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Appendix 15
Kinetic Data for Oxidation and Reduction of Metals 

Table A16–1 Oxidation of Cu(I) with O2 as Fraction of Free Cu in Solution




S
Cl

log k
k
aCu
k/aCu









5
0.077983

3.62
4168.694
1032.21
4.03861

10
0.155966

3.35
2238.721
154
14.53715

15
0.233949

3.19
1548.817
76
20.37917

20
0.311931

3.05
1122.018
57.04
19.67073

25
0.389914

2.96
912.0108
35.11
25.97581

30
0.467897

2.94
870.9636
23.49
37.07806

35
0.54588

2.91
812.8305
16.65
48.81865

Table A16–2. The Oxidation of Cu(I) with O2 as a Function of Temperature and Ionic Strength



S
I0.5
5 ºC
15 ºC
25 ºC
35 ºC
45 ºC











5

3.19
3.51
3.62
3.97
4.25


10
0.20101
2.8
3.05
3.35
3.54
3.79


15
0.303046
2.73
3
3.19
3.49
3.65


20
0.406122
2.57
2.83
3.05
3.35
3.53


25
0.510256
2.31
2.61
2.96
3.24
3.45


30
0.615464
2.25
2.56
2.94
3.2
3.41


35
0.721762
2.14
2.46
2.91
3.17
3.33


43.67
0.908717
2.03
2.38
2.81
3.04
3.2


Table A16–3 The Oxidation of Cu(I) with O2 as a Function of Temperature and Salinity




Temperature (ºC)
S=10
S=15
S=20
S=25
S=30
S=35
S=43.67












5
2.8
2.73
2.57
2.31
2.25
2.14
2.03


15
3.05
3
2.83
2.61
2.56
2.46
2.38


25
3.35
3.19
3.05
2.96
2.94
2.91
2.81


35
3.54
3.49
3.35
3.24
3.2
3.17
3.04


45
3.79
3.65
3.53
3.45
3.41
3.33
3.2


Table A16–4. The oxidation of Cu(II) with O2 in NaCl and Seawater at 25 ºC
I(NaCl)
log k(NaCl)

Salinity
Log k(SW)












0.50
4.08
5.00
3.62




0.70
3.76
10.00
3.35




1.00
3.43
15.00
3.19




2.00
2.66
20.00
3.05




3.00
2.08
25.00
2.96




6.00
1.69
30.00
2.94






35.00
2.90






43.67
2.81




Table A16–5. The oxidation of Cu(I) with H2O2 in NaCl and Seawater as a Function of Ionic Strength

I (NaCl)
log k (NaCl)

Salinity
log k (SW)

SW corr









0.5000
3.8900

5.00
3.0400

5.3930

0.7000
3.6400

10.00
2.7700

4.8777

0.9000
3.5100

15.00
2.6100

4.5097

1.0000
3.3800

20.00
2.5600

4.2179

1.2500
2.7600

25.00
2.4700

3.9749

1.5000
2.6500

30.00
2.3900

3.7668

2.0000
2.4100

35.00
2.3400

3.5850

3.0000
2.2200






4.0000

2.1700







5.0000
2.3200






6.0000
2.4600














Table A16–6. The Reduction of Cu(II) with H2O2 in Seawater as a Function of Temperature and Ionic Strength
S
I
I0.5
25 ºC
35 ºC
45 ºC








5.00
0.10
0.32

2.12
2.48

10.00
0.21
0.45
1.51
2.25
2.98

15.00
0.31
0.56
1.87
2.35
3.01

20.00
0.41
0.64
2.07
2.72
3.49

25.00
0.52
0.72
2.29
2.93
3.57

30.00
0.62
0.79
2.40
3.21
3.56

35.00
0.72
0.85
2.59
3.33
3.87

Table A16–7. The speciation of Cu(II) in Seawater at 25 ºC

pH
log[Cu]
log[CuOH]
log[Cu(OH)2]
log[CuHCO3]
log[CuCO3]
log[Cu(CO3)2]

Log]CuSO4]



















5.0

–0.11

–3.26

–6.84

–1.80

–1.97

–5.83

–0.70

6.0

–0.15

–2.30

–4.88

–1.84

–1.02

–3.88

–0.74

7.0

–0.43

–1.58

–3.16

–2.12

–0.31

–2.17

–1.02

8.0

–1.18

–1.33

–1.91

–2.94

–0.12

–1.05

–1.77

9.0

–2.00

–1.14

–0.72

–4.14

–0.31

–0.62

–1.59

10.0

–3.32

–1.46

–0.04

–6.29

–1.47

–1.61

–3.91

Table A16–8.  The reduction of Cu(II) in NaCl, NaBr, and NaClO4+ NaCl or NaBr mixtures
mX
I
log kCl
log kBr

