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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
MACSR80, 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

RESUME

Wagemann, R. 1994. Compilation des
données thermodynamiques utilisées par
le progiciel de caractérisation chimique
MACS80 (Version 5/1990-VAX and
MS-DOSF), 3¢ édition. Can. Tech. Rep.
Aquat. Sci. 1991: iv+113 p.

Le rapport est une compilation des
données thermodynamiques utilisées par le
progiciel de caractérisation chimique
MACS80, ainsi que des équations chimiques
servant aux définitions et des especes
chimiques considérées dans le progiciel. On
présente aussi certaines données
comparatives tirées de ce progiciel et de
treize autres progiciels de caractérisation
chimique, dans 1le but de vérifier
I’algorithme utilisé par le MACS80, ainsi
que certaines estimations des erreurs sur les
concentrations  calculées des especes
obtenues a 1’aide de la méthode de Monte
Carlo. On présente un certain nombre
d’équations utilisées par le progiciel et on
donne des explications pertinentes de leur
fonction.

Mots clés: thermodynamique compilation;

metaux; détermination d’especes chimiques;
algorithmes; eau douce; d’équilibre
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. '

[ H*] =10 ¥

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

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 (y). Activity coefficients are
calculated by the program using the
extended Debye-Hiickel equation (valid in
the range 0<I=<0.2). "A" and "B" are
constants that depend on temperature, "z;" is
the charge on the

A XZ,'ZX\/I_
1+ B xd,;xT

-log Y; =

ion,"4;" is the approximate radius of the ion .
and "I" is the ionic strength of the solution .
in units of molality as defined below:

I =%Zmi Xz}

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 =0.4875 Xe 1-783 x1073 x¢t

B =0.3239 xe 5933 x10™ xt

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 x1.8 x10°°

"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 1, by the single
symbol "o; ". 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+__”_l_.
- 273 .15+ ¢
K =e

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, AHS (calories/mole). When
the latter quantity is zero, then K,=K,;, i.e.
the equilibrium constant at 25° C. "m" and
"C" are defined as follows:

m = -0.5032 x AH}
C=1.69 x 103 x AHS+2.302 x log;, (Ks5)

Where the enthalpy was not available for a

reaction, m=0 in Appendix 3. Calculations
are performed for a specified temperature
only for those reactions for which ms#0.
For reactions for which m=0, the speciation
calculations are performed at 25° C (i.e.
K,s) 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 (x;) 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 mg/L, 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 C/L for CO3 rather than
mg CO3/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 ¢;’s are defined in Appendix 3, and
indexed (i) in terms of chemical equations.
The +;’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, MINEQLZ2.
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

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 for:
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.

-logM

Species Other Programs' MACSS80 Other Programs? MACSS80

25° C 25°.C 9.5 C 9.5 C
CO;~ 5.01 5.169 5.346 - 5.11 5.348
HCO; 2.93 2.923 2.93-2.91 2.924
Ca*+ -3 3.528 3.539 - 3.522 3.526
Mg*+ 3.53 3.520 3.54 - 3.518 3.519
SO,~ 4.14 4.127 4.164 - 4,12 4.127
CaCO;° - 5.732 6.001 - 5.27 5.904
CaSO,’ - 5.538 5.58 - 5.533 5.531
MgCO,° 5.55 5.991 6.157 - 5.470 . 6.164
MgSO0,° 5.47 ©5.579 5.767 - 5.45 5.573
CaHCO;* -—- 5.542 5.723 - 5.27 5.694
MgHCO;* 5.16 5.610 6.027 - 5.21 5.738
Cr 3.55 3.554 3.558 - 3.401 3.554
Cu** 9.67 10.420 14.772 - 8.763 10.405
Cu(OH),° 13.68 8.172 13.22 - 9.045 8.154
Cd** 9.10 9.726 11.612 - 9.41 9.702
CdOH* 10.15 11.887 12.651 - 11.46 11.861
H,PO, - 6.694 6.694 - 6.622 6.640
HPO,~ --- - 5.813 5.818 - 5.773 5.821
H,S - 8.273 8.403 - 8.071 8.068
HS . ——- 7.279 7.544 - 7.268 7.306
S= - 13.100 17.140 - 12.613 13.423
PO,= --- 10.032  10.189 - 10.03 10.044
Fe** -— 6.588 12.167 - 6.579 6.580
FeOH™ ' - 8.144 26.711 - 6.855 8.667
CdHS™* - 9.516 9.078 9.516
Hg*? 21.07 33.341 41.872 - 16.875 33.290

! includes MINEQL?2 program
% includes EQUIL, EQ3, IONPAIR, WATEQF, WATEQ2, WATSPEC, MIRE, REDEQL2,
SOLMNEQ, MINEQL/REDEQL?2 programs
3 -—- data calculated under conditions not stipulated by test criteria and therefore not suitable
for comparison here, or data are not available.



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
CO;s~ X1 4.3 4.2 3.8
HCO;y X2 0.09 0.4 2.4
Cu*? X138 2.9 2.5 0.46
CuCO; X19 ‘ 5.6 3.8 5.0
Cu(OH),’ X22 0.81 2.7 3.3
CuA, X30 4.7 4.1 3.1
Cd*~ X40 1.4 1.6 0.58
CdC1* X47 3.9 3.8 3.3
HPO,~ Xss 0.54 1.5 3.2
HS X60 0.32 1.4 3.2
S= Xs1 3.6 4.1 5.8
PO, X62 2.9 3.2 3.9
CdA, X63 3.3 3.6 3.9
CaPO, Xo4 4.6 4.9 5.6
Fe** X72 0.04 0.04 0.06
FeHPO,’ X7 3.3 3.2 4.0
FeSO,’ Xs0 2.8 2.8 3.0
Cd(HS)* Xz 2.7 3.3 6.7
Hg(OH),’ X85 9.4 9.0 8.6
HgClL,’ Xo1 4.6 5.3 7.7
Hg(HS),° X99 0.00007 <0.00001 < 0.00001
Hg*? X103 3.4 | 3.9 6.7
Mn*2 | X9 0.91 0.91 0.94

Zn+2 X180 5.1 55 6.2




Appendix 1. Equilibrium Constants.

DEFINITION DEFINITION K log,K K *Ref.
Y - Y rico; [HCO,-] 1074 . -6.385  4.124 x 107 5, p. 37
- 1 - - 1
l Y H,co? [H,CO,]
Ycor: ) [CO g lo—pH 4.167 x 10! 1, p. 134
az = 3 ) az __3__....__ = K2
Yrco; [HCOy]
. - Yca +2’YSO4—2 N [Ca ++] [SO;] K 5.01 x 1073 2, p. 136
T 3 T am 0 ™3
’ Y caso? [CaSO,°]
- 4
o YC(I ;z'YCOs-z N [Ca ++] [C03-] K 7.08 x 10 5, p- 37
- 4 T 0. M4
) Y caco? [CaCO,’]
‘ - -3
" - 'YMgQYCO:;Z v N [Mg++] [C03_] K 1.32 x 10 5, p. 37
- 5 - x5
’ Y mgco? [MgCO,’]
-8.330  4.674 x 10° see notes

@ = Yca2Yco,?

[Ca*] [CO4T]

o . . — = K
Solid CaCOy, (calcite)



Appendix 1. (cont’d).

DEFINITION DEFINITION K logo K K *Ref.
PO = 2.00 x 10" 2.p. 75
@ = Yo 2Vagg ¥ co,? L IMgrr(Cat[CoP ’
7" Solid MgCa(CO,), (dolomite) "
-1
.- YCa *ZYHCO:; [Ca ++] [HCO3_] ) K 1.00 x 10 5, p. 37
8 - T o 8 * + Bl
Y carico, [CaHCO,"]
. - 1.22 x 10" 5, p. 37
. - Ymg Yo, [Mg ™"] [HCO,] i P
9 - T 9 . D9
Y mgrico, [MgHCO;"] -
= 5.62 x 103 2, p. 136
q - JmeVsol [Mg ][50, ] R P
10 T o T By
Y pgso! [MgSO.] 1
] % 107
YH2C03 N [H2C03] i -1.4025  3.958 x 10 5, p. 37
a, = — n- " p T
p co, PCO:
a, =0 a, =0 ) i}

12



Appendix 1. (cont’d).

DEFINITION

DEFINITION K . logo K K *Ref.
-2 .
a _ YCa ‘ZYOH- . [Ca ++][0H —] ) K 5.01x 10 1, P 42
13- Yeoor - 13 [CaOH "] 13
' o B, 2.63 x 10°? 1, p.
. = Yo Von- o, [MEIOH _ g 03 x p- 42
T Yugon- © [MgOH ']
l -
 Vmsor (50,7 10°% 8.606 x 10 2, p. 134-135
“15‘\(_2 Qs « ————— = By;
(50,71
0y < -3.0 1.0 x 103 1, p. 233
a = — [H,50{] 107
Yuso: 6 - _ - ™6
* [H50,]
-15
a17 = YOH' a” . [OH—] 10-pH = K” 6.757 x 10 5,p- 1
6
N YCuCO3O [CL£C030] 5.37x 10 2,p. 77
8- o Qg . ——————— =
Yeu?Y co,? o [Cu ][CO;] N



Appendix 1. (cont’d).

K

DEFINITION DEFINITION K log, ;K *Ref.
o 10
. YCu(CO:,O); [Cu(CO3)2_] 1.023 x 10 1, p. 140
Qg = —— Qg - 5 Do
Yeu?Y co. [Cu *][CO5]
a20 = YCu .2 o [Cu ++][OH —]2 _x 4.467 x 102 2, p. 26
2 - = B
" Cu0,, + HO - Cu* + 20H"
Ycuon [CuOH "] 1077 % 2.015 x 107 5p. 9
ay = 21 o = By
Yeun [CLt ]
2.09 x 10" ;i p- 59
 Yeuony, [Cu(OH)Y] 10721 x1 L
Oy = & - " = K,
Yeun [CLl. ]
-27
. 'YCu(OH); [CLL(OH);] 10_3PH 1.58 x 10 3, P 220 |
@3 = Qy3 - " = Ky
Yeu [Cu ")
= 2.51 x 109 5,p. 6
Y cuqomy; [Cu(OH),;] 10747 X P
Uy =~ ®4 - " = Ky
Yeur [Cu ]

10



Appendix 1. (cont’d).

DEFINITION DEFINITION K logK K SRef.
. +4+ 11
o - YCuz(OH)z“ [CMZ(OH)Z ] 10-2°H 2.69 x 10 2,p. 26
3 - T, ) -
'Yzcu +2 % [Cu ++12 25
R ,
o - _ Yoo [CuSO.] 2.24x 10 2,p 142
YSO4'2YC11 2 [SO,{][CL& ++]
+ . 12 .
. - Y curico, [CuHCO;] 10°% 2.0x 10 16, p. 198
y le27 - =
Yeu?¥ co,? [Cu*[COy ]
o = e [Cucl?] g 2.5 1, p. 286
28 g — =
YeurVar- [Cuyci] %
a. = YCuCI._,o [CuClZO] 1.3 1, p. 286
29 T 2 Qyg » ——————— = Ly
Yo Y a- [Cu"][CL "]2
= 2 +s 12 4.786 x 10 5, 1.6
@ = YeuYon- [Cu"[OH ] - K, X P

' Cu(OH)z(s) ———)Cu ++ + 2OH_

11



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,K K *Ref.
e+ 1.10 x 10¢ , P-
R AS [Cu(NH;)™] x 10 > P-4l
&3 = X3 - " = By
Y cu Y NH? [Cu ""][NH,]
e 2.95 x 107 5, p. 41
LT A% [Cu(NH,), ] x‘ ’
U3 = 2 Qg " By
Yeu Y Nl [Cu *"}[NH,]
++ 1.778 x 10" 5, p. 41
Y cugutry); [Cu(NH,); "] * P
Q3 = —— Qg « G Ky
Y cu2Y NE? [Cu "][NH,] -
_ - 3.12 x 103 17, p. 519
@, =1 [Cud,] 107277 ) a5 18 p 665
a,, . FAT[Ca ] - K, -1.00 x 10371 > P
u
Y pss0 : [NH3O] l'O_pﬂ 3.987 x 101 5, p. 40
_ 3 _
@35 = Q35 - —— = 85
Yo, [NH,]
. ) YCuAc . N [CU.AC +] - K 6 1.70 x 10° 2, P- 251
T I 36 . i o 3
YCu 'ZYAC' [Clt ][AC ]

12



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,K K *Ref.
3
_ Ve [Cu(Ac)]] 4.27 x 10 2, p. 251
%~ 2 3 T a0
YCu”YAc' [Cu ][AC]
Y 140 [HAC] 10°4 K 5.715 x 10¢ 6, p. 3
a38 - 38 ° _ - 38
YAc - [AC : ]
. -10
9 = Ye,+Yeo; [Cu **][CO;] | 2:34x 10 L p. 140
P39 - " - = Ky
CUC03® — Cu' + CO,
- - 4.467 x 105 5,p.9
@ = YooY on- [CATNOHT _ x p
" Cd(OH),s0lid
a Ycaon [CAOH "] 10# 7.94 x 10 5.p-9
a " a1 " = By
Yea [Cd ]
.01 x 102 ,
Y ciony’, [Cd(OH)g] 10-2PH 5.01x 10 5 p.9
Gy = a,, . - K,
YCd ’ [Cd ++]

13



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,K K +Ref.
o - YCd(OH)'3 [Cd(OH);] 10-3PH -33.62  2.40 x 10 5 p.9
/- Ty Qg3 - ' =Ky,
Yeas [Cd ]
~ YCd(OH): [Cd(OH):] 10-4PH -47.599 2.520 x 10% 19, p. 301
gy = Y @, - — = K,
T - [Cd "]
) YCd20H+H [Cd20 " 1074 3.98 x 101° 5 p.9
Cys = — ®ys - T = Ky
Y cdtt [Cd ]
o = Y caso!? ‘[CdS04°] 2.88 x 10? 5, p. 84
46 - T X . ————— =
YerYso; [cayso]
- Yea: [CdCl"] 9.55 x 10' 5, p. 108
Xy = — Qg o —— —— K,
YeaYa- [Cd "][CI ]
Ycacr? [CACL] . 3.98 x 10? 5, p. 108
Ogg = 5 Qg - T o a8
Yo Va- [Cd*[Cl ]

14



Appendix 1. (cont’d).

