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CHAPTER 11
EDTA TITRATIONS

The chelate effect is the observation that multidentate ligands form more stable

metal complexes than do similar, monodentate ligands.

ay4- gives the fraction of all free EDTA in the form Y4

(a) AtpH 3.50:
10-0.010-1.510-2.001(-2.691(-6.131(-10.37

aY4 = (10-3.50)6 + (103-50)510-0.0 +__+ 10-0.010-L3._10-10.37

= 2.7 x10-10

(b) AtpH 10.50:

10-0.010-1.510-2.001(-2.6910-6.131(-10.37
ay4- = (10-10:50Y6 + (10-10.50)510-0.0 + _+ 10-0.010-1.5...10-10.37 ~

0.57

(a) Kf = ay4-Kp = 0.041 x 10879 = 2.5 x 107

(b) Mg2t + EDTA = MgY?
x x 0.050 —x
0.050 —
x2—x = 25x107 = [Mg2'] = 45x10°M

[Ca2t] = 10-900 M, so essentially all calcium in solution is CaY?2".
1.95¢g
2- = -
[CaY*"] =1200.12 g/mol) (0.500 L) ~ 0-01949M

[CaY27] (1.949 = 10-2)

K¢ = (0.041)(1010:65) = [EDTA][Ca2t] ~ [EDTA] (10-9:00)

= [EDTA] = 0.010 6 M

Total EDTA needed = mol CaY2~ + mol free EDTA
= (0.019 49 M) (0.500 L) + (0.010 6 M) (0.500 L) = 0.015 04 mol

= 5.60 g NayEDTA - 2 HyO

g

H N H
Ho,c” ONT NN I NcoH

co;

0,C HsDTPA CO,

Neutral HsDTPA has 2 carboxylic acid protons and 3 ammonium protons. We
are not given the pKj, values, but, by analogy with EDTA, we expect carboxyl
pK, values to be below ~3 and ammonium pKa values to be above ~6. At pH 14,

we expect all acidic protons of DTPA to be dissociated, so the predominant
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species will be DTPA>-. At pH 3-4, nitrogen should be protonated, but carboxyl
groups should be deprotonated. The predominant species is probably H3DTPAZ-,

For HSOy, pK, =2.0. At pH 14 and at pH 3, sulfate is in the form SOA%'.

At pH 14, DTPAS- is apparently a strong enough ligand to chelate Ba2* and

dissolve BaSO4(s). At pH 3-4, H3DTPAZ- is not a strong enough ligand to
dissolve BaSOy4(s). An equivalent statement is that H' at a concentration of
10-3-10-* M competes with Ba2* for binding sites on DTPA, but H" at a

concentration of 10-14 M does not compete with Ba2* for binding sites on DTPA..

Now that you have seen my reasoning, I’ll provide some more information.
The pK, values for DTPA, beginning with the fully protonated HgDTPA3™, are

HgDTPA3* pK;=-0.1 COH HsDTPA- pKs=2.7 COH
H7DTPAZ" pKp;=0.7 COH H3DTPA%- pKg=4.3 NH*
HgDTPA* pK3=1.6 CO;H HoDTPA3- pK7=8.6 NH"
HsDTPA pKy4=20 COH HDTPA4 pKg=10.5 NH*

As pH is lowered from 14, the three nitrogen atoms are 50% protonated at pH

10.5, 8.6, and 4.3. The third nitrogen atom is not quite fully protonated at pH 3-

4. The predominant species is H3DTPAZ-, as I guessed correctly. The species
H4DTPA- and HyDTPA3- are also present to some exter:t in the pH range 3-4.

