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CHAPTER I

is one of th bee se their | ithati an cause harmful effect
to plants, anim N § : - : | ommon toxic pollutant in
: 7 : eath, gasoline antiknock
g, cnvironmental and health

lead is atomic absorption

spectrometry (AASY begfluse it ' fers highieensitivity @ud Wikh accuracy. However, it has
some drawbacks becagife of utitilk-initorte and alsdithe detection limit of instrument
is not compatible with thepresence-of-led fronmental samples. Moreover, World

health organization (WHO) :’# pitted the maximum allowable lead

concentratte

) in g ater to be' ( Bhcrefore, the highly sensitive,
selective &n { 1on of trace level of lead is'desirable.
TheusSe aation of metal ions can
. ﬂ y .
be conmdereﬂl s an alte

0 other ty@ of sensor, which offer
advantages siich as simple preparation and procedure, relatively fast response, wide

se range, eﬂable selectivity and M sens1t1v1ty [3-5]. Recently, reviews
qué fi and other

ions have been published [ However, the disadvantage of 0pt1cal c

q mmmm umﬁw m A



1.2 Research objectives

The objectives of thi

determination of Pb>" u

1.3 Scope of t&

ef fogused on the development of selective
/ e improvement of response time.

dgselcctive ionophore, a proton-
lipophilic anionic sites) in
plasticized po finyl 1dg) rize e N c hen, the influences of
» b garried out. In batch system,

, ¢ p sk time, concentration of

dition and regeneration were

‘ fere investigated in flow-
through system. | : of proposed method was
evaluated in para ! detecti .\| imit by using spiked known lead
standard in the test $8TutiQfteh -v-n'?:ﬁ f hcondifions were applied to real water

samples with spiked method

1.4 Benefif

f the response time for

U

i
determmatmﬂf Pb>" at low concentration using lead-sdlebtive optode membrane

coupling with w ough cell. Moreover, proposed method can be applied to

ﬂ"umvmmwmm
qmmnswmmmw



CHAPTER 11

Beasstate of maximum stability
plexation and oxidation-
reduction reagh means through which ‘tal Wl water are transformed
to more stable fi 4 ) : y S ( e s mequilibrium constant, redox
potential an ‘ of P ' _tio
| » ' hical property, principle and
mechanism o: inatio .c and optode membrane for
selected metal iongllf ./
Lead is the la memberh -'l C amily¥but in keeping with the general

tendency for metalli chald {{' @Eﬁ_— omi@ number in a family. It shows

typical metallic propert):‘w i an ato mumber of 82, atomic mass of 207.19 and
specific grayity o TR #0160 sitive characteristic and strong
electron &gt -1 r property. Lead forms co Qdation state (IV) and
(II). The b N g ghat have considerable
environmentlmignil shov?&eat toxicity and cause
environment? problems Pb>" forms comparatively covale*bonds with appropriate

donor group in ¢ generally favoring su nd nitrogen over oxygen donor.

ﬂUEl’JVIEWI‘iWEJ'TIﬂﬁ
qmmnmmmnmw



1.2 o

L0 7] Pb(OH),

0.6

....

Eh(V) DH),

o
)
1 11 11

A

1

Pb(OH);

- - 3 A - T T
74 \ 9 13
r i..'

Figure 2.1 Eh—p dla am o fusystenn Pb- et 2980 10™ Pa, modified from atlas of
Eh-pH diagrams of Télkeng f . [ ""

is shown in Figure 2.1. Forms of

jvely high hydrogen-
H 141) In basic reducing

The Eh-pH_diag
lead dep
ion activik

medium, Witd']ve Velyﬁh electron activity, lead
performs hyd«elysis reaction and displays multiple hydrolysi‘ ctions giving Pb(OH)",

Pb(OH), and P‘t‘) In oxidizing mediu (OH)4 is the primary species present.

ﬂﬁﬂﬂ“ﬂ’ﬁ%ﬁﬂﬂﬂﬂﬁ

Currently, the toxicity of le in the environment has caused extensive concern.

TSI Ia Y

can serve as origins of inges n humans which enters our body system though air
water and food resulting lead poisoning. The levels of lead accumulate in air depend on

location and weather. It is derived from soil and rocks, fallout, dust and vehicular



exhausts flow into water. Lead is a cumulative poison and can act through long-term
?ch can be retained in the body for long periods,

especially in bones. The acute’lga i@ humans causes severe dysfunction in the

ingestion of relatively small quantitigs
i al nervous system and eventually

As metal
Batteries : are most widely used.
Water p"s : /4 {, 30 ay st g 01 gonstruction
Solder ' i As a A\ :

W

Structuralfise ounting, etc.

Radiation shie, ' \ ‘vAs-analoy, also'c8ptail§ antimony and arsenic

%

Shot _ o g compaitions

Glass __ : ~ = Increa Sefiaction; gives sparkle to crystal

Vh: _})red pigments
rgamc acid salt)

As organic l(m

Gasoline add ves Generally phased out in undeveloped nations

e INENINEINT

ccﬂntratlon of toxic metals are low (Table 2.2). Therefore, the determination of toxic

metal at low level concentration is &portant for human jggal

QW’]Mﬂ‘iﬂJNWYJWﬂ’]&H



Table 2.2 WHO's guidelines for drinking-water quality, 2006 [2]

Element
Arsenic (As)

Barium (Ba) *
Cadmium (Cd) §

ﬁ‘
Chromium (Cr)

1um acceptable concentration (mg L'l)

Copper (Cu)
Lead (Pb)

Mercury (H
Nickel (Ni)

Selenium (

2.2 Principle andfmefhanism; optod feGhnique
An optode ot de is devicglhat optically measures a specific
i r .
substance usually w1th the High pscticer [20].
The principles ang f:j‘... IS A ode tchmque based on plasticized

PVC are ':c’Iscr

sensitivity; afd-lifetime-{6=-7f~Optode-membrane-meorporates-dall Components necessary

ic measuring range,
for the reco ' meintbrane would extract the

- | —
sensed ionic ﬁgi‘ponents nto a pra g porymeric membn& by mass transfer where

the change of the, pt1ca1 signal of an incorporated component is detected by means of

A i 'Vl WEANS
ammnwummmw

|




aqueous sample phase membrane phase (mem)

4 Y A\

Figure 2.2 T ¢ b (L membrane with neutral

chromoionophore (f e : sifegu(RMSguare indicates species in the

All the magemaglcalfiffihe on-of the : { .. hsc is based on the following

(i) Solid s pQ the' sé " tode memb on one side to a solid
support and géfitacts _e‘ mpl SOl ..".'.t ¢ h jdc¥fhe suitable properties of
solid support are clifmig Ty ’::j@f ’, able fo i ccies.

(i) Equi riu all optodes: are "\1 reversible equilibrium system.
Further, it is assume#' thag f ff 4-'ﬁ5| G, ts a%¢ present in the sample and that
the analyte in the membran S€ f omplexed by ionophore.

(iii) Impurities eS8 in the t se are not considered as a part of
the equilt' am system. : Q
(i,

J ]ﬂill as compared with

the membrang~thic
(v) Aggfegation, stoichiometry: it is assumed no occutaaggregations of the active

components in t‘ brane phase, and that t01ch10metry of the complexes formed

ﬁ"ﬂ“&lﬂ mmm A3 ...

onents is expressed in mol L™ or mol kg'. Optode membranes have been developed

for analytes present in dlfferent ases so that for théfstm le the appro riate M
q oefficie 0 1t1 n of'the e is ho

dramatically over the whole analyte measuring range. The activity coefficients of the

membrane components are assumed to approach unity or to be constant.



