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1- Normal Pulse (NP)
2- Differential Pulse (DP)

AR



el oplad dazme (40,5 5 Ay g a2 ( BLS9M Jgb o il Cgme Dk 4 55 'OW) (omye e
Iy Jlade oy yiiion oykad o e UL jo oyl o aiS ol slaslass Ol il 9wl lugd o b ,m 4 0l 0
sl @]y g & JiSKw Cund Dl o 098 (5510 diged 0)kad IS o Sl o Gl ST cnlple wiyls
aiges DC 281,55 My lool oyl (] 00 aalem 5 i SGal)lB b > 15 auid dgups (g ala>de L

IV ir GV s B 355,50 b 5 35 (5Tl

(NPV) [l Jlo i (g oty V-¥-Y-Y

2 st T o aede SG gl Jlasl IS 09 58Tl 4 eoles fnily ol S Sl sl ) o
I390) W5yl alisS s yoe baoylad 39 o Jlocl o)k o 5 Ll Ko Gypo 4 (O-Y JS5) DME
Do Jomily Sl 251 )0 09800 S Comlas 0925 05 )My 355 yos Jsbo yiey ;0 05k STV S
oley e aelige B aly Jeily 1) eily Cnl 0,5 sloml s piSU1 lgh 503 a5 ol (g0 ey 05ab o
oS ol 5 o (nl by Sl Wingn (SS90 5l SobisS (el jeb a4 (ol Sho)y iz b g Sl
Sllze 5 Olsise 099 (510 paiged (el 2 ST sl (oo wiz o s (b 2 ST ams e ) (4 sailae
FYL oS b yo gl )l el VO S sgam 0 dad ja slas 10 000 s 0l (510 diges DC 3155 M

[V8T05 oo 4Ll Gy slocSin sl & T el oty o (5555 & il L3 Sl

1- Square Wavw (SW)
Yy



Potential

Scan rate of %‘?

J—L <4—— 60 ms potential ‘pulse’
<4— 'Baseline potential’

>

4+ —>
Drop lifetime
1-5s

Time ¢

wenlazdl iol33) Wb el ) Lol osile cols LialejT Jobo 5 ate; Juwil [V DME g 5531 Jlo s (udb (81,59 M g, :0-Y S

OPV) Lol b (s meldy Y-Y-Y-Y
LI IS 05,2501 095 oo Jlos! IS 09,250 @y (oudly I o5 G ot ety o S5 g, ol 53
a8 ol 5hasl o 2ol Jlode a5 (ol AE (go3lail & Sy 5 dieey Jomniliy (o gles .ol o DME
e 0dal Cawd 4 slacSy (@F-Y S Billae) WS oo 8 et (gdie; SO gy, Sy by, o)
2 ks oz Sl s ymltly o (el Gl Jlm 3 Tl g b ahe) (92 it
o slel 3o g0 (seiged 9 by 9, PR Jomdly ol 51 8 8 8o Jol (saigad 19 o0 S o kb
pl 3 goldy sl Alpuise bz 99 ol o gl (DF-Y  JSK8) die) Comw a5 0,bg0 rals 5l L8 cew o
Se by Sool )l sla idu o glds Jae 5o b o Jomils gl j0 by gl loges ( Loles b
o9 Alpyise 4o job 45 a8l 3Ll (S0, codlad a5 cl alaxde LB Sley Laad Alpyise ol 5l

A Sl D9 g0 SUO3 E% 4 Jouily a5 e Alpyise lode .l jao IS 05 2SIl o N H P S

Sl Sl Bx g0 Sy S gl (Lo oy o], S 90l bl cdlion Gl St 500 slodenily

Yy



ilhao) AE 5 coliT el 4y Alyige b > S g5, iS5 oS Jolono 10 055l bl & Wlgs o Sy

1

2
) CanalyteAE

nZFZA(D

Alpulse = 4‘RT

mt (¥-Y)

1

D]l Alpuise oot 53 oote Jole 09 5501 0 BT S a5 0 s ol Yo

Ay
.
E Secan rate of 9E
= di
=z
&
5-100 ms
—.4 128
iy
AE \
Drop falls now
Time
Lel
2]
c
2
&
Tirre