(a) mmol EDTA = mmol M”*
(Ve)(0.0500 M) = (100.0 mL)(0.0500 M) = V.= 100.0 mL

g) 100Y
® ™M= (3) - (00500M) - (_woj = 0.0167M
fraction original dilution
remaining concentration factor

(c) 0.041 (Table 11-1)

(d) Kr = (0.041)(1012.00) = 41 x 1010

(e) [MY”—4] = (0.0500 M) G—ggj = 0.0250M
IMY” -4 0.0250—x

[MP|[EDTA] X2
10.0
(f) [EDTA] = (0.0500 M) 5750/ = 238 103 M
100.0
[MY”—4] = (0.0500 M) [mj = 238%x102M
MY”-4  (2.38x102)

[M][EDTA] ~ [M7*](2.38 x 10-3)

=4.1x1010 = x=[M"]=7.8x107M

= 4.1 x 1010 = [M"+] =2.4 x 10-10 M
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11-7. Co2* + EDTA = CoY2 oy4-Kr = (1.8 x 10-5)(101645) = 5.1 x 1011

02026 M
Ve = (25.00) (%&STMJ =13.14 mL

14 —12.00 :
(a) 12.00mL: [Co2*] = (—13 113_14 : j(0-02026M) @g ggj

= 1.19x 103 M = pCo2+ = 2.93

25.
(b) Ve: Formal concentration of CoY2- is (ﬁ%} (0.020 26 M) = 1.33x 102 M

Co2t + EDTA = CoY?
X x 1.33 X 10'2—x
1.33x 102 —x

2 = ay4-Kf = x = 1.6 x107M = pCo?™ = 6.79

23.
(c) 14.00 mL: Formal concentration of CoY?2- is [%j (0.02026 M)

=1.30x102M
. . (14.0-13.14 4
Formal concentration of EDTA is T 3000 (0.03855 M) =8.50 x 10*M
CoY?] 1.30x10-2
2+ = [ = = -11
[Co™ ] = T EpTA Kb ~ 850 % 104 (5.1 x 1011) — 307107 M
= pCo?™ = 10.52
11-8.  Titration reaction: Mn2+ + EDTA & MnY?
Ke=oay4-Ke = = (4.2 x10-3)(101389) = 3.3 x 1011
The equivalence point is 50.0 mL. Sample calculations:
20.0 mL: The fraction of Mn2" that has reacted is 2/5 and the fraction remaining
is 3/5.
.0 .
[Mn?*+] = (%_Oj (0.0200 M) (%j =6.67x 103 M = pMn2+=2.18

50.0 mL: The formal concentration of MnY?2- is
25.0
[MnY?2-] = [mj (0.0200 M) = 0.00667 M

Mn2t + EDTA =& MnY2
x X 0.006 67 —x

0.006 67 — x

2 = ay4-Kf = x = 1.4x 107 = pMn2t = 6.85
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60.0 mL: There are 10.0 mL of excess EDTA.
10.
[EDTA] = (%) (0.0100 M) = 1.176 x 10-3 M

25.0
[MnY2-] = [85 0j(OOZOOM) = 5.88x 103 M

MnY?2-
Mn2t] = Y2l sy 00t = pMn2* = 10.82

[EDTAIK}

Volume (mL)  pMn2*+ Volume  pMn2* Volume  pMn2+
0 1.70 49.0 3.87 50.1 8.82
20.0 2.18 49.9 4.87 55.0 10.51
40.0 2.81 50.0 6.85 60.0 10.82

12
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11-9.  Titration reaction: Ca2t + EDTA = CaVY2-
K{c: ay4- K¢ = (0.30)(1010:65) = 1.3, x 1010

The equivalence point is 50.0 mL..  Sample calculations:

20.0 mL: The fraction of EDTA consumed is 2/5.
30.0 5.0
[EDTA] = [50 0] (0.0200 M) (45 Oj 0.00667 M

20.0 5.0
[CaY?] = [50 Oj (0.0200 M) [45 Oj = 0.00444 M

[CaY?
Ca2t] = - = 4.9, %1011 = pCa* = 10.30
(€] = Tepralk; ~ 47 pLa
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50.0 mL; The formal concentration of CaY?- is

[CaY2] = [%j (0.0200 M) = 0.00667 M

Ca2t + EDTA = CaY?-
X x 0.006 67 —x

00667 —
000x27 * = ay4-Kp = x = 7.05 x 107 M = pCa2* = 6.15

50.1 mL: There is an excess of 0.1 mL of Ca2™.
[Ca2*] = (—%IJ (0.0100 M) = 1.33x 105M = pCa?* = 4.88

