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ABSTRACT

Wagemann, R. 1994. Compilation of the
Thermodynamic data used by the
Chemical Speciation Software Package:
MACS80 (Version 5/1990-VAX and
MS-DOS®) 3rd edition. Can. Tech. Rep.
Aquat. Sci. 1991: iv+ 113 p.

The report is a compilation of the
thermodynamic data base used by the
MACS80 chemical speciation computer
program together with the defining chemical
equations and the chemical species
considered by the program. Also presented
are some comparative data between this and
thirteen other chemical speciation programs
as a way of verifying the algorithm used by
MACS80, as well as some error estimates of
the calculated species concentrations using
the Monte Carlo approach. A number of
equations are presented which the program
uses and pertinent explanations of their
function are given.

Key words: thermodynamic data base;
metals; chemical speciation, algorithms;
fresh water; equilibrium constants;
compilation.

iv

Wagemann, R. 1994. Compilation des
donnees thermodynamiques utilisees par
le progiciel de caracterisation chimique
MACS80 (Version 5/1990-VAX and
MS-DOSR

) , 3e edition. Can. Tech. Rep.
Aquat. Sci. 1991: iv+ 113 p.

Le rapport est une compilation des
donnees thermodynamiques utilisees par le
progiciel de caracterisation chimique
MACS80, ainsi que des equations chimiques
servant aux definitions et des especes
chimiques considerees dans le progiciel. On
presente aussi certaines donnees
comparatives tirees de ce progiciel et de
treize autres progiciels de caracterisation
chimique, dans Ole but de verifier
l'algorithme utilise par le MACS80, ainsi
que certaines estimations des erreurs sur les
concentrations calculees des especes
obtenues a l'aide de la methode de Monte
Carlo. On presente un certain nombre
d'equations utilisees par le progiciel et on
donne des explications pertinentes de leur
fonction.

Mots des: thermodynamique compilation;
metaux; determination d'especes chimiques;
algorithmes; eau douce; d'equilibre
chemique; compilation.



INTRODUCTION

This report is a compilation of the
thermodynamic data used in the MACS80
Chemical speciation computer program and
is a companion to the two previously
published reports on this program, namely
the source code (Wagemann et al. 1990) and
the User's Guide (Wagemann and Regehr,
1992).

EQUILIBRIUM CONSTANTS

Over 300 equilibrium constants used by
the MACS80 Chemical Speciation computer
program to calculate the concentration of
chemical species in a freshwater system are
given in Appendix 1 together with the
corresponding chemical equations used to
define these constants. The expressions for
the equilibrium constants are written in the
standard fashion with the right-hand side
components of the chemical equation in the
numerator and the left-hand side components
in the denominator. The equivalent
exponential pH expression below, is used
instead of the hydrogen ion activity
wherever hydrogen ion activity occurs in an
equation.

The literature sources for the constants
were carefully selected. Many constants
were taken from Smith and Martell's (1976)
"Critical Stability Constants", Vol. 4.
Sources for constants are listed under
"References for Appendices" at the end of
this report.

Only infrequently is logK also tabulated
in Appendix 1, as this quantity is easily
calculated by the user from the given K

1

values i.e. equilibrium constants.
The species are calculated as activities

by the computer program but the final
results can be obtained in terms of various
concentration units converted from activities
by utilization of the calculated activity
coefficients (')'). Activity coefficients are
calculated by the program using the
extended Debye-Hiickel equation (valid in
the range 0<1<0.2). "A" and "B" are
constants that depend on temperature, "Zj" is
the charge on the

'J

A xzjxIT
-log 10 Yi = 1 + B x ai x IT

ion, "a;" is the approximate radius of the ion
and "I" is the ionic strength of the solution
in units of molality as defined below:

1 " 2I =-L.m· x.z ,2 /

In the above equation "m," is the molality of..
the ion and "z,", the charge on the ion. "A"
and "B" were expressed as a function of
temperature as follows:

A = O. 4875 x e 1. 783 x 10 -3 X t

B = O. 3239 x e 5. 933 x 10 -4 X t

The numerical coefficients in the above
two equations were obtained by regression
of published numerical data of "A" and "B"
as a function of temperature (Garrels and
Christ, 1965; Manov et al. 1943). If the
ionic strength is not given, it is calculated
by the program using the following
relationship:



I = S x 1. 8 x 10 -5

"S" (mSiemens/cm), is the conductivity of
the freshwater in question. The above
equation was determined from published
conductivity and ionic strength data
(ponnamperuma, 1966), for fresh water
supplemented by similar data (produced in
our laboratory) for Lake Winnipeg.

For convenience and economy the
combination of activity coefficients
occurring in each equation is defined in
column 1 of Appendix l, by the single
symbol "<Xi ". The subscript index is the
same as that on the corresponding K's.

TEMPERATURE DEPENDENCE OF K's

The chemical species concentrations are
calculated by the MACS80 program. using
the equilibrium approach. In the computer
program the values of K are calculated from
the following equation:

C+ m
K = e 273.15+1

1

and the appropriate "C" and "m" values are
stored as a data base rather than the K
values themselves. Both "C" and "m"
depend on the standard enthalpy change for
the reaction, ~H~ (calories/mole). When
the latter quantity is zero, then Kt=K25 , i.e.
the equilibrium constant at 25° C. "m" and
"C'' are defined as follows:

m = -0.5032 x ~H~

C=1.69 X 10-3 x ~H~+2.302 X log., (K2.')

Where the enthalpy was not available for a

2

reaction, m=O in Appendix 3. Calculations
are performed for a specified temperature
only for those reactions for which m;Z:O.
For reactions for which m=O, the speciation
calculations are performed at 25° C (i.e.
K25) irrespective of the specified
temperature.

CHEMICAL SPECIES

The kind of species for which
concentrations can be calculated by the
program are listed in Appendix 2, together
with their ionic charges and radii and a
coding symbol (xJ in column 2 for each ion,
which simply identifies each ion more
economically than a chemical formula, The
numerical subscript on the symbol codes the
species. Although the calculation units of
the program are M, the program can
provide hard-copy results in six different
concentration units chosen by the user,
namely mglL, log(mg/L), M, log(M),
%mg/L, and %M. To avoid ambiguity,
metric concentrations are expressed in terms
of one of the elements making up the
species e.g. mg CIL for C03' rather than
mg C03'/L.

The appropriate formula weights
(conversion factors) to convert from molar
to metric concentration units used by the
program are also listed in Appendix 2.
Molar concentration i.e. molarity (M) [the
number of gram-molecular-weights (or
gram-ionic -weights) of a solute (or ionic
species) in a liter of solution] and molal
concentration i.e. molality (m) [the number
of gram-molecular-weights (or gram-ionic
weights) of a solute (or ionic species) in
1000 g of water] are not differentiated here
because they differ insignificantly at such
low concentrations of species as are found in
fresh waters.



The ai's are defined in Appendix 3, and
indexed (i) in terms of chemical equations.
The 'Yi's are defined in Appendix 2, and
indexed (i) in terms of chemical species.

VERIFICATION OF THE ALGORITHM

In a comparative study, Nordstrom et al.
1979, published input test data (river water
composition) and the calculated results based
on these data by 13 different chemical
speciation computer programs. Using these
test data, calculations were also performed
with the MACS80 chemical speciation
program and the output for a representative
sample of species was compared to results
obtained by the other programs, Table 1.
At 9.5° C, it was possible to compare
MACS80 results to those of 10 other
programs: EQUIL, EQ3, IONPAIR, MIRE,
MINEQL, REDEQL2, SOLMNEQ,
WATEQF, WATEQ2, WATSPEC. At
25° C, results could be compared to values
by one other program namely, MINEQL2.
Other programs either did not calculate at
this temperature, or imposed incomparable
conditions (equilibration with solid mineral
phases) not stipulated in the test and not
imposed by other participants. The results
obtained by the MACS80 program are very
comparable, at both temperatures, to those
obtained by the other programs.

ERROR ESTIMATES

The estimation of errors in the calculated
species concentrations arising from errors in
the equilibrium constants was investigated.
Error propagation formulas could not be
applied to this problem because of the
relatively large number of equilibrium
constants involved and their varied

3

combination (multiplication, division) in the
coefficients of the polynomial functions of
each species. To estimate the errors, the
Monte Carlo reiterative approach was used
on a representative sample of species. A
± 10 % error was assigned to each
equilibrium constant. The sign of the error
was changed randomly for each constant
after each iteration. Three hundred such
reiterations were performed initially, but 30
were found to be sufficient to produce the
same results as 300 reiterations. After each
iteration, the calculated concentration of
each species was obviously somewhat
different due to the change in sign of some
of the error terms associated with each
equilibrium constant involved in the
calculation of that species. After a sufficient
number of reiterations the mean and
standard deviations of the. species
concentrations were calculated and used to
determine the coefficients of variation,
Table 2. The calculated errors were
normally distributed (Chi-square, P>0.98).
The errors (Table 2) are different foe
different chemical species because the
number of equilibrium constants involved in
the calculation of each species is not the
same and their combination (division,
multiplication) in the coefficients of each
polynomial equation for the different
species is also not the same. Clearly, this
had a significant influence on the magnitude
of the error.

The pH also influenced the size of the
errors. The different species were influenced
differently by this variable but most
frequently, the errors increased with
increasing pH.
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Table 1. Comparison of species concentrations calculated with the MACS80 program and other
programs at 25° C and 9° C.

Species

------------------------------ -logM

Other Programs' MACS80
25° C 25°·C

Other Programs?
9.Y C

MACS80
9.5° C

C03=

HC03

Ca++
Mg++

S04=
CaC030

CaS04°
MgC030

MgS040
CaHC03+

MgHC03+

Cr-
Cu++

CU(OH)20
Cd++
CdOH+
H2P0 4

HP04=

H2S

HS-
S=

PO/'
Fe2+
FeOH+
CdHS+
Hg+2

5.01
2.93
___ 3

3.53
4.14

5.55
5.47

5.16
3.55
9.67
13.68
9.10
10.15

21.07

5.169
2.923
3.528
3.520
4.127
5.732
5.538
5.991
5.579
5.542
5.610
3.554
10.420
8.172
9.726
11.887
6.694
5.813
8.273
7.279
13.100
10.032
6.588
8.144
9.516

33.341

5.346 - 5.11
2.93 - 2.91

3.539 - 3.522
3.54 - 3.518

4.164 - 4.12
6.001 - 5.27
5.58 - 5.533

6.157 - 5.470
5.767 - 5.45
5.723 - 5.27
6.027 - 5.21
3.558 - 3.401

14.772 - 8.763
13.22 - 9.045

11.612 - 9.41
12.651 - 11.46
6.694 - 6.622
5.818 - 5.773
8.403 - 8.071
7.544 - 7.268

17.140 - 12.613
10.189 - 10.03
12.167 - 6.579
26.711 - 6.855

9.078
41.872 - 16.875

5.348
2.924
3.526
3.519
4.127
5.904
5.531
6.164
5.573
5.694
5.738
3.554

10.405
8.154
9.702

11.861
6.640
5.821
8.068
7.306

13.423
10.044
6.580
8.667
9.516

33.290

1 includes MINEQL2 program
2 includes EQUIL, EQ3, IONPAIR, WATEQF, WATEQ2, WATSPEC, MIRE, REDEQL2,

SOLMNEQ, MINEQL/REDEQL2 programs
3 data calculated under conditions not stipulated by test criteria and therefore not suitable

for comparison here, or data are not available.
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TABLE 2. Error estimates by the Monte Carlo reiterative procedure in the concentration of
some chemical species arising from a random + 10 % error in the equilibrium
constants.

---------- ± % Coefficient of Variation ---------

Species
Species Index No. pH 8.0 pH 7.2 pH 6.0

C03= Xl 4.3 4.2 3.8
HC03- X2 0.09 0.4 2.4
Cu++ XI8 2.9 2.5 0.46
CuC03 XI9 5.6 3.8 5.0
CU(OH)20 X22 0.81 2.7 3.3
CuA2 X30 4.7 4.1 3.1
Cd++ X40 1.4 1.6 0.58
CdC1+ X47 3.9 3.8 3.3
HP04= X55 0.54 1.5 3.2
HS- X60 0.32 1.4 3.2
S= X61 3.6 4.1 5.8

P04- X62 2.9 3.2 3.9
CdA2 X63 3.3 3.6 3.9
CaP°4- X64 4.6 4.9 5.6
Fe2+

Xn 0.04 0.04 0.06
FeHP040 X77 3.3 3.2 4.0
FeS040 Xso 2.8 2.8 3.0
Cd(HS)+ X82 2.7 3.3 6.7
Hg(OH)20 XS5 9.4 9.0 8.6

HgC12° X91 4.6 5.3 7.7
Hg(HS)20 X99 0.00007 <0.00001 <0.00001
Hg+2

X103 3.4 3.9 6.7
Mn+2

Xp9 0.91 0.91 0.94
Zn+2

XISO 5.1 5.5 6.2



Appendix 1. Equilibrium Constants.

DEFINITION DEFINITION K log10K K *Ref.

YHCO; [HC0
3

- ] lO-pH -6.385 4.124 x 10-7 5, p. 37

a l = a l • =K
YHzCO~ [HzC0 3O]

I

YCO" [C0
3
=] lO-pH 4.167 x 10-11 1, p. 134

a - 3 ·az · =Kz -
YHCO; [HC03- ]

z

YCa +zY80-z [Ca ++] [SO4=]
5.01 X 10-3 2, p. 136

a - 4 a3 • =K3 -
YCaSO: [CaS0

4
O]

3

YCa +zYco;' [Ca ++] [CO3=]
7.08 X 10-4 5, p. 37

a - 3 a4 • =K4 -
YCaCO~ [CaC0 3O]

4

_ YMg+zYC0
3
-Z [Mg++] [CO3=]

1.32 x 10-3 5, p. 37

as - as . =K
YMgCog [MgC0 3O]

s

a6 = YCa+zYco:' [Ca ++] [C03=]
-8.330 4.674 x 10-9 see notes

3 ~. =K
Solid CaC03 (calcite) 6
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Appendix 1. (cont'd).

