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process of stripping voltammetry.)
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Table 2.3.1 Surface area of HMDE.

Weight of Weight of Radius Surface area
5 drops one drop

(mg) (mg) (10™2cm) (107 2cm?)

217 43.4 4.24 2.29

219 43.8 4.26 2.28

217 43.4 4.24 2.29

219 43.8 4.26 2.28

215 43.0 4.23 2.24

Average 2.28

R.S.D. 0.91 |
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Table 2.3.2 Precision of peak current.

Metal ion DC mode DPP mode
lp R.S.D lp R.S
(pa) (%) (pA) (%)
Zn(IT) 0.157 4.3 3.95 4.2
Ca(Ii) 0.145 3.9 3.75 2.7
Ph(II) 0.171 3.7 3.84 2.9
Cu(II) 0.111 4.4 3.32 2.5

5 x 10°'M zn(II), CA(II), Pb(II),
acetate buffer solution(pH 4.5).

Deposition: 1 min at -1.2 V.

Cu(II) in 0.1
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Fig.

Radius of HMDE / 10 2 cm

2.3.3 Relation between peak current and
radius of HMDE.

5 x 10°7M zn(II) (-0-), CA(II) (-a-),
Pb(II) (-Qg-), Cu(Il) (-@-).

Deposition: 1 min at -1.2 V.
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Scale of magnetic stirrer.
2.3.4 Relation between peak current and
scale of magnetic stirrer.
5 x 107'M zn(II) (-0-), CA(II) (-a-),
Pb(II) (-O-), Cu(IIl) (-@&-).

Deposition: 1 min at -1.2 V.
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Fig. 2.3.5 Relation between peak current and
sample volume.

5 x 10°'M 2zn(II) (-0-), CA(II) (-a-),
Pb(II) (-0O-), Cu(ll) (-®&-).

Deposition: 1 min at -1.2 V.
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E / V vs. SCE

Fig. 3.2.1 Stripping voltammograms for Cu(II) in the
presence of I,

1 x 10°®M Cu(II) in 0.1 M acetate buffer
solution(pH 4.5). (a) 0.0, (b) 0.5, (c) 1.0,
(d) 1.5, (e) 2.0, (£f) 4.0 x 10~ %M 1-.

Deposition: 5 min at -0.5 V. Scan rate: 10 mV/s.
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Fig. 3.2.2 Relationship between deposition potential

and peak current.
1 x 10~6M Cu(II) in 0.1 M acetate buffer solution
(pH 4.5). (a) 0.0 , (b) 2.0 x 107%M I~.

Deposition: 5 min.
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Table 3.2.1 Influence of coexisting substances.

Metal ion Concn. Recovery Anion Concn. Recovery
( pM ) (%) ( pM ) (%)

Zn(II) 10 94.8 cl- 1000 100.6
50 77.1 10000 93.6

Fe(III) 10 98.4 Br~ 5000 100.9
50 77 .1 SCN™ 1 86.0

Ag(I) . 2 97.2 5 51.8

. 10 70.5  mmmmmmm e

As(III) 10 100.8 Gelatin 0.00017 % 86.3
50 66.2 0.0005 % 82.1

Sb(III) 10 81.8 0.001 % 51.8
50 overlap

1 x 107% Cu(II) + 2 x 107%M I~ in 0.1 M acetate buffer
solution(pH 4.5).

Deposition: 5 min at -0.5 V.
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Fig.

! ! 1 ! 1

-0.3 -0.2 -0.1 0.0 +0.1
E / V vs. SCE

3.2.3 Stripping voltammograms for Cu(II)
and Bi(III).

1 x 1075 Cu(II) + 1 x 10°5M Bi(III) in 0.1 M

acetate buffer solution(pH 4.5).
(a) 0.0, (b) 2.0 x 10~4M 1~.

Deposition: 5 min at -0.5 V.
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Table 3.2.2 Determination of Cu(II) in the presence
of Bi(III).

Concn. of Without I~ 2 x 1074 M1

Bi(III)

¢ M) ip,Bi(1II) ip,cu(rr)  ip,Bi(1II) lp,cu(Il)
0.0 0.00 pA  0.50 pa 0.00 pA  3.28 pa
0.2 0.18 0.57

0.5 0.43 0.64 0.80 3.35
1.0 0.84 0.78 1.35 3.36
2.0 1.79 1.23 2.45 3.32
3.0 3.65 3.42
3.5 4.45 4.30
4.0 5.30 4.90

1 % 10’6M Cu(II) in 0.1 M acetate buffer
solution(pH 4.5).

Deposition: 5 min at -0.5 V.
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Fig.

