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2 - Unsegmented continuous flow
3 - Flow Injection Analysis

4 - Sequential Injection Analysis
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- Captopril

- Cephalosporins

- Epinephrine

- Isoproterenol

- Methyldopa—Mo(VI)
Hexacyano-ferrate(l11)

- Diclofenac and mefenamic acid

D I Y N T N
]



dodde Jsl Jad

9 LbJL:lS ‘m‘) ‘)“‘} W"L"A c5>‘)b “.)LA)YV‘b LSLQQS)*'?")“”‘ e Lol 00 u*’)‘)f lem Lsiﬁ)b
ObSlS cwl 5L Vb s pdy 3T @ e Sz STy Lalpd (005 A 5 G e
O sty Sl (S (Seite BN 5 (o KauSTy clale PH bes) Lo poiie (S 5d- (oot
OLoLS £9 (nyide il (b3 ilulaa (g plejes g 4 iged SG 0 il b 456 90
SiSTs s 3b b g gl Cools bl 4y laaisT a5 wil oo PH (Lol 5 cosliiul 5,50 lalé
DVF] g8 o0 la 50055 51 5 o
ol ot &y chlizes gl Ul 1iSly ey (65 4 b calizes glac Ul (lojen s
olyos ay cilizee (g3l IST laglil jshite asy ol &l Jgene SiasTly S
S & Glo8 o0 L )b g5 al oz Sl el ol a8 55 4y bnaal) wim 5l Sglite (g Sy
STy e g oglie Sl ST 90 65 4 b ol e bz plislol >

VOl sg0s o)l ¥ Sl w5 3L, 15T

o9 i SIN - F -
by, glyl booad chr Silegil slapius 5l eolatul 4 jlalize azgi o9yl
Dbbor e, Kol 50 )15 5 5l (SO couvg SN L ) IKaT sl sals Balane o5 5L, 1501
wilbior 0l lapians b oy, ool lojle KT ke oy xSl slaSiSs 513 (S
Esly pol (nl 09don 6l GhsS Gl Sl 055 e sk 4 Y bl ) g Conles
St b odds Cax ot pSU Gl SKasST alox 51068 o0 by anl o LSle ol oolw
s yaldy DAL (5lo ainy (g yalidy NIV (6 ey peal Gl dVF] (6 yeg el 0 oo 0l

[¥Y] 6 yogumily LYY] las > g alidy LYV] Suslaal ¥ o] oy (s yolids LVA] o 290

- Stream splitting/merge stream

- stream splitting towards two different detectors
- reactor replacement

- multi-site detection

BOW N =



e 5 S OlS 5 (S g pSoilul sl FIA) atvgn by 55 5,5 wax slo s, 4|

A anlg 00l sl (g IS jo b gy pl 5l By wlel ogad oLl
Sz SaiSly 4 5l pae s 4 ganiby i8Il SLa ST L olyen by e S Logas
Ol o ooy i8I 2 Slapinns (A5 (0 Pt Wbl oo AL ST (K5 Jgaze o
LY o jlero i a4 s ol alaz I Wl ilise glgl anis 25U ol Ju il e lag]

(B USE) sgs 0,Lil 6l sz g S5

o) Jl
R
Ag/AC! * 35 0
1
S 5 s
2 S 6 e 5g oS
o 258 Qi o 55
S s €
(FragSon At JoacS o o= /
S Pl 5 sl

[

—

T

() Y sz)aj).:.i." coluwe

y 4 i
Pump =

Ry |

Pl

I¥#] ol prm by (2 YOl S5 Y (o Y] o lpo-co (.ol S glgil - (0-)) S

L~ Wall-jet
2 - Thin-layer
3 - Flow-through



dodde Jsl Jad

2 bonog S (6 5L, T (gl SisT —1-F-)