DEFINITION

a l 2 = 0

2a7 = YCa +2YMg +2Y C0
3-

2

YCa +2YHC03-a =s
YCaHC03+

YMg +2YHC03-a =
9

YMgHC03+

YMg +2YS04=
a lO =

YMgSOJ

DEFINITION K log10K K *Ref.

[Mg "l [Ca "l [C03=f
2.00 x 10-17 2. p. 75

a7 '. . = K
Solid MgCa(C03) 2 (dolomite) 7

[Ca "l [HC03- ]
1.00 X 10-1 5, p. 37

as . =K
[CaHC03 'l

s

[Mg "l [HC03 - ]
1.22 x 10-1 5, p. 37

ag • =K
[MgHC0

3+]
.

9

[Mg ++][S04=]
5.62 x 10-3 2, p. 136

a lO .

[MgS04O]
= KlO

[H2C03]
-1.4025 3.958 x 10-2 5, p. 37

all . r.:
= Kll

2

a l 2 = 0

Y HF 0 3

Pc0
2

all

8



Appendix 1. (cont'd).

DEFINITION DEFINITION K . logloK K *Ref.

YCa +2YOH- a
13

. rCa ++][OH -] = K
5.01 X 10-2 1, p. 42

a 13 =
YCaOH+ [CaOH+] 13

_ YMg+ 2YOH- a . [Mg++][OH -] = K
2.63 X 10-3 1, p, 42

a
14

-

YMgOH+
14 [MgOH 'l 14

Y HSO- [HS04- ] lQPH 8.606 x 101 2, p. 134-135
a = 4

15 irIS' =K15YSO-2 [SO;]4

1 [H2S04o] lQPH -3.0 1.0 x 10-3 1, p. 233
a 16 =

Y - a 16 . =K16HS04 [HS04- ]

a l7 = YOR" a
17

. [OH -] lO-pH = K
l7

6.757 x 10-15 5, p. 1

YcIlc0
3
0 ° 5.37 X 106 2, p. 77

[CuC03 ]
a 18 = a 18 . = K

YCII +2Y Co-2 [Cu ++][C0
3
=] 18

3

9



Appendix 1. (cont'd).

YCuOH'a 21
=

Ycu·2

0YCu(OH)2
a22

=

Ycu'2

YCu(oH);
aZ3

=

Ycu·2

YCu(OH);
a24 =

YCu'2

a 19

DEFINITION

yCU(CO~);

Y2 -2YCu·2 C03

a20 = ycu·2

DEFINITION K loglOK K *Ref.

[Cu(C03) ; ]
1.023 x 1010 1, p. 140

a19 • = K19
[Cu ++][C0

3
; ]2

[Cu ++][OH -]2
4.467 x 10-21 2, p. 26

~. =K
.CuO(S) + H20 - Cu ~+ + 20H~ 20

[CuOH +] io-« 2.015 x 10-8 5,p.9
a

21
. = K

[Cu "l zr

[Cu(OH)~] 1O-2pH
2.09 x 10-14 1; p. 59

a22 .

[Cu "l
=K22

[Cu(OH);] 1O-3pH
1.58 x 10-27 3, p. 220

a23 • =K23
[Cu "l

[Cu(OH);] 1O-4pH
2.51 x 10-40 5, p. 6

a24 •

[Cu "l
=K24

10



DEFINITION K

[~U2((Jli);+] lO-2pH
=K

[~u ++]2 25

Appendix 1. (cont'd).

DEFINITION

YCU2(0H);+
a 25 =

y2 .
Cu+2

YCuSO~
a26 =

y80
4
-2Y CU +2

YCuHCO
J+a2? =

yCu +2 YCo
J
-2

YCuCI +
a 28 =

yCu ++ya:

a25 •

a26 .

a2? •

o
r~US(J4 ]

= K26
[S(J4=][~U "l

rcua 'l = K
28

[~u ++][~l-]

log10K K

2.69 X 10-11

2.24 X 102

2.0 X 1012

2.5

*Ref.

2,p.26

1, p. 142

16, p. 198

1, p. 286

a29

YCUCl
2
0

2
YCU ++Y a

a29 •
[~u~l~]

=K
[~u ++][~l -f 29

1.3 1, p. 286

_ 2
a30 - YCu ++ Y OH- a30 •

[~u ++][(JH -f _
.h--~ll....-_L-__ - K

30
~U((Jli)2(s) ~ Cu ++ + 2(JH-

4.786 X 10-20 S,p.6

11
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Appendix 1. (cont'd),

DEFINITION

(X39 = YCIl ++YC0
3
"

_ 2
(X40 - YCd ++Y OH"

YCdOH'
(X41 =

YCd"

YCd(OH)°z
(X42 =

YCd"

DEFINITION K log10K K *Ref.

[CLl(Ac)~]
4.27 x 103 2, p. 251

(X37 . [CLl ++][Ac -f = K37

(X [HAc] lOpH - K 5.715 X 104 6, p. 3

38 . [Ac .-] - 38

[CLl ++][C0
3
- ]

2.34 x 10-10 1, p. 140

a39 . _ = K39
CuC0 3 (S) - Cu ++ + C03-

[Cd ++][OH -f _ 4.467 X 10-15 5, p. 9
(X40 . - K

Cd(OH)2solid 40

[CdOH +] lO-pH 7.94 x 10-11 5, p. 9
(X41 . = K

[Cd "l 41

[Cd(OH)~] 1O-2pH
5.01 x 10-21 5,p.9

(X42 .
[Cd "l

= K42

YA e ·

YHAeo

YCIl(Ae)~

2
YCIl ++Y Ae"

(X38

(X37

13



Appendix 1. (cont'd).

DEFINITION DEFINITION K logloK K *Ref.

YCd(OHf [Cd(0H);] 1O-3pH -33.62 2.40 x 10-34 5, p. 9

a = 3
43 a43 . =K43YCd ++ [Cd "l

YCd(OH}' [Cd(0H);] '1O-4pH -47.599 2.520 x 10.48 19, p. 301

a = 4
. 44 a44 • =K44

Yca" [Cd "l

YCd OH+++ [CdzOH +++] lO-pH 3.98 x 10-10 5, p. 9

a = 2
45 Z

a45 . =K45
Y cr: [Cd ++]2

YCdSOJ [CdS04°]
2.88 x 102 5, p. 84

a46 = a46. = K
YCd"YSO = [Cd++][S04=] 46

4

YCdC/ + [CdCl 'l - K
9.55 X 10' 5, p. 108

a47 =
YCd "ya: a47 . [Cd ++][Cl-] - 47

YCdC/o [CdClzO] 3.98 x 102 5, p. 108

a48 = 2 a48 . = Kz
YCd"Y a: [Cd ++][Cl-f 48

14
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Appendix 1. (cont'd).

DEFINITION DEFINITION K log10K K *Ref.

YHP0
4
= [HP04=] l()pH

2.239 x 1012 5, p. 56

ass = aSS' = KssYpo = [P04=]4

YCdAe + as' [CdAc +] = K
8.51 X 101 6,p.6

a S6 =
YCd ..YAe - 6 [Cd ++][Ac -] S6

YCd(Ae)~
o . 1.41 X 103 6,p.6

a S7 =
[Cd(ACh]

a S7 . [Cd ++][Ac -]2 = KS7?
YCd ++Y-Ac -

YCd(Ae); [Cd(Ac)~]
1.48 x 102 6, p. 6

a S8 = 3 .
a S8 . [Cd ++][Ac -]3 = KS8

YCd ++Y Ac-

YH SO [HZS] lQP
H 1.293 x 107 5, p. 76

_ 2
a S9 - -- a S9 . = KS9

YHS - [HS -]

YHS - [HS -] lQPH 9.805 x 1013 S, p. 76

a 60 = -- a 60 • [S=] = K60
Ys:

16



Appendix 1. (cont'd).

. DEFINITION

a61 = Ys=Yca::

a62 = YCd H YC0
3
=

a63

a64

YCI/"Ys =

2
Y CI/'Ys =

a65

a66

2 2
Y c« "y OH-YC0

3
=

3 2 2
Y c« "y OH-Y C0

3
=

"17



Appendix 1. (cont'd).

DEFINITION

3 2_
(X67 = Y CII ++Y P0

4
=

3 2_
(X68 = Y Cd++Y P04=

4 6
(X69 = Y CII ++Y80/Y OH-

2 3
(X70 = Y CII ++ YCl -Y OH-

(X71 = 1

(Xn
YCaPO-

YCa ++YPO ~3

18



Appendix 1. (cont'd).

DEFINITION DEFINITION K loglaK K *Ref.

YcaHpof [CaHP04O] 550 5, p. 56

(X73 = (X73 . = K
YCa ++HPO rCa ++][HPO4=] 73

Y + [CaH2P04+]
31.9 13, p. 477

_ CaH2P04(X74 - (X74 . = K
YCa ++YPO ~3 rCa ++][H~04-] 74

(X75 = y
5

Ca ++ YPO ~3YOH- rCa ++]5[pO;]3[OH-] -58.33 4.7 x 10-59 13, p. 476

(X75 . = K
Ca5(P04)l0H) solid 75

(X76 = YCa ++ YHP0
4
= rCa ++][HPO4=]

-6.58 2.62 x 10-7 5, p. 56

(X76 .
CaHPO4solid

= K76

(Xn = y
3

Ca ++ y
2
PO -3 rCa ++]3[PO ~3]2

-28.92 1.2 x 10-29 13, p. 476
4 (Xn . = K

Ca3(PO4)2solid 77

(X78 = y4c a H y3PO -3YH+ rCa ++t[PO4=]3[H +] -46.90 1.25 x 10-47 13, p. 476
4 (X78 .

CaiPO4)#solid
= K78

19
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Appendix 1. (cont'd).

DEFINITION PEFINITION K loglaK K *Ref.

aS5 = y4
Mg ++ y3PO ~3 YH+ [Mg ++]4[PO4=]3[H 'l -41.8 1.58 x 1O-4z File I estimate

aS5 •
MgiPO4)3Hsolid

= KS5

YFeOH' [FeOH +] lO-pH -9.664 2.168 x 10-10 File 2 estimate

£rS6 =
YFez,

£r86 • = K
[Fe 2+] 86

_ YFe(OH)~ [Fe(OH)~] 1O-2pH -20.948 . 1.127 x 100ZI . File 2 estimate

£r87 - £r87 • =K87
YFe +Z [Fe 2+]

_ YFe(OH); [Fe(OH);] 1O-3pH -32.40 3.953 x 10033 File 2 estimate

£r88 - £r88 . =K88
YFe'2 [Fe 2+]

YFe(OH);- [Fe(OH);-]
3.981 x 109 5, p. 5

£r89 =
£r89 • [Fe 2+][ OH -]4 = K89

YFe'z

YFeSOJ [FeS04O]
1.585 x 102 5, p. 82

a90 = £roo • = K
YFez,Ysot [Fe 2+][SO;-] 90

21



Appendix I. (cont'd).

DEFINITION

(I91

(I92

(I93

YFeHPOJ

Y Fe2+YHPO;-

YFeH~04+

YFe 2
+YH~04

YFeAc

YFe2+YAc-

(I94 = Y Fe2+Y S2-

_ 2
(I95 - YFe 2+Y OH-

- y3 y 2
3-(I96 - Fe 2+ P0
4

22



Appendix 1. (cont'd).

lX97 = YFe2 +Ycot

lX98

DEFINITION

Y[Cd(HSn

Y[Cd 2')Y[HS-)

DEFINITION K loglOK K *Ref.

[Fe z+][C03
Z

- ]
2.484 x 10-11 5, p. 37

lX97 • [FeC0
3]solid

= K97

[CdHS+] - K 3.82 X 107 5, p. 77

lX98 • [Cdz+][HS -] - 98

23



Appendix 1. (cont'd).

DEFINITION DEFINITION K loglOK K *Ref.

_ Y[Cd(HS)~) [Cd(HS)~]
7.59 x 1014 5, p. 77

a99 -
a99 • [Cd 2+][HS -]2 = K99

Y[Cdz+)Y[HS-)

Y[Cd(HS);) [Cd(HS);]
4.368 x 1016 5, p. 77

a IOO =
a iOO • [Cd +][HS -]3 = K iOO3

Y[Cdz+) Y [HS-)

a = Y(HgOH+) [HgOH+] - K 3.98 X 1010 5, p. 9

101 aWl' -

YHgz·Y OH- [Hg 2+][OH _] 101

YHg(OH)z [Hg(OH)2l 6.31 x lOZ1 5, p. 9

a I02 =
2

a I01 • = K
YHg'zY OW

- [Hg +2][OH -]2 102

YHg(OH)3 [Hg(OH);]
7.94 x 1020 5, p. 9

a I03 = a I03 • = K
3

YHg,zY OW
[Hg+2][OH -]3 103

YHgzOH·3 [HgzCOH) +3]
5.01 x 1010 5, p. 9

a 104 =
2

a 104 • = K
Y Hg'zY OW

[Hg +2]2[OH -] 104

24
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Appendix 1. (cont'd).

DEFINITION DEFINITION K loglaK K *Ref.

YHg(NH3);2 [Hg(NH3);2]

1.10 x 1017 File 4 estimate

a l 11 =
2 a l 11 • [Hg +2][NH

3]2
= K111

YHg+2Y HN3
0

YHg(NH3);2 [Hg(NH3);2]

7.59 x 1017 File 4 estimate

a112 =
a l12 • [Hg +2][NH

3
]O = Kl123

YHg+2Y NH~

_ YHgAc + a [HgAc +] - K
1.86 X 105 File 5 estimate

a l 13 - (30°)

YHg +2YAc-
113 • [Hg +2][Ac -] - 113

YHg(Ach ° 3.09 x 109 File 5 estimate

a114 =
[Hg(Ac)z] (30°)

2 a114 . [Hg +2][Ac -] = K114
YHg +2y Ac-

YHg(Ac); [Hg(Ac);]
3.39 x 1013 File 5 estimate

a115 = (300
)

3 a1l5 • [Hg +2][Ac -]3 = K1l5
Y Hg+2Y Ac-

YHg(HS)2 [Hg(HS)~]
5.45 x 1037 5, p. 77

a116 =
a116 . [Hg +2][HS -f' = K116

(200
)

2
YHg+2Y HS-

26



Appendixl. (cont'd).