[ 28]
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h
(b)
(a)
| i | | 1 | 1
-0.4 -0.2 0.0 +0.2

E / V vs. SCE

3.3.1 Differential pulse stripping voltammograms
for Cu(II) in the presence of I~ .

1 x 10-m Cu(Il) in 0.1 M acetate buffer solution
(pH 4.5). (a) 0.0, (b) 2.5 x 107°M I~
Deposition: 5 min at -0.5 V, Scan rate: 2 mV/s,

Pulse amplitude: 50 mV, Pulse repetition time: 0.5 s.
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Fig.
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0

0 10 20 30 40 50
Scan rate / mV/s

3.3.2 Effect of scan rate on peak current.

1 x 10°’M Cu(II) in 0.1 M acetate buffer

solution(pH 4.5). (a) 0.0, (b) 2.5 x 107°M I~

Deposition: 5 min at -0.5 V.
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Fig.
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(e)
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(c) -
(b)

E / V vs. SCE

3.3.3 Stripping voltammograms for Cu(II)
in the presence of I~.

2.5 x 107°M I~ in 0.1 M acetate buffer
solution(pH 4.5).

Deposition: 10 min at -0.5 V.

(a) 0, (b) 1, (c) 2, (d) 3, (e) 4,

(£) 5 x 1078w cu(II1).
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Table 3.3.1 Influence of coexisting substances.

Metal ion Concn. Recovery Anion Concn. Recovery

( pM ) (%) ( M ) (%)
Fe(III) 100 99.6 NO5~ 10000 97.3
Ni(II) 100 101.6 S0,4°” 5000 92.3
Pb(II) 20 100.4 Br~ 2000 133.9
As(III) 100 34.1 SCN™ 5 81.0
Sb(III) 40 overlap cl- 20000 84.6
Zn(II) 20 97.1 e
Ag(I) 10 81.0 Gelatin 0.00071 % 90.9
Bi(III) 0.3 45.2

2 X 10“7M Cu(II) + 2.5 X TO'SM I™ in 0.1 M acetate buffer
solution(pH 4.5).

Deposition: 5 min at -0.5 V.
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aun
Jnmard

-1.0 -0.5 0.0

E/ V vs., SCE
3.3.4 Stripping voltammograms for Cd(II) and Cu(II)
in the presence of Cl7.
(a) 0, (b) 2, (c) 4, (d) 6, (e) 8, (£) 10 x 1078y
C4(II) and Cu(II) + 1 x 1072M C1~ in 0.1 M acetate
buffer solution(pH 4.5).

Deposition: 5 min at -1.0 V.



(b)

A (c)

[CA(II)] or [Cu(IT)] / 10 %M

Fig. 3.3.5 Relation between peak current and
concentration of CA(II) and Cu(II).

1 x 1072M C1™ in 0.1 M acetate buffer solution
(pH 4.5).

(a) for Cu(II), (b) for Cu(II) + 2.5 % 1079M I~
(c) for CA(II).

Deposition: 5 min at -1.0 V.
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Table 3.3.2 Determination of Cu(II) by standard
addition method.
Cu(IIl) Concn. Cu(II) Error R.S.D.
Taken of Cl1- Found
(M ) ( mM ) { aM ) ( ) (%)
0.0102 10 0.0108 +5.4 11.0
0.0102 20 0.0104 +2.0 11.5
0.0204 10 0.0229 +13.2 5.7
0.0510(%) 10 0.0497 ~-3.7 2.7

2.5 % 10‘5M I7 in 0.1 M acetate buffer solution

(pH 4.5).

Deposition:

5(*) or 10 min at ~-0.5 V.
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(b) (c) (d)
i
1uA
T (a)
J\ J
-0.2 0.0 0.0 0.0 0.0

E / V vs. SCE

Fig. 4.2.1 Stripping voltammograms for Cu(II) in various
supporting electrolytes.

1 x 1078 cu(II), (a) 0.1 M NaClO,(pH 3.8), (b) (a) +
1 x 107 %4mM Thiourea, (c) 1 x 10-4M SCN~ and 2 x 10-5%

Gelatin in 0.1 M acetate buffer solution(pH 4.5),

59

(d) 9 x 10"°M CN~ in 0.1 M acetate buffer solution(pH 4.5).

Deposition: 5 min at -0.5 V.
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E / V vs. SCE
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Fig. 4.2.2 Effect of concentration of thiourea.
1 x 107% cu(II) in 0.1 M NaClO, (pH 3.8).
Deposition: 5 min at -0.5 V.
(a) 0.0, (b) 0.2, (c) 0.4, (d) 0.6, (e) 1.0 x 10™ %M

Thiourea. (- @-) first peak, {(-0O-) second peak.
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3 L 1 1 1 L]
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pH
4.2.3 Effect of pH on peak current.

1 x 107%M Cu(II) in 0.1 M NaClo,.

(pH was adjusted with HClO4 (-O-)

or 0.01 M acetate buffer solution(-@ -)).

(a) and (b) 0, (c) and (d) 1 x 10"*M Thiourea.

Deposition: 5 min at -0.5 V.
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4,2.4 Effect of scan rate(v) on peak current.
1 x 10784 cu(II) in 0.1 M NaClO, (pH 3.8).

(a) 0.0, (b) 0.4, (c) 0.6, (d) 0.8, (e) 1.0,
(£) 1.6, (g) 2.0 x 107%M Thiourea.