2.3 Extraction mechanism

In the extraction pre ilibrium are concerned. The extensive
experience from liquideli ‘ /m explain and discuss of the
mechanism. § /’

— - .
analyte throu OL Jrie ‘= by Equation (1), phase

transfer and comple®atiop leeOpmple ‘ ".; horesnfollowed by Equation (2)

sample (aq) and the

,-.;,-u - ‘Mi(Rgcnn), (2.1)

’ o
(ii) comple tld nthe ne "'*-i's" hase
j A

‘ -f'.f:.

“J" s'

L (mem )=\

1-1 Y ¥
5777
where ')s )phase and Ky is
Complovation constant in membrane phase by ionophore (L). “'J
ol |

2.2)

- -

. | —
Recelw , a novel analytica odology called r% flow-through analysis
(RFA) based on lk optode detection was proposed RFA has been currently expanded

ic i ' . theoretical
En is ’ sion and
ert-Beer's law, which is further modified with the sample dispersion parameter in

the flow system and the optode‘nembrane phase e these two paramevare

q W‘m@ NINIRIINGIRY

is



The concept of mass transfer is the movement of matter from a higher

concentration to a lower concentration., This movement of the material is called diffusion.

Diffusion can be represented ) ati that is referred to as Fick's law.

Fick’s first law

through a small
Fick’s gé 4si Bscs the CBRcentration field to change

with time:

(2.4)

1 d
- -

Il |
i il
There4d§ a great deal of demand for monitoring'I level of lead in the

environment be‘l is toxic metal is no despread contaminating virtually the

AL My ﬁﬁ:ﬂﬂ"i 4 e e

a atomic emission spectrometry (ICP-AES) [31-32], mductlvely coupled plasma-

ich s
diti@n ﬂ
ntration Tollo

by spectrophotometric and flow injection spectrometric for determination of lead with
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reported detection limit in range of ppb have been employed [37-47]. However,

preconcentratlon step is tedious sample,preparation and time-consuming.
/ ithods, a number of potentiometric ion-

selective electrodes (ISEg)s J ?

all of the follo

phds containing oxygen, nitrogen and

lead selective electrodes have

Low working concentration

range and (iii) serigy as Ag" Pb>" and Cu®" [60,

76].

determination of heavy
metal ions inclu ical chemistry which offer
several adv. wide response range
reasonable select e and no need for separate

2.5 Bulk optode foff detenmination
",faf-.

J | S
A multitude of op ﬂ_ e a_ PVC matrix have been designed for
many analytically ons.~The of determjnation of heavy metal
ions based on fundamentally different spe 15 _)\ave been presented

(Table 2. h

termination of other

metal ions haEJb , 80 ﬂ] Unfortunately, since in
1992 Lerchi 1. [82] designed a new optode membrane tha

selective optode‘ f papers on bulk opto chmque for determination of Pb*" have

ﬁmﬂﬂﬂ ﬂ'ﬂﬂ“’ﬁ RyINT
R ANNTUNAIINYIAY

1
-

the first report on lead-
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Table 2.3 Ionophore and some characteri o geme br e fo S al ions in plasticized PVC membrane
Ionophore Fluoroionophor Lipophilic astl C ' Detection Measured Application Ref.
Chromoionophore ionic limit signal or
\ (mol L) Remark
- TTBB KTpCIPB ' 8.0x10” Fluorescence  Edible ail, [10]
\ at pH 5.5 water samples
MTZ ETH5294 NaTPB .0x10™" Absorbance Water samples [27]
at pH 7.0 (batch and
flow-through
system)
T-pico ETH 5418 KTFPB 5.0x107 Absorbance  Interference with [60]
at pH4.7 (batchsystem)  Ag’, Pb*",Cu®" Ni*"
f
MBDiBDTC ETH 5418 KTm(CF5),PB DOS = =-=Ap 2.5x10” Absorbance  Interference with [63]
. : at pH 4.7 (flow-through  Hg*",Environment
=] "W ¥ system) sample
MBTBA ETH 5418 K Tml€Fs5PB- - DOS #107 Absorbance  Interference [64]
at pH 4.5 (flow-through ~ with Ca®" , water
system) samples
i) |
L2 L2 PTCPB TOP Ag’ 2 min 10%3-107% 5.0x10°° Absorbance Interference [65]
atpH 5.9 (flow-through  with Hg*"
system)

M
QRN IUNRAINYINY



&5\‘"7/@ u

cal ions in plasticized PVC membrane (continue)

Table 2.3 Ionophore and some characteri

Tonophore Fluoroionophore Lipophilic - _g#PTastici ‘ '- NV 5 '""‘m._ Detection Measured Application Ref.
Chromoionophore ionic si W N ange limit signal or
(mol L) Remark

2.0x107 Absorbance Water samples [68]
at pH 4.0

HT18C6 Chromoionophore NaTPB
\'%

- H2tpp KTpCIPB 4.0x10°" Fluorescence ~ Water samples [73]
. at pH 8.0
7.5x107 Fluorescence Black tea samples  [74]

- AQ KTpCIPB
j atpH 5.5

1.0x107 Fluorescence  Medical [75]
at pH 6.5 radiological film,
photographical,

bleaching solution

and water sample

- [12]aneNS; KTpCIPB

- L --107 1.0x107 Fluorescence  Vitamin B12, [76]
atpH 5.0 cobalt cake ,alloy,
t water sample

10" Fluorescence  Pond water [77]

- Cu-1 Na Hy
(=4 ot pH 7.4 (microsphere)

- Hs(tpfc) NaTPB DOS Hg™" 5 min 10°°-10* - Fluorescence ~ Water samples [79]

RN TUUMINYAE
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AQ = 1-hydroxy-2-(prop-2'-enyl)-4- >otassium tetrakis [3,5-bis(trifluoromethyl)-

9,10-anthraquinone S, Phenyl]borate

[12]aneNS; = 1-(dansylamidopropyl)-1 ‘ (5-chloro-8-hydroxy-7-quinolinyl)methyl]-

dodecane 6,7,8,9, 10-hexa hydro-2H-1,13,4,7,10 benzodioxa
triazacyclo pentadecine-3,11 (4H,12H)-dione
Cu-l = o-xylylenebis(N,N-diisobut i bahate = Az \ -(4-diethylamino-2-octadecyloxystyryl)acridine

DES = Diethyl sebacate
DOS = Bis (2—ethy1hexy1)sebacate €, f
ETH 5294 = 9-(diethylamino)-5-(octadeCanoy] '1:1 5{&\ -;’ 2 ﬂ‘

thylene bis(diethyldithiocarbamate)
ethylene bis(2-thiobenzothiazole)

-mercapto-2-thiazoline
benzo[a] phenoxazine

: ' -¢* - 1| ‘ Sodium tetrakis[3,5-bis(trifluorometh-
;rE_:;T_;-‘__f: ; yl)phenyl]borate

ETH 5418 = 9-(diethylamino)-5-[4-(15-butyl-1,13-dioX0-2sl=———s
A

ETH 5315= 4-(octadecylamino)azobenzene

Sodium tetraphenylborate
dioxano decyl) henylimino] benzo [ajphefie :
H2tpp = 5,10,15,20 tetraphen ’l‘}h? Pgtassium tetrakis-4-(chlorophenyl)borate