DEFINITION
--

YHgS04
a 1l7 =

YHg+ZY804=

a U 8 =
YHg(S04);z

2
YHg+ZY 804=

a 1l 9 =
Y HgAz

2
YHg'zY HA

_ 2
a l 20 - yHg"y OW

a l 21 = yHg"yS=

am = YHg " Y8 =

27



Appendix 1. (cont'd).

DEFINITION DEFINITION K logloK K *Ref.

_ YHSe03- [HSe03-] lOpH
8.03 1.07 x 10 8 5, p. 91

a l 23 - a 123 • = K123
YSe03' [Se03=]

1 [H
ZSe030] l()pH

2.40 2.51 x 102 5, p. 91
a 124 =

YHSe03-
a

124
• = K124

[HSe03-]

Y 2- [HzCSe03)~-]
2.20 1.58 x 102 5, p. 91

_ H2(Se° 3)2a
12S

- a
12S

• = K 1252
Y HSe03-

[HSe03-f

YH 2- [HzCSe03)~-] l()pH
8.12 1.38 x 108 5, p. 91

_ 2(Se03)2al26 - a 126 • = Kl26Y 3- [H(Se03)~-]H(Se03)2

Y 2- [Hg(Se03);-]
12.91 8.13 x 1012 5, p. 91

_ Hg(Se03)2al27 - a l27 • =K
yHg ..y Se03= [Hg ++][SeO;-] 127

YCd(Seo3); - [Cd(Se03)~-]
5.14 1.37 x 105 5, p. 91

al28 =
. 2 a 128 • = K

YCd"Y Se03=
[Cd ++][SeO;-]2 128

28
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Appendix 1. (cont'd).

DEFINITION DEFINITION K log.oK K *Ref.

YMII(NH3~+ [Mn(NH3)~+]
1.54 34.7 5, p. 40

a141 = (200,2.0)

2
a141 . = K

YMII 2+Y NH [Mn 2+][NH3]2 141
3

Y 2+ [Mn(NH3);+]
1.70 50.1 5, p. 40

MII(NH3 )J
a142 = a142 . = K (200

, 2.0)
3

YMII 2+Y NH [Mn 2+][NH3]3 142
3

_ YZII(OHf a
143.

[Zn(OH)'l = K
5.0 ± 0.0 1.0 x 105 5, p. 9

a143 -
YZII2+YOW

[Zn2+][OH -] 143

Y ZII(OH)~ [Zn(OH)~]
ILl 1.26 x lOll 5, p.9

a144 =
2

al 44 • = K
Y ZII2+Y OW [Zn 2+][OH -f 144

YZII(OH); [Zn(OH);]
13.6 3.98 x 1013 5, p. 9

a145 =
3

a145 . = K
Y ZII2+Y OH- [Zn2+][OH -]3 145

YZII
2(OH)3'

[Znz(OH)3+] 5.0 1.0 x 105 5, p. 9

a146 = a146 . = K
2

Y ZII2'YOH-
[Zn2+f[OH -] 146

31
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Appendix 1. (cont'd).

DEFINITION DEFINITION K log10K K *Ref.
-

YZII(Cl~ [Zn(CZ)~]
1.25 17.8 5, p. 108

a153 =
2 am . [Zn 2+][CZ-]2 = Km

YZII 2+ Y a:

YZII(Cl); [Zn(CZ)~]
0.5 3.16 5, p. 108

a154 =
3 a154 . [Zn 2+][CZ-]3 = K154

YZII 2+ Y a:

YZnAc' [ZnAc 'l 1.57 37.2 6,p.6

a155 = £1'155 • =K
YZII2+YAc- [Zn 2+][Ac -] 155

YZII(Ac)~
0 1.36 22.9 6, p. 6

. [Zn(Ac)z]
a156 =

a156 . [Zn 2+][Ac -]2 = K156
(250

, 3.0)
2

YZ1I2+ Y Ac-

YZ1I(Ac); [Zn(Ac);]
1.92 83.2 6, p.6

a157 =
3 a l57 • [Zn 2+][Ac -]3 = K l57

YZII 2' Y Ac-

YZII(NH
3)2+

[Zn(NH3f+]
2.21 1.62 x 102 5. pAl

a158 =
a158 . [Zn 2+][NH

3
] =K158

YZ1I2+y NH
3

33



Appendix 1. (cont'd).

DEFINITION DEFINITION K log10K K *Ref.

YZn(NH3)i+ [Zn(NH3)i+]
4.50 3.16x104 5, p.41

a l 59 =
3 a l 59 • [Zn 2+][NH

3
f = K l 59

YZn2+Y NR
3

YZn(NH3);+ [Zn(NH3)~+]
6.86 7.24 x 106 5, p. 41

a l 60 =
3 a l 60 . [Zn2+][NH

3
P = K I60

YZ1l2+Y NR
3

_ YZn(SH)(OH)o a
161

• [Zn(HS) (OH)°] = K
20.88 7.669 x 1020 5, p. 76

a 16i - (I = 1.0)

YZ1l 2'YHS-1YOH-I
[Zn 2+][SH -][OH -] 161

_ YNa(OH)0 a [Na(OH)°] - K
-0.2 0.63 5, p. 1

a162 -
yNa,y OW

162 • [Na +][OH -] - 162

Y - [NaHP04- ]
1.40 25.1 5, p. 56

NaHP04a 163 = a163 • = K
YNa ,yHP0 2- [Na +][HPOt] 163

4

YNaS04- [NaS04- ]
0.70 5.01 5, p. 79

a i64 = a164 • = K ±0.05

YNa ,yS02- [Na 'llsot] 1644
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Appendix 1. (cont'd).

DEFINITION DEFINITION K log10K K *Ref.

YNaAeo [NaAco] - K -0.18 0.66 6, p. 3

Cl'165 =
YNa ·YAe-

Cl'165 • [Na +][Ac -] - 165

YKOHo [KOHo] - K -0.5 0.32 5, p. 1

Cl'166 =
YK'YOH-

Cl'166 • [K +][OH -] - 166

YKHP0
4
- [KHP0 4-]

1.195 15.7 5,p.56

Cl'167 = Cl'167 • = K
YK'YHP0 2

- [K+][HPOt] 167
4

YKS0
4
- [KS04-]

0.85±0.1 7.08 5,p.79

Cl'168 = Cl'168 • = K
Y K'YS0 2 - [K+][SOt] 168

4

YKC/o [Kcto] - K -0.7 . 0.20 5, p. 104

Cl'169 =
YK'Ya

Cl'169 • [K +][ct-] - 169·

Y(Hg2)OH'
[(Hgz)OH+] 17.4 2.51 x 1017 5, p. 8

Cl'170 = Cl'170 • = K
YH: 2,YOH- [Hgt][OH -] 170g2
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Appendix 1. (cont'd).

DEFINITION DEFINITION K togIaK K *Ref.

Y 0 [(Hg2)SO4°]
5.2 1.58 x lOs 5, p. 83

_ (flg2)80 4
ll'171 - ll'm . = K

YH: 2+Y80 2- [Hg;+][Sot] mg2 4

Y H 2- [(Hg2)(SO4);-]
7.08 1.20 x 107 5, p. 83

_ (82)(804)2

ll'172 -
2 ll'172 . = K

YH 2+Y 80 2- [Hgi+][Sot]2 17282 4

_ YFe(0H)2' [Fe(OH)2+] 11.85 7.00 x 1011 5, p. 7

ll'173 - ll'm . = K
YFe3+YOH- [Fe 3+][OH -] 173

YFe(OH)~ [Fe (OH);]
22.3 2.0 x 1022 5, p. 7

ll'174 = ll'174 . [Fe 3+][OH -]2 = K174.,
YFe3•Y-OH-

Y(FehCOH)~' [(Fe)2(OH)~]
25.1 1.259-x 102.~ 5, p. 7

ll'175 = ., 2 ll'm . = K
r-Fe3'YOW [Fe 3+]2[OH -]2 175

YFe3(0H)~' [Fe3(OH);5]
49.7 5.01 x 1049 5, p. 7

ll'176 =
3 4 ll'176 . [Fe 3+]3[OH -]4 = K176

Y Fe3+Y OH-
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Appendix 1 (cont'd).

DEFINITION

a177

yFeHP0 4+

yFe 3+ yHPO't

DEFINITION K logloK K *Ref.

8.30 2.00 x 108 5, p. 57
[FeHP04+]' (1=0.5)

a177 .,

[Fe 3+][HPOt]
= K

177

a17B

Y 2+
FeH2P04

Y Fe3+Y H~04-
a17B •

2+][FeH2P04
= K 17B

[Fe 3+][H
2P04- ]

3.47 2.95 X 103 5, p. 57

YFeSO+ [FeS04+] .
3.96 9.221 x 103 5, p. 79

a - 4
179 - a 179 . = K

YFe3+Y S02- [Fe 3+][SOt] 179
4

Y - [Fe(S04);]
5.38 2.4 x 105 5, p. 83

alSO =
Fe(S04h

a lBO . = K
2

Y Fe3'Y SO-2 [Fe 3+][SOtf ISO
4

YFeC/·2 [FeCl +2] 1.38 23.884 5, p. 106
a

l BI
=

a l BI . [Fe 3+][Cl -] = K1BI
YFe +3ya
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Appendix 1 (cont'd).

DEFINITION DEFINITION K log 10K K *Ref.

YFe(Cl); [Fe(Cl);]
2.13 1.35 x 102 5, p. 106

a182 =
2 a182 . [Fe +3][Cl-f = K182

Y Fe·3Y a:

YFe(Cl~ [Fe(Cl)~]
-0.78 0.17 5, p. 106

a183 = a183 . = K
3YFe3+Y a: [Fe 3+][Cl -]3 183

_ YFe(Aci+ [Fe(Ac)2+] - K 3.41 2.57 x 103 6,p.5
ai 84 -

Y Fe3'YAc-
a184 . [Fe 3+][Ac _] - 184

YFe(Ac); [Fe(Ac);]
6.52 3.31 x 106 6, p. 5

a 18S =
2 a 18S . [Fe 3 +][Ac -]2 = K 18S

YFe3' Y Ac-

YFe(Ac)~
0 8.5 3.16 x 108 6, p. 5

[Fe(Ac)3]
a186 =

a186 . [Fe 3+][Ac -]3 = K186
(200,0.1)

. 3
Y Fe3'Y Ac-

YFeHSe0 2
' [FeHSeOt]

2.985 9.66 x 102 5, p. 91
a - 3

187 - . a187 . = K
YFe3+ YHSeO- [Fe 3+][HSe03-] 187

3
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Appendix 1 (cont'd).

DEFINITION DEFINITION K log,oK K *Ref.

YFeHSiO~ [FeHSi04O]
8.9 7.94 x 108 5, p. 39

a 188 = a 188 • = K (25°, 0.1)

YFe3+YHSi0 3- [Fe 3+][HSiOt] 188
4

YH2SiO;- [HZSiO:-] l()pH
9.89 7.76 x 109 20, p. 51

a189 = a 189 • = K 189
YHS;ot [HSiO;-]

YHS;O]- [HzSiO;-] l()pH
13.1 1.26 x 1013 20, p. 51

a l 90 = a l90 . = K I90
YSiOt [Si04

4-]

_ YH2(Si04); 6 [HZ (SiO4);6] 102pH 26.16 1.45 x 1026 5, p. 39

a l 91 - a l91 . = K l 91
(25° ,3.0)

z
Y Si0

4
-4 [SiO/f

YH4(S;04);12 l04pH [H4(SiO4)~12]
55.9 7.94 x 1055 5, p. 39

a l92 = a l 92 . = K 1924
Y S;O/ [SiO/]4

YH6(Si04); 1O 106pH [H6(SiO4)~1O]
69.49 . 3.0698 x 1069 5, p. 39

a l93 = a 193 • = K l 934
Y Si0

4
-4 [SiO/]4
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Appendix 1 (cont'd).

DEFINITION DEFINITION K tog10K K *Ref.

YMgSiO;- [MgSiO4-
2]

.
4.91 8.13 x 104 5, p. 39

a194 = a194 • = K
YMg2+YSiO/ [Mg2+][SiO/] 194

_ YMgHSi04- [MgHSi04- ]
0.723 5.28 5,p.39

a195 - a 195 • = K
YMg 2 +YHSi04-

3 [Mg2+][HSiO4-3] 195

YMgCHSi04);4 [Mg(HSiO4);4]
3.71 5.13x103 5, p. 39

a 196 = a 196 • = K
Y 2·

Mg 2+Y HSi04-
3 [Mg2+][HSiO4-3]2 196

YCaSi04·
2 [CaSiO/]

3.64 4.37 x 103 5, p. 39

a197 = a197 . = K
YCa .2YS'0-4 [Ca +2][Si0

4
-4] 197

I 4

YCaHSi04-· [CaHSi04- ]
0.44 2.75 5, p. 39

a 198 = a
198

• := K
YCa .zYHSiO -3 [Ca +2][HSi0

4
- 3] 198

4

YCaCHSi04);4 [Ca (HSiO4);4]
2.89 7.763 x 102 5, p. 39

a 199 = a
199

• := K1992
YCa .2Y HSiO-3 [Ca +2][HSi0

4
' 3]2

4
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Appendix 1 (cont'd).

DEFINITION

Z 3
a zoo = Y Mg ++Y HSiO4.3

a ZOl = YMn2+YZOH'

a Z02 = YMn 2+YC0
3
•2

a Z03 = YMn 2+YS·2

a Z04 = YMn .2YS·2

aZos = YMn 2 +YSe0
3
' 2

DEFINITION K loglaK K *Ref.

