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APPENDIX 1

Gran's Plot for Determination of Equivaleace Poirt in the Determinatiorn

cf Chloride Ion.

The equivalence point in @ potentiometric titration was usually

obtained from the plot ¢f differénciate curves 4pH or 0¥ against volume
av AY

of the titramt added. The peslk on tuese curves corresponded to the point

of maximum slope of the mormal titration curve. Results obtained by this

method may be in error if /the titration curve was not symmetrical about

the equivalence point. For/ the accurate determinaticn, the Gran's plot

which transformed the curve into straight lines is necessary (47).

For Complex—FormationfI?tnation

When Vo cm30f a solution of a substance (&), with original

toncentration CAo’ is titrated with a solution uf a substance (B) of
concentration CBo’ a precipitate (AxBy) is formed according to the reaction.
XA -+ yB D Samennd A B i
Xy

As long as A is present in excoesu

(Ve=V) e ()



If the potential is given by

3 — ~~.0 ~e 4
E EA+2.JL RT.LOS CA ce e o0 e e

F
a,

=0 .
EA is a constant and can be written as

22 = 2.30RT_1log K eeeees .
A o F =
LAAL
which, together with equation (2) will give
T = i i © ¢
I 230 R.,l11 log (KA \,A)
!'IAL
or log(KO C,)= B ~'17, n,E
A A a7 o A
230 - RT
nAF
! Y7 E
C =, 10 A % 0 00
” K A
Equations (1) and (4) to gether gzive
C
_{k__ 1017 By X Bo (Ve-V)
33 Y v+v
o
which can be written mcre generally as
v 17 n (E-k ) = i v
(V°+V) 10 A 17 = K, (Ve V) e rareYete
When B is present in é@xcess
L, - L%y
V+V v,+V
o G
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(2)

(3)

(4)

(5)



58

CB = CBo - (V-Ve) savEbeeaien (6)

V+V
o

The concentration of A is then related to the concentration of b by

the equation

A B A B vi 8105 e e (7

where KT B is the solubility product of the precipitate A B
AX v X
Equations  (4), (6)and (7) give
i
K )X
U E T ( A3
KA C ~§
Bo (VwVe)fy
VHV )
which can be transformed to
% 17 n, (k,-E)
(Vv V) 10§ Aiat =k, (VaVe) (8)

Thus the equations (5) and (8) hold beforc and after the equivalence point,

respectively. In this study the suitable equations -are

E -~ 100
= i{ '»:) = -
F1 (Vo+ V) 10 54 kz(Ve V)
~400-E
R = [ - U
and Fz (Vo+ V) 10 59 kQ(V Ve)
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Gran's Plot for Determination of Equivalence Foint in the Determination

of Carbonate and Bicarbonate Ions.

If Vo cm3 of dibasic acid (H,A) with original concentration

CH A is titrated with strong acid concentration Cx
2
Thus |,
kl
H,A = Y T==
Kk”
HA- =/ e

and from equation (1) will give

C.
H A
aH+ ka 2

CHA

After the addition of V cm3 of acid

" CV
CHA- = X
V+V
o
v cVv
and CHOA CHA- 0 . X
i V+YV V+V

At the first equivalence point

where Ve is the volume of acid added when the “1xct
1
is reached.

(1)
(2)
(3)
(4)
(5)
(6)

cquivalence noint



Substituting in equation (5) will get

vIv_)
c =c(el

H.A xV+V
2 o

From equation (3), (4) and (7)

aH+ = ka R

£ 4+ C ./ /10771

[
+
(]

but

H H H
NVoi,=- ¥

therefore 10_PH = k’ ( i )
a =
V

kl—pH

vV 10 =k(V-—V)

2 81

aH+ = ka HA
CA2—
C
and CAZ— = X (V—V} )
V+V €1
o
2V
where C..- = C,62~- 0 C v
- & vo+v°xv+

At the second equivalence point

2 CAZ—Vo = CXVe2

s o000 s o0

90

(7)

(8)

9

(10)

(11)

(12)
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Substituting in equation (11) will get

L
Ci,~ . € 2 I (13)
bR ™ TREETR
(o]
From (9), (10) and (13)
i | ey
+ = k' "2
4y B
&
- (v = v), :
which gives 107" = _F T 7/ == TR (14)
= 3
747
<1

In determination the first équivalence point this equation should be

used in the form.

W -v) 1Pk - « Oy A (15)
e2 4 e1

and for the second equivalence point the -equation is rewritten to give

ks—pH
(V=v ) 10 AV =YY gy ol 2 mmmmewwae (16)
ey 6 €

After the second equivalence point has been passcd’

C+ = C V c,2- 0
- Xg+v - M SRy
0 0
(v -V )
= C =3
Y+ vV




i

= 107PH
au+ 10

(7 + V) yok-Pli |

Thus, equation (8) and
equation (16) and (17)

the suitable equations

92

1}
h
+
(@]
——
<
1
<l
(0]
/-

I
=
[e5]
~
D
<
o
~

. 17

(15) will give the first equivalence point and
give the second equivalence point. In this study,

are

]
Hi

ww) 100PE o w -v)
0 2 e

2

@/ baypioPi sk (v-v ).
e2 4 e1



APPERDIX ITII

A typical calculation for percentage of metal species

Percentage of cadmium species in surface water sample collected
on 12/10/79 was calculated as shown below and other metals species were
calculated similarily (Results were shown in Tables 3.15 and 3.16).

The chemical speciation for cadmium is

X - X : .
2+ [ + 1 x 1,0 e Bisoa]
[Cd J+ cdct” | + wCl] + [CdCl3j+!FdSOJ+[CdC03]w @d.dco3j+

L 2
A o G 2 g (N T B
[caoa 1+ [cacom, |+ feacom 3] + [Cd(CH) j +| caomct | = 100
Fs 2+] .
Let [Cd | = x ; and other cadmiun species were calculated from equation

shown below.

a3 WIAAR #3419

therefore [ML] = BML [M] [LI _YMYL
ML
s 20517 Yeg?tVerm
Then [caca™|™ Bgcrtlod1frT] Yea™a
Ycdcl™
= 10190 x 0.2724 0.217%0.654

0.706

1.5792 =



' [ 4] [ 2 Yo 2 Y-
cdct| = gchlztud [ [er])? Yea® Y1
Yeqct,

= 1008 (0.2726)% 0.217 x(0.654)°
0.956

= 0.4870 x
As the same calculation will give
lcac;] = o.1586 x [Gaso, | = 0.0702 x
[ caco, | = 0.0423 % [CdHCG;] = 0.0069 x
[caoﬁ*] = 0.0106 x [ca(ou)Z] = 0.0273 x
[ca(oa);] = 0 [@d(ou)iﬂ = 0
[CdOHCl] = 0.8847 x |

x + 1.5792 x + 0.4870 x +Q.1586 x + 0.0070 x + 0.0423 x

+ 0.0069 x + 0.0106 % + 0.0273 x + 0.8847 x = 100
4.2670 x = 100
x = 23.43

Hence, Cd

}Cd01+| «' 37,010 % [CdClz] = 11.41 %
'CdClsl - 3,72°% [pdsoé] - 1.64 %
| caco,| = 0.99 % CdHcogl = 0.16 %
| caon”| = 0.25%2 laow,] = o.es
|cdonc| = 20.73 [§d2+} = 23.43 %
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