Firsl curman sarmple Second currant sampla

5 ol 58 s Sl Sl e 50 0l g Gl ol 5o a5 AUSE Sl st5e (oldS 5 DME o 25Ul L (Lolis Gl s 2elds @ #-Y S
D alogs o syl piges b o slel o 0,k 29, 51 3 L K

vf



CWV) (30 zoo (5 yolg Y-V-V-Y
5 ol Jbosi 5l Biim 0581 aS ol Cglise 5 waz Gla 2 Sl Il SO (om e zoe (6 el
i Jlosl IS 55,250 s (V- JSC5 ) ool 5] g S5 il 19 055 bl Ll
D oo blod to 5l o slas wSoslail laie s g ploxl zge (50,90 2 10 (12 g 11) (b > (6 S ojlul Cis S
290 o5 3a5 35 on oasl hever usSnn 5 b a0l 5 Womard sl & 5, Lok b e e ol
e gy el by 3,35 o Giales 4 oad Jloel Lol 5l (ol (lgie 01y 0l 99 (ol gl (onye
Sl U Cenliie Lot Sy £ ) sl 0 o0ls (L5 A=Y US43 (g el s s ) (2] Y531
bl (om0 g0 (8 lily 050 o (5 S o5l 4 el (gl jm5 JUKw len laifference (ys! ol ol U]
Oiles (6 yeldy Sy glas,l el b el 1555 Treverse g Horward ! ldifference Vgl .ol 5JGTg xSI1 g1y (5 lonns

—A mol

ul-’)’ (e l.asb o] ‘sal; Cawd J;Le oA Ay L:ilfi,)o \e. Eua.oum ..\>9o)L> 6_,51[; C80 g QL“’]

) ol Gl xS edar Ojge @ ]y Sl S plgion G Sy Plos 4 IS 0l 4 Cend S5l
X & * . - . . . . . a . V .

O S | SLS"‘ Ew Joy).o Ireverse 9 Iforward Oy Q—,{‘ ) WSl )3643[5 O ! 6L.t-"‘ 4 Coend 6)3"’u5 &"’

DV alogs o Ul Jslome 10 ST il 5l Jatae ldifference 5 Sigis oo B 5 05,5 <o S b >

Yo



o
=
o
g
| \
- )
Esw : :
- 3 |
Egw ' |
I |
I I |
I I |
i M ! P
In by & Time
A
6
40
<L
2
g
3 2L
0 - . -
-0.1 ~-0.2 /-0.3 -0.4 =0.5
o A leverse Potential / V

_ . -t 1 . _ =
T= il abgye sl el a5 O o SIS 3L 0 O X Ve 23) (S 3 SIS Sk sl 25U oo 3o plSgalily AT S
[al Egw = ¥+mV AE = omV .¥Y/¥mS

Y&



\G)L‘“‘" d.l.(b).g Lg;mLJg ¥-vY-v

S9SN b 5l DlaS 5 L o daedl (c20l5 L guilannST Bim ine 4y (oliondiy i8Sl (5l a2
8 05Sdl heyo b o p Ll iy (gal> e (gazml 0 SLS S L g depsl cpl (IS ek 4
Jyame LI 05 co Jo g S Jolome 10 (pobardig i8N (5l aimpp c¥guamms ] 51 Gy 5 00 gar
lors 2SI (g5l aiy slo s,y [V Tl Ll Lass iy 51 L8 BT (ploortng 2SIl (55ke ain
ol Al o g0 ol

