Environmental Chemistry

Metal speciation, complexation: solution

1) Complexometric titration
a) Calculate the total hardness of the sample using the following equations:

Y.L, 264005
v, =~ 50

H (mol/L) = =0.0025 M = 2.5 mM

Where V, = volume of EDTA solution used (mL)
C, = concentration of EDTA solution (M)
V, = volume of sample (mL)
The water is classified as intermediate.
b) Goal: formula for [M] as a function of known concentrations and constants.
We define: H,EDTA = H,Y and [Y],; = [Y].dded

HY |[H*
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K;= Y- 10 eq. 1l
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[Y]oe = [IMY] + [Y] + [HY] + [H,Y] eq. 3

Express [HY] and [H,Y] using egs. 1 and 2 to get:

[V = (MY] + ) (1 Lk L1

KlKZ
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Introduce (1 +-[i—]- +ll?—]K—) = ayand solve for [Y]:
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Ymt —[MY]
[Y]= L om ]a eq.
H

[Mli = [MY] + [M]
[M] = [M], - [MY] eq.>5
We do not have the concentration of [MY], we need to express it as a function of the

total concentrations and available constants:

MYl
Kwy = Y] eq. 6

Substitute [Y] (eq. 4) and [M] (eq. 5) in eq. 6 to get
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Re-structure to the form of a quadratic equation: ax® + bx + ¢ = 0 with x = [MY]

(MY + [MY]([Y];or- [Mltot—;“—;) + [V][M]ie = 0

2
Solve equation for [MY]: x = —brab—tac.
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[MY] = eq.7

c) Calculate [MY] using eq. 7 above. pH 2 means [H'] = 10? M

For a successful complexometric titration, a high pH and high K are required (higher

concentrations of [MY]).

pH [MY] logKyy
0 10
2.96 10° M 10
6.2110" M 10

10 9.8310" M 10

5 43210 M 5

10 6.2110"M 10

2) Lead speciation
a) Speciation

[Pblec = [Pb¥] + [POOH'] + [PbCO,] = [Pb>](1 + 10° [OH] + 10°% [CO ])
(€O, = [CO; 1+ [HCO,]
Thus, [HCO,] = [CO, - [CO, ]

oo e [eot ]
K. =10 le;J lcoz‘ —lcoz‘

tot

K,ICO, T~ K,ICO, 1= [CO; TIH]

tot  _

Ka[C0§_] 10_10'3[CO§_]
s =4.1710°M

2_
C = =
| 03 ] Ka+[H+] 107"+ 10
Hence, [Pb],,.= [Pb**](1 + 1.26 + 6.50) = [Pb*"] * 8.76
IP_bzil =1.14* 10;mM

[PbOH*] =1.44* 1042 M




[Pb(CO,)aq] = 7.41 * 1042 M

b) Addition of EDTA
[Y]io: = [Y] + [HY] + [PbY] + [CaY]

As PbY is a strong complex: [PbY] =[Pb],,, = 10° M
[Y]iot - [Pblio = [Y] + [HY] + [CaY]

Acid-base equilibrium: _H[WL 10702

Complexation of Ca**: e _ qqu07

’ [Caz*][y]
[Ca*],o = [Ca**] + [CaY]
Since [CaY] << [Ca®*] ~ [Ca*] .

[Y]o = [Pb] o; = [v1(1+—U—)+[Cav]

—10.2

[Y]o = [PB] e = [VI(1+ —[:9,7) +10"°7[Ca”],,[Y]

[ = [Pb] i = [Y1(1+ 19,2 +10%7[Ca],,)
Solve for [Y] to get [Y] =1.98 * 10" M
[Pb] o = [Pb**] (1 + 10°3[OH] + 1062[C0 1+ 10%2[Y])

Solve for [Pb**] to get [Pb*] =8 * 10> M

3) Hydrolysis of Cu®* and complex formation with CO,*
Cr = [H,C05] + [HCO3-] + [CO; ]+ [CuCO,] + 2 [Cu(COy:]

. 2— .
The last two terms can be neglected. Thus, we first calculate the CO3 concentration

for pH =8:

2
1oy ], 1
Cr=[COT N+ L4y

(€O, 1=9.8*10°M

Now we can compute the individual Cu(ll) species:

[Cul; = [Cu™] + [CUOH'] + [Cu(OH),] + [Cu(OH), ] + [Cu(OH) ] + [CUCO,] + [Cu(COsy+]
[Cul = [CUPI(L+ R[HT? + By HT? # By[H'T? + R[HT* + Bics[COS 1+ BoeealCOL 1)

For pH = 8.0, we obtain the following distribution



Species Concentration (M) % Cu;




