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SUMMARY

This report presents modifications in the geochemical speciation model MINTEQAZ2 and its
associated user interface, PRODEFA2, for version 4.0. The previous release, version 3.11,
incorporated changes that were never formally described in model documentation. Important
version 3.11 changes that apply to version 4.0 are also described in this document. The basic
model theory described in the version 3.0 model documentation is still valid and provides abasic
description of the model. The information in this document is intended to supplement that
provided in the version 3.0 user manual.

Significant changes in the MINTEQA2/PRODEFA2 model since the publication of the version
3.0 user manual include: Incorporation of the Gaussian model for computing trace metal
complexation with dissolved organic matter, modifications to minimize the occurrence of
violations of Gibbs phase rule, modifications to alow direct simulation of atitration in one
model run, modifications to allow selected output to be written for easy importing to a
spreadsheet, modifications to improve model execution speed and convergence, and
modifications to improve the thermodynamic database used by the model, including the addition
of beryllium (1), cobalt (1l and I11), molybdenum (VI), and tin (11 and IVV) compounds. Also,
errors in thermodynamic constants associated with certain metal-organic reactionsin earlier
versions have been corrected in version 4.0, thermodynamic constants for inorganic species have
been reviewed and updated, and all reference citations for equilibrium constants have been
included in the revised database. In addition, the model has been made Y 2K compliant. These
and other revisions are described in this document.
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CHAPTER 1

INTRODUCTION AND BACKGROUND

MINTEQAZ2 is aequilibrium speciation model that can be used to calcul ate the equilibrium
composition of dilute aqueous solutions in the laboratory or in natural agueous systems. The
model is useful for calculating the equilibrium mass distribution among dissolved species,
adsorbed species, and multiple solid phases under a variety of conditions including a gas phase
with constant partia pressure. A comprehensive database isincluded that is adequate for solving
abroad range of problems without need for additional user-supplied equilibrium constants. The
model employs a pre-defined set of components that includes free ions such as Na“ and neutral
and charged complexes (e.g., H,Si0,°%, Cr(OH),"). The database of reactionsis written in terms
of these components as reactants. An ancillary program, PRODEFA?2, serves as an interactive
pre-processor to help produce the required MINTEQAZ2 input files.

Severa modifications important to the user have been made since the last publication of a
MINTEQA2/PRODEFA?2 user manual (Allison et al.,1991; version 3.0). Thisdocument is
intended to supplement the basic information provided in the version 3.0 user manual. After a
brief introduction and description of MINTEQA 2, it describes significant changes since version
3.0.

1.1 MATHEMATICAL FORMULATION OF MINTEQAZ2
A system of n independent components that can combine to form m speciesis represented by a

set of mass action expressions of the form

K =1 TIx™ (1)

where K; is the formation constant for speciesi, { S} isthe activity of speciesi, X isthe activity
of component j, and g; is the stoichiometric coefficient of component j in speciesi. Rearranging
to express the concentration C; in terms of the activities of components gives
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K.

n
C = — [Ix @)
Yi j-1

where y; represents the activity coefficient of speciesi.

In addition to the mass action expressions, the set of n independent components is governed by n
mass balance equations of the form

Y = 2; g C - T (3)

where T, is the known total concentration of component j (an input parameter). Thus, Y, isthe
difference between the calculated total concentration and the known total concentration of
component j. The mathematical solution of the equilibrium problem is the set of component
activities that give species concentrations from equation (2) which produce a component mass
imbalance of zero in equation (3) for each and every component. The equilibrium problem is
solved iteratively— the X values are deemed correct and the problem is solved when the Y,
values are reduced to an acceptably small value for every component. If thisis not the case, new
estimates are made for component activities X;, and the cal cul ations are repeated in a new
iteration beginning at Equation (2).

MINTEQAZ2 uses the Newton-Raphson approximation method to estimate the new X at each
iteration. This method utilizes a Jacobian matrix whose elements represent the partial derivatives
of each component mass balance difference Y; with respect to every other component activity X,
where both j and k range from 1 to the number of components (n). Each gradient element of the
Jacobian is given by

aY, n oC.
u, = e i
i axk IZ; aU axk (4)

In summary, the mathematical solution to the equilibrium problem is that set of component
activities X (using bold symbols to indicate matrix notation for brevity) which resultsin the set

of concentrations C such that each individual of the set of mass balance differencesY isequal to
zero. Inpractice, it isonly necessary to find X such that each individua of Y is made less than
some tolerance value. The general procedureisto first guess X, then calculateC and Y. If any
individual of Y exceeds (in absolute terms) its prescribed tolerance value, a new estimate is made
for X, then C and Y arerecalculated, and the test isrepeated. Thisiterative procedureis
continued until al theindividuals of Y are less than the tolerance value. The tolerance value or
convergence criterion for MINTEQAZ is pre-set to 10 times | T,| for each component j.
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1.2 SUMMARY OF SIGNIFICANT MODIFICATIONS SINCE VERSION 3.0

Significant modifications made to MINTEQA2/PRODEFA 2 since the publication of the version
3.0 user manual are described below. Particular attention is given to the model revisions that
extend modeling capabilities and to relating theory that the user might want or need to know.

The user interface (PRODEFA 2) has been modified to accommodate the changes in

MINTEQAZ2. For most modifications, the presentation of menus and optionsin PRODEFA2 is
such as to eliminate the need for extensive “how to use” information. Specific changes to source
code for important modifications are described elsewhere (Allison, 1997).

The following model revisions since version 3.0 are introduced below and discussed in more
detail in succeeding chapters: Incorporation of the Gaussian model for computing trace metal
complexation with dissolved organic matter, modifications to assist in avoiding violations of
Gibbs phase rule, modifications to allow direct simulation of atitration in one model run,
modifications to alow selected output to be written for easy importing to a spreadsheet,
modifications to improve model execution speed and convergence, and modifications to improve
the thermodynamic database used by the model, including the addition of beryllium (I1), cobalt
(I and 111), molybdenum (V1), and tin (11 and 1) compounds. Also, errorsin thermodynamic
constants associated with certain metal-organic reactions in earlier versions have been corrected
in version 4.0, thermodynamic constants for inorganic species have been reviewed and updated,
and reference citations for equilibrium constants have been included in the revised database. The
model has been made Y 2K compliant. These and other revisions are described in this document.

1.2.1 Gaussian Model for Dissolved Organic M atter

MINTEQAZ2 version 4.0 includes the implementation of a competitive Gaussian model for
computing the complexation of metals by dissolved organic matter (DOM). The Gaussian DOM
model is that described in Perdue and Lytle (1983) and further developed by Dobbs et al. (19893,
1989b), Susetyo et al. (1990), and Grimm et al. (1991). Itsearlier implementation in
MINTEQAZ2 version 3.11 is described in Allison and Perdue (1994). Understanding the
chemical reactions between DOM and trace metals is important because of the potential impact
on trace metal mobility and toxicity. Dissolved organic matter strongly complexes many trace
metals (e.g., copper and lead). Aquatic systems contain DOM at nominal concentrations ranging
from very minor amounts up to about 50 mg/L in surface waters (Sunda and Hanson, 1979;
Stumm and Morgan, 1996). Concentrations in localized surface environments and in soil or
sediment porewaters may be significantly higher. Oxide and clay solid phasesin soils and
sediments tend to adsorb many trace metals in groundwater systems, but the presence of DOM,
even at low concentrations, may reduce the amount sorbed and increase the total dissolved
(mobile) trace metal concentration. The aquatic toxicity of some trace metalsis related to the
concentration of the freeion (Sunda and Guillard, 1976; Morel and Hudson, 1985; Stumm and
Morgan, 1996). Thereis evidence that complexation of metals by DOM may serve to reduce
metal uptake by fish (Playle et al., 1993; Janes and Playle, 1995). Several humic substance
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interaction models have been proposed in recent years (Bartschat et al., 1992; Tipping and
Hurley, 1992; Tipping, 1993; Koopal et al., 1994; Benedetti et al., 1995, Milne et al., 1995).
However, few have been made readily accessible within the framework of awidely used
speciation model.

1.2.2 Changesto Minimize Violations of Gibb’s Phase Rule

Modifications have been made in MINTEQAZ2 version 4.0 to assist the user in avoiding
violations of Gibbs phase rule during model execution. Some violations of the phaserule are a
natural and unavoidable consequence of the user’ s specification of the equilibrium problem. For
example, if the user specifies a particular solid phase as present at equilibrium, but, in fact that
phase is not the thermodynamically stable phase, a violation of the phase rule will occur. Of
course, thisis not actually an error condition— it is geochemical information that should cause
the user to re-think the specification of the equilibrium phase. This type of result may still occur
inversion 4.0. However, in previous versions, aviolation of the phase rule also can occur when
the user has not specified equilibrium constraints. This can happen during the model’ s attempt to
arrive at the correct set of equilibrium phases, with the result that execution ends with an error.

In earlier versions, the remedy was to attempt (by a combination of trail and error and
geochemical judgement) to select those solids that should be allowed to precipitate and those that
should be excluded. This procedure can be frustrating, especially for the inexperienced user.
Version 4.0 includes logic to alow the model to test for possible phase rule violations and make
solid phase selections to arrive at the correct set of equilibrium solids phases.

1.2.3 Other Changesin Model Code

Other improvements and modificationsin MINTEQA2/PRODEFA2 since version 3.0 include
changes to implement sparse matrix techniques to improve the execution speed, changes to
reduce the occurrence of non-convergence, modifications to alow the user to model atitration of
a system with any chosen species as the titrant (except DOM or sorption species), modifications
to alow key output to be written to a separate file for import to a spreadsheet, and correction of
known errorsin earlier versions. These are discussed in separate sections below.

1.2.4 Database Changes

There have been two separate efforts to improve the thermodynamic database of MINTEQA?2
sinceversion 3.0. The version 3.0 database included 31 organic acids and several hundred
Speci es representing reactions between these ligands and trace metals. Unfortunately, some of
the thermodynamic data included in the version 3.0 database was not properly reduced and re-
formulated (Serkiz, et al., 1996). These data have since been reviewed and corrected; thisis
reflected in the version 4.0 database. Also, amore general effort to improve the entire database
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has recently been completed and the result is presented here (Chapter 5). In this latter effort,
reactions for the metals cobalt (I and I11), molybdenum (VI; as MoO,?), and tin (11 and IV) with
those ligands already in the database have been added. Additionally, recent compilations of
stability constants available from the National Institute of Standards and Technology (NIST), the
International Union of Pure and Applied Chemistry (IUPAC), and other sources have been used
to verify and update existing data and to augment the data with new reaction (especially for
beryllium and strontium). Reference citations have been provided where possible. In addition,
longer species names have been used to eliminate ambiguity in species identity.
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CHAPTER 2

THE GAUSSIAN MODEL FOR DISSOLVED ORGANIC MATTER

2.1 BACKGROUND

The competitive Gaussian model of cation binding with dissolved organic matter (DOM) isan
extension of the statistical proton binding model presented by Posner (1964) and further
developed by Perdue and Lytle (1983), Perdue et al. (1984), and Dobbs et al.(1989a). In this
model, the concentrations of individual ligands of the complex DOM mixture are normally
distributed with respect to their log K values. Parameters 1 and ¢ are the mean and standard
deviation of the normally distributed log K values.

Recent models for metal -humic interaction may be categorized on the basis of two main features:
(1) the manner in which heterogeneity among humic substance ligand sites is represented, and (2)
whether electrostatic interactions between solute ions and ligand binding sites are explicitly
parameterized. When the latter are not explicitly parameterized, no attempt is made in fitting the
model to experimental data to derive parameters from which electrostatic attractions may be
estimated, and no attempt is made to account for such electrostatic effects in implementing the
model (predictively) within ageneral speciation model. Instead, the electrostatic attractions that
may conceptually be included in the model are regarded as implicitly accounted for in the
representation of site heterogeneity. Two methods are commonly used in representing site
heterogeneity. In discrete ligand models (also called multi-ligand or N-site models) a small
number of ligands (sites) are chosen whose combined effective complexation behavior represents
that of the humic substance mixture (Mantoura et al., 1975; Buffle et al., 1977; Bresnahan et al .,
1978; Dzombak et al., 1986; Cabaniss and Shuman, 1988a). In continuous distribution models,
a continuous statistical or mathematical function is used to represent a continuum of sites
(Posner, 1964; Perdue and Lytle, 1983; Shuman et al., 1983; Dobbs et al., 1989a). Models that
belong to the discrete or the continuous genre may include an explicit representation of
electrostatic effects on binding. The explicit incorporation of electrostatic interactions separately
from the representation of site heterogeneity was proposed by Ephraim and Marinsky (1986) in
an effort to account for observed variation in the degree of binding with the ionic strength of the
solution. Much model development effort in recent years has focused on how to represent site
heterogeneity and electrostatic (ionic strength) effects (de Wit et al., 1990; Tipping and Hurley,
1992; Bartschat et al., 1992; Kinniburgh et al., 1996). The hope has been that if binding site
heterogeneity and ionic strength effects are properly represented in a predictive humic interaction

6
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model, then that model can be extrapolated to systems other than that from which it was derived.

2.1.1 DiscreteLigand Models

In the discrete ligand approach, a small set of ligands (usually five or fewer) are designated to
represent binding sites, and their relative concentrations and binding affinities are empirically
scaled to reproduce observed binding. The chemical natures of the ligand sites are not explicitly
stated in most discrete ligand models— the members of the set are smply identified by number
or letter (e.g., Ly, L,, etc.). Therelative concentration fraction of each ligand and the ligand log K
for binding a particular cation are determined by means of fitting experimental titration datato
the chosen ligand set by non-linear regression. Alternatively, real ligands may be chosen to
collectively represent DOM. In the latter case, the selection of the real ligands may be predicated
on an assessment of the actual functional group content of the DOM and on the site binding
affinities (Stumm and Morgan, 1970; Bartschat et al., 1992). Regardless of whether real or
theoretical ligands are used, the discrete ligand method is amenable to other than 1:1 cation-to-
ligand stoichiometries. Cabaniss and Shuman (1988a) derived a five-site model for copper
binding that incorporated monoprotic and diprotic sites, but was 1:1 in copper-to-ligand ratio. In
fitting data to discrete ligand models, cation-to-ligand stoichiometry becomes another fitting
parameter, and in the absence of clear justification to the contrary, it usualy istreated as 1:1
(Cabaniss and Shuman, 1988a).

The binding constants derived from the data-fitting regression in the discrete ligand approach are
always conditional constants. The degree to which they are useful in systems other than that
from which they were derived is somewhat dependent on the sophistication of the model fitting
exercise. Constants reported in the literature have been based on models that range from simple
representations in which the competition between protons and metal ions for binding sitesis
ignored and no attempt is made to account for ionic strength effects, to more complicated
representations that attempt to include both pH and ionic strength dependence (Cabaniss and
Shuman, 1988a and 1988b; Dzombak et al., 1986).

The small number of ligands in a discrete representation of DOM provides a straightforward
framework for representing DOM reactions within a general speciation model— each ligand of
the set is defined as a component and reactions are defined between each ligand component and
the metal of interest (Fish et al., 1986). For adiscrete representation that includes 1:1 metal-to-
ligand stoichiometry and pH dependence, representative reactions for binding with protons and
metal might be:

H + L = HL ®)

and
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M + L, = ML, (6)

Mass law expressions for the above reactions are amenable for direct use in speciation models:
HL} = K, HIL) ©)

and
ML} = K, IMHL} (8)

where quantitiesin braces represent activities. Any one of the ligand species (L;, HL;, or ML;)
may be chosen as the component representing the ligand in the speciation model; the choice
dictates the form in which reactions (5) and (6) will be expressed. If HL; is chosen asthe
component, reaction (6) would be rewritten as an exchange reaction

HL, + M = ML, + H 9)

and its mass law expression would be changed accordingly.

Equations (7) and (8) are in the usual form implemented in speciation models such as
MINTEQA?2— activities of the ligand species are expressed in terms of athermodynamic
equilibrium constant and component activities. However, the equilibrium constants that result
from fitting experimental data are not true thermodynamic constants. Thisis especially true for
DOM, because the commonly used equations for estimating activity coefficients may not apply to
DOM ligand sites. The Debye-Huickel equation and related equations such as the extended
Debye-Huickel equation, the Davies equation, and the Guntelberg equation (see Stumm and
Morgan, 1996) are based on the Debye-Huckel limiting law for singleionsin solution. It isnot
clear that such expressions provide useful activity coefficient estimates for ligand sites that are
present as part of alarger polymeric molecule. Discrete and continuous distribution models
found in the literature have handled this difficulty by ignoring the distinction between activity
and concentration (i.e., by assuming activity coefficients of unity), by utilizing an expression
such as the Davies equation even though it may not be appropriate, or by incorporating an
explicit representation of electrostatic interactions. Thefirst two alternatives are easily
implemented in most speciation models; the third can also be implemented in a manner that
follows the methodol ogy already used in electrostatic models for oxide and other mineral
surfaces (Westall and Hohl, 1980; Dzombak and Morel, 1990). Recent discrete ligand models
include Model V (Tipping and Hurley, 1992) and models proposed by Tao (1992) and Westall et
al. (1995). Themodel of Westall et al. (1995) uses four ligand sites with fixed log K, values of
4,6, 8, and 10. Fitting this model to titration data involves solving for the corresponding ligand
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concentrations and log K values for the metal of interest. The discrete model proposed by Tao
(1992) employs a small number of ligands whose log K values are the same for all species bound.
The only fitting parameters are the site concentrations of the discrete ligands.

2.1.2 Continuous Distribution M odels

Continuous distribution models attempt to represent the heterogeneity of sitesin DOM by means
of afunctional relationship between site abundance and binding affinity. Gamble (1970) laid the
groundwork for the development of continuous ligand models by presenting a method for
estimating the spectrum of acid-base dissociation constants in a material characterized by a
continuum of such constants. Although his methods did not lead to a predictive model, others
have extended the concept of a continuum of binding energies to the treatment of metal binding
with humic substances (Shuman et al., 1983; Perdue and Lytle, 1983). A genera definition of a
continuous distribution model (adapted from Parrish and Perdue (1989) and Koopal et al. (1994))
is

0, = feL f(log K) d(log K) (10)

where 6, is the fraction of total ligand sites that are free or the fraction occupied by protons or the
fraction occupied by metal in accordance with the definition of the local isotherm, 6,, and f(log
K) expresses the probability of occurrence of abinding site as afunction itslog K value. Perdue
and Lytle (1983) presented an implementation of Equation (10) in which 6, isaLangmuir-type

expression for the complexed metal. In their single-metal system at constant pH, 6, was given by
_ __K[M]
L1+ K[M] (11)

(square brackets denote concentration), and f(log K) isanormal probability function
characterized by amean log K () and standard deviationin log K (). Thus, Equation (10)
becomes:

1 (logK - )2
2

_ ML KIM] o ) d(logK) (12)

T, G@fluqlvl]

where T, represents the total concentration of binding sitesin molar units.

Analytical solutions exist for Equation (10) for some choices of 6, and f(log K). Koopal et al.
(1994) examined several limiting cases obtained analytically when 6, isaLangmuir expression
(e.g., Equation (11)), and f(log K) is a Gaussian-like function given by Sips (1948). Theresulting
analytical solution for mono-component binding is
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where K’ is the median binding constant of the Sips distribution and m represents the distribution
width. This expression corresponds to the Freundlich equation if (Kg,engic) ™™ iS substituted for
K’. It also corresponds to the Henderson-Hassel balch equation for m values between 0 and 1 and
to the Hill equation for m>1 (Koopal et al. (1994). The background of these developmentsisin
colloidal and surface chemistry, so binding between the heterogenous substrate and protons or
metal ionsisreferred to as adsorption rather than complexation. However, humic substances are
appropriately studied as colloids, and the assumption is commonly made in modeling the
equilibrium chemistry of adsorption reactions that they may be treated as completely analogous
to coordination reactions in solution (Morel, 1983). Therefore, no distinction will be made
herein between complexation and adsorption reactions in discussion of binding with humic
substances.

2.1.3 The Gaussan DOM M odd

The Gaussian DOM model is an instance of a continuous distribution model. In particular, the
Gaussian model whose implementation is discussed here is that proposed by Dobbs et al.
(1989a,b), which is an extension the Gaussian model proposed by Posner (1964) and developed
by Perdue and Lytle (1983) and Perdue et al. (1984). The work of Dobbs et al. (1989a,b)
extended the model to include pH-dependency and competition among multiple components that
bind with DOM. In the Gaussian model, DOM istreated as exhibiting a normal probability
distribution of site abundance in respect to site binding affinity. The total concentration of a
particular binding sitei (i.e., aligand within the DOM mixture) with abinding affinity
represented by the logarithm of an equilibrium constant for binding (log K;) is determined from
the expression:

(14)

where T, and T; are the sum total concentration of binding sites and the total for ligand i,
respectively, and the parameters 1 and ¢ are the mean log K and standard deviation in log K,
respectively. Interms of Equation (10), the local isotherm expression is of standard Langmuirian
form given by

10
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for asingle metal, and the function f(log K) is given by the right side of Equation (14). Figure
2.1 shows such a distribution of sites. The total metal bound is obtained by calculating the

Ligand Concentration

0 2 4 6 8 10
log K

Figure2.1  Illustrating Normal Probability of Occurrence
(Concentration) of Ligands Versus Log K within the DOM
Mixture. (Mean Log K (i) =4.5).

amount bound by those ligands whose log K’ s are within a vanishingly small log K interval, and
integrating over log K. When 6, and f(log K) are represented as described, there is no analytical
solution for Equation (10). This presents difficulties for incorporation in a speciation model
because the integral in Equation (10) must be evaluated numerically.
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Ligand Concentration

Figure2.2  Bimoda Distribution of Relative Site Concentration Versus
Log K.
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The implementation of the Gaussian DOM model in MINTEQAZ2 is such asto allow treatment of
abimodal or tri-modal site distribution. The Gaussian distribution represented in Figure 2.1 is
treated as describing the site abundance versus site affinity relationship for a particular functional
group or site-type rather than the entire universe of sites available in the DOM. Figure 2.2
illustrates a bimodal site distribution. In MINTEQAZ2 there may be up to six Gaussian site-types,
each characterized by a mean log K and standard deviation in log K for each metal (including
protons), and by a site acidity (i.e., abundance of binding sites per unit mass of DOM ).
Dissolved organic matter is widely regarded as containing several types of acidic functional
groups with carboxylic groups being the most abundant. Other, weakly acidic groups are
difficult to quantify and may include phenols, weaker carboxyl groups, and alcohols (Perdue,
1985). In hisanalysis of acid-base titrations of Suwannee river DOM for Gaussian model fitting
parameters, Serkiz (1991) postulated two site-types. Tipping (1994) also used two site-types
(carboxylic and phenolic) in hisModel V representation of humic substances, as did Benedetti et
al. (1995) in their implementation of the NICA model. In the bimodal representation of the
Gaussian DOM model, the total site concentration associated with the organic matter is
apportioned between the two site-types, and each site-type conforms to a Gaussian distribution as
defined by Equation (14).