*Ref,
K
DEFINITION K loguk
DEFINITION 2.51 x 102 5, p. 108
[CdCly] |
Y cacy X s Do
Qy9 = a3 [Cd™][Cl]
Year Y a
) 3.55 x 102 5,p. 4
[CA(NH)™]
Y cary) Agp - ———— = Ky,
s = [Cd "][NH;]
Yai”'YNH3 ,
3.63 x 10 5,p-41
Cd(NH,),"]
¥ caqurty,’ a,, . -[—uz—o-; B
P Ve g [Cd INE)
Ccd 3 7.94 x 10° S, p. 41
Cd(NH.); ]
Y cawmy); a,, . [_(__L)30_3 =
a;, = M [Cd ""|[NH;]
Yca Y N
1.349 x 10? 5, p. 56
H,PO,] 10°7 -
'Yyapof a, - _[3P—4___ = Ky
Us3 = 7 [H,PO,]
Y h,po, :
1.654 x 107 5, p. 56
_ [H,PO,] 1077
Yu,po, a, - - = sy
o = _aP% n
T A eo; [HPO,]

15



Appendix 1. (cont’d).

" DEFINITION DEFINITION K log,K K *Ref.
. : ) 12
YHPO; ) . [HPO4—] 10PH 2.239 x 10 5, p- 56
Uss = - Ass « ———_—— T Bss
Yrof [POF]
. 8.5 * .
C Yedae . " [CdAc *] _K _ 1x10 6, p. 6
Qsq = — 56 N 56
Yea Y ac- [Cd "[Ac ]
' : 1.41 x 10? 6, p. 6
o o Vo [Cd(Ac),] " P
571 Ogy » —————— = Ry
Yed ”YZAC - [Cd ""][Ac _]2

Y cdgae;
Qg = ————2—
3
Yea oY ac-
Vs
(5o =
Yus-
_ Yus-
ay =
Ys-

[Cd(Ac)s]

" [CdAc T i

[H,5) 107
O [HS]

S 107

[S7]

1.48 x 10>

1.293 x 107

9.805 x 10"

6,p. 6

5, p. 76

5, p. 76



Appendix 1. (cont’d).

" DEFINITION DEFINITION K log,,K K *Ref.
— . T4 - .0 -27 , D.
A = Vs Ve o, [Cd ST LT e
1 N
CdS(s) - Cd™ + 8§~
) _ = 1.820 x 10 1, p. 140
U = YeaYco; [Cd **][CO;] * P
Qg - N - = K,
CdCO, , — Cd*" + CO,4
(=)
= ++ = ’ . 03 , P.
O3 = Yo, Ys- o [Cu **][S 7] K, 7.94 x 1 5, p.76
63 ° -
CuS o Cu* + 8~
2 e - 3.16 x 10 5, p. 76
@y = Yoo Vs- a, . [Cu T[S 7] - K, _ P
Cqu@) - 2Cu* + 8-
_ 2 2 ST OO 1.660 x 103 1, p. 140
s = Y cu Y on-Yco; s . [Cu TTOA T1CO; ] - K,
‘ Cu(OH),COyy = 2Cu™ + 20H+2C0,
3 2 [C'II"]J[OH—]”'[CO;P 1.096 x 10-46 l, p. 140

_ 2
s = Y cuY on-Y co;

[/ PPN — = Keo
Cuy(OH),(COy,  — 3Cu** + 20H" + 2C0;




Appendix 1. (cont’d).

DEFINITION K ' log, ;K

DEFINITION K #Ref.
3 a2 o = 1.26 x 107 1, p. 186
@ = YcuYpo? " [Cu " P[PO, T X p
‘ 7 ‘ - Der
Cu3(PO4)2(s) — 3Cu™ + 2P0,
_ W3 2 o = 2.51 x 10® 1, p. 186
Qoo = Y Cd”Y PO‘E . [Cd ]3[P04 ]2 « ' p
8 — " P8
Cd3(P04)2(s) — 3Cd** + 2P0, .
e X A-H-
U9 = Y4cu“Yso;2Y60H' g, - [Cu*1'[SOJIOH ] &, 331x 107 7, -4-H2
Cu,SO(OH)g(, = 4Cu** + SO, + 60H"
+ 4 - ol K . 8 -35 —4-H-
@ = Ve YaVou Qg - [Cu” TICIIOA T = Ky 288 x10 7 A2
Cu(OHy),Cl, — 2Cu** + 30H" + CI"
@, =1 [CdA ] 102 5.584 x 10 17, p. 519
: 2
@7 - [HAP(Cd ] = Ky 136 x 1073, 18 P66
6
B YCaPO' . [CaPO —] ~ 2.88 x 10 5, p- 56
Qp = — Y2 Tegaatpol ™
YeatYpo? [Ca++][PO]

18



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,,K K *Ref.
o Yuro [CaHPO.] 350 5 P- 36
73 T d73 . — = K,
YeoHpo [Ca™JHPOT]
+ 31.9 13, p. 477
" Y cart,po, [CaH,PO,] P
S o, =
YearYpo? [Ca **|[H,PO,]
o = - -58.33 4.7 x 10 13, p. 476
@5 = Yoo Ypo Yo [Ca **P[POT[OH ] X P
5 ° . M5
” " Cay(PO,),(OH)solid
- = -6. . o7 . 56
@5 = Yoo Yupo; [Ca ""[HPO, ] 6.58  2.62x1 5p.5
[44 . - =
® " CaHPO solid 7
' R -29
= g ;s ) (Ca ~P[PO P ] 28.92  1.2x 10 13, p. 476
7" Cay(PO,),s0lid T
i = . -46.90 1.25 x 10¥ 13, p. 476
g = Yo Vo 3Vu [Ca "T[POSTH ] | P
) 78 ° /]

Ca,(PO,),Hsolid

19



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,c,K K *Ref.
- 60 1x 106 i i
) YMgPo,,“ [MgPO,] i x 10 File 1 estimate
Qg9 = ——_—Y Yo Qg o ————— =
Mg PO [Mg ]P0 ]
) YMgHPOf ; [MgHPOf] 2.91 813 File 1 estimate
gy = ——————— @y - — =
Yo+ Yapo; [Mg *"J[HPO,]
+ 0.8 6.31 File 1 estimat
. - Ymgr,po; . [MgH,PO,'] i e 1 estimate
3 . — =
Yng Y mpo; [Mg "\[H,PO,]
= - -52.0 1x10% File 1 esti
ag, = YSMg"Y3PO :‘S,YOH_ . . [Mg ++]5[P04 ]3[0H ] i X ile 1 estimate
® " Mg (PO,),OHsolid 8
- » - 5.82  1.5x 10 5, p. 56
U3 = Vg Yupo, . [Mg “IHPO,] * P
¥ " MgHPO (H,0),s0lid %
-25.20 6.31 x 107 5, p. 56

— w3 2
C¥84 = Y Mg+§Y PO?

[Mg "'PIPO, T

87 Mg, (PO,),(H,0)gs0lid

84

20



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,K K *Ref.
_ ad 3 o = N -41.8 1.58 x 10% File 1 estimate
Qs = Y mgYpo2¥n+ [Mg *"1*[PO, ]?[H 1
¥ Mg,(PO,)Hsolid &
: N -10 : .
Y oo [FeOH '] 1074 9.664  2.168 x 10 File 2 estimate
Qg = —(—— 86 * = K
2+
YFez' [F € ]
-20.948 '1.12 0% . Fil imat
YFe(OH)g [Fe(O H)g] 10-2PH 94 7x1 File 2 estimate
Ug7 Gg7 - » = Ky
Y e 2 [Fe?']
- - -32.40 3.95 10%  Fil imat
. YFe(OH); [Fe(OH)3] 10-3#H 3x ile 2 estimate
8 =~ T o8 - = Ky,
Y Fe 2 [Fe?']
- 3.981 x 10° 5p.5
¥recor [Fe(OH); | " "
gy = @y - ————— = Ky
2+ -14
Ve 2 [Fe*][OH 7]
1.585 x 10? 5,p. 8
Y Feso] [FeSO.] x p. 82
oy = ——— gy . =
YretYsof [Fe|[SOF ]

- 21



Appendix 1. (cont’d).

DEFINITION

DEFINITION K log, K K #Ref.
‘ . 3
. YFeHPOf [FeHPOf] 3.981 x 10 5, p. 56
) a,, . =
YFeZ"YHPO:— a [Fe 2+][HP042—] N
+ 3.981 x 10? 5, p. 56
q - PO L _[FeHPO x p
2 o - — =
Yre2Yu,po; [Fe*|[H,PO,]
YFeAc' [FeAc —] _ K 2.512 x 10! 5, pP- 5
Qo3 = 93 * T a1 13
Ypel*YAc“ [FG ][AC ]
Qs = Yp,20Yg2- [FeZ+][S2—] 2.081 x 108 14
% ReS|solid
+ - 6.927 x 1016 5. p. 5
(g5 = YFeZ'YZOH‘ s - [Fe*"][OH T - K, X P
' [Fe(OH),]solid
1.116 x 107 5, p. 57

S T
Qg5 = Y re2Y pol-

[Fe>P[PO; T

%o TFe,(PO,),

— = Ko
(H,0),]solid

22



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,;K K *Ref.
Uy = VprY oo [Fe™][COZ] 2.484 x 10! 5, p. 37
Qg7 - AT o7
[FeCO,]solid
" ~ Y[Cd(HS)'] [CdHS +] ) K 3.82x 107 5, pP- 77
Y S 98 * R ; 98
Yica?Yius ) [Cd*|[HS ]

23



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,.K K +Ref.
7.59 x 10" 5 p. 77
__Ncasy) [CA(HS)] x P
o T Yo G+ e 99
Yicar Vas ] [Cd?*|[HS ]
- 4.368 x 1016 5, p. 77
o o Vrcas) . [Cd(HS);) P
100 100 ° T a3 100
YicarY s ) [Cd *][HS T
: 3.98 x 10'° 5, p. 9
o = HgoH) a [HOH'|  _ & X p
o 101 ———[ng*][OH‘] 101
Hg“*'OH"
21
Y Hg(omy, o [Hg(OH),] X 6.31 x 10 5p.9
X2 T T 5 e .
Yrg Y on- [(Hg | ]
- 7.94 x 107 5,p.9
_ Vugoom, [Hg(OH);]
Hg?1 OH~
: 5.01 x 10% 5,p.9
¥ rg,01 [Hg,(OH)?] K X P
Qg = —— @ - P
Y rg2You- [Hg 11 ] :

24



Appendix 1. (cont’d).

DEFINITION DEFINITION K logK K +Ref.
35
105 105 ° N 3 ™05
Y3Hg 2Von- [Hg *P[OH T
Y gomnc [Hg(OH)CI] _K 1.41x 10° File 3 estimate
= 06 * " o T By
106 YHg *ZYOH'YCI' [Hg 2][OH ][Cl ]
5.25x 10° File 3 estimate
Y et HgCl*
g = —Eo— %07 - : 2 ]_ = Ky
Yhg2Yar- [Hg ~J[Cl]
Y pecr [HgCL)] 8.71 x 10'> " File 3 estimate
®io8 = 22 %108 - ——— = Kigs
YHg *2Y cl- [Hg ][Cl ]
Y teci [HgCl, ] 1.0 x 104 File 3 estimate
8Ll 3
R = ——3 Cug + o a9
Yig ¥ a- [Hg *|[CI T ~
YHg(NH )‘2 [Hg(NH3) +2] 4.37 x 108 File 4 estimate
@y = ———— (| B ———— S 1)
. YHgZ’YNHJU [Hg ][NH3]

25



Appendix 1. (cont’d).

*Ref.

DEFINITION DEFINITION K log,(.K K
. +2 1.10 x 10" File 4 estimate
_ V) [Hg(NH,),'] _
Fur ~ Yo Y20 Xy - [Hg *2][NH“ P = B
Hg** 1 HNj 3
. | +2 7.59 x 10" File 4 estimate
= YHK(NHs)sz [Hg(NH3)3 ] _
T g e g NP
Hg**1 NH, 3 :
. Y e . [HgAc ] K (133?) x 10° File 5 estimate
113 ,YH *Z'YA . 113 ° [Hg +2][AC _] 113
g c
0 3.09 x 10° File 5 estimate
o - Y Hgc), [Hg(Ac),] K (30°)
oy e ]
Hg 1 Ac~
- 3.39 x 107 File 5 estimate
o o Hettey | [Hg(Ac);] (30%)
us - _Y "2“Y3 ®yys - —_[Hg dc T = Bas
Hg*™ 1 Ac~
0 5.45 x 107 5,p. 77
o = _Y_I:]@Z___ [Hg(HS)Z] (20°)
116 2 X6 © T e 7 M6
Y g2V s [Hg “|[HS ]

26



Appendix 1. (cont’d).

