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92 II. CARBOXYLIC ACIDS
S @
- Ethanedioic a¢id (oxalic acid) o BZL
o - 25°, 0.1 (1? ,:o—] “is' g“ ,_,55': a zs‘:s, a
H HL/B.L 3.82 $0.04 3,55 70.07 4.266 70.00L 1.60 £0.06  25.1
3.55%10.05 3.80° 0.52° 18.0°
3 = HZL/RL.H 1.04 $0.10 1.04 x0.04 1.252 0.9 $0.1
b e
Stability Constants .
K ML/M.L -0.8 "
Rt Mt A,mz: .55
ML, /M. L 5.38 5.40
wg?* ML/M.L 2.76" 3.43"
2 H'LZ/H-L 4.24
VLR 1.66 3.00" €——
* Martell & Smith,1977: ) e =gl
oiioe o] MEL/M.HL 138 1.84
2
Critical Stability . Ui |33
4 scT "rn./)/(.v. e 1.25 2.54%
HLZ M. L 1.90
Constants oer . i
5 4 M(HL) /2. (HL) 1.7
. 2+
 Vol. 1: Amino Acids W . ;o aar
sc mL g 8.74 R
. ML, B .
e Vol. 2: Amines s e
M /m.L 1670}
. 3 MHL/M.HL 7.36"
* Vol. 3: Other Organic PO i Lt
F‘—> 3 /it 9.29
M. 8
ngands 1 m./n;.:. wn 4.3
2 W, /.1 783 7.9
) . W_:/H.L 10.3
___? VOI' 4' Inorganlc cet m./x;ﬁv.z 4.90 1«59} 6.52
. 8.26 7.91: 10.48
Complexes ] Wk R
HLA/H.L 11.75
3 E
* Vol. 5: Supplement 2 i, 516
Bt ML/M.L 5.36 s.043-0.3
/.12 9.04 8.700.¢
MLY/M.L 11459022
N‘L‘/M.LL 13.09
@ ommi 7.0
David Rackhow CEE 680 #28 b oose, 0.5; ©25°, 1.0; © 257, 3.0; P20°, 0.1; J 20°, 1.0; T 25°. 0.05
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un M
H0,CC0, R
(2221204 Ethanedioic ac¢id (oxalic acid) HZL
Metal Log K Log K Log K AR AS
ion Equilibrium 25°, 0.1 25°, 1.0 25°, 0 25°, 0 25°, 0
i  HL/H.L 3.82 $0.04 3,55 $0.02  4.266 +0.001 1.60 0,06 25.1
3.55°£0.05 3.80° 0.52° 18.0°
H,L/HL.H 1.04 $0.10  1.04 =0.04 1.252 0.9 0.1
1.02°:0.03 1.26°
< ML/M.L -0.8 "
2 ; . h .
Be ML/M.L 2 4.08h 3.355
ML,/M.L 5.38 5.40
24 2 h n
Mg ML/M.L 2 2.76 3.43
ML, /M.L 4.24
ca?t ML/M.L 1.66 3.00"
ML, /M. L 2.69
MHL/M.HL " 1.38 1.84
M(HL), /M. (HL) 1.8
st ML/M.L 1.25 2.54%
ML,/M.L 1.90
MHL/M.HL 2 1.11 1.57
H(HL)2/M.(H'L) 1.7
a2t ML/M.L 2.31°
se3* ML/M.L , 8.74% 6.861
ML, /MLy 11.31
ML, /M.L, 14,32
ML /M.L 16.70
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Tabie A8.1. {Coniinued)

_—Sources: Stumm & Morgan, 37|

132

Y oﬁ", co}- 503 o Br F- NH,
AP AL 9.0
All 18.7 AlL 7.0
.‘.1: 210 . Pg‘ 32‘ 6 AlL; 126
AL, 330 . AlL, 16.7
AL @l e From Morel & Hering, 1993 AL 193
Ally's 335
Fe't Fel K Fel 4.0 FeL L3 Fel 0.6 Fel 6.0
Fel, 23 Fel, 54 Fel, 2.1 Fel, 10.6
FeL, 344 Fel, 13.7
Fel, 250
FeLy's 427
Mn** Mol 34 MnHL 12.1 MnL 2.3 ML 0.6 Mol 1.3 MnL 1.0
Mok, 58 MnlL-s 104 MnL, 1.5
Mnl, 72
MnL, 17
Maly's 12.8
Fett FeL. 4.5 FeL's 10.7 Fel 22 FeL 14
Fel, 14
Fel, 110
Fely's  15.1
Co' CoL 43 CoL-s 10.0 CoL 24 Col [1%.] CoL 1.0 CoL 2.0
CoL, 9.2 Col, 35
Col, 10.5 ColLy 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, 5.0 NL, 49
Nil, 12.0 NiL; 6.6
David Ratkkowt7.2 CEE 680 #28 NiL, 477
NiL. 83
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e Po. 24>
'S 4=
g TABLE 5.1 (continued)

Symbol for

Equilibrium
Constants log K at 25°C 1
o-AOH),(s) + 3H' = AP* 4+ 3H,0 <— *Keo 85 0
ANOH),(amorph) + 3H* = AI** + 3H,0 Ko 108 0
CuOfs) + 2H* = Cu®* + H,0 *Keo 7.65 0
Cu?* + OH™ = CuOH* K, 6.0 (18°C) 0
Cu?* + 20H" = Cu(OH), K, 128 1
2Cu®* + 20H™ = Cuy(OH)3* K, 17.0(18°C) 0
Cu?* + 30H™ = Qu(OH); K, 152 0
Cu** 4+ 40H~ = Cu{OH)~ K, 0
T+ H,0 = Zn +H' — g, 0
Zn®* + 2H,0 = Zn(OH), + 2H* *8, 0
Zn?* + 3H,0 = Zn(OH); + 3H" *By 0
Zn** + 4H,0 = Zn(OH); + 4H"* *B 0
ZnO + 2H* = Zn** + H,0 *Keo 0
Zn(OH),(amorph) + 2H* = Zn** + 2H,0 *Kso 1]
Cd** + H,0 = CdOH* + H* *K, 0
Cd?* + 2H,0 + Cd(OH),(aq) + 2H* 8, 0
Cd** + 3H,0 = Cd(OH); + 3H* 4, 0
Cd?* + 4H,0 = Cd(OH);~ + 4H* *8, 0
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3H*%
Al +3H,0O