Volume (mL)  pCa?* Volume pCa2* Volume pCa2*+
0 () 490 844 501 483
20.0 10.30 49.9 7.43 55.0 3.20
40.0 9.52 50.0 6.15 60.0 293
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11-10. There is more VO2* than EDTA in this solution.
[VO24] = (%j (0.0100 M) = 3.34x 105 M

90

[VOY?] = [599799—()} (0.0100 M) = 3.31x103M

K¢ for VOY2 = 10187, pKg for HgY2" = 10.37; pH = 4.00
vé = [voyz]
[Y*] = [V02+] K¢

H* [Y4
[HY3-] = I—}CH = 4.6% 1011 M

=198 x 10-17 M
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11-11.
A | B | C | D | E G

1 [Titration of Viy mL of Cy M Cu®* with C(ligand) M EDTA

2

3 |Cu= pM M Phi V(EDTA)

4 0.001 3.0 1.00E-03 0.000 0.000

5 |Vm= 4.0  1.00E-04 0.891 0.891

6 10 5.0 1.00E-05 0.989 0.989

7 |C(ligand) = 6.0, 1.00E-06 0.999 0.999

8 0.01 7.0  1.00E-07 1.000 1.000

9 |K = g.o| 1.00E-08 1.000 1.000

10| 1.75E+12 9.0 1.00E-09 1.001 1.001

11 |a(Y")= 10.0| 1.00E-10 1.006 1.006

12| 2.90E-07 11.0]  1.00E-11 1.057 1.057

13 K, = 12.0| 1.00E-12 1.572 1.572

14| 6.0256E+18 12.3| 5.01E-13 2.142 2.142

15

16 |A10 = A12*A14

17 |C4 = 10*-B4|

18 |D4 = (1+$A$10*C4-(C4+C4*C4*$A$10)/$A$4)/(C4*$A$10+(C4+C4*C4*$A$10)/$A38)

19 |E4 = D4*$A$4*$A$6/5A$8 | | | 3

14
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The spreadsheet below gives representative calculations for the pH 7.

A B | C | D | E F
1 |Titration of 10 mL of 1 mM Ca®" with 1 mM EDTA vs pH | =
2 [pH7 ]
3 |Cu= pM M Phi V(igand)
4 ~0.001 3.000 1.00E-03]  0.000] 0.000
5 |Vy= 3250,  5.62E-04 0.280! 2.801
6 10/ 3500/ 3.16E-04 0520,  5.196
7 |C(ligand) = 3750 1.78E-04]  0.698 6.982
8 0.001 4000  1.00E-04 0.819 8.186
9 |K/= 4500/  3.16E-05 0.940 9.404
10| 1.70E+07 5000/  1.00E-05 0.986 ~ 9.859]
11 |a(Y") = 5.500|  3.16E-06 1.012 10.121
12 3.80E-04 6.000/  1.00E-06! 1.057 10.567
13 |K= 6.500|  3.16E-07 1.185 11.855
14 | 4.4668E+10 7.000]  1.00E-07, 1.589 15.887
15 |A10 = A12*A14
16 [C4 = 107-B4 |
17 |D4 = (1+A$10*C4-(C4+C4*C4*A$10)/AS4)/(C4*A$10+(C4+C4*C4*A$10)/A$8)
18 |E4 = D4*A$4*A$6/A$8 ! | \ |

1

pCa
N w S [$)] » ~ oo (e} o

0 2 4 6 8 10 12 14
Volume of EDTA (mL)
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A | B | C D E | F
1 |Titration of EDTA.wit‘.hmee(ﬁgl” o
2
3 |Cu= M | M Phi Vi
4 0.08] 14.640' 2.29E-15 0.004  0.100; L
5 |v(iigand) = 12.844, 1.43E-13 0.200 5.004
6 50| 12.418, 3.82E-13 0.400/ 10.007
7 |C(ligand) = 12.066 8.59E-13 0.600| 15.004
8 0.04] 11.640. 2.29E-12 0.800| 20.003
o K= 10.860. 1.38E-11 0.960| 24.005
10| 1.75E+12 6.910, 1.23E-07 1.000| 25.000
11 |o(Y") 2.978, 1.05E-03 1.040| 25.999
12 2.90E-07 2.301] 5.00E-03 1.200] 30.000
13 |K; = i
14] 6.0256E+18 | T |
15 B
16 |A10 = A12*A14
17 |C4 = 107-B4 | L
18 |D4 = (C4*$A$10+(C4+C4*C4*$A$10)/$A$8)/(1+8A$10*C4-(C4+C4*C4*$A$10)/$A$4)
19 |E4 = D4*$A$8*$AS6/5A$4 § | | ]