DEFINITION ] DEFINITION K log,K K *Ref.
1.34 21.88 5, p. 84
o - Y Hgso, o [HgSO,]  _ P
w = — ur 117
Yug2Yso0; [Hg ~][SO,"]
- 2.4 2.51 x 10? 5, p. 84
.. - Y Hg(s0,),” [Hg(S0),"1 X i i
18 - 2 Qg PSR FT:
Yrg2Y s0; [Hg ™[50, ]
YHgA [H 2] 0.000 File 6 estimate
oo = ———22—— @9 - AR = Kip
YHg’ZYHA [Hg ][ ]
_ 2 . ++ -12 -25.70 1.983 x 10% 5, P 9
@10 = YugY on- @y - [Hg "][O0H ] Ky

HgO + H,O0 — Hg** + 20H " red solid

-53.47 3.379 x 10 5p 77

Xy = Y Yse o . [Hg ]IS 7] - K
21" HgS o) black (Metacinnabar) 2l
_ — 54,08 8.746 x 10 5, p. 77
@y = Vg Vs- o _HENST] . _ * P
122 HgS 122

(s) red (Cinnabar)

27



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,,K K *Ref.
8
' Vasor (HSe0, ] 10°7 8.03  1.07x 10 5, p. 91
®yp3 = i ®o3 - N =893
Yseo; [SeO; ]
, 0y okl 240 2.51 x 107 5, p. 91
H8e05 [HSeO;]
i 2- 220  1.58 x 102 5, p. 91
w. = JHSO [Fy(5e05] _
125 2 Upps « ————————— = Bus
Y Hseo; [HSeO5]
- 8.12 1.38 x 108 5, p. 91
Yo [H,(Se0s,);7] 10° X P
@26 = E 126 ° 3 = Ky
H(S5e05), [H (S603)2 ]
] 2 1291 8.13 x 102 5, p. 91
~ Vigeseo,); ‘ [Hg(5¢0,); | |
X7 = T Gy - = Ky
i . 2-
Vg Y se0, [Hg **[Se05 ]
. - 5.14 1.37 x 10° 5, p. 91
Yoy [Cd(Se0y); ] " P
Hpg = ———5 Qo - = K

[Cd **|[SeO} ]

2
Yea Y seo;



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,K K #Ref.
- = -13.86 1.39 x 10" 5 p. 91
X9 = Yeg+Yseos . Hg™SeO5] _ 8 P
129 ° e P
HgSeO3(s)
_ ) . . 778 1.66 x 10* 5, p. 91
C!130 Ycu ++Yse03 a [CLL ][S€O3 ] _ K (at ZOOC)
130 " en - Baso
CuSeO3(s)
- . 2 536 4.37 x 10° 5, p. 91
*31 = Yagg+Vseo o MgTiSe05] (at 20°C)
131 MgS@O3 (S) 131
3
YMnOH’ [MnOH +] _ 34 2.51x 10 5, p. 5
Q3 = — Qpy » T Ky
YamYon- [Mn ""][OH ]
] = 7.7 5.01 x 107 5 p.5
w - Y Moy . [Mn(OH),] .
133 4 133 ° e a4 hi33
Yatn Y on- [Mn "J[OH T
3+ 3.4 2.51 x 10° 5, p-5
. - Y Mu,0rry* o [Mn,(OH) "] K P
134 ~ 134 ° " . 134
ZMII‘YOH' . [Mn*F[OH ]

29



Appendix 1. (cont’d).

DEFINITION DEFINITION K. logK K *Ref,
. . 18.1  1.26 x 10% 5,p. 5
o = Y bny(0m); [Mn,(OH);] _K ‘
B 3 3 Q35 - Trrnr 3 T3S
Y2 Y on- [Mn="T{OH ]
Sy 1.8  63.1 5, p. 37
_ Ymgco,y [Mn(HCO,)"] P
Qe = @36 - ) = 7 Base
Yan?YHco, [Mn**][HCO, ]
2.
 YViso (MnSO 222 1.656 x 10 5, p. 82
®y37 = -'Y—z-'?_l R T 1
Mn* 150; [Mn =180, ]
+ 042 1.10 -5, p. 105
_ ’YMMCI’ e _Mgl_—]__ _K P
Q38 = 138 ° Py 138
Y2 Yar- [Mn="][CL7]
» 1.40 25.1 6,p.5
Y o IMngc :
%130 = 139 Y 139
Yan'YAc‘ [Ml'l ][AC ]
. 2 .00 100 5, p. 40
. Y nner? [MnNH;"] @0°, 2.0)
Mo T T o Ay + o " Do
"Yan"YNH3 [Mn ][NH3]

30



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,(K K *Ref.
. 2 154 347 5, p. 40
_ Vatqum,? [Mn(NH,), ] 20°, 2.0
= T (20°, 2.0)
X141 2 Y - s T B
Ymn?Y N, [Mn *][NH,]
‘ ” 170 50.1 5, p. 40
_ Vommy; [Mn(NH,)3'] @0°, 2.0)
Fgp = 5 W ————— =K, .
'YMn"”'Y NH, [Mn ][NH3]
+ 5.0 +£ 0.0 1.0x 10° 5 p.9
L Vaony @, . 1Z2OD1 " "
143 24 _
Yzn»Yon- [Zn*"][OH 7]
0 11.1 1.26 x 10" 5, p.9
LG W [ZnOH)]
e S T RN S N
Y zu2Y o “ [Zn*|[OH T 144
i | : 13.6  3.98 x 10 5,p. 9
Y znomy; [Zn(OH);] v
Ruys = 3 Qs Ky
Yzn2Y on- [Zn*][OH ]
anz(o 1. [ZnZ(OH)3+] 50 1.0 x 105 5, P- 9
®ue = 5 X6 T arrr Ky
Y zu»Yon- [Zn*[OH"]

31



Appendix 1. (cont’d).

DEFINITION K

DEFINITION log, ;K K *Ref.
2.4 2.51x 10 5, p. 57
o o _Vza@roy . [Zn(HPO)] < ey X p
147 147 * - 147
Yzu2Yapo} [Zn?*][HPO? ]
3 2
_ Yauwpo; [ZnH,PO;] 283 676x10 5, p. 57
g = ————— e = K45 (379
Yzn*Yipo; [Zn*"][H,PO;] |
YZnSO_:’ [ZHSO40] 2.38 2.40 x 10? 5, p. 84
Qg = ———— Uy - = K,
Yzu>Yso}” [Zn?[SO}]
2
u B Yz,,(504)§- | . [Zn(SO4)§_] 2.6 3.98 x 10 5, p. 84
150 - T 45 150 ° _ — M50
Yz ¥V sor [Zn>[SOX T
- 4- 1.5 31.6 5, p. 84
LN [Zn(SO,)3 ] ‘ P
151 3 Qs - —~ — = Kisy
Yz ¥ s0] [2n ][50, ]
Yznar* | [ZnCl*] X 0.43 2.69 5, p. 108
Xy = 152 * T paveow o M52
Yan*YCI' [Zl'l ][Cl]

32



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,c.K K *Ref.
an(a)g [Zn(Cl)g] 1.25 17.8 5, p. 108
153 = ——5 Y53 - ———— ~ Kiss
Yan*Y cl- [Zl’l +][C'l ]
- 0.5 3.16 5, p. 108
Yzu(en; [Zn(Cl);) -1
Fpsg = 5 ®isq - 2+ 5 Kisq
Yzu2Y - [Zn*)[CL7]
+ 1.57 37.2 6, p. 6
o o _Vzue a. _éndc] g b
2 ’YZM?*YAC - 155 [Zn 2+][/‘1C _] 155
0 136 22.9 6, p. 6
Yz . [Zn(Ac))] 25°, 3.0
o = — o - e = K ( ’ )
Yan’Y Ac” [Zn ][AC ]
. . 1.92  83.2 6, p. 6
O Yaugey, [Zn(Ac);] P
Qs = —— 5 U5y - ————— = K
YZIIZ‘Y Ac” [Zn ][AC _]
+ 2.21 1.62 x 10? 5. p.41
3 YZn(NHS)Z' [Zn(NH3)2 ] _K X p
®isg = o U I ——. = Dss
Y za2Y Na, [Zn *"|[NH,]



~ Appendix 1. (cont’d).

DEFINITION DEFINITION K log,,K K *Ref.
. 24 4.50 3.16 x 10° 5, p.41
= Nzomy; [Zn(NH), T
159 3 Xiso © oy 2 M9
Yzn2V Ng, [Zn*"|[NH,]
6
— (ZR(VH,)] | 6.86  7.24 x 10 5, p. 41
X0 = 3 R T L —— = K
Yzn2Y NH, [Zn*"]INH,]
; 20.88 7.669 x 10% "5, p.76
o o Y zn(smyoH), 161 ° [Zn(HS)(OH)") = K, I = 1.0) " P
o Yzn2Yus-tYou [Zn*][SH “J[OH 7]
" _ YNa(OH)O o, M _ Kl -0.2 0.63 5 p.1
162 ~ o o 162 - . -
Yna*You- [Na "J[OH 7]
Vo, (NeHPO,] 140 25.1 5, p. 56
0 e Y ror U8 NaEPOE]
A 4
 Ywaso; [NaSO,] O -7
%64 = Y Yo Uoq - — — " P -
Na*1s0; [Na *|[SO; ]

34



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,K K *Ref.

0 0.18  0.66 6, p. 3
%16 = fanl P65 - "[N‘f_AC]__ = K
YiveYac- [Na “J[Ac 7]
0 05 032 5p.1
a166 = l{'_oi @66 - _.LI.?_.OH—]_ = K166 . ‘
YeYonr- [K*|[OH 7]
B YKHPO_{ [KHPO4"] 1.195 15.7 5, p. 56
! 4
N YK304‘ ‘ [KSO,{] 0.85+0.1 7.08 5,p. 79
68 T @, — =
YK ’YSO_'Z- 168 [K +][SO42—] 168
Y kci® [KCIO] ) -0.7 . 0.20 5, p. 104
Qg9 = X - T Kig.
Ye-Ya- [KCl]
. v . 2.51 x 10" 5. p.8
_ Yagpon [(Hg,)OH'] 17.4 X b
Uigg = —————— «a AN S
170 : 170 - 70

Ve You- | [He, "[OH 7]



Appendix 1. (cont’d).

DEFINITION DEFINITION K log K K *Ref.
5.2 1.58 x 10° 5, p. 83
o o Newpsol L _ltHg)s04] . P
m - m T,
Yig2 Yo} [Hg; 1[50} ]
] 2. 7.08 1.20 x 107 5, p. 83
_ Vig,)s0,)2 [(Hg,)(SO0y); ]
G = —— 7y - 2. g K7
Y2 s02 [Hg, 1[50,7]
‘ " 11.85  7.00 x 10" 5, p.7
Qi3 = Neecomy' X3 - _—[Fe(O 2] = K73 ' ’
Yre3You- [Fe**|[OH
' . 22.3 2.0 x 10% 5,p.7
L L _lPe(OH);] " P
174 T T
YresYoon- e [Fe®"J[OH '} "
’ 4 25.1  1.259.x 10% 5,p.7
o o o, o (Fe),(OH), ] |
175 s 4 . -
Ve Yoo " [Fe > [OH T 7
49
o s ) (Fe, (OH)f] 49}.7 5.01 x.lO 5,p. 7
176 3 4 176 ; 2 M7
Y reY on- [Fe’P[OH 1

36



Appendix 1 (cont’d).

K

DEFINITION DEFINITION K log,cK *Ref,
. 8.30 2.00 x 108 5,p. 57
_ Yreripo, [FeHPO,'| (1=0.5)
“ &7 - 3 — Tt
Yre3*YHpo] [Fe**[HPO, ]
2 3.47 2.95x 10° 5, p. 57
. - Y Fert,po?" ~ [FeH,PO,T
Ty ®y7g - - ” 178
Fe** TH PO, [Fe’")[H,PO, ]
+ 3.96 9.221 x 10° 5p. 79
~ Vreso, [FeSO,] X P
oo = g+ — 5 = B
Yre Y502 [Fe3'][SO, 7]
) - 5.38 2.4 x 10° 5,p. 83
. - Y Fe(s0,); o [Fe(SO,),]
80 S T 180 © T o p, s
Yre>Y 50,2 [Fe "][SO, ]
) Yot 2 [FECZ +2] K 1.38 23.884 5, p. 106
g1 T - ®yg1 PYRE T
YreYa- [Fe"][Cl7]

37



Appendix 1 (cont’d).

DEFINITION DEFINITION K log,K K *Ref.
. + 2.13 1.35 x 10? 5, p. 106
ey FeChsl
182 2 Ygr - e &
YresY - [Fe "|[CL7]
YFe(Cl)g [Fe(Cl)O] -0.78 0.17 5, p. 106
o = —_- a 3 _ K
183 3 183 3y 3183
Yre3Y - [Fe"][CI]
3
YFe(Ac)z' [Fe(Ac)2+] _ K 3.41 R 2.57 x 10 6, p. 5
Aoy = —— gy - 3 = T Ry
YFeJ’YAc‘ [Fe ][AC ]
, . 652  3.31x 10° 6, p. 5
. - Y Fe(ac); [Fe(Ac),] K
18 - 5 Cigs - T3 g M8s
YFea'Y Ac” [Fe ][AC ]
0 8.5 3.16 x 10° 6,p.5
o Y Fegc)’ . [Fe(Ac)s] @0, 0.1)
186 3 186 * T 3uir 4. o3 M186
'YI'“eS*'Y Ac” [Fe ][AC ]
. 985  9.66 x 10? ,p. 91
Y Fetise0}' [FeHSeO.] 20 x 10 P9
Qg7 = : Xig7 — =
Yre?*Y nseo, [Fe3*][HSeO; ]

38



Appendix 1 (cont’d).

DEFINITION DEFINITION K : logK K *Ref.

. 8.9 7.94 x 108 5, p. 39
_ Yrensio? [FeHSzOf] (25°, 0.1) ’ P
g8 = , ®igg - ) 3~ Dass
Yre*Yusio}- ' [Fe3*[HSiO,; ]
: 2 9.89 7.76 x 10° 20, p. 51
_ Yusio¥ , [H,Si0, ] 107 P
Ugo = %159 - P = Kigo
Yusio}” [HSiO; ]
' e 3- 13.1 1.26 x 10 20, p. 51
_ Yusio [H,Si0;7] 107 p- 92
%90 = %90 - - = Ko
Ysio;" : [Si0, ]
o ' N6y 1 2pl] 26.16  1.45 x 10% 5, p. 39
 Yysio;® [H,(Si0,),"] 107 (25°,3.0)
o U S - ®ygp o ay = Koy ’
V507 (5i0,")
. -12 55.9 7.94 x 10% 5, p. 39
Yugopt 104 [H,(8i0,);"] S
et U ®iop - 4 = K
¥ S"Oﬁ [SlO4 ]
. ' -10 -69.49 " 3.0698 x 10% 5,p. 39
Y Hysio,);° 107 [H (Si0,), ] P
®ro3 = g3 - = K3

Y4Si04'4 [sio, 1"



Appendix 1 (cont’d).