S y0g ol —1-1-F-)
o9 S G SiSS (0 o )8 5l (S s ey laaslis 51 (S plsie 4 (6 meg el
ol orl Jds 05 o0 513 osliinl 8590 0Ly Slapius ol jon 4y 03108 &j90 4 4T WSl o
39S ay gl Jiliy S ST cnl g ailion e Gl 099 ol s LOTLLE g Ol
o= alaST sla STy 098 oo ood 5 s pSosll Gloj 5l (b Syge 4 0y g Jlesl S
Clle bl (55 by 9 95500 Gt Flos! Jedly Aoy & )5 35280 s > U]
crnlio Jlasl by il alanly 45 ogllae (6500 (235 (5 g el (g o -l o0 Lol
gl 35 o g Snalinagamn o Foeltly jl eolitl b j el ol 0o o Jol>
55 o0 o 5eeST 6 S0l jslane 4 V05 o 1o S oo I Lasgi (5 05 el gt
g 45 il o (6 yiog paol Sl S o6 yiog panl 53k 55T 013 o ool [YV] ws ags 95
255 oo )18 ool 3 g0 losilgms g laasilow wils dins slaaswl ol pulis SLS 5 ololis
ol 53 25l o PAD) " (g o ol =y (5 yiog ypal mniliy= S5 5428, dmmssi 139,
Ol kg osd 09 xSl oy o ol (Sas (2257 5 (gl 5l Jol> s i (T bS5 5
a Jloel Jonily St (nl Jo Stz 09800 sgmainm Gnly ol el pal (nl 45T ams STy
e QI 09580 & Jlasl Jondly zoe S5 g oo Jloel 29350 & Jlgie by 2iz &0
S comlin Jonslity Gl gl (P JS) ol o 25 Jlgte Gl s 51 Ygons 45
che jl (Sogll Bio pslate ap Jlosl Gy (ags il o ST (65503l 5 rals] LS
Jonilty, oy rnges e ol Jgl al o Joniliy 51 iicie Jponn j5b 42 45 23l e 99,550

'-L.C. Clark
2 - Pulsed amperometric detection

AR



e s J ST (S s nToilal Gl FIA) aiagey by 5o B3 waoz slasss, 4l

3
ond
? 1 1 2
?:
=
3
=]
[~
E. " . I
Time

IVAT (6 g el (odly o (Jloel ol g S5 Siilas — (P-1) S

alaz 3 a5l sa ble 6,mSs 5o 6 stag el sloslun (8T b FIA (gla by, oy cui
p 5 255 ST 00 S at m) Vb Covo 5 Sl b (g paiged 4 olg oo Lle
LYY sgs 0,Lil diges o5 5y
65l A 1 g yialilg ~Y—1—F—)

QST S 09 xSl s 5o 43s5 055 oo Jlas I 09 Sl . Jily (Sl G 6 el 4o
S 5 o a8 (6 rageniliy b dvlie )3 ST nl 95800 S Ol 2 (79,5 5 sl
Elgil 5l ogd oo s ymeldy lagby, 5o g 4 JLKemw i3Sl el 053l oS all o0 (S S
4 &y O903 0,L0l (ol 9 (ile w (GlaS xS 6 ely 4 (g e el Lo,
Dg go Jol>  Jolaie DleMbl oslatwl 5,90 ST

moslail ase) 1o LSS (sl 5 259,05 5l (S il a5 elidg 05 5l
3979 Azt ;o syly sla by, Vb Comlus alb oo (WK Sl ol polie (5,8
5ASVY il il aimy b s ymelly aibie bagas, ol o (pomd) Ll iy sal> o
Ol 4l 50 53 gy ol 50 e jled 4 (3l aipp 4525 sla gy S slie g Cn el
5 GBED D) yiigite &g <10 6 /¥ Vgona) Jouiliy 5o slS (o 28U o5 b I3l Lalis

JLasil oy 5 anl b cnl (b o codbT slacyg s oo oilis IS 05,580l (59, pond J 7S oo

'~ Anodic Stripping Voltammetry
\Y



dodde Jsl Jad

o8B 2 b Joloe 35w L) oo Cagls e 805k il Gl oo il (o0 39 550 mhaw 4] 095
9y 2 Salbl alo ol 5o Coles po ols (tals 1) 51 oS i (sl 5L 050 Loy (39,201

Eelectrode

M™ + ne ——— Meiectroae -1

il 9 098 co RBgie 00l Co gl C yod ¢ padnino o 0 Ladss o Slles aslol o

Jloel 25580 (555 1 (s Dy50 @) ol Sl Slojm il 4slipp b g (as & j50 4 0T o

2 (ol Gl b oo mse ol Jomily 90 4 Vgone) (omily o205 £55 0500

5 ead Ly oy Sl gl Glog, 150 oS e Bdo ) die; o)l ()b > 45 e (glaisS

w09 1Sl o s usbin] il 4 azgs b calisee I3 5 ol oS Toazes sl (sl o
) S80S m i | 5 il