Hi(tpfe) =  5,10,15-tris(pentaflu bt -(2-cthylhexyl) sebacate

HT18C6 = Hexathiacyclooctadeca :t . -picolinamide
KTFPB = Potassium tetrakis[?a,SMtﬁﬂuorome yD)phe TTBB = | l‘ -thiophenylbis(5-tert-butyl-1,3-benzexazole)

borate

KTpCIPB = Potassium tetrails (4- chloropgnno

UgIMENIngIns
AN TUAMINYAE
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Table 2.4 Ionophore and some characteri ized PVC membrane
Ionophore Chromoionophore Lipophili Detection Measured Application Ref.
Fluoroionophore DTl C site limit signal or
mol L'l) Remark
Lead IV TMANB Fluorescence  Interference [14]
with Ag" and
Hg™, water
samples
ETH 5493 ETH 5418 3.0x107 Fluorescence  Interference [15]
at pH 5.7 with Cd*",
Drinking water
- TBHPP 6.0x10°® Fluorescence  Soil samples [16]
at pH 7.0
ETH 5435 ETH 5418 KTm(CF;),PB PO % “ 3.2x10™" Absorbance Interference [82]
: e e s atpH 5.68  (flow-through  with Cd*", Ag"
system) and Cu?" , Hg*"
irreversible
change in
] membrane
=
ETH 5493 ETH 2439 K ﬂ |, Absorbance Interference [83]
‘ atpH5.0 | with Cd*", Cu**
causes drifting
‘e o/ s
DBzDA18C6 PAN 1 ‘ Absorbance Use long time to  [84]

RN TUUMINYAE

regenerate




ETH 5435 =
ETH 5493 =
ETH 2439 =

DOP =
DBzDA18C6 =
PAN =
TMANB =
NaTFPB =
Lead IV =
TBHPP =

4-[[9-(dimethylaming I ‘ a]phgnoxas: lider tic acid 11-[(1-butyl-pentyl)oxy]-11-
oxoundecyl ester ‘ W
Bis-(2-ethylhexyl)pl#falatg
1,10-dibenzyl-1,10-diazgf1¢
1-(2-pyridylazo)-2-ng th"
3,3.5,5'- tetramethyl—N—
Sodium tetrakis[3,5-bistriflugfometh
tert-butylcalix[4]arene-tetr@Kis( N NVad

5,10,15,20-tetra-(3-bromo-4- hydr

ﬂumwﬂmwmm
RIAINTU NN INYA Y
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e Ml Lead IV

AUt Inemineng
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Usually, a design of ion-selective optode membrane is focused on the choice

of ionophore/fluoroionophore and its optimization. However, one of shortcoming of

bulk optode technique for detem IC 1 ions and Pb*" is their long response

time in highly diluted saigiplegsolutions om poor selectivity. Therefore,

is required. The usgsofbetterd igne@ptodm the use of flow-through

system for der‘

In v gelecti OpLod dkane  incorporating  fert-
| .‘ sulphur-containing
recognition site 4 dfic gctive_iond ofc’ y 4 as proton-selective
chromoionopjate o m tSteakist?-chlo kf"", ) as lipophilic anionic
sites plasticized i fbv g Brane w ‘:f, gS10 prépared optode membrane
v ) Mious water samples in
batch and flow- er g 3 Was placed in flow-through
measuring cell for i rov 1g and L\| ection limit of lead. These
compositions of lead®eleg it 5{ de me and ifs application have never been

studied. =

ﬂUEJ’JVIEWI‘iWEJ'm‘i
qmmnswmmmw



CHAPTER III

shis, work consist of tert-
§), aSion-sciective ionophore, 9-

Jhhetioxazife, (ETH 5294) as a
hhore *"' 00 (a8 ., y , (4-Chlorophenyl) borate

lic aniolic es)
& ."|

/ ylthlpacetamide) is of interest as
o . )
= .

" recognitionites are selective to Pb>"
corresponding well ;;—f—=----;é:---; ed imMpotentiometric ion-selective
electrodes. Malinoska rd kad-selective electrodes based on
thioamide functionalized The obtained result showed the

electrode; Wgsed ioamide 4lag€iies or tert-butyl

calix[4]a -v

presence O#501MIe

= e
Brzozka [86]”41 ed thioamidecalx

al 30m5S. Wroblewski and
| =
vative to prep otentiometric anion

and cation selective membrane. The membrane without added lipophilic salts showed

highy selectjvity for rates_over other y ile_t ded_lipophilic salts
Va cood seleetivity towards u retgehlf 8] de®rmined
w] CompleX formation” constants of seven lonophores with Pb”* and a Series of

cations interfering. The result r@aled the calix[4]atgne ionophore or tert-

ARIRN I IMTINGTAY
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In order to produce satisfactory characteristics of the optode membrane, the
chromoionophore must meet a number of requirements [88]:

- It must be as liph in order to minimize loss through

t (ideally of the order of

afable under the conditions

employed in the icaf : ]l\ ate lifetime for sensor

ot s 50 that any UV-VIS
spectral changg® ' 1yt fhe proton'e Sugaction.
- phenoxazine or ETH
5294 is one o ine. it , I"-\on'. mmonly employed as

ETH 5294 is not only

chromophore bu Falso 8¢ » o | ; c. THeWgolors of the protonated form
and the neutral fo ag “chr ;""1: Op B iffSent. Its color change occurs
when the metal ions are extracted=nto-me pewhile the protons are released from
chromoionophore, res tif hangc gperties.

T@ are two types of lipophillic ionic >_ ac;jd for preparation

optode OJ— selective optode

A
-

am"co ts mﬂe tetraphenylborate
. i
derivatives aS™ipophillic anionic sites (R ) are employed for catfon- selective system.

membrane

The lipophillic ‘1“ sites provide the 0 membrane with necessary ion-

AU IRENINE AT

Potassium tetrakis (4-chlorg henyl) borate or KTpCIPB is added to make the

0 mmmmmwﬁ Vg

within the membrane phase. It is used to allow ionophore extraction of cationic

£

analyte and inhibition of extraction of anions [68]. Furthermore, it has been reported
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that the addition of a salt with a highly lipophilic anion (such as potassium tetrakis (4-

chlorophenyl) borate) in the membrane phase may ensure a sufficiently high amount

| % known to affect the dynamic
;/;dﬁmbrane and facilitate the

transport of analytgrionSsln-orn - to I‘e homngmrane plasticizer must be
physically co |

concentration range,.screetivitygbchavior

ane preparation. The

appropriate plasticia u ‘ ‘ clectbdlson a igastransparent and flexible

The cho1c Of _' Atr tode : erned by the parameters
such as permga®ility Je: ;'11@‘ rt_ \\ uftability for plasticization
of the major compg fents n&g :{ k § o A h

Poly (V1n chigfide) omPME ds th it com a inly used polymer for optode

membrane because Wormn --'-‘-f' .r"”‘*‘-('-_ erS 2 ,d acts as a good solvent for
both chromoionophore and on hanger
The best mem "/r" btained at ratio 2:1 (w/w) of

ey L)

e'r} purchased from

The strudlr f major components ad selective optode membrane is

ﬁw'zmmwmm
ammnwummmw
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A

Figure 3.1 Major g mpon ﬂ---'-"-'*-“"gi: e opto@e membrane in this work.