mX
I
log kCl
log kBr











0.25
0.25
1.75
2.39

2.00
2.00
3.78



1.00

1.51


3.00
3.74
3.44

0.30
6.00
2.40
2.42


6.00
3.61
3.47

0.50
0.50
2.37


2.25
6.00
3.60



1.00
2.38
2.24

2.50
2.50
3.98



3.00
2.58
2.38


3.00
4.01



6.00
2.47
2.36


6.00
4.08


0.55
0.55
2.60
2.75



3.90



1.00
2.58


3.00
3.00
3.89


0.65
3.00
2.65




4.07



6.00
2.52




4.24


0.72
0.72
3.00



6.00
3.83
3.69

0.75
0.75
2.74




4.07



3.00
2.81


3.50
3.50
4.18



6.00
2.76




6.00
4.19


0.80
1.00
3.26


4.00
4.00
4.26


1.00
1.00
3.00
2.73


6.00
4.14
3.58



3.09


4.50
4.50
4.14




3.22




3.90



3.00
2.94



6.00
4.24



6.00
3.35


5.00
5.00
4.15
3.52


3.00
2.97
2.67


6.00
4.26
3.50


6.00
3.25
2.89

5.50
5.50
3.91


1.20
1.20
3.38


6.00
6.00
3.97
3.40


6.00
3.26




4.18


1.50
1.50
3.39




4.05




3.61








3.00
3.65









3.62








6.00
3.59







1.75
1.75
3.51









3.42







1.90
1.90
3.59





































The values in bold were made in the pure electrolyte NaCl or NaBr. The other were with mixture of NaClO4 with NaCl or NaBr.


Table A16–9. The Effect of pH on the Oxidation of Fe(II) with O2 in Water and Seawater


Water



Seawater



5 ºC

25 ºC

5 ºC

25 ºC


pH
log k
pH
log k
pH
log k
pH
log k










7.36
–2.40
4.97

–4.94

7.41
–2.89
5.00

–4.50

7.50

–2.12
5.01

–5.02

7.60
–2.77
5.24

–4.35

7.61

–1.81
5.23

–4.82

7.65
–2.75
5.51

–4.26

7.72

–1.64
5.30

–4.62

7.75
–2.49
5.76

–4.16

7.85

–1.36
5.45
–4.28
7.76
–2.53
5.88

–4.26

7.92
–1.22
5.50
–4.20

7.77
–2.56
5.90

–4.17

7.97

–1.05
5.71

–3.91
7.84
–2.22
5.98

–4.33

8.04

–1.02
5.87

–3.68

7.88
–2.20
6.11

–3.92

8.08

–0.81
6.02

–3.31
7.99
–1.92
6.24

–3.87

8.10

–0.74
6.02

–3.39
8.00
–1.86
6.59

–3.09

8.20

–0.60
6.18

–3.09
8.05
–1.81
6.83

–2.68

8.24

–0.48
6.28

–2.80

8.10
–1.85
6.84

–2.69

8.33

–0.36
6.34

–2.88

8.21
–1.70
6.98

–2.62

8.38

–0.30
6.39

–2.67
8.24
–1.52
7.00

–2.39

8.48

–0.11
6.49

–2.54
8.29
–1.44
7.19

–2.15



6.59
–2.44
8.45
–1.09
7.20
–1.98



6.69
–2.29
8.51
–0.92
7.30
–1.83



6.80
–1.89
8.61
–0.77
7.45
–1.31



6.88
–1.84
8.69
–0.65
7.59
–1.18



7.00
–1.54
8.79
–0.47
7.74
–0.99



7.13
–1.17
8.96
–0.21
7.78
–0.78



7.14
–1.33
9.00
–0.12
7.93
–0.51



7.33
–0.96
9.01
0.10
8.00
–0.20



7.42
–0.62
9.15
0.31
8.01
–0.14



7.53
–0.38
9.31
0.58
8.04
–0.09



7.53
–0.35


8.30
0.32



7.60
0.09


8.57

0.65



7.64
0.06



8.80
1.01



7.73
0.28


8.93
0.86



7.74
0.36







7.75
0.28








7.82
0.36







8.00
0.64







8.09
0.71







8.20
0.70







8.35
0.87







8.39
0.91







8.68
0.98







8.87
1.07





Table A16–10. The Effect of IONIC strength on the Oxidation of Fe(II) with O2 in Seawater



log k


Salinity
I
I0.5
5 ºC
25 ºC







35.00
0.72
0.85
14.36
14.74

30.00
0.62
0.78
14.31
14.77

25.00
0.51
0.71
14.28
14.81

20.00
0.41
0.64
14.37
14.93

15.00
0.30
0.55
14.51
15.04

10.00
0.20
0.45
14.74
15.18

7.50
0.15
0.39
14.94
15.44

5.00
0.11
0.33
15.05
15.57

4.00
0.09
0.30

15.66

3.00
0.07
0.26
15.13
15.72

2.50
0.06
0.24

15.75

2.00
0.05
0.22
15.33
15.75

1.00
0.03
0.17
15.38
15.88

0.50
0.02
0.14
15.44


0.25
0.01
0.12
15.59
16.03

0.10
0.01
0.10

16.08

0.00
0.01
0.09
15.70
16.11

Table A16–11. The Effect of Ionic Strength on the Oxidation of Fe(II) with O2 in NaCl and NaClO4
I
log k