Deposition: 5 min at -0.5 V.
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Relation between deposition potential(Ey)
and peak current.

1 x 107% Cu(II) in 0.1 M NaClO,(pH 3.8).
{(a) 0.0, (b) 1 x 10~4M Thiourea.

Deposition: 5 min, Scan rate: 20 mV/s.



- 0.4 ¥
a L

M &
%

4

@ T &8

#HOFE N

@

-
0

(A G

Dy

F A R E ==

» E
(Dropping Mercury
7

DCAE & B 79 )&

i

I N T ANE ( Dro

25

FOBREOESE

%=
%
2m Y T W &
B

ﬂj
oa
-
R
|
g F
O M w O < =

H 8t

WV &
DME
&, 1 x 107 ¢
R EOD
DCAED 35
i N

TF 4+ K

% QT

UL T

L

* K

[

trode:

g Copper

=

—te

>

%

E

rd

OO

mE
@ B N O

.’:j‘/:

» h i

(VS

& o3&

=
==1

& 3

et

Hi &

b

= ¥R W,
& E R,

B A

==
=1

T &7

B
BT RKREFEEE

DME & B 7 )& @&
Amalgam Electrode:
B & 2 fF K U,
B H W R

BT T

& F A K
#®7
ki # 3l
EB S HECI)
H O &

WV H A

==
=

3 3 &,

R

YD

i,

o

LiE U % | & 2

Fig.4.2.8 & DME &

EF

wx L TT
82,

[ SR

g
&

m
&

K 9 B

c-l

it
S8t B

)
Y
<
~

[
il
Er

E
e
ET
Y
Rt O
Sl
w3

4



4,

Drop time / s

Fig.

(5]

1 1 1 1 i 1]
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E / V vs. SCE

4.2.6 Electrocapillary curves by DME and DCAE.
0.1 M NaClO,(pH 3.8).

DME: (-0-) 0, (-a-) 1 x 107%M Thiourea.
DCAE: (-@-) 0, (-a-) 1, (-©-) 2, (-O-) 3,

(-@-) 5 x 10°4M thiourea.
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Table 4.2.1 1Influence of coexisting substances.

Ion Concn. Recovery Ion Concn. Recovery
( M) (%) ( pM ) (%)
Co(II) 10 99 Hg(II) 10 103
100 100 100 50
Ni(IT) 10 98 As(III) 10 75
100 81 Sb(IIT) 10 43
Cd(II) 10 105 Bi(III) 1 102
100 108 4 216
Zn(II) 10 101 cl- 1000 37
100 94 Br~ 100 81
TI(I) 10 102 I- 100 131
100 102 SCN™ 1 99
Ag(I) 10 103 5 81
100 100 e
Pb(II) 10 101 Gelatin 0.0001 % 100
100 59 0.0005 % 77
Fe(III) 10 99
100 57

1 x 1078M cu(II) + 1 x 107?M thiourea in 0.1 M NaClO,
buffer solution(pH 3.8).

Deposition: 5 min at -0.5 V.
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E / V vs. SCE

4.3.1 Effect of cysteine on stripping
voltammograms for Cu(II).

1 x 1077M Cu(II) in 0.09 M NaClO, + 0.01 M HClO,.
(a) 0, (b) 1, (c) 2, (d) 3, (e) 5, (f) 10 x 10-°M
cysteine.

Deposition: 5 min at -1.00 V.



Table 4.3.1 Enhancement effect of various compounds.

Compound Concn./pM ip/na EL/Vvs.SCE  i,/i, oy

Cysteine 10 22 +0.06 7.0

Cystine 100 14 +0.04 4.5

Glutathione 10 18 +0.04 5.7

Thioglycollic 10 12 +0.06 3.8
acid

2-Mercapto 10 14 +0.10 4.2
pyridine

2-Mercapto 5 9 +0.04 2.9
ethanol

Methionine 10 3.2 -0.01 1.0

1 x 1077/M Cu(II) in 0.09 M NaClO, + 0.01 M HClO4(pH 2.0)

Deposition: Smin at -1.00 V.
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Concentration of cysteine / 107 M

Fig. 4.3.2 Effect of concentration of cysteine.
(a) 0.5, (b) 1 x 1077M Cu(II) in 0.09 M NaClO,
+ 0.01 M HClO4-

Deposition: 5 min -1.00 V.
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Fig. 4.3.3 Effect of scan rate(v).

1 x 1077M Cu(II) in 0.09 M NaClO,

+ 0.01 M HC]_O4.

(a) 0, (b) 1, (c) 2, (d) 10 x 107%M cysteine.

Deposition: 5 min at -1.00 V.
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Fig. 4.3.4 Calibration curves for Cu(II).
(a) 0.09 M NaClO4 + 0.01 M HClO4.
(b) (a) + 1 x 10™°M cysteine.

Deposition: 5 min -1.00 V.



Table 4.3.2 Precision of peak current.

Cu(II) ip R.S.D.
( aM ) ( pa ) (5 )
Blank 0.56 7.9
0.01 2.25 4,2
0.02 4.61 3.9
0.05 11.6 3.6
0.1 22.4 2.9

1 x 107°M Cysteine in 0.09 M NaClO, + 0.01 M HClO,.