3.2 Lead-selective op :3_,, . }___, aration

(A

The chckiail-solution-was-piepatedmas-desciibedsbyayotladacz ct al [92] and
Ngeontae St [ Fln
=t =
0.95 ‘m ; of rert-butylca arene aKis( N—dima@'hioacetamide) 0.22

mg of KTpClPB 0.12 mg of ETH 5294, 29.57 mg of PVC and 59.14 mg of DOS

issolve a glass yial. re was

diate gen u u Th! r%ons of
\

components are shown 1% i embrane position for the

optode membrane is always kept uﬂle order of C<R 9 1].

'QW’]MTI‘ENHW]'WIH’IMJ
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Table 3.1 The concentration of major components of lead-selective optode membrane

Components mmol kg
Lead-selective ionophore 10.0
Cation exchanger 5.0
Proton-selective chr ‘7 2.5

cover glass 44 % humidity. The

homogenous, ‘ e obtained. Prior to
spread, the microg a | ".' by, THEF to remove organic
impurities andglist. Bhe Menfbrangs et drit cMaPgrature for at least 30
min before use a ¢ ~\ box. The lead-selective

optode membrage pregt

solutmj
Il

Flgu' 3,2 [.ead-selective optode rane preparation steps.

A UHINYNINGINT-

n a UV-VIS spectrophotometer (HP 8453, Hewlett-Packard). The optode
membrane was conditioned by Jm‘srsmg in 0.01 mol JEMHCI solution for 5 mu

ARINE RN TN TR E

bands of protonated chromoionophore were found at 616 and 660 nm as shown in

Figure 3.3 A. The fully deprotonated form of chromoionophore was prepared by
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immersing an optode membrane in a 0.01 mol L' NaOH solution for 5 min. The

r 3 3 B) was found.

maximum absorption at 545 nm (Fi

Absorbance

800

Figure 3.3 Absorptigh spefira fpde MEmbrane in fully protonated

pmoionophore.

form (A) and fully deproto 1{cd-fe

33 Op@

The cl hde méhjs work based on
‘ 1
absorption ctrophotometry technique. A microscope ver glass without

membrane was 1‘ lank reference for abs ce measurement between 400-800

ﬂUEJ’J‘VIElVﬁWU']ﬂﬁ
QW’]Mﬂ?NNW’]’mmﬂﬁl
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The optode membrane response can be defined as

(3.1)

(3.2)

where [C] is the | ditieionphore, [CH'] is the
‘ al concentration of
(1) is used to present

node. The measured

absorbance at 6 g g 0 the fiatedk chtolmoionophore is directly
related to the membji

J /i ' L >
l’f CSPO .,1-': 1C

g complies with Beer’s law

[94]: )

(3.3)
where 4 jlbnum 4,, and
Ayopror aTC thﬂbs h = Oﬂd fully deprotonated

|
(e =1) chro | onophore respectively. |

ﬂUEl’J‘VI&WIﬁWEl']ﬂ‘i
ﬂmmmmummmaﬂ



CHAPTER 1V

response were ermore, the analytical

performance of d€termination of Pb*" in real

sed without further

Chemicals /-". ‘ Supplier
Citric acid monohydrate ¢ 6H8 _-E.J TEs MERCK
Ethylenediaminetetraat detic 2 ,f.,,d? z‘ ' MERCK

CioH1sOsNoNay 2H,0 VT —
o ./L-W

Hydrochlorig acid 3 729 ERCK

Lead nitrate=Pb@NO3): — LO ERBA

Mercury nitra . g a MERCK

Nitric acid 65%HNO; { MERCK

Pb standard solutlf( 0mgL™) MERCK
acetate %;H3CO;! CARLO ERBA

Sodlum hydroxide, NaOH CARLO ERBA

Q‘W’TWH@WNWYJ vm‘m d

Tri sodium citrate, Na;CsHsO-, -2H,O
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The visible spectra and absorbance measurements were recorded on a Hewlett
Packard diode array spectrophotometer,, model 8453 (USA). Inductively coupled

s@rements were performed on Perkin

plasma optical emission sp

lues of sample solution were

acetate) and (3) gtratg rirsodi Micpared and adjusted to

appropriate p

£ witl0 .0 rg{ . f
acid. ry \

A NaOMor 0.01 mol L citric

Y | NIEL ~
A stock soluti@h of HONIDZ o Ph>" \._ prepared by dissolving an
appropriate amount#of P )":{J:. hter ™ an appropriate volumetric

flask. Test solutions of P iution of Pb>" stock solution with

- If’ Y
buffer solution. 1.0 : entration below

lutjon. Y Pb* s ated to gonc
1.0x107 'n'. ! with same buffer solutio vﬁbuffered in order

rJion of measuring

1 b
- -

ions was stuﬁﬁd the the 'aqueous solution were
i L
assumed to constant so that the concentration of measumffe ions was used for

calculations.

ﬂﬁﬂ@%ﬁﬂ?ﬂﬂﬂﬂﬁ

xtractlon study in batc“.system

q W’] ANATUURIANEIAS

concentration of conditioning and regenerating solutions, time of condition and

regeneration, and response time were investigated.
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4.3.1 General procedure for absorbance measurements

The absorbance measureme _ts of the optode membrane were performed in

Step 1. An optodel e i e ds) #ongd by immersing in a 0.01 mol L™

HCI, as conditioning soMéidm, ¥o5"5 mi btaineft] tonated chromoionophore
and then rinsed- Milli-Q- dthe conditioned optode

e -
membrane was Chig, CO ithout membrane was

d by immersing in a
regenerating s eln b - mbtane and then rinsed with Milli-Q

water. This memby @h be tsBden the fiwst stcp. THe samik process was repeated for

3 times. _
A fully depr OnatgdChitom 0i0 n0p brafi§ was prepared by immersing
ina0.01 mol L' NaOH fo min and edwvith Milli-Q water. The absorbance

orani e rot)~

of this optode me

bkane response, thus

o= (Apmk 1 fJ)ptode membrane

-
-

o

showed a sigfffgida relam) response of optode
/ g . 1 24

membrane as¥%f-a) or a versus logarithm of concentration o

data was fitted ‘1 onse curve of optod 'mbrane by varying value of ion-

ﬂ“ﬁﬂ’%’ﬂﬂﬂﬁﬂﬂﬂﬂﬁ

4.3.2 Effect of pH

q W@ﬁ SN INGINY

response concentration range and detection limit depend on the solution pH [83].

. The experimental
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The effect of pH on response of optode membrane was carried out over the pH
range of 3.0 - 9.0 which contained 3,16x10° mol L™ Pb*". The pH of buffer solutions
off 001 mol L' NaOH. The absorbance of

was adjusted by either 0.01 nig

optode membrane was WBct ¢ equilibration for 30 min. The

experiments were pecfofmeduityiplicate. / .
Figur 5 ¢ n@a) or the response as a

function of p 3.0 to pH 7.0. The

maximum resp flieeduced response may be

Mrotonation (a)
(]

=

=

ﬁwﬁg NYVINEYINT..

ce 0f3.16x10° mol L obe2+

Subsequently experiment, e responses of 0@ membrane to dlffeu
I I | CCL! li al alyl reﬁn‘ﬂse lﬁ H

The absorbance of optode membrane was recorded at 660 nm after equilibration for

30 min. The experiments were performed in triplicate.
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The response curve, as shown in Figure 4.2, shifted from lower to higher o

value as pH of solution increased frqm,5.

to 7.0. The best result was obtained at pH
7.0 because provide lower \ :

Therefore, pH 7.0 was ¢

1.1 7
B
=
S
= mpHS5.0
=
S
S ApH6.0
=3
D
=
-5}
-5}
i
50
D
=
-01 = T
o 1 2
Figure 4.2 The response o J_—; selectiv lede membrane at pH 5.0, 6.0, 7.0 in
g j