An auxiliary complexing agent forms a weak complex with analyte ion, thereby

keeping it in solution without interfering with the EDTA titration. For example,
NHj3 keeps Zn2™ in solution at high pH, but is easily displaced by EDTA.

(@) B2 = KiKy = B1K2 = Ky = Bo/By = 103-63/10223 = 10140 = 25

1

1

(®) w2 = T T RS ~ 1+ 10223(0.100)+ 103-63(0. 100)2

Cu2t + Y4 & CuY?

K¢ = 1018.78 = 6,05 x 1018
ay4- = 0.81 at pH 11.00 (Table 11-1)

= 0.017

For Cu?* and NH3, Appendix I gives log B1 = 3.99, log B2 = 7.33, log B3 = 10.06,
and log B4 = 12.03. Therefore, ; =9.8 x 103, B = 2.1 x 107, B3 = 1.15 x 1010,
and B4 = 1.07 x 1012,

1

oCy2+ =

Kf = ay4- K¢ = 4.8¢ x 1018
Kt = ay4- acg+ Kf = 4.5, x 106

Equivalence point = 50.00 mL

(a) At0mlL, the total concentration of copper is Ccy2+ = 0.001 00 M and
[CuZt] = acy2+ Coyz+ = 923 x 10716 M = pCu?t = 15.03

1+ B1(1.00) + B(1.00)2 + B3(1.00)3 + B4(1.00)*

9.25 X 10-13
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49.0 50.00
(b) At 1.00mL, Coyp2+ = (50 OOJ (0.001 00 M) (51 00] 9.61 x 104 M
fraction original dilution

remaining concentration  factor
[Cu?*] = o2t Cop2t = 8.87x10°16 M = pCu2* = 15.05

50.00
(©) At45.00mL, Cou2+ = (5500()0] (0.001 00) [95 00] = 526x105M

[Cu2t] = acy2t Con2t = 5.04x 10-17M = pCu2t = 16.30
(d) At the equivalence point, we can write
Ccy2+ + EDTA = CuY?-

0.000 500 — x
x2
[Cu?*] = acy2t Cop2t = 9.6, X 10-18 M = pCu2*t = 17.02

= Kf =45 x106 = x = Cop2+ = 1.04 x 10-5M

(e) Past the equivalence point at 55.00 mL, we can say
5.
[EDTA] = (105080) (0.00100 M) = 4.76 x 105 M

[CuY2] = (15005%%] (0.00100 M) = 4.76 x 104 M
: [CuY?-] 3 (4.76 x 104

Kt = TCu[EDTA] = [Cu2'] (4.76 « 10

= [Cu2*] = 2.05 x 10-18M = pCu*+ = 17.69

- C[ML] B1MIIL] B P1lL]
17 @ aML = TGy T MBI+ BalLP) | 1+ BilL] + PalLP
[MLo] _ Ba[M][L]? BalL]?
OML2 = “Cyv T [MJ{I+BL[L] + Bo[L12} 1+ Bi[L] + B2L]?

(b) For[L] = 0.100M, B; = 1.7x 102, and By = 4.3 x 103, we get
app = 0.28 and onmr, = 0.70.