*Ref.

DEFINITION DEFINITION K log K K
2y 491  8.13 x 10° 5,p.3
L Ywmsor . [Mgsio,"] « x p- 39
194 ,YM Z*YS'O 4 - 194 °* M 24 SiO 4 194
g™ " Si04 [Mg“'][Si0, ]
i - 0.723  5.28 5, p. 39
oo Twmo, . [MgHSIO,] ’
s T 195 * 2 HSIO 195
Mg? VHsio, [Mg“|[HSiO, "]
o o 4 371  5.13 x 10° 5, p. 39
o - ¥ Mg(iasio,); a [Mg(HSIO,), ] K
196 X 196 ° _ Bl {1
Vi “hsio,? - [Mg™")[HSiO,}
- 3.64  4.37 x 10° 5, p. 39
L Yo [CasiO] X X P
197 T o o U I UL
Yeca2Y 50, [Ca *][Si0,"]
. - 0.44  2.75 5,p. 39
o Y catisio - [CaHSiO,] P
1% Y 2Y oo 3 198 C +2 SiO -3 198
ca **1 Hsio, [Ca |[HSIO, "]
- 2.80  7.763 x 10? 5, p. 39
Voo L lcasio),) § P
19 - T, 199 PrE
YooY isio)? [Ca |[HSiO,)
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Appendix 1 (cont’d).

DEFINITION v DEFINITION K log, K K *Ref.
| . . 383  1.58x 10% 5, p. 39
o = VY usio? Y [Mg *P[HSiOo,)* _ 5L0) x P
“ [Mg,(HSIO,)5, (H,0),] .
| R - -12.840.1 1.433 x 10™ 5.p.5
@01 = 'Yan"YZOH' o AMn qOoH P | K, * i P
21" [Mn(OH),]solid o
N -10
G = VYo (Mn 2J[CO] 9.26  5.545x 10 5, p. 37
(44 . - =
22" [MnCo,)solid a0
_ +2 -2 -10. . ot .
a203 — 'YMHZ‘YS'?- o . [Mn _][S _] ) 10 58 2642Xl 5,p 79
23 " MnS]solid (pink)
_ 2pe - -13.56  2.742 x 10 5, p. 76
%04 = Yy 2V s o  _ Mn § D 13.5 X p
24" [MnS)(solid)green %
- - 727 5.37x 10% 5, p. 91
R R [Mn ?)[Se0;") _ w0 i

Y5 [MnSeO,Jsolid 2



Appendix 1 (cont’d).

DEFINITION DEFINITION K logcK K *Ref.
. 2 +2 42 -15.60 2.485 x 1016 5 p.9
%06 = Yzu2'Y on- o AZnTJOHTT | } P
2" [Zn(OH),Jsolid %
’ +2 12 -16.72  ~ 1.903 x 107 5,p. 9
W7 = Vzn2Yoon- Wy - [Zn 7JOH T _ - P
[ZnO]solid
- R - -10.00 1.0 x 1010 5, p- 38
%og = Yzu2Y co,? [Zn 2][CO, 7 * P
(43 . — =
28" [ZnCOlsolid *®
_ a3 2 + -3 -34.93 1.177 x 10 S, p.- 57
@9 = Y zn2Y po? o [Zn 2PIPO," -K
22 [Zny(PO),Is0lid[H,0], —*®
- + - -22.75 1.795 x 102 5, p. 76
%0 = Yz 2¥s2 o [Zn *[S ] = * P
10" [ZnS]solid 20
-1.2 6.31 x 10°® S, p. 39

%1 = Yea?Ysio?

[Ca 2][Si0,”]
o . =
2 [CaSiO Jsolid !
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Appendix 1 (cont’d).

DEFINITION DEFINITION K- logoK K *Ref.
. | 2p g - -17.91+0.03 1.23 x 108 5, p. 107
G = Vo Va- L HpTaTy Voo
2 " [Hg,(CI),]solid "
- 3 +3 3 -38.8+0.2 158 x 10% 5 p.7
@y = Y, oY of- Fe "||OH ~
- 3 43 -13 -41.5 3.16 x 10 5, p.7
Wy = Yr, oY on- Fe ][OH ~
o - @0 Iom
a215 - Ype '3Y30].]' . [Fe +3][OH —]3 _x -42.7 2.0 x 10 5, p. 7
@15 - 03 = Bas
[Fe,057](s,a)
. _ -17
%16 = Yig,?Yco,? ‘ [Hg,_*z][COf] 16.05  8.91x 10 5, p. 38
a ey e—————— =
216 [H82C03] (S) 216
26.4  3.98 x 107 5, p. 57

@17 = Yrea¥po,? ‘ . [Fe 2P0, -
217 T 17
[FePO (H,0),](5)
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Appendix 1 (cont’d).

DEFINITION DEFINITION K ‘ log,,K K *Ref.
_ v gy - -12.40  3.98 x 10™ , p-
(43 . . =
218 [HgZHP04] (S) ‘ 218
- -7
Gy = Ty V5077 ) (He, 1[50, ) 6.13£0.04 7.41 x 10 5, p. 38
. 219 ° [ngso4] (S) 219
Qo = 1 3 [Zn(HS)g] _ 0
Yza ”‘Y_ HS~ 220 [Zn **|[SH -]2 220
o _ Y uEDTA [HEDTA —3] 10°H _x 11.01 1.033 x 10" 15, p. 204
- 221 ° _ - Dy :
N P [EDTA
YH2EDTA 2 [HZEDTA —2] 10°H 6.32 2.090 x 10° 15, p. 204
a = — o . =
= Vg # [HEDTA 7] 2
YHaEDTA - [H3EDTA —1] 10°H 2.98 ‘ 9.549 x 10? 15, p. 204
Xy = =7 QApy3 - - - = Bon
Y H,EDTA [H,EDTA %
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Appendix 1 (cont’d).

DEFINITION DEFINITION K log,K K *Ref.
Uy = 1 [H4EDTA 0] 1007 2.32 2.09 x 10? 15, p. 204
@, . = _
YH,EDTA 224 [H,EDTA 7] 224
o - _ VNaEDTA _[NaEDTA °1 L 1.98  95.505 15, p. 204
2 YyeVepga s 2 [Na "[EDTA | =
2 . . 9 «
o = YagEDTA o, . [MgEDTA ]  _ K,, 9.12 1.318 x 10 15, p. 204
e Yug Y EDTA "~ [Mg?[EDTA ™
- ‘ 3.5 . » ,
o - VmgHEDTA o [MgHEDTA "] 10°7 _ K, 353 3.39x10 15, p. 204
X227 _——YMgEDTA ; 227 (MeEDTA 7] 27
N ) Y caDTA 2 ‘ [CaEDTA —2] K, 11.00 1.00 x 10" 15, p. 204
gy 2V pora+ *(cayEDTA) P
a. - cetEDTA! o, . [CaHEDTA ] 1077 _ 286 7.24x 107 15, p. 204
2 Y ugpra 2 2_9 [CaEDTA 2] >
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Appendix 1 (cont’d).

DEFINITION DEFINITION K log,K K *Ref.
o o YreEDTAt o [FeEDTA] _ 2542 2.632x10% 1S5, p. 207
B0 Y Vpry = [Fe *JIEDTA ] =
CK - 1 o [FGHEDTA 0] 10pH ) 1.62 4.17 x 10 15, p. 207
231 . =
Y FeEDTA - B [FeEDTA ] 231
o _ ’ Y FeEDTA - [FEEDTA —1]'100H k. 7.81 6.460 x 107 15, p. 207
" Yreonsora 2 “* " [FeOHEDTA ?| s
. - _VronEpra ? o  IFeOHEDTA?] 10°% 9.73  537x10° 15, p. 207
e SV — 233 - —— -
Y recomn,eota {Fe(OH),EDTA 7]
o = Y FeEDTA ! [FeEDTA -1] 102PH K 1225.207 1.873 x 10" 15, p. 207
B4 T : . Do
? FOHEDTAY [(FeOHEDTA);"]
Y HgepTA [HgEDTA —2] 22,02 1.048 x 10% " 15, p. 208
Hps = o 235 - = Bass

Y g 2YEDTA

[Hg ][EDTA ]
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Appendix 1 (cont’d).

DEFINITION DEFINITION K log,K K *Ref.
Mg = — 236 ° _ = Bysg
Y tgEpTA 2 [HgEDTA ]
i 2 H 9.43 2 69 x 10° 15, p. 208
.. - _VHgEDTA? [HgEDTA ] 10°7 _ o

237

Y HeoHEDTA

237 °

[HgOHEDTA ]

237
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Appendix 1 (cont’d).

DEFINITION DEFINITION K log,oK K *Ref,
5 16.78  6.029 x 10" 15, p. 208
o - _VciEpra w. _[CAEDTAZ?] . .
P Y a Y ppra - [caYEDTA)
, 4 - 3.21 1.62 x 10° 15, p. 208
o _ YCdHEDTA -t [CdHEDTA ] 10° =K
_ ' CAHEDTA = g -
2 Y cdEpTA “ [CdEDTA 2] i
5 19.12 1.319 x 10* 15, p. 207
o - _cuEDTA? " [CUEDTA ] _ '
- -
20 Y cu Y gp1a 0 [C“ +2][ED TA _4] i
e 332 2.089x 10° 15, p. 207
o - YCuHEDTA -1 : [CUHEDTA ] 107 =K _
 Youm 2 * [CuEDTA ?] 241
30 2.82 6.608 x 10> 15, p. 207
_ YcuonepTa o [CWOHEDTA ™]  _
Xy = 242 242

Y cuepta 2Y oH !

" [CuEDTA "[OH "]
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"~ Appendix 1 (cont’d).

DEFINITION DEFINITION K - log K K *Ref.
> 14.64 4.366 x 10" 15, p. 206
o - _ VFeEDTA @, [FeEDTA ] _
T 243 ° 243
B Yp Y epp [Fe *|[EDTA ]
_ FeHEDTA ] 107" 3.05 1.12x10° 15, p. 206
Mgy = e 244 * = Ky,
Y FeEDTA 2 [FeEDTA 7]
N \ReEDTA ) 107" 939 2.45x10° 15, p. 206
Qs = R Qs - = K5
YFeOHEDTA -3 [FCOHEDTA _3]
| _ e OHEDTA 1 10 10.16  1.45x 10° 15, p. 206
. - ) PeoHEDTA? ty [Fe 11077 _ & ‘
246 : " 246
: YFe(OH)zEDTA -4 [Fe(OH)zEDTA 4]
. : (MREDTA ] 14.19  1.549 x 10 15, p. 206
I 2 n ’
Qyyy = — IO~ X7 - = ‘K247 '

Y pn 2Y EpTA 4

[Mn [EDTA ]
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Appendix 1 (cont’d).

DEFINITION DEFINITION K logi K K *Ref.
. 4 - 341  2.57x 10° 15, p. 206
o = VMaHEDTA - [MnHEDTA '] 10°7 _ K,
T “ [MnEDTA 2
S 16.82  6.609 x 10" 15, p. 208
o = YzneDTA 2 a, [ZnEDTA 7] _ K,
- 249 249
R P e [Zn **|[EDTA ]
. 329 1.95x10° 15, p. 208
o - VzeHEDTA w. . 1ZnHEDTA 7] 10°7
N gumpra 2 0 [ZnEDTA 72 20
o = Y 2:0HEDTA 3 [ZnOHEDTA ] _ K 3.32  2.09x10° 15, p. 208
By enon Yo BUzZnEDTA M[OHT] !
o - _VKEDTA N [KEDTA ®]  _ .12 13.2 15, p. 204
P Y Ypp i [K'[EDTA ] >
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Appendix 1 (cont’d).

DEFINITION DEFINITION K log K K
YCDEDTA -2 [CoEDTA ‘2] ~ 16.63 4.267 x 1016
Qys3 = ——— Q53 - - - K53
Yo Y EDTA [Co ““J[EDTA
Y cotEDTA [CoOHEDTA '] 10°7 K 330 2.0x10°
Qo = ®ps4 - 2 = Baosq
Y coEDTA 2 [CoEDTA 7
4
o - _Ycoor" ‘ s - [CoOH "] _ K, 24530’((): 2.0x 10
e Yeo Y ou- [Co *][OH 7]
' 8.4 2.51 x 10®
gy = ——— [Co(OH)]) : x
Ty ay? Ly - = Ky 25°C
Co*V oH~ [Co +2][0H —]2
] - 9.70  5.01x 10°
%1 7 T3 O+ ————— = Ky °C
Yeo2Y on- [Co *)[OH T
; - 10.20 1.58 x 10"
_ Yeoomy? : [Co(OH)] 1920 X
T Oysq - ; — =Ky
Vo2 on- [Co *|[OH 7]



Appendix 1 (cont’d).

DEFINITION DEFINITION K logi K K *Ref.
- | + 2
Y co,08 3 [Co,0H %] x 2252% 5.01 x 10 5,p. 6
%259 Y2 2y 5 o opon] P
co?YoH"
2
. = 1 [CoSO) ] 2.36 2.29x 10 5, p. 82
260 Yeo2Y 502 P60 - ) 260 25°C
C [Co #50,7]
’YCoNH;z [CONH;ZJ 2.03 107.17 5, p. 40
Y B @,  —— =
W Vo, 261 [Co J[NH] 261
3
_ Yeommy,? [Co(NH3)2+2] ) 3.5 3.16 x 10 5, p. 40
Cop = 5 Uy - —— = Ko
Yo Y nu, [Co *][NH,]
+ 4
. - Y covi,)? . [Co(NH3)32] ) 443  2.69x 10 5, p. 40
%3 T T 5 e = Ky
Yo ‘2Y3NI{3 [Co *INH,}
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Appendix 1 (cont’d).

