the results obtained from
the measurements on several different samples by two anaytica methods. A t-

statistic was calculated with the following equation

d —
lea = _SJ N
" H H z|d|
where, d isthe average difference equalsto N

SD is standard deviation of the differences

N is number of the differences of the pairs of results

Table B.1 Comparison of two analytical methods for the determination of Co(ll)

Water sample  AAS method Proposed |d| Calculated
(ppm) method (ppm) t-statistic
SUT reservoir g
(1) 2.11 2.12 0.01 tw =5 VN
2 4.14 4.18 0.04 _006 5
0.06
14 .02 12
©) 8 8.0 0 173
d 0.06
SD 0.06
Wastewater g
D) 2.00 2.10 0.01 tw =5 IN
2 4.09 4.20 0.11 _008 /3
0.06
(3) 8.13 8.02 0.11 _oar
d 0.08

SD 0.06
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The values of the caculated t-statistic of SUT reservoir and wastewater are
1.73 and 2.31, respectively. The critical value of t-statistic at 95% confidence levels
and 2 degree of freedom is 4.30 (Skoog et al., 2004). Since tea < tgitica, the results

obtains from the two methods are not significantly different.
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