11-18. Let T = transferrin

K eT
(a) Fe3™ + T = FeT Kl:[—FgT][]’F]
K2 [FerT]
Fe3™ + FeT = FepT Ky = [Fe3H[FeT]

[Fe,T] + [FeoT]  [Fe,T]  [FeyT]
[FH[T] [Fe3*|[T]  [FST]

(b) K = = k1a *+ k1p
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1 [Fe3*|([FeaT] + [FepT])  [Fed*|[FeT] [Fe3*J[FepT] 1 1
K [FeyT] T [FeaT]l T [FerT] kap | kaa

o Beffl  [FeT) (e _[Fel]
(©) K1 ko0~ [Ee3[T] [Fe¥] [Beg®] ~ [Fe3I[T] [Fe>'] [Eey®] <1072

(d) Substituting from Eq. (A) into Eq. (C) gives

B [FeT]?
19.44 = T ZTFeT] - [FeaT]) [FexT] (D)
Substituting from Eq. (B) into Eq. (D) gives

])2 solve

B (0.8 —2[FesT - B

19.44 = T1T20.8 2[FerT]) — [FesT]} [FeaT] quadratic [Fe211=0.0773
equation

Using this value for [FepT] in Eqns. (A) and (B) gives [FeT] = 0.645 and
[T]=0.2773. N Iso kn tht‘kié:lFLaT]=60 hich tell

. . Now we also know that - " = 15c, T .0, which tells us

6.0 1.0
that [Fe,T] = (ﬁj [FeT] = 0.5532 and [FepT] = [ﬁj [FeT] = 0.0922.

Final result: [T]=0.277, [Fe,T]=0.553, [Fe,T]=0.092, [FesT]= 0.077.

11-19. In place of Equation 11-8, we write
[M(EDTA)]
[M]free [EDTA]

where [M]fiee 18 the concentration of all metal not bound to EDTA. [EDTA] is

the concentration of all EDTA not bound to metal. The mass balances are

Mgee + EDTA = M(EDTA) Kf =

CvPm
Metal: Mlfree + [M(EDTA)] = s+ VEDTA
C 1%
EDTA: [EDTA] + [M(EDTA)] = %

These equations have the same form as the first three equations in Section 11-4,
with Ky replaced by Kf, [M] replaced by [M]gee, and [L] replaced by [EDTA].
The derivation therefore leads to Equation 11-11, with Ky replaced by K}, [M]
replaced by [M]gee, and Cy, replaced by CEDTA.
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16.5]E4 = (1+$A$10"D4-(D4+D4"2*$A$10)/5A$4)/

(a) A | B | c | D [ E | F
1 |Titration of 50 mL of 0.001 M Zn** with 0.001 M EDTA/pH 10 with NH,4
i S
3 |Cu= pM M Mot ¢ - Vepra
4] 0001 8.115| 7.67E-09] 4.29E-04]  0.400  19.9814
5 |Vu= 12.014| 9.68E-13| 5.41E-08 1.000, 50.0000
6 50|  15.278] 5.27E-16] 2.95E-11 1.200|  59.9965
7 |Cepta = !
8 0.001] T
9 [K'= " |A10 = A12*A16*10"A14 o
10| 1.70E+11]A12 = 1/(1+A20*A18+B20*A18/2+C20*A18"3+D20*A18"4) |
11 |a(zn?) = ?'
12| 1.79E-05'C4 = 10°-B4 ’
13 |log Ki= D4 = C4/$A$12 | ]
14
15
16
17
18
19

a(Y) = [(D4*$A810+(D4+D4*2*5A$10)/$A$8 B
0.30|F4 = E4*$A$4*$A$6/$A$8
[NH§]= i
0.1
By = (Pe= Bs=  |Pa=
20| 1.51E+02 2.69E+04| 5.50E+06| 5.01E+08
(b) 20 - . _—
18 - i
. l
14
-
(o}
12
10 - ‘
8 _—’—’—’/// |
6.._I_I_I_l_|—'.l..l,,.14 TR [ A T [ W
0 5 10 15 20 25 30 35

Volume of EDTA(mL)
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A | B | c | D [ E | F