DEFINITION. -

DEFINITION K log K K *Ref,
1 0 2.18 1.51 x 10? 5, p. 57
Yot T w, . LCOMPOA o 1=0.1,25°C
Co HPO4 [CO +2][HP04—2]
S Yo L [Code] 146 2.88x10'  16,p.5
65 T, o 265 " T . - 265 25°C
+2 - .
Yo 2 ac [Co *[dc 7]
Y NHTA 2 ) [HNTA —2] 10pH B 10.33 2.158 x 10 15, p. 139
T A — ®rg6 + = Boes ‘ '
YNTA ) [NTA )
YHZNTA 0 [HZNTA —] 10pH 2.94 8.71 x 10? 15, P- 139
Xre7 = Q67 - = Bag7
Y g [HNTA ]
YHJNTAO [H3NTA] 10pH 1.80 6.309 x 10! 15, P- 139
A, = ., =
268 Yroza 268 [HNTA ] 268
Y pagNTa [MgNTA ] K 6.55 3.547 x 10 15, p. 139
®ro = = %269 - 2 5. T Baeo
Yrg 2 YNTa 3 [Mg ™|[NTA ~]
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Appendix 1 (cont’d).

DEFINITION DEFINITION K | " logK K *Ref.
Y caNTA - [CaNTA| ' 7.61  4.055x 107 15, p. 139
X0 = o %70 - ») = = Ko
Yca?YNTa [Ca "]INTA ™)
. 10
o _ YCa(NTA);‘ [Ca(NTA)2'4] 10.00 1.00 x 10 15, P 139
no- T, o, . -
n Yor Vo, 271 (Ca YJNTA 7} 27
' Yrwza- [FeNTA] 9.47  2.95x10° 15, p. 141
®p = T Uy - —————— = Ky
Y re 2YNTA 3 [Fe*[NTA 3
. 14
d Y FeqvT);* [Fe(NTA)2'4] 1441  2.57x 10 15, p. 141
S e— @, . =
273 Yo Yoo 273 (Fe 2JINTA ] 273
Y FetinTA [FeHNTA °] 10°1 _4 351 324x10° 15, p. 141
Qyyy = —— X7y - = Ky,
Y Fenta - [FeNTA )
Y FeNTa - [FeNTA 7] 100" 174 55x 10" 15, p. 141
Qs = @75 - 5 = Kys
Y FeonNTA [FeEOHNTA ]
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Appendix 1 (cont’d).

DEFINITION DEFINITION K log K K *Ref.
Y coNTA - [CoNTA “] - K 11.52 3.31 x 104 15, P 141
X6 = T o %76 * 3 o a6 '
Yeo2Y N1a [Co *]INTA ]
15
a B YCO(NTA); [CO(NTA)2_4] . 15.53 3.380x 10 15, P. 141
277 Yoo Py %77 - (Co JNTA = Ban
' 11
@ _ 'YCONTA' a278 . [CONTA “] 1OPH _ K778 11.80 6.313 x 10 15, P. 141
Y ornga 2 [COOHNTA ]  °
Y cunta - [CuNTAT]  _ 14.08  1.2x10* 15, p. 141
O T o 70 5. B
Yeu 2V a3 [Cu)INTA ~]
18
~ YCN(NTA)Z_" [Cu(NTA);‘] i 18.50 3171 x 10 15, P. 142
T e e i yNTa
o o _Yowomvra o _[CuOHNTA?] _ 22'?4c 251x10° 15, p. 142
- ' - Do
21 YCuNTA 'YOH' 2l [CLLNTA _][OH _] !
Oy = 0 g, = 0 0
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Appendix 1 (cont’d).

DEFINITION DEFINITION K log K K *Ref.
1 [FeNTA ] 17.08  1.20x 10" 15, p. 142
T Y Fae3 - R 5 = K
Y Fe Y N4 3 [Fe ®]INTA 2]
Y reNTA);? [Fe(NTA)‘3] 25.44  2.75x 10% 15, p. 142
a284 B —2_2——” a284 : 3 2 312 = K284
Yre Y 'NTa 3 [Fe P][NTA 9]
_ 1 [FeNTA ] 10°7 | 524 1.74x10° 15,p. 142
Qs = ] Qs - — = K5
Y FeoHNTA ! [FeEOHNTA ]
o = Y FeOHNTA ! N [FEOHNTA '] 10°7 _ K 8.94 8.71 x 108 15, p. 142
‘ - 286 ° - — Dygg
o Y Fe(OH),NTA 2 [Fe(OH),NTA ~*]
Y zaNTA - [ZnNTA 7] 11.80  6.31 x 10" 15, p. 142
Qpgy = —— Qg7 2 el Kog '
Yazn ?YNpa [Zn |[NTA 7]
' - | 15
Y zuvza);? [Zn(NTA)24] 15.43 2.692x 10 15, p. 142
R — ye = K,g

2
YZn ‘ZY NI4®

" [2n?INTA P}
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Appendix 1 (cont’d).

DEFINITION

DEFINITION K logilK K *Ref.
4
o - _Vznomnta 0y, - [ZnOHNTA Y _ K, 245-§6C 3.63x 10* 15, p. 142
P g Yon- [ZnNTA 7][OH 7]
Upyy = 0 Qg = 0 0
o = Y canta - . [CANTA 7] ) 10.97  9.335 x 10" 15, p. 142
By a2 PLoca N4t P
] 15
o 'YCd(NTA)z_" [Cd(NTA)Z“"] 15.75 5.626 x 10 15, p. 143
D T — A, . -
P gy T [caNTa
o ': YCa'NTA - oy, . [CdNTA ‘] 1()!’” ) K293 12.25 1.779 x 10" 15, p. 143
2 Y ionvta 2 [CAOHNTA 2
- 15
o _ YHgNTA_f | e - [HgNTA ] _ K294. ;g-]é- 5.50 x 10 15, p. 143
P Vgt [Hg JINTA 2]
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Appendix 1 (cont’d).

DEFINITION DEFINITION K logi K K *Ref,
Y NaNTA 2 [NaNTA -2] 2.36 2.29 x 10? 15, p. 141
s = o ®p95 a1 3 aos
Y Na 1Y NTa 3 - [Na"]INTA ~]
Y MaNTA [MnNTA "1] 8.58 3.802 x 108 15, p. 141
®o6 = o o ®296 - = = = Kye
YMn +2'YNTA -3 [Ml’l ][NTA ]
' 12
B YMn(NTA)f ‘[MI’L(NTA);‘] 12.13 1.349 x 10 15, p. 141
Qyyy = ————— Uy - = K,

2
Y 2 N1a 3

U908 = Yoo 2¥co,?

_ 2
X9 = YooY on-

N T
Yy = Y co?Y po,?

[Mn |[NTA P

[Co ?][CO57]
a PR =
®8 " [CoCO,)s0lid ~**

[Co J[OH ]
Qygg - C = agg
[Co(OH),]solid

[Co (PO, }

“w * [Co (PO, Js0lid

-9.98 25°C 1.05 x 101
-14.9 25°C 1.26 x 1075

-34.7 25°C 2.00 x 10%

5, p. 39
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Appendix 1 (cont’d) .

DEFINITION DEFINITION K log, K K *Ref.
Uy = Yep2eY¥g2 [Co?)[S?] _ 21.325°C 5.01 x 102  4,p. 76
Qzp - [CT]solid_ = B3
: 9
302
’YH3Si04_ a-302 ' [ H.SiO "][ H +] -
Iy i
] ‘ YHjSiO_,- [H3S104—] ) v 13.1 12135897 X 5, P. 39
G303 ~ Qs - ) = Ky, 10
Y50, [H,Si0,°][H "]
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Appendix 1. (cont’d).

'DEFINITION . DEFINITION K logo K K | *Ref.
Cyy = 1 o - [SSCd] ) K304 3.1866 x 10
[SSH,][Cd ] '
@5 = 0 4305 =0
@5 = 0 s = 0
yy; = 0 ayy; = 0
iy = 0 gy = 0
U9 = 0 gy - 0
@y = 0 @0 = 0
ay, =0 ay, =0

-312



Appendix 1. (cont’d).

DEFINITION DEFINITION K log,K K *Ref.
ay; =0 a,, =0
oy, =0 a,, =0
a5 = 0 a5 =0
@y = 0 a, =0
o = Y q101 2 [AIOH +2] ~ 9.01 1.02 x 10° 5, p. 11
317 T T o N7 L ey 317
YarYou- [4] P][OH 7]
18
o Axon), o AOH), |
" Y You- o "
1 [AI(OH),] 27.0 100 x 107 5, p. 11
Q319 = ———— a _ETANTAR o
YA[ ’SYOH- 319 [Al +3][0H _]3 319
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Appendix 1. (cont’d).

DEFINITION DEFINITION K logK K *Ref.
33
~ YAI(OH);l [AI(OH)E] 33.0 1.00 x 10 5, p. 11
®30 = o Uy« —————— = Ky
YarY on- [Al ®|[OH 7]
20
%31 T @31 - o~ Ky
YarYou- [Al *{OH 7]
42
C3p = %357 - a0 7 Dax
Yar=You- [4] ®P[OH 7]
YAIEDTA -1 [AIEDTA '1] _ K 16.3 2.00 x 10'6 ‘ ‘ 15, P- 208
Fp3 = Gy - 3 B
Ya12YEDTA " [4l ~][EDTA ]
Y uHEDTA [AIHEDTA] 10" _ 188 6.31x 10° 15, p. 208
Aoy = —— 324 ° 3 4 3
Ya1YEpTa -4 [Al ][EDTA ~*]
10
_ Yaonepta 2 N [AIOHEDTA ] _ % 1041 2.57x 10 15, p. 208
U35 = 325 325

Yar2YEDTA 4

" [AI |[EDTA ]
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Appendix 1. (cont’d).

DEFINITION DEFINITION K log,(K K *Ref.
Y g o AINTA ] 114 2.51x 10" 15, p. 208
@, = oA L -
P Y Vag s B NTA Y
o ~ YAIHNTA .. [AIHNTA +] 10pH _K 13.3 2.00 x 10" 15, p. 143
S S GV AL INTA &
o - _VaouNta® - [AIOHNTA] 107 _ K., 585 7.08x10° 15, p. 143
oy SYNTA 3 [Al P][NTA 7]
- -3
N B YAI(OH)ZNTA 2 . [AI(OH)ZNTA -2] ) 2.96 1.10 x 10 15, p. 143
2 YAI dYNTA -3 329 [Al +3]2[NTA —3] 329
YAI(Ac)q [AI(AC) +2] _K 1.51 32.36 6, p. 7
U330 = —— . 330 © Ty g g 1¥330
YarVac- [Al 2)[Ac ]
a B YAI(C03)‘ [AI(CO3) +] _ 8.43 2.69 x 108 ’ 20, p877
S Yoo 331 ol *3][C03'2]_ 331
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Appendix 1. (cont’d).

DEFINITION DEFINITION K log,;K K *Ref.
+ . 1.5 05 , p- 253
7 S gy « = By
Ya5Ys0.2 [Al 21[50,%
- 5.1 1.26 x 10° 21, p. 253
_ Vagoy; [41(50,), ] " P
U3 = ——— Uy~ — 55 "
Yar+Yso,2 [A1][SO,7]
+ - 10° 1.00 x 10° 1, p. 186
o Yampor? [AIH,PO,™| . P
xR Q33q - — = fgzy
Y '3YH2PO,,” : [Al +3][H2P04+1]
: N 1 5.3 2.00 x 10° 1, p. 186
. - Yaerosh, . [AI(H,PO,"),] ©
335 2 335 ° R ey 7335
Ya *3'YH2P04+1 [Al 3][H2PO4 ]2
, | +1 7.6 3.98 x 107 1, p. 186
Yawsro, AHPOM
X336 = 3 @336 - - G5 e
YA[ dY].[Zpod’l [Al ][N2P04 ]
a... =1 AlA 410—2 pH 1.37 x 10%
37 Q- [Ai,] = Ky -JI +337x 102

[HAP[AL ]
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Appendix 1. (cont’d).

DEFINITION DEFINITION K log,.K K *Ref.
o =y +3Y3 ] [Al +3][0H —]3 K -33.5 3.16 x 10 5 p 11
A 5% * TAI(OH),] Gibb site. =
o =y ,»3'Y3 ] Al +3[OH —] K -31.19 6.46 x 10 20
339 A"t oH Q339 - = B39
[Al(OH),] amorphous
a340 = YAI ’3‘YP04~3 [Al +3][PO4] -18.24 5.75 x 10 1, p. 186
(44  ——— =
S0 PO, solid
2 . S 29.55  2.82x 10% 1, p. 186
1 = Yar3Yu,po,Yon- [Al"[[H,POJOH )
i TAIH PO (OH) ] solid =
_ _1— [HF] 'IOPH_ 3.17 1.479 x 10° 5, p. 101
X3p 342 T K342
Ve N
) AIF 2 7.0 1.00 x 107 5, p. 101
Q33 = Yar 2 Qay3 - ; 3 ]- = Ky
YarYF- [AL][F 7]



Appendix 1. (cont’d).

DEFINITION DEFINITION K logoK K *Ref.
: YAZ(F)” [Al(Fv)+1] 12.6 3.98 x 102 5, p. 101
ke 2
a344 B 2 344 ° . B T gy
oYy AL P
) o 6.7  5.01x 10 5, p. 101
®345 : 3 a@. . [AIF);]
YA[ *3YF- 345 [Al +3][F _]3 345
YA[(F )'l [Al(Fv)—l] 19.1 1.259 x 10'9 5, p. 101
7, ;
Q46 = — 4 Cpg - ———— = K3y
Yar3Yp- [Al 2)[F T
Y pgr - [MgF +1] _x 1.8 6.31 x 10!
Yaa1 T A 1]
Yo Vp- Mg [F ]
Y car CaF " 1.1 1.259 x 10'
Qg = —— T G348 - —[_Q—L = Ky
Yo 2VF- [Ca “Y|F 7]
Y Il’ + CuF +1 1.2 1.585 x lol
Uy = —— Q349 - % = Bagg
: YCu ’Z'YF' [Cu ][F ]
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Appendix 1. (cont’d).