- ot

various cqﬁntra' ) Pt LA £

i
-

+

monse aﬂ-ﬁ exchange between
i L]
membrane am@¥aqueous phases. So the pH of test solution ha$«to6 be kept constant by

buffering. Thus, -‘e“l buffer solution in thﬂeriment should not interference the
Syst
ch.S

AU INENINEINT

ittafe and TRIS buffers adjusted ?I by 0.01 mol L™ acetic or citric or HCl or 0.01
nc

L aOHL to 0. The ¢ 1trat of Pb t nge Q 0x -
q 3.1 nel I §were u b%r%f opfode fhe redor atH
q 660 nm after equilibration for y edi i :

min. The experiments were performed in triplicate.
Figure 4.3 showed the responses of optode membrane in different buffer

solutions at pH 7.0. The lower response in citrate butfer was observed probably due to
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the complex formation between Pb*" and citrate [96]. Although the response in acetate
buffer was good enough as in TRIS buffer but the pH of acetate buffer should be in
the range of 3.0-6.2 [97]. T tode membrane in TRIS buffer had

greater response range thah : : ' 1 citrate buffer. Therefore, TRIS

: ate buffer
@\l1is buffer
3 ate buffer

degree of deprotonation (o)

1
IS IS
p— p—
1 1

.
o

Figure 4.;'ihe different -of buffer's psEe ofﬁgtode membrane.
1341

-

One (me im rane 'jsil‘lts response time. The
i L]
response time*dt the optode membrane was controlled by the tmfe required for analyte

to diffuse from ‘ solution toward the yrane adducting by ionophore. The

AUBNENINAINT:
qmwmmwwwmﬁﬂ

The response time of optode membrane was investigated by using TRIS buffer

solution at pH 7.0 containing 1.00x107 or 3.16x10” mol L™ Pb*". The absorbance of
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optode membrane was recorded at 545 nm over a period of 60 min by recoding every

5 min intervals. This wavelength w hosen because the change of absorption

increased when the concentra ngfeaged. In addition, it was easy to observe

the steady signal absorba were performed in triplicate.
‘ Ieghange o ‘ 45 nm of optode membrane
with different congentratio: EPb*" ‘rsus mThe observation of 99%

steadysignalaW, ifhin 15and30 ok, 00% 107 and 3.16x10
= | v

.30 min was chosen for

Absorbance

=
S
W
()]
L

il )

ot
111
Figure 4.4 RMonse time of optode membrane in the presenc' l 01.00x10” and ¢
3.16x10° mol LRy

ﬂumnumwmnﬁ

Condltlomng solution was Vestlgated by using 1.00x10~ mol L' TRIS

buffer and 0.01 mol L' HCl in or obtain llﬁoae 0m010nﬁore 91!

q W&tq ﬁﬂ:‘ﬂn ; Me b n s regorded a etwee
min. ipficate.

Figure 4.5 showed the absorbance of optode membrane in function of time

with different conditioning solutions. It was found that 0.01 mol L'' HCI was suitable
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conditioning solution because it provided a short time to reach maximum absorbance

within 5 min.

3
1
&
N
<
S
-
©
<
8
3]
e
S
©
o
]
e
=)
]
°

60 70

Figure 4.5 The respofiSe of & Sde mer g at 6 \.,“ as a function of time in

: AT
different cond1t10n1n solutions: 'fﬁ& | "Tr18 buffer, X 0.01 mol L™ HCL

LTI TA

‘ = .L‘_._v...;...._-......_u-—;-——;nu-_-.u—------—-u-_-'-:‘f Q d as regenerating

reagents. M@ h 8 le Settracted by optode
| —

membrane at” w pH (obtamediires i surc 4.1). EDTA was chosen as

regenerating solution because the formation constant between EDTA and Pb*" is high

The efficienc rege ; onsidered as t ¢ regeneration
wilic efinel zﬁﬂ.ﬂ t seli % signal
: i0hi ut nimum

absorbance has been reached at the‘avelength of 545

am ﬁﬁﬂéﬁﬁﬂ%ﬂﬁﬂmﬂﬂ

then rinsed with Milli-Q water. After that the optode membrane was immersed in 0.01

4.376,Typ

mol L™ of the chosen regenerating solution. The absorbances of optode membranes in
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different regenerating solutions were recorded at 545 nm versus time. The

experiments were performed in triplicate. The results were shown in Figure 4.6.

degree of protonation (1-a)
)

=
o

=

30 35
Figure 4.6 The res Pnse ;': O] ,*‘:ﬁ‘\r"r i as a function of time in
different regenerating -;—_-----— ' |, oA 0.01 mol L' EDTA, X 0.01

It membrane within

3-5 min. In Mﬁe of H: regener@ membrane did not
change after 1minersing in Pb*" solution at any response time | erefore, HCI solution

was, not suitabl t(ﬂ: as a regeneration suon In case of EDTA and HNO;

rea n‘“nﬁ lnﬂa’uoi Thus,
E tration

O; was increased up to ‘OO mol L' for celeratlng and compl

qmmmwwmmmw

of
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4.3.7 Response behavior

The diversities of designed ¢ membrane in plasticized PVC membrane

with high selectivity for Pb>" ; ’ eseri d [82]. Their response behavior was
_ ; rane contained rert-butyl
calix[4 ]arene-tettugl NoNod ¢ty1tl‘acetamdﬁ)m-lead—selective and ETH
5294 (C) as pr ic ; p the electroneutrality
of the membragg . / fibn so incorporated into
membrane. The reg : ‘ e was based on cation-
v ) o : byithe followings:
y Bembrane phase and its
\ hydrogen ion from
e, the absorption spectra
) : C im*conditioning solution,
TRIS buffer soluti 3§ m;f:h i rent e tt@tions of Pb>" in the range
of 3.16x107- 5. '0>< mol. a.:{: ..\‘-. the optode membrane were

£
recorded in compérisont; "".- 'ﬂ

speétrum of fully protonated

chromoionophore (0. 01 1 absorption spectrum of fully
f/ .

deprotonajichr ] he ref{s were shown in

Figure 4. L — A _)

ﬂUEJ’JVIEWI‘iWEJ'm‘i
qmmnswmmmw
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0.120

0.01 mol L' HCI
3.16x10° mol L' Pb?*
1.58x107 mol L' Pb**

0.090 A

[<P]

2 5.00x107 mol L' Pb>*
2 0.060 - 1.00x10°° mol L™ Pb**
§ 1.00x10”° mol L' Pb*
= 3.16x107° mol L' Pb*
< 5 2+

5.00x10"° mol L"'Pb
0.030 1.4

0.01 mol L' NaOH

Figure 4.7 Absopptio ;
in TRIS bufter (pH 7, uton-containis et COJ

branes after equilibration

entrations of Pb>",

onated membrane showed two

absorpti:xln d 660 : 0 Qconated form of
e e - G

chromoiogophere=(EH)—and-the—eolor—of —meml lue. When the

. = }’1
The absorption_spectit

concentratiof ' , (.>" gtonophore occurred
resulting in am: lange form bluc to pmk purplc. lhus, a red *! on in the absorption

band at 616 andf60 nm and an increase in the absorptlon band at 545 nm were

' :1 ratio was assumed Ior the complexation oI P!E and ionophore ; il) in the

membrane phase, the over all e‘ﬂlbrlum between brane phase (mem)