Deposition: 5min at -1.00 V.
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Table 4.3.3 Permissible concentration of
coexisting substances.

Metal ion Concn. Anion Concn.

( pM ) (M)
Fe(III) 100 Cl- 100
Ni(II) 100 Br~ 5
Co(II) 100 I- 1
Zn(II) 100 SCN™ 1
Cd(1II1) 100 e
Pb(II) 100 Gelatine 0.0001 %
T1(I) 100
Hg(II) 100
As(III) 100
Ag(I) 5
Sb{(II1) 1
Bi(III) 0.5

1 x 10°/M Cu(II) + 1 x 10™°M Cysteine
in 0.09M NaClO, + 0.01 M HClO,.

Deposition: 5 min at -1.00 V.



(a

M S P O

oW T =

N

AETHWREO

RA Y Y X b Y -

)

%

v,

HMDE

-0

Bard & [1
8 o £
£ T & w

2(RSH)soln.

Fig.

$H (D)% o

&

Hi

y)

BB U

S # W
<
F:,Q«

Er
E
au

S o m %
Wi
&

& B

T o 1

.05 VT

014 %
2 H S

T g 3.

aOOROe M e
N S D
OB ORY RY

=
N/
<

O ®m B/
e
O

Hn B,

2 7T

¢

=
[==]

@D

0.

PEBEBRICEB

g Rk
& 3 8

)

ot

By o

2 1T -

10°3MY X 57 4

W — % @ B ik B

UVTWw 3 & 5K

D T &

(bW,

v,

(a)Do @ E &

TORKWAET RO &

[Hg(RS)Z]ads.

ey 47 Yy

2. Fig.

> WD

»

4.3.5 @

To 3o

TEETRT. T h

Hg( )-v A F 4

1

X

U

+ 2H" + 2e-

10°-% M

5 Ve@E@ePLBGAULU WS 2

By 2 )L H Ak U

il

E U R

X & (O

3
A
_'IF_
Y,

%

w8
T A
® DD
R

b

5B O

A

J

DT 3B
v A7

X N 5.

& © & A

Bl U,
KR
H 2 R
2T

]

~

bl %y
5. 68

2

&1

4

“j.
7
1

RN

W

5.

W&

4 7 0w
T N H A
D HE KR
5 & Y B
b 0 & B
d % O &
VOIS
% 1 # 3l

DR
BEULT

w1



4 l
0.2uA 0.2uA
Anodic 1 T

1 () =

—

l

Cathodic

(b)

E / V vs. SCE E / V vs. SCE

Fig. 4.3.5 Cyclic voltammograms of cysteine.

(a) 1 x 10-4M cysteine,

(b) and (c) 1 x 10~4Mm cysteine + 1 x 10-6M Cu(Ir)

in 0.1 M HClOy.

Deposition: 2 min at -0.5 V.
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-0.3 -0.2 -0.1 0.0 +0.1 +0.2
E / V vs. SCE

Fig. 5.1 Effect of cysteine on stripping voltammograms
for Cu(II).

1 x 1078M Cu(II) in 0.09 M NaClO, + 0.01 M HClO4.
(a) 0.0, (b) 0.2, (c) 0.4, (d) 0.6, (e) 0.8,
(£) 1.0 x 10-6n cysteine.

Accumulation: 2 min at -0.5 V.
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E / V vs. SCE
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-0.5 0.0 0.0

E / V vs. SCE

Fig. 5.2 Effect of accumulation of cysteine on
the electrode amalgamated with copper.

A: HMDE amalgamated by the electrodeposition for 2 min
at -0.5 V in the solution of 1 x 10~°m Cu(II).
B: CAE. (a) without accumulation, (b) accumulation for

1 min at -0.06 V.
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Fig. 5.3 Effect of the concentration of copper amalgam.

Accumulation: 1 min at -0.06 V.
(a) 1, (b) 2 x 1077M cysteine in 0.09 M NaClO,

+ 0.01 M HClO4-
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-0.2 -0.1 0.0 +0.1

Accumulation potential / V vs. SCE

Fig. 5.4 Relation between peak current and accumulationA
potential.
(a) 2 x 1077M cysteine in 0.09 M NaClO,
+ 0.01 M HClO4. Accumulation: 1 min.

(b) stripping voltammogram for Cu(II).
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(e)
':L;‘ / (d)
1uA
T (c)
(b)
(a)
1 ! i 1 1 ]

-0.2 0.0 +0.2

E / V vs. SCE

Fig. 5.5 Voltammograms for cysteine
at low concentration.