The competitive Gaussian model of cation-DOM binding whose incorporation in MINTEQAZ2 is
discussed here isthat described by Dobbs et al. (1989a). In this model, the concentrations of
individual ligands of the complex DOM mixture are normally distributed with respect to their log
K values (see Equation (14)). Parameters 1 and o are the mean and standard deviation of the
normally distributed log K values. The model description below applies to the entity that is
assumed to exhibit the normal site distribution. In accordance with the user’ s wishes, this could
mean the entire set of DOM binding sites, or a subset of those sites (such as the carboxylic sites,
or the phenaolic sites). To simplify the presentation, reference will be made to only one such
distribution (i.e, to the unimodal case). The reader is reminded that the model is capable of
dealing with bimodal and tri-modal site distributions, but the second and third Gaussian
distributions (should they be included) would each be calculated as additional unimodal
distributions exactly as described below. As output, the user would be presented with the metal
bound to each site-type at equilibrium. If more than one site-type are used in a particular model
exercise, the only connection between the site-types in the calculation is that they may compete
for the binding cations.

In the competitive Gaussian model, an individual ligand site L; from the multiple ligand
population may undergo reaction with protons or metals. The various metals for which reactions
are provided compete with each other and with protons for binding sites. The equilibrium
distribution of metal-DOM complexesis dictated by the relative log K values and relative free
activities of all competing reactants. If we assume that all sites are equally available for all
competing reactants, the reactions for protonation and metal complexation and their
corresponding mass action expressions are

H+L = HL;

_ [HLT v
"HIIL] vy

(16)
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R ) _ [ML] v
M + L = ML ; KNILi = ] [Li] - (17)

where y's denote activity coefficients, square brackets indicate concentration, and ion charges are
omitted for smplicity. Theindex i isunnecessary on y because we assume that the activity
coefficients among individual ligands within the DOM mixture are identical. Note that both
reactions assume 1:1 stoichiometry between the complexing cation and the ligand. Thisis not
necessary from a computational viewpoint, and provision is made in the implementation for
whatever ligand-to-metal stoichiometric ratio the user may desire. But asit isnot possible to
experimentally determine reaction stoichiometries in a complex mixture of ligand sites, 1:1
stoichiometry has traditionally been assumed in metal-humic models and will be observed here
for ssimplicity. Animportant assumption relevant to the Gaussian DOM model as developed in
Dobbs et al. (1989a) isthat the ratio of the equilibrium constants K, ./K,yi is constant for all i.
This means that the standard deviation o is the same for binding protons as for metal ions— the
protons and metals are bound at the same set of sites, but the sites have different affinities for
different cations. This requirement pertained to the method whereby experimental data were
analyzed for binding constants of competing metalsin their work. It isnot required by the
mathematical formulation of the model.

In a system having a single metal species, the total concentration of the ith ligand in the DOM
mixtureis

TLi = [L] + [HL] + [ML] (18)

The fraction of the ith ligand that is protonated is
[HL] [HL]

T, Il + [HL] + [ML]

(19)

Substituting mass action expressions that correspond with reaction Equations (16) and (17) into
the right-hand side of Equation (19) and multiplying both sides by T, gives an expression for the
concentration of protonated ith ligand in terms of the free hydrogen and free metal concentrations
and the thermodynamic equilibrium constants:

T, Ky L [H]
[HL] = o ” (20)
1+ Ky Tw[H] + Ky Dy [M]

where', and I',, represent the ratio of activity coefficients for the protonation and metal
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complexation reactions given in Equations (16) and (17), respectively. With the assumption of
1:1 stoichiometry between the ligand and any species that complexes with it, a similar expression
gives the concentration of theith ligand complexed with the metal

T|_. KML.FI;/I:LL[M]
[ML] - - — 21)
1+ Ky Tuc[H] + Ky Dy [M]

Substituting for T, via Equation (14) gives an expression for the concentration of metal-
complexed ith ligand in terms of free concentrations, thermodynamic constants, and parameters
of the Gaussian DOM distribution:

Ky Ty [M 1(7)
L] - T 72/|Li wL[M] . o 2 . 22)
oy2n 1+ KHLiFHL[H] + KMLiFML[M]

To obtain the total concentration of ligand bound with metal, [ML], it is necessary to sum
Equation (22) over dl i:

1 logK,, . — M 2
Ky Dy M %( 199K, b
e

[ML] = o ) d(logK) (23)

T, f”
-1 -1
cy/2n 7, 1+ Ky T [H] + Ky Dy [M]

A similar expression gives the total protonated ligand, [HL].

Equation (23) can be generalized to express the total concentration, [ML], of any cation-ligand
complex in a system involving competitive complexation with N cations (M, M, ..., My ). The
concentration of cation ligand complex [M,L] is

- logKy,1 ~ ML 2
T Ky Dy [M] 1( #)
[M,L] =—= f Sl e 2 o d(logK) (24)

cy/2n -1 A -1
S Ky P [H] + ZlKMnLFMnL[Mn]
n=

2.2 IMPLEMENTATION OF THE GAUSSIAN DOM MODEL IN MINTEQAZ2
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The Gaussian DOM model has been implemented by altering the MINTEQA 2 source code and
associated databases. The implementation is generic in the sense that the user may select from
among six DOM components that behave in accordance with the Gaussian model. Any one of
the DOM components may be used to represent a unimodal distribution about a single site of
carboxylic or phenolic type, or as an unspecified type. Two components are used for bimodal
distributions and three for tri-modal. The user defines the nature of the functional groups that the
selected components represent by specifying names and Gaussian parameters (site acidity (c), W,
and o) asdesired. The inorganic components are entered in terms of their total concentrations as
usual. The modified MINTEQA 2 recognizes the special DOM components and retrieves proton
and metal-complexation reactions from a user-prepared database file. These reactions provide
and o for useinternally in a special routine that performs the calculation indicated in Equation
(24) and computes the contribution of Gaussian DOM species to gradient expressions. (Note: An
example database file, GAUSSIAN.DBS, is provided with the MINTEQA2 model. It contains
reactions for DOM with protons and with several metals with |, o, and site acidities as reported
in Susetyo et al., 1991).

The Fortran source code modificationsin MINTEQAZ2 for implementing the Gaussian DOM
model include logic to substitute Equation (24) for Equation (2) whenever a speciesinvolving
DOM is encountered. Each component speciesin MINTEQAZ2 isidentified by an assigned three-
digit identifying number (e.g., 150 for Ca?*, 330 for H*), and each species other than a
component species by a seven-digit identifying number. The six component species provided for
DOM have identifying numbers 144 through 149. Reactionsinvolving the DOM components
(such as are shown in Equations (16) and (17)) are written separately for each site-type. The
seven-digit identifying numbers are assigned such that they lie with the range 1440000 to
1499999. For any species with an identifying number in this range, Equation (24) is
implemented rather than Equation (2) viaacall to subroutine COMPOSIT.

Equation (24) is implemented in subroutine COMPOSIT via Gaussian quadrature integration as
described by Parrish and Perdue (1989). Specifically, the transformation of variablesz= (log K -
W)/ is used to make the substitutions 10+ = K and ¢ dz = d(log K). The transformed equation
IS

[M,L] = Tth(z) f(z) dz (25)

where f(2) = (2r)™ exp(-Z/2), and h(2) is the Langmuirian term from Equation (24). For a
particular metal M, h(z) is expressed

16
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h,(z) = :

uM |t cZ (26)

N
1+ T [H120% 7+ Y Iy M1 10

n=1

For aparticular metal M, the integral in Equation (25) is evaluated using the Gauss-Hermite
quadrature (Abramowitz and Stegun, 1972):

J

[ML] = T, >, wh(z) (27)

i=1

where w; and z are tabulated weights and points of the quadrature. Similar expressions are used
for other members of the set of competing metals. The quality of the approximation improves
with an increasing number of pointsJ. MINTEQAZ2 implements Equation (27) with J = 32
points— larger values of J produce changes that are less than the precision of the MINTEQA?2
calculations. Equations (26) and (27) are the implementing equations for the Gaussian DOM
model in MINTEQA2.

2.2.1 Calculation of Gradients

Asdiscussed in Chapter 1, MINTEQA2 improves the activity estimate of each component with
each iteration by computing the change in component mass balance, Y;, as afunction of the
change in the activities of every component. As can be seen in Equation (4), this requires
computing the partial derivative of the concentration of each species with respect to the activity
of each component that has non-zero stoichiometry in that species. MINTEQAZ2 calculates
J[ML]/ X, where X, is the activity of some component having non-zero stoichiometry in the
DOM species ML via

oML] _ + 9 [+
“ox. axk(iﬁgwih(a)) (28)

Distributing the partial derivative over the expanded sum gives

o [ o[ Whue@) | o[ wha@) o[ Wha@] ] g
aXk - aka hdenom(zl) axkk hdenom(ZZ) aka hdenom(ZJ)

where h,,, and hy,.m are the numerator and denominator portions of the expression for h(z) given

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

17




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

in Equation (26). For aparticular metal-ligand complex ML, each partial derivativein Equation
(29) hasthe form

.
HmyL * 0%

9 {M,110
W,
‘o (M}

U, +oz N Wy +0Z (30)
1+ {H}10" % 4 3} (M 107"

n=1

in which the activity coefficient term (I") has been included as an adjustment to the equilibrium
constant (1) and in expressing the activity of the complexing component (indicated by braces{ }
rather than square brackets[ ]). Each partial derivative may be evaluated using the quotient rule

ah(z) _ 1 ahnum 3 hnum ahdenom
X, Mo X, 20X (31)

denom denom

In practice, the second term on the right in Equation (31) may be neglected because h?,,.,, iS very
large. Asaresult, the contribution to the gradient for component M, complexing the organic
DOM ligand can be approximated by

oMLl ij w 10" %
am) = , N "oz 32
S I AR (T ORI S (VIRE To (32
n=1

The quantity calculated from this gradient expression gives the expected change in the computed
concentration of M,L as afunction of achangein the activity of M;. Within the framework of
the broader speciation model calculations, this quantity is combined with similar gradient
contributions from other (inorganic) species in which M, has non-zero stoichiometry to estimate
the simultaneous change in all component activities that will result in amass imbalance of zero.

2.2.2 Madificationsin MINTEQAZ2 Sour ce Code

Fortran 77 source code listings presenting the major modifications needed to calculate the
concentrations of DOM species in accord with Equation (24) are presented in Allison (1997).
Fortran code for the calculation of partial derivatives of DOM species with respect to relevant
component activities as depicted in Equation (32) isalso included. The source code for
MINTEQAZ2 isincluded among the files distributed with version 4.0 of the mode!.
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2.3 OTHER MODIFICATIONSFOR THE GAUSSIAN DOM MODEL

The menus and user prompts of PRODEFA2 were altered to query the user for appropriate input
information when one or more of the DOM components are selected. In particular, the user is
prompted to enter the dissolved organic carbon (DOC) concentration in mg/L. Thisform of
specifying the concentration of dissolved humic substance was chosen because DOC is the usual
analytical measurement. The mass fraction of carbon in the organic matter (expressed as a
percentage) is also requested, as is the number average molecular weight in Daltons if the option
to calculate organic molecular charge as a function of speciation is chosen. As discussed below,
thisisan optional aternative to using afixed organic molecular charge.

2.3.1 Treatment of Charge and Activity Coefficientsfor Organic Species

It has long been noted that proton and meta titrations of DOM are influenced by the ionic
strength (I) of the solution (Perdue, 1985). lonic strength impacts the activity coefficients of all
charged solution species. Various empirically derived equations may be used to estimate activity
coefficients from ionic strength and species-specific parameters. The most widely used estimator
of activity coefficientsis the Davies equation, in which the only species-specific parameter isthe
ionic charge. One obvious difficulty in calculating activity coefficients for DOM speciesis that
of establishing the appropriate value for charge. Susetyo et al. (1990) analyzed results from
europium titrations of DOM using one site-type (carboxylic) in the Gaussian DOM model. Their
results indicated that the use of a constant average charge of -2.8 for the free organic anion site
was effective in predicting the change in speciation due to ionic strength changes over arangein
| of approximately zeroto 0.1 M.

Serkiz (1991) also assumed a constant value to represent the number-average charge of the humic
substance organic anion in his acid-base titration study of Suwanneeriver DOM. Hederived a
best-fit number-average charge of the uncomplexed organic anion via a series of Gaussian model
fitting exercises. Each Gaussian fit was performed on the sametitration data ([DOC] = 1000
mg/L and added background electrolyte ranging from zero to 0.5 M) using a different imposed
number-average charge (Z,). The smallest mean squared error in the Gaussian fitting parameters
was obtained with Z, = -4.5. Although -4.5 represented the best average value of the free organic
anion charge over the pH range of the titrations, Serkiz noted the need for more rigorous
treatment that would account for the change in organic anion charge as afunction of speciation as
the titration proceeds.

Perdue (1997) has proposed a method of cal cul ating the number-average charge of the humic
substance organic anion as a function of speciation. Specifically,

[HL] + 2[ML],
C

S

Z -RZ + (R - 1)

n

(33)
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where Z, is the number-average charge of the organic anion in eg/mol, Z is the charge of aligand
binding site within the DOM mixture (assumed equal to -1 eg/mol for al ligands) and C isthe
molar concentration of binding sites (mol sites/L). (The derivation of this equation (by E.M.
Perdue) is shown in Allison (1997) along with the Fortran source code representing the
MINTEQAZ2 implementation.) The parameter Ristheratio C/C, where C,, isthe molar
concentration of humic substance computed from the DOC concentration in mg/L, the percent
organic carbon (C%) in the organic matter, and the number-average molecular weight (M,):

[DOC]

c - DU
" 10C%M, (34)

The concentration quantities in square brackets with s subscripts in Equation (33) are the
concentrations of protonated and metal-complexed sites. Thus, all quantities subscripted with n
refer to properties of the humic substance molecule (whose definition is based on a number-
average molecular weight), and all quantities subscripted with an srefer to properties of the of
the binding sites associated with the humic molecule.

As can be seen by examination of Equation (33), for a given concentration of a particular humic
substance, the average charge on the humic substance molecule (Z,) varies with the speciation
(i.e., with pH and total metal concentration). The implementation of this charge calculation
required the development of two new subroutinesin MINTEQA?2 and a reorganization of the
logic that controls the calculation of ionic strength, activity coefficients, and adjusted equilibrium
constants. In particular, the model was changed so that it re-cal culates activity coefficients with
each iteration, even if the ionic strength is constrained to a user-supplied value. Thisis made
necessary by the interdependence of charge, activity coefficients, and speciation.

The program options for establishing the charge of DOM sites include the speciati on-dependent
method represented by Equation (33), or the use of a constant charge specified by the user. In
either case, the charge on any DOM species other than the free (uncomplexed) anion is calcul ated
by the usual charge balance equation as applied to chemical reactions. For example, if the free
organic anion charge is-3.8, the charge on a species such as CuL, would be -5.6 (where Cu isthe
cupricion).
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CHAPTER 3

MODIFICATIONSIN MINTEQA2TO MINIMIZE
VIOLATIONSOF GIBBSPHASE RULE

MINTEQAZ2 version 4.0 has been modified to reduce to occurrence of violations of Gibbs phase
rule during execution. The phase ruleis an expression that relates the number of independent
components (C), the number of phases (P), and the number of degrees of freedom (F) inan
equilibrium system. In systems of variable temperature and pressure, the phase rule is expressed

F-C+2-P (35)

For systems relevant to calculations with MINTEQA 2, the temperature and pressure are constant
and the phase rule becomes

F-C-P (36)

In terms of speciation modeling in an agqueous system, this ruleis violated when the number of
equilibrium constraints (e.g., user-specified equilibrium pH, gas partia pressure, etc.) exceeds
the number of independent components. Two types of phase rule violations can occur in
speciation programs such as MINTEQAZ2: global and local. A global violation occurs when the
number of degrees of freedom calculated on the basis of all equilibrium constraints (represented
by pure phases, (P) and all independent components (C) becomes zero. Consider for example the
system represented by the components Ca?*, Mg?, CO,%, and H*. (H,O is understood to be both
a pure phase and component in all aqueous speciation problems; it therefore has no impact on the
number of degrees of freedom, and will be omitted from further discussion. Also, chargeswill
be omitted hereafter except where clarity of meaning demands). Suppose that the model is
configured to determine the speciation, including the equilibrium solid phases, given that total
concentrations of Caand Mg are specified (3 and 1 mM, respectively), and that equilibrium
values are specified for the solution pH (11.5) and the partia pressure of CO,(g) (P.o, = 0.0003
atm). The problem is solved iteratively using mass action and mole balance equations as
described in Chapter 1. Upon the determination of component activities satisfying equilibrium
conditions for the solution phase, all possible solid phases are checked for supersaturation with
respect to the solution, and all existing solid phases are checked for undersaturation with respect
to the solution. The problem as specified above will result in the precipitation of calcite
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(CaCO,). After depleting the aqueous concentrations of Caand CO,, iterationswill resume. The
problem will terminate with a global phase rule violation immediately upon precipitating a
second solid, no matter its composition. (The actual solid that precipitates is magnesite
(MgCQ,)). Thereason for thisis that upon formation of the second precipitate, the number of
constraining phases is equal to the number of components (four each). Thisis not a phase rule
violation in the strict sense. It appears as such to the speciation model because all variables are
constrained— there are no unknowns to be solved for. A globa phase rule violation can be
overcome by adding another component. Typically, amodel execution that endsin thisway is
re-done after adding a small amount of an inert component such as nitrate (NO;). If athird solid
phase precipitates, this process may need to be repeated. The newly developed routines test for
an impending phase rule violation of either type. Upon detecting a global violation, adummy
component (chemically inert) is automatically inserted into the problem so that calculations may
continue without user intervention.

Thelocal phase rule violation occurs when the number of degrees of freedom defined by a
restricted subset of system components and associated equilibrium constraints becomes less than
zero. Consider again the components and initial constraining conditions specified above. Before
iterations begin, there are four components and two constraining species (fixed pH and fixed
P.oy)- Each of these constraints established the value of one component activity and reduces F
by one. Specifically, let us assume that the fixed pH establishes the value of H* activity, and P,
establishes the value of CO.* activity. When calcite precipitates, the activity of Ca?* must
become fixed. Assuming that an inert component has been inserted so that no global violation
occurs, the precipitation of magnesite establishes the value of Mg?* activity. The system-wide F
Is equal to one because of the inert component. Within the restricted subset of components
defined by Mg, Ca, CO,, and H, the number of degrees of freedom is zero due to the four
equilibrium constraints (pH, P, calcite, and magnesite). Thisis not a phase rule violation
because F equal to zero is permissible in arestricted subset of the system. However, suppose
that as iterations proceed, a third solid precipitates, specifically, one that consists only of
components defined by the restricted subset. The addition of the third solid will certainly reduce
the system-wide F to zero and cause a global phase rule violation. However, it will be observed
that upon the addition of a second inert component, alocal phase rule violation will result. This
IS because the addition of a second inert component does not address the key issue: the third solid
phase composed only of two or more of the four components cannot establish the activity of any
component because all four of those component activities are aready fixed by the four previous
constraints. Thisisaviolation of the phase rule in the strictest sense. It can only mean that one
of the two solids already precipitated is not a member of the true equilibrium solid phase
assemblage. In cases where the user has imposed an equilibrium solid phase (not an issue in this
example, but possible), it may mean that the specified solid cannot (according to
thermodynamics) be a member of the true equilibrium solid phase assemblage.

Previously, alocal phase rule violation could be overcome only by trial and error— the program

Is restarted with the specification that calcite isto be excluded from consideration as an
equilibrium solid. Frequently, the result will be that an isomorph of calcite (e.g., aragonite) will
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precipitate instead, and the same phase rule violation will occur when magnesite precipitates.
After several aborted runs, a set of precipitates will be found that do not give a phase rule
violation (magnesite and dolomite (CaMg(CO,),) for this example). Unfortunately, the results of
this “successful” model run may be misleading. For instance, in our example the correct
equilibrium solid phases are calcite and dolomite, not magnesite and dolomite. This can be
confirmed by examining the saturation state (log ion activity product) of calcitein the
“successful” run. Thefinal equilibrium solution phase will be supersaturated with respect to
calcite.

The new program logic has been implemented to eliminate al local phase rule violations that are
not a direct consequence of user imposed equilibrium solid phases. Thisis accomplished by
keeping track of which component each constraining species fixes, and testing each new
precipitate to seeif alocal phase rule violation will result. If so, the species that have previously
fixed the component activities of the new precipitate are tested to see which one should dissolve.
If the one that should dissolve was precipitated in a prior iteration, it is dissolved and shifted to
the excluded category. If the one that should dissolve to make way for the new solid is a user-
specified equilibrium solid phase, the phase rule violation is not preventable. Inthat caseitis
allowed to occur and the user is advised either to change the specification of the imposed
equilibrium solid, or to shift the true thermodynamically stable phase to the excluded category so
that computations may continue. A bonus to including more stringent bookkeeping concerning
rel ationships between the constraining solid phases and the components whose activities they fix
isthat it becomes possible to allow the simultaneous precipitation of multiple unrelated solid
phases each time the agueous solution is equilibrated.

In the example problem involving Ca, Mg, CO,, and H discussed above, a single model run using
the new routines will result in the correct equilibrium solids (calcite and dolomite). In arriving at
this solution, the program will correctly handle both global and local phase rule violations
without user intervention.

3.1 SOURCE CODE MODIFICATIONS

Subroutines PREP2, PRECIPIT, PHASECHK, and DISSOLV E constitute the major source code
modifications to implement the phase rule checking procedures. Subroutine PREP2 establishes
rel ationships among components and their controlling phases. It also shifts certain isomorphic
forms of user-specified solids to the excluded category. Subroutine PRECIPIT determines which
solid phases to precipitate and manages the simultaneous precipitation of multiple solids.
Subroutine PHASECHK determines whether a phase rule violation will result from a
precipitation event. Subroutine DISSOLV 2 determines which previously precipitated solid
should be dissolved when there is an impending local phase rule violation. These subroutines are
presented in Allison (1997) and also are distributed with MINTEQA?2 version 4.0.
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CHAPTER 4

OTHER MODIFICATIONSIN MINTEQA2/PRODEFA2

Other improvements and modificationsin MINTEQA2/PRODEFA2 since version 3.0 include
changes to improve the execution speed and to reduce the occurrence of non-convergencein
MINTEQAZ2, modifications to allow titration of a user-specified system with any chosen species
asthetitrant (except DOM or sorption species), modifications to allow key output to be written
to aseparate file for import to a spreadsheet, modifications to alow the user to provided
customized filenames for database files, and correction of known errorsin earlier versions. A
minor modification in the subroutine that prints the date and time in the output file was made to
insure the correct printing of full four-digit yearsfor Y 2K compliance. Significant changes are
discussed more fully in separate sections below.