QW‘TﬂﬁﬂﬁﬂmW\”m&m d

it
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K opt

exch

2+
b(aq) + L(mem) + CH(mem) + R PbL(mem) + C(mem) + H(aq) + R(mem) 4.1)

(mem)

4.2)

gx and the protonated
grred to the concentration
of each specie ed gh Bquation(4ah). Folcléctroneuttaliy reasons, the sum of

the concentration, twio - atiohs mus c/€Q Sdetal concentration of the

(4.3)

According to o P~ ined as the ratio of concentration

deprotonated chre tota ﬁmount present in

A3
NJ

1
€L, TIcl, jﬂ' o
L - o
UHANENINEANT -
@v\ . Its*bs =Was detérmificd at tHe len, f the Maximum
ab

sorption of its protonated fr‘n Typically, the egree of protonatlon 0

ARARNTY U4 WIINIRY

response, if the optode membrane complies with Beer’s law: [94]

membrangl [l
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e A = (4.5)

¢ for a giving equilibrium, 4,

where 4 was the absorb\ g
and 4, were &e valyes di= otonated (a=0) and fully
g T esponse function for Pb*"

deprotonated (oc— yphordy respe: he re

can be derived as f

(4.6)
where z was. e ch g_c' bf Pb ; i -ionophore complex
stoichiometry (n =4 5[‘ 1 : mic-form 6 f Lqua ";il‘ showed the dependence
between the act1V1ty (ii Pb?" an , deg oton ‘», of chromoionophore (1-o)
since all the other #rms# i'_:_"'_: ?’; ant. ‘ analytical system. Plotting (1-o)
versus log ap,”" a s1gm01d o _, i : | calculated curves were fitted to
the experimgntal de | ./m Lhis confirmed the validity
of Equatlen=(4.Din_cxplaining the response.mechanism ot theproposed optode
membran®®46y 3 heSofution phase. The
response of t‘-b ptize optod OFPH™ was shov:ﬂn Figure 4.8.

ﬂUEJ’JVIEWI‘iWEJ'm‘i
qmmnswmmmw
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1.1

0.9 4

0.7 - . % F
o ;—'_'h 2399 10@ 08

0.5 - ——s = 0.9 :

degree of protonation (1-a)

0.1
0 2
Figure 4.8 Resph se B 1 r , S TR \Buffer solution (pH 7.0)
containing 3. 180x1 —5 &\ mol 1. )
\
\
.’ ""' 1 9 \ : opt _
The corresp esponse-calcul: th Equ@ifion (4.6) and log K", = -9.2

as the function of the g on (—a) values obtained with
Ov:(Aprot_A)/(Aprat_

with line}r (1 0.8167). The curve can

660 nm were obtained as a curve

serve as fhes calibrati i inati P rasion. Moreover, the
. X ol R, . -
dynamic rangg.yass =1 7 mol L' Pb*".

0 U

4.3.8 Re tablllty and reproducib

UGN TR

e sensor was performed by repetitive exposing the single optode membrane,

Wthh was prepared from the sar‘ cocktail solution. smgle optode memb

RIRNTLI UARIINBIN

optode membrane was recorded at 545 nm. The optode membrane was regenerated in

0.01 mol L HNO; solution after each measurement. The obtained result for
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absorbance measurement at 545 nm and the relative standard deviation (R.S.D.)

values of single optode membrane ver mmarized in Table 4.2 (n= 10).

Table 4.2 Absorbance L Si in TRIS buffer solution (pH 7.0)

: s 2.3 % (n=10),
. . i ]
indicated thatil' e optode g .,||

The reproducibility was evaluated by measuring absorbance of twelve

me branes w repared in the saruatch of the cocktail solution. The

HYAHRTNEART

cornditions. Each membrane was peformed in triphcate The absorbance of the op d

RTRIAINEA MINYNaL
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Table 4.3 Absorbance from different optode membranes in TRIS buffer solution

optode memfﬂles.

4.3.9 Sh(‘ t stability and life t1

AU YINYNINYIAT

rane was immersed in TRIS buffer at pH 7.0, then the absorbance of this
membrane was recorded at 660 n‘ over a period of @by recoding every 30 u

ARIIATUARING 1A
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0.045

=
=)
el
=)
1

<
S
—

Absorbance at 545 nm

7.0

&

Figure 4.9 The shg t_;c‘l i )f optode'mem ;'_ RIS buffer solution at pH

Ofl 0. "

7.0 over a perigQ
The results § andbe good short-term stability

at least 6 h.

ribed by its stability of absorbance

of optode membrane forg when the optode membrane was

not in us :(} 0

the opto

-)he absorbance of
g)d of 30 days in

e membrane. The

compariso

optode memll e should keep g term study. Th tesults were illustrated

in Figure 4.10.

ﬂUEJ’J‘VIElVﬁWU']ﬂﬁ
QW’]Mﬂ?NNW’]’mmﬂﬁl
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0.064

0.048 4

o
o
)
)

Absorbance at 545 nm

20 22

Figure 4.104M¢ lifg img of ptode ‘i'?r e ke nt*é@ndition

for a period of 2Qfflays;

The obseryt abforption,dl "?ﬁ 7 3.9 8 | > 10 % (with respect to

the first day) after 7 b, 20 ----- '—T day, tive \- he R.S.D was 1.6 % for 20
absorption values. Theref o ’ & , f‘ l 1 ptode *membrane which stored in

ambient condition was at, l e. However, the prepared optode

membran@ ul
430

e

The m: ectivity

characteristicS“0f an ion-selective optical sensor, which was ¢ relative response of
optode membrag M8y the analyte ion overu other interfering ions present in

Quzﬂﬂ RN

and degree of protonation chromomnophore [83]. The common 1nterfe

QRIANAT WURI I M“ﬂ'&l

over common interfering ions was carried out by separated sample solution method

ne of]|the most important
L]

(SSM) [94]. The response of optode membrane in the presence of different

concentrations of each interfering ion was measured and selectivity coefficients
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(K%', ) determined by graphically plotting the corresponding (I1-c) versus log

concentration of interfering ions (lo

b‘ f ollowed by Equation (4.7).

(4.7)

follows:

L}
il
The de membrane was conditioned in 0.01 molﬂ HCI for 5 min then

rinsed with M1111ﬁ r. The conditioned 0 membrane was immersed in TRIS

AU INENINY NG -

coﬂntra‘uons of interfering ions w; s recorded at 660 nm. The response of optode

QRTRITS UM INg
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degree of protonation (1 -a.)

Figure 4.11 R S¢ cur thé op: Stane i various interfering ions at

pH 7.0.