[Mg +Zf[HSi04]4
-38.3 1.58 x 10-39 5,p.39

a zoo . [M (HS"O) ( = Kzoo
(51,0)

gz 1 4 3(s) HZO)4]

[Mn +Z][OH-J=- _ -12.8±0.1 1.433 x 10-13 5, p. 5

aZOl . [Mn(OH)z]solid - KzOl

[Mn +Z][C03-
Z] -9.26 5.545 x 10-10 5, p. 37

a zoz . = Kzoz[MnC03]solid

[Mn +2][S -2] -10.58 2.642 x 10-11 5,p.79
a Z03 . = K

[MnS] solid(pink) Z03

[Mn +z][S -Z] -13.56 2.742 x 10-14 5,p.76
a Z04 . = K

[MnS]~olid)~~en Z04

[Mn +Z][Se03-
Z] -7.27 5.37 x 10,8 5, p. 91

azos . = K
(20 0,0)

[MnSe0
3

]solid zos
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Appendix 1 (cont'd).

DEFINITION

_ 2
a212 - Yu +2y CIJIg2

_ 3
a213 - yFe +3Y OH-

_ 3
a Z14 - yFe +3Y OIr

_ 3
aZ15 - yFe .3Y OH-

aZ16 = yHg;2YC0
3
-2

aZ17 = YFe .3YpO/
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Appendix 1 (cont'd).

DEFINITION DEFINITION K logloK K *Ref.

aZ18 = YHg;2YHP0
4
-2 [Hgz+Z

][HPO/] -12.40 3.98 x 10.13 5, p. 57

aZ18 •
[HgfiP0

4
](s) = KZ18

aZ19 = YH +2YSO-2 [HgZ+
2

][SO4-
z] -6.13±0.04 7.41 x 10.7 S,p.38

82 4 aZ19 •
[HgzSO4] (s)

= K219

1 [Zn(HS)~]
0

a220 =
2

YZn++Y HS-
a270 • = K

- [Zn "llSH -]2 220

YHEDTA -3 [HEDTA -3] lQPH 11.01 1.033 x 1011 15, p. 204

a221 =
YEDTA-4

am . [EDTA -4] = K221

YHEDTA -2 [H
2EDTA

-2] lQPH 6.32 2.090 x 106 15, p. 204
2a222 = ll'222 • = K222

YHEDTA-3 [HEDTA -3]

YHEDTA-l [H
3EDTA

-I] lQPH
2.98 9.549 x 102 15, p. 204

_ 3aZ23 - ll'Z23 • = Km
YHEDTA-3 [HzEDTA -Z]

3

44



Appendix 1 (cont'd).

DEFINITION DEFINITION K logloK K *Ref.

1 [H4EDTA 0] l(}DH
2.32 2.09 x 102 15, p. 204

a224 =

YHEDTA-3
a224 .

[H3EDTA -3]
= K224

3

YNaEDTA -3 a
225

. [NaEDTA -3] = K
1.98 95.505 15, p. 204

a225 =

YNa +lyEDTA-4 [Na +l][EDTA -4] 225

_ YMgEDTA-2 [MgEDTA -2] 9.12 1.318 x 109 15, p. 204
a226 - a216 . = K

YMg .2YEDTA -4
- [Mg +2][EDTA -4] 226

_ YMgHEDTA-1 [MgHEDTA -1] l(}DH
- 3.53 3.39 x 103 15, p. 204

a227 - a2'7 . = K
YMgEDTA-2

- [MgEDTA -2] 227

YCaEDTA-2 [CaEDTA -2] _ K 11.00 1.00 x 1011 15, p. 204
a228 = a228 . -

YCa .2YEDTA -4
[Ca +2][EDTA -4] 228

YCaHEDTA-1 [CaHEDTA -1] lQPH 2.86 7.24 x 102 15, p. 204

a229 = a219 . = K
YCaEDTA-2

- [CaEDTA -2] 229
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Appendix 1 (cont'd).

DEFINITION DEFINITION K logloK K *Ref.

YFeEDTA- 1 [FeEDTA -1] _ K 25.42 2.632 x 1025 15, p. 207
a230 = a230 . -

YFe +3YEDTA -4
[Fe +3][EDTA -4] 230

1 [FeHEDTA 0] l()pH _ K 1.62 4.17 x 101 15, p. 207
a231 =

YFeEDTA- a231· [FeEDTA -1] - 231

a = YFeEDTA- [FeEDTA -1] .1()pH _ K 7.81 6.460 x 107 15, p. 207

232
aD2 . -

YFeOHEDTA -2 [FeOHEDTA -2] 232

YFeOlfEDTA -2 [FeOHEDTA -2] lQPlf 9.73 5.37 x 109 15, p. 207

a233 = am' =K
YFe(OIf)~DTA -3

.[Fe(OH)2EDTA -3] 233

YFeEDTA- 1 [FeEDTA -1] 102plf 12.27 1.873 x 1012 15, p. 207

a234 =
2

a234 . = KJ 25°

Y (FeOlfEDTA );2
[(FeOHEDTA);4] _34

_ YIfgEDTA -2 a
J35

. [HgEDTA -2] = K
22.02 1.048 x 1022 15, p. 208

a235 - .
YHg +2Y EDTA-4 - [Hg +2][EDTA -4] 235

46



Appendix 1 (cont'd).

DEFINITION DEFINITION K logloK K *Ref.

_ YHgHEDTA -I [HgHEDTA -1] HY'H
3.41 2.57 x 103 15, p. 208

a236 - a236 • = K
YHgEDTA -2

[HgEDTA -2] 236

_ YHgEDTA-2 a
237

• [HgEDTA -2] HY'H :=: K 9.43 269 x 109 15, p. 208
a

237
-

YHgOHEDTA -3
[HgOHEDTA -3] 237
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Appendix 1 (cont'd).

DEFINITION DEFINITION K logIOK K *Ref.

a238
YCdEDTA -2

YCd +2YEDTA-4

a238 •
[CdEDTA -2] = K

[Cd +2][EDTA -4] 238

16.78 6.029 X 1016 15, p. 208

a239
YCdHEDTA -1

YCdEDTA-2

3.21 1.62 X 103 15, p. 208

a240
YCuEDTA -2

YCU '2Y EDTA -4

. a240 .
[CuEDTA -2]

=K
[Cu +2][EDTA -4] 240

19.12 1.319 X 1019 15, p. 207

a241

a242

YCuHEDTA -I

YCuEDTA-2

YCuOHEDTA -3

YCuEDTA -2YOH- 1

a241 .

a242 .

[CuHEDTA -I] l()pH = K
[CuEDTA -2] 241

[CuOHEDTA -3] = K
[CuEDTA -1][OH -1] 242

3.32

2.82

2.089 X 103

6.608 X 102

15, p. 207

15, p. 207
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Appendix 1 (cont'd).

DEFINITION DEFINITION K log10K K *Ref.

II [FeEDTA -2] = K
14.64 .4.366 x 1014 15, p. 206

YFeEDTA -2
lI

243
=

243 • [Fe +2][EDTA -4] 243YFe +2yEDTA -4

lIZ44

lI245

lI246

YFeHDTA -1

YFeEDTA-2

YFeEDTA -2

YFeOHEDTA -3

YFeOHEDTA -3

YFe(OH)~DTA -4

lI245 •
[FeEDTA -2] l(JpH
~__--..L-_ = K
[FeOHEDTA -3] 245

3.05

9.39

10.16

1.12 X 103

2.45 X 109

1.45 X 1010

15, p. 206

15, p. 206

15, p. 206

lIZ47
YMnEDTA -2

YMn,2YEDTA-4

lI247 .
[MnEDTA -2]. = K

[Mn +2][EDTA -4] 247

14.19 1.549 X 1014 15, p. 206
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Appendix 1 (cont'd).

DEFINITION DEFINITION K log i aK K *Ref.

a248
YMnHEDTA -1

YMnEDTA -2

a 248 •
[MnHEDTA ":1] l()pH = K

[MnEDTA -2] 248

3.41 2.57 X 103 15, p. 206

a249
YZnEDTA -2

YZn +2YEDTA-4

a 249 .
[ZnEDTA -2] = K

[Zn +2][EDTA -4] 249

16.82 6.609 X 1016 15, p. 208

YZnHEDTA -1 [ZnHEDTA -1] l()pH
3.29 1.95 x 103 15, p. 208

a250 =

YZnEDTA-2

a250 . = K
[ZnEDTA -2] 250

YZnOHEDTA -3 [ZnOHEDTA -3] _ K 3.32 2.09 x 103 15, p. 208
a251 = a~I . -

YZnEDTA -2YOH - [ZnEDTA -2][OH -] 251

YKEDTA-3 [KEDTA -3] 1.12 13.2 15, p. 204
a252 = a252 . = K

YK "y EDTA-4 [K+I][EDTA -4] 252
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Appendix 1 (cont'd).

DEFINITION DEFINITION K IOglOK K *Ref.

yCoEDTA-2 [CoEDTA -2] _ K 16.63 4.267 x 1016 5,p.6
a253 = a253 . [Co ++][EDTA -4] - 253YCo HyEDTA-4

YCoHEDTA-1 a [CoHEDTA -I] l()pH - K 3.30 2.0 x 103 5, p. 6
a254 =

yCoEDTA-2

~4 • -
[CoEDTA -2] 254

YCoOH>1 [CoOH +1] 4.30 2.0 x 104 5, p. 6
a255 = a255 . = K 25°C

yCO .2YOH- [Co +2][OH -] 255

1 [Co(OH)~] 8.4 2.51 x 108 5, p. 6
a256 =

2
a256 . [Co +2][OH -f = K256 25°C

y CO .2Y OH-

YCo(OH); 1 [Co(OH);t] 9.70 5.01 x 109 5, p. 6
a257 = a257. =K 25°C

3
Yco·2Yow [Co +2][OH -]3 257

YCo(OH);2 [Co(OH)~2] 10.20 1.58 x 1010 5, p. 6
a258 = a258 . = K 25°C

4
YCo'2Y OH- [Co +2][OH -t 258
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Appendix 1 (cont' d).

DEFINITION DEFINITION K lOgloK K *Ref.

ycoPH+3 [C02OH+
3] 2.70 5.01 x 102 5, p. 6

a259 = a = K 25°C
2 259 • [Co +2f[OH -] 259

Y CO '2Y OH -

1 0 2.36 2.29 x 102 5, p. 82
a260 = [CoS04] = K260 25°C

YCO +2Y804-
2 a260 .

[Co +2][S04-2]

a261

a262

a263

Y +2CoNH3

YCo +2yNH
3

YC~(NH3);2

7
YCo .a:Nlf

3

Y .2
. Co(Nlf3)3

3
YCO '2Y Nlf3

rCoNH3+2]
=K

[Co +2][NH3] 261

[Co (NH3);2]

[Co +2][NH3f = K262

+2][Co (NH3)3 = K
263a263 . [Co +2][NH

3]3

2.03

3.5

4.43

107.17

3.16 X 103

2.69 X 104

5, p. 40

5, p. 40

5, p. 40
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Appendix 1 (cont'd).

DEFINITION· DEFINITION K lOgiaK K *Ref.

1 [COHP040] 2.18 1.51 x 102 5,p.57
a264 =

YCO +2YHPO-2 a264 . = K I=0.1,25°C
4 [Co +2][HP04-

2] 264

YCoAc +1 [CoAc +1] 1.46 2.88 x 10' 16, p. 5
a265 =

a265 . [Co +2][Ac -] = K265 25°C
YCo +2YAc-

YNHTA-2 [HNTA -2] lQPH 10.33 2.158 x 1010 15, p. 139
a266 = a J66 . = K

YNTA -3
- . [NTA -3] 266

YHIVTA- 1 [HzNTA -] lQPH 2.94 8.71 x 102 15, p. 139
a267 = a267 . = K267

YHNTA -2 [HNTA -2]

YHNTAo [H~TA] lQPH 1.80 6.309 x 10' 15, p. 139
a - 3 = K268268 - a268 .

YHIVTA -1 [HzNTA -1]

_ YMgNTA-1 [MgNTA -] - K 6.55 3.547 x 106 15, p. 139
a269 -

YMg .2YNTA -3
a269 . [Mg +2][NTA -3] - 269
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Appendix 1 (cont'd).

DEFINITION DEFINITION K logloK K *Ref.

a = YCaNTA- a 70' [CaNTA -] = K
7.61 4.055 x 107 15, p. 139

270
YCa >2YNTA -3

2 [Ca +2][NTA -3] 270

YCa(NTA);4 [Ca(NTA);4] 10.00 1.00 x 1010 15, p. 139
a271 =

a271 . [Ca +2][NTA -3f = K2712
YCa >2Y NTA-3

YFeNTA- [FeNTA -] - K 9.47 2.95 x 109 15, p. 141
a272 = a272 . -

YFe >2Y NTA -3 [Fe +][NTA -3] 272

YFe(NTA);4 [Fe(NTA);4] 14.41 2.57 x 1014 15, p. 141
a273 =

am . [Fe +2][NTA -3]2 = Km2
YFe >2Y NTA-3

a = YFeHNTA [FeHNTA 0] l(yH _ K 3.51 3.24 x 103 15, p. 141
274 a274 . [FeNTA -] - 274YFeNTA-

a = YFeNTA- [FeNTA -] l()pH _ K 11.74 5.5 x lOll 15, p. 141
275 a275 · [FeOHNTA -2] - 275YFeOHNTA-2
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Appendix 1 (cont'd).