1 |Titration of 50 mL of 0.05 M Ni** with 0.1 M EDTA/pH 11/0.1 M Oxalate
2
3 [Cu= pM M [M] 0t ¢ Veora
4 0.005 6.97| 1.07E-07] 4.94E-03 0.008 0.210
5 |Vu= 7.00] 1.00E-07] 4.61E03 0.054 1.342
6 50 7.20/ 6.31E-08] 2.91E-03 0.324 8.106
7 |Coora = 7.50| 3.16E-08! 1.46E-03 0.618 15.461
8 0.01 8.00f 1.00E-08| 4.61E-04 0.868 21.696
9 |K" = 8.40| 3.98E-09| 1.83E-04 0.946 23.649
10 4.42E+13 8.80] 1.58E-09| 7.30E-05 0.978 24.456
11 [o(NiZ*) = 9.50! 3.16E-10| 1.46E-05 0.996 24.891
12 2.17E-05 10.50| 3.16E-11| 1.46E-06 1.000 24.989
13 |log K; = 12.80| 1.58E-13| 7.30E-09 1.000 25.000
14 18.4 14.00] 1.00E-14| 4.61E10 1.000 25.001
15 |a(Y*) = 15.00 1.00E-15| 4.61E11 1.000 25.012
16 0.81 16.00| 1.00E-16| 4.61E-12 1.005 25.123
17 |[Oxalate?] = 17.00] 1.00E-17| 4.61E13 1.049 26.229
18 0.1 17.40| 3.98E-18| 1.83E-13 1.123 28.086
19 [p1 = 17.60] 2.51E18| 1.16E-13 1.196 29.892
20 1.45E+05 17.80| 1.58E-18| 7.30E-14 1.310 32.753
21 |p2 = 17.90| 1.26E18| 5.80E14 1.390 34.760
22 3.16E+06 18.00| 1.00E-18| 4.61E14 1.491 37.287
23
24 [A10 = A16*A12*107A14
25 [A12 = 1/(1+A20*A18+A22*A1812)
26 |C4 = 10"-B4 |
27 |D4 = C4/$A$12
28 |E4 = (1+$A$10*D4-(D4+D4*D4*$A$10)/ $A$4)/
29 (D4*$A$10+(D4+D4*D4*$A$10)/ $A$8)
30 |F4 = E4*$A$4*$A56/$AS38 | \

11-21.

[L] + [ML] + 2[ML,] =

CvmIm
[L] + amL i+ L + 20"MLZ

Multiply both sides by 'y + Vi:

CLIn.
ML
CmVm

CLVL

'm+ VL - mtVL

[L1%m + [LIVL + amMLCMPM + 2oMmL,CM VM = CLVL

Collect terms

L

™M =

L ([L] - CL) = VM (HL] —omMLCM — 2aM1,Cm)
[L]+ amLCwm + 2am1,CM
CL—[L]
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Divide the denominator by Cp, and divide the numerator by Cy to obtain ¢, the

fraction of the way to the equivalence point:

L
IC_I\}[- + omr Tt 20LML2

CLVL
- Cvmhm (L]
1-¢
L
11-22. 0.06 T y
0.05
< 0.04
c
S
F 0.03
T
3
< 0.02
o
o L
0.01
0.00 .
0 1 2 3
Volume of L added
A |B|] ¢c | D | E F G H [ J K
1 |Copper-acetate complexes ML and ML,
5
3 |Cu= pL | [ Ol O | O ¢ |Vligand)| [M] | [ML] | [ML,]
4 0.05| 4.0/0.0001] 0.983] 0.017| 0.000] 0.019]  0.019] 0.0491! 0.0008| 0.0000
5 [V = 3.0/ 0.0010] 0.852] 0.145| 0.004| 0.172] 0.172] 0.0419] 0.0071! 0.0002
6 10/ 2.8/ 0.0016] 0.781] 0.210] 0.008] 0.260]  0.260: 0.0381| 0.0103' 0.0004
7 |C(ligand). 2.6/ 0.0025| 0.688] 0.294| 0.019' 0.383]  0.383] 0.0331| 0.0141| 0.0009)
8 0.5 2.4 0.0040/ 0573 0.388_ 0.039 0.550]  0.550 0.0272| 0.0184|0.0019
9 |Br= 2.2/ 0.0063] 0.446: 0.478° 0076 0.766] 0.766] 0.0207| 0.0222] 0.0035
10 170] 2.0/0.0100; 0.319° 0.543: 0.137| 1.039.  1.039| 0.0145 0.0246| 0.0062
11 g2 = 19/0.0126] 0262 0560 0.178) 1.199 1.199/0.0117| 0.0250| 0.0080
12| 4300 1.8/0.0158] 0.209 0.564| 0.226] 1.377]  1.377|0.0092| 0.0248| 0.0099
13 1.7/ 0.0200] 0.164] 0.556] 0.280| 1.579|  1.579| 0.0071! 0.0240! 0.0121
14 1.6/ 0.0251] 0.125] 0.535] 0.340| 1.808|  1.808] 0.0053] 0.0226! 0.0144
15 1.5/ 0.0316] 0.094] 0.504| 0.403] 2.073] 2.073] 0.0039| 0.0209] 0.0167
16 1.4/ 0.0398| 0.069| 0.464| 0.467| 2.385  2.385) 0.0028] 0.0187]0.0189
17 1.3[0.0501] 0.049] 0.419] 0.532] 2.761| 2761/ 0.0019] 0.0164] 0.0208
18 1.3/ 0.0562| 0.041] 0.396 0563‘ 2.981] 2.981]0.0016] 0.0152] 0.0217
19
20 |C4 = 10A-B4 H4 = G4*5A34*$A$6/$A$8
21|D4 = 1/(1+$A$10°CA+3A$12°C4*C4) 14 = D4*$A$4*$A$6/(3AS6+H4) |
22 |E4 = $A$10°C4/(1+5A$10"C4+5A$12°C4*C4) J4 = E4*SAB4*$AS6/($AS6+H4)
23 |F4 = $A$12*C4*C4/(1+3A$10*CA+$A$12"C4*C4) |K4 = FA*$A$4*5A$6/($AS6+H)
24 | G4 = (C4/$A$4+E4+2*F4)/(1-C4/3A$8) | |
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11-23.

11-24.

11-25.

11-26.

11-27.

11-28.

11-29.

11-30.

11-31.

11-32.

Only a small amount of indicator is employed. Most of the Mg?™* is not bound to
the indicator. Free Mg2+ reacts with EDTA before Mgln reacts. Therefore, the
concentration of Mgln is constant until all of Mg2* has been consumed. Only

when Mgln begins to react does the color change.

1. With metal ion indicators

2. With a mercury electrode

3. With an ion-selective electrode
4. With a glass electrode

HIn2-, wine red, blue

Buffer (a) (pH 6-7) will give a yellow — blue color change that will be easier to
observe than the violet — blue change expected with the other buffers.

A back titration is necessary if the analyte precipitates in the absence of EDTA, if
it reacts too slowly with EDTA, or if it blocks the indicator.

In a displacement titration, analyte displaces a metal ion from a complex. The
displaced metal ion is then titrated. An example is the liberation of Ni2* from
Ni(CN)%‘ by the analyte Ag*. The liberated Ni2+ is then titrated by EDTA to find

out how much Ag" was present.

The Mg2* in a solution of Mg2+ and Fe3* can be titrated by EDTA if the Fe3* is
masked with CN™ to form Fe(CN)%‘, which does not react with EDTA.

Hardness refers to the total concentration of alkaline earth cations in water, which
normally means [Ca2*] + [Mg2*]. Hardness gets its name from the reaction of
these cations with soap to form insoluble curds. Temporary hardness, due to
Ca(HCO3)», is lost by precipitation of CaCO3(s) upon heating. Permanent
hardness derived from other salts, such as CaSQy, is not affected by heat.

(50.0 mL)(0.010 0 mmol/mL) = 0.500 mmol Ca2*, which requires 0.500 mmol
EDTA = 10.0 mL EDTA.
0.500 mmol AI3* requires the same amount of EDTA, 10.0 mL.

mmol EDTA = mmol Ni2* + mmol Zn2*
1.250 = X +  0.250 = 1.000 mmol Ni?* in 50.0 mL = 0.0200 M
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11.33.

11:34.

11-35.

11-36.