4.1 IMPROVEMENT IN EXECUTION SPEED

In MINTEQA 2, mass law equations and equations for computing the partial derivatives of
component mole bal ance equations with respect to component activities are implemented
generally. The Fortran DO loops that implement these equations operate over indices that range
from one to the number of components (n) and one to the number of species (m). The array of
stoichiometric coefficients has dimensionsn x m. When nand marelarge, say n =20 and m=
250, most of the coefficients will be zero. This arises from the fact that, with the exception of H*
and H,0, no component is likely to occur in more than a dozen or so species. In the mass law
and partial derivative computations, the immediate result is that the program spends more time
multiplying by zero and summing with zero than in calculating with the meaningful non-zero
coefficients. Because the single largest computational burden isin calculating the partial
derivatives for use in improving component activity estimates, and because this cal cul ation must
be done at each iteration, substantia time savings can be realized by eliminating multiplications
by zero and subsequent additions of the result. This has been accomplished by designing and
loading pointer arrays that contain the row and column addresses of all non-zero stoichiometric
coefficients. The pointer arrays are loaded at the beginning of each speciation problem and each
time asolid precipitates. They are used in cal cul ating mass action equations and to calculate
partial derivatives. The degree to which the execution speed has been increased is a function of
the size of the speciation problem— the larger the problem, the greater the benefit. A problem
with three components and |ess than ten speciesis not much effected. A typical groundwater
speciation problem with 20 or so components and 200 to 300 species will execute almost ten
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times faster than without the pointer modifications. The number of iterations required is not
affected by the use of pointer arrays, but because the relevant equations are implemented with
each iteration, problems that take more iterations benefit more from this modification.

Use of this modification requires no action of the part of the user and no changes in any input
data. The source code modifications to implement these changes are described in Allison (1997).

4.2 MODIFICATIONSTO MINIMIZE NON-CONVERGENCE

Changes have been made in version 4.0 to reduce the number of iterations required to solve the
equilibrium problem and to reduce the occurrence of non-convergence (failure to obtain a
mathematical solution via Newton-Rapshon iterations). Logic has been added that puts a
temporary hold on the computed ionic strength when the number of iterations without obtaining
convergence exceeds 12. This option is operative only for model runsin which the user has
specified that the equilibrium ionic strength is to be computed. In that case, the equilibrium
problem is more difficult to solve because each time the concentrations of all species are re-
computed, the computed ionic strength aso changes, and thus the activity coefficients of all
charged species change. The change in activity coefficients is expressed as a changein the
equilibrium constants of the species, and thus, the concentrations must be re-computed, which in
turn results in a change in the ionic strength, etc. In some circumstances, this can result in avery
slow convergence or even non-convergence in the Newton-Raphson iterations. This
modification remedies this problem by temporarily establishing a hold on the ionic strength (so
that it istreated asinvariant) if 12 iterations have occurred without convergence. With theionic
strength fixed, the problem can be more easily solved. Once a mathematical solution is obtained,
the hold on the ionic strength is released and afew extraiterations are forced to insure that
equilibrium with an unconstrained computation of ionic strength is achieved.

The use of the modification described above is user-controlled. PRODEFA2 provides prompts
from EDIT LEVEL 1 that allow the user to specify the maximum number of to be allowed
before execution is stopped. This option provides for 200 iterations, which should be sufficient
for most problems. In cases where convergence is not obtained in 100 iterations, the user may
select 500 iterations with the convergence-assist option activated.

Another significant revision in the version 4.0 includes the development of selection rulesfor
choosing the component to be eliminated upon the precipitation of asolid phase. When a multi-
component solid phase isimposed by the user or when a solid phase precipitates during the
calculations, the number of degrees of freedom in the numerical solution isreduced by one. This
reduction corresponds to the elimination of one component activity as an unknown in the
equilibrium problem. For multi-component solid phases, this requires that the model select
which component of the solid should be eliminated. Chemically and mathematically, no choice
IS more correct than another. However, because of limitations in the precision of calculations,
there may be a*“computationally” more correct choice. MINTEQAZ2 version 3.11 and previous
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versions made the selection of which component to eliminate based on the order of the
componentsin theinput file. Since the order of the componentsin the input fileis arbitrary,
sometimes the “ computationally correct” choice was not made. In such a case, the Newton-
Raphson routine was unable to reach a solution (i.e., afailure to converge is reported by the
model). The modification in version 4.0 includes the development of five new rulesfor selecting
the component to eliminate and logic that enables the model to detect non-convergence and
reconfigure the equilibrium problem using a different selection rule if non-convergence occurs.

Rule 1- Select the candidate component with the smallest total concentration

Rule 2- Select the candidate component involved in the greatest number of equilibrium
constraints

Rule 3- Select the candidate component involved in the fewest number of equilibrium
constraints

Rule4- Select the candidate component with the smallest magnitude free activity

Rule5- Select the candidate component with the largest magnitude free activity

The selection rules are prioritized in the order shown above. Each execution beginswith rule 1
asthe basis for selecting which component to eliminate. 1f non-convergence is detected, the
problem is reconfigured using rule 2. Continued non-convergence results in another
reconfiguration using rule 2, and so on.

4.3 MODIFICATIONSFOR MODELING TITRATIONS

Version 3.11 included a limited titration capability in that the fixed (equilibrium) activity or total
concentration of a single component could be designated as varying over a set of values supplied
by the user. This option has been expanded in version 4.0 to allow any species that can be
formed by MINTEQA 2 components (except sorption or DOM components) to serve as the
titrant. Even speciesthat are not in the thermodynamic database (e.g., HCI) may be so
designated, albeit with the assumption of total dissociation in aqueous solution. In addition to
acids and bases that totally dissociate, any aqueous or solid species in the database (except
sorption or DOM species) may be designated as the titrant. A titration over a series of fixed pH
or pevaluesis also permitted.

This option isimplemented in PRODEFA2 such that menu prompts guide the user in designating
the titrant and the values of total concentration or equilibrium activity to be used at each titration
point.

4.4 MODIFICATIONSFOR SPECIALIZED OUTPUT

Version 4.0 retains the capability of allowing the user to select up to six components or species
whose equilibrium concentrations will be written to an ASCII text file in tabular form for import
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by a spreadsheet program. The equilibrium mass distribution among dissolved, sorbed, and
precipitated phases may be written for components. Alternatively, the equilibrium concentration
of any species (including component species) may be written. This use of thisoption isvia
menus and prompts in PRODEFA2. It can be used together with the titration option to generate
datafor plotting, (e.g., the equilibrium concentration of HCO, versus pH).

45 MODIFICATIONSFOR CUSTOMIZED DATABASE FILENAMES

This modification is intended to make it easy to use customized database files and to keep up
with which database was used in generating an particular output file. Occasionally, a user may
develop a database file using customized thermodynamic data. (Of course, this file must
conform to MINTEQAZ2 format requirements; see Chapter 5). In earlier versions, the main
thermodynamic database in MINTEQA2 must be named “THERMO.UNF’. The “UNF’
extension designates afile that isinternally unformatted. The unformatted file is generated by
the program UNFRMT using the corresponding ASCII text file“THERMO.DBS’. Version 4.0
still requires the database to be an unformatted file and the generation of thisfileisstill handled
by UNFRMT. However, the database may be named whatever the user wishes. The
PRODEFA2 program displays the current setting of filenames that MINTEQAZ2 will use. The
user may change these names so that other fileswill be used instead. The selected files whose
names are displayed by PRODEFA2 will be used the next time MINTEQAZ2 is executed and their
names will appear in the main MINTEQA 2 output file identifying them as the source of the
thermodynamic data used in the model run.

4.6 CORRECTION OF KNOWN ERRORSIN EARLIER VERSIONS
Two known errorsin version 3.11 are corrected in version 4.0:

1) Insome circumstances, the standard deviation in log K for species used in the Gaussian
DOM model could be treated as an enthal py value and used to correct the mean log K for
temperature. Because the standard deviation is arelatively small value (2.5 or less), this
would not produce significant error in speciated results. This error has been corrected in
version 4.0.

2) Anerror in the algorithm that calculates total carbonate from a user supplied alkalinity could

cause erroneous results for cases where the equilibrium pH islessthat 1.0. Thiserror has
been corrected in version 4.0.
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CHAPTERS

MODIFICATIONSTO THE THERMODYNAMIC DATABASE

The thermodynamic database used by MINTEQA2/PRODEFA 2 has been revised to correct and
update thermodynamic constants, to add environmentally relevant species and their associated
reactions for beryllium (Be), cobalt (Co), molybdenum (Mo), and tin (Sn), and to provide
reference citations for equilibrium constants for all species. In addition, the format of the
database has been changed to accommodate longer species names.

With the release of version 3.0, the thermodynamic database for MINTEQAZ2 included 31
organic ligands and associated reactions to represent complexation with trace metals.
Unfortunately, some equilibrium constants were not properly adjusted or re-formulated for use
with MINTEQA?2 components as reactants. Use of the database for affected ligands could lead to
erroneous results (Serkiz et al., 1996). In version 4.0, all speciesinvolving the 31 organic ligand
components have been reviewed and corrected if needed. One organic component, identified as
component number 960, “TRIBUTPH” was found to have no corresponding species and was
removed from the database. Of the 450 species involving the other 30 organic ligand
components, 370 have been retained, most with updated thermodynamic constants or other
parameters. Eighty of the original 450 have been deleted due to an absence of data within the
necessary range of ionic strength (I) and temperature (T) (0.0 to 1.0 M for | and 20-30 °C for T).
More than 200 new species involving these organic ligands have been added to the database.

In addition to the correction of errorsin the metal-organic complexes, the revised database for
version 4.0 includes reactions for aqueous species of Be(ll), Co(ll and 111), Mo(VI) and Sn (11 and
V). Also, compilations of stability constants have been used to verify and update the
thermodynamic constants for inorganic species. Where possible, the source of the
thermodynamic data has been cited in the version 4.0 database. The format of the database has
been changed to accommodate the reference citations and to allow longer species names

5.1 DATA SOURCES
Several recognized compilations of thermodynamic constants were used as data sources for the
review and update of equilibrium constants and enthalpy of reaction values. Vaueswere aso

obtained from journal articles. The sources were accorded priority according to their order in the
list below. If datawere not found, the next source in the list was consulted, etc.
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5.1.1 Prioritized List of Sources

1. Critical Sability Constants of Metal Complexes Database (CRITICAL) published by the
National Institute of Standards and Technology (NIST Standard Reference Database 46).
Multiple versions of this database were used beginning with version 2.0 (released in late
1995), and ending with version 4.0 (released in late 1997). The correction and update of the
v3.11 metal-organic reactions was completed first. This update employed version 2.0 of the
NIST CRITICAL database. The update of the general inorganic species began while version
3.0 of CRITICAL was the current NIST product. Version 4.0 of CRITICAL was released
during the course of updating the inorganic species and was used to finish the project. A
comparison of log K values for a sampling of the metal-organic complexes from CRITICAL
revealed no differences between version 4.0 and version 2.0 constants. The improvementsin
version 3.0 and 4.0 are primarily the presence of more reactions and improved program
functionality rather than updated constants. In the final MINTEQA 2 database, the source
reference code for each species updated with the CRITICAL database indicates the version
from which the data were obtained (“NIST46.2", “NIST46.3", “NIST46.4", respectively for
CRITICAL versions 2.0, 3.0, and 4.0). These source designations are used in the database
and in the table of values (Appendix A) accompanying this report.

2. Sability Constants Database (SC-DATABASE) published by the International Union of
Pure and Applied Chemistry (IUPAC) and Academic Press. Two different versions of this
database were used. In the correction of thermodynamic constants for metal-organic
complexes, version 2.62 (released in 1996) was used. In the database review for inorganic
species, version 3.02 (released in early 1998) was used. In the final MINTEQA 2 database,
the source reference code for each species updated with SC-DATABASE indicates the
version from which the data were obtained (“SCD2.62" and “SCD3.02", respectively for
versions 2.62 and 3.02). The reference cited in the actual MINTEQA2 database indicates the
journal article reference within SC-DATABASE for version 3.02 citations. These source
designations are used in the database and in this report.

3. Nordstrom et al.(1990) presented data intended to update and document data appearing in the
U.S. Geologica Survey equilibrium model WATEQ. Many of the reactions updated in that
model also appear in the MINTEQA 2 database, so those updates were incorporated. Data
from this source are indicated with the source reference code “Nord90" in the database and in
this report.

4) Relevant datafrom journal articles and other compilations. Use of datafrom journal articles
was indicated by a code with the year followed by the first two authors initials (surnames)
and a suffixed letter to insure uniqueness (e.g., 1993 DKa). The complete referenceis given
in the bibliography with the code used in the database.

5. Gibbs free energy of formation (AG°) and enthalpy of formation (AH®) values from four
different sources were used to compute the Gibbs free energy of reaction and enthal py of
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reaction. The former was used to compute the log K for the reaction. The four data sources
(in the preferred priority) were: 1) CODATA Key Values for Thermodynamics published by
the Committee on Data for Science and Technology (CODATA) in 1989; 2) NIST JANAF
Thermochemical Tables 1985, Standard Reference Database 13, version 1.0. Released in
electronic format in 1993, the last update of the actual data in this database was 1985; 3) The
NIST Chemical Thermodynamics Database, Standard Reference Database 2, version 1.1.
Thisisthe electronic form of the older National Bureau of Standards thermodynamic
database. Version 1.1 wasreleased in 1992, but the latest revisions to the data are from 1989;
and 4) Standard Potentials in Aqueous Solution (Bard et al., 1985). Data obtained from
these four sources are denoted by the codes “CODATAS89", “NIST13.1", “NIST2.1.1", and
“Bard85", respectively, in the source indication for the MINTEQA2 database and in this
report.

5.2 DATA REDUCTION

Data reduction tasks are often required before adding thermodynamic data for a new or existing
reaction to the MINTEQAZ2 database: 1) Thelog K of the defining reaction must be extrapolated
to zero ionic strength and adjusted to correspond to atemperature of 25 °C, and 2) The defining
reaction must be formulated so that it is expressed in terms of MINTEQAZ2 components. For
data given at other valuesor | or T, the correction to zero ionic strength and 25 °C should always
be done prior to reformulating the reaction in terms of MINTEQA2 components. Thisis because
the process of reformulation may involve adding one or more reactions to the defining reaction.
If the log K correction is not done prior to reformulation and if the log K values corresponding to
these added reactions are already corrected to 1=0 and T=25, the resulting composite constant
will be a hybrid that does not correspond to the values of | and T of the original reaction or to I=
0 and T=25. Therefore, correction of the original reaction log K valuesto =0 and T=25 was
always performed first.

If the log K and enthalpy of reaction for aMINTEQAZ2 reaction were not available from reviewed
compilations, these values were computed from A,G° and A;H° values.

5.2.1 lonic Strength and Temperature Correctionsof Log K

When new reactions are added to the database, log K values reported at >0 must be corrected
using estimates of activity coefficients (y) for reactants and products. It is reasonable to use the
same method to estimate the activity coefficientsin this data correction step asisused in
MINTEQAZ2 to adjust the constants during calculations. The most universally applicable
estimator availablein MINTEQAZ2 is the Davies equation:
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/
logy, = -0.51z° ﬁf - 031’
1 +4/17

where the subscript i refers to each of the reactants and products in the reaction, z istheionic
charge of each reactant or product, and | isthe ionic strength reported for the experimental data.
Once computed, the activity coefficients are used in the following relationship to correct the
equilibrium constant to 1=0:

Hi yvi ,products

I / 4
H ’

where v represents the reactant or product stoichiometric coefficient.

K = K

The correction to 25° C was accomplished by use of the standard enthal py of reaction
(AH,°) and the van't Hoff equation. For some reactions, AH,° issimply not available and zero is
entered for enthalpy in the MINTEQA2 database. In such cases, the reported equilibrium
constant is incorporated without correction. MINTEQA2 also uses the van't Hoff equation to
adjust equilibrium constants during speciation calculations for those reactions having non-zero
enthal py when the user specifies a system temperature other than 25° C. When AH,°isgivenin
kJmol™, the van't Hoff equation is:

logK,; = logK, + AH,” (25 - T) (0.000588)
where T is the temperature at which log K is reported in degrees Celsius.

5.2.2 Expressing the Reaction in Termsof MINTEQA2 Components

All reactionsin MINTEQA2 must be written as formation reactions from the MINTEQA?2
components. For solid species, the log K and standard enthal py of reaction, AH,°, needed in
MINTEQAZ2 may be of opposite sign to that reported in the literature (usually reported as a
solubility product constant). Also, both solid and dissolved reactions obtained from the literature
and their associated thermodynamic constants may need to be added or subtracted from other
reactions as required to reformulate the reaction in terms of MINTEQA2 components. An
example isthe species CUHEDTA  given in the NIST CRITICAL database by the reaction:

CUEDTAZ + H* = CuHEDTA" logK=31@1=01M
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After correction to ionic strength zero, alog K value of 3.5 isobtained. Thisreaction till
cannot be used in MINTEQA 2 because CUEDTAZ is not aMINTEQA2 component. To

reformutate the Teaction for MINTEQAZ, theteaction for the formation of CUEDTA? from the
components Cu?* and EDTA* must be added to this reaction:

CUEDTAZ + H* =« CuHEDTA"  logK =35 0)
Cu? + EDTA* — CUEDTA? log K = 20.54 (ii)
CW? + H* + EDTA* = CuUHEDTA" logK = 24.0 (iii)

Thelast reaction (iii) and its associated thermodynamic constants are now correctly expressed in
terms of MINTEQAZ2 components and are in the appropriate form for the MINTEQA?2
thermodynamic database.

5.2.3 Other Data Reduction M ethods
If the log K and enthal py of reaction for aMINTEQAZ2 reaction were not available from reviewed

data sources, the following relationships were used to compute these values from AG°® and AH°
values:

AGr0 = Zi Vi A GI Jproducts Zi Vi A GI reactants

-AG°

r

log K = ————
2.303RT

where Ris the universal gas constant, and

AHro = Zi v, A Hlproducts - Zi Vi A HI reactants

5.3 QUALITY ASSURANCE EFFORTS

Apart from the accuracy of information recorded and presented in CRITICAL, SC-DATABASE,
and other data sources, the process of querying a data compilation, recording the retrieved
information, reducing the data in some fashion, entering the result in another database requires
attention to details and repeated checking for accuracy to insure afinal product that is free of
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secondary errors. The following steps were taken to minimize errorsin the final MINTEQA2
thermodynamic database:

1) Data obtained from compilations of log K and enthal py were recorded on data entry sheets
with the exact reaction as given in the source and the pertinent ionic strength and
temperature. During the data gathering stage, no attempt was made to correct the data for
ionic strength or temperature, or to reformulate reactions in terms of MINTEQA?2
components. After recording, the information was double-checked against the source for
accuracy.

2) Theinformation recorded on each data entry sheet was entered in a data storage and
manipulation program, MINCHEK, via on-screen prompts having the same format as the
data entry sheet. After entering, the displayed data was compared against the data entry sheet
for accuracy.

3) The AG° and AH° values from the JANAF and NIST2 databases were read directly into the
data storage program from the computer databases of the sources themselves.

4) After all datawas collected and entered, the data reduction module in MINCHEK was used
to correct the log K values for ionic strength, temperature corrections were computed and
applied, and the data were reformulated such that all reactions were expressed in terms of
MINTEQAZ2 components. The latter step was accomplished by adding reactions and their log
K and AHg values as required. All data reduction steps were computed and applied internally
by MINCHEK. Gram-formulaweights and species charge were computed automatically by
MINCHEK for each species from the stoichiometry, gram-formulaweight (or atomic
weight), and charge of each reactant (component).

5) The corrected, reformulated data were displayed on-screen for selection. For the most part,
the prioritization of the data sources as described above resulted in only a single new value of
adata element. However, sometimes more that one reasonable value was obtained, and the
value to be used was selected from among these multiple data elements. Multiple data
elements were displayed together on one screen along with the “old” version 3.11 values.

6) After log K and AHy values were selected in MINCHEK for each species, the new
MINTEQA?2 database was automatically written in the required format, including reference
citations for the data source. New unformatted database files (* .UNF files) were created by
the UNFRMT program for use with MINTEQA2.

7) A table showing “old” and updated values of log K and AH side-by-side for each species
was examined to find instances of large disparity. These were individually examined to be
sure the updated data were correct.
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5.4 REVIEW AND CORRECTION OF METAL-ORGANIC SPECIES

The v3.11 database had 31 organic ligand components and 450 species. The updated database
has 30 organic components and over 500 species. No species were actually present in thev3.11
database for the component number 960, Trbutph (Tributylphosphate). Inasmuch as there were
no current species, and no reactions could be found in CRITICAL or SC-DATABASE for this
ligand, this component was del eted.

5.4.1 Component and Species Names for Organic Species

Component numbers for organic ligands are the same asin v3.11. Also, seven-digit species
identifying numbers of species present in v3.11 have not been changed unless they were found to
bein error. However, most organic ligand component names and metal-organic species names
have been changed for clarity. The component name field in COMP.DBS is only eight characters
wide and the species name field formerly allowed only 12 charactersin THERMO.DBS. The
expansion of thisfield to 21 charactersin version 4.0 alows complete and understandable names
to be used. These are combined in the usual way with parentheses and a following number to
indicate a stoichiometric subscript. The species charge is not given in the names of
metal-organic species asit is for aqueous inorganic species. Square brackets have been used to
separate the metal and organic ligand portions of the species names. The identifying number,
name, and charge of each organic ligand component isgiven in Table5.1. The carboxylic and
di-carboxylic ligands are referenced by their fully protonated namesin CRITICAL and SC-
DATABASE and most other literature references. However, the reactions and associated
equilibrium constants are often written with the de-protonated form representing the ligand. For
example, in both CRITICAL and SC-DATABASE, one must enter the search name Benzoic
Acid for the purposes of referencing the available data. But, once retrieved, the data is presented
with the de-protonated form, benzoate, as the actual ligand. Likewise, MINTEQAZ2 usesthe
deprotonated form of this monoprotic acid, benzoate, as the component. The component field in
MINTEQAZ2 will not accommodate the full names of some organic ligands, so these are
abbreviated in the component database.

Table5.1 Organic Ligands and the Associated MINTEQA2 Component 1D No., Name,

and Charge.
Ligand Component Component Name Charge
ID No.
Benzoic acid 917 Benzoate -1.0
Phenylacetic acid 918 Phenyl acetate -1.0
Isophthalic acid 920 Isophthal ate -2.0
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Ligand Component Component Name Charge
ID No.
Diethylamine 955 Diethylamine 0.0
Butylamine 956 Butylamine 0.0
Methylamine 958 Methylamine 0.0
Dimethylamine 959 Dimethylamine 0.0
Hexylamine 961 Hexylamine 0.0
Ethylenediamine 963 Ethylenediamine 0.0
Propylamine 964 Propylamine 0.0
Isopropylamine 965 Isopropylamine 0.0
Trimethylamine 966 Trimethylamine 0.0
Citric acid 967 Citrate -3.0
Nitrilotriacetic acid 968 NTA -3.0
(NTA)
Ethylenediaminetetra- 969 EDTA -4.0
acetic acid (EDTA)
Propionic acid 971 Propionate -1.0
Butyric acid 972 Butyrate -1.0
Isobutyric acid 973 Isobutyrate -1.0
2-Methylpyridine 980 2-Methylpyridine 0.0
3-Methylpyridine 981 3-Methylpyridine 0.0
4-Methylpyridine 982 4-Methylpyridine 0.0
Formic acid 983 Formate -1.0
Isovaleric acid 984 Isovalerate -1.0
Vaeric acid 985 Valerate -1.0
Acetic acid 992 Acetate -1.0
Tartaric acid 993 Tartrate -2.0
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Ligand Component Component Name Charge

ID No.
Glycine 994 Glycine -1.0
Salicylic acid 995 Salicylate -2.0
Glutamic acid 996 Glutamate -2.0
Phthalic acid 997 Phthalate -2.0

5.4.2 Database Changesfor Metal-Organic Species

Of the 450 metal-organic species present in the v3.11 database, 370 were retained after the
review and 80 were deleted. A total of 192 new species were added in the updated database (not
counting species added later for Be, Co, Mo, Sn, and Sr) . The equilibrium constant (log K),
enthalpy of reaction (AH,°), species charge, gram-formula weight, and stoichiometry have been
reviewed and corrected if needed. There were three possible reasons for deletion:

1) No reference was found to the speciesin CRITICAL or SC-DATABASE or other sources
consulted.