Accumulation: 1 min at -0.06 V.
(a) 0.2, (b) 0.4, (c) 0.6, (4) 0.8

(e) 1 x 10-'M cysteine.
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2 x 1007 M @Yy A F 42 EVLT, ToHE SO 10
% T TOREE2HFEBEULULEE, HEFETEI2PVEOCRE X
Table 5.1 &R 7. ﬁfg%ﬂ’?}“.‘/@ﬁ%n\ii(ﬂ), Co(I )
Zn(O ). CdCO D), PO ), TICI D>, As{(ID ), Hg(O Y& 1
x 1070 F TOHERHFI N, RKRE2RBEEWER S A H
- ke U U, Fe(Hl), Bi(W D), ShCM)HYWE #n Fh 5 x
1075 2 x 10°%. 1 x 10°*MN OHXFUARHFILR D - k.
2O S5 BSH(IM), Bi(M)HYWE., 2 oFHE»ERKEFETHL R
HEERBZ RO T d 3.

2442 TR B2 A A I B A/ B O N F
V7 CEBAA BB ERRIT N ORI NSO N
A A Y EH(DDLH U TEYCERERER2FHD2
Wk B3 EE DD 3.

gy e 7T ANITF UHEK E X v Jz L7
5 Y., A FF 2 kEOT I E H F T 500 ~5000
FEEREEUVICIHBE IR D> R Fk FEE S 1 x
10°*M §THBTE S HTHRY AT 4+ FEZ2FT
BTN FFAIONFAREZFIY AT A ERAERY %
AT hORERBEERRT B IO E&ERdERIA DD
MEDIEFRFEZL LE>THEUD 20EELE2RFLTWL S F
P REEEWETS Z3ETTFCE O FOoOEEBNOREH
KWk -2 T, #@(O) v 2F 48R OBRBERBEEFT 30
., 1 x 10 % OHFUHLFBEINRH» - k.
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Table 5.1 Permissible concentration of
coexisting substances.

Metal ion Concn. Anion and Concn.
( pM ) Amino acid ( pM )
Ni(II) 100 cl- 1000
Co(II) 100 Br~ 50
Zn(II) 100 - 50
Cd(I1I) 100 SCN™ 0.5
Pb(II) 100 Glycine 1000
T1(I) 100 Aspartic‘acid 100
As(III) 100 Histidine 1000
Hg(II) 500 Phenylalanine 100
Fe(III) 5 Methionine 200
Bi(III) 2 Urea 1000
Sb(III) 1 Thiourea 5
Glutathione 0.1
Gelatine 1 x 1075 &

2 x 1077 Cysteine in 0.09 M NaClO, + 0.01 M HC1O4.

Accumulation: 1 min at -0.06 V.
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HhB, FHERLIY A PY =T
DEEHUYBECOBRER Y ER
RTE B eWWL-oTHEHEFR2EH
HAEOEBEAB A~ B CHT
T & % [8-10]
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oY > Ry A by - % H
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y X bPU—%2HBL3EHETE
EC28#EB0oBBEREBE, @
FoEREKEOFHEEEBH &U
TOHER BaFUYEERGEHEH
o L (SDS) OF MK EOH
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EEN 22X L VBBERU LK HNIE OB %E2 -0.5 V
ChREbs @@ E»PCETALEBYS 2 2 MEBEL LIS BB
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7 3 BHARALIET ILEBRBPNANILAERE > TITWL
N L ZAEBRE 50 mVv, "LV AE 0.5 s, EMNEIFE 5
mv/s & Uk, EBEA T 2H(D) B 2T 47 0K RN
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BRET S FTHER2ITL, BHAIL3TI2HOAEROD

E—-J EfiEr@EEREELWY LTIy p ¥ 32 &1
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S 1,
Cio/ k) + (in/Z K)CI/ZK 0w +# Cu - Cn)
- Can/K’nL =
(6-6)X B2 B < 2 & & » T,

1/7240g-1-CK’weCuL) 4] +

io/inax =

0

1in

(8-86)

[(1-g+(K’nLCu)"')2 + 4g(K’niCu)-t]v72} (8-7)
&7’3%- Z.Z:T inax = KCuL, g liﬁi%f@%
(6-7) 33X W, BHARALY XA DPY —RHWIEIEIETHREO
FEr#EroEsERETaHE K w)E BN FEE(CCLHOER & -
T# FTBZ I EEE2RLULTIB Y, K’nwie€Co = 1, 10, 1000 @
B o @ THEWE Fig.6.1 O & 5% 5.

B odE HEHKnO)DE (B-1)XTRITH 5 E B i &
EEBTE >N LELBFEETHZREESEOHLLE KR DS N 5 W,
o k5> EMHUXEZEHWSEZIER > THBRE B2 &
BT XL, FEEOPHBRLILVWIWBEHOEE A&V EBE
i /h T v o T, M- J=ie/k << Cn & 2 Y, (6-5)xK & &
BB KO EDSWREHL T I EBT E S,

Cr
3 .~._t. 6'8
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Fig.

6.1 Theoretical titration curves[16].
K'MLCLz 1 (-0-), 10 (-a-), 1000 (-@-).
g: the fraction of the stoichiometric guantity

of titrant(CM/CL).

111



(4

Paad
-

A
oY

k

it

bl

it
~

%y

it

OV

Ot

¥

o)

%

A | S

¥}

K/K'nt

&

f

S

S

‘) .