DEFINITION DEFINITION K log10K K *Ref.

a = YCoNTA- a [CoNTA -] -" K 11.52 3.31 x 1011 15, p. 141
276

YCO +2YNTA -3
276 • [Co +2][NTA -3] - 276

YCo(NTA);4 [Co(NTA)~4] 15.53 3.389 x 1015 15, p. 141
a277 = a277 . = K

2
YCO .2Y NTA-3 [Co +2.][NTA -3]2 277

YCoNTA- [CoNTA -] lQPH _ K 11.80 6.313 x lOll 15, p. 141
a278 = a278· [CoOHNTA -2] - 278YCoOHNTA-2

a = YCIiNTA- [CuNTA -] - K 14.08 1.2 x 1014 15, p. 141
279 a279 . [eu +2][NTA -3] - 279Ycu +2YNTA-3

YCll(NTA);4 [Cu(NTA)t] 18.50 3.171 x 1018 15, p. 142
a280 = a280 . = K

2
Ycu .2Y NTA-3 [Cu +2][NTA -3]2 280

a = YCllOHNTA -2 [CuOHNTA -2] _ K 5.4 2.51 x 105 15, p. 142
281

a281 . - 25°C
YCuNTA -Yow [CuNTA -][OH-] 281

a282 = 0 a282 = 0 0
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Appendix 1 (cont'd) ..

DEFINITION DEFINITION K log l aK K *Ref.

1 [FeNTA 0] _ K 17.08 1.20 x 1017 15, p. 142
a283 =

YFe .3YNTA -3 a283 . [Fe +3][NTA -3] - 283

YFe(NTA);3 [Fe(NTA)~3] 25.44 2.75 x 1025 15, p. 142
a284 =

a284 . [Fe +3][NTA -3f = K2842YFe .3Y NTA-3

1 [FeNTA 0] l()plf 5.24 1.74 x 105 15, p. 142
a285 =

YFeOlfNTA -I a285· [FeOHNTA _I] = K285

YFeOlfNTA -I [FeOHNTA -1] l()plf 8.94 8.71 x 108 15, p. 142
a286 = a286 . = K

. YFe(Olf)I'TA -2
[Fe(OH)2NTA -2] 286

a = YZ IINTA - [ZnNTA -] '- K 11.80 6.31 x 1011 15, p. 142
287 a2B7 • [Zn +2][NTA -3] - 287YZII .2YNTA -3

YZII(NTA);~ [Zn(NTA);4] 15.43 2.692 x 1015 15, p. 142
a288 =

a288 . [Zn +2][NTA -3f = K2882
YZII·2Y NTA-3
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Appendix 1 (cont'd).

DEFINITION DEFINITION K logloK K *Ref.

YZnOHNTA-2 [ZnOHNTA -2] _ K 4.56 3.63 x 104 15, p. 142
a289 =

YZIINTA -IYOH-
a289 . [ZnNTA -][OH -] - 289

25°C

a290 = 0 a290 = 0 0

YCdNTA- [CdNTA -] - K 10.97 9.335 x 1010 15, p. 142
a291 =

YCd .2YNTA-3
a291 . [Cd +2][NTA -3] - 291

YCd(NTA);4 [Cd(NTA);4] 15.75 5.626 x 1015 15, p. 143
a292 =

a292 . [Cd +2][NTA -3]2 = K2922
YCd .2Y NTA-3

YCdNTA- [CdNTA -] l()pH _ K 12.25 1.779 x 1012 15, p. 143
a293 =

YCdOHNTA-2
a293· [CdOHNTA -2] - 293

a = YHgNTA.~ a . [HgNTA -] = K 15.74 5.50 x 1015 IS, p. 143

294 25°C
YHg .2YNTA-3

294 [Hg +2][NTA -3] 294·
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Appendix 1 (cont'd).

DEFINITION DEFINITION K loglaK K *Ref.

yNaNTA-2 a [NaNTA -2] - K 2.36 2.29 x 102 15, p. 141
a295 =

yNa +IYNTA-3 295 • [Na +1][NTA -3] - 295

YMllNTA -1 [MnNTA -1] _ K 8.58 3.802 x 108 15, p. 141
a296 =

YMll +2YNTA -3 a296 . [Mn +2][NTA -3] - . 296

YMll(NTA);4 .[Mn(NTA);4] 12.13 1.349 x 1012 15, p. 141
a297 =

a297 . [Mn +z][NTA -3f = KZ97Z
YMll +2Y NTA-3

aZ98 = YCO +2Y C03-
2 [Co +z][C03-

Z] -9.9825°C 1.05 x 10-10 5, p. 39

aZ98 ' [CoC03]solid = KZ98

aZ99 = YCO +2YZ
OH- [Co +z][OH -1]Z -14.9 25°C 1.26 x 1O~15 5, p. 6

aZ99 . [Co(OH)z]solid = K299

a300 = y3Co +2yZp04-3 [ClJ +Z][]JO~3]2 -34.7 25°C 2.00 x 10-35 1, p. 186
a300 . = K

[Co3(]J04) 2] slJlid 300
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Appendix 1 (cont'd).

DEFINITION DEFINITION K log1oK K *Ref.

a301 = Y co2+YS-2 a . [Co +2][S -2] = K -21.3 25°C 5.01 x 10-22 4, p. 76

301 [CoS]solid 301

1 [H4Si04-]
9.86 7.2444 x 109 5,p.39

a302 =
= K302YH

3Si04
-

a302 .
[H3SiO4-][H 'l .

YHjSi04- [H3Si04-]
13.1 1.25897 x 5, p. 39

a303 = a303 • = K303
1013

Y -2 [H2SiO4-2][H 'lH2Si04
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Appendix 1. (cont'd).

DEFINITION

a304 = 1

a305 = 0

a306 = 0

a307 = 0

a308 = 0

a309 = 0

a
310

= 0

a311 = 0

a312 = 0

DEFINITION K logloK K *Ref.

a [SSCd] = K 3.1866 X 10-9

304 • [SSH
2][Cd

++]. 304

a305 = 0

a306 = 0

a307 = 0

a308 = 0

a309 = 0

a
310

.= 0

a
311

= 0

a312 = 0
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Appendix 1. (cont'd).

DEFINITION DEFINITION K logloK K *Ref.

£1'313 = 0 £1'313 = 0

£1'314 = 0 £1'314 = 0

£1'315 = 0 £1'315 = 0

£1'316 = 0 £1'316 = 0

YAIOH '2 [AlOH +2] .
9.01 1.02 x 109 5, p. 11

£1'317 = £1'317 • [Al +3][OH -] = K317
YAI'3YOW

_ YAI(OH);l [Al(OH);1] 18.7 5.01 x 1018 5, p. 11

£1'318 -
£1'318 • [At+3][OH -]2 = K318

YAl'3YOW

1 [Al(OH)3] 27.0 1.00 x 1027 5, p. 11
£1'319 =

YAI'3YOW £1'319 • [Al +3][ OH -]3= K319
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Appendix 1. (cont'd).

DEFINITION DEFINITION K logloK K *Ref.

_ YAI(OH)~l [Ai(OH)~1]
33.0 1.00 x 1033 5, p. 11

a320 -
a320 . [Ai +3][OH -]4 = K320

YAI +3YOH-

a .= YAh(OH);4 [Ai (OH)+4] 20.3 2.00 x 1020 5, p. 11

321
a 2 2 - K

YAr3Yow 321 . [Ai +3f[OH -f - 321

YAl oH,5 [Ai (OH)+5] 42.1 1.26 x 1042 5, p. 11
_ 3 4a322 - a 3 4 - K

YAr3Yow 322 . [Ai +3]3[OH -]4 - 322

YAlEDTA -I [AiEDTA -1] _ K 16.3 2.00 x 1016 15, p. 208
a323 = a323 . -

YAl +3YEDTA -4 [Ai +3][EDTA -4] 323

a = YAlHEDTA a
324

. [AiHEDTA] l()pH = K
18.8 6.31 x 1018 15, p. 208

324
YA1'3YEDTA-4 [Ai +3][EDTA -4] 324

YAIOHEDTA -2 [AiOHEDTA -2] _ K 10.41 2.57 x 1010 15, p. 208

a325 = a325 . -
YAl +3yEDTA -4 [Ai +3][EDTA -1] . 325
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Appendix 1. (cont'd).

DEFINITION DEFINITION K log10K K *Ref.

YAINTA 0 lr . [AiNTA 0] - K 11.4 2.51 x 1011 15, p. 208
lr326 =

YAl +3YNTA -3
326 . [Ai +3][NTA -3] - 326

YAIHNTA +. [AIHNTA +] 1(YH
13.3 2.00 x 1013 15, p. 143

lr327 = lr327 . = K
YAI +3YNTA -3 [AI +3][NTA -3] 327

YAIOHNTA + [AIOHNTA] lO-pH
5.85 7.08 x lOs 15, p. 143

lr328 = lr328 . = K
YAi +3YNTA -3 [AI +3][NTA -3] 328

_ YA/(OH)2NTA -2 [AI(OH)2NTA -2] -2.96 1.10 x 10.3 15, p. 143

lr329 - lr329 . = K329
YAl +3YNTA -3 [AI +3f[NTA -3]

_ YA/(Ac)'2 [Ai(Ac) +2] _ K 1.51 32.36 6, p, 7
lr330 -

YAl'3YAc -
lr330 . [Ai +3][Ac -] - 330

_ YAI(C03)'
[AI(C03)+]

8.43 2.69 x lOB 20, p.877

lr331 - lr331 . = K
YAl'3YCo-2 [Ai +3][C03-

2] 3313
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Appendix 1. (cont'd).

DEFINITION DEFINITION K log10K K *Ref.

YAl80 +1 [AiS04+1]
3.2 1.58 x 103 21, p. 253

lX - 4
332 - lX332 . = K

YAI +3y80-2 [Ai +3][SO;2] 332
4

YAI(804);1 [Ai(SO4);1]
5.1 1.26 x 105 21, p. 253

lX333 = lX333 . = K
2

YAi"3Y -2 [Ai +3][SO4-2f 333
804

YAIH PO +2 [AiH2P04+
Z
]

103 1.00 x 103 1, p. 186
lX = 2 4

334 lX334 . = K
YAI+3YH~04+1 . [Ai +3][HzPO4+1] 334

YAI(H2P04+1)2· [Ai(HzPO4+1)2]
5.3 2.00 x 105 1, p. 186

lX335 = z lX335 . = K
YAi"3YH~04+1 [Ai +3][HzPO4+1]2 335

YAI(H2PO4') [Ai(HzP04+1)3] 7.6 3.98 x 107 1, p. 186

lX336 = . 3

3
lX336 . = K

YAl'3YH~04+1
[Ai +3][N2PO4-1]3 336

lX337 = 1 [ALA 2] 10-2 pH 1.37 x 10-2

lX337 .
[HA]2[Ai +3]

=K337 -Ii * 3.37 x 10-2
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Appendix 1. (cont'd).

DEFINITION DEFINITION K togIaK K *Ref.

3 [Ai +3][OH -]3 -33.5 3.16 x 10-34
a 338 = YAl+3YOH-

5, p. 11

a 338 . [Ai(OH)3] Gibb site = K338

3 Ai +3[OH-] -31.19 6.46 x 10-32

a339 = YAl+3YOH-
20

a 339 . = K
[Ai(0H)3] amorphous 339

a340 = YAI +3Yro:' [Ai +3][P04]
-18.24 5.75 x 10-19 1, p. 186

4

a340 . [AiPO4] solid = K340

2
a [Ai +][HzP°4-][OH-]2 _

-29.55 2.82 x 10-30

a341 = YA1+3YH2P04YOlr
1, p. 186

341 • [AiHzP0/0H)2] solid - K341

1 [HF] .1(JPH 3.17 1.479 x 103 5, p. 101
a342 = - a342 . K342

YF" [F -]

YA1F+2 [AiF +2] 7.0 1.00 x 107 5, p. 101
a 343 =

a343 . [Ai +3][F -] = K343
YA/ +3YF"
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Appendix 1. (cont'd).

DEFINITION DEFINITION K log10K K *Ref.

YAl(F);1 [Ai(F);I]
12.6 3.98 x 1012 5, p. 101

lX344 =
lX344 . [Ai +3][F -f = K3442

Y Al+3Yr

1 [Ai(F)~]
16.7 5.01 x 1016 5, p. 101

lX345 =
3

lX345 . [Ai +3][F -]3 = K345
Y Al+3Yr

YAI(F4r 1 [Ai(F)~I]
19.1 1.259 x 1019 5, p. 101

lX346 =
4 lX346 . [Ai +3][F -]4 = K346

YA1 '3Y r:

_ YMgF' [MgF +1] 1.8 6.31 x 101

lX347 - lX • - K
Y Mg+2Yr 347 [Mg +2.J[F -] - 347

YCnF' [CaF +1] 1.1 1.259 x 101

lX348 = lX348 . = K
Yc« '2Yr rCa +2][F -] 348

lX = Y CllF' [CuF +1] 1.2 1.585 x 101

349 lX349 . [Cu +2][F -] = K349
YCll+2Yr
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Appendix 1. (cont'd).

DEFINITION DEFINITION K . log10K K *Ref.

2
lr356 = Yea +2yr: lr356 •

[Ca +2][F -]2
=K

CaF2 solid 356

-10.41 3.8905 X 10-11
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69

Appendix 2. Chemical Species and Conversion Factors: M - mg/L of Element.