2) Datawas found, but was given for an ionic strength greater than 1.0 M. Log K valuesin the
MINTEQA?2 database are should be referenced to zero ionic strength. Frequently, datais
given at ionic strength of 0.1 M or above. Theselog K values must be corrected to zero ionic
strength using activity coefficients pertinent to the given ionic strength. All such activity
coefficients used in this database review were computed from the Davies Equation.
Coefficients become progressively less reliable above an ionic strength of 0.5 M. The cut-off
for effective use of the Davies equation was treated as 1.0 M in updating and correcting the
metal-organic species from the v3.11 database.

3) Datafoundin CRITICAL or SC-DATABASE, but was incongruous with other data.

55 REVIEW AND UPDATE OF OTHER DATABASE SPECIES
After the modifications described above, the inorganic species were reviewed and reactions were

added for beryllium, cobalt (11 and 111), molybdenum (V1), tin (Il and 1) and strontium. The
version 3.11 database already had afew reactions for Be and Sr, but the databases were too
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incomplete to be useful. Data sources listed above were searched for reactions for these metals
with all ligandsin the MINTEQAZ2 database. In addition, the data sources were searched for
thermodynamic data for all current reactions so that as many data elements as possible were
verified or updated. Approximately 230 new inorganic species were added to the database. In
addition, the v3.11 cyanide section of the database was completely replaced, certain silicate
minerals not known to exhibit reversible solubility equilibriain natural waters were deleted
according to recommendations in Nordstrom et al. (1990), various species for which equilibrium
constants were not available were deleted in favor of alowing the user to make the judgement as
to whether to include them.

The entire revised database is presented in Appendix A. Theold (v3.11) datais displayed
alongside the new data. Species that were not present in version 3.11 do not have old data
displayed. The source of thelog K or thermodynamic data from which log K was computed is
also indicated. The source of the enthalpy of reaction is not listed in the table of Appendix A,
but does appear in the MINTEQA?2 database. The format of the version 4.0 databaseis given in
Appendix B.
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APPENDIX A

THERMODYNAMIC DATABASE FOR MINTEQA2V4.0
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Enthalpy of reaction (del H) isin kJ/mol. Any speciesfor which an “old” (v3.11) log K is not
specified has been added in version 4.0. The cited source reference pertains to the log K of the
reaction. Reference codes are explained in the reference section. The actual database givesa
separate source citation for log K and enthalpy of reaction. A source of “MTQ3.11" means that
the values are not updated from the version 3.11 database. Thisisamost always because reliable
values were not found in the sources consulted.

ad New ad New
I D No NAVE Log K Log K del H del H Source
3307301 S-2 -12.9180 -17.3000 50. 6264  49. 4000 LMa1987
3307601 Se-2 -14.9529 -15. 0000 48.1160  48.1160 SCD3. 02
8713300 Tl +3 4.7424 3.2910 0. 0000 0. 0000 NI ST46. 3
3600000 Hg (aq) 6. 9316 6. 5667 -69.4753 -45.7350 NIST2.1.1
3613300 Hg+2 6. 0970 6. 1940 -46.2750 -39.7200 N ST46.3
2113300 Cr+3 9. 6200 9. 5688 -84.2658 -129. 6200 N ST46.3
3300020 OH -13.9980 -13.9970 55.8355 55.8100 NI ST46. 4
7903301 Sn+2 7. 0940 0. 0000 NI ST46. 4
7903302 SnOH+ 3. 6970 0. 0000 NI ST46. 4
7903303 Sn( OH) 3- -9. 4970 0. 0000 NI ST46. 4
7903304 Sn2( OH) 2+2 9. 3940 0. 0000 NI ST46. 4
h 7903305 Sn3( OH) 4+2 14. 3940 0. 0000 NI ST46. 4
7903306 HSnCe- -8.9347 0. 0000 Bar d85
z 7913301 Sn+4 21.2194 0. 0000 Bar d85
7913302 Sn(B- 2 -2.2099 0. 0000 Bar d85
m 6003300 PbOH+ -7.7100 -7.5970 0. 0000 0.0000 NI ST46. 3
6003301 Pb(OH) 2 (aq) -17.1200 -17.0940 0. 0000 0. 0000 NI ST46. 3
E 6003302 Pb( OH) 3- -28.0600 -28.0910 0. 0000 0. 0000 NI ST46. 3
6003303 Pb20H+3 -6.3600 -6.3970 0. 0000 0. 0000 NI ST46. 3
6003304 Pb3( OH) 4+2 -23.8800 -23.8880 110. 8760 115.2400 NI ST46. 3
: 6003305 Pb( OH) 4- 2 -39.6990 -39.6990 0. 0000 0. 0000 Mrg. 11
6003306 Pb4(CH) 4+4 -19. 9880 88. 2400 NI ST46. 4
U 902700 BF( OH) 3- -0.3990 -0.3990 7. 7404 7.7404 MIQB. 11
902701 BF2( OH) 2- 7. 6300 7. 6300 6. 8408 6. 8408 MIQ3. 11
o 902702 BF30H 13.6670  13.2200 -6.6107 -20.4897 NIST2.1.1
303300 Al OH+2 -4.9900 -4.9970 49.7854  47.8100 NI ST46.3
a 303301 Al (OH) 2+ -10.1000 -10.0940 0. 0000 0. 0000 NI ST46. 3
303303 Al (OH) 3 (aq) -16.0000 -16.7910 0. 0000 0. 0000 NI ST46. 3
303302 Al (OH) 4- -23.0000 -22.6880 184.3470 173.2400 NI ST46. 3
m 8703300 TI OH (aq) -13.1717 -13.2070 58.3040 56.8100 NI ST46.3
8713301 Tl OH+2 3.5770 2. 6940 0. 0000 0. 0000 NI ST46. 3
> 8713302 Tl (OH) 2+ 2.1183 1.8970 0. 0000 0. 0000 NI ST46. 3
8713303 Tl (OH) 4-1 -10. 2545 -11.6970 0. 0000 0. 0000 NI ST46. 3
= 9503300 ZnOH+ -8.9600  -8.9970 56.0614  55.8100 NI ST46.3
9503301 Zn(OH) 2 (aq) -16.8990 -17.7940 0. 0000 0. 0000 NI ST46. 3
: 9503302 Zn( OH) 3- -28.3990 -28.0910 0. 0000 0. 0000 NI ST46. 3
9503303 Zn( OH) 4- 2 -41.1990 -40. 4880 0. 0000 0. 0000 NI ST46. 3
u 1603300 CdOH+ -10.0800 -10. 0970 54.8104 54.8100 NI ST46.3
1603301 Cd(OH) 2 (aq) -20.3500 -20.2940 0. 0000 0. 0000 NI ST46. 3
u 1603302 Cd( OH) 3- -33.3000 -32.5050 0. 0000 0. 0000 NI ST46. 3
1603303 Cd( OH) 4- 2 -47.3500 -47.2880 0. 0000 0. 0000 NI ST46. 3
q 1603304 Cd20H+3 -9.3900 -9.3970 45.6014  45.8100 N ST46.3
3613302 HgOH+ 2.6974 2.7970 0.0000 -18.9100 NI ST46. 3
3613303 Hg(OH) 3-1 -15.0042 -14.8970 0. 0000 0. 0000 NI ST46. 3
¢ 2313300 CuCH+ -8.0000 -7.4970 0.0000  35.8100 NI ST46. 3
2313301 Cu(OH)2 (aq) -13.6800 -16.1940 0. 0000 0. 0000 NI ST46. 3
n- 2313302 Cu( OH) 3- -26.8990 -26.8790 0. 0000 0. 0000 NI ST46. 3
2313303 Cu(OH) 4-2 -39.6000 -39.9800 0. 0000 0. 0000 NI ST46. 3
m 2313304 Cu2( OH) 2+2 -10. 3590 -10.5940 73.3832  76.6200 NI ST46. 3
203300 AgOH (aq) -12.0000 -11.9970 0. 0000 0. 0000 NI ST46. 3
203301 Ag( OH) 2- -24.0000 -24.0040 0. 0000 0. 0000 NI ST46. 3
m 5403300 Ni OH+ -9.8600 -9.8970 51.9653 51.8100 NI ST46. 3
: 5403301 Ni (OH)2 (aq) -19. 0000 -18. 9940 0. 0000 0. 0000 NI ST46. 3
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I D No

5403302
2003300
2003301
2003302
2003303
2003304
2003306
2003305
2013300
2803300
2803302
2803301
2813300
2813301
2813302
2813303
2813304
2813305
4703300
4703301
4703302
4700020
4700021
2113301
2113302
2113303
2113304
9003300
9013300
9013301
9013302
9013304
9013303
9023300
9023301
8913300
8913301
8913302
8913303

NAME

Ni (OH) 3-
CoOH+
Co(OH) 2 (aq)
Co( OH) 3-
Co(OH) 4-2
Co20H+3
Co4(OH) 4+4
CoOCH
CoOH+2
FeOH+
Fe(OH) 2 (aq)
Fe( OH) 3-
FeOH+2

Fe( OH) 2+
Fe(OH) 3 (aq)
Fe( OH) 4-
Fe2( OH) 2+4
Fe3( OH) 4+5
MhOH+

Mh( OH) 3-
Mh( OH) 4- 2
MO4-

MO4- 2
Cr(OH) +2

G (OH) 3 (aq)
Cr(OH) 4-

Cr 2-

VOH+

VOH+2

V(OH) 2+
V(OH) 3 (aq)
V2( OH) 2+4
V2( OH) 3+3
V( CH) 3+
H2V2O4+2
UOH+3

U( CH) 2+2

U( OH) 3+
U(OH)g (aq)

8913304 U(OH)

8913305
8933300
8933301
8933302
1103301
1103302
1103303
1103304
1103305
1103306
4603300
1503300
8003300
1003300
3302700
3302701
3302702
7402700
7402702
7702700
7902701

U6( OH) 15+9
U2 OH+
(U2) 2( OH) 2+2
(UR) 3(OH) 5+
BeOH+
Be(OH) 2 (aq)
Be( OH) 3-
Be( OH) 4- 2
Be20H+3
Be3( OH) 3+3
My OH

CaOH+

Sr OH+

BaOH+

HFE (aq)

HF2-

H2F2 (aq)
ShOF (aq)
Sb(OH) 2F (aq)
Si F6- 2

SnF+

-11.
-12.

-13.

SO WwW

7900
5980
. 1780
3580
. 1690
7490
. 7680
. 1864
1937
. 1800

o
N
~

©coo0o000000000:

cooooo0o

New

del H

Sour ce

NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST2.1.1
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
Nor d90
NI ST46.
NI ST46.
NI ST46.
NI ST46.
MIQ3. 11
NI ST46. 4
NI ST2.1.1
NI ST2.1.1
NI ST46. 3
SCD3. 02
SCD3. 02
MIQ3. 11
NI ST46. 3
NI ST46. 3
NI ST46. 3
SCD3. 02
NI ST46. 3
NI ST46. 3
NI ST46. 4
NI ST46. 4
NI ST46. 3
MIQ3. 11
MIQ3. 11
MIQ3. 11
MIQ3. 11
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
MIQB. 11
PNL89
PNL89
Nor d90
NI ST46. 4

AR W

WwWwww WWWwWwwh

WWWWWWhAhADMEARMBRMPWWWW®W



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

I D No

7902702
7902703
7912701
6002700
6002701
6002702
6002703

902703

302700

302701

302702

302703
8702700
9502700
1602700
1602701
3612701
2312700

202700
5402700
2002700
2812700
2812701
2812702
4702700
2112700
9022700
9022701
9022702
9022703
9032700
9032701
9032702
9032703
8912700
8912701
8912702
8912703
8912704
8912705
8932700
8932701
8932702
8932703
1102701
1102702
1102703
4602700
1502700
8002701
5002700
7901801
7901802
7901803
6001800
6001801
6001802
6001803
8701800
8701801
8711800

NAME

SnF2 (aq)
SnF3-
SnF6- 2
PbF+
PbF2 (aq)
PbF3-
PbF4-2
BF4-

Al F+2

Al F2+

Al F3 (aq)
Al F4-

TIF (aq)
ZnF+
CdF+
CdF2 (aq)
HgF+

CuF+

AgF (aq)
Ni F+
CoF+
FeF+2
FeF2+
FeF3 (aq)
MF+

Cr F+2
VOF+
VOF2 (aq)
VOF3-
VOF4- 2
VO2F (aq)
VO2F2-
VO2F3- 2
VO2F4- 3
UF+3
UF2+2
UF3+

UF4 (aq)
UF5-
UF6- 2

BeF+

BeF2 (aq)
BeF3-

MF+

CaF+

Sr F+

NaF (aq)
SndCl +

Snd 2 (aq)
Sndl 3-
Pbd +

PbCl 2 (aq)
Pbd 3-
Pbd 4-2
TId (aq)
T d2-1

T C +2

PP

[EnY

NOoOoORRERERE

ad
Log K

. 8200
. 9400

. 7900

PR

[EnY

POORPPENPOOOORNE OO
ol
N
D
o

[EnY

= 00
CORPPOOO0VOO0OWONOOOO

ad
del H

. 5560
. 8908

. 0000

'
[EnY
CUFPOPPOEPOOOOOOO

New
del H

Sour ce

NI ST46. 4
NI ST46. 4
Bar d85

NI ST46. 3
NI ST46. 3
SCD3. 02
SCD3. 02
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
MIQ3. 11
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
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I D No

8711801
8711802
8711803
8711804
9501800
9501801
9501802
9501803
9501804
1601800
1601801
1601802
1601803
3611800
3611801
3611802
3611803
3611804
3611805
2311800
2311801
2311802
2311803
2301800
2301801
2301802

201800

201801

201802

201803
5401800
5401801
2001800
2011800
2811800
2811801
2811802
4701800
4701801
4701802
2111800
2111801
2111802
9021800
8911800
8931800
1101801
7901301
7901302
7901303
6001300
6001301
8701300
8701301
8701302
8703802
8711300
8711301
8711302
8711303
9501300

Znd 2 (aq)
Znd 3-

Znd 4-2
ZnOHA (aq)
Cdd +

Cdd 2 (aq)
cdd 3-
CdoHA  (aq)
HgQ +

HgQ 2 (aq)
Hgdl 3- 1
Hgdl 4- 2
HgQ | (aq)
HgQ OH (aq)
Cud +

Cud 2 (aq)
Cud 3-

Cud 4-2 1

Cud 2-
Cud 3-2
Cud (aq)
Agd (aq)
Agdl 2-
AgdCl 3-2
AgCl 4-3

Ni C +

Ni G2 (aq)
Cod +

Cod +2
Fed +2
Fed 2+
Fed 3 (aq)
MhC +

MhC 2 (aq)
Mhdl 3-
Crd+2
Crd2+
CroHA 2 (aq)
vod +

ud +3
uozd +
Bed +
SnBr +
SnBr2 (aq)
SnBr 3-
PbBr +
PbBr2 (aq)
TI Br (aq)
Tl Br2-1
TIBrd-1
TIHIBr-1

Tl Br +2

Tl Br 2+
TIBr3 (aq)
Tl Br4-1
ZnBr +

cCopuuuw GUANOO®

erohdPOooocoRNME

. 7700
. 4400
. 9477
. 9719
. 8165
. 1850
. 2221
.5761
. 0244
. 1533
. 5800

-0. 2600

-11.

'
[EnY
oo

N

.
w ol
POOCONOOOOOW 0000

N

12.