[

H(O)-ED T A RO HTE H#l &

bi 1 VS

A b

&

R B

[

tH

N

~

N [mt

= N
o)

HE

M

gy

9,

i o&RD

(O )-EDTA

—

s

[55]

=t
M

J -k &k 3 EERNTF
UCT&HOO>D AL

oy

v »

—

5 0o

B3R

&

@ KR -

y T i

2
w

2

o)

7.

>
o

#®
D

7

(Fig.6.2)[151].

()

@O D-

D E

2 B

» N

——

U T

[

e )

ek

# 8

W,

=
=1

.

=
==1

=

Z=3

EDTASR

%

fiz

g}

%

-
L

T I &

CuC O

o0

=

w

4

&

&

g

Y72}

# g o #

%

0 . 5

v

w

:ERQN 1 D™

o
BB

~——

¢

U S
[N

M o R

%‘F

B¢

e i
B B oW W E
e

> oo M <

)

o

LA SN

o bl

s S s =11 B > S Y X

.\“

i

e}

112

N XYV HEBOEHREREKRD 3

IO 0k

o

e

g(o))o

.95

Sl

i
7

T

» EDTA%R

\é: —

A VAP

i

¢+

JT
%

H

=
+
5

#H (O )



ek
|
oL

A
SRS ISU S NN NN TN TSNS SN NN SUN N N
0 -0.5 1.0
v E/ Vvs. SCE
Bl2MA e m == _————
f
l\
YR TS T W NN SN SN SN SR SN SN R
0.0 -0.5 -1.0
E / V vs. SCE
Fig. 6.2

Pseudo-stripping polarograms for Cu(II).

(A) 1 x 107%M cu(TI) + 1.2 x 10-0M EDTA,

(B) 1 x 10°%M Cu(II) in 0.1 M acetate buffer
solution(pH 4.5).

Deposition: 2 min. Pulse amplitude: 50 mV,

Pulse repetition time: 0.5 s, Scan rate: 5 mV/s.
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Cu(I1) added / 1077y

6.3 Titration curves for EDTA.

1 % 10"6M EDTA in 0.1 M acetate buffer solution

(pH 4.0). (a) 0, (b) 1 x 10™3% sDS.

' Déposition: 2 min at -0.5 V.
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Fig. 6.4 Plots of peak current vs. CM/(CL—CM).

1 x 10’6M EDTA in 0.1 M acetate buffer solution

(pH 4.0).

Deposition: 2 min at -0.5 V.
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(a) Gelatin

(b) TritonX-100

N

-0.5 -0.5
(c) PVA

1 1 1 1 1 1 1 1 1 1

-0.5 -0.5
(d) sDS
7

E / V vs. SCE

F'

Fig. 6.5 Effect of surfactants on stripping
voltammograms for Cu(II).

(A) 1 x 10-5M cu(II) + 1.2 x 10”°M EDTA,

(B) 1 x 10-5M Cu(II) in 0.1 M acetate buffer
solution(pH 4.5).

Concentration of each surfactants: 1 x 10733,

Deposition: 2 min at -0.5 V.
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Fig. 6.6 Relation between concentration of SDS
and peak current.

0.1 M acetate buffer solution(pH 4.5).
(-@-) 1 x 10°% cu(1I),
(-0-) 1 x 1075 cu(II) + 1.2 x 10-5v EDTA.

Deposition: 2 min at -0.5 V.
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Cu(II) added / 10° /M

Fig. 6.7 Titration curves for NTA.
1 x 10’6M NTA in 0.1 M acetate buffer solution
(pH 5.0). (a) 0, (b) 3 x 1073% sDs.

Depeosition: 2 min at -0.5 V.
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Fig. 6.8 Plots of peak current vs. Cy/(Cy-Cy).
1 x 107°M NTA in 0.1M acetate buffer solution
(pH 5.0).

Deposition: 2 min at -0.5 V.
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Concentration of SDS / 1077 %

Fig. 6.9 Effect of concentration of SDS on peak current.
1 x 107% cu(II) + 1.2 x 10~6M NTA in 0.1 M
acetate buffer solution(pH 4.5).

Deposition: 2 min at -0.5 V.
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6. 6 EDTAENTAOHFEREE

0.1 ~ 1 M @ EDTA & NTA OHBO—-—TE R & U,
I W 5 x 10°% % @© S0S &M UT. #A(CINTH

FUERBOFESE R %2 Table 6.1 & ¥. EDTA , NTA

Sl

OEEDN 1077 ~ 10°HERBRVER DD DHDDH BT, & &4
PHEUBUELS ~HUTBSBIIVHERIBETESDHDOT B » k.
SEH O ER K3 MEHMBEREWE EDTAT 2 % LW, NTA
T 5 %LUHAT, BHRAHIEBEFE - .