.4 Were calculated at the highest
sensitivity (a = 0.5). Th¢ 'oﬁ}‘_" i Clivity over hard alkaline metals: Na’,

K', Mg* and transigi specific binding capability

from ion results [87]. A5 _)
Table 4.&Tﬁ o ﬁcents (Kpy) of

'
-

ot
the proposedgﬂtode me

concentrations of metal ions

ammmmuﬁmﬂ}hw

Na* -16.00 -7.95
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4.4 Extraction study in flow-through system

One of drawbacks fot at lower concentration using bulk
optode technique was_rélative

: ( : / # The time limiting step was not
the diffusion within the iiembranc phase b —__ﬂve mass transport from the
bulk of sample ' e ion was reached [82].
———— -

The shorter re 1me ywes #€asibl ng.thS vatelisystem to a continuous
flow system [6]: 48 ; fsiing ccll and the use more
than two but thinngs# rafes i t 5, sample. solution or fluorescence

measuremen esp timal 82 ‘So theés flisough measuring cell

was designed in ascghestim? régulgcdMo fedeh cquilibrium of lower

me. and flow rate were
ement was similar to

batch system, bug¥ #0p10de et ane : . flow-through cell and

4.4.1 Home made

The d Figurg.4.13) consisted of

the rectahgnfad 38 mm x 30 mm acrylic Aot with cylindrical
opening (k ‘A 1 } x 30 mm acrylic
block of 102@“ hei "hlet (dr_ nd outlet tubes (d),
rectangular 26/ mm X 25 mm vacuum plastic sheet as seﬁasket with elliptical

opening of 17 n‘ over glass slide as s for optode membrane (f). All of

ﬂﬂﬂ?ﬁﬂﬂiﬂﬂﬂﬂﬁ;

ﬂow through cell and conngeting Tygon tubmg R3607 (2.79 mm id.) (1)

Teflon ).
Q\W 1R R Ay
‘area of the spectrophotometer. The reference of

flow-through cell in optlcal pa
flow-through cell consisted of a glass slid without membrane. Prior to analysis, flow-
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through cell system was cleaned by 0.01 mol L' HNO; and followed by Milli-Q

water for 5 min.

Figure ’BP nade : 1 lock; (b) optical
widow; : jnbrane (f); fixing

scews (g).

ﬂUEJ’JVIEWI‘iWEJ'm‘i
qmmnswmmmw
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: ‘ ! %\
Figure 4.13 The gfrangement c;‘ v-throug : (e peristaltic pump (h);

home made flow- thr h celland _ ubihg (i), Teflon FEP tubing

2 Effee

[
|

& tow-rate-of solution-was-an-import ster=maiLoAv-through system
that affects ﬂ. G_v,\.

1 (== -1
measuring ell. 0.01 mol L™ HCI

was passed t ough the membrane at a flow rate of 1.6 mL min~ for 3 min in order to

Amem ane was pla

0moionop 1“ fully protonated formul milli-Q water was Eassed through

AREANENI AN

from 0.9 to 7.5 mL min™' for ?) min. The absorbance of each optode memb i

WA TR INYTHY

solution was illustrated in Figure 4.14.
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1.0

deg ree of deprotonation (o)

9.0

Figure 4.14"Te re p foptode for 10K fab] IPL " Bt different flow rates
0f0.9-7.5 mL mift'. 4 -~ ,,;F e '
r"*’ ; .
The respoj ik 0 ptode "L" ” f lecreascdidl thelflow rate increased in the
- |
range of 3.8 — 7.5 miffmin__ T""‘“‘""-' tact of b with recognition sites of
il

ionophore in optode mem brane.-The max gree of deprotonation was obtained

at a flow rate of 1.6 mL min-., Th _9 ' e of 1.6 mL min"' was chosen due

i,a) ne
to high r@nse -'

. -
ane was p measuriqﬂell 0.01 mol L' HCI

Ame

was passed thro h the membrane at a flow rate of 1.6 mL min™ in order to let

absorbance of the optode membra‘ was recorded at 5 nm. The experlments

q Wﬁﬁ\ﬁ“ﬂ TUIRTINY Y
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0.215 q

3 0.210
=

<

2 —
L -

S
= 0.0 AN ‘

W80 55 60 65

"
i

Figure 4.15 Res nse‘ mefPr t e i" i er solution (pH 7.0)

containing 3.16x10 Y .,g,,,
The respons e 1 ot -"f i 1 ..\-. mproved in comparison with
batch system. The spo ¥ ‘ J -- embrane to reach 99% of steady
Blgaduc to the better diffusion of Pb>"

o

continuots, Hew-through-system which can-be deseribed-by-usiag well-known Fick’s

signal absorbance was 1 ‘r": s J :/;B’

from samplg sol s extraction in a

law. JiL I

|

d

444" peatablllty and reproducibility ‘
A membit m placed in the flow- tth measuring cell. 0.01 mol L™ HCI

f:lﬁ HRAAHNIWELINT

d through the membrane for é min. TRIS buffer solutlon at pH 7.0 conta

amamm EI»WMWW%@EI

After each measurement, the regenerating step was studied by pass in 0.01 mol

HNOj at a flow rate of 1.6 mL min™ and of milli-Q water was then passed through the

membrane for 3 min. The absorbance of the optode membranes was recorded at



51

545 nm. The relative standard deviation (R.S.D.) values of the optode membrane were

summarized in Table 4.5 (n=10).

ﬂch Wi of thﬁcktail solution. The
experiment performed as the same manners of the repeatability (each membrane
was performed l‘l’ iiligate). The obtained res ere shown in Table 4.6.

ﬂUEJ'J‘VIEWWWEI']ﬂ‘i
‘QW’]Mﬂ?NHW’]’mmﬂﬁl

membranes,
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Table 4.6 Absorbances of several optode membranes in TRIS buffer solution (pH 7.0)

containing 3.16x10”° mol L™ Pb*" ata flow rate of 1.6 mL min™

The relative Standwd=d ion-(R absorbance for single optode and

several optode membranes’ weres. 2.7 % (n=9), respectively. The

results 1 @de sensor were
acceptab ~
T s of the optode

membrans f@b
ﬂUEJ’J‘VIEWWWEI']ﬂ‘i

'QW’]MTI‘ENHW]'WIH’IMJ
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Table 4.7 Specifications of optode membrane for determination of Pb*"

Value or range

Parameter

, Flow
pH and type of buffer 70 # 4  TRIS buffer of pH 7.0
Conditioned condition. I 5o e ihOI mol L™ HCI for 3 min
Response time me—SOeaing ‘ — in
Regenerated co 1 L' HNO,

Sample flow

Repeatability o RE.D.Fa=10) uth W, Wl Z%RI D. (n-10) with

4.5 Analytical perf§rmanééo
'.-faf-

J“

The extended of w® ination of analyte ion using bulk

optode teﬁuqu ‘ i g charge of analyte and

stoichio me- O] = Fhedmeanty-past of the sigmoidal

response Gt 3. |. i#% between a lower
e § | —

and an uppelu tection [Tt Ot the lowgﬂetection limit can be

estimated from dlfferent approximates: (i) the loss of sensitivity due to the sigmoidal

shape of the res néSMunction at low analyte ucentratlons and (ii) the interference

HINENINY I
oh® nd Sighal®  the varifon of a
gi fraction of the maximum ?pe of response functlon [27, 63] and (c) th
ngti
ARIRIATHUR NI
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In this work, the detection limit was obtained by using the approximation of

the loss of sensitivity which was defined, in (c). [70, 101-103]. This approximation

offered two advantages; a simple ¢ ony and an interpolation with less error
[102]. In order to determ ¢ 5 ‘ on/limi ¥series of Pb*" standard solutions
were prepared. One “‘E'-_.‘h, s 1 , 3.16x10™ to 5.00x107
mol L") with them funcils wa&@l—aﬂ% logapy™" - 0.8243, and
tration (3 standards,

1.26x1071° to inear functions was

(1-a) = -0.0104 1ogép, 6). The lower detection
limit was de intersection of two
linear functions @ he interception of both
functions ga . '. A practical upper
detection limit opffiinegdf frqf % intcrce elinedy cAllbration function with the

cc alzonelof sigmoidal response
A

L L0 nC -
¥y B XIECTE J 1
curve showed a strdight I eéha(_ -»$§r \ic rangeDynanic range of 3.16x10™ to
5.00x107° mol L™ in bafch sysiend‘was obtainie |
o ol

1.1 JrZ20A

axis of abscise®vas fglind

- v
Was

= _0.0104 logap,” + 0.8803

-
)

ree of protonation (1-o.)
==

(==
(=]
=]
[
]
(=2

ARIET mﬂmmm HRe
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In flow-through system, two series of Pb*" standard solutions were prepared.