- 10.
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I D No NAVE Log K Log K del H del H Source
9501301 ZnBr2 (aq) -0.9800  -0.9800 0. 0000 0.0000 Mr@. 11
1601300 CdBr + 2.1700 2. 1500 -3.3890 -3.0000 NI ST46.3
1601301 CdBr2 (aq) 2. 8990 3. 0000 0.0000 -3.0000 NI ST46.3
3611301 HgBr + 15.8347  15.8030 0.0000 -81.9200 NI ST46.3
3611302 HgBr2 (aq) 23.6065 24.2725 -129.0011 -127.1200 NI ST46.3
3611303 HgBr3-1 25.7857  26.7025 0. 0000 -138.8200 NI ST46. 3
3611304 HgBr 4- 2 27.0633  27.9330 0. 0000 -153.7200 NI ST46. 3
3611305 HgBrd (aq) 22.0145  22.1811 0.0000 -113.7700 NI ST2.1.1
3611306 HgBrl (aq) 27.1212  27.3133 0.0000 -151.2700 NI ST2.1.1
3611307 HgBrl 3-2 34.2135  34.2135 0. 0000 0.0000 Mr@. 11
3611308 HgBr 2| 2- 2 32.3994  32.3994 0. 0000 0.0000 Mr@. 11
3611309 HgBr3l -2 30.1528  30. 1528 0. 0000 0.0000 Mr@. 11
3613301 HgBr OH (aq) 11.5980  12.4330 0. 0000 0. 0000 NI ST46.3
201300 AgBr (aq) 4. 2400 4. 6000 0. 0000 0.0000 NI ST46. 3
201301 AgBr 2- 7. 2800 7. 5000 0. 0000 0. 0000 NI ST46.3
201302 AgBr 3- 2 8. 7100 8. 1000 0. 0000 0.0000 NI ST46. 3
5401300 Ni Br + 0. 5000 0. 5000 0. 0000 0.0000 Mr@. 11
2111300 Cr Br +2 7.5519 7.5519 -46.9068 -46.9068 MI@B. 11
h 1101301 BeBr + 0. 1009 0. 0000 NI ST46. 4
6003800 Pbl + 1. 9400 2. 0000 0. 0000 0. 0000 NI ST46.3
z 6003801 Pbl 2 (aq) 3. 1990 3. 2000 0. 0000 0.0000 NI ST46.3
8703800 Tl | (aq) 1. 4279 1. 4279 0. 0000 0.0000 Mr@. 11
m 8703801 TI12-1 1. 8588 1. 8588 0. 0000 0.0000 Mr@g. 11
8713800 Tl 14-1 34.7596  34.7596 0. 0000 0.0000 Mr@g. 11
9503800 Znl + -2.9100  -2.0427 0.0000 -4.0000 NI ST46.3
E 9503801 Znl 2 (aq) -1.6900  -1.6900 0. 0000 0.0000 Mr@. 11
1603800 CdI + 2. 1500 2. 2800 -9.9161  -9.6000 NI ST46.3
: 1603801 CdI 2 (aq) 3. 5900 3. 9200 0.0000 -12.0000 NI ST46.3
3613801 Hgl + 18.8949  19. 6030 0.0000 -111.2200 NI ST46. 4
U 3613802 Hgl 2 (aq) 30.1081  30.8225 -186.2800 -182.7200 NI ST46. 4
3613803 Hgl 3-1 33.7935 34.6025 -200.5935 -194.2200 NI ST46. 4
o 3613804 Hgl 4-2 35.7858  36.5330 0. 0000 -220.7200 NI ST46. 4
203800 Agl (aq) 6. 6000 6. 6000 0. 0000 0.0000 NI ST46. 3
203801 Agl 2- 10. 6800  11.7000 0. 0000 0.0000 NI ST46.3
a 203802 Agl 3-2 13.3700 12.6000 -113.0935 -122.0000 NI ST46.3
203803 Agl 4- 3 14.0800  14.2290 0. 0000 0.0000 NI ST46. 3
u‘ 2113800 Crl +2 4.8289 4.8289 0. 0000 0.0000 Mr@. 11
3307300 H2S (aq) 6. 9940 7.0200 -22.1752 -22.0000 NI ST46.3
6007300 Pb(HS)2 (aq) 15.2700  15.2700 0. 0000 0.0000 Mr@. 11
> 6007301 Pb( HS) 3- 16.5700  16.5700 0. 0000 0.0000 Mr@. 11
i 8707300 TI HS (aq) 1.8178 2. 4740 0. 0000 0.0000 NI ST46. 3
8707301 Tl 2HS+ 7.6979 5. 9740 0. 0000 0.0000 NI ST46.3
: 8707302 Tl 20H( HS) 3- 2 1. 0044 1. 0044 0. 0000 0.0000 M. 11
8707303 Tl 2( OH) 2( HS) 2- 2 -11.0681 -11.0681 0. 0000 0.0000 Mr@B. 11
‘ } 9507300 Zn(HS) 2 (aq) 14.9400  12.8200 0. 0000 0. 0000 DHa1993
9507301 Zn( HS) 3- 16.1000  16.1000 0. 0000 0.0000 Mr@. 11
m 9507302 ZnS( HS) 2- 2 6. 1200 0. 0000 DHa1993
9507303 Zn( HS) 4- 2 14. 6400 0. 0000 DHa1993
9507304 ZnS( HS) - 6. 8100 0. 0000 DHa1993
1607300 CdHS+ 10. 1700 8. 0080 0. 0000 0.0000 NI ST46. 3
1607301 Cd(HS)2 (aq) 16.5300  15.2120 0. 0000 0.0000 NI ST46. 3
1607302 Cd( HS) 3- 18.7100  17.1120 0. 0000 0.0000 NI ST46.3
ﬂ 1607303 Cd( HS) 4- 2 20.9000  19. 3080 0. 0000 0. 0000 NI ST46. 3
3617300 HgS2-2 31.2398  29.4140 0. 0000 0. 0000 NI ST46. 4
n. 3617301 Hg(HS)2 (aq) 43.8178  44.5160 0. 0000 0. 0000 NI ST46. 3
m 3617302 HgHS2- 1 38. 1220 0. 0000 NI ST46. 4
2317300 Cu(HS) 3- 25.8990  25.8990 0. 0000 0.0000 Mr@. 11
207300 AgHS (aq) 14.0500 13.8145 0. 0000 0. 0000 NI ST46. 3
m 207301 Ag( HS) 2- 18.4500  17.9145 0. 0000 0.0000 NI ST46. 3
2807300 Fe(HS)2 (aq) 8. 9500 8. 9500 0. 0000 0.0000 Mr@. 11
: 2807301 Fe( HS)3- 10.9870  10. 9870 0. 0000 0.0000 Mr@B. 11
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7317300 S2-2 -14.5280 -11.7828 47.6976  46.4000 NI ST2.1.
7317301 S3-2 -13.2820 -10.7667 43.5136  42.2000 NI ST2.1.
7317302 S4-2 -9.8290 -9.9608 40.5848  39.3000 NI ST2.1.
7317303 S5-2 -9.5950 -9.3651 38.9112  37.6000 NI ST2.1.
7317304 S6-2 -9.8810 -9.8810 0. 0000 0. 0000 Mrg. 11
7407300 Sb2S4- 2 49.3005 49.3886 -316.6451 -321.7801 NI ST2.1.
2307300 Cu($4)2-3 3.3900 3.3900 0. 0000 0. 0000 Mrg. 11
2307301 CuS4S5-3 2. 6600 2. 6600 0. 0000 0. 0000 MrQg. 11
207302 Ag(S4)2-3 0. 9910 0. 9910 0. 0000 0. 0000 MrQg. 11
207303 AgS4S5- 3 0. 6800 0. 6800 0. 0000 0. 0000 MrQg. 11
207304 Ag(HS) S4-2 10.4310  10. 4310 0. 0000 0. 0000 MrQg. 11
3307320 HSO4- 1. 9870 1. 9900 20.5434  22.0000 NI ST46.3
4907320 NH4SO4- 1.1100 1. 0300 0. 0000 0. 0000 NI ST46. 3
6007320 PbSO4 (aq) 2. 7500 2. 6900 0. 0000 0. 0000 NI ST46. 3
6007321 Pb(SO4) 2-2 3. 4700 3. 4700 0. 0000 0. 0000 SCD3. 02
307320 Al SO4+ 3. 0200 3. 8900 8.9956  28.0000 NI ST46. 3
307321 Al (SO4) 2- 4. 9200 4. 9200 11.8826  11.9000 Nor d90
8707320 Tl SO4-1 1.3853 1.3700 -0.9205 -0.8000 NI ST46.3
h 9507320 ZnSO4 (aq) 2.3700 2.3400 5. 6902 6. 2000 NI ST46. 3
9507321 Zn(SO4) 2- 2 3.2800 3. 2800 0. 0000 0. 0000 Mrg. 11
z 1607320 CdSO4 (aq) 2. 4600 2.3700 4.5187 8.7000 NI ST46. 3
1607321 Cd(SO4) 2-2 3. 5000 3. 5000 0. 0000 0. 0000 Mrg. 11
u‘ 3617320 HySO4 (aq) 7.4911 8. 6120 0. 0000 0. 0000 NI ST46. 3
2317320 CuSO4 (aq) 2.3100 2. 3600 5. 1045 8. 7000 NI ST46. 3
207320 AgSO4- 1. 2900 1. 3000 6. 2342 6. 2000 NI ST46. 3
E 5407320 Ni SO4 (aq) 2.2900 2.3000 6. 3597 5.8000 NI ST46. 3
5407321 Ni (SO4)2-2 1. 0200 0. 8200 0. 0000 0. 0000 SCD3. 02
: 2007320 CoSO4 (aq) 2.3400 2.3000 5. 8576 6. 2000 NI ST46. 4
2807320 FeSO4 (aq) 2. 2500 2.3900 13.5143 8. 0000 NI ST46. 3
U 2817320 FeSO4+ 3. 9200 4. 0500 16.3594  25.0000 NI ST46.3
2817321 Fe(SO4) 2- 5. 4200 5. 3800 19. 2464  19.2000 Nor d90
o 4707320 MSO4 (aq) 2. 2600 2. 2500 9. 0793 8. 7000 NI ST46. 3
2117320 Cr SO4+ 10.9654  12.9371 -52.8021 -98.6200 N ST46.3
2117321 COrOHSO4 (aq) 8.2754 8.2871 0. 0000 0. 0000 NI ST46. 3
n 2117323 Cr 2( OH) 2S04+2 16. 1550  16. 1550 0. 0000 0. 0000 Mrg. 11
2117324 Cr2(OH) 2(S™4) 2 (aq) 17.9288  17.9288 0. 0000 0. 0000 MrQg. 11
8917320 USO4+2 5. 4610 6. 6000 15. 4808 8. 0000 NI ST46. 3
I.I.I 8917321 U(SO4)2 (aq) 9.7490  10.5000 31.7984  33.0000 NI ST46.3
8937320 URSO4 (aq) 2.7090 3. 1800 21.3384  20.0000 NI ST46.3
> 8937321 UMR(SM) 2-2 4. 1830 4. 3000 25.5224  38.0000 NI ST46. 3
[ 9017320 VSO4+ 1. 4400 2. 6740 0. 0000 0. 0000 NI ST46. 3
9027320 VOSO4 (aq) 2. 4500 2. 4400 15.5645  17.0000 NI ST46.3
: 9037320 VO2SO4- 1. 7100 1.3780 0. 0000 0. 0000 NI ST46. 3
1107321 BeSO4 (aq) 2.1900 29. 0000 NI ST46. 4
‘ } 1107322 Be(SM4) 2-2 2.5960 0. 0000 NI ST46. 4
4607320 MySO4 (aq) 2. 2500 2. 2600 5. 8534 5.8000 NI ST46. 3
m 1507320 CaSO4 (aq) 2.3090 2. 3600 6. 1505 7.1000 NI ST46. 3
8007321 SrSO4 (aq) 2.3000 8. 0000 NI ST46. 4
4407320 Li SO4- 0. 6400 0. 6400 0. 0000 0. 0000 NI ST46. 3
5007320 NaSO4- 0. 7000 0. 7300 4.6861 1.0000 NI ST46.3
4107320 KSO4- 0. 8500 0. 8500 9. 4140 4.1000 NI ST46.3
3307600 H2Se 3.8115 3.8900 3.3472 3.3000 NI ST46. 3
ﬂ 207600 Ag2Se 34.0677  34.9110 0. 0000 0. 0000 NI ST46. 3
207601 AgOH( Se) 2- 4 -18.6237 -20.5090 0. 0000 0. 0000 NI ST46. 3
n. 4707600 MhSe (aq) -6.7435  -5.3850 0. 0000 0. 0000 NI ST46. 3
m 3307611 Se-2 -8.4800  -8.4000 5. 3555 5.0200 NI ST46. 3
3307610 H2SeCB (aq) 2. 6500 2. 6300 7.0710 6. 2000 NI ST46. 3
1607610 Cd( SeCB) 2- 2 -11.1890 -10. 8840 0. 0000 0. 0000 NI ST46. 4
m 207610 AgSe(B- 1 -5.5985  -5.5920 0. 0000 0. 0000 NI ST46. 3
207611 Ag(Se(B) 2-3 -13.2000 -13. 0400 0. 0000 0. 0000 NI ST46. 3
: 2817610 FeHSe3+2 3. 6100 3.4220 0.0000  25.0000 NI ST46.3
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204902 Ag( NHB) 2+ 2680 -160. 0000 NI ST46.
3614900 HgNH3+2 5. 6139 7500 0.0000  0.0000 NI ST46.
3614901 Hg( NH3) 2+2 5. 0341 5060 0. 0000 - 246.7200 NI ST46.
3614902 Hg( NH3) 3+2 -3.2493  -3.1380 0. 0000 -312.7200 NI ST46.
3614903 Hg( NH3) 4+2 -11.7307 -11.4820 0. 0000 -379.7200 NI ST46.
2314901 CUNH3+2 ~5.2340 ~72.0000 NI ST46.
5404901 Ni NH3+2 -6. 5140 -67.0000 NI ST46.
5404902 Ni (NH3) 2+2 -13.5980 -111. 6000 NI ST46.
2004900 Co( NH3) +2 -7.2500 -7.1640 46.2750 -65.0000 NI ST46.
h 2004901 Co( NH3) 2+2 -15.0100 - 14. 7780 0.0000  0.0000 NI ST46.
2004902 Co( NH3) 3+2 -23.3600 -22.9220 0.0000  0.0000 NI ST46.
z 2004903 Co( NH3) 4+2 32,0100 -31.4460 0.0000  0.0000 NI ST46.
2004904 Co( NH3) 5+2 - 40. 4700 0. 0000 NI ST46.
T 2014901 Co( NH3) 60H+2 -43.7148 0. 0000 NI ST2. 1.
2014902 Co( NH3) 5CI +2 -17. 9584 113.3800 NI ST2. 1.
2014903 Co( NH3) 6C1 +2 -33.9179 104. 3400 NI ST2. 1.
E 2014904 Co( NH3) 6B +2 -33. 8884 110. 5699 NI ST2. 1.
2014905 Co( NH3) 61 +2 -33.4808 115. 4399 NI ST2. 1.
: 2014906 Co( NH3) 6SO4+ -28. 9926 124. 4999 NI ST2. 1.
2114900 Cr ( NH3) 6+3 -32.5709 -32.8952 0.0000  0.0000 NI ST46.3
u 2114901 Cr ( NH3) 50H+2 -30.2759 -30. 2759 0.0000  0.0000 MrQg.11
2114904 Cr (NH3) 6CI +2 -31.7932 -31.7932 0.0000  0.0000 M. 11
o 2114905 Cr ( NH3) 6B +2 -31.8870 -31.8870 0.0000  0.0000 MICg. 11
2114906 Cr (NH3) 61 +2 -32.0080 -32.0080 0.0000  0.0000 M. 11
4902113 cis-Or (OH) 2(NH3) 4+  -29.8574 -29.8574 0.0000  0.0000 MrCg. 11
n 4902114 trans-Cr (OH) 2( NH3) 4+ -30.5537 -30. 5537 0.0000  0.0000 M. 11
1504901 CaNH3+2 -9. 1440 0. 0000 NI ST46. 4
w 1504902 Ca(NHB) 2+2 -18. 7880 0. 0000 NI ST46. 4
8004901 Sr NH3+2 ~9. 3440 0. 0000 NI ST46. 4
1004901 BaNH3+2 -9. 4440 0. 0000 NI ST46. 4
> 8704910 TI NC2 (aq) 0.9969  0.8300 0.0000  0.0000 NI ST46.3
- 204911 AgNC2 (aq) 2. 3200 -29.0000 NI ST46. 4
204910 Ag(NOR) 2- 2.2200  2.5100 0.0000 -46.0000 NI ST46. 3
: 2314911 CuNOR+ 2. 0200 0. 0000 NI ST46. 4
2314912 Cu(NCR)2 (aq) 3. 0300 0. 0000 NI ST46. 4
2004911 CoNO2+ 0. 8480 0. 0000 NI ST46. 4
u 7904921 SnNOB+ 7. 9420 0. 0000 NI ST46. 4
u 6004920 PbNOB+ 1.1700  1.1700 0.0000  2.0000 NI ST46.3
6004921 Pb(NCB) 2 (aq) 1. 4000 -6.6000 NI ST46. 4
8704920 TI NGB (aq) 0.3665  0.3300 -2.7196  -2.0000 NI ST46.3
8714920 TI NOB+2 7.0073  7.0073 0.0000  0.0000 MrQg.11
1604920 CANOB+ 0.3990  0.5000  -21.7568 -21.0000 NI ST46.3
1604921 Cd(NGB) 2 (aq) 0. 2000 0. 0000 NI ST46. 4
¢ 3614920 HgNOB+ 6.4503  5.7613 0.0000  0.0000 N ST46.3
3614921 Hg(NCB) 2 (aq) 4.7791  5.3800 0.0000  0.0000 NI ST46.3
o 2314921 CUNB+ 0. 5000 -4.1000 NI ST46. 4
T 2314922 Cu(NGB) 2 (aq) -0. 4000 0. 0000 NI ST46. 4
9504921 ZnNOB+ 0. 4000 -4.6000 NI ST46. 4
9504922 Zn(NCB) 2 (aq) -0. 3000 0. 0000 NI ST46. 4
W 204920 AgNCB (aq) -0.2900 -0.1000 0.0000 22.6000 NI ST46. 3
5404921 N NOB+ 0. 4000 0. 0000 NI ST46. 4
: 2004921 CoNOB+ 0. 2000 0. 0000 NI ST46. 4
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2004922 Co(NGB)2 (aq) 0.5085 0. 0000 NI ST46. 4
2814921 FeNOB+2 1. 0000 -37.0000 NI ST46. 4
4704921 MhNO3+ 0. 2000 0. 0000 NI ST46. 4
4704920 M(NB)2 (aq) 0. 6000 0. 6000 -1.6569 -1.6569 NI ST46.3
2114920 Cr NOB+2 8. 2094 8. 2094 -65.4378 -65.4378 MI@. 11
8934921 UO2NCB+ 0. 3000 -12.0000 NI ST46. 4
9034920 VO2NCB ( aq) -0.4300 -0.2960 0. 0000 0. 0000 NI ST46. 3
1504921 CaNOB+ 0. 5000 -5.4000 NI ST46. 4
8004921 Sr NCB+ 0. 6000 -10. 0000 NI ST46. 4
1004921 BaNOB+ 0. 7000 -13.0000 NI ST46. 4
3301431 HCN (aq) 9. 2356 9. 2100 -43.5136 -43.6300 N ST46. 4
1601431 CAON+ 5. 3200 6. 0100 0. 0000 -30.0000 NI ST46. 4
1601432 Cd(CN)2 (aq) 10.3703  11.1200 -54.3920 -54.3000 N ST46. 4
1601433 Cd( CN) 3- 14.8341  15.6500 -90. 3744 -90.3000 NI ST46. 4
1601434 Cd( CN) 4- 2 18.2938  17.9200 -98.5750 -112. 0000 NI ST46. 4
3611431 HgCN+ 24.1738  23.1940  -141.5447 -136.7200 N ST46. 4
3611432 Hg(CN) 2 (aq) 40. 6513  38.9440 -239.4922 154.2800 N ST46.4
3611433 Hg(CN) 3- 44. 4042  42.5040  -271.2487 -262.7200 N ST46. 4
h 3611434 Hg(CN) 4-2 47.4094  45.1640 -292.5871 -288.7200 N ST46. 4
2301432 Cu(CN) 2- 24.0272 21.9145  -121.7544 -121.0000 N ST46. 4
z 2301433 Cu(CN) 3-2 28.6524  27.2145 -168.1968 -167.4000 N ST46. 4
2301431 Cu(CN)4-3 30.3456 28.7145 -215.0576 -214.2000 N ST46. 4
m 201432 Ag(CN) 2- 20.3814  20.4800 -136.7122 -137.0000 NI ST46. 4
201433 Ag(CN) 3-2 21.4002 21.7000  -140.1431 -140.0000 N ST46. 4
201431 Ag( CN) O+ -0.5600 -0.7770 0. 0000 0. 0000 NI ST46. 4
E 5401431 Ni (CN)4-2 30.1257 30.2000 -180.7070 -180.0000 NI ST46. 4
5401432 N H(CN) 4- 36.7482  36.0289 0. 0000 0. 0000 NI ST46. 4
: 5401433 N H2CN4 (aq) 41.4576  40.7434 0. 0000 0. 0000 NI ST46. 4
5401434 Ni H3(CN) 4+ 43.9498  43.3434 0. 0000 0. 0000 NI ST46. 4
U 2001431 Co( CN) 3- 14. 3120 0. 0000 NI ST46. 4
2001432 Co(CN)5-3 23. 0000 -257.0000 NI ST46. 4
o 2801431 Fe(CN)6-4 45.6063  35.4000 -358.9872 -358.0000 N ST46. 4
2801432 HFe(CN)6-3 49.9969  39.7100 -352.1255 -356.0000 N ST46. 4
2801433 H2Fe(CN) 6- 2 52.4450 42.1100 -347.6904 -352.0000 N ST46. 4
a 2811431 Fe(CN)6-3 52.6283  43.6000 -293.2984 -293.0000 N ST46. 4
2811432 Fe2(CN)6 (aq) 56.9822  47.6355 0. 0000 -218.0000 NI ST46. 4
u‘ 7901431 SnFe(CN) 6- 53. 5400 0. 0000 Beck87
4901431 NH4Fe(CN)6- 3 48.0684  37.7000 -353.5480 -354.0000 N ST46. 4
8701432 Tl Fe(CN) 6- 3 48.7508  38.4000 -355.1379 -365.5000 NI ST46. 4
> 4601431 MyFe( CN) 6- 55.3916  46.3900  -289.9930 -290.0000 NI ST46. 4
[ 4601432 MyFe(CN) 6- 2 49. 4251  39.2100 0. 0000 -346.0000 NI ST46. 4
1501431 CaFe(CN) 6- 55.4730  46.4300 -290.7880 -291.0000 NI ST46. 4
: 1501432 CaFe(CN)6-2 49.6898  39.1000 -347.6904 -347.0000 NI ST46. 4
1501433 Ca2Fe(CN)6 (aq) 50.9952  40.6000 -350.2008 -350.2008 NI ST46. 4
‘ } 8001431 SrFe(CN) 6- 55.6181  46.4500 -292.1687 -292.0000 N ST46. 4
8001432 SrFe(CN)6-2 39. 1000 -350. 0000 NI ST46. 4
u 1001430 BaFe(CN) 6- 2 49. 4032  39.1900 0. 0000 -342.0000 NI ST46. 4
1001431 BaFe(CN)6- 1 55.4356  46.4800 -291.5411 -292.0000 N ST46. 4
5001431 NaFe(CN) 6- 3 47.9885  37.6000 -355.2216 -354.0000 N ST46.4
4101433 KFe(CN) 6-3 48.1204 37.7500 -351.4560 -353.9000 N ST46. 4
4101430 KFe(CN) 6-2 45. 0400 -291. 0000 NI ST46. 4
3305800 HPO4- 2 12.3460  12.3750 -14.7695 -15.0000 N ST46.3
¢ 3305801 H2PO4- 19.5530  19.5730 -18.9117 -18.0000 N ST46.3
3305802 H3PO4 21.7000 21.7210 0.0000 -10.1000 NI ST46.3
n. 2005800 CoHPO4 (aq) 15.4100  15.4128 0. 0000 0. 0000 NI ST46. 4
m 2805800 FeH2PO4+ 22.2530 22.2730 0. 0000 0. 0000 NI ST46. 3
2805801 FeHPO4 (aq) 15.9500  15.9750 0. 0000 0. 0000 NI ST46. 3
2815801 FeH2PO4+2 24.9800  23.8515 0. 0000 0. 0000 NI ST46. 3
m 2815800 FeHPO4+ 17.7800  22.2920 -30.5432 -30.5432 N ST46.3
2115800 Cr H2PO4+2 31.9068  31.9068 0. 0000 0. 0000 Mrg. 11
: 8915800 UHPO4+2 24.4430  24. 4430 31.3800 31.3800 MI@. 11




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

I D No

8915801
8915802
8915803
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8935803
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3300612
3300611
7400020
7403302
7400021
7403301
7403300
7410021
7413300
3301400
3301401
6001400
6001401
6001402
9501401
9501400
3611401
3611402
3611403
1601401
1601400
1601403
2311400
2311402
2311401
5401401
5401400
2001400
2001401
2801400
4701400
8931400
8931401
8931402
1101401
4601400
4601401

NAME

U( HPO4) 2 (aq)
U(HPO4) 3- 2
U( HPOY) 4- 4
URHPO4 (aq)
U2 ( HPO4) 2- 2
URH2PO4 +
U (H2PM4) 2 (aq)
U2 ( H2PO4) 3-
U2 PO4-
MyPO4-

MyH2 PO4+
MyHPO4 (aq)
CaHPO4 (aq)
CaPO4-
CaH2PO4+
SrHPO4 (aq)
Sr H2PO4+
NaHPO4-
KHPO4 -
AsC3- 3

HAs O3- 2
H2As O3-
HAAs O3+
AsO4- 3
HAsO4- 2
H2As O4-
Sh(OH) 4-1
Sh( OH) 2+
HSbO2

ShQoe-

ShO+

ShCB-

Sho2+

HCOB-

H2COB (aq)
Pb(C®) 2- 2
PbCO33 (aq)
PbHCO3+
ZnC3B (aq)
ZnHCO8+
HgCB (aq)
Hg( C®B) 2- 2
HgHCO3+
CdC3 (aq)
CdHCOB+
Cd(C®B) 2-2
CuCx3 (aq)
CuHCOB+
Cu(C®B) 2-2
Ni C38 (aq)
Ni HCO3+
CoCO3 (aq)
CoHCOB+
FeHCO3+
MhHCO3+
URC3B (aq)
uo( Cx) 2- 2
uo2( Cx) 3-4
BeCO3 (aq)
MyCGB (aq)
MgHCO3+

. 3990
. 4000

. 7300
. 0000
. 8300
. 8700
. 4700

w o

14
-36

-10

coooo0UOO®

coooo oo

. 0000
. 5146
. 5603
. 7355

. 4600
. 1671

1
N~

New
del H

. 1128
. 6352
. 8760
. 7864
. 6934
. 4808
. 0360

Sour ce

MIG8. 11
MI8. 11
MIQ8. 11
NI ST46. 3
MIG8. 11
NI ST46. 3
MIG8. 11
MIG8. 11
NI ST46. 4
SCD3. 02
NI ST46. 3
NI ST46. 3
NI ST46. 3
SCD3. 02
NI ST46. 3
NI ST46. 4
NI ST46. 4
NI ST46. 3
NI ST46. 3
MIG8. 11
MIG8. 11
NI ST46. 4
MIG8. 11
NI ST46. 4
NI ST46. 4
NI ST46. 4
PNL89
PNL89

NI ST2. 1.
PNL89
PNL89
PNL89
PNL89

NI ST46. 4
NI ST46. 4
NI ST46. 3
NI ST46. 3
MIG8. 11
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
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ad New ad New