Metectroae > M™ +ne -V

Y Coro g 88 sy dlox 3l ol ie SIS ASV L L > st ol Cax

3loolaiul Cans 4y Sladllas 1 (g s Judo o a5 0 0 ol e w0 | Cgllas (gazmil g o5 a2

Dy ov] sibice bz gt b ond ciz ASV (slois,

VY



e s J ST (S s nToilal Gl FIA) aiagey by 5o B3 waoz slasss, 4l

Deposition | Rest 1 Stripping
(preelectrolysis) | period !
| | |
' | |
O | | £\
I 1
W™+ Hyg + ne — M{Hg) E E M{Hg) — M*" + Hg + se
1 1
Stirrer E
off I
! 1
! |
= I 1
I ' :
- 1
|
i N ty

H ! !
i 1
1 I
| i
1 1
- | !
=3 I 1
= | i
i I
| |
I I
1 1
I i
I 1
I i
b | !
| 1
| i
E o T
| -.
| i

n I 1 ﬂ":

L] sloasa 1 o xelg 5o loj= by asliy = (V=) JSio

ol kel slasbs ) 9 55 0 51 -Y—F-)
39 58I 235 oo 8 I 395U iz 31 S Bt @y ooy 5SUl Sla ST (61 2]
DS el B 1) 3 1SS el 56 9 SHn pe e S o aile (pwlis la Sy (Sl 8
o) el 699 5SU Slagtns 4 sn0z )55 (CME) Gl goud 23l slasy i)
095 SI mhans jo Byae o] 18, 5l solaiwl Bua b mlaw (59, 2 Byme S p0ls 18 4 laog xSl
£y 45 At ALl (gl 5 ke slbo IS Ay e o ool (sl iUl g e bogs e
(A1) IS5 bl o abar o1 31 A 5 8y b 3 ks g 8250 i slo Ty

C)Lo‘ 09, ‘gs"b L§L"°uj:’5) J.aLM; aS LS:L.N...J IR W) C)Lo‘ L.;Lmoj);'&ll C;)’L»ool.ci Lglmui':s) &‘y"

!'- Chemically modified electrode
VY



Jsl Juab

0397 slaY dix gy 9 S99, Slareeh b gl by gy oWl Wi b ()5 e

IFF] s oo les 1) sl oo

(CME)
|
l ke lg..;w,,:.u,,g l o 995 sl ey l i glal e
@ p 3, I@w
=
® \NH-@ p) (P 6 \
B (i. Covalently modified (I elactroactive paricios
Physisorption carbon) in cond, or non-cond,
[ polymers)
= gyt
J-s~~~0 " = s i '@
5~~~D) l l l L) IEI
Chemisorption (e.g., SAM) A A = L T (i electroactive particles
§’. in clay or zeolite layers)

~

(1. coordinated attachment)

v =
-
lq 3
[m']"
o] 4 ¢ (iii. carbon paste CMEs)
DO

(iii. electrostatic attachment)

IVE] ol oais Pdlol slasg xSUl g5lwoslel (slasg, glgil - (A-)) S

252 Ghey 4 99 Sl 3ol —\-Y-F-
S 5 glerd S @0 elsP 5l 35 o0 DAl iz ) a4 09 Sl &S el
iz Gl g 09 xSl mhaw Mol Ly 05 0 SIS 89S man (g9, Y ST LSS cys
S5y y2 S5 oylad g, 5l oslatul b« SJlagilS ol by puSLoS b ol JT slse xbans