BHRLY X PY—-—E2HVAI2HEFEFELS L ITEE
HEOHEBILORDULUREBEERN AN 2 FFER L
THRIFT LR ZOo0HE SIS OFKWMHIPAWERBETOEH
FoRBAERLSE2HH L, FHROH(DDOHF R EXTEHET
X 3 2 &M HBEULURL ZOFEE EDTA, NTAO & @ E K
BHU, ChosoaBKEEOEREBUFERE ®RRERILH
T T 52 & BT E R B SISOHEMRE > THE >N
EPEEHEPORD AR E A OERNETERRXBECE BV

-~ H AR UL, ERETEULBTIHEBEOEBEEL SISH DR
UVTWwa Il er8Hs»REUE

OB O SISO W B L,
EBLLEBEE ULUER SDSOBERECECEESHHKOAEAEROD
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Table 6.1 Determination of EDTA and NTA.

Taken Found R.S.D.
Sample pH ( pM ) ( aM ) (%)
EDTA 4.0 0.53 0.51 1.
4.0 0.21 0.19 2.
4.0 0.11 0.09 1.
NTA 5.0 1.02 1.03 -
4.0% 0.51 0.49 4.
4.0% 0.20 0.21 4.

1 x 10732 SDS (*: 5 x 10~3 % SDS) in 0.1 M
acetate buffer solution.

Deposition: 2 min at -0.5 V.
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E / V vs. SCE

Fig. 7.2.1 Cyclic voltammograms of lipoamide.
1 x 1073M lipoamide in 0.1 M ammonia buffer
solution(pH 8.5).
(a) 0, (b) 1, (c) 2, (d) 3, (e) 4

(£) 5 x 10-0M co(1I).
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10uA

(©)
(b)
(a) (a)
! ! : ! .
-0.6 -1.0 -1.5 -2.0 -0.6 -1.0 -1.5 -2.0
E / V vs. SCE E / V vs. SCE

Fig. 7.2.2 Effect of accumulation.
(&) 1 x 107%4 lipoamide, (B) 1 x 107°M lipoic acid
in 0.1 M ammonia buffer solution(pH 8.5).
{a) not accumulated, (b) accumulated at -0.6 V for
1 min without stirring, (c) accumulated at -0.6 V

for 1 min with stirring.
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Fig. 7.2.3 Effect of accumulation potential
on peak current.
2 x 1074M Co(II) in 1 M ammonia buffer
solution (pH 9.0).
(-0-)1 x 10" M lipoamide accumulated for 1 min,

(-®~-) 1 x 10-7M lipoic acid accumulated for 2 mih.
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at -0.6 V for 1 min,
(-@-) 1 x 10~ 'M lipoic acid accumulated

at -0.6 V for 2 min in 1 M ammonia buffer

solution(pH 9.0).

]



il

fiaf
i

A
[

(a

w

M

mn

B EY S
2R U R Z N
= A - R i
T & H K
- B HECD
ig.7.2.73 =
BEwmiE &0 Bk
Fo®gE®aE <
1 B ORI T )
E -7 B &HEE
REg, UXR7T X
Table 7.2.1 2K 7.

& <

& o

Y

14

THEmT 3
B &E 3 <
olE W B
B, U K7
n % Co(l
2. 5

B 7 X P ok % e oK

D E %%

E R E—-—IHGUWEE

D

f&
#

14

)

Rty

&

P

BE» e b &
w3 s % &5,
Sl ZE O AR
Fog#gkeE®gETE
k> THERT 3D
RN Y KRB VU
-7 EHEEC OB K
EH OE —
Fig.7.2.5@® ¢. U K
S I« 7

X &3 & E&D > H 0,

KEEE LR
E T 5 kR & E

BN k. O

BRUUBLTDR

n Yy R 7

17

I
]\
1

N
P
J
B-%3
¢)
~
~

»H, BE P10°F
Bl REH & E
D@l EREB TS

WwWT h OB ER

)

=z &

R

~

il

&Y

)

e

7K

o @&

2
&

i
St

ﬁB
ot

(o
~

n
o
)

el

N7
it

ESRES

§ o9 o o #H

»n

4

H

m ook O

—
N—r

£l

i

Sv

# om oo B OB W
et
RY

140

s .

%)%

»

B
oy
¥

o
¥
=2y

~{ ?_:;‘“
PR )\
~ry ~

g
B
t

(>

5
e

oa
~J
™D

R

it
ok o
I

O

a4
C“)
N

X B



i A
I)/u

0 1 ! ! ! !
0 2 4 6 8 10
Accumulation time / min
Fig. 7.2.5 Relation between accumulation time
and peak current.
2 x 10 4

"M Co(II) in 1 M ammonia buffer
solution(pH 9.0).

(a) 0.1, (b) 0.02 uM lipoamide.

Accumulation: at -~0.6 V.
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7.2.6 Relation between concentration of
lipoamide and peak current.
2 x 1074M Co(II) in 1 M ammonia buffer
solution(pH 9.0).
Lipoamide of (a) 0.1, (b) 0.01, (c) 0.001 pM order.