Species (XJ

Anion
Conversion

Factor

Cation
Conversion

Factor

C03= XI 2 4.5 12.01115 x 103 -
HC03- X2 1 4 12.01115 X 103 -
Ca++ X3 2 6 40.08 X 103

H2C03 X4 0 12.01115 X 103 -
Mg++ X5 2 8 24.312 X 103

S04= X6 2 4.5 32.064 x 103

CaC030 X7 0 12.01115 X 103 40.08 X 103

CaS0 4° X8 0 32.064 X 103 40.08 X 103

MgC03
0

X9 0 12.01115 X 103 24.312 X 103

MgS040 XI0 0 32.064 X 103 24.312 x 103

CaHC03+ Xli 1 4 12.01115 X 103 40.08 X 103

MgHC03+ X12 1 4 12.01115 X 103 24.312 X 103

CaOH+ XI3 1 4 40.08 X 103

MgOH+ X14 1 4 24.312 x 103

HS04- X15 1 4 32.064 X 103

C1- X16 1 3 35.453 X 103

OH- X17 1 3.5
Cu++ X18 2 6 63.54 X 103

CuC03 X19 0 12.01115 X 103 63.54 X 103

CU(C03)2= X20 2 4.5 24.022 x 103 63.54 X 103

Cu(OH)+ X21 1 4 63.54 X 103

Cu(OHhO
X22 0 63.54 X 103

CU(OH)3- X23 1 4 63.54 X 103

CU(0H)4= X24 2 4.5 63.54 x 103

Cu2(OHh++ X25 2 6 127.08 x 1Q3
CUS040 X26 0 32.064 X 103 63.54 X 103

CuHC03+ X27 1 4 12.01115 X 103 63.54 X 103

cucr' X28 1 4 35.453 X 103 63.54 X 103

CuC12° X29 0 70.906 X 103 . 63.54 X 103

CuA2 X30 0 355.00 X 103 63.54 X 103

CU(NH3)++ X31 2 4.5 14.0067 x 103 63.54 X 103

Cu (NH3)2++ X32 2 4.5 28.0134 x 103 63.54 X 103

CU(NH3)3++ X33 2 4.5 42.0201 x 103 63.54 X 103

NH4+ X34 1 2.5 14.0067 x 103

NH3 X35 0 14.0067 X 103



Appendix 2. (cont'd). 70

Anion Cation
Conversion Conversion

Species (xJ Zj 3; (25°C) Factor Factor

Cu.Ac" X36 1 4 24.022 X 103 63.54 X 103

Cu(AchO X37 0 48.045 X 103 63.54 X 103

Ac- X38 1 4.5 24.022 x 103

HAc X39 0 24.022 X 103

Cd++ X40 2 5 112.40 X 103

CdOH+ X41 1 5 112.40 X 103

Cd(OH)20 X42. 0 112.40 X 103

Cd(OH)3- X43 1 4.5 112.40 x 103

Cd(OH)4= X44 2 5 112.40 X 103

Cd2OH+++ X4S 3 5 224.8 X 103

CdS040 X46 0 32.064 X 103 112.40 X 103

CdC1+ X47 1 4 35.453 X 103 112.40 x 103

CdC12° X48 0 70.906 X 103 112.40 X 103

CdC13- X49 1 5 106.359 X 103 112.40 X 103

Cd(NH3) ++ XSO 2 5 14.0067 X 103 112.40 X 103

Cd(NH3)2++ XSI 2 5 28.0134 X 103 112.40 X 103

Cd(NH3)3++ Xsz 2 5 42.0201 X 103 112.40 X 103

H3P04 XS3 0 30.9738 X 103

HZP04- XS4 1 4.5 30.9738 x 103

HP04= XSS 2 4 30.9738 X 103

CdAc+ XS6 1 5 24.022 X 103 112.40 X 103

Cd(AchO XS7 0 48.045 X 103 112.40 X 103

Cd(AC)3- XS8 1 5 72.067 X 103 112.40 X 103

H2S XS9 0 32.064 X 103

HS- X60 1 3.5 32.064 x 103

S= X61 2 5 32.064 X 103

P04'" X62 3 4 30.9738 X 103

CdA z X63 0 355.00 X 103 112.40 X 103

CaP°4- X64 1 4 30.9738 X 103 40.08 X 103

CaHP040 X6S 0 30.9738 X 103 40.08 X 103

CaH2P04+ X66 1 4.5 30.9738 x 103 40.08 X 103

MgP04- X67 1 4 30.9738 X 103 24.312 X 103

MgHP040 X68 0 30.9738 X 103 24.312 x 1Q3
MgH2P04+ X69 1 4.5 30.9738 x 103 24.312 X 103

H2SO4 X70 0 32.064 X 103

HA X71 1 177.50 X 103
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Factor
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Factor

Fe2+
Xn 2 6 55.847 X 103

FeOH+ X73 1 4.5 55.847 x 103

Fe(OH)2o X74 0 55.847 X 103

Fe(OH)3- X75 1 4.5 55.847 x 103

Fe(OH)2-4 X76 2 4.5 55.847 x 103

FeHP040 X77 0 30.9738 X 103 55.847 X 103

FeH2P04+ X78 1 4.5 30.9738 x 103 55.847 X 103

FeAc+ X79 1 4.5 24.002 x 103 55.847 X 103

FeS040 X80 0 32.064 X 103 55.847 X 103

CdHS+ X81 1 5 32.064 X 103 112.40 X 103

Cd(HS)20 X82 0 64.13 X 103 112.40 X 103

Cd(HS)3- X83 1 5 96.19 X 103 112.40 X 103

HgOH+ X84 1 4.5 200.59 x 103

Hg(OH)20 X85 0 200.59 X 103

Hg(OH)3- X86 1 4.5 200.59 x 103

Hg2OH+
3

X87 3 4 401.18 X 103

Hg3OH3+
3

X88 3 4 601.77 X 103

Hg(OH)CIO X89 0 35.453 X 103 200.59 X 103

HgCl+ X90 1 4.5 35.453 x 103 200.59 X 103

HgC12° X91 0 70.91 X 103 200.59 X 103

HgC13- X92 1 4.5 106.36 x 103 200.59 X 103

Hg(NH3)+2 X93 2 5 14.0067 X 103 200.59 X 103

Hg(NH3)2+2 X94 2 5 28.01 X 103 200.59 X 103

Hg(NH3)3+2
X95 2 5 42.02 X 103 200.59 X 103

HgAc+ X96 1 4.5 24.022 x 103 200.59x 103

Hg(Ac)20 X97 0 48.045 X 103 200.59 X 103

Hg(Ac)3- X98 1 4.5 72.067 x 103 200.59 X 103

Hg(HS)20 X99 0 64.13 X 103 200.59 X 103

HgS040 XlOO 0 32.064 X 103 200.59 X 103

Hg(S04)i
2

Xior 2 5 64.13 X 103 200.59 X 103

HgA20 XI02 0 355.00 X 103 200.59 X 103

Hg+2
XI03 2 5 200.59 X 103

Se03
2-

XI04 2 4.5 78.96 x 103

HSe03- XI05 i 78.96 X 103

H2Se03o XI06 0 78.96 X 103

HlSe03){ XI07 2 4.5 157.92 x 103
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H(Se03)l X108 3 4 157.92 x 103 .
Hg(Se03)t XI09 2 4.5 157.92 x 103 200.59 X 103

Cd(Se03){ XIIO 2 4.5 157.92 x 103 112.40 X 103

Mn2OH3+ XIII 3 5 109.88 X 103

Mn2(OH)3+ Xll2 1 6 109.88 xl03

MnHC03+ X113 1 4 12.01115 X 103 54.938 X 103

MnS040
XII4 '0 32.06 X 103 54.938 X 103

MnOH+ XII5 1 4 54.938 X 103

Mn(OH)4-2 XII6 2 4.5 54.938 x 103

MnC1+ XII7 1 4 35.453 X 103 54.938 X 103

MnAc+ Xll8 1 4 24.022 X 103 54.938 X 103

Mn(NH3)+2 XII9 2 4.5 14.0067 x 103 54.938 X 103

Mn(NH)z+2 X120 2 4.5 28.0134 x 103 54.938 X 103

Mn(NH)3+2 Xl2l 2 4.5 42.0201 x 103 54.938 X 103

ZnOH X122 1 4 65.38 X 103

Zn(OH)z° X123 0 65.38 X 103

Zn(OH)3- X124 1 4 65.38 X 103

(Zn)zOH+3
XI25 3 5 130.76 X 103

ZnHP040 X126 0 30.9738 X 103 65.38 X 103

ZnH2P04+ X127 1 4.5 30.9738 x 103 65.38 X 103

ZnS040 X128 0 32.064 X 103 65.38 X 103

Zn(SO)2-2 X129 2 4.5 64.128 x 103 65.38 X 103

Zn(S04)3-4 X130 4 5 96.192 X 103 65.38 X 103

ZnCl+ X131 1 4 35.453 X 103 65.38 X 103

Zn(C1)2° X132 0 70.906 X 103 65.38 X 103

Zn(C1)3- X133 1 4 106.359 X 103 65.38 X 103

ZnAc+ X134 1 4 24.022 X 103 65.38 X 103

Zn(Ac)z° X135 0 48.044 X 103 65.38 X 103

Zn(Ac)3- X136 1 4.5 72.066 x 103 65.38 X 103

Zn(NH3)+2 XI37 2 4.5 14.0067 x 103 65.38 X 103

Zn(NH3)2+2 X138 2 4.5 28.0134 x 103 65.38 X 103.

Zn(NH3)3+2
X139 2 4.5 42.0201 x 103 65.38 X 103

Zn(HS) (OH)O X140 0 32.06 X 103 65.38 X 103

NaOHO
X141 0 22.99 X 103

NaHP°4- X142 1 4.5 30.9738 x 103 22.99 X 103

NaS04- X143 1 4.5 32.06 x 103 22.99 X 103
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NaAcO
XI44 0 24.022 X 103 22.99 x 103

KOHO
X145 0 39.098 X 103

KHP04- X146 1 4.5 30.9738 x 103 39.098 X 103

KS04- X147 1 4.5 32.06 x ra3 39.098 x 103

KCIO
X148 0 35.453 X 103 39.098 X 103

(Hg2)OH+ X149 1 4.5 200.59 x 103

(Hg2)S040
X150 0 32.06 X 103 200.59 X 103

(Hg2)(S0 4)4-
2

X151 2 5 64.12 X 103 200.59 X 103

FeOH2+
X152 2 6 55.847 X 103

Fe(OH)2+ X153 1 4.5 55.847 x 103

(Fe)2(OHh+4 X154 4 6 111. 694 x 103

(Feh(OH)4+ X155
1 . 4.5 167.541' x 103

FeHP04+ X156 1 4.5 30.9738 x 103 55.847x 103

FeH2P04+
2

X157 2 5 30.9738 X 103 55.847 x 103

FeS04+ X158 1 4.5 32.064 x 103 55.847 x 103

Fe(S04)2- X159 1 4.5 64.128 x 103 55.847 x 103

FeCl+2
X160 2 6 35.453 X 103 55. 847 x 103

Fe(Cl)2+ X161 1 4.5 70.906 x 103 55.847 X 103

Fe(Cl)3° X162 0 106.359 X 103 55.847 X 103

FeAc+2
X163 2 5 24.022 X 103 55.847 X 103

Fe(Ac)2+ XI64 1 4.5 48.044 x 103 55.847 X 103

Fe(Ac)3o
X165 0 72.066 X 103 55.847 X.103

FeHSe03+
2

X166 2 5 78.96 X 103 55.847 X 103

FeHSi04
o . X167 0 28.086 X 103 55.847 X 103

H2Si04-
2

X168 2 4.5 28.086 x 103

HSi04-
3

X169 3 6 28.086 X 103

H2(Si04h-
6 X170 6 9 56.172 X 103

H4(Si04)4-12 X171 12 11 112.344 x 103

H6(Si04)4-10 XI72 10 11 112.344 X 103

MgSi04-
2

X173 2 4.5 28.086 x 103 24.305 X 103

MgHSi04- X174 1 4 28.086 X 103 24.305 X 103

Mg(HSi04)2-
3

X175 3 6 56.172 X 103 24.305 X 103

CaSi04-
2

X176 2 4.5 28.086 x 103 40.08 X 103

CaHSi04- X177 1 4 28.086 X 103 40.08 X 103

Ca(HSi04h 4 X178 4 9 56.172 X 103 40.08 X 103

Mn+2.
X179 2 6 54.938 X 103
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Cation
Conversion

Factor

Zn+2 X180 2 6 65.38 x 1Q3
Na+ X181 1 4 22.99 x 1Q3
K+ X182 1 3 39.098 x 1Q3
Hg+ X183 1 4 401.18 x 1Q3
Fe+3

XI84 3 9 55.847 X 103

H+ X185 1 9
Si04-3 X186 4 5 28.086 X 103

A-2 X18? 1 4.5 177.50 x 1Q3
Zn(HSho

X188 O· 64.13 X 103 65.38 x 1Q3
EDTA-4 X189 4 6 120.1115 X 103

HEDTA-3 X190 3 7.5 120.1115 x 1Q3
H2EDTA-

2
X191 2 -0.2 120.1115 x 103

H3EDTA-
1

X192 1 -5.1 120.1115 x 1Q3
H4EDTAo

X193 0 120.1115 x 1Q3
NaEDTA-3 XI94 3 0.5 120.1115 x 1Q3 22.99 x 1Q3
MgEDTA2

X195 2 -5.8 120.1115 x 103 24.312 X 103

MgHEDTA-1 X196 1 -8.5 120.1115 x 1Q3 24.312 x 103

CaEDTA-2 X19? 2 -5.9 120.1115 x i03 40.08 x 1Q3
CaHEDTA-1 X198 1 -8.5 120.1115 x 1Q3 40.08 x 1Q3
FeEDTA-1 X199 1 -8.8 120.1115 x 1Q3 55.847 x 1Q3
FeHEDTAo X200 0 120.1115 X 103 55.~47 x 1Q3
FeOHEDTA-2 . X20l 2 -6.8 120.1115 x 1Q3 55.847 x 103

Fe(OH)2EDTA-3 X202 3 -4.1 120.1115 x 103 55.847 x 1Q3
(FeOHEDTA)2-4 X203 4 1.9 240.2230 x 103 111.694 x 1Q3
HgEDTA-2 X204 2 -5.8 120.1115 x 103 200.59 x 1Q3
HgHEDTA-1 X205 1 -8.5 120.1115 x 1Q3 200.59 x 103

HgOHEDTA-3 X206 3 -2.5 120.1115 x 1Q3 200.59 x 1Q3
CdEDTA2 X207 2 -5.9 120.1115 x 1Q3 112.40 x 103