I D No NAVE Log K Log K del H del H Source
1501400 CaHCOB+ 11.3300 11.5990 7.4894 5.4000 NI ST46. 3
1501401 CaCO3 (aq) 3. 1500 3. 2000 16. 8615  16.0000 NI ST46. 3
8001401 SrCO3 (aq) 2.8100 20. 0000 NI ST46. 4
8001400 SrHCOB+ 11. 5390 10. 4000 NI ST46. 4
1001401 BaCO3 (aq) 2.7100 16. 0000 NI ST46. 4
1001400 BaHCO3+ 11. 3090 10. 4000 NI ST46. 4
5001400 NaCOB- 1. 2680 1. 2700 37.2836 -20.3500 NI ST46.3
5001401 NaHCO3 (aq) 10.0800  10. 0790 0.0000 -28.3301 NI ST46.3
3307701 H2Si O4-2 -21.6190 -23.0400 124.3234  61.0000 NI ST46. 4
3307700 H3Si O4- -9.9300 -9.8400 37.3840 20.0000 NI ST46. 4
8937700 URH3SIi 04+ -2.4000 -1.9111 0. 0000 0.0000 NI ST46. 4
3300900 H2BCB- -9.2400 -9.2360 13.4892  13.0000 NI ST46. 4
3300901 H5( BO3) 2- -9. 3060 8. 4000 NI ST46. 4
3300902 H8( BO3) 3- -7.3060 29. 4000 NI ST46. 4
200901 AgH2BO3 (aq) -8.0360 0.0000 NI ST46. 4
4600901 MyH2BOB+ -7.6960 13. 0000 NI ST46. 4
1500901 CaH2BOB+ -7.4760 17.0000 NI ST46. 4
8000901 Sr H2BOB+ -7.6860 17.0000 NI ST46. 4
h 1000901 BaH2BOB+ -7.7460 17. 0000 NI ST46. 4
5000901 NaH2BO3 ( aq) -9.0360 0.0000 NI ST46. 4
z 2123300 HCr O4- 6. 5089 6. 5100 3. 7656 2.0000 NI ST46. 4
2123301 H2Or &4 (aq) 5. 6513 6.4188 0.0000 39.0000 NI ST46.4
m 2123302 Cr207-2 14.5571  14. 5600 -12.5311 -15.0000 NI ST46. 4
2121800 Cr C8C - 7.3086 7.3086 0. 0000 0.0000 MrQs. 11
2127320 Cr OBSO4- 2 8. 9937 8. 9937 0. 0000 0.0000 MrQs. 11
E 2125800 Cr OBH2PO4- 29.3634 29.3634 0. 0000 0.0000 MrQs. 11
2125801 Cr OBHPO4- 2 26.6806 26.6806 0. 0000 0.0000 MrQs. 11
: 5002120 NaCr O4- 0. 6963 0. 6963 0. 0000 0.0000 MrQs. 11
4102120 KCr O4- 0. 7990 0.5700 0. 0000 0.0000 NI ST46. 4
U 3304801 HVbO4- 4. 2988 20. 0000 NI ST46. 4
3304802 H2MbO4 (aq) 8. 1636 -26.0000 NI ST46. 4
O 3304803 Mb7024- 6 52. 9900 -228.0000 NI ST46. 4
3304804 HMb7QR4-5 59. 3768 -218. 0000 NI ST46. 4
3304805 H2Mb7QR4- 4 64. 1590 -215. 0000 NI ST46. 4
a 3304806 H3ML7CR4- 3 67. 4050 -217. 0000 NI ST46. 4
304801 Al Mb6C21- 3 54. 9925 0.0000 NI ST46. 4
u‘ 204801 Ag2MbO4 (aq) -0.4219 -1.1800 Bard85
9033303 VO4- 3 -28.4000 -30.2000 81.7135 -25.0000 NI ST46. 4
9033302 HVO4- 2 -15.1500 -15.9000 62. 4671 0.0000 NI ST46. 3
> 9033301 H2VO4- -7.0900 -7.3000 47. 4047 0.0000 NI ST46. 3
= 9033300 H3VO4 (aq) -3.3000 -3.3000 44.4759  44.4759 MIQ8. 11
9030020 \V207- 4 -29.0800 -31.2400 0.0000 -28.0000 NI ST46.3
: 9030021 HV207- 3 -16.3200 -20.6700 0. 0000 0.0000 NI ST46. 3
9030022 H3V207- -3.7900 -3.7900 0. 0000 0.0000 MrQs. 11
‘ } 9030023 V309- 3 -15.8800 -15.8800 0. 0000 0.0000 MrQs. 11
9030024 V40L2- 4 -20.7900 -20.5600 0.0000 -87.0000 NI ST46.3
u 9030025 V10028 -6 -17.5300 -24.0943 0. 0000 0.0000 NI ST46. 4
9030026 HV10(28 -5 -11.3500 -15.9076 90.0397  90.0397 NI ST46. 4
9030027 H2V10028- 4 -7.7100 -10.7000 0. 0000 0.0000 NI ST46. 3
3309171 H Benzoat €] 4.2000 4.2020 0. 0000 0.0000 NI ST46. 2
6009171 Pb[ Benzoat €] 2.5000 2.4000 0. 0000 0.0000 NI ST46. 2
309171 Al [Benzoat €] 2. 0500 2. 0500 0. 0000 0. 0000 NI ST46. 2
¢ 309172 Al OH Benzoat €] -0.5600 -0.5600 0. 0000 0. 0000 NI ST46. 2
n. 9509171 Zn[ Benzoate 1. 4000 1. 7000 0. 0000 0.0000 SCD2. 62
1609171 Cd[ Benzoat e 1. 9000 1. 8000 0. 0000 0.0000 NI ST46. 2
m 1609172 Cd[ Benzoat e] 2 1. 6500 1. 8200 0. 0000 0.0000 SCD2. 62
2319171 Cu[ Benzoate 2.1000 2.1900 0. 0000 0.0000 NI ST46. 2
209171 Ag[ Benzoat €] 0.9100 0.9100 0. 0000 0. 0000 NI ST46. 2
m 5409171 Ni [ Benzoate 1. 4000 1. 8600 0. 0000 0.0000 SCD2. 62
2009171 Co[ Benzoat e 1. 0537 0.0000 NI ST46. 4
: 4709171 Nh[Benzoate 2.0600 2.0600 0. 0000 0.0000 NI ST46. 2
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4609171
1509171
3309181
9509181
2319181
2009181
2009182
3309201
3309202
6009201
6009202
6009203
1609201
1609202
1609203
1509200
1009201
3309551
9509551
9509552
9509553
9509554
1609551
1609552
1609553
1609554

NAME

My[ Benzoat e]

Ca[ Benzoat e]

Hl Phenyl acet at e]
Zn[ Phenyl acet at €]
Cu[ Phenyl acet at €]
Co[ Phenyl acet at €]
Co[ Phenyl acet ate] 2
H[ | sopht hal at €]

H2[ | sopht hal at e]
Pb[ | sopht hal at e]
Pb[ | sopht hal ate] 2
PbH[ | sopht hal at e]
Cd[ | sopht hal at €]
Cd[ | sopht hal at e] 2
CdH[ | sopht hal at e]
Ca[ | sopht hal at €]
Ba[ | sopht hal at e]

H[ Di et hyl ami ne]

Zn[ Di et hyl am ne]
Zn[ Di et hyl am ne] 2
Zn[ Di et hyl am ne] 3
Zn[ Di et hyl am ne] 4
[ D et hyl ami ne]

[ Di et hyl am ne] 2
[ Di et hyl ami ne] 3
Cd[ Di et hyl am ne] 4

cd
cd
cd

209551 Ag[ Di et hyl ami ne]
209552 Ag[ Di et hyl ami ne] 2

5409551
5409552
5409553
5409554
5409555
3309561
3619561
3619562
3619563

3619564 Hg

Ni [ Di et hyl am ne]
Ni [ Di et hyl am ne] 2
Ni [ D et hyl am ne] 3
Ni [ Di et hyl am ne] 4
Ni [ Di et hyl am ne] 5
H[ But yI ami ne]

Hg[ But yI ami ne]

Hg[ But yI ami ne] 2
Hg[ But yI ami ne] 3
But yl ami ne] 4

209561 Ag[ Butyl ami ne]
209562 Ag[ Butyl am ne] 2

3309581
1609581
1609582
1609583
1609584
3619581
3619582
3619583
3619584
2319581
2319582
2319583
2319584

H Met hyl ami ne]
Met hyl am ne
Met hyl am ne
Met hyl am ne
Met hyl am ne
Met hyl am ne
Met hyl am ne
Met hyl am ne
Met hyl am ne
Met hyl am ne
Met hyl am ne
Met hyl am ne
Met hyl am ne

PLOOZEZLZZLLRQ
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209581 Ag[ Met hyl ami ne]
209582 Ag[ Met hyl ami ne] 2

5409581
3309591

Ni [ Met hyl am ne]
H Di et hyl am ne]

209591 Ag[ Di net hyl ami ne] 2

5409591
3309611

Ni [ Di et hyl am ne]
H[ Hexyl ami ne]

209611 Ag[ Hexyl am ne]
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0. 0000

New

del H Sour ce

. 0000 SCD2. 62
. 0000 SCD2. 62
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
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0000000000000 00000000O0000

. 0000 SCD2. 62
0. 0000 NI ST46. 2
0. 0000 NI ST46. 2
. 0000 SCD2. 62
. 0000 SCD2. 62
. 0000 SCD2. 62
. 0000 SCD2. 62
. 0000 SCD2. 62
NI ST46. 2
. 0000 NI ST46. 2
. 0000 NI ST46. 2
. 0000 NI ST46. 2
. 0000 NI ST46. 2
0. 0000 NI ST46. 2
0. 0000 NI ST46. 2
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
. 0000 NI ST46.
0. 0000 NI ST46. 2
0. 0000 NI ST46. 2
0. 0000 NI ST46. 2
0. 0000 NI ST46. 2
0. 0000 NI ST46. 2
0. 0000 NI ST46. 2
0. 0000 NI ST46. 2
0. 0000 NI ST46. 2

o
o
o
o

o

o

o

o
NDNNNPNNNODNNODNNDNNN



ad New ad New

I D No NAVE Log K Log K del H del H Source
209612 Ag[ Hexyl ami ne] 2 7. 3500 7. 5500 0. 0000 0. 0000 NI ST46. 2
3309631 H[ Et hyl enedi ami ne] 9. 9600 9. 9280 0. 0000 0. 0000 NI ST46. 2
3309632 H2[ Et hyl enedi ani ne] 16.8500 16. 7760 0. 0000 0. 0000 NI ST46. 2
6009631 Pb[ Et hyl enedi ani ne] 7.0000 5. 0400 0. 0000 0. 0000 NI ST46. 2
6009632 Pb[ Et hyl enedi ani ne] 2 8. 4500 8. 5000 0. 0000 0. 0000 NI ST46. 2
9509631 Zn[ Et hyl enedi ani ne] 5. 6500 5. 6600 0. 0000 0. 0000 NI ST46. 2
9509632 Zn[ Et hyl enedi amine] 2 10. 6200  10. 6000 0. 0000 0. 0000 NI ST46. 2
9509633 Zn[ Et hyl enedi amine] 3 13.8300  13. 9000 0. 0000 0. 0000 NI ST46. 2
1609631 Cd[ Et hyl enedi ani ne] 5. 6100 5. 4100 0. 0000 0. 0000 NI ST46. 2
1609632 Cd[ Et hyl enedi ani ne] 2 10. 3400 9. 9000 0. 0000 0. 0000 NI ST46. 2
1609633 Cd[ Et hyl enedi ani ne] 3 12.2600  11. 6000 0. 0000 0. 0000 NI ST46. 2
3619631 Hg[ Et hyl enedi ani ne] 20.4000  20. 4000 0. 0000 0. 0000 NI ST46. 2
3619632 Hg[ Et hyl enedi amine]2  29.3000  29.3000 -173.2176 0. 0000 NI ST46. 2
3619633 HgH[ Et hyl enedi anine]  34.7000  34. 7000 0. 0000 0. 0000 NI ST46. 2
2309631 Cu[ Et hyl enedi anmine]2  11.2000 11.2000 0. 0000 0. 0000 NI ST46. 2
2319631 Cu[ Et hyl enedi ani ne] 10. 4900  10. 5000 0. 0000 0. 0000 NI ST46. 2
2319632 Cu[ Et hyl enedi amine]2  19.6200  19. 6000 0. 0000 0. 0000 NI ST46. 2
209631 Agl Et hyl enedi ami ne] 4. 7000 4. 6000 0. 0000 0. 0000 NI ST46. 2
h 209632 Ag[ Et hyl enedi ani ne] 2 7. 7000 7. 5000 0. 0000 0. 0000 NI ST46. 2
209633 AgH[ Et hyl enedi ani ne] 7.3100  11.9900 0. 0000 0. 0000 NI ST46. 2
z 209634 Ag2[ Et hyl enedi ani ne] 1. 4300 6. 5000 0. 0000 0. 0000 NI ST46. 2
209635 Ag2[ Et hyl enedi anine]  12.7300  12.7000 0. 0000 0. 0000 NI ST46. 2
m 209636 Ag[ HEt hyl enedi anine] ~ 24.0000  24.0000 - 150.2056 0. 0000 NI ST46. 2
209637 AgH[ Et hyl enedi ani ne] 8. 4000 8. 4000 -47.6976 0. 0000 NI ST46. 2
5409631 Ni [ Et hyl enedi ani ne] 7. 2400 7.3200 0. 0000 0. 0000 NI ST46. 2
E 5409632 Ni [ Et hyl enedi amine]2  13.3600  13.5000 0. 0000 0. 0000 NI ST46. 2
5409633 Ni [ Et hyl enedi amine]3  17.5400  17.6000 0. 0000 0. 0000 NI ST46. 2
: 2009631 Col Et hyl enedi ani ne 5. 5000 0. 0000 NI ST46. 4
2009632 Cof Et hyl enedi ani ne] 2 10. 1000 0. 0000 NI ST46. 4
U 2009633 Col Et hyl enedi ani ne] 3 13. 2000 0. 0000 NI ST46. 4
2019631 Cof Et hyl enedi ani ne] 2 34. 7000 0. 0000 NI ST46. 4
O 2019632 Co[ Et hyl enedi ani ne] 3 48. 6900 0.0000 NI ST46. 4
2809631 Fe[ Et hyl enedi ani ne 4. 3600 4. 2600 0. 0000 0. 0000 NI ST46. 2
2809632 Fe[ Et hyl enedi ani ne] 2 7. 6500 7. 7300 0. 0000 0. 0000 NI ST46. 2
a 2809633 Fe[ Et hyl enedi ani ne] 3 9.6800  10.1700 0. 0000 0. 0000 NI ST46. 2
4709631 M[ Et hyl enedi ami ne 2. 6700 2. 7400 0. 0000 0. 0000 NI ST46. 2
u‘ 4709632 M[ Et hyl enedi ami ne] 2 4. 2000 4. 8000 0. 0000 0. 0000 NI ST46. 2
2119631 Cr[Ethyl enedi anmine]2  22.5700  22.5700 0. 0000 0. 0000 NI ST46. 2
2119632 Cr[Ethyl enedi anmine]3  29.0000  29. 0000 0. 0000 0. 0000 NI ST46. 2
> 4609631 My[ Et hyl enedi ami ne 0. 3700 0. 3700 0. 0000 0. 0000 NI ST46. 2
(- 1509631 Ca[ Et hyl enedi ani ne 0. 1000 0.1100 0. 0000 0. 0000 NI ST46. 2
3309641 H Propyl ani ne] 10. 8000  10. 5660 0. 0000 0. 0000 NI ST46. 2
: 9509641 Zn[ Propyl ani ne 2. 4200 2. 4200 0. 0000 0. 0000 SCD2. 62
9509642 Zn[ Propyl ani ne] 2 4. 8500 4. 8500 0. 0000 0. 0000 SCD2. 62
‘ } 9509643 Zn[ Propyl ani ne] 3 7. 3800 7. 3800 0. 0000 0. 0000 SCD2. 62
9509644 Zn[ Propy! ani ne] 4 9. 4900 9. 4900 0. 0000 0. 0000 SCD2. 62
u 1609641 Cd[ Propyl ani ne 2. 6200 2. 6200 0. 0000 0. 0000 SCD2. 62
1609642 Cd[ Propy! ami ne] 2 4. 6400 4. 6400 0. 0000 0. 0000 SCD2. 62
1609643 Cd[ Propy! ami ne] 3 6. 0300 6. 0300 0. 0000 0. 0000 SCD2. 62
209641 Ag[ Propyi ani ne] 3. 4700 3. 4500 0. 0000 0. 0000 NI ST46. 2
209642 Ag[ Propyl ani ne] 2 7.5100 7. 4400 0. 0000 0. 0000 NI ST46. 2
5409641 Ni [ Propyl ani ne 2. 8100 2.8100 0. 0000 0. 0000 SCD2. 62
¢ 5409642 Ni [ Propyl ani ne] 2 5. 0200 5. 0200 0. 0000 0. 0000 SCD2. 62
5409643 Ni [ Propyl ani ne] 3 6. 7900 6. 7900 0. 0000 0. 0000 SCD2. 62
n. 5409644 Ni [ Propyl ani ne] 4 8. 3100 8. 3100 0. 0000 0. 0000 SCD2. 62
m 3309651 H | sopr opyl ami ne] 10. 6700  10. 6700 -58. 3668 0. 0000 NI ST46. 2
9509651 Zn[ | sopr opyl ami ne] 2. 3700 2. 3700 0. 0000 0. 0000 SCD2. 62
9509652 Zn[ | sopr opyl ani ne]j 2 4. 6700 4. 6700 0. 0000 0. 0000 SCD2. 62
m 9509653 Zn[ | sopr opyl ami ne] 3 7. 1400 7. 1400 0. 0000 0. 0000 SCD2. 62
9509654 Zn[ | sopr opyl ami ne] 4 9. 4400 9. 4400 0. 0000 0. 0000 SCD2. 62
: 1609651 Cd[ I sopr opyl ani ne] 2. 5500 2. 5500 0. 0000 0. 0000 SCD2. 62
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I D No NAVE Log K Log K del H del H Source
1609652 Cd[ | sopropyl am ne] 2 4.5700 4.5700 0. 0000 0. 0000 SCD2. 62
1609653 Cd[ | sopropyl am ne] 3 6.0700 6.0700 0. 0000 0. 0000 SCD2. 62
1609654 Cd[ | sopropyl am ne] 4 6. 9000 6. 9000 0. 0000 0. 0000 SCD2. 62
3619651 Hg[ | sopropyl am ne] 14. 8500  14. 8500 0. 0000 0. 0000 NI ST46. 2
3619652 Hg[ | sopropyl ani ne] 2 24.3700 24.3700 0. 0000 0. 0000 NI ST46. 2
209651 Ag[ | sopropyl ami ne] 3.1900 3.6700 0. 0000 0. 0000 NI ST46. 2
209652 Ag[ | sopropyl am ne] 2 6. 8500 7.7700 0. 0000 0. 0000 NI ST46. 2
5409651 Ni [l sopropyl am ne] 2.7100 2.7100 0. 0000 0. 0000 SCD2. 62
5409652 Ni [ | sopropyl ani ne] 2 4.8600 4.8600 0. 0000 0. 0000 SCD2. 62
5409653 Ni [ | sopropyl ani ne] 3 6.5700 6.5700 0. 0000 0. 0000 SCD2. 62
5409654 Ni [ | sopropyl ani ne] 4 7.8300 7.8300 0. 0000 0. 0000 SCD2. 62
5409655 Ni [ | sopropyl ani ne] 5 8. 4300 8. 4300 0. 0000 0. 0000 SCD2. 62
3309661 H[ Tri met hyl am ne] 9. 8000 9. 8000 0. 0000 0. 0000 NI ST46. 2
209661 Ag[ Trinmetyl am ne] 1.7010 1.7010 0. 0000 0. 0000 SCD2. 62
3309671 H Citrate] 6. 3300 6. 3960 0. 0000 0. 0000 NI ST46. 2
3309672 H2[Citrate] 11. 0500 11.1570 0. 0000 0. 0000 NI ST46. 2
3309673 H3[Citrate] 14.1800 14.2850 0. 0000 0. 0000 NI ST46. 2
6009671 Pb[Citrate] 4. 3400 7.2700 0. 0000 0. 0000 SCD2. 62
h 6009672 Pb[Citrate] 2 6. 0800 6. 5300 0. 0000 0. 0000 NI ST46. 2
309671 Al[Citrate] 9. 9700 9. 9700 0. 0000 0. 0000 NI ST46.2
z 309672 Al[Gitrate]2 14.8000 14.8000 0. 0000 0. 0000 NI ST46.2
309673 AIH Citrate] 12.8500 12.8500 0. 0000 0. 0000 NI ST46.2
m 8709671 TI[Citrate] 1.6100 1. 4800 0. 0000 0. 0000 NI ST46. 2
9509671 Zn[Citrate] 6. 1000 6.2100 0. 0000 0. 0000 NI ST46. 2
9509672 zZn[Citrate] 2 6. 7000 7. 4000 0. 0000 0. 0000 NI ST46. 2
E 9509673 ZnH Citrat €] 3.7800 10.2000 0. 0000 0. 0000 NI ST46. 2
9509674 ZnH2[Citrate] 1.6800 12.8400 0. 0000 0. 0000 SCD2. 62
,. 1609671 Cd[Citrate] 5. 3000 4.9800 0. 0000 0. 0000 NI ST46. 2
1609672 CdH Citrate] 3. 3700 9. 4400 0. 0000 0. 0000 NI ST46. 2
u- 1609673 CdH2[ Citrate] 2.0500 12.9000 0. 0000 0. 0000 NI ST46. 2
1609674 Cd[Citrate] 2 5. 3400 5. 9000 0. 0000 0. 0000 NI ST46. 2
o 3619671 Hg[Citrate] 18.3000  18. 3000 0. 0000 0. 0000 NI ST46. 2
2319671 Cu[Citrate] 7. 2600 7.5700 0. 0000 0. 0000 SCD2. 62
2319672 Cu[Citrate] 2 8. 7200 8. 9000 0. 0000 0. 0000 SCD2. 62
a 2319673 CuH Citrate] 4.2700 10.8700 0. 0000 0. 0000 NI ST46. 2
2319674 CuH2[Citrate] 2.2000 13.2300 0. 0000 0. 0000 SCD2. 62
m 2319675 Cu2[Citrate] 2 16.9000 16.9000 41. 8400 0. 0000 NI ST46. 2
5409671 Ni[Citrate] 6. 6200 6. 5900 0. 0000 0. 0000 NI ST46. 2
5409672 NiH Citrate] 4.0900 10.5000 0. 0000 0. 0000 NI ST46. 2
> 5409673 Ni H2[Citrate] 2.1300 13.3000 0. 0000 0. 0000 NI ST46. 2
=i 5409674 Ni[Citrate] 2 8. 7700 8. 7700 12. 5520 0. 0000 NI ST46. 2
5409675 NiH Citrate] 2 14.9000  14.9000 32.6352 0. 0000 NI ST46. 2
: 2009671 Co[Citrate] 6. 1867 0.0000 NI ST46. 4
2009672 CoHCitrat e] 10. 4438 0. 0000 NI ST46. 4
‘ ’. 2009673 CoH2Ci trat €] 12. 7859 0. 0000 NI ST46. 4
2809671 Fe[Citrate] 5. 7000 6. 1000 0. 0000 0. 0000 NI ST46. 2
u 2809672 FeH Citrate] 3.5000 10.2000 0. 0000 0. 0000 NI ST46. 2
2819671 Fe[Citrate] 12.5500 13.1000 0. 0000 0. 0000 NI ST46. 2
2819672 FeH Citrate] 19. 8000  14. 4000 0. 0000 0. 0000 NI ST46. 2
4709671 Mi[Citrate] 5. 2800 4. 2800 0. 0000 0. 0000 SCD2. 62
4709672 MH Citrat €] 3. 0200 9. 6000 0. 0000 0. 0000 NI ST46. 2
1109671 Be[Citrat e] 5. 5340 0. 0000 NI ST46. 4
¢ 1109672 BeH Citrate] 9. 4420 0. 0000 NI ST46. 4
1509671 Ca[Citrate] 4.7300 4.8700 0. 0000 0. 0000 NI ST46. 2
n 1509672 CaH Citrate] 3. 0200 9. 2600 0. 0000 0. 0000 NI ST46. 2
m 1509673 CaH2[Citrate] 1.2900 12.2570 0. 0000 0. 0000 SCD2. 62
4609671 My[Citrate] 3. 3700 4.8900 0. 0000 0. 0000 NI ST46. 2
4609672 MgH Citr at €] 8. 1700 8.9100 0. 0000 0. 0000 NI ST46. 2
m 4609673 MgH2[ Citr at €] 11.5900 12.2000 0. 0000 0. 0000 SCD2. 62
8009671 Sr[Citrate] 4. 3367 0. 0000 NI ST46. 4
: 8009672 SrH Citrate] 8.9738 0. 0000 NI ST46. 4