DEFINITION DEFINITION K log,;K K *#Ref.
‘YHF’ [HgF +1] 1.6 3.981 x ],0l
— g -
A0 = —— Q350 - - Baso
Yug2VE- [Hg *1[F )
YZ P [ZnF +l] 1.15 1.4125 x 10!
.
L Q351 - g Dast
Yz, YE- [Zn |[F ] .
Y[‘ 1_"2 [FeF +2] 6.0 1.000 x 106
voF
X355 = — Q35 - o s
YoV p- [Fe "][F"]
+ 10.5 t. 3.16 x 10"
o Y ) [FeF,"] o ¥
353 0 T 5 353 * T vz 1353
Yre3Yp- [Fe *[F 1
13 t. 1.00 x 10"
Qpey = 1 [FeFy] ” "
34 gy ———— = Ky
YresYp U FePF P
21 -12 -8.18 6.607 x 10?
- N 1 i |

MgF, solid 355
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DEFINITION

DEFINITION K

log, (K

K

*Ref.

_ 2
@356 = Yea?Yp-

Q356 -

[Ca *][F * _
CaF2 solid

356

-10.41

3.8905 x 10
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Appendix 2. Chemical Species and Conversion Factors: M - mg/L of Element.

Anion Cation
: Conversion Conversion
Species x Z & (25°C) Factor Factor
CO,;~ X1 2 4.5 12.01115 x 10°* -
HCO; X2 1 4 12.01115 x 10* -
Ca*? X3 2 6 - 40.08 x 10°
H,CO; X4 0 - 12.01115 x 10®* -
Mg*+* Xs 2 8 - 24.312 x 10°
SO~ Xs 2 4.5 32.064 x 10° -
CaCoO,° X7 0 - 12.01115 x 10* 40.08 x 10°
CasSO,° X3 0 - 32.064 x 10° 40.08 x 10°
MgCO,° Xo 0 - 12.01115 x 10*° 24.312 x 10°
MgSO,° X10 0 - 32.064 x 10° 24.312 x 10°
CaHCO;* X11 1 4 12.01115 x 10* 40.08 x 10°
MgHCO;* X12 1 4 12.01115 x 10* . 24.312 x 10°
CaOH* X13 1 4 - 40.08 x 10°
MgOH* X14 1 4 - : 24.312.x 10°
HSO, X15 1 4 32.064 x 10° -
Cr X16 1 3 35.453 x 10° -
OH" X17 1 3.5 - -
Cutt X1s 2 6 - 63.54 x 10°
CuCO, X1s 0 - 12.01115 x 10* 63.54 x 10°
Cu(CO,),~ X20 2 4.5 24.022 x 10° 63.54 x 10°
Cu(OH)* Xa1 1 4 - 63.54 x 10°
Cu(OH),° X2 0 - - 63.54 x 10°
Cu(OH); X323 1 4 - 63.54 x 10°
Cu(OH),~ X24 2 4.5 - 63.54 x 10°
Cu,(OH),** X25 2 6 - 127.08 x 10°
CusSQ,° X26 0 - 32.064 x 10° 63.54 x 10°
CuHCO,* X27 1 4 12.01115 x 10°  63.54 x 10°
CuCl* X28 1 4 35.453 x 10° 63.54 x 10°
CuCl? X29 0 - 70.906 x 10° *  63.54 x 10°
CuA, X30 0 - 355.00 x 10° 63.54 x 10°
Cu(NH,)** X31 2 4.5 14.0067 x 10° 63.54 x 10°
Cu(NH,),** X32 2 4.5 28.0134 x 10° 63.54 x 10°
Cu(NH,),** X33 2 4.5 42.0201 x 10° 63.54 x 10°
NH,* X34 1 2.5 14.0067 x 10° -
NH; X35 0 - 14.0067 x 10* -
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Anion Cation
Conversion Conversion
Species (x) Z, 3; (25°C) Factor Factor
CuAc* X36 1 4 24.022 x 10° . 63.54 x 10°
Cu(Ac), X37 0 - 48.045 x 10° 63.54 x 10°
Ac X38. 1 4.5 24.022 x 10° -
HAc X39 0 - 24.022 x 10° -
Cd*+ Xa0 2 5 - 112.40 x 10°
CdOH* Xa1 1 5 - 112.40 x 10°
Cd(OH),° X4z 0 - - 112.40 x 10°
Cd(OH)y X43 1 4.5 - 112.40 x 10°
Cd(OH),~ Xas 2 5 - 112.40 x 10°
Cd,OH*** Xas 3 5 - 224.8 x 10°
CdsoO,° Xas 0 - 32.064 x 10°  112.40 x 10°
CdcCr+* X47 1 4 35.453 x 10° 112.40 x 10°
CdcL,’ Xag 0 - 70.906 x 10° 112.40 x 10°
CdCly X49 1 5 106.359 x 10° 112.40 x 10°
CA(NH;)** X50 2 5 14.0067 x 10° 112.40 x 10°
Cd(NH,),** Xs1 2 5 28.0134 x 10° 112.40 x 10°
CA(NH,);** Xs2 2 5 42.0201 x 10°* 112.40 x 10°
H,PO, Xs3 0 - 30.9738 x 10° -
H,PO, X4 1 4.5 309738 x 10° -
HPO,~ Xss 2 4 30.9738 x 10° -
CdAc* Xs6 1 5 24.022 x 10° 112.40 x 10°
~ Cd(Ac),? Xs7 0 - 48.045 x 10° 112.40 x 10°
Cd(Ac)s Xsg 1 5 72.067 x 10° 112.40 x 10°
H,S X9 0 - 32.064 x 10° -
HS X60 1 3.5 32.064 x 10° -
S= X61 2 5 32.064 x 10° -
PO~ X62 3 4 30.9738 x 10° -
CdA, Xe3 0 - 355.00 x 10° 112.40 x 10°
CaPOy, Xes 1 4 30.9738 x 10°  40.08 x 10°
CaHPO,’ X6s 0 - 30.9738 x 10*  40.08 x 10°
CaH,PO,* Xes 1 4.5 30.9738 x 10°  40.08 x 10°
MgPO, X67 1 4 30.9738 x 10°  24.312 x 10?
MgHPO,° Xes 0 - 30.9738 x 10°  24.312 x 10°
MgH,PO,”* X69 1 4.5 309738 x 10° 24.312x 10°
H,SO, X70 0 - 32.064 x 10° - ‘
HA X7 1 - 177.50 x 10° -
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Anion Cation
Conversion Conversion

Species x) Z 4, (25°C) Factor Factor
Fe?* X72 2 6 - 55.847 x 10°
FeOH™ X73 1 4.5 - 55.847 x 10°
Fe(OH),’ X74 0 - - 55.847 x 10°
Fe(OH)y X75 1 4.5 - 55.847 x 10°
Fe(OH)*, X76 2 4.5 - 55.847 x 10°
FeHPO,® X77 0 - 30.9738 x 10° 55.847 x 10°
FeH,PO,* X78 1 4.5 30.9738 x 10° 55.847 x 10°
FeAc™ X79 1 4.5 24.002 x 10° 55.847 x 10°
FeSO,° X30 0 - 32.064 x 10° 55.847 x 10°
CdHS* Xs1 1 5 32.064 x 10° 112.40 x 10°
Cd(HS),? X382 0 - 64.13 x 10° 112.40 x 10°
Cd(HS)y Xs3 1 5 96.19 x 10° 112.40 x 10°
HgOH* Xz 1 4.5 - 200.59 x 10°
Hg(OH),’ Xs5 0 - - 200.59 x 10°
Hg(OH); Xs6 1 4.5 - 200.59 x 10°
Hg,OH*? Xs7 3 4 - 401.18 x 10°
Hg,0OH,*? Xss 3 4 - 601.77 x 10°
Hg(OH)CI° Xso 0 - 35.453 x 10° 200.59 x 10°
HgCIl* Xs0 1 4.5 35.453 x 10° 200.59 x 10°
HgCl,? Xo1 0 - 70.91 x 10° 200.59 x 10°
HgCly X9z 1 4.5 106.36 x 10° 200.59 x 10°
Hg(NH,)*? X3 2 5 14.0067 x 10*  200.59 x 10°
Hg(NH;),*? Xsa 2 5 28.01 x 10° 200.59 x 10°
Hg(NH,);** Xs5 2 5 42.02 x 10° 200.59 x 10°
HgAc* Xo6 1 4.5 24.022 x 10° 200.59 x 10°
Hg(Ac),® Xg7 0 - 48.045 x 10° 200.59 x 10°
Hg(Ac)y Xos 1 4.5 -72.067 x 10°  200.59 x 10°
Hg(HS),’ Xs9 0 - 64.13 x 10° 200.59 x 10°
HgSO,° X100 0 - 32.064 x 10° 200.59 x 10°
Hg(S0,),2 X101 2 5 64.13 x 10° 200.59 x 10°
HgA,° X102 0 - 355.00 x 10° 200.59 x 10°
Hg*? X103 2 5 - 200.59 x 10°
Se0,> X104 2 4.5 78.96 x 10° -

" HSeOy X105 1 - 78.96 x 10° - -
H,Se0,° X106 0 - 78.96 x 10° -
H,(Se0,),* X107 2 4.5 157.92 x 10° -
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Anion Cation
_ Conversion Conversion
Species 6] Z 4, (25°C) - Factor Factor
H(SeOy),* X108 3 4 157.92x 10° .
Hg(Se0,),” Yoo 2 45 157.92x 10°  200.59 x 10°
Cd(Se0,)> X110 2 45  157.92x 10°  112.40 x 10°
Mn,OH3* Xuis 3 5 - 109.88 x 10°
Mn,(OH),* Xtz 1 6 - 109.88 x10°
MnHCO,* 13 1 4 12.01115 x 10°  54.938 x 10°
MnSO,° X114 0 - 32.06 x 10° 54.938 x 10°
MnOH* Xus 1 4 - | 54.938 x 10°
Mn(OH),? is 2 45 - 54.938 x 10°
MnCl* X117 1 4 35.453 x 10®° - 54.938 x 10°
MnAc* X118 1 4 24.022 x 10° 54.938 x 10°
Mn(NH)*? Yits 2 45  14.0067 x 10°  54.938 x 10°
Mn(NH),*? X120 2 4.5 28.0134 x 10° 54.938 x 10°
Mn(NH),*? X121 2 45 42,0201 x 10°  54.938 x 10°
ZnOH X122 1 4 - 65.38 x 10°
Zn(OH),’ X123 0 - © 65.38 x 10°
Zn(OH), .y ] 4 - 65.38 x 10°
(Zn),0H* X125 3 5 - | 130.76 x 10°
- ZnHPO,® X126 0 - 30.9738 x 10° 65.38 x 10°
ZnH,PO,* Xiz7 1 45 309738 x 10°  65.38 x 10°
ZnSO,° X128 0 - 32.064 x 10° 65.38 x 10°
Zn(S0),? X129 2 4.5 64.128 x 10° 65.38 x 10°
Zn(S0,);* X130 4 5 96.192 x 10° 65.38 x 10°
ZnCl* Xi31 1 4 35.453 x 10°  65.38 x 10°
Zn(Cl),? i 0 ; 70.906 x 10°  65.38 x 10°
Zn(Cl); - Xz 1 4 106.359 x 10°  65.38 x 10°
ZnAc* X134 1 4 24.022 x 10° 65.38 x 10°
Zn(Ac),’ X135 0 - 48.044 x 10° 65.38 x 10°
Zn(Ac); X136 1 45  72.066x 10° 6538 x 10°
Zn(NH,)*? Xi37 2 45  14.0067 x 10°  65.38 x 10°
Zn(NH,),*? C X 2 45  28.0134 x 10°  65.38 x 10°
Zn(NI-I3)_3+2 X139 2 4.5 42.0201 x 10° 65.38 x 10°
Zn(HS)(OH)® X140 0 - 32.06 x 10° 165.38 x 10°
NaOH® Xt 0 . 22.99 x 10°
NaHPO, X1 i 45 309738 x 10°  22.99 x 10°
NaSO, X143 1 4.5 32.06 x 10° 22.99 x 10°
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- Anion Cation
Conversion Conversion -
Species o) Z, 4, (25°0) Factor Factor
NaAc® X144 0 - 24.022 x 10° 22.99 x 10°
KOH® X145 0 - - 39.098 x 10°
KHPO, X146 1 4.5 30.9738 x 10°  39.098 x 10°
KSO, X147 1 4.5 32.06 x 10° 39.098 x 10°
KCI° X143 0 - 35.453 x 10° 39.098 x 10°
(Hg,)OH* X149 1 4.5 - 200.59 x 10°
(Hg))SO,° X150 0 - 32.06 x 10° 200.59 x 10°
(Hgy)(S0,),* X151 2 5 64.12 x 10° 200.59 x 10°
FeOH?* X152 2 6 - 55.847 x 10°
Fe(OH),* X153 1 4.5 - 55.847 x 10°
(Fe),(OH),** X154 4 6 - 111.694 x 10°
(Fe);(OH),* X155 1 4.5 - 167.541 x 10°
FeHPO,* X156 1 4.5 30.9738 x 10*  55.847 x 10°
FeH,PO,*? X157 2 5 30.9738 x 10*  55.847 x 10°
FeSO,* X158 1 4.5 32.064 x 10° 55.847 x 10°
Fe(SO,), X150 1 4.5 64.128 x 10° 55.847 x 10°
FeCl+2 X160 2 6 35.453 x 10° 55.847 x 10°
Fe(Cl),* X161 1 4.5 70.906 x 10° 55.847 x 10°
Fe(Cl),° X162 0 - 106.359 x 10* - 55.847 x 10°
FeAc*? X163 2 5 0 24.022 x 10° 55.847 x 10°
Fe(Ac),* X164 1 4.5 48.044 x 10° 55.847 x 10°
Fe(Ac),° X165 0 - 72.066 x 10° 55.847 x-10°
FeHSeO,*? X166 2 5 78.96 x 10° 55.847 x 10°
- FeHSiO,° . X167 0 - 28.086 x 10° 55.847 x 10°
H,Si0,? X168 2 4.5 28.086 x 10° -
HSio,? X168 3 6 28.086 x 10° -
H,(8i0,),® X170 6 9 56.172 x 10° -
H,(810,),12 X171 12 11 112.344 x 10* -
Hy(Si0,),1° X172 10 11 112.344 x 10* -
MgSiO,? X173 2 4.5 28.086 x 10° 24.305 x 10°
MgHSi0O, X174 1 4 28.086 x 10° 24.305 x 10°
Mg(HSi0,),? X175 3 6 56.172 x 10° 24.305 x 10°
CaSiO,? X176 2 4.5 28.086 x 10° 40.08 x 10°
CaHSiO, X177 1 4 28.086 x 10° 40.08 x 10°
Ca(HSiO,),* X178 4 9 56.172 x 10° 40.08 x 10°
Mn*?* X179 2 6 - 54.938 x 10°
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Anion Cation
Conversion Conversion