oS 5 Jgene oty slaudl S el T Jann 08 ale Jsdsie )8 slasg xS

!'- Glassy carbon
2 - Graphite
3 - Ordinary pyrolytic graphite

VO



e s J ST (S s nToilal Gl FIA) aiagey by 5o B3 waoz slasss, 4l

ONT) " (5 sloalyd il g, ol 53 3,05 olga 51 (o i eF oo )18 L (slambo (s
(S S Sl (olgs ¢ qaim il yT L olge 5l 51 o2, 8 (CNT) (S slaals) il a0l e
99 5o g gl ailod S oy 3Gy 55Ul jo Slgl 2 0 )8 pal> b 50 08 4 pamie oleesd
olsr Azl o 05250 (MWENT) 6lss aiz sladlg) ol 5 SWCNT) o g S5 alg) 4l £33
4 2lrordy iU sla panseis g lasg xSl o 3ol Blaal sl (Ll Slge CNT 58 4 pasie
—als) 51) sl SelewS50,8 05,5 L oad Jls ole ojlsas iz (05 sladls) 5l o5l e S92
A g 6 YL SLS 5l el sy wer cde 4 (COOH

SOl s (602,18 1 5 dnbe Mol Sla ) (S5 i lapiias Sl 3925 L
5 IS ol @) g wblyos bagyT (saliwg 4 oo 2ol (slasg xSl (6l JSite S Loy T o5
Cis S0 4 45 SAMY Jos slagble s55 agei ssliin] Hlg oo (oleowd wdo slo i,
Lailige (oo Sldllae 0 389500 5 (0 300,15 0 5l WS (o0 13 Ml o (55, 1 (2liondt
oo rewd BB slacolu Jade ol ogaome cacly 09 xSl mlaws (55, 4Y ST 8529 Codgaze > )
S slin (o095 S yondy Y iz 00l POlol (sloog xSUl S0 B,k 5l 0sd co 09 i8Sl mhans o
H3 eolaiul 050 caniig iSUI GlaSaST 5l (g lws 40 0jg 50l 4T Al oo Cudgae ] Bis>
Ivf] s,5 o
oi¥lgeS Wigm w9y 4 09 Sl ZMo-Y-Y-F-)

Jlesl (9, by s (hgy @ Olien 1) 09,8l mha (g9, (ele sloog 5 yuilas
Jole ClbB L )5 sl p sboog iSIl oy ploul caslin laore G o ralS— iollST sl

S J")T ‘u"“"T oS 5 d-:)»f‘sc S8 eolaiul 0,90  counisg i S AP P IOV, s

- basal plane pyrolytic graphite

- Carbon Nano tube

- Single Walled Carbon Nano tube
- Multi Walled Carbon Nano tube
- Self-assembled monolayers

[ S O

\F



dodde Jsl Jad

Ol il ge iVlgsS Wgm ol gy 40 sl 8550 SLLS 5 oy bl )T 5 passsl
LRE] a5 ls 50UT5 501 Jo (slogag 0,8 Ll ialuST Jlad slaog 3 L ol yors ol 5
O3y gy 4 09 Sl Z ol Y -Y-F-)

oy S aiile (39,5 (6 10 (pleend ol Mol 09 58Ul (39 28 (slapians ;o
S g cudsgsy SIS o Sy 09dor aS 9 (S S el Soagesand SIO2 g
S Sass jo gl ohy o)l cel g agn Cools 5 SadblS culled wile
kol 29, Sl (gans Sz ookl 8550 Se ke (S sere (25 et Cenl oad sarlig iSl
oS50, bl 9 g e ez 5 Cu8lS 50,5 bl 5l 0,5 e allise (395 sy 4 00
o503 0, HIO 57 (y5slsns hie o s lie a1 (lsise Jsone slolaly oo (51 5055 o0 483
S 99Sd 5o allige g goad Mol (slasg pSI 51 S0 (slaiged Sesl s (2,5 09,25
J1 51 el o 3 b (Mo oS 50 03Le) SI02 i 1,551 S b Ladly s oSl oo
IVF] sg oo 8lal 08 351 T 4 G 5 bglns sl S 159 00
O39ed gy 41 99,5531 5ol —F-Y-F-)

S b ol pols Gtgy qabaw )3 0aiiS 23lal o (53,5 8 )ly Cgz Jslate slael, 1 (S
o ond o ey il el 6 yeuly (goad ol slasg iSUl ol os (6 ponh e ol
Joloee 9,0 29,8l (il s2 b oy 98 L 255, sbml ( Plo o5 g 9 Tl 55, P>
S w3l by Madi oo Jol w0dd Jo segige j9a> 50 (ygmmilin yorlys iU Byl 5L 5 (6 pecdy
£55 o2l il _co WIS (5o (slo oy b yorly glsil 51 S 35les o S |y ol anlis 50
) ey s Lo 1) 6508 slaygr (50,5 40,588 bl a5 wiis olaog S 6l Lo ey ]

