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Stability Constants

Martell & Smith,1977:
Critical Stability
Constants

e Vol. 1: Amino Acids

e Vol. 2: Amines

e Vol. 3: Other Organic
Ligands

e Vol. 4: Inorganic
Complexes

e Vol. 5: Supplement
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Ethanedioic acid (oxalic acid)

Log K Log K Log K AH

Equilibrium 25°, 0.1 25°, 1.0 25°, 0 25°, 0

* HL/H.L 3.82 $0.04 3,55 $0.02 4,266 *0.001 1.60 *0.06
3.55040.05  3.80° 0.52¢
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,/ ~——Sources: Stumrga n, 3 o

Table A6.1. (Consinued)

d.

OH o3~ 503" Q- Br- F- NH,
AP AIL 9.0
AL, 187 P 26 AlL 7.0
AL,  27.0 g 3 _ _ AlL, 126
AL, 330 . AL, 167
ALL, 421 e From Morel & Hering, 1993 AL 192
All,;'s 335
Fe'* Fel 11.8 Fel 4.0 FeL 1.5 Fel 0.6 Fel 6.0
Fel, 223 Fel., 54 Fel., N Fel, 10.6
Fel, 344 Fel, 13.7
Fe,l, 25.0
FelL,s 427
FeL,-2 388
Mn®* MoL 34 MnHL 12.1 MnL 2.3 ML 0.6 MnL 1.3 MnL 1.0
Mok, 58 Mnl's 104 MnL, 1.5
Mnl, 7.2
MnL, 1.7
MnL,-s 12.8
Fe?t Fel. 4.5 PelL-s 10.7 Fel. 2.2 Fel 1.4
Fel, 14
Fel, 110
Fel,'s  15.1
Col* CoL 43 CoL-s 10.0 CoL 2.4 Col. 0.5 Col 1.0 CoL 2.0
CoL, 9.2 Col, 3.5
Col, 105 Cobl, 44
Col,-s 157 Col, 5.0
Ni?* NiL 4.1 NiL-s 6.9 NiL 2.3 NiL 0.6 NiL 1.1 NiL 2.7
NiL, 9.0 Nil, 4.9
Nil, 2.0 NiL; 6.6
David Rsgkkowmrzr . CEE 680 #28 NiL, 417
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Sources: Stumm & Morgan, 2" Ed
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Po >
'5’ TABLE 5.1 (continued)

Symbol for

Equilibrium

Constants log K at 25°C !
a-AJOH)s(s) + 3H* = AP* + 3H,0 J 8.5 0
A{OH),(amorph) + 3H* = AP* + 3H,0 "o 10.8 0
CuO(s) + 2H* = Cu’* + H,0 *K.o 7.65 0
Cu?* + OH™ = CuOH"* K, 6.0 (18°C) 0
Cu?* 4+ 20H~ = Cu(OH), K, 12.8 1
2Cu?* + 20H™ = Cu,(OH)Z* K,, 17.0 (18°C) 0
Cu?* + 30H™ = Cu(OH); K, 15.2 0
Cu®** + 40H~ = Cu(OH)3" K. 16.1 0
Zn** + H,0 = ZnOH* + H* *K, — 896 0
Zn*t + 2H,0 = Zn(OH), + 2H* *5, -169 0
Zn** 4 3H,0 = Zn(OH); + 3H* 8, -284 0
Zn** 4+ 4H,0 = Zn(OH); + 4H* *5, —412 0
ZnO + 2H* = Zn** 4+ H,0 *K.o 11.14 0
Zn(OH)i(amorph) + 2H" = Zn’** + 2H,0 *K oo 12.45 0
Cd?** + H;O = CAOH* + H* *K, —-10.1 0
Cd2* + 2H,0 + Cd(OH),(aq) + 2H* *8, —-204 0
Cd** + 3H,0 = Cd(OH); + 3H* g, <—-333 0
Cd?* + 4H,0 = Cd(OH); ™ + 4H" *B, =474 0



Reconciling the constants: Al(OH);

S&M:3' Edition S&M:2nd Edition
 AlL; s 10335 e a-Al(OH),(s) + 3H* =
AILy(s) _ 1033 Al? +3H,0
Ao 3 e =S
: o5 [A17]
107 =[4I”][OHT =[Al+3]KV%LI+]3 1™ = (H T
[AI+3] — 10—33.5 (10—14)3[H+]3 [Al+3] — 108.5 [H+]3
log[Al7]=8.5-3pH —. — log[A4l"]=8.5-3pH

David Reckhow CEE 680 #28 6
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Metal Hydrolysis

® Case for iron

e +2H"
Fe(H,0)*3 < FeOH(H,0)."? < Fe(OH),(H,0),"
T

+
B + 4H*

Fe(OH),;(H,0); <— Fe(OH),(H,0),

4

Fe(OH); (s)
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FeOH(H,0).*
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Fe(OH),(H,0),*
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Metals and acidity

Metals increase the acidity of water

Greater as:

e Metal charge increases

e Metal radius decreases
As acidity increases, the predominant species
progresses down the list

e Aquo ion

e Hydroxo complex

e Hydroxy-oxo complex

e Oxo complex

David Reckhow CEE 680 #28
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Oxydation state

VI

VII

VII
Fig 6.4a -1
Davil(?g.262
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" %k Kl e o [zn(omy [H]

1 [Zn*]

A measure of the extent/strength of hydrolysis

e The first hydrolysis constant pK, of an aqua metal ion is
dependent on the ionic charge and radius of the metal ion. The
pK, values of the aqua metal ions, studied here at 25°C follow,
the order:

« Pb(7.8) ~ Cu (8.0) <Zn (8.96) < Co (9.85) < Ni (9.86) < Ag (11.1)

Pb2+
Pg.262
Fe-3+ AI3+ Cu2+ 1 Mg2+
0 21 4 l 6 l 8 10 1 12
| | | I | ! L p*£,

David Reckhow CEE 680 #2¥ 13



Complexation of hydroxide?