Accumulation: at -0.6 V for (a) 30 s, (b) 1, (c) 5 min.
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Fig. 7.2.7 Relation between concentration of

lipoic acid and peak current.
2 x 10°%M Co(II) in 1 M ammonia buffer
solution(pH 9.0).
Lipoic acid of (a) 0.1, (b) 0.01, (c) 0.001 nM order.

Accumulation: at -0.6 V for (a) 2, (b)) 2, (c) 5 min.



prred
M
BN

Table 7.2.1 Precision of peak current.

Lipoic Accumu. ip R.s.D. Lipoamide Accumu. ij R.S.D.
acid time time :

(pM ) (min ) ( pA ) (%) ( pM ) (min ) ( pA ) ( %)

0.1 2 12.4 6.0 0.1 1 22.9 5.4
0.02 2 2.3 4.2 0.02 2 6.2 6.4
0.005 5 1.4 5.3 0.005 5 2.9 6.6

2 x 107%M Co(II) in 1 M ammonia buffer solution(pH 9.0).

Accumulation: at -0.6 V.
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Table 7.2.2

Influences of coexisting substances.

146

Substance Concn. Sig.Ratio Substance Concn. Sig.Ratio
(M) % ( M) %
Cysteine 50 98 Cu(II) 50 102
100 30 100 94
Cystine 50 100 Pb(II) 50 89
100 69 100 81
BSA 1 x 107 °% 83 Ca(II) 50 87
5 x 107°% 54 100 83
Gelatin 5 x 107°% 98 Mn(II) 50 75
1 x 107 % 63 100 70
Triton 1 x 107°% 95 Ni(II) 50 110
X-100
2 x 107 9% 70 100 114
1 x 107 %s 0 Fe(II) 50 93
sDS 10 89 100 75
50 76

1 x 107 "M lipoamide + 2 x 10" %M Co(II) in 17 M ammonia buffer

solution({pH

Accumulation:

9.0).

1 min at -0.6 V.
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E / V vs. SCE

Fig. 7.3.1 Cyclic voltammograms of thiourea.
(a) 2 x 107%M thiourea,

(b) 2 x 107“M thiourea + 1 x 10-%M Fe(III),
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0.0 E/ V vs. SCE

7.3.2 Effect of reverse potential on cyclic
voltammograms for thiourea.

2 x 107%M thiourea + 2 x 107%M Fe(III) in 1 M
ammonia buffer solution(pH 9.2).
Reverse potential: (a) -1.0, (b) -0.6, (c) -0.2,

(da) -0.1, (e) -0.08, (£f) -0.05, (g) 0.00 v.
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Table 7.3.1 Peak current of catalytic hydrogen wave
by cyclic voltammetry.

Metal ion Thiourea Thicacetamide Phenylthiourea
lp Ep lp Ep lp Ep
( ma ) (v) ( mA ) (v) { ma ) (v)
Fe(IITI) 0.20 -1.41 0.36 -1.49 0.17 -1.4
Fe(IT) 0.19 -1.41 0.31 -1.49 0.12 -1.39
Co(II) 0.37 -1.45 0.89 -1.55 0.46 -1.53
Ni(II) 0.0065 -1.27 0.0095 -1.27 0.0093 -1.30
Mn(II) ———— ———— -———- -—— ——— ———-

2 x 107%™ metal ion + 2 x 107%M organic compound in 1 M

ammonia buffer solution(pH 9.2).
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0.0 -0.5 -1.0 -1.5

E / V vs. SCE

Fig. 7.3.3 Catalytic hydrogen wave of thiourea
after accumulation.

2 x 107%M thiourea + 4 x 107%M Fe(III) in 1 M
ammonia buffer solution(pH 9.2).

Solid line was obtained after accumulation for
30 s at -0.05 V.

Dot line was obtained without accumulation.
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+0.1 0.0 -0.1 -0.2 -0.3
EAccumu. / V vs. SCE
Fig. 7.3.4

Relation between accumulation potential
and peak current.

2 x 10~4M thiourea + 4 x 10~4M Fe(III) in 1 M
ammonia buffer solution.

Accumulation: 30 s, pH: (a) 7.9,

56
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0.0 -0.5 -1.0 -1.5

E / V vs. SCE

Fig. 7.3.5 Catalytic hydrogen wave of thiourea
at low concentration.

Accumulation: 1 min at -0.05 V.
(a) 0, (b) 2, (c) 4, (d) 6, (e) 8, (f) 10 x 10-9m
thiourea + 4 x 10‘4M Fe{III) in 1 M ammonia buffer

solution(pH 8.9).
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Concentration of thiourea and thioacetamide
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Fig. 7.3.6 Calibration curves for thiourea and
thiocacetamide.
Accumulation: 1 min at -0.05 V.

(-0 ~-) thiourea, (- @®-) thiocacetamide.
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Table 7.3.2

Reproducibility of peak current.

( 1072M )

Thiourea

Thiocacetamide

R.S5.D.
( pa ) (%)
5 5.3
4 11.1
0 10.6
8 17.8

4 x 10'4M Fe(III) in 1 M ammonia

(pH 8.9).

Accumulation:

17 min at -0.05 V.

buffer solution
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