Complexation Equilibria

* Typically Lewis Acid-Base reactions
Metal + Ligand = Complex Defined by formation constant, K

¢ Many metals form more complex coordination compounds,
containing several ligands. These may occur in a stepwise fashion

M+L =ML K,
ML + L = ML, K,
ML, + L = ML, Kq
ML, +L =ML, K,

« Multiple steps of these reactions can be combined using overall
formation constants ()

M + 3L = ML, B=

Formation Constants for EDTA

TABLE 11-2 Formation constants for metal-EDTA complexes

lon log K; lon log K, lon log K

Li* 295 Y+ 259" ™ 35.3

Na* 1.86 | 234" | Bi* 27.8

K* 8 Mn™" 25.2 Ce™™ 15.93
o . / Be'’ ; 25.1 P 16.30
Mg’ o 414 Nd® 16.51

,{%% Cca?? 29.3 Pm'” 169
st 295 Sm*’ 17.06

Ba®* 7.8 18.7 Eu™” 17.25

w Jo  @c Q@ Ra®" 74 VO3 15.5 Gd*” 17.35

s, Craoihots Chamonl Ansys. B 5S¢ 231" | Ag’ 720 | T 17.87
o b 1808 | TI 641 | Dy' 18.30
La** 15.36 | P 256" | Ho' 18.56

v 127 | Zn® 16.5 Er* 18.89

G 13.6° ca? 16.5 Tm'* 19.32

Mn?* 13.89 Hg™" 21.5 Yb** 19.49

Fe'” 1430 | Sn*” 183" | Lo 19.74

Co™ 1645 | Pp*" 18.0 Th*? 23.2

Nit 184 A 16.4 u* 25.7

cu®’ 1878 | Ga*' 217
T 21.3 In** 24.9

reaction M™° + ¥ = MY" . Viadwes in table apply at
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Complexation Equilibria

* In predicting the completeness of a reaction (complexation,
precipitation...), we need to account for all equilibria involving M
and L.

« Often specify conditions for a given system - Conditional Formation
Constants (K')

« Conditional Formation Constant for EDTA
EDTA = ethylendiaminetetraacetic acid, hexaprotic acid!

HgY2 = H* + HyY* Ky =1

HY* = H* + H,Y Ko = 3.16 X 102
H,Y = H* + HyY- Kgs = 1.02 X 102
HaY™ = H* + H,Y? Koy = 2.14 X 103
H,Y2 = H* + HY® Kgs = 6.92 X 107
HY3 = H* + Y* K, = 5.50 X 1071

¢ Predominant forms depend on pH (Fig 11-7).
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pH Dependence of EDTA Formation Constant

« Typically focus on fully deprotonated form (Y#):

. [MY™]
MM+ + Y4 = MYn-4 K, =a,K = m—+
Mn CEDTA
This is just like M™ + EDTA = MY™4, TABLE 11-1 Values of ays- for
. EDTA at 25°C and p. = 0.10 M
or looking at all forms of EDTA ool e e

» We can calculate K’; at any pH § - - .
. . 0 L3> 10
» We'd like to work where K’ is large, ! 14 % 107"
where is this? 2 Ll -
—_— 4 __2:|| - 48 [ i
e T _E'j_fs 5 29 % 1077
T —— g _6 i 1.8 x 107°
—— ~Ph= 7 3.8 % 1074
_g \“‘ 8 42 %1073

S ™M 9 0.041

8 10 0.30

11 0.81

10.040\! 2 mL 12 0.98

e 13 1.00

14 1.00

Volume added (mL)
Harris, Quantitative Chemical Analysis, Be

2011 W H Freeman

If it were only that easy!

What do we need to be concerned with when working with metal ions
and high pH?

M™ + nOH- = M(OH), (s)

How do we avoid this? Two options:
1. Work at low pH.

2. Add something to prevent hydroxide formation. Characteristics?
e Must bind more strongly than OH-
e Must bind less strongly than EDTA
*  Will keep M in solution until it can be complexed by EDTA

* Most commonly used auxiliary complexing agent is ammonia,
serves two purposes:
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How Do We Handle Complexing Agents?

Many metals form more than one complex with ammonia (and other
complexing agents)

[ML]

M+L=ML =K, =— 4
SRV

M + 2L = ML, B, KK, = M)

MILY

Since EDTA only binds with free M™, need to know fraction of M
present in the solution
_[M]_ [M]
Oyni =——=
Cn  [M]J+[ML]+[ML, ]

Use B equilibria to simplify:
[M] 1

:[M]+31[M1[L1+132[M1[L12 1+By [L]+B, [L]?

Now we arrive at a new conditional formation constant for a given
pH and [NH;] (or [L]):

aMm

Ky = o000 Ky

After equivalence point;

EDTA Titration Curves

Much like strong acid/base titration

(Figure 12-10)
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EDTA Titration Considerations

Requirements for indicators for complexometric titrations:

1. Must bind metal ion of interest

2. Must have different properties (color) in the bound and unbound
state

3. Must bind less strongly than the complexing agent (EDTA)

EDTA titration techniques: READ this section carefully.
» Direct titration

* Back titration
» Displacement Titration

¢ Indirect Titration
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