* Pb(7.8) ~Cu(8.0) >Zn (8.96) > Co (9.85) > Ni (9.86) > Ag (11.1)

1A
11A

B .
B

Periodic Table of the Elements

Atomic
Number
Symbol
Name
Atomic Mass
4 5 6 7 8 9 10
IIIB IVB VB viB viiB o VIl ——
3B 4B 5B 6B 7B 8
22 23 24 25 26 27 28
Sc Ti V Cr Mn Fe Co Ni
i i i Iron Cobalt Nickel
44,956 47.88 50.942 51.996 54.938 55.933 58.933 58.693
39 40 41 42 43 44 45 46
Y Zr Nb Mo Tc Ru Rh Pd
Yttrium Zirconium iobil i i i F i
88.906 91.224 92.906 95.94 98.907 101.07 102.906 106.42
72 73 74 75 76 77 78
Hf Ta W Re Os Ir Pt
Hafnium Rheni i Iridium Platinum
178.49 180.948 183.85 186.207 180.23 192.22 195.08
104 105 106 107 108 109 110
Rf Db Sg Bh Hs Mt Ds
Rulherfurdlllm Dubnium Seaborgium Bohrium Hassium
[261] [262] [266] [264] [269] [268] [269]

11
IB
1B

29
Cu

Copper
63.546

47

Ag

Silver
107.868

TQAu

Gold
196.967

111
R

[272]

12

B

2B
30

Zn

Zinc

65.39

4BCd

Cadmium
112411

Meitnerium Darmstadtium Roentgenium Copernicium ..
[277]

Lanthanide
Series

Actinide
Series

Alkali
Ea

Transition
Metal

e T T Bt e e



Stability Constants

* Addition of a Ligand

L z =
> ML L& SML, -+ L& SML -+ L > ML

+.
B
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 Sta bility Constants

* Addition of protonated Ligands

HL HL HL HL
> ML L& SML, -+ L& SML -+ L > ML

+.
B
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"EDTA

Hexadentate Ligand

e Ethylenediamine Tetraacetic Acid
» Free form

HOOC—CH,

 Interest to Env. Eng.

Used in pollutant analysis
Model for NOM

Used for controlling scale
Huang et al., 2000 [JEED 126:10:919]

From: Butler, 1964

CEE 680 #28
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CH,—COOH
N—CHy;—CH;—N

HOOC—CH, CH,—COOH




Ni-hexammine )5 P I N,

NHj

Tris(ethylene) diamine
nickel (II)

|n tris(ethylene diamine) nickel (II),l

CH,
/N
NH, ?Hz
CHy— NI --|-—-——=—= NH,
/ \Ni// |
/ N/
CH,—NHg - — |- NH,
Butler, 1964; pg.374 . NH,  CH,
N
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From: Morel &
Hering, 1993
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Hydration shell contact
type

OH,

H3N\C -
u
HN-"

OH,
monodentate ligand

i
Qo0

307 )
o\’ N
2

F
o~ |e

1
0O O_-=0

polydentate ligand

ion pairs

Shared hydration

shells

H
~N

lon contact type

OH,
H

H,e~ N~ N~ch,
u /

c
H,CaN

H

H

OH,

bidentate ligand

polynuclear complex



- Development of alpha

Recall:

_ _ |zn(on), ] ML)
P 2_K1K2_[Zn+2][OH‘]2 b [M][LY
So:

_ [ML,] _ [ML]

& > IM]LY d & [M][L] -
[ML,] - el 3 '

2] — L = O, L
= AL o =PI

David Reckhow CEE 680 #28 20



Alpha (cont.)

* Now let’s define, and alpha value

[M] ([M] [ML]+ [ML2]+---+[MLn]j1

“Te, [M]
JIMLY (ML IMLTY
( (M] [M] [M]j
L+ BILI+ ALY +-++ BILT)" p, = L]

[MI[L)

[ML,] _
David Reckhow CEE 680 #28 [M] - ﬂ2[ ]
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“Alpha (cont.)

Now other alpha’s can be determined

o ML) _[M][ML] 5 - [ML]
-Gy Gy [M] L MIL]
® And :aoﬁl[l’] %:ﬁl[l’]
[M]
o ML [M][ML,]
o C, C, [M] 5, _ ML
=, B,[LT © O [MILY
 So in general [j[\jl‘ji ] _ BILT
a, = ML, ) =a,p,[L]

CM

David Reckhow CEE 680 #2¥% 22
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- Summary
In summary:
= %4—] = (1 T ﬂ1[L] o ,Bz[L]z e /Bn[L]n )—1
a, = [AgL”] =a,f,[L]

. M , .

e So if we know [L] and the B’s we can determine the
entire speciation of the metal

e This is analogous to the o’s of the acid/base systems

» Where if you know [H*] and the os , you can determine the
entire acid/base speciation

David Reckhow CEE 680 #28 23



N

e To next lecture

David Reckhow CEE 680 #28 24
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