ZER W) )] — 033.5 =
14l._l? 2 K%o 8'5 =
s Lo )
108.5 — [Al 3]

ATT (o

335 +3 - _ +3 KW3
107 =[AI"][OH™] =[Al"™] 4{13 (H'T
[Al+3]:10—33,5(10—14)3[H+]3 [Al+3]:108.5[H+]3
log[41P]=85-3pH <=_———— —[log[Al”]=8.5-3pH
_

David Reckhow CEE 680 #28 6
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Fe(OH); (s)
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= e ———
HyvAdralvcic
HyUronrysis
+H+ +2H+
Fe(H,0),*3 <— FeOH(H,0),2 < Fe(OH),(H,
Z J e T I\ Z

+ 4H*

Fe(OH),(H,0), 3— Fe(OH),(H,0);

Fe o (b“

0
300
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////7 == e T —
NMo+alce
i IS}

nAd aridity
vViEild U dCilil

= |
ail Y
* Metals increase the acidity of water

* Greater as:
* Metal charge increases
* Metal radius decreases
* As acidity increases, the predominant species
progresses down the list

e Aquo ion P
e Hydroxo complex p
¢ Hydroxy-oxo complex -

e Oxo complex <—~) ()q*

David Reckhow CEE 680 #28 11
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I\1

—=

: [Zn""]

* A measure of the extent/strength of hydrolysis
¢ 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:

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

Flg 6.4c 24
Pg.262 &

Fes+ AI3+ Cu2+

4 6 8 10 12
] | I

David Reckhow
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18
VIIA
8A

Periodic Table of the Elements

Atomic
Number

Symbol
Name _}— .

: ¥

8 9 10

w ® % N _
24 25 26 27 28 - 29 3
Cr Mn Fe Co Ni( Cu

il wsed ol mw( e ‘
51.996 54938 55.933 58.933 58693 63546 2
42 43 44 Sl =T R Y
Mo Tc Ru Rh Pd Ag

Molybdenum Technetium  Ruthenium  Rhodium
95.94 98907 10107

74 75 76 77 78 79

W Re Os Ir Pt Au
gl W s Bl o O | Bl el i
18385 186.207 190.23 19222 195.08

106 107 108 109 110 11

Sg Bh Hs Mt Ds Rg Cn

Bohvium  Hassium  Meitnerium
1266] [264] 1269)

Ruthertordium
Lanthanide
Series.
Actinide
Series

Transition
Metal J

14
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-~

CLEaLlill . =
DLdUIIILy CUIll

Addition of a Ligand

L L
M > ML L > ML,

. .

David Reckhow CEE 680 #28
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a oavadantataTliaand
= 11CAAQuUClILALC 1_415c111u

o tthenediamine Tetraacetic Acid

« Free form

(

HOOCY-CH,  CH,—COOH
"N)—CH,—cH, ¥

HOOC,ACH, CH,—({00H

« 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

David Reckhow CEE 680 #28
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¢ Tris(ethylene) diamine
nickel (II)

Butler, 1964; pg.374

David Reckhow CEE 680 #28
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From: Morel &
Hering, 1993

David Reckhow

/

ion pairs

SO AR CBEe

k o)
(@' r@%

Hydration shell contact
type

OH,
monodentate ligand
[0}
i

Q0
TN
O\Fe/NJ v
o | N
7

0 0O_-=0
polydentate ligand

T BO

Shared hydration lon contact type

shells
OH,
N
™
Cu‘/ e
N—CH.
H
OH,
bidentate ligand
CHy
0
Ho.d O‘T—gCH3
2/‘Cu/\ i
0 “~oH,
chy N0
CH,

polynuclear complex

3/9/2020
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ML
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/

AlnhAa nt \
L.}

N lf‘n
I_\I'JI g \VuJUliL.

* Now let’s define, and alpha value

PO A —
e An

e )
[M] :([M]+[Aﬂ]+[1\ﬂ2]+---+[M,,]j_l

N

a, =

[M]

David Reckhow CEE 680 #28 [M]
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_NT .1 ) cits R / 1 ) . 1
“ INOW otner alpnas Cajll De determmined

rgz[/ml [M][ML] &~ 5 ML)
o, C, M LML

e M

e And =, B[] B %—
iy = BIL]
[M]
. =ML _ [M][ML)]
? CM CM [M] ﬂ — [mz]
= a,BLT bO[MLY
* So in general [?j/{l/ﬁ] _ BILT
a, = p 7

22
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T
S B S Dullllllal] .

(a/oz_% = (1+,81[L]+:82[L]2 +"'+ﬁn[L]n)7l B

ML
- =
e Soif we kArllo [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 o’s , you can determine the
entire acid/base speciation

David Reckhow CEE 680 #28 23
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log *Kl T

Fig 6.4b
O Pg.262

=10

||4+n A.LI

3+\
n\' *

| | i+
/ “
F83+ Pa4;\ 74+
i3+° A
* pg2+ Bi** h3+ \pr Th‘“’/
| )
N

%)

2.0
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