ad New ad New

I D No NAVE Log K Log K del H del H Source
8009673 SrH2[Citrate] 12. 4859 0. 0000 NI ST46. 4
1009671 Ba[Citrate] 4. 0600 4. 1000 0. 0000 0. 0000 NI ST46. 2
1009672 BaH Citrat e] 2. 7000 8. 7400 0. 0000 0. 0000 NI ST46. 2
1009673 BaH2[ Citrat e] 1.2700  12.3000 0. 0000 0. 0000 NI ST46. 2
5009671 Na[ G trat e] 1. 0300 1. 0300 -2.8033 0. 0000 SCD2. 62
5009672 Na2[ Citrate] 1. 5000 1. 5000 -5.1045 0. 0000 SCD2. 62
5009673 NaH[ Ci trat e] 6. 4500 6. 4500 -3.5982 0. 0000 SCD2. 62
4109671 K[ Citrate] 1. 1000 1. 1000 5. 4392 0. 0000 NI ST46. 2
3309681 H[ NTA] 10.3340  10.2780 0. 0000 0. 0000 NI ST46. 2
3309682 H2[ NTA] 13.2700  13.2200 0. 0000 0. 0000 NI ST46. 2
3309683 H3[ NTA]| 14.1200  15.2200 0. 0000 0. 0000 NI ST46. 2
3309684 HA[ NTA| 16.2240  16. 2200 0. 0000 0. 0000 NI ST46. 2
6009681 Pb[ NTA]| 11.6233  12.7000 0. 0000 0. 0000 NI ST46. 2
6009682 PbH[ NTA] 3.7950  15.3000 0. 0000 0. 0000 NI ST46. 2
309681 Al [ NTA] 13.3000  13.3000 0. 0000 0. 0000 NI ST46. 2
309682 Al H NTA] 15.2000  15. 2000 0. 0000 0. 0000 NI ST46. 2
309683 Al OH[ NTA] 8. 0000 8. 0000 0. 0000 0. 0000 NI ST46. 2
8709681 TI [ NTA] 4.7100 5. 3900 0. 0000 0. 0000 NI ST46. 2
h 9509681 Zn[ NTA]| 11.9500  11.9500 -3.7656 0. 0000 NI ST46. 2
9509682 Zn[ NTA] 2 14.8800  14.8800 -15. 0624 0. 0000 NI ST46. 2
z 9509683 ZnOH[ NTA] 1. 4600 1. 4600 46. 4424 0. 0000 NI ST46. 2
1609681 Cd[ NTA] 9.4000 11.0700 0. 0000 0. 0000 NI ST46. 2
u‘ 1609682 Cd[ NTA] 2 14.3000  15.0300 0. 0000 0. 0000 NI ST46. 2
1609683 CdAOH[ NTA] -0.6100 -0.6100 29. 2880 0. 0000 NI ST46. 2
3619681 Hg[ NTA] 21.7000  21.7000 0. 0000 0. 0000 NI ST46. 2
E 2319681 Cu[ NTA]| 13.1000  14. 4000 0. 0000 0. 0000 NI ST46. 2
2319682 Cu[ NTA] 2 17.5000  18.1000 0. 0000 0. 0000 NI ST46. 2
: 2319683 CuH[ NTA] 16. 2000  16.2000 0. 0000 0. 0000 NI ST46. 2
2319684 CuCH[ NTA| 4. 8000 4. 8000 25.5224 0. 0000 NI ST46. 2
U 209681 Ag[ NTA] 5. 3600 6. 0000 0. 0000 0. 0000 NI ST46. 2
5409681 Ni [ NTA 12.7900  12.7900 -10. 0416 0. 0000 NI ST46. 2
o 5409682 Ni [ NTA] 2 16.9600  16. 9600 -32.6352 0. 0000 NI ST46. 2
5409683 Ni OH NTA| 1. 5000 1. 5000 15. 0624 0. 0000 NI ST46. 2
2009681 Co[ NTA 11. 6667 0. 0000 NI ST46. 4
n 2009682 Co[ NTA] 2 14.9734 0. 0000 NI ST46. 4
2009683 CoOH[ NTA| 0. 4378 0. 0000 NI ST46. 4
u‘ 2809681 Fe[ NTA 10. 1900  10. 1900 0. 0000 0. 0000 NI ST46. 2
2809682 Fe[ NTA] 2 12.6200  12.6200 0. 0000 0. 0000 NI ST46. 2
2809683 FeH[ NTA| 12.2900  12.2900 0. 0000 0. 0000 NI ST46. 2
> 2809684 FeOH[ NTA| -1.0600 -1.0600 0. 0000 0. 0000 NI ST46. 2
[ 2819681 Fe[ NTA 17.8000  17.8000 13. 3888 0. 0000 NI ST46. 2
2819682 Fe[ NTA] 2 25.9000  25. 9000 0. 0000 0. 0000 NI ST46. 2
: 2819683 FeOH[ NTA| 13.2300  13. 2300 0. 0000 0. 0000 NI ST46. 2
4709681 Mh[ NTA 8.5730 8.5730 5. 8576 0. 0000 NI ST46. 2
‘ } 4709682 Mh[ NTA] 2 11.5800  11.5800 -17. 1544 0. 0000 NI ST46. 2
2119681 COr [ NTA 21.2000  21.2000 0. 0000 0. 0000 SCD2. 62
m 2119682 Cr[ NTA] 2 29.5000  29.5000 0. 0000 0. 0000 SCD2. 62
4809681 MbCB[ NTA] 19. 5434 0. 0000 NI ST46. 4
4809682 MbCBH[ NTA] 23. 3954 0. 0000 NI ST46. 4
4809683 MbCBH2[ NTA]| 25. 3534 0. 0000 NI ST46. 4
1109681 Be[ NTA 9. 0767 0. 0000 NI ST46. 4
4609681 My[ NTA] 6. 5000 6. 5000 17.9912 0. 0000 NI ST46. 2
ﬂ 1509681 Ca[ NTA 7. 6080 7. 6080 -5.6902 0. 0000 NI ST46. 2
n- 1509682 Ca[ NTA] 2 8. 8100 8. 8100 -32.6352 0. 0000 NI ST46. 2
8009681 Sr[ NTA 0. 0000 6. 2767 0. 0000 0. 0000 NI ST46. 4
m 1009681 Ba[ NTA 5. 8750 5. 8750 -6. 0250 0. 0000 NI ST46. 2
3309691 H EDTA 9.9600  10.9480 0. 0000 0. 0000 NI ST46. 2
3309692 H2[ EDTA] 16.2100  17.2210 0. 0000 0. 0000 NI ST46. 2
m 3309693 H3[ EDTA]| 18.8600  20. 3400 0. 0000 0. 0000 NI ST46. 2
3309694 H4[ EDTA| 20.9300  22.5000 0. 0000 0. 0000 NI ST46. 2
: 3309695 H5[ EDTA| 23.4640  24.0000 0. 0000 0. 0000 NI ST46. 2




ad New ad New

I D No NAVE Log K Log K del H del H Source
7909691 Sn[ EDTA] 27. 0260 0. 0000 NI ST46. 4
7909692 SnH EDTA] 29. 9340 0. 0000 NI ST46. 4
7909693 SnH2[ EDTA] 31. 6380 0. 0000 NI ST46. 4
6009691 Pb[ EDTA] 17.8800  19. 8000 0.0000  0.0000 NI ST46.2
6009692 PbH| EDTA] 9.6800  23.0000 0.0000  0.0000 NI ST46.2
6009693 PbH2[ EDTA] 6.2200  24.9000 0.0000  0.0000 NI ST46.2
309690 Al [ EDTA] 18.9000  19. 1000 0.0000  0.0000 NI ST46.2
309691 Al H EDTA] 21.6000  21.8000 0.0000  0.0000 NI ST46.2
309692 Al OH[ EDTA] 12.8000  12. 8000 73.6384  0.0000 NI ST46. 2
8709691 TI [ EDTA] 6.4100  7.2700 0.0000  0.0000 NI ST46.2
8709692 Tl H EDTA] 13.6800  13. 6800 0.0000  0.0000 NI ST46.2
9509691 Zn[ EDTA] 16. 4400  18. 0000 0.0000  0.0000 NI ST46.2
9509692 ZnH] EDTA] 9.0000  21.4000 0.0000  0.0000 NI ST46.2
9509693 ZnOH[ EDTA] 5.8000  5.8000 0.0000  0.0000 NI ST46.2
1609691 Cd[ EDTA] 16.2750  18. 2000 0.0000  0.0000 NI ST46.2
1609692 CdH[ EDTA] 2.9000 21.5000 0.0000  0.0000 NI ST46.2
3619691 Hg[ EDTA] 29.3000 29.3000 -125.1016  0.0000 NI ST46. 2
3619692 HgH[ EDTA] 32.9000 32.9000 -128.4488  0.0000 NI ST46.2
h 2319691 Cu[ EDTA] 18.7850  20. 5000 0.0000  0.0000 NI ST46.2
2319692 CuH EDTA] 11.1950  24.0000 0.0000  0.0000 NI ST46.2
z 2319693 CuH2[ EDTA] 26.2000  26.2000 0.0000  0.0000 NI ST46.2
2319694 CuOH[ EDTA] 8.5000  8.5000 0.0000  0.0000 NI ST46.2
T 209691 Ag[ EDTA] 7.3550  8.0800 0.0000  0.0000 NI ST46.2
209693 AgH| EDTA] 3.3600 15.2100 0.0000  0.0000 SCD2.62
5409691 Ni [ EDTA] 20.3300  20. 1000 0.0000  0.0000 NI ST46.2
E 5409692 Ni H[ EDTA] 11.5600  23. 6000 0.0000  0.0000 NI ST46.2
5409693 Ni OH[ EDTA] 7.6000  7.6000 0.0000  0.0000 NI ST46.2
: 2009691 Co[ EDTA] 18. 1657 0. 0000 NI ST46. 4
2009692 CoH| EDTA] 21. 5946 0. 0000 NI ST46. 4
U 2009693 CoH2[ EDTA] 23. 4986 0.0000 NI ST46. 4
2019691 Co[ EDTA] 43. 9735 0. 0000 NI ST46. 4
O 2019692 CoH[ EDTA] 47. 1680 0.0000 NI ST46. 4
2809690 Fe[ EDTA] 16.1000  16. 0000 0.0000  0.0000 NI ST46.2
2809691 FeH EDTA] 19.3000  19. 0600 0.0000  0.0000 NI ST46.2
n 2809692 FeOH[ EDTA] 6.4000  6.5000 0.0000  0.0000 SCD2.62
2809693 Fe( OH) 2[ EDTA] -4.3000 -4.0000 0.0000  0.0000 SCD2.62
(T 2819690 Fe[ EDTA] 27.7000  27.7000 0.0000  0.0000 NI ST46.2
2819691 FeH EDTA] 29.2000  29.2000 0.0000  0.0000 NI ST46.2
2819692 FeOH[ EDTA] 19.8000  19. 9000 0.0000  0.0000 NI ST46.2
> 2819693 Fe( OH) 2[ EDTA] 9.7000  9.8500 0.0000  0.0000 SCD2.62
(- 4709691 Mn[ EDTA] 15.6000 15.6000  -19.2464  0.0000 NI ST46. 2
4709692 MH EDTA] 19.1000 19.1000  -24.2672  0.0000 NI ST46. 2
: 2109691 Cr[ EDTA] 13.6100  15. 3000 0.0000  0.0000 NI ST46.2
2109692 Cr H EDTA] 6.1000  19.1000 0.0000  0.0000 SCD2.62
‘ } 2119691 Cr[ EDTA] 35.5000  35.5000 0.0000  0.0000 NI ST46.2
2119692 Cr H EDTA] 37.4000  37.4000 0.0000  0.0000 NI ST46.2
u 2119693 Cr OH[ EDTA] 27.7000  27.7000 0.0000  0.0000 NI ST46.2
1109691 Be[ EDTA] 0.0000 11.4157 0.0000  0.0000 NI ST46.4
4609690 My[ EDTA] 10. 6000  10. 5700 0.0000  0.0000 NI ST46.2
4609691 MyH| EDTA] 15.1000  14. 9700 0.0000  0.0000 NI ST46.2
1509690 Ca[ EDTA] 12.4000  12. 4200 0.0000  0.0000 NI ST46.2
1509691 CaH[ EDTA] 16.0000  15. 9000 0.0000  0.0000 NI ST46.2
¢ 8009691 Sr[ EDTA] 10. 4357 0. 0000 NI ST46. 4
8009692 Sr H| EDTA] 14. 7946 0. 0000 NI ST46. 4
n- 1009691 Ba[ EDTA] 8.0000  7.7200 0.0000  0.0000 SCD2.62
L 5009690 Na[ EDTA] 2.5000  2.7000 0.0000  0.0000 NI ST46.2
4109690 K[ EDTA] 1.7000  1.7000 0.0000  0.0000 NI ST46.2
3309711 H Propi onat €] 4.8740  4.8740 0.0000  0.0000 NI ST46.4
m 6009711 Pb[ Propi onat €] 2.6400  2.6400 0.0000  0.0000 NI ST46.4
6009712 Pb[ Pr opi onat €] 2 4.1500  3.1765 0.0000  0.0000 NI ST46.4
: 9509711 Zn[ Pr opi onat €] 0.7200  1.4389 0.0000  0.0000 NI ST46.4