Chapter 11

The formula mass of MgSOy4 is 120.37. The 50.0 mL aliquot contains

50.0 mL 0.450 g B .
(500 ij (12037 g/mol] = 0.373 8 mmol of Mg

37.6 mL of EDTA reacts with this much Mg2*, so the EDTA solution contains
0.3738 mmol /37.6 mL = 9.943 x 10-3 mmol/mL. The formula mass of CaCO3

is 100.09. 1.00 mL of EDTA will react with 9.943 x 10-3 mmol of CaCO3 =
0.995 mg.

30.10 mL Ni2* reacted with 39.35 mL 0.013 07 M EDTA, so Ni2" molarity is

Ni2] = (39.35 mL)(0.013 07 mol/L)
30.10 mL

25.00 mL Ni2* contains 0.427 2 mmol Ni2*, 10.15 mL EDTA = 0.132 7 mmol
EDTA. The Ni2* which must have reacted with CN™ was 0.4272 —0.1327 =
0.294 5 mmol. Cyanide reacting with Ni2* must have been (4)(0.294 5 mmol) =
1.178 mmol. Original [CN"] = 1.178 mmol/12.73 mL = 0.092 54 M.

= 0.01709 M.

For 1.00 mL of unknown:
25.00 mL of EDTA

fl

0.968 0 mmol

23.54 mL of Zn** = 0.5007 mmol

Co™" + Ni*' = 0.467 3 mmol

For 2.000 mL of unknown:
25.00 mL of EDTA = 0.968 0 mmol

©25.63mL of Zn® = 0.545 2 mmol

Ni*' in2.000ml. = 0.422 8 mmol

Co*" in 2.000 mL of unknown = 2 (0.467 3) — 0.4228 = 0.511 8 mmol. The Co*"
will react with 0.511 8 mmol of EDTA, leaving 0.968 0 — 0.511 8 = 0.456 2 mmol

EDTA. mL Zn needed = 0_0%;‘ ;g%nr;ngﬁllnL = 2145 mL
Total EDTA = (25.0mL)(0.0452M) = 1.130 mmol

 Mg2* required = (12.4mL)(0.0123M) = 0.153 mmol
Ni2t + Zn2t = 0.977 mmol

Zn2t = EDTA displaced by 2,3-dimercapto-1-propanol
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11-37.

11-38.

11-39.

= (29.2mL) (0.0123 M) = 0.359 mmol
0.618 mmol
: — _ — . D — —
= Ni2*=0.977 - 0.359 = 0.618 mmol; [Ni%*] 30.0 ml 0.0124 M

0.35
[Zn2+] = T%%Ol ~ 0.00718 M

The precipitation reaction is Cu®** + S — CusS (s).
Total Cu” used = (25.00 mL) (0.04332M) = 1.0830 mmol

Excess Cu?* = (12.11 mL) (0.039 27 M) = 0.475 6 mmol

mmol of §* = 0.607 4 mmol
[S*] = 0.607 4 mmol/25.00 mL = 0.02430 M

mmol Bi in reaction = (25.00 mL) (0.08640 M) = 2.160 mmol
EDTA required = (14.24 mL) (0.043 7 M) = 0.622 mmol
mmol Bi that reacted with Cs = 2.160 — 0.622 = 1.538 mmol
Since 2 mol Bi react with 3 mol Cs to give Cs3Bizlg,

mmol Cs* in unknown = 3 (1.538) = 2.307 mmol

2.307 mmol
[Cs7] = Z00im0L _ 09228 M.

Total standard Ba2* + Zn2* added to the sulfate was (5.000 mL)(0.014 63 M
BaCly) + (1.000 mL)(0.010 00 M ZnCly) = 0.083 15 mmol. Total EDTA

required was (2.39 mL)(0.009 63 M) = 0.023 02 mmol. Therefore, the original
solid must have contained 0.083 15 —0.023 0, = 0.060 13 mmol sulfur (which
made 0.060 13 mmol sulfate that precipitated 0.060 13 mmol Ba2"). The mass of
sulfur was (0.060 13 mmol)(32.066 mg/mmol) = 1.92g mg. wt% S = 100 x
(1.92g mg S/5.89 mg sphalerite) = 32.7 wt%. Theoretical wt% S in pure ZnS =

100 x (32.066 g S /97.46 g ZnS) = 32.90 wi%.



