13-1.

13-2.

13-3.

13-5.

The chelate effect is the observation that multidentate ligands form more stable metal
complexes than do similar, monodentate ligands. This happens because the entropy
change when one multidentate ligand binds to a metal is greater than the entropy
when many smaller ligands are bound.

ay4- gives the fraction of all free EDTA in the form Y4-.
(a) AtpH 3.50:
10-0.010-1.5 _10-10.24

(10-3:50y64(10-3.50)510-0.04, .+10-0.010-1.5 . 10-10.24 = 3.4x10°10

Oyd- =
(b) AtpH 10.50, oty4- = 0.64
(a) Kf = ay4s Kf = 0.054 x 10879 = 3.3 x 107

(b) Mg2+ + EDTA = MgYQ'
x x 0.050 — x

0.050 — x

2 = 33x 107 = [Mg?t] = 39x10° M

(a) mmol EDTA = mmol M+
(Ve)(0.0500 M) = (100.0 mL)}0.0500 M) = V.= 100.0mL

(b) [M™] = (%) . (0.0500 M) - (%) = 0.0167M

fraction original dilution
remaining  concentration factor

(c) 0.054 (Table 13-1)
(d) Ki = (0.054)(1012.00) = 54 x 1010
(©) [MY"-4] = (0,05001\4)[%) = 0.0250M

[MY”" - 4] 0.0250 — x
[MM+][EDTA] = 2 =54x1010 = x= [MP+] = 6.8 x 10-7 M

(f) [EDTA] = (0.0500 M) (%%): 238 x 103 M

- 100.0
[MY"-4] = (0.0500 M) (To.o) = 238x 102 M
[MY?" -4 (2.38 x 10-2)
= = 10 — "
[M"+][EDTA]  [Mn+](2.38 x 10r3) 34 x 1010 = [M*] = 1.9x 10-10M




13-6.

13-7.

Co2+ + EDTA = CoYZ aqy4-K; = 4.7 x 101!

_ 0.02026 M . _
Ve = (25.00) (0——*—-_038551\4)—13,1411114
13.14 - 12.00 00
. 2 —
@ 1200 mL: [Co) = (245 )(002026M)[ %)

= L19%103M = pCo2+ = 2.93

(b) Ye: Formal concentration of CoY?- is 3§ ?g) (0.02026 M) = 1.33x 102 M

Co?+ + EDTA = (oY2

x x 133 x 102 —
-2 _
L3220 07% | oyhKe = 5 = 168X 107M = pCo* = 6.77
(c) 14.00 mL: Formal concentration of CoY2" is ggg) (0.02026 M)
= 1.30x 102 M

Formal concentration of EDTA is (% 4) (0.03855 M) =8.50 x 104 M

9.
[Co2#] = LEOYTL _ 33, 1011 M = pCo2+ = 1049

[EDTA] K¢
Titration reaction : Mn2* + EDTA ® MnY2 K =oy4- K = 4.1 x 1011
The equivalence point is 50.0 mL, Sample calculations
200 ml, : The fraction of Mn2+ that has reacted is 2/5 and the fraction remaining
is 3/5.

Mn2+] = (5 0) 0.0200 M) (5 0] 6.67 x 103 M = pMn2+ =2.18
50.0mL : The formal concentration of MnY?2- is
MnY2] = (33 0) (0.0200 M) = 0.00667 M

Mn2+ + EDTA = MnY?Z
x X 0.006 67 - x



0.00667 — x

x2

060.0 mL, : There are 10.0 mL of excess EDTA.

[EDTA] = (%g) (0.0100 M) = 1.176 x 103 M

= oy4- Kf = x = 1.28x 1077 = pMn2+ = 6.89

[MnY2] = @-—g:-g) (0.0200 M) = 5.88x 103 M

[Mn24] = [E"];?rﬁ' = 120% 10-11 = pMn?* = 10.92

Volume (mL) pMn?+ Volume  pMn2+ Volume  pMn2+
0 1.70 490 3.87 50.1 8.92
20.0 2.18 469 4.87 55.0 10.62
40,0 2.81 50.0 6.90 60.0 10.92
13-8.  Titration reaction: Ca2++EDTA = CaY?- Kf = oys- Kp = 1.76 x 1010

The equivalence point is 50.0 mL. Sample calculations :

20.0 mL : The fraction of EDTA consumed is 2/5.

[EDTA] = [gg—:g] (0.0200 M) é—jg] = 0.00667M

0.0 25.0
[CaY?2] = km] (0.020 0 M) [m) = 0.00444 M
24] = m = -11 y T
[Ca=*] [EDTAIK: 3.79 % 101! = pCa 10.42
50.0 mL : The formal concentration of CaY?- is
[CaY2] = Gg—g) (0.0200 M) = 0.00667 M
Ca2+ + EDTA = CaYZ
x x 0.006 67 - x
Qjmiﬁz_ﬂ = ayd-Kf = x = 6.16 x 1007 M = pCa+= 6.21
50.1 mL : There is an excess of 0.1 mL of Ca2+.
[Ca2+] = (%) (0.0100M) = 1.33x 10-5M = pCa?*+ = 4.88
Volume (mL) pCa2+ Volume  pCa2* Volume  pCa?+
0 (o) 49.0 8.56 50.1 4.88
20.0 10.42 499 7.55 55.0 3.20

40.0 9.64 50.0 6.21 60.0 2.93



13-13.