Sob e Lalyh Con Vaano a5 ateli go T Ladis i b T (6508 gay st o 1) Jol (sl 5o
OO 9, Sl iS5z b bawe (28500 o2 JiT 058 Jogend 99,8l o 4y 02 JEI B 055 oo ploxl
aiBs wizr Yoere il iy il pe oy S a8l 3y 1S5 Wb g 098 0 Jol>T 0l By 5 Joloxe
b 50 ST 5 65l Jlade Lais a5 el 5l ool co (ialidl s oy50 cJUT cdale mhaw zals b g ool
bobg) Somlas b8l ogdle Lalss iy (gl po o diged ©y5e g, (nl WS (o0 gy 09 xS
gy ge 09 565 |y ol ol 5 @dy G dised G yile 5 T (glulaz
Bdz a5l s cnl 5o 1) 99d e plasil (Sl Jeloee S p0 0o b s b (g5l ai a5 090 (gl 5o
>y cnl Gln Greldy moe IS8 S sl el Gl gl JLasl b gy Ul 8 5 O y2lee ol
@bl Gl al> o cpl 5l ol fsby-l 2 ol Sgelids sl (omyo o0 5 (Lol by (o> g,
Dilwer @28 [ (Sey gald bz 1) (o5 Sl glsnl 5 (S als Jeily @b 5D S

IV Lo o aloul o Jastinl Lol 3l 3, 5 2B sl pdlS b Vaone 151 sla (6,50 5l!

1-Stripping Voltammetry(SV)
2-Deposition
3-Preconcentration

4-Flow

AR



Y(ASV) sl sile i (g yelidg V-F-Y-Y
3 25 Sly Gl ol Joaily S5 50 (Sl xSl alS b el ol (g5le 4 (6 palidy o

M™ + ne” SMs, (£-Y)

F5o G wpm, B all Jlai o5 g SRl Jeily Sl 5 et T VB Y b ()05 gy Jeily
ydge Bl Joloo 0 (5318 (e ke b cenlite Lanlss hy sal> 5o (loy D 098 Jol> lieb]

mol

\’_\Tb rbkéodgmé‘fwé\'bas\'_vamw)mgﬁbchg‘fMé&)‘ ,...o5 Mo
GAs aS 0gd oo plxl Jluin polie Ceoms 4 Jodly Sl b (g5le aio (sl o .l ool colo ylis

Uil o 1Sy Bl usl S SO g conl Ladis i sl o 10 00l Lol polic sase 2oluST ]

Y1 ]s,158

M(S):Mn+ +ne~

J““‘\n ..
| ,], ,

Potential (V)

®-Y)

Current (uA)

its! Sosem o8 S 39250 51+ /e T gy s AL oS CU 5 PD CA ZN g5l bgbe sl (s3b aia s ol Ssalily A-Y S
IV lasb e KNO3 -1V M placity g iS5 (ompe gge S0 VY-S Ladis i oo 2wl "(HMDE)

1-Anodic Stripping Voltammetry(ASV)
2- Hanging Mercury Drop Electrode (HMDE)
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1-Catodic Stripping Voltammetry(CSV)
2-Adsorptive Stripping Voltammetry(AdSV)
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Abstract
In this project the performance of glassy- carbon electrode coated with multi-walled carbon
nanotubes/SBA-15-NH2-Mesoporous-Silica/Bismuth (GC/MWCNTS/SBA-NH,/BI) was

investigated in the simultaneous determination of cadmium( I ) and lead( I ) ions in acetate buffer
solution at pH = 4.5 using differential pulse anodic stripping voltammetry(DPASV). This study
showed that the GC/MWCNTs/SBA-NH./Bi electrode have better performance and more
sensitivity than the bare glassy carbon electrode. Also the effect of several parameters such as
modifiers concentration, pH, preconcentration time, preconcentration potential, scan rate and pulse
amplitude on the stripping current were investigated and optimized. Under optimal conditions, the
electrode showed a wide linear response to cadmium(1II') and lead(II) ions in the concentration
range of 5.0 — 550.0 pg.L ™t and 10.0 — 550.0 pug.L?, respectively. The theoretical detection limits
was calculated as 1.3 pg.L? for cadmium(I) and 1.5 pg.L? for lead(1I) ions. The effect of ion
interferences was studied for both analytes and the efficiency of the proposed method for the
simultaneous determination of cadmium(II ) and lead( I ) ions in tap water, swamp soil and battery
plant effluent samples was investigated. Comparison of the results obtained in real samples with

the flame atomic absorption spectroscopic method confirmed the accuracy of the proposed method.

Keyword
Mesoporous-Silica, SBA-15-NH., Multi-Walled Carbon Nanotubes, Bismuth, Anodic Stripping

Voltammetry, Cadmium (1), Lead(1I)
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