LYF] sgas jory Sl ol 1y oyl g 03,8 420,655 1, (558 slagysy Ol oo b yarly (il SaSTLy

'~ Methylene blue
2 - Methyl viologen

\Y



e s J ST (S s nToilal Gl FIA) aiagey by 5o B3 waoz slasss, 4l

(35S 15T oS 5000 (65-1.Y ARS a5l o (ARS)' S 50,5 T o yorly £53 0l 5l (6ligod
oSS ole S plgie 4y a5 e gang iUl Jlad 5 92S1,5T G, Sl (lars s
oad 08,51 (A1) JSi 10 ) opl Sl [¥0] ol sass aslis 638 loyg b g8 (soaias
2Ll alaly 4 Vb 55l b ool (slopos Cojanals adgs cu ol slo it s e

FOWPTEI U | 213 ISP GPUN I P | ) B Ve DS I FRK

o} OH
I I OH
O

Ival ARS ‘5|9SJ9,o )L;_;Lw - @a-)) JS....:

0 )lro Wz (g S puonai —0-)

SOl (Sl (San 5 il o ool (s (SBlasl e po (yley ol (6525 oo
wilge o Gzl s Sl o3V 5 bl 51 S5 e slzl 5 (G365 dlse bl bl
2GS el &S Cewl 0 F ranal Lol 5550 9 gllae By (555 el S)lse 2ST o
S by, ) idl (25 b (o8 el (San o, lire Bl 418 )5 18 sy 20550 Jleme Cpaiz ol
5 oolatul (gl a4y conl 418,57 18 Bhme az gl 350 Sl Glhans (o a5 o)lme Wiz (6 ,uF el
995 g0 odliinl Gromiw jlse szl lonin Jlee S

3 osliil 3,90 5 4235 Sl jglate 4 (MCDM)' 6 )Lae sz (6 o5 ol (sloJore
53 45 Jolrm 5 bajlns (20055 Jold Al 5 53 5] JStite Loges MCDM sl gy 625 oo

e o anld @ i bjlae 00y slagts, abe> 51 YA YAl wal

- Alizarin Red S
2 - Multiple Criteria Decision Making

YA



dodde Jsl Jad

5o s, slagg, 5 slice CW) (8lsi (oa3035 sy 5 il sy «(AHP)Y (51
1¥a] sges o Ll (TOPSIS) JTowsl U ol 4y cagalioe ool s g 55 s, 4 o3 oo
AHP g, -V-0-)

oNlgs e alidss cde s 5 @1 VAA Lo yo° Sl pb s 68,8 Lawgs AHP i,
Lol S L5 3,5 5T o ol 53 lojlo (sl a5 Blaal 51 sl sl oS ol T g
o 2 Ok B oS plulis ) el

1dlios p) Oype 4 (olpe dlades g a3
ol aleds el -)

L lalaysls sl IS pes idu sl AHP Lo 5 4325 Jsl Lide b jleee ol
Ban o ol 50 a8 wil se xly ooz Al 3l S31E ol S o5y ahados ol a5
515 518 a5 g b lors (som ok 55 5 allas IS
lanslie i ple L5255 (295 slodunlie -V

1 adlas cnlple ol S0 5 mad IS Hob a0 1) dllacs SO Wl s Ll a5 sl )
Pl (75 Slaglie o] (i paseiie sl jlone 4 azgi b5 005 el JSzsS sl
solitl TOPSIS wiile glo by, 19 45 pwend i yle sl & AHP i) cnlply 2o oo
L loa 35 amlie 51 Yoane I ool plowl sl 205 o0 0y (2795 Slaalie oo yile 5l o9 0
00 03,51 (V=1) Jgaz 0 a5 04 0 eoltul ol | slo ozl b a5 4 cos ol i slaasLis

o ile (pl oS o Jiiie (A) 5 diile g ble 4 1) brosls ol plodl laas las aSSo] 5l oy .l
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Abstract

In this project, flow system with spectrophotometeric and electrochemical
detectors was used for determination of organic and inorganic materials.