13-14.

13-15.

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 Zn?+ in solution at high pH.

(@) B2 = K1K = B1Ky = Ky = Bo/f; = 103637102.23 = 10140 = 25

1 1
b) Ocy2+= = =
®) e = LR 1+10223(0.100) + 1036301002 = 2017

Cu?t + Y4+ = CuYZ K = 101880 = 6,3 x 1018
oy4- = 0.85atpH 11.00 (Table 13-1)
For Cu?* and NH3, Appendix I gives logB; = 3.99, logf, = 7.33, logBs = 10.06,
and logPs = 12.03. Therefore, B} = 9.8 x 103, B2 = 2.1 x 107,
Bs =1.15x 1010 and B4 = 1.07 x 1012,
1

OCu2+ = = 84x10°9
! 1+ 1(0.100)+B2(0. 100)2+B3(0. 100)3+B24(0. L00)* g

Kf = oy4-Kf = 54 x 1018
KF = oyd- ocy2+ Kr = 4.5% 1010

Equivalence point = 50.00 mL

(a) At 0 mL, the total concentration of copper is Ccy2+ = 0.001 00 M and

[Cu2+] = ocu2+ Cou2t = 8.4 x 10-12M = pCu2* = 11,08

50.00
(b) At 1.00 mL, Cog2s = (50 n}o) (0.001 00 M) [51 00] 961104 M

fraction original dilution
remaining concentration  factor

[Cu2*] = cicy2+ Cop2+ = 8.1 x 10-12M = pCu2+ = 11.09

(©) At45.00mL, Cop2+ = [550%%] (0.001 00) @g gg) = 526x105M

[Cu2*] = ocu2+ Cop2t = 44%x 10013 M = pCu?t = 12.35

(d) At the equivalence point, we can write
Ccu2+ + EDTA = CuY?

. X (15300&) (0.001 00) — x
0.000500 =% _ 45,1010  x = Cey2e = 1.05%107M
X

[Cu2+] = oicy2+ Cop2+ = 8.9x 1016 M = pCuZ* = 15.06



13-16.

13-17.

(e) Past the equivalence point at 55.00 mL, we can say

[EDTA] = (%%-0—) (0.00100 M) = 4.76 x 105 M
[CuY2] = (%%] (0.001 00 M) = 4.76 x 104 M
cr o CuY2] _ (4.76x104)

£ = [CuZH[EDTA] ~ [Cu2*] (4.76 x 10-5)
= [Cu2*] = 1.85x 10-18M = pCu2* = 17.73

(a) oML = LM‘L’] - BI[M[LI _ B][L]
CM  [M]{1+By[L] + B2(L1Z} 1+ Bi[L] + B2[L]?
oner . = ML2] B2IMI[L]? _ B2IL)?
MLy =

CM 7~ [MJ{14B;[L] + B2(L12) 1+ Py[L] + B2[L]2
(b) For [L] = 0.100 M, Bl = 1.7x 102 and ﬁz = 43 %103, we get
omrL = 0.28 and omr, = 0.70

Let T = transferrin

K
(@) Fe3* + T = FeT Ky = [Fgﬁrr]
K> esT
FC?'+ + FET = FGZT K?' =[?é[jF+—]z_l[E3-ﬁ

(‘b) Kl - [FﬂaT] + [FEbT] - [FeaT] [FE'bT]
[Fe3*][T] [Fe3+)[T] * [Fe3+][T]

1 _ [Fe3*]([FeyT] + [FepTD) _ [Fe3*)[FeaT] [Fe3+)[FepT] _ 1 1

K2 = (Fe2T] [FezT] FerTl = kb Koa
e L T [FeTl Rl [FeTl
© Kakab= 3iyr] [Fo fFegT] ~ FeoIT] (FevBegT] 0
(d) Substituting from Eq. (A) into Eq. (C) gives

_ [FeT]2
1944 = (T T[FeT] - (FeaTD) [FeaT] P

= kia+kip




Substituting from Eq. (B) into Eq.(D) gives

solve

_ (0.8 — 2[FepT])? - =  [FeT]=0.0773
1944 = (T (08~ ofFesTD) - (FerTl TFeaT]  quaie | 2
equation

Using this value for [FeaT] in Eqns. (A) and (B) gives [FeT] = 0.645 and

k T
T] = 0.277 3. Kla = [Fi]. = : .
[T] 3. Now we also know that K1y = [FeyT] = 6.0, which tells us
6
7

.0
that [Fe,T] = (—-ﬁj [FeT] = 0.5532 and [FepT] = (%}] [FeT] = 0.0922.

The final result is [T] =0.277; [Fe,T] =0.553; [FepT] = 0.09;;
[FeaT] = 0.074.

13-24 Hin%, red, blue