NaCl
NaClO4

0.05

16.00

0.10
15.86
15.94

0.50
15.40
15.53

1.00
15.43
15.50

2.00
15.41
15.58

3.00
15.66
16.00

4.00
15.84
16.54

5.00
16.11
17.04

6.00
16.58
17.46

Table A16–12. The Effect of Ionic Strength on the Oxidation of Fe(II) with H2O2 in Seawater.






log k
S
I
5 ºC
10 ºC
15 ºC
20 ºC
25 ºC
30 ºC
35 ºC
40 ºC
45 ºC













0.00
0.00
2.96
--
--
--
3.85
--
--
--
4.38

2.50
0.05
2.76
--
--
--
3.67
--
--
--
4.23

5.00
0.10
2.63
2.91
3.08
3.33
3.53
3.68
3.98
4.21
4.00

10.00
0.20
2.50
--
--
--
3.19
--
--
--
3.66

15.00
0.30
2.48
2.63
2.87
3.03
3.30
3.37
3.70
3.71
3.89

20.00
0.41
2.51
--
--
--
3.23
--
--
--
3.75

30.00
0.62
2.66
--
--
--
3.25
--
--
--
3.81

35.00
0.72
2.69
2.89
2.89
3.06
3.35
3.40
3.52
3.72
4.01

Table A16–13. The Effect of Ionic Strength on the Reduction of Fe(II) with S(IV) in NaCl and Seawater.
I0.5/(1 + I0.5)
log k(NaCl)

I0.5/(1 + I0.5)
log k (SW)







0.00
0.18

0.00
0.18

0.36
–0.19

0.32
–0.57

0.41
–0.31

0.39
–0.73

0.46
–0.39

0.45
–0.81

0.50
–0.29

0.49
–0.85

0.59
–0.33




0.63
–0.57




0.67
–0.54




0.69
–0.67










Table A16–14. The Effect of pH on the Reduction of Fe(II) with S(IV) in Seawater at 25 ºC
pH

log k





2.00

4.08

2.45

5.38

2.97

6.48

3.50

7.32

3.75

7.44

3.82

7.40

4.27

7.41

4.40

7.51

4.86

7.42

5.39

7.20

6.09

6.75

6.36

5.15

6.74

4.42

Table A16–15. The Fraction of Fe(III) Species as a Function of pH at 25 ºC
pH
Fe
FeCl
FeCl2
FeSO4
Fe(SO4)2
FeF
FeF2
FeF3
FeOH
Fe(OH)2
Fe(OH)3














1.0
–0.987
–0.521
–1.693
–0.598
–1.578
–1.629
–4.000

–2.602



1.5
–1.142
–0.614
–1.788
–0.503
–1.296
–1.247
–2.620

–2.260



2.0
–1.245
–0.706
–1.876
–0.514
–1.225
–0.908
–1.857

–1.866
–4.000


2.5
–1.339
–0.824
–1.996
–0.603
–1.284
–0.691
–1.283
–3.523
–1.460
–3.155


3.0
–1.442
–0.983
–2.155
–0.753
–1.425
–0.653
–0.989
–3.097
–1.062
–2.237


3.5
–1.569
–1.223
–2.398
–0.989
–1.658
–0.804
–0.940
–2.959
–0.690
–1.362


4.0
–1.842
–1.602
–2.770
–1.377
–2.041
–1.156
–1.148
–3.155
–0.461
–0.633
–3.523

4.5
–2.427
–2.167
–3.337
–1.932
–2.602
–1.706
–1.712
–3.699
–0.547
–0.220
–2.553

5.0
–3.280
–2.910
–4.081
–2.674
–3.341
–2.444
–2.553

–0.900
–0.073
–1.900

5.5

–3.796
–4.959
–2.569
–4.237
–3.337
–3.523

–1.368
–0.040
–1.369

6.0








–1.893
–0.066
–0.894

6.5








–2.495
–0.169
–0.497

7.0








–3.222
–0.395
–0.224

7.5








–4.000
–0.755
–0.084

8.0









–1.200
–0.028

8.5









–1.680
–0.009

9.0









–2.174
–0.003

Table A16–16. The Fraction of Fe(III) Species as a Function of pH at 25 ºC
pH

log k


pH
log k 



39.2 (M 


9.8 (M








2.0

4.146

1.5
4.846

2.5

3.757

2.1
3.870

2.6

3.478

2.7
3.794

3.5

2.270

3.1
2.642

4.5

1.521

3.7
2.500

4.9

1.583

4
2.423

5.1

1.611

4.4
1.963

5.1

1.553

5.8
1.911

5.2

1.407

6
2.122

5.6

1.925

6.7
2.565

5.7

1.951

7.4
3.261

5.8

1.838

8
3.902

5.9

2.020

8
3.926

6.5

2.859

8.2
4.044

6.6

3.144

8.4
4.501

6.9

3.342

8.7
4.845

7.2

3.382




7.5

4.037




8

4.581