CdHEDTA-1 X208 1 -8.5 120.1115 x 103 112.40 x 1Q3
CuEDTA2 X209 2 -5.9 120.1115 x 1Q3 63.54 x 1Q3
CuHEDTA-1 X210 1 -8.5 120.1115 x 1Q3 63.54 x 1Q3
CuOHEDTA-3 X211 3 -0.1 120.1115 x 1Q3 63.54 x 1Q3
FeEDTA-2 X212 2 -5.9 120.1115 x 103 55.847 X 103

FeHEDTA-1 X213 1 -8.5 120.1115 x 1Q3 55.847 x 103

FeOHEDTA-3 X214 3 -2.5 120.1115 x 1Q3 55.847 x 1Q3
Fe(OH)2EDTA-4 X215 4 -4.1 120.1115 x 103 55.847 X 103
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MnEDTA-2 X216 2 -5.9 120.1115 x 103 54.938 X 103

MnHEDTA-1 X217 1 -8.5 120.1115 x 103 54.938 X 103

ZnEDTA-2 X218 2 -5.9 120.1115 x 103 65.38 X 103

ZnHEDTA-1 X219 1 -8.5 120.1115 x 103 65.38 X 103

ZnOHEDTA3
X220 3 -0.1 120.1115 x 103 65.38 X 103

KEOTA-3 X221 3 0.4 120.1115 x 103 39.098 x 103

Co+2
X222 2 6 120.1115 X 103 58.933 X 103

CoHEDTA-1 X223 1 -8.5 120.1115 x 103 58.933 X 103

CoEDTA-2 X224 2 -5.9 120.1115 x 103 58.933 X 103

CoOH+ X225 1 4 58.933 X 103

CO(OH)20 X226 0 58.933 X 103

CO(OH)3-1 X227 1 4 58.933 X 103

CO(OH)4-2 X228 2 4.5 58.933 x 103

Co2OH+
3

X229 3 6 117.8660 X 103

CoS0 4° X230 0 32.064 X 103 58.933 X 103

CoNH3+
2

X231 2 4.5 14.0067 x 103 58.933 X 103

Co(NH) +2 X232 2 4.5 28.0134 x 103 58.933 X 103
·32

Co(NH3h+2
X233 2 4.5 42.0201 x 103 58.933 X 103

CoHP040 X234 0 30.978 X 103 58.933 X 103

CoAc+1
X235 1 4 24.022 X 103 58.933 X 103

NTA-3 X236 3 0.8 72.0669 x 103

HNTA-2 X237 2 0.8 72.0669 x 103

H2NTA-
1 X238 1 2.3 72.0669 x 103

H3NTAo X239 0 72.0669 x 103

NaNTA-2 X240 2 10.75 72.0669 x 103 22.99 X 103

MgNTA-1 X241 1 -6.75 72.0669 x 103 24.312 X 103

CaNTA-1 X242 1 -6.65 72.0669 x 103 40.08 X 103

Ca(NTA)z"4 X243 4 32.9 144.1338 x 103 40.08 X 103

FeNTAO X244 0 72.0669 x 103 55.847 X 103

Fe(NTA) 2-3 X245 3 5.6 144.1338 x 103 55.847 X 103

FeOHNTA-1 X246 1 -8.3 72.0669 x 103 55.847 X 103

Fe(OH)2NTA-2 X247 2 -7.0 72.0669 x 103 55.847 X 103

HgNTA-1 X248 1 -7.1 72.0669 x 103 200.59 X 103

CdNTA-1 X249 1 -7.5 72.0669 x 103 112.40 X 103

Cd(NTA)2-4 X250 4 32.9 144.1338 x 103 112.40 X 103

CdOHNTA-2 X251 2 -6.3 72.0669 x 103 112.40 X 103
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CuNTA-1 X252 1 -7.0 72.0669 x 103 63.54 X 103

CU(NTA)2-4 X253 4 32.9 144.1338 x 103 63.54 X 103

CuOHNTA-2 X254 2 -6.07 72.0669 x 103 63.54 X 103

FeNTA-1 X255 1 -7.0 72.0669 x 103 55.847 X 103

Fe(NTA)2-4 X256 4 32.9 144.1338 x 103 55.847 X 103

FeHNTAO
X257 0 72.0669 x 103 55.847 X 103

FeOHNTA-2 X258 2 -6.07 72.0669 x 103 55.847 X 103

MnNTA-1 X259 1 -7.0 72.0669 x 103 54.938 X 103

Mn(NTA)2-4 X260 4 32.9 144.1338 x 103 54.938 X 103

ZnNTA-1 X261 1 -7.0 72.0669 x 103 65.38 X 103

Zn(NTA)2-4 X262 4 32.9 144.1338 x 103 65.38 X 103

ZnOHNTA-2 X263 2 -6.07 72.0669 x 103 65.38 X 103

CoNTA-1 X264 1 -7.0 72.0669 x 103 58.933 X 103

CO(NTA)2-4 X265 4 32.9 144.1338 x 103 58.933 X 103

CoOHNTA-2 X266 2 -6.07 72.0669 x 103 58.933 X 103

NaOH X267 0 22.990 X 103

H3Si04- X268 1 4 28.086 X 103

H4Si04° X269 0 28.086 X 103

C(SS) X270 0
Cd(SS) X271 0
Cu(SS) X272 0
Fe{Il) (SS) X273 0
Fe(Ill) (SS) X274 0
Mn(SS) X275 0
Zn(SS) X276 0
K(SS) X277 0
Co(SS) X278 0
Na(SS) X279 0
Mg(SS) X280 0
Ca(SS) X281 0
Hg(1) (SS) X282 0
Hg(ll) (SS) X283 0
Al+3

X284 3 9 26.982 X 103

AlOH+2
X285 2 6 26.982 X 103

Al(OH)2+ X286 1 4.5 26.982 x 103

Al(OH)3° X287 0 26.982 X 103
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Al(OH)4- X288 1 5 26.982 X 103

All0H)2+
4

X289 4 6 26.982 X 103

AI3(OH)4+5 X290 1 8.8 26.982 x 103

AIEDTA- X291 0 120.1115 X 103 26.982 X 103

AlHEDTAO X292 2 6.8 120.1115 x 103 26.982 X 103

AI0HEDTA-2 X293 0 120.1115 X 103 26.982 X 103

AlNTAO X294 0 72.0669 x 103 26.982 X 103

AIHNTA+ X295 1 8.3 72.0669 x 103 26.982 X 103

AI0HNTA- X296 2 7 72.0669 x 103 26.982 X 103

Al(OHhNTA-2 X297 2 7 72.0669 X 103 26.982 X 103

AIAc+
2

X298 2 5 24.022 X 103 26.982 x. 103

AIC03+ X299 1 4.5 12.01115 x 103 26.982 X 103

AIS04+ X300 1 32.064 X 103 26.982 X 103

Al(S04)2- X301 . 1 4.5 64.128 x 103 26.982 X 103

AIH2P04+2 X302 2 5.0 30.9738 X 103 26.982 X 103

Al(H2P04)2+ X303 1 5.5 61.9476 x 103 26.982 X 103

Al(H2P04)3° X304 0 92.9214 X 103 26.982 X 103

AIA2° X305 0 355.00 X 103 26.982 X 103

P- X306 1 3.5 18.9984 x 103
HFO X307 0 0 18.9984 X 103

AIF+2 X308 2 6 18.9984 X 103 26.982 X 103

AlP2+ X309 1 4.5 37.9968 x 103 26.982·x 103

AIP3° X310 0 0 56.9952 X 103 26.982 X 103

AIP4- X31l 1 4 75.9936 X 103 26.982 X 103

MgP+ X312 1 4 18.9984 X 103 24.312 X 103

CaF+ X313 1 4 18.9984 X 103 40.08 X 103

CuP+ X314 1 4 18.9984 x 103 63.54 X 103

HgP+ X315 1 4.5 18.9984 x 103 200.59 X 103

ZnP+ X316 1 4 18.9984 X 103 65.38 X 103

Fep+2
X317 2 6 18.9984 X 103 55.847 X 103

FeP2+ X318 1 4.5 37.9968 x 103 55.847 X 103

PeP30 X319 0 0 56.9952 X 103 55.847 X 103
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13 Y6
a12 1

a3
::::

Ys

Y3 Y17a 13
::::

13 Y1 Y13a4 Y7

Ys Y17

Ys Y1
a 14 114as

Y9

1 ISa15 -
a6 :::: 13 Y1 16

Y3 12

Yll

1

Y19

YIS Y1



Appendix 3. (cont'd),

Y20

2
Y18 Yl

79

Y27

Y18 Y1
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?
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Y18 Y35

Y26

Y6 Y18
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Y40
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Y51
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YfIJa60
Y61Y52a52 3

Y40 Y35

a61 Y 61 Y40

Y53a53 --
Y54

a62 Y40 Y 1

Y54a54
Y55 a63 Y 18 Y61

? ?

Y1Y56 a65 r 18 Y-17a56
Y40 Y38

3 ? ?a 66 Y 18 r 17 Y-1
Y57a57 ==

2
Y40 Y38

3 ?a67 Y 18 Y-
62

Y58a58 3
?Y40 Y38 a68

y3
40 Y-62

4 6
Y 18 Y6 Y 17
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a 130 Y18 Y104

a l23

Y105 a 131 Y5 Y104

YI04

a l32

Y115
1

a124 = Y179 Y17
Y105

Y116a l33 4

Y107
Y179 Y17

a l 25 ---
?Y-105



Appendix 3. (cont'd).

Y111
0'134 = ----

YU2

2 3
Y 179 Y 17

Yll3

Y179 Yz

86

3
Y179 Y35



Appendix 3. (cont'd).

87

Yl31

Y132

?

Yiso Y16

Y133

a158 =
Y137

Y138

?

Y180 Y35



88

Appendix 3. (cont'd).

a161
Y140 Y 148

= a169
Y 180 Y17 Y 60 Y 182 Y 16
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Y181 Y 17

Y 150
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3a215 Yl 84 Y 17

Y193
a216 Y183 Y1

a225
Y181 Y189



Appendix 3. (cont'd).

Y201

Y202

Y103 Y189

92

Y207

Y208

Y207

Y209
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Y212·

Y214 Y222 Y189

Y179 Y189

1
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Y243

Y'133
a271 ?

a263 = Y3 Y236
3

Y222 Y35

Y255a272
Y72 Y'1361a264 =

Y222 Y62
YZ.i 6a273 =

?

Y72 Y236

Y'135a265 =
Y222 Y38

Y257a274
Yzs

Y237a266
Y'136

YZS5a275 --
YZS8

Y'138a267 = --
Y264Y237 a276

Y224 Y236
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1
?

Y222 Y236

= Y264
0::278

Y265

?

Y18 YTI6

= Y254
0::281

Y252

1

Y184 Y236

Y245

?

Y184 Y236

Y180 Y236

?

Y180 Y236

Y249

Y250
?

Y40 Y236
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Appendix 3. (cont'd).

a 302 =

Y248

Y 103 Y 236

CX294 = ----

CX295 =
Y 181 Y236

Y259
CX304 = 1cx296 =

Y179 Y236

CX305 1Y260
CX297 =

2
Y 179 Y 236

cx306 1

CX298 = Y222 Y1

CX307 1

2CX299 Y222 Y 17

CX308 = 1

2
CX300 = Y222 Y 62

= 1
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a 311 1

Y288a320 =
4

Y 284 Y 17a 312 = 1

Y 289a 313 1
a321 2 2

Y 284Y 17

a 314 1

Y 290a322 =
3 4

Y284Y17a315 = 1

Y291a 316 = 1
a 323

Y 284Y189

Y285

a317
= Y284Y17 Y292

Y 284 Y 189

Y293

Y 284 Y 189
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Y294

a326 = Y 284Y 236

Y29S

a327 = Y 284Y 236

Y296

a328
= Y 284Y 236

Y297

a 329
= Y 284Y 236
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Y298

a 330
= Y 284Y 38

Y28S

am = Y
284Y17

Y299a331
Y284 Y 1

Y28Sa339 =
Y 284Y17

Y300a332 =
Y284Y 6

Y28S
a340 =

Y 284Y 17Y 301a333 =
2

Y284Y 6
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Appendix 3. (cont'd).

y314Y285 a349
Y 18Y 306

a341 =
Y 284Y 17

1

Y315
a 342 =

Y306 a 350
Y 103Y 306

Y316

Y 180Y 306

a345 =
Y318

2
Y 184Y 306

319
Y 3

Y 184Y306

a346 = 4

Y 284Y306

2
a356 = Y3Y 306



100

Appendix 4. Coefficients (C, m)

K C m References

K1 -8.971 -1679.85 9, p.: 148 K(t)

K2 -16.402 -2198.43 9, p. 148 K(t)

K3 -5.3 0 2, p. 136

K,. -7.25 0 5,p.37

Ks -6.63 0 5,p.37

K6 -28.7422 2802.8 9, p. 170

K7 -38.45 0 9, p. 75

Ks -8.825 1944.475 11 M1

K9 -7.5838 1628.4108 11 M2

KlO -5.18 0 2,p. 136

Kn -12.063 2589.56 8 K(t)

Kl 2 0 0

K13 -2.99 0 1, p. 42

Kl 4 -5.94 0 1, p. 42

K15 12.20083 -2270.69147 12, p. 201 K(t)

Kl 6 -6.91 0

K17 -8.92436 -6948.7892 12, p. 214

K1S 15.50 0 2, p. 77

Kl 9 23.05 0 1, p. 140

K20 -46.86 0 2,p.26

K21 -17.72 0 5, p. 9

K22 -31.50 0 1, p. 59

K23 -61.71 0 3, p. 220

K24 -91.18 0 5, p.6

K25 -24.34 0 2, p. 26

K26 5.41 0 2, p.142

K27 28.32 0

K2S 0.92 0 1, p. 286

K29 0.26 0 1, p. 286

K30 -44.49 0 2, p. 26

K31 9.31 0 5, p.41
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K C m References