Species x) Z, 3; (25°C) Factor Factor
Zn*? X180 2 6 - 65.38 x 10°
Na* X181 1 4 - 22.99 x 10°
K* X182 1 3 - 39.098 x 10°
Hg* X183 1 4 - 401.18 x 10°
Fe*? X184 3 9 - 55.847 x 10°
H* X185 1 9 - -
Si0,? X186 4 5 28.086 x 10° -
A? X187 1 45 17750 x 10° -
Zn(HS),? Xiss 0 - - 64.13 x 10° 65.38 x 10°
EDTA* X189 4 6 120.1115 x 10° -
HEDTA? X150 3 7.5  120.1115x 10° -
H,EDTA? X191 2 -0.2  120.1115x 10*° -
H,EDTA X192 1 5.1 120.1115x 10° -
H,EDTA? X193 0 - 120.1115 x 10* -
NaEDTA? X104 3 0.5 120.1115x 10° 22.99 x 10°
MgEDTA? X195 2 5.8 120.1115x 10*  24.312x 10°
MgHEDTA™ X196 1 -8.5 120.1115x 10° . 24.312 x 10°
CaEDTA? X197 2 5.9  120.1115x 10°  40.08 x 10°
CaHEDTA™! X198 1 -8.5 120.1115x 10°  40.08 x 10?
FeEDTA™ X199 1 -8.8  120.1115x 10° 55.847 x 10°
FeHEDTA® X200 0 - 120.1115 x 10° 55.847 x 10°
FeOHEDTA? - X201 2 -6.8  120.1115x 10°  55.847 x 10°
Fe(OH),EDTA? Xom 3 4.1  120.1115x 10* 55.847 x 10°
(FeOHEDTA),* Xa03 4 1.9  240.2230x 10* 111.694 x 10°
HgEDTA? Xo0a 2 -5.8  120.1115x 10° 200.59 x 10°
HgHEDTA"! X205 1 -8.5  120.1115x 10* 200.59 x 10°
HgOHEDTA? X206 3 2.5  120.1115x 10* 200.59 x 10°
CJdEDTA? X207 2 5.9  120.1115x 10° 112.40 x 10°
CJdHEDTA™ X0 1 -85  120.1115x 10° 112.40 x 10°
CuEDTA? X209 2 5.9 . 120.1115x 10°  63.54 x 10°
CuHEDTA" X210 1 -8.5 120.1115x 10°  63.54 x 10°
CuOHEDTA? Xot1 3 -0.1  120.1115x 10°  63.54 x 10°
FeEDTA? Xa12 2 -5.9  120.1115x 10>  55.847 x 10°
FeHEDTA™ Xa13 1 -8.5  120.1115x 10°  55.847 x 10
FeOHEDTA? Xa14 3 2.5 120.1115x 10° 55.847 x 10°

Xa15 4 4.1  120.1115x 10°  55.847 x 10°

Fe(OH),EDTA™
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Anion Cation
Conversion Conversion

Species 6] Z 4, (25°C) - Factor Factor
MnEDTA? Xa16 2 -5.9 120.1115 x 10*  54.938 x 10°
MnHEDTA! X217 1 -8.5 120.1115 x 10*  54.938 x 10°
ZnEDTA? Xo18 2 -5.9 120.1115 x 10*  65.38 x 10°
ZnHEDTA™! Xa19 1 -8.5 120.1115 x 10*  65.38 x 10°
ZnOHEDTA? Xa20 3 -0.1  120.1115x 10°  65.38 x 10°
KEDTA? X221 3 0.4 120.1115 x 10*  39.098 x 10°
Co*? X222 2 6 120.1115 x 10®* 58.933 x 10°
CoHEDTA™ X223 1 -8.5 120.1115 x 10*  58.933 x 10°
CoEDTA? X224 2 -5.9 120.1115 x 10*  58.933 x 10°
CoOH* X225 1 4 - 58.933 x 10°
Co(OH),° X226 0 - - 58.933 x 10°
Co(OH),"! X227 1 4 - 58.933 x 10°
Co(OH), X228 2 4.5 - 58.933 x 10°
Co,0H*? X229 3 6 - 117.8660 x 10°
CoSQ,° X230 0 - 32.064 x 10° 58.933 x 10°
CoNH,;*? X231 2 4.5 14.0067 x 10>  58.933 x 10°
Co(NH;),*? X232 2 4.5 28.0134 x 10>  58.933 x 10°
Co(NH;);*? X233 2 4.5 42.0201 x 10*  58.933 x 10°
CoHPO,® X234 0 - 30.978 x 10° 58.933 x 10°
CoAc™! X235 1 4 24.022 x 10* ~ 58.933 x 10°
NTA" X236 3 0.8 72.0669 x 10° -
HNTA? Xo37 2 0.8  72.0669 x 10° -
H,NTA™ X238 1 2.3 72.0669 x 10° -

- H;NTA® X239 0 - 72.0669 x 10° -
NaNTA? X240 2 10.75 72.0669 x 10*  22.99 x 1¢°
MgNTA™? X241 1 -6.75 72.0669 x 10°  24.312 x 10°
CaNTA™! X212 1 -6.65 72.0669 x 10*  40.08 x 10°
Ca(NTA),* X243 4 32.9 144.1338 x 10°  40.08 x 10°
FeNTA® X244 0 - 72.0669 x 10*  55.847 x 10°
Fe(NTA),? Xa4s 3 5.6 . 144.1338 x 10°  55.847 x 10°
FeOHNTA! " Xaas 1 -8.3 72.0669 x 10>  55.847 x 10°
Fe(OH),NTA? Xo47 2 -7.0 72.0669 x 10*  55.847 x 10°
HgNTA™ X243 1 -7.1 72.0669 x 10>  200.59 x 10°
CdNTA™ X249 1 -7.5 72.0669 x 10* 112.40x 10°
Cd(NTA),* X250 4 32.9 144.1338 x 10* 112.40 x 10°
CdOHNTA? X251 2 -6.3 72.0669 x 10°  112.40x 10°
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Anion Cation

Conversion Conversion
Species (x) Z, 4, (25°C) . Factor Factor
CuNTA?! X252 1 -7.0 72.0669 x 10° 63.54 x 10°
Cu(NTA),* X253 4 32.9 144.1338 x 10*  63.54 x 10°
CuOHNTA? X254 2 -6.07 72.0669 x 10° 63.54 x 10°
FeNTA™ X255 1 -7.0 72.0669 x 10° 55.847 x 10°
Fe(NTA),* X256 4 32.9 144.1338 x 10*  55.847 x 10°
FeHNTA® X257 0 - 72.0669 x 10° 55.847 x 10°
FeOHNTA? X258 2 -6.07 72.0669 x 10° 55.847 x 10°
MnNTA! X259 1 -7.0 72.0669 x 10° 54.938 x 10°
Mn(NTA),* X260 4 32.9 144.1338 x 10°  54.938 x 10°
ZnNTA™! X261 1 -7.0 72.0669 x 10° 65.38 x 10°.
Zn(NTA),* X262 4 32.9 144.1338 x 10®*  65.38 x 10°
ZnOHNTA? X263 2 -6.07 72.0669 x 10° 65.38 x 10°
CoNTA™! X264 1 -7.0 72.0669 x 10° 58.933 x 10°
Co(NTA),* X265 4 32.9 144.1338 x 10*  58.933 x 10°
CoOHNTA? X266 2 -6.07 72.0669 x 10° 58.933 x 10°
NaOH X267 0 - - 22.990 x 10°
H,SiO, X268 1 4 28.086 x 10° -
H,Si0,° X269 0 28.086 x 10° -
C(SS) X270 0 - - - ; -
Cd(SS) Xan 0 - - -
Cu(SS) Xan2 0 - - -
Feq, (SS) X273 0 - - -
Feqy (SS) X 0 - - :
Mn(SS) X275 0 - - -
Zn(SS) X276 0 - - -
K(SS) Xa77 0 - - -
Co(SS) X278 0 - - -
Na(SS) Xa79 0 - - -
Mg(SS) X280 0 - - -
Ca(SS) X281 0 - - -
Hgq (SS) X232 0 - - -
Hgq (SS) X283 0 - - -
Al X284 3 9 - 26.982 x 10°
AIOH*? X285 2 6 - 126.982 x 10°
Al(OH),* X236 1 4.5 - 26.982 x 10°
Al(OH),’ X287 0 - - 26.982 x 10°
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77
Anion Cation
Conversion Conversion

Species x) Z, 4, (25°C) Factor Factor
Al(OH), X288 1 5 - 26.982 x 10°
AL(OH),** X289 4 6 - 26.982 x 10°
Al;(OH),*’ X250 1 8.8 - 26.982 x 10°
AIEDTA" X291 0 - 120.1115 x 10°  26.982 x 10°
AIHEDTA?® X292 2 6.8 120.1115 x 10*° 26.982 x 10°
AIOHEDTA?? X293 0 - 120.1115 x 10* 26.982 x 10°
AINTA® X294 0 - 72.0669 x 10° 26.982 x 10
AIHNTA™ X295 1 8.3 72.0669 x 10° 26.982 x 103
AIOHNTA" X296 2 7 72.0669 x 10° 26.982 x 10
AI(OH),NTA? X297 2 7 72.0669 x 10° 26.982 x 10°
AlA*? X298 2 5 24.022 x 10° 26.982 x 10°
AlCO,* X299 1 4.5 12.01115 x 10* 26.982 x 10°
AlISOQ,* X300 1 - 32.064 x 10° 26.982 x 10°
Al(SO,), X301 - 1 4.5 64.128 x 10° 26.982 x 10°
AIH,PO,*? X302 2 5.0 30.9738 x 10° 26.982 x 10°
Al(H,PO,),* X303 1 5.5 61.9476 x 10° 26.982 x 10
AI(H,PO,);° X304 0 - 02.9214 x 10° 26.982 x 10°
AlA,° X305 0 - 355.00 x 10° 26.982 x 10
F X306 1 3.5 18.9984 x 10° -
HF? X307 0 0 18.9984 x 10° -
AlF+? X308 2 6 18.9984 x 10° 26.982 x 10°
AlR,* X309 1 4.5 37.9968 x 10° 26.982-x 10°
AIF,;° X310 0 0 56.9952 x 10° 26.982 x 10°
AlF, X311 1 4 75.9936 x 10° 26.982 x 10°
MgF* X312 1 4 18.9984 x 10° 24.312 x 10°
CaF* X313 1 4 18.9984 x 10° 40.08 x 10°
CuF* X314 1 4 18.9984 x 10° 63.54 x 10°
HgF* X315 1 4.5 18.9984 x 10° 200.59 x 10°
ZnF* X316 1 4 18.9984 x 10° 65.38 x 10°
FeF*? X317 2 6 18.9984 x 10° 55.847 x 10°
FeF,* X318 1 4.5 37.9968 x 10° 55.847 x 103
FeF,’ X319 0 0 56.9952 x 10°

55.847 x 10°



78
Appendix 3. Indexed +’s defining o’s.
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- Appendix 3. (cont’d).
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Yaq
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Appendix 4. Coefficients (C, m)

100

K C m References
K, -8.971 -1679.85 9, p. 148 K(t)
K, -16.402 -2198.43 9, p. 148 K(t)
K, 53 0 2, p. 136
K, -7.25 0 5, p. 37
Ks -6.63 0 5, p- 37
K, - -28.7422 2802.8 9, p. 170
K, -38.45 0 9,p. 75
K -8.825 1944 .475 11 M,
K, - -7.5838 1628.4108 11 M,
Ko -5.18 0 2, p. 136
K, -12.063 2589.56 8 K(t)
K, 0 0

K3 -2.99 0 1, p. 42
Ky, -5.94 0 1, p. 42
Ky 12.20083 -2270.69147 12, p. 201 K(t)
K6 -6.91 0

K, -8.92436 -6948.7892 12, p. 214
K3 15.50 0 - 2,p. 77
Ko 23.05 0 1, p. 140
K, -46.86 0 2, p. 26
K, -17.72 0 5,p.9
K, -31.50 0 1, p. 59
K,; -61.71 0 3, p. 220
K, -91.18 0 5, p.6
Kys -24.34 0 2, p. 26
Ky 5.41 0 2, p-142
K,; 28.32 0

Ky 0.92 0 1, p. 286
Ky 0.26 0 1, p. 286
K5 -44 .49 0 2,p. 26
K, 9.31 0 5, p.4l
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K C m References
K;, 17.20 0 5, p.41
Kss 23.60 0 5, p.4l
K, 0 0