For the first time, Flow Injection Analysis (FIA)-spectrophotometer system based
on simple kinetic reaction was designed for simultaneous determination of uric acid (UA)
and ascorbic acid (AA). The FIA manifold was based on the difference between the
reaction rates of the AA and UA with Fe®" in the presence of 1, 10-phenanthroline (phen).
The absorbance of Fe (11)-phen complex was measured spectrophotometrically at 510 nm.
The multi criteria decision making (MCDM) approach was employed in the optimization
procedure for the selection of the most appropriate experimental conditions (alternatives)
according to the require criteria. The weights of the evaluation criteria were determined
using the analytic hierarchy process, entropy method, and compromised weighting (CW).
The experimental conditions (alternatives) were ranked and selected by the technique for
order preference by similarity to an ideal solution. Under the selected optimum
conditions, the analytical signals obtained were linear in the ranges of 0.50-5.00 and 0.50-
4.00 mg L for AA and UA, respectively. The detection limits were 0.07 mg L* for AA
and 0.14 mg L* for UA. The proposed method was also applied for the analysis of
analytes in the blood serum, Vitamine C tablets, and tap water with satisfactory results.

A Flow Injection Analysis (FIA) with spectrophotometric detection is proposed
for simultaneous kinetic determination of hydroquinone (HQ) and catechol (CC). The
method was based on the difference between the reaction rates of the HQ and CC with
Fe3* in the presence of 1, 10-phenanthroline (phen). The absorbance of Fe (I1)-phen
complex was measured spectrophotometrically at 510 nm. The multi criteria decision
making (MCDM) approach was used as a technique of selection alternatives multi-criteria
in order to the optimization procedure for the selection of the best experimental conditions
(alternatives) according to the six criteria. Analytic Hierarchy Process (AHP) and
Technique of ranking Preferences by Similarity to the Ideal Solution (TOPSIS) were used
in the evaluating the relative weights for different attributes and the ranking of the
different alternatives, respectively. Under the selected optimum conditions, Bayesian
Regularized Artificial Neural Network (BR-ANN) trained by back-propagation of errors
was applied for non-linear modeling of recorded flow transient signals in the
concentration range of 0.50-3.00 mg L with detection limits 0.05 and 0.07 mg L for
HQ and CC respectively. The proposed method was successfully applied to the



simultaneous determination of HQ and CC in water samples.

The on line differential pulse anodic stripping voltammetry was proposed for the
simultaneous determination of Cd?* and Pb?*. The glassy carbon electrode surface was
modified with carbon nanotubes and poly (alizarin red S) (MWCNTSs-PARS/GCE) using
cyclic voltammetric method. Under the optimum conditions, the linear response over the
range of 5.0-150.0 pug L* and 5.0-160.0 pg Lt with detection limits of 0.50 and 0.48 pg
L for Pb?* and Cd?* respectively. The MWCNTs-PARS/GCE was applied for analyses
of Cd?* and Pb?" in real sample such as soil, wastewater and tap water. The results were
agreement with those of values obtained by the flame atomic absorption spectroscopy
method suggesting that simultaneous determination of Pb?* and Cd?* ions using the
MWCNT-PARS/GCE is accurate.

For the first time, a new flow injection amperometric system was designed for the
simultaneous determination of hydroquinone (HQ) and catechol (CC). Glassy carbon
electrode was modified using allura red in basic media (NaOH). A sequence of two
potential steps (+0.18 and +0.26 V) was applied with the acquisition of two separate
amperograms. HQ was oxidized selectively at +0.18 V, and both HQ and CC were
measured at +0.26. Subtraction of the currents detected at the tow potential steps was used
for the selective determination of CC. Using proposed method linear calibration ranges
for determination of HQ and CC were 0.2-600.0 and 0.2-300.0 pmol L%, respectively and
detection limit of amperometic method was 0.15 pmol L for both of anlytes. This
approache was successfully empolied for the simultaneous determination of HQ and CC

in the real water samples.

Keywords: Flow injection analysis (FIA), Multi-walled carbon nanotubes, Flow system,
MCDM technique, Allura red, Activation by NaOH, Hydroquinone, Catechol, Uric acid,

Ascorbic acid, Pb?*, Cd?*, Alizarin red S, Artificial neural network.
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