One in the maximum slope zone (7 standards, 1.26x10™to 3.16x10° mol L") with the

obtained linear function was (L%t 3 ; app”" - 0.6294, and another one in the

minimum slope zone ofiy coneent / dards, 1.00x107" to 5.00x10°
mol L ) with the obtain fifiedrafunction w ﬂjl 11 lc)gapb2+ + 0.8783 (as
oﬂrﬁe a lower detection limit

shown in Flgu?ceptugof b
(DL) of 8.97:xd:h A ‘ limit was 3.16x107

mol L' A d was obtained.

oo et 0.8783

=
3
1

(, 904 108 apy - 0.6294]

42 /
” \ gthltyOf

s -' pper detection limit

=
(O]
1

=
(O8]
1

e
—_

degree of protonation (1-a.)

N
<)
L

S T
J

1

- o
Figure 4.17 Eiﬂé‘noidal respons tod embran ith the intersection
of two linear Tunctions for determination of detectlon limit in flow w-through system.

ﬂ‘%ﬂ ARENINYINT

The practical application o‘vle proposed optod embrane to determme

q W’mmmﬂmmwa 18

coupled plasma optical emission spectrometry).
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The water samples (pond water and tap water) were collected in the

polyethylene bottles and adjusted tQ p with nitric acid. Pond water sample was

ptimum conditions as
summarized in Table™. J ‘ ents thedin. triplicate.

v . Pighire 4.18 and Figure 4.19 for
! % ems, the results were
illustrated in Fi ; ol 20 pone R : . ~ tap water, respectively.
‘ . h h and flow-through

1.1 1

® standard

O sample

=
~
1

onation(1-a)

degree of p
e

logap,”

-0.1

AU AINGNINEINT

Flg‘e 4.18 The response curve plot of the degree of protonation versus log act1V1ty
of Pb*". The inset figure showed &ahbratlon curve ugéliyio determine Pb*" i

ammmmmmwmw
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[u—
—_

m standard

<
O
1

O sample

=
~
1

=
w
1

degree of protonation (1-a)
o o
—_ ()]

1
=
—_

Figure 4.19 The mdtion versus log activity of

Pb*". The insct fBure mine Pb>" in tap water

sample in batch syst

1-0)) =-0.1797loga,,>* - 0.4829
R2=0.9918

gree of protonation(1-a)

Qg 8 -6 14 -12 -10 86 | TN
‘ lOgan

ARAGNTIEU A NIINYINY

Pb>*. The inset figure showed a calibration curve used to determine Pb”" in pond

water sample in flow-through system.
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m standard

o

degree of protonation (1-a)

Bus log activity of Pb*".
i Pb”"

Figure 4.21 The 15 von cu /e plo ;

The inset ﬁgurevshow a'g 1&\ ,

in flow-through systéfn. = VLAl

in tap water sample

l — } Qé-{arough system

Sample led ' jound +=SD Recove
(mgL=) =% (mgL") ry (%)
Pond T <DL -
water
3.16x10°° ‘ &6 + 0.02)<10° 97 @ 3.16x107 (2.88+0.01)x10” 91

ﬂumyﬂmwmq@ |

FR§47 Wﬂ%'ﬂﬂ ﬂﬁﬂ
q T.00x<10° ¥ (0%6 01)X1
3.16x10°  (3.05 % 0.01)x10° 3.16x10°  (3.19£0.01)x10° 10

T0

“mean value of three determinations DL = Detection limit
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The proposed optode membrane was successfully applied to determine Pb*" in

different real water samples under the optimum conditions either batch system or

flow-through system with the rigs. Sample throughput in flow-through
system was 4 samples higilhesstaistica ed to compare the experimental
means obtained fromud] Se . ‘ ICP-OES. The results were
summarized in Tgmﬁc‘t d1ﬂ£;wal 4.30 > teyp = 1.00-

3.42,n=3, 95% en )w sfo A censbothmethods.
Table 4.9 The comparigs ’ rellld o : “1 zdybulk . techm'que and ICP-OES

for determinatio Pb2" i

Sample N SD ‘ t-sta;is;i;o)

(mol LY® e

Drinking water (1) | <DL -
| 16 £0.02)x10° 2.61
66+ 0.01)x10° 1.86

Drinking water (2) 3 <DL : <DL .
3.16x10° ":'—‘:—*——--"‘t XIGEST00  (336+0.03)x10°  1.90
5.01x 1025449 ;W,' L (5.06+0.02)x10° 1.00

Pond water ') > B
L 41474 ) B W 01 8 0 ) 1 e & 0 e (PN R (U 324
t ) B 3%/02)x 10 3.42

ot

|| J1.00<10° (9.@: 0.02)x10° 1.06

Tap water 7 - <DL - <DL -
Fouz: 091+ 0.02)<10° o1 (1.08+0.02)x10° 111

| UHANENINEANS -

mﬂﬁ value of three determination ‘

QW’]Mﬂ‘iﬂJNWYJWﬂ’]&H




CHAPTER V

technique. The optode
membrane regp dr to JPb ¥ ' changing o blB&, to pink purple after
equilibration in \ : l' different concentrations of
Pb*" and can be'regenBrated hr dilut acid 4‘1.1 tion. The optode membrane
showed high selectivify togh ":"}';f‘;ﬁf T Mo Cd>', Hg®  and Ag'.

The analyt1ca1 paragig ed optode membrane used for the

determination of Pb?

ﬂUEJ’JVIEWI‘iWEJ'm‘i
qmmnswmmmw
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Table 5.1 Analytical parameters of the optimized optode membrane used for

determination of Pb*"

Value or range

AT Sy
f\\\%’/’/

Parameter

- Flow
e S buffer of pH 7.0

pH and type of buffe

response time

Regenerated condiis : / H ! L olL"' HNO;

sample flow

Dynamic range F £F ; 03 , 10%t0 3.16x10° mol L!

wer DL 8.97x10™ mol L™
| | WppMDL 3.16x107 mol L
Repeatability 4 =~ #.39 D. ( ‘_ it L3 R.S.D. (n=12) with

' 16x10° mol L™

%.7% R.S.D. (n=9) with

Detection limit (

Reproducibility
GomotEt 3.16x10” mol L’
Stability (life time i€ cond}i_gn ~20 days

,,,,,,,, ‘ : 5-,_)

ine Pb>" in real

e~

water samplﬂﬂ with S wereﬁmpared with well-
i L]
established infflictively coupled plasma optical emission spectr@metry (ICP-OES). No

significant diffe&ﬁle (t,ea= 430 >1, u 00-3.42, n=3, 95% of confidence

inally, we success to improve o the response mme and de[ec|1on imit for

determlnatlon of Pb*" using lead‘electlve optode m rane coupling w1th

qmmnwuwnnmw

-
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Suggestion in the future works

The response tlm
improved by /
using the to cast thi %mbrane

Varylnmcom&ltlon, semponents

tem S humditye. dur prcparation of optode

it for determination of Pb*'can be

ﬂUEJ'JVIEWIﬁWEI'm‘i
RIAINTUURIINIA Y
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