K5 -0.1272. -6307.3040 10 K(t)
K 5.14 0 2, p. 251
K7 8.36 0 2, p. 251
K 10.95 0 6, p. 3
Ky -22.18 0 1, p. 140
Ko -33.042 0 1, p. 26
Ky -23.26 0 5 p.9
K, -46.74 0 5,p.9
Ky -77.41 0 5, p.9
Ky -109.6 0 '

K5 -21.64 0 5 p.9
Ky 5.66 0 5, p- 84
Ky 4.56 0 5, p. 108
Ky 5.99 0 5, p. 108
Ky 5.53 0 5, p. 108
K 5.87 0 5, p.- 41
K5, 10.49 0 5, p.- 41
Ky, 13.58 0 5, p. 41
Ks; 7.39528 -730.25329 12, p. 189 K(1)
K, 14.056079 751.986802 12, p. 190 K(t)
Kss 28.43 0 5, p. 56
Ks6 4.44 0 6, p. 6
Ky, 7.25 0 6,p. 6
Kss 499 - 0 6, p. 6
Kso 6.460156 2906.59766 1, p. 216 K(t)
Kso 19.655518 3682.25497 1, p. 217 M,
Ky, -62.17 0 5, p. 77
K¢ -31.64 0 1, p. 146
Kgs -83.12 0 5,p. 76



Appendix 4 (cont’d). | 102

K : C . m References

K, -111.7 0 5,p. 76
Kes -77.78 0 1, p. 140

K -105.827 0 1, p. 140
Kg -84.96 0 1, p. 186 -
K -75.07 0 1, p. 186
Ko -157.68 0 7, I-4-H-2
Koo -79.53 0 7, I-4-H-2
K, 0 0
K, 14.873 0 5, p. 56
K 6.310 0 5, p. 56
Ko 3.463 0 13, p. 477
Kos -134.305 0 13, p. 476
Kos _ -15.151 0 5, p. 56
K, -66.593 0 13, p. 476
Ky | -107.998 0 13, p. 476
Koo : 13.82 0 5,p. 56
Kso : 6.701 0 5, p. 56
) 1.84 0 5, p. 56
Ke -119.73 0 5, p. 56
Kes , -13.403 0 5, p. 56
Ke, -58.025 0 5, p. 56
Kss -96.25 0 5, p. 56
Kegs 0.5347 -6679.975
Ke | 0.9560 -14420.333
Ke -17.9253 -16617.333
Keo 22.105 0 : 5,p.5
Koo 5.066 0 5, p. 82
K, A . 8.289 0 5, p. 56
K, 8.289 0 5, p. 56
Ko, - 3.224 : 0 5,p.5
Ko, -22.6900 -5283.6 14 and aH,

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

Ko -82.783 0 5. p. 57

Kg; -34.9542 3089.648 5, p. 37

Kg 17.458 0 5,p. 77

Ko 34.26 0 5, p. 77

Koo 38.64 0 5, p. 77

Ko 24.407 0 5,p-9

Ko 50.196 0 5,p-9

K05 48.124 0 5,p.9

Kiu 24.637 0 5, p.9

Kios 81.972 0 5,p.9

Kios -20.380 0 5, eqn. subst.

Ko7 8.566 0 electroneg.

K 29.795 0 5, eqn. subst.

Koo 32.236 0 electroneg.

Ko 19.895 0 5 (23°C)

Ky 39.239 0 5, graphic extrapol.

Kz 41.171 0 5, graphic extrapol.

K3 12.134 (30°C) 0 5, graphic extrapol.

K 21.851 (30°C) 0 5, graphic extrapol.

K5 31.154 (30 °C) 0 5, graphic extrapol.

K 86.891 (20 °C) 0 5 p.- 77

K17 3.086 (I = 0.5) 0 5, p. 84

Kis 5.525 0 = 0.5) 0 5,p. 84

Kis 0 0

K -23.162 -10559.4 5,p. 9and aH,

Kin -17.386 -30996.5 5, p. 87 and aH,

Ki» -16.909 -31549.8 5, p. 87 and aH,

K 16.3295 644.08 5, p. 91 and aH,

K 8.3784 -850.3911 5, p. 91 and aH,

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

K 18.7428 0 5, p.91"
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K C m References
| 29.7266 0 5,p.91"
Kz 11.8277 0 5 p.91"
K2 -31.9069 0 5, p. 91 (corr. I = 0)
K30 -17.9149 (20°C) 0 5, p. 91
Kis -12.3418 (20°C) 0 5,p. 91
K 7.8794 -15.10 5 p.5
Kiss 17.7299 0 5,p.-5
K4 7.8288 0 57p.5
Kiss 41.6768 0 5,p. 5
Kis6 4.1447 0 5, p- 37
| 10.9093 -1700.14 5, p. 82
K3 0.0967 0 5, p. 105
K36 3.2236 0 6,p.5
K0 2.3026 0 5, p. 40
K 3.5460 0 5, p. 40
K 3.9144 0 5, p. 40
Ky 11.5129 0 5,p.9
Kiu 25.5586 0 5,p.9
Kus 31.3152 0 5,p.9
K 11.5129 0 5 p.9
K,py 5.526 0 5,p. 57
Kiss 6.5163 0 5, p. 57
Ko 5.4801 0 5,p. 84
Kiso 5.9867 0 5, p. 84
K;s; 3.4539 0 5, p. 84
K5, 0.9901 0 5, p. 108
Kis3 2.87823 0 5, p. 108
K5, 1.1513 0 5, p. 108
Kiss 3.6151 0 6,p. 6
Kiss 2.9289 60.36 6, p. 6
K5 4.4210 0 6, p. 6
Kss 5.0887 0 5, p. 41
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K C m References
Kiso 10.3616 0 5, p. 41
Kico 15.7957 0 5, p. 41
- 10.5204 11013.185 5, p. 76
K ~0.4605 0 5, p. 1
K 3.2236 0 5, p. 56
o 1.6118 0 5, p. 79
Kies -0.4145 0 6, p. 3
K -1.1513 0 5,p. 1
Ky 2.7516 0 5, p. 56
Ky 1.9572 0 5, p. 79
Kieo -1.6118 0 5, p. 104
Ko 40.0650 0 5,p. 8
K 11.9734 0 5, p. 83
Ky 16.3023 0 5, p. 83
Kos 22.2476 1473.7900 5,p.7
Ky 51.3476 0 5,p.7
Kyos 57.795 0 5,p.7
- 114.4385 0 5,p.7
Kin 19.11 0 5, p. 57
Ko 7.98997 0 5, p. 57
Koo 19.8018 -3128.6600 5, p. 79
K0 12.3879 0 5, p. 83
- 17.6292 ~4237.7750 5, p. 106
- 4.9045 0 5, p. 106
Kies -1.8703 22.1320 5, p. 106
Ko 7.8518 0 6, p. 5
Kies 15.0129 0 6,p.5
Kz 19.572 0 6,p.5
K 6.8732 0 5, p. 91
Ky 20.49 0 5, p. 39
Koo 22.7773 0 5, p. 39
K00 30.1639 0 5, p. 39
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K C m . References

K1 60.2356 0 5,p. 39
Ko 128.7145 0 5,p. 39
Kiss ‘ 160.000 0 5,p. 39
Ko 11.3057 0 5,p.39
Ko 1.6648 0 5, p. 39
Kios 8.5426 0 5, p. 39
Ko7 8.3814 0 5,p. 39
) 1.0131 0 5, p. 39
K5 6.6545 0 5, p. 39
Koo -89.3403 0 5, p. 39
Kyor -23.5661 -1761.2000 5,p. 1
Ko -27.3209 1761.2000 5, p. 37
Kyos -13.6458 -3140.0 5, p. 79
Kon -20.3448 -3190.3 5, p. 76
Koos -16.7398 0 5, p. 91
Koos 24.2934 -3411.700 5p.9
Kogr ~-30.2010 -2432.97 5,p.79
Koos -23.0259 0 5, p. 38
Koo -131.304 14914 .4 5, p. 57
Ka1o -18.6448 -9887.9 5, p. 76
Ky -16.5786 0o 5,p.39
O - -41.2393 0 5, p. 107

Koy -89.3403 0 5,p.7
Ko 95.5573 0 5,p.7
Koss -98.3204 0 5,p.7
Ko . -36.9565 0 5, p. 38
Ko7 ~ -60.7882 0 5,p. 57
j . -28.5521 0 5, p. 57
Ko | -14.1148 0 5, p. 57
Koz 0 0
Kon: 15.6285 2853.0719 15, p. 204

Ko 7.1031 2183.8328 15, p. 204
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K C m References
K, 9.2647 -704.4622 15, p. 204
Ky 5.8569 -150.9562 15, p. 204
Kos 2.1561 704.4622 15, p. 204
Ko 27.0070 . -1761.1555 15, p. 204
- 8.1281 0 15, p. 204
Kons 14.0000 3321.0360 15, p. 204
Kono 6.5844 0 15, p. 204
Kyso 37.9346 6038.2474 15, p. 207
Ko, 3.7302 0 15, p. 207
Ky 0.8189 5031.8728 15, p. 207
K33 22.4042 0 15, p. 207
Ky 19.6764 2515.9364 15, p. 207
Kyss 18.2625 9510.2396 15, p. 208
Koz 6.6733 352.2311 15, p. 208
Koz 21.7134 0 15, p. 208
Kyss 23.0179 4579.0043 15, p. 208
Koo 6.7278 201.2749 15, p. 208
Kot 29.9507 4126.1357 15, p. 207
Kous 4.2117 1006.3746 15, p. 207
Ko 1.3440 1509.5618 15, p. 207
Ko 26.8441 2012.7491 15, p. 206
Ko 3.6361 1006.3746 15, p. 206
Kyus 21.6213 0 15, p. 206
Koss 23.3943 0 15, p. 206
o 24.7781 2314.6615 15, p. 206
Koss 5.82 603.8247 15, p. 206
Ky 30.3190 2465.6177 15, p. 208
Kys 3.8684 1107.0120 15, p. 208
Kas; 7.6503 0 15, p. 208
K,s 2.5789 0 15, p. 204
Kyss 31.0830 2113.3866 15, p. 206
Kysa 4.3834 956.0558 15, p. 206
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K C m References
Kyss 9.9011 0 5,p. 6
Koss 19.3417 0 5,p.6
Kos7 22.3351 0 5,p.6
Koss 23.4864 - 0 5,p. 6
Koso 6.2170 0 5,p. 6
Kaco 7.7968 -704.4622 5, p. 82
Kosr -0.8183 1610.1993 5, p. 40
Kosz 8.0590 0 5, p. 40
Koss 10.2005 0 5, p. 40
Ko * 1=0.1 5.0196 0 5, p. 57
Koss 3.3618 0 16, p. 5
Koss 15.8994 2314.6615 15, p. 139
Koer 7.1129 -100.6375 15, p. 139
Koss 4.4879 -100.6375 15, p. 139
Ko 22.6342 -2214.0240 15; p. 139
Karo 15.1151 704.4622 15, p. 139
Ko 9.6377 3924.8608 15, p. 139
Ko 21.8055 0 15, p. 141
Ky 33.1802 0 15, p. 141
Ko 8.0821 0 15, p. 141
Kys 27.0323 0 15, p. 141
Ky 26.3541 50.3187 15, p. 141
K, 27.5203 2415.2990 15, p. 141
Ko 8.2898 5535.0601 15, p. 141
Koo 29.2052 956.0558 15, p. 141
Kz | 27.4828 4478.3668 15, p. 141
Kogr 12.4240 0 15, p. 142
Ko 0 0
Koss 44.7286 -1610.1993 15, p. 142
Kosa 58.5778 0 15, p. 142
Kyss 12.0655 0 15, p. 142
Koss 20.5851 0 15, p. 142
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K C m References
Koer 25.6487 452.8686 15, p. 142
Kyes 29.3498 1811.4742 15, p. 142
Koo 10.4998 0 15, p. 142
Kaso 0 0
Koo .18.3937 2012.7491 15, p. 142
Kyon 20.6462 4579.0043 15, p. 142
Koos 9.3260 5535.0601 15, p. 142
Kyos 36.2427 0 15, p. 143
Koos 5.4341 0 15, p. 139
Koos 22.1592 -704.4622 15, p. 141
K,o; 20.8930 2063.0679 15, p. 141
Koos -22.9798 0 5, p- 38
- Koo -34.3085 0 5,p. 6
Ko -79.8997 0 1, p. 186
Kao: -49.0451 0 4, p. 76
Ksp 22.7035 0
Kso3 30.1639 0
Kso, 0 0
Ksos 0 0
Kso6 0 0
Ksor 0 0 |
Ksos 0 0
Kipo 0 0
Ksio 0 0
Kan 0 0
Kap 0 0
K 0 0
Ksi4 0 0
Kais 0 0
Kae 0 0
| o 20.7431 0
K5 43.058 0
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K C m References
Kas _ 62.1698 0
Kazo 75.9853 0
Ky 46.7448 0
Kaz 96.9397 0
Kizs 37.5345 0
Ko 43.2897 0
Kas 23.9698 0
Kas . 26.2487 0
Kiyy 30.6268 0
Ky 13.4702 0
Kazs -6.8124 0
Ksso 3.4769 0
Kass 19.4102 0
Kz 7.3652 0
Kz 11.7440 0
Kas 6:9078 0
Kass 12.2061 0
Kass 17.4994 0
Ksz | 0 0
Kus 771371 0
Kz -71.8171 0
Kaso -41.9999 0
Kaa -68.0408 0
Kssz 7.2991 0
Kaus o 16.1181 0
Kau ’ 29.0123 0
Kas 38.4528 0.
Kass 43.9794 0
Ksy 4.1447 0
Ko 25329 0
" K 2.7632 0
Kaso - 3.6841 0
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K . C ~ m ~ References
Kis; 2.6479 0
K;s, 13.8155 0
Kass 24.1764 0
Kis, 29.9336 0
Kiss -18.8351 0
Ksse -23.9699 0
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