K 32 17.20 0 5, p.41

K 33 23.60 0 5, p.41

K34 0 0

K3S -0.1272 -6307.3040 10 K(t)

K 36 5.14 0 2, p. 251

K 37 8.36 0 2, p. 251

K 38 10.95 0 6, p. 3

K 39 -22.18 0 1, p. 140

~o -33.042 0 1, p. 26

K41 -23.26 0 5, p. 9

K 42 -46.74 0 5, p. 9

K43 -77.41 0 5, p. 9

~ -109.6 0

~s -21.64 0 5, p. 9

~6 5.66 0 5, p. 84

~7 4.56 0 5, p. 108

~8 5.99 0 5, p. 108

~9 5.53 0 5, p. 108

Kso 5.87 0 5, p. 41

KS1 10.49 0 5, p. 41

K S2 13.58 0 5,p.41

KS3 7.39528 -730.25329 12, p. 189 K(t)

KS4 14.056079 751.986802 12, p. 190 K(t)

Kss 28.43 0 5, p. 56

K S6 4.44 0 6, p. 6

KS7 7.25 0 6, p. 6

K S8 4.99 0 6, p. 6

KS9 6.460156 2906.59766 1, p. 216 K(t)

~o 19.655518 3682.25497 1, p. 217 M4

~1 -62.17 0 5, p. 77

K 62 -31.64 0 1, p. 146

K 63 -83.12 0 5,p.76
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K C m References

~ -111.7 0 5,p.76

K 65 -77.78 0 1, p.: 140

K 66 -105.827 0 1, p. 140

~7 -84.96 0 1, p. 186 '

~g -75.07 0 1, p. 186

K 69 -157.68 0 7, II-4-H-2

K70 -79.53 0 7, II-4-H-2

K71 0 0
Kn 14.873 0 5, p.. 56

K 73 6.310 0 5,p.56

K74 3.463 0 13, p. 477

K 75 -134.305 0 13, p. 476

K76 -15.151 0 5,p.56

K77 -66.593 0 13, p. 476

K78 -107.998 0 13, p. 476

K 79 13.82 0 5,p.56

K go 6,701 0 5, p. 56

K g1 1.84 0 5, p. 56

K g2 -119.73 0 5, p. 56

K g3 -13.403 0 5, p. 56

K g4 -58.025 0 5,p.56

K g5 -96.25 0 5, p. 56

K g6 0.5347 -6679.975

K g7 0.9560 -14420.333

K gg -17.9253 -16617.333

K g9 22.105 0 5,p. 5

~o 5.066 0 5, p. 82

K 91 8.289 0, 5, p. 56

K 92 8.289 0 5,p.56

~3 3.224 0 5, p. 5

K 94 -22.6900 -5283.6 14 and '.t.Hr

K 95 -26.7355 -2395.166 5, p. 5
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K C m References

K 96 -82.783 0 ·5. p. 57
K 97 -34.9542 3089.648 5, p. 37

~8 17.458 0 5, p. 77
K 99 34.26 0 5, p. 77
K IOO 38.64 0 5, p. 77
K I0 1 24.407 0 5, p. 9
K 102 50.196 0 5, p. 9
K I03 48.124 0 5, p. 9
K 104 24.637 0 5, p. 9
K I05 81.972 0 5, p. 9
K106 -20.380 0 5, eqn. subst.
K I07 8.566 0 electroneg.
K I0 8 29.795 0 5, eqn. subst.
K 109 32.236 0 electroneg.
K llO 19.895 0 5 (23°C)
Klll 39.239 0 5, graphic extrapol.
Kll2 41.171 0 5, graphic extrapol.
Kll3 12.134 (30°C) 0 5, graphic extrapol.

K 1l 4 21.851 (30°C) 0 5, graphic extrapol.
K ll5 31.154 (30°C) 0 5, graphic extrapol.
K 1l 6 86.891 (20°C) 0 5, p. 77
Kll7 3.086 (I = 0.5) 0 5, p. 84
Kll8 5.525 (I = 0.5) 0 5, p. 84
Kll9 0 0
K l20 -23.162 -10559.4 5, p. 9 and ~Hr

K l2l -17.386 -30996.5 5, p. 87 and ~Hr

K122 -16.909 -31549.8 5, p. 87 and ~Hr

K 123 16.3295 644.08 5, p. 91 and ~Hr

K 124 8.3784 -850.3911 5, p. 91 and ~Hr

K 125 5.0626 0 5, p. 91 (graphic
extrapol.)

K 126 18.7428 0 5, p. 91 "
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K C m References

K 127 29.7266 0 5, p. 91 "
K 128 11.8277 0 5, p. 91 "

K 129 -31.9069 0 5, p. 91 (corr. I = 0)

K 130 -17.9149 (20°C) 0 5, p. 91

K l3l -12.3418 (20°C) 0 5, p. 91

K 132 7.8794 -15.10 5, p. 5

K 133 17.7299 0 5,p.5

K 134 7.8288 0 5,p.5

K 135 41.6768 0 5,p.5

K 136 4.1447 0 5, p. 37

K 137 10.9093 -1700.14 5, p. 82

K 138 0.0967 0 5, p. 105

K 139 3.2236 0 6, p. 5

K 140 2.3026 0 5, p. 40

K 141 3.5460 0 5, p. 40

K 142 3.9144 0 5, p. 40

K 143 11.5129 0 5,p.9

K I44 25.5586 0 5,p.9

K 145 31.3152 0 5, p. 9

K 146 11.5129 0 5,p.9

K 147 5.526 0 5, p. 57

K 148 6.5163 0 5, p. 57

K 149 5.4801 0 5, p. 84

K 150 5.9867 0 5, p. 84

K 15l 3.4539 0 5, p. 84

K 152 0.9901 0 5, p. 108

K 153 2.87823 0 5, p. 108

K 154 1.1513 0 5, p. 108

K 155 3.6151 0 6,p.6

K 156 2.9289 60.36 6, p. 6

K 157 4.4210 0 6, p. 6

K 158 5.0887 O' 5, p. 41
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K C ill References

K l59 10.3616 0 5, p. 41

K 160 15.7957 0 5, p. 41

K 161 10.5204 11013.185 5, p. 76

K 162 -0.4605 0 5, p. 1

K l 63 3.2236 0 5, p. 56

KIM 1.6118 0 5, p. 79

K l 65 -0.4145 0 6, p. 3

K l 66 -1.1513 0 5, p. 1

K l 67 2.7516 0 5, p. 56

K l 68 1.9572 0 5, p. 79

K l 69 . -1.6118 0 5, p. 104

K 170 40.0650 0 5,p.8

K l7l 11.9734 0 5, p. 83

K 172 16.3023 0 5, p. 83

K 173 22.2476 1473.7900 5,p.7

K 174 51.3476 0 5,p.7

K 175 57.795 0 5, p. 7

K 176 114.4385 0 5,p.7

K 177 19.11 0 5, p. 57

K 178 7.98997 0 5, p. 57

K 179 19.8018 -3128.6600 5, p. 79

K 180 12.3.879 0 5, p. 83

K l8l 17.6292 -4237.7750 5, p. 106

K l 82 4.9045 0 5, p. 106

K l 83 -1.8703 22.1320 5, p. 106

K 184 7.8518 0 6, p. 5

K 185 15.0129 0 6, p. 5

K 186 19.572 0 6, p, 5

K187 6.8732 0 5, p. 91

K 188 20.49 0 5, p. 39

K l 89 22.7773 0 5, p. 39

K l 90 30.1639 0 5, p. 39
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K C m References

Kl9l 60.2356 0 5,p.39

K192 128.7145 0 5,p.39

K 193 160.000 0 5, p. 39

K 194 11.3057 0 5,p.39

K 195 1.6648 0 5,p.39

K 196 8.5426 0 5, p. 39

K 197 8.3814 0 5, p. 39

K 198 1.0131 0 5, p. 39

K 199 6.6545 0 5,p.39

K200 -89.3403 0 5, p. 39
, j

K201 -23.5661 -1761.2000 5, p. 1

K202 -27.3209 1761.2000 5, p. 37

K203 -13.6458 -3140.0 5, p. 79

K204 -20.3448 -3190.3 5, p. 76

K205 -16.7398 0 5, p. 91

K206 -24.2934 -3411.700 5, p. 9

K207 -30.2010 -2432.97 5, p. 79

K208 -23.0259 0 5, p. 38

K209 -131.304 14914.4 5, p. 57

K210 -18.6448 -9887.9 5, p. 76

K211 -16.5786 0 5,p.39

K212 -41.2393 0 5, p. 107

K213 -89.3403 0 5, p. 7

K214 -95.5573 0 5, p. 7

K215 -98.3204 0 5, p. 7

K216 -36.9565 0 5, p. 38

K217 -60.7882 0 5, p. 57

K218 -28.5521 0 5, p. 57

K219 -14.1148 0 5, p. 57

K220 0 0

K221 15.6285 2853.0719 15, p. 204

K222 7.1031 2183.8328 15, p. 204
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K223 9.2647 -704.4622 15, p. 204

K224 5.8569 -150.9562 15, p. 204

K225 2.1561 704.4622 15, p. 204

K226 27.0070 -1761.1555 15, p. 204
K227 8.1281 0 15, p. 204

K228 14.0000 3321.0360 15, p. 204

K229 6.5844 0 15, p. 204

K230 37.9346 6038.2474 15, p. 207

K231 3.7302 0 15, p. 207

K232 0.8189 5031.8728 15, p. 207

K233 22.4042 0 15, p. 207

K234 19.6764 2515.9364 15, p. 207

K235 18.2625 9510.2396 15, p. 208

K236 6.6733 352.2311 15, p. 208
I
c K237 21.7134 0 15, p. 208

K238 23.0179 4579.0043 15, p. 208

K239 6.7278 201.2749 15, p. 208

K240 29.9507 4126.1357 15, p. 207

K241 4.2117 1006.3746 15, p. 207

K242 1.3440 1509.5618 15, p. 207

K243 26.8441 2012.7491 15, p. 206

K244 3.6361 1006.3746 15, p. 206

K245 21.6213 0 15, p. 206

K246 23.3943 0 15, p. 206

K247 24.7781 2314.6615 15, p. 206

K248 5.82 603.8247 15, p. 206

K 249 30.3190 2465.6177 15, p. 208

K250 3.8684 1107.0120 15, p. 208

K251 7.6503 0 15, p. 208

K252 2.5789 0 15, p. 204

K253 31.0830 2113.3866 15, p. 206

K 254 4.3834 956.0558 15, p. 206
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K255 9.9011 0 5, p. 6

K256 19.3417 0 5,p.6

K257 22.3351 ,0 5,p.6

K258 23.4864 0 5, p. 6

K259 6.2170 0 5,p.6

K260 7.7968 -704.4622 5, p. 82

K261 -0.8183 1610.1993 5,p.40

K262 8.0590 0 5, p. 40

K263 10.2005 0 5, p. 40

K264 * 1=0.1 5.0196 0 5,p.57

K265 3.3618 0 16, p. 5

K266 15.8994 2314.6615 15, p. 139

K267 7.1129 -100.6375 15, p. 139

K268 4.4879 -100.6375 15, p. 139

K269 22.6342 -2214.0240 15; p. 139

K270 15.1151 704.4622 15, p. 139

K271 9.6377 3924.8608 15, p. 139

K272 21.8055 0 15, p. 141

K273 33.1802 0 15, p. 141

K274 8.0821 0 15, p. 141

~275 27.0323 0 15, p. 141

K276 26.3541 50.3187 15, p. 141

K277 27.5203 2415.2990 15, p. 14.1

K278 8.2898 5535.0601 15, p. 141

K279 29.2052 956.0558 15, p. 141

K280 27.4828 4478.3668 15, p. 141

K281 12.4240 0 15, p. 142

K282 0 0

K283 44.7286 -1610.1993 15, p. 142

K284 58.5778 0 15, p. 142

K285 12.0655 0 15, p. 142

K286 20.5851 0 15, p. 142
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.K287 25.6487 452.8686 15, p. 142

K 288 29.3498 1811.4742 15, p. 142

K 289 10.4998 0 15, p. 142

K290 0 0

K291 ·18.3937 2012.7491 15, p. 142

K 292 20.6462 4579.00;43 15, p. 142

K293 9.3260 5535.0601 15, p. 142

K294 36.2427 0 15, p. 143

K295 5.4341 0 15, p. 139

K296 22.1592 -704.4622 15, p. 141

K 297 20.8930 2063.0679 15, p. 141

K 298 -22.9798 0 5, p. 38

K 299 -34.3085 0 5,p.6

·K300 -79.8997 0 1, p. 186

K 301 -49.0451 0 4, p. 76

K302 22.7035 0

K 303 30.1639 0

K 304 0 0

K 305 0 0

K 306 0 0

K 307 0 0

K308 0 0

K 309 0 0

K 310 0 0

K311 0 0

K 312 0 0

K 313 0 0

K314 0 0

K315 0 0

K316 0 0

J(317 20.7431 0

K 318 43.058 0
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K319 62.1698 0

K320 75.9853 0

K321 46.7448 0

K322 96.9397 0

K323 37.5345 0

K324 43.2897 0

K325 23.9698 0

K326 26.2487 0

K327 30.6268 0

K328 13.4702 0

K329 -6.8124 0

K330 3.4769 0

K331 19.4102 0

K332 7.3652 0

K333 11.7440 0 "

\

K334 6:9078 0

K335 12.2061 0

K336 17.4994 0

K337 0 0

K338 -77.1371 0

K339 -71.8171 0

K340 -41.9999 0

K341 -68.0408 0

K342 7.2991 0

K343 16.1181 0

K344 29.0123 0

K345 38.4528 0,

K346 43.9794 0

K347 4.1447 0

K348 2.5329 0

K349 2.7632 0

K350 3.6841 0
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K351 2.6479 0

K352 13.8155 0

K353 24.1764 0

K354 29.9336 0

K355 -18.8351 0

K356 -23.9699 0
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