ad New ad New

I D No NAVE Log K Log K del H del H Source
9509712 Zn[ Propi onat e] 2 1. 2300 1. 8420 0. 0000 0.0000 NI ST46. 4
1609711 Cd[ Propi onat e] 1. 1900 1. 5980 0. 0000 0.0000 NI ST46. 4
1609712 Cd[ Propi onat e] 2 1. 8600 2.4720 0. 0000 0.0000 NI ST46. 4
3619711 Hg[ Pr opi onat e] 9.4170  10.5940 0. 0000 0.0000 NI ST46. 4
2319711 Cu[ Propi onat e] 2.2200 2.2200 0. 0000 0.0000 NI ST46. 4
2319712 Cu[ Propi onat e] 2 2.6200 3.5000 0. 0000 0.0000 NI ST46. 4
5409711 Ni [ Propi onat e] 0. 7300 0. 9080 0. 0000 0.0000 NI ST46. 4
2009711 Co[ Propi onat e] 0.6710 0. 0000 NI ST46. 4
2009712 Co[ Propi onate] 2 0. 5565 0. 0000 NI ST46. 4
2819711 Fe[ Propi onat e] 3. 4000 4.0120 0. 0000 0.0000 NI ST46. 4
2119711 Cr[ Propi onat e] 14.3200 15.0773 0. 0000 0.0000 NI ST46. 4
2119712 COr[ Propi onate] 2 16. 6600  17. 9563 0. 0000 0.0000 NI ST46. 4
2119713 Cr[ Propi onate] 3 19.3200  20. 8858 0. 0000 0.0000 NI ST46. 4
4609710 My[ Pr opi onat e] 0. 5400 0. 9689 0. 0000 0.0000 NI ST46. 4
1509710 Ca[ Propi onat e] 0. 5000 0.9289 0. 0000 0.0000 NI ST46. 4
8009711 Sr[ Propi onat e] 0. 0000 0. 8589 0. 0000 0.0000 NI ST46. 4
1009711 Ba[ Propi onat e] 0. 3400 0. 7689 0. 0000 0.0000 NI ST46. 4
1009712 Ba[ Propi onat e] 2 1. 1900 0.9834 0. 0000 0.0000 NI ST46. 4
h 3309721 H Butyrate] 4.7300 4.8190 0. 0000 0.0000 NI ST46. 4
6009721 Pb[ But yr at €] 2.1250 2.1010 0. 0000 0.0000 NI ST46. 4
z 9509721 Zn[ But yr at €] 0. 9830 1. 4289 0. 0000 0. 0000 NI ST46. 4
3619721 Hg[ But yr at e] 10. 0970  10. 3529 0. 0000 0.0000 NI ST46. 4
m 2319721 Cu[ Butyrat e] 2.1400 2.1400 0. 0000 0.0000 NI ST46. 4
5409721 Ni [ Butyrat e] 0. 7700 0.6910 0. 0000 0.0000 NI ST46. 4
2009721 Co[ But yr at e] 0.5910 0.0000 NI ST46. 4
E 2009722 Co[ But yrat e] 2 0.7765 0.0000 NI ST46. 4
4609720 My[ But yr at e] 0. 5300 0. 9589 0. 0000 0.0000 NI ST46. 4
: 1509720 Ca[ But yr at e] 0.5100 0.9389 0. 0000 0.0000 NI ST46. 4
8009721 Sr[Butyrate] 0.7889 0.0000 NI ST46. 4
U 1009721 Ba[ But yr at €] 0.9400  0.7389 0.0000  0.0000 NI ST46. 4
1009722 Ba[Butyrate] 2 0. 8800 0. 8800 0. 0000 0.0000 SCD2. 62
O 3309731 H | sobut yrat €] 4.8490  4.8490 0. 0000 0.0000 NI ST46. 2
9509731 Zn[ | sobut yrat e] 1. 4400 1. 4400 0. 0000 0.0000 NI ST46. 2
2319731 Cu[ | sobutyrate] 2.1700 2.1700 0. 0000 0.0000 NI ST46. 2
a 2319732 Cu[ | sobutyrate] 2 2.7000 3.3000 0. 0000 0.0000 NI ST46. 2
2819731 Fe[lsobutyrate] 3. 6000 4.2000 0. 0000 0.0000 NI ST46. 2
u‘ 1509731 Ca[ | sobut yr at e] 0.5100 0.5100 0. 0000 0.0000 SCD2. 62
3309801 H[ 2- Pi col i ne] 5. 9500 5. 9500 0. 0000 0.0000 NI ST46. 2
2319801 Cu[ 2- Pi col i ne] 1. 3000 1. 3000 0. 0000 0.0000 NI ST46. 2
> 2319802 Cu[ 2- Pi col i ne] 2 2.8000 2.8000 0. 0000 0.0000 NI ST46. 2
i 2309801 Cu[ 2- Pi col i ne] 5. 4000 5. 4000 0. 0000 0.0000 NI ST46. 2
2309802 Cu[ 2- Pi col i ne] 2 7.6500 7.6500 0. 0000 0.0000 NI ST46. 2
: 2309803 Cu[ 2- Pi col i ne] 3 8. 5000 8. 5000 0. 0000 0.0000 NI ST46. 2
209801 Ag[ 2- Pi col i ne] 2.3200 2.3200 0. 0000 0.0000 NI ST46. 2
‘ } 209802 Ag[ 2- Pi col i ne] 2 4. 6800 4. 6800 0. 0000 0.0000 NI ST46. 2
5409801 Ni [ 2- Pi col i ne] 0. 4000 0. 4000 0. 0000 0.0000 NI ST46. 2
m 3309811 H[ 3- Pi col i ne] 5. 7000 5. 7000 0. 0000 0.0000 NI ST46. 2
9509811 Zn[ 3- Pi col i ne 1. 0000 1. 0000 0. 0000 0.0000 NI ST46. 2
9509812 Zn[ 3- Pi col i ne] 2 2.1000 2.1000 0. 0000 0.0000 NI ST46. 2
9509813 Zn[ 3- Pi col i ne] 3 2.6000 2. 6000 0. 0000 0.0000 NI ST46. 2
9509814 Zn[ 3- Pi col i ne] 4 3. 7000 3. 7000 0. 0000 0.0000 NI ST46. 2
1609811 Cd[ 3- Pi col i ne 1. 6200 1. 4200 0. 0000 0.0000 SCD2. 62
ﬂ 1609812 Cd[ 3- Pi col i ne] 2 2.8000 2.2700 0. 0000 0.0000 SCD2. 62
n- 1609813 Cd[ 3- Pi col i ne] 3 3. 6000 3. 6000 0. 0000 0.0000 NI ST46. 2
1609814 Cd[ 3- Pi col i ne] 4 4.0000 4.0000 0. 0000 0.0000 NI ST46. 2
m 2309811 Cu[ 3-Picoline 5. 6000 5. 6000 0. 0000 0.0000 NI ST46. 2
2309812 Cu[ 3- Pi col i ne] 2 7.7800 7.7800 0. 0000 0.0000 NI ST46. 2
2309813 Cu[ 3- Pi col i ne] 3 8. 6000 8. 6000 0. 0000 0.0000 NI ST46. 2
m 2309814 Cu[ 3- Pi col i ne] 4 9. 0000 9. 0000 0. 0000 0.0000 NI ST46. 2
2319811 Cu[ 3-Picoline 2. 7400 2.7700 0. 0000 0.0000 NI ST46. 2
: 2319812 Cu[ 3- Pi col i ne] 2 4.8000 4.8000 0. 0000 0.0000 NI ST46. 2
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2319813 Cu[3-Picoline] 3
2319814 Cu[3-Picoline]l4
209811 Ag[ 3-Picoline]
209812 Ag[3-Picoline]2
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5409812
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2009812
2009813
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Log K del H del H Source
6. 3000 0. 0000 0. 0000 NI ST46. 2
7. 2000 0. 0000 0. 0000 NI ST46. 2
2. 2000 0. 0000 0. 0000 NI ST46.2
4. 4600 0. 0000 0. 0000 NI ST46.2
1.8700 0. 0000 0. 0000 NI ST46. 2
3. 3000 0. 0000 0. 0000 NI ST46. 2
4.1000 0. 0000 0. 0000 NI ST46. 2
4. 6000 0. 0000 0. 0000 NI ST46. 2
1. 4000 0. 0000 NI ST46. 4
2. 2000 0. 0000 NI ST46. 4
2. 5000 0. 0000 NI ST46. 4
6. 0300 0. 0000 0. 0000 NI ST46. 2
1. 4000 0. 0000 0. 0000 NI ST46. 2
2.1100 0. 0000 0. 0000 NI ST46. 2
2. 8500 0. 0000 0. 0000 NI ST46. 2
1. 5900 0. 0000 0. 0000 SCD2. 62
2. 4000 0. 0000 0. 0000 SCD2. 62
3. 1800 0. 0000 0. 0000 SCD2. 62
4. 0000 0. 0000 0. 0000 NI ST46. 2
5. 6500 0. 0000 0. 0000 NI ST46. 2
8. 2000 0. 0000 0. 0000 NI ST46. 2
8. 8000 0. 0000 0. 0000 NI ST46. 2
9. 2000 0. 0000 0. 0000 NI ST46. 2
2. 8800 0. 0000 0. 0000 NI ST46. 2
5. 1600 0. 0000 0. 0000 NI ST46. 2
6. 7700 0. 0000 0. 0000 NI ST46. 2
8. 0800 0. 0000 0. 0000 NI ST46. 2
8. 3000 0. 0000 0. 0000 NI ST46. 2
2. 0300 0. 0000 0. 0000 NI ST46.2
4. 3900 0. 0000 0. 0000 NI ST46.2
2.1100 0. 0000 0. 0000 NI ST46. 2
3. 5900 0. 0000 0. 0000 NI ST46. 2
4. 3400 0. 0000 0. 0000 NI ST46. 2
4.7000 0. 0000 0. 0000 NI ST46. 2
1. 5600 0. 0000 NI ST46. 4
2.5100 0. 0000 NI ST46. 4
2. 9400 0. 0000 NI ST46. 4
3.1700 0. 0000 NI ST46. 4
3. 7450 0. 0000 0. 0000 NI ST46. 2
2. 2000 0. 0000 0. 0000 SCD2. 62
1. 4400 0. 0000 0. 0000 NI ST46. 2
1. 7000 0. 0000 0. 0000 SCD2. 62
9. 6000 0. 0000 0. 0000 NI ST46. 2
2. 0000 0. 0000 0. 0000 NI ST46. 2
1.2200 0. 0000 0. 0000 SCD2. 62
1. 2090 0. 0000 NI ST46. 4
1.1365 0. 0000 NI ST46. 4
1. 0700 0. 0000 0. 0000 NI ST46. 2
1. 4300 0. 0000 0. 0000 NI ST46. 2
1. 4300 4.1840 0. 0000 NI ST46. 2
1. 3900 0. 0000 NI ST46. 4
1. 3800 0. 0000 0. 0000 NI ST46. 2
4.7810 0. 0000 0. 0000 NI ST46. 2
1. 3900 0. 0000 0. 0000 NI ST46. 2
2. 0800 0. 0000 0. 0000 NI ST46. 2
0. 2000 0. 0000 0. 0000 SCD2. 62
4.8430 0. 0000 0. 0000 NI ST46. 2
2.1200 0. 0000 0. 0000 NI ST46. 2
0. 3000 0. 0000 0. 0000 SCD2. 62
-0. 2000 0. 0000 0. 0000 SCD2. 62
4.7570 0. 0000 0. 0000 NI ST46. 4
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7909921 Sn[ Acet at €] 10. 0213 0. 0000 NI ST46. 4
7909922 Sn[ Acet at e] 2 12. 3200 0. 0000 NI ST46. 4
7909923 Sn[ Acet at e] 3 13. 5500 0. 0000 NI ST46. 4
6009921 Pb[ Acet at €] 2.8700 2. 6800 0. 0000 0. 0000 NI ST46. 4
6009922 Pb[ Acet at e] 2 4. 0800 4. 0800 0. 0000 0. 0000 NI ST46. 4
8709921 Tl [ Acet at €] -0.1100  -0.1100 0. 0000 0. 0000 NI ST46. 4
9509921 Zn[ Acet at €] 1. 5700 1. 5800 0. 0000 0. 0000 NI ST46. 4
9509922 Zn[ Acet at e] 2 1. 9000 2.6434 0. 0000 0. 0000 NI ST46. 4
1609921 Cd[ Acet at e] 1. 9300 1. 9300 0. 0000 0. 0000 NI ST46. 4
1609922 Cd[ Acet at e] 2 3. 1500 2. 8600 0. 0000 0. 0000 NI ST46. 4
3619920 Hg[ Acet at €] 9.4170  10. 4940 0. 0000 0. 0000 NI ST46. 4
3619921 Hg[ Acet at e] 2 13.1100  13.8300 0. 0000 0. 0000 NI ST46. 4
2319921 Cu[ Acet at €] 2.2200 2.2100 0. 0000 0. 0000 NI ST46. 4
2319922 Cu[ Acetate] 2 3. 6300 3. 4000 0. 0000 0. 0000 NI ST46. 4
2319923 Cu[ Acetate] 3 3. 1000 3.9434 0. 0000 0. 0000 NI ST46. 4
209921 Ag[ Acet at e] 0. 7300 0. 7300 0. 0000 0. 0000 NI ST46. 4
209922 Ag[ Acet at e] 2 0. 6400 0. 6400 0. 0000 0. 0000 NI ST46. 4
5409921 Ni [ Acet at e] 1. 4300 1.3700 0. 0000 0. 0000 NI ST46. 4
h 5409922 Ni [ Acet ate] 2 2.1000 2.1000 10. 4600 0. 0000 NI ST46. 4
2009921 Co[ Acet at €] 1. 3800 0. 0000 NI ST46. 4
z 2009922 Co[ Acet at ] 2 0. 7565 0. 0000 NI ST46. 4
2809920 Fe[ Acet at €] 1. 4000 1. 4000 0. 0000 0. 0000 NI ST46. 4
u‘ 2819920 Fe[ Acet at €] 3.2100 4.0234 0. 0000 0. 0000 NI ST46. 4
2819921 Fe[ Acetate] 2 6. 5000 7.5723 0. 0000 0. 0000 NI ST46. 4
2819922 Fe[ Acetate] 3 8. 3000 9.5867 0. 0000 0. 0000 NI ST46. 4
E 4709920 Mn[ Acet at e] 1. 4000 1. 4000 0. 0000 0. 0000 NI ST46. 4
2109921 O [Acetate 1. 8000 1. 8000 0. 0000 0. 0000 NI ST46. 4
: 2109922 COr[Acetate] 2 2. 9200 2. 9200 0. 0000 0. 0000 NI ST46. 4
2119921 O [Acetate 14.2500  15.0073 0. 0000 0. 0000 NI ST46. 4
u 2119922 COr[Acetate] 2 16. 6800  17.9963 0. 0000 0. 0000 NI ST46. 4
2119923 COr[Acetate] 3 19. 2000  20. 7858 0. 0000 0. 0000 NI ST46. 4
O 1109921 Be[ Acet at e 2. 0489 0.0000 NI ST46. 4
1109922 Be[ Acet at e] 2 3.0034 0. 0000 NI ST46. 4
4609920 My[ Acet at e 1.2700 1.2700 0. 0000 0. 0000 NI ST46. 4
n 1509920 Ca[ Acet at e 1. 1800 1. 1800 0. 0000 0. 0000 NI ST46. 4
8009921 Sr[Acetate 1. 1400 0. 0000 NI ST46. 4
u‘ 1009921 Ba[ Acet at e 1. 0700 1. 0700 0. 0000 0. 0000 NI ST46. 4
5009920 Na[ Acet at e -0.1800  -0.1800 0. 0000 0. 0000 NI ST46. 4
4109921 K[ Acet at €] -0.2000 -0.1955 4. 1840 0. 0000 NI ST46. 4
> 3309931 H Tartrate] 4. 1600 4. 3660 0. 0000 0. 0000 NI ST46. 2
[ 3309932 H2[ Tartrate 6. 6700 7. 4020 0. 0000 0. 0000 NI ST46. 2
7909931 Sn[Tartrate 13. 1518 0. 0000 NI ST46. 4
: 6009931 Pb[Tartrate 3. 7800 3. 9800 0. 0000 0. 0000 NI ST46. 2
309931 Al[Tartrate] 2 9. 3700 9. 3700 0. 0000 0. 0000 NI ST46. 2
‘ } 8709931 Tl [Tartrate] 1. 4000 1. 4000 0. 0000 0. 0000 NI ST46. 2
8709932 Tl H Tartrate] 4. 8000 4. 8000 0. 0000 0. 0000 NI ST46. 2
m 9509931 Zn[Tartrate 3. 4300 3. 4300 0. 0000 0. 0000 NI ST46. 2
9509932 Zn[ Tartrate] 2 5. 5000 5. 5000 0. 0000 0. 0000 NI ST46. 2
9509933 ZnH Tartrat e] 5. 9000 5. 9000 0. 0000 0. 0000 NI ST46. 2
1609931 Cd[ Tartrate 3. 9000 2. 7000 0. 0000 0. 0000 NI ST46. 2
1609932 Cd[ Tartrate] 2 4. 1000 4. 1000 0. 0000 0. 0000 NI ST46. 2
3619931 Hg[ Tartrate 14.0000  14.0000 0. 0000 0. 0000 NI ST46. 2
ﬂ 2319931 Cu[Tartrate 3. 9700 3. 9700 0. 0000 0. 0000 NI ST46. 2
2319932 CuH Tartrate] 6. 7000 6. 7000 0. 0000 0. 0000 NI ST46. 2
n. 5409931 Ni[Tartrate] 3. 4600 3. 4600 0. 0000 0. 0000 NI ST46. 2
m 5409932 Ni H Tartrat e] 5. 8900 5. 8900 0. 0000 0. 0000 NI ST46. 2
2009931 Co[ Tartrate 3. 0500 0. 0000 NI ST46. 4
2009932 Co[ Tartrate] 2 4. 0000 0. 0000 NI ST46. 4
m 2009933 CoH Tartrat e] 5. 7540 0. 0000 NI ST46. 4
2809931 Fe[Tartrate 3. 1000 3. 1000 0. 0000 0. 0000 NI ST46. 2
: 2819931 Fe[Tartrate 7. 7800 7. 7800 0. 0000 0. 0000 NI ST46. 2
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4709931 Mnh[Tartrate] 3.3800 3.3800 0. 0000 0. 0000 NI ST46. 2
4709932 MhH Tartrate] 6. 0000 6. 0000 0. 0000 0. 0000 NI ST46. 2
4609931 My[ Tartrate] 2.3000 2.3000 0. 0000 0. 0000 NI ST46. 2
4609932 MyH[ Tartrat e] 5. 7500 5. 7500 0. 0000 0. 0000 NI ST46. 2
1109931 Be[ Tartrat e] 2.7680 0. 0000 NI ST46. 4
1109932 Be[ Tartrate] 2 4. 0080 0. 0000 NI ST46. 4
1509931 Ca[ Tartrat e] 2.8000 2.8000 -8.3680 0. 0000 NI ST46. 2
1509932 CaH Tartrat e] 5. 8600 5. 8600 -9.1211 0. 0000 NI ST46. 2
8009931 Sr[Tartrate] 2. 5500 0. 0000 NI ST46. 4
8009932 SrH Tartrate] 5. 8949 0. 0000 NI ST46. 4
1009931 Ba[ Tartrat e] 2.5400 2.5400 0. 0000 0. 0000 NI ST46. 2
1009932 BaH Tartrat e] 5. 7700 5. 7700 0. 0000 0. 0000 NI ST46. 2
5009931 Na[ Tartrat e] 0. 9000 0. 9000 -0.8368 0. 0000 NI ST46. 2
5009932 NaH Tartrat e] 4. 5800 4. 5800 -2.8451 0. 0000 NI ST46. 2
4109931 K[ Tartrate] 0. 8000 0. 8000 0. 0000 0. 0000 NI ST46. 2
3309941 H d yci ne] 9. 7800 9. 7780 0. 0000 0. 0000 NI ST46. 2
3309942 H2[ d yci ne] 12.1200  12.1280 0. 0000 0. 0000 NI ST46. 2
6009941 Pb[ A yci ne] 5. 4700 5. 4700 0. 0000 0. 0000 NI ST46. 2
h 6009942 Pb[d yci ne] 2 8. 3200 8. 8600 0. 0000 0. 0000 SCD2. 62
8709941 TI[d yci ne] 1. 7200 1. 7200 0. 0000 0. 0000 NI ST46. 2
z 9509941 Zn[ d yci ne] 5. 3800 5. 3800 0. 0000 0. 0000 NI ST46. 2
9509942 Zn[ d yci ne] 2 9. 8100 9. 8100 0. 0000 0. 0000 NI ST46. 2
m 9509943 Zn[ d yci ne] 3 12.3000  12.3000 0. 0000 0. 0000 NI ST46. 2
1609941 Cd[ G yci ne] 4. 8000 4. 6900 0. 0000 0. 0000 NI ST46. 2
1609942 Cd[ @ yci ne] 2 8. 4000 8. 4000 0. 0000 0. 0000 NI ST46. 2
E 1609943 Cd[ @ yci ne] 3 10. 7000  10. 7000 0. 0000 0. 0000 NI ST46. 2
3619941 Hg[ d yci ne 17.0000  17.0000 0. 0000 0. 0000 SCD2. 62
: 3619942 Hg[ d yci ne] 2 25.8000  25. 8000 0. 0000 0. 0000 SCD2. 62
2309941 Cu[ d ycine] 2 10. 3000  10. 3000 0. 0000 0. 0000 NI ST46. 2
u 2319941 CQu[ d ycine 8. 6200 8. 5700 0. 0000 0. 0000 NI ST46. 2
2319942 Cu[ d ycine] 2 15. 6400  15. 7000 0. 0000 0. 0000 NI ST46. 2
O 209941 Ag[ d yci ne] 3.5100 3.5100 0. 0000 0.0000 NI ST46. 2
209942 Ag[ G ycine] 2 3.3800 6. 8900 0. 0000 0. 0000 NI ST46. 2
5409941 N [d ycine 6. 1800 6. 1500 0. 0000 0. 0000 NI ST46. 2
a 5409942 Ni[d ycine] 2 11.1300  11.1200 0. 0000 0. 0000 NI ST46. 2
5409943 Ni[d ycine] 3 14.2000  14.6300 0. 0000 0. 0000 SCD2. 62
u‘ 2009941 Co[ @ yci ne 5. 0700 0. 0000 NI ST46. 4
2009942 Co[ d yci ne] 2 9. 0700 0. 0000 NI ST46. 4
2009943 Co[ d yci ne] 3 11. 6000 0. 0000 NI ST46. 4
> 2009944 CoOH[ G yci ne] -5. 0200 0. 0000 NI ST46. 4
[ 2809941 Fe[ d ycine 4. 3100 4. 3100 -15. 0624 0. 0000 NI ST46. 2
2809942 Fe[d ycine] 2 8. 2900 8. 2900 0. 0000 0. 0000 NI ST46. 2
: 2819941 Fe[ d ycine 9. 3800 9. 3800 0. 0000 0. 0000 NI ST46. 2
2819942 FeH d yci ne] 11.5500  11.5500 0. 0000 0. 0000 NI ST46. 2
‘ } 4709941 M[d ycine 3.1900 3. 1900 -1.2552 0. 0000 NI ST46. 2
4709942 Mh[d ycine] 2 5. 4000 5. 4000 0. 0000 0. 0000 NI ST46. 2
m 2119941 O [d ycine 8.4000  18.7000 0. 0000 0. 0000 SCD2. 62
2119942 Or[dycine] 2 6.4000  25.6000 0. 0000 0. 0000 SCD2. 62
2119943 COr[dycine] 3 5.7000  31.6000 0. 0000 0. 0000 SCD2. 62
4609941 My[ d yci ne 2. 0800 2. 0800 4. 1840 0. 0000 NI ST46. 2
1509941 Ca[ @ yci ne 1.3900 1.3900 -4. 1840 0. 0000 NI ST46. 2
1509942 CaH G yci ne] 10. 1000  10. 1000 -35.9824 0. 0000 NI ST46. 2
ﬂ 8009941 Sr[d ycine 0. 9100 0. 0000 NI ST46. 4
1009941 Ba[ @ yci ne 0. 7700 0. 7700 0. 0000 0. 0000 NI ST46. 2
n. 3309951 H Sali cyl at e] 13.4000  13.7000 0. 0000 0. 0000 NI ST46. 2
m 3309952 H2[ Salicyl ate] 16. 4000  16.8000 0. 0000 0. 0000 NI ST46. 2
9509951 Zn[ Sal i cyl at e] 7.7100 7.7100 0. 0000 0. 0000 SCD2. 62
9509952 ZnH] Sal i cyl at e] 15.5000  15.5000 0. 0000 0. 0000 NI ST46. 2
m 1609951 Cd[ Sal i cyl at e] 6. 2000 6. 2000 0. 0000 0. 0000 NI ST46. 2
1609952 CdH[ Sal i cyl at e] 16. 0000  16.0000 0. 0000 0. 0000 NI ST46. 2
: 2319951 Cu[ Salicyl ate] 10. 6400  11.3000 0. 0000 0. 0000 NI ST46. 2
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2319952 Cu[ Sal i cyl ate] 2 16. 9400  19.3000 0. 0000 0. 0000 NI ST46. 2
2319953 CuH Sal i cyl at €] 14. 8000  14.8000 0. 0000 0. 0000 NI ST46. 2
5409951 Ni [ Salicyl ate] 6. 9500 8. 2000 0. 0000 0. 0000 NI ST46.2
5409952 Ni [ Salicyl ate] 2 11. 7500  12.6400 0. 0000 0. 0000 SCD2. 62
2009951 Co[ Sal i cyl at e] 7.4289 0. 0000 NI ST46. 4
2009952 Co[ Sal i cyl ate] 2 11. 8000 0. 0000 NI ST46. 4
2809951 Fe[ Salicyl at e] 7. 2000 7. 2000 0. 0000 0. 0000 NI ST46. 2
2809952 Fe[ Sal i cyl ate] 2 11. 6000  11.6000 0. 0000 0. 0000 NI ST46. 2
2819951 Fe[ Salicyl at e] 17.6000  17.6000 0. 0000 0. 0000 NI ST46. 2
2819952 Fe[ Sal i cyl ate] 2 29.3000  29. 3000 0. 0000 0. 0000 NI ST46. 2
4709951 Mh[ Sal i cyl at e] 6. 5000 6. 5000 0. 0000 0. 0000 NI ST46. 2
4709952 Mh[ Sal i cyl at e] 2 10. 1000  10. 1000 0. 0000 0. 0000 NI ST46. 2
1109951 Be[ Sal i cyl at €] 13. 3889 0. 0000 NI ST46. 4
1109952 Be[ Sal i cyl ate] 2 23. 2500 0. 0000 NI ST46. 4
4609951 My[ Sal i cyl at e] 5. 7600 5. 7600 0. 0000 0. 0000 NI ST46. 2
4609952 MyH[ Sal i cyl at €] 15.3000  15.3000 0. 0000 0. 0000 SCD2. 62
1509951 Ca[ Sal i cyl at €] 4. 0500 4. 0500 0. 0000 0. 0000 NI ST46. 2
1509952 CaH[ Sal i cyl at e] 14.3000  14.3000 0. 0000 0. 0000 NI ST46. 2
h 1009951 BaH[ Sal i cyl at e] 0.2100  13.9000 0. 0000 0. 0000 SCD2. 62
3309961 H G ut amat €] 9. 9500 9. 9600 0. 0000 0. 0000 NI ST46. 2
z 3309962 H2[ G ut amat €] 14.3700  14.2600 0. 0000 0. 0000 NI ST46. 2
3309963 H3[ G ut amat €] 16. 6000  16.4200 0. 0000 0. 0000 NI ST46. 2
m 6009961 Pb[ G ut amat e] 4. 7000 6. 4300 0. 0000 0. 0000 SCD2. 62
6009962 Pb[ G ut amat e] 2 7. 5500 8. 6100 0. 0000 0. 0000 SCD2. 62
6009963 PbH[ G ut anat e] 14.0800  14.0800 0. 0000 0. 0000 SCD2. 62
E 309961 Al H[ G ut amat €] 13.0700  13. 0700 0. 0000 0. 0000 NI ST46. 2
9509961 Zn[ @ ut amat e 3. 7900 6. 2000 0. 0000 0. 0000 SCD2. 62
: 9509962 Zn[ @ ut amat e] 2 8. 2500 9. 1300 0. 0000 0. 0000 SCD2. 62
9509963 Zn[ @ ut amat e] 3 9. 8000 9. 8000 0. 0000 0. 0000 SCD2. 62
U 1609961 Cd[ G ut amat e 4.7800  4.7000 0.0000  0.0000 NI ST46.2
1609962 Cd[ @ ut anat e] 2 2. 7800 7.5900 0. 0000 0. 0000 NI ST46. 2
o, 3619961 Hg[ G ut amat e 19. 8000  19. 8000 0. 0000 0. 0000 SCD2. 62
3619962 Hg[ G ut amat e] 2 26.2000 26.2000 0. 0000 0. 0000 SCD2. 62
2319961 Cu[ @ ut amat e 8. 3300 9. 1700 0. 0000 0. 0000 NI ST46. 2
a 2319962 Cu[ @ ut amat e] 2 14. 8400  15.7800 0. 0000 0. 0000 NI ST46. 2
2319963 CuH[ G ut anat €] 13.3000  13. 3000 -28.0328 0. 0000 NI ST46. 2
u‘ 209961 Ag[ G ut anat e] 3. 7900 4. 2200 0. 0000 0. 0000 NI ST46. 2
209962 Ag[ G ut anat e] 2 6. 5500 7. 3600 0. 0000 0. 0000 SCD2. 62
209963 Ag2[ G ut anat e 3. 4000 3. 4000 0. 0000 0. 0000 NI ST46. 2
> 5409961 Ni [ G utamat e 5. 9000 6. 4700 0. 0000 0. 0000 NI ST46. 2
(- 5409962 Ni [ G ut amat e] 2 10. 7000  10. 7000 -30. 9616 0. 0000 NI ST46. 2
2009961 Co[ G ut amat e 5.4178 0. 0000 NI ST46. 4
: 2009962 Co[ G ut amat e] 2 8.7178 0. 0000 NI ST46. 4
4709961 Mh[d ut amat e 4. 9500 4. 9500 0. 0000 0. 0000 SCD2. 62
‘ } 4709962 Mh[ d ut amat e] 2 8. 4800 8. 4800 0. 0000 0. 0000 SCD2. 62
2119961 O [d utamate 22.6000 22. 6000 0. 0000 0. 0000 SCD2. 62
u 2119962 Cr[d ut amat e] 2 30.7000  30. 7000 0. 0000 0. 0000 SCD2. 62
2119963 Cr H G ut anat €] 25.2000  25. 2000 0. 0000 0. 0000 SCD2. 62
4609961 My[ G ut amat e 2.8000 2.8000 0. 0000 0. 0000 NI ST46. 2
1509961 Ca[ @ ut anat e 2. 0600 2. 0600 0. 0000 0. 0000 NI ST46. 2
1509962 CaH G ut anat €] 11.1300  11.1300 0. 0000 0. 0000 NI ST46. 2
8009961 Sr[d utamate 2.2278 0. 0000 NI ST46. 4
¢ 1009961 Ba[ @ ut anat e 1. 2800 2. 1400 0. 0000 0. 0000 NI ST46. 2
3309971 H] Pht hal at €] 5. 4000 5. 4080 0. 0000 0. 0000 NI ST46. 2
n. 3309972 H2[ Pht hal at e 8. 3500 8. 3580 0. 0000 0. 0000 NI ST46. 2
m 6009971 Pb[ Pht hal at e 2. 7800 4. 2600 0. 0000 0. 0000 SCD2. 62
6009972 Pb[ Pht hal at e] 2 4. 0100 4. 8300 0. 0000 0. 0000 NI ST46. 2
6009973 PbH[ Pht hal at €] 6. 5600 6. 9800 0. 0000 0. 0000 NI ST46. 2
m 309971 Al [ Pht hal at €] 4. 5600 4. 5600 0. 0000 0. 0000 NI ST46. 2
309972 Al [ Pht hal at e] 2 7. 2000 7. 2000 0. 0000 0. 0000 NI ST46. 2
: 9509971 Zn[ Pht hal at e] 2. 9100 2. 9100 0. 0000 0. 0000 NI ST46. 2
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9509972 Zn[ Pht hal at e] 2 4. 2000 4. 2000 0. 0000 0.0000 NI ST46. 2
1609971 Cd[ Pht hal at e] 2.5000 3. 4300 0. 0000 0.0000 NI ST46. 2
1609973 CdH[ Pht hal at ] 5. 8800 6. 3000 0. 0000 0.0000 NI ST46. 2
1609972 Cd[ Pht hal at e] 2 2.8800 3. 7000 0. 0000 0.0000 NI ST46. 2
2319971 Cu[ Pht hal at e] 4. 0400 4. 0200 0. 0000 0.0000 NI ST46. 2
2319970 CuH[ Pht hal at e] 6. 7400 7.1000 0. 0000 0.0000 NI ST46. 2
2319972 Cu[ Pht hal at ] 2 5. 3000 5. 3000 0. 0000 0.0000 NI ST46. 2
5409971 Ni [ Pht hal at e] 2.9500 2.9500 0. 0000 0.0000 NI ST46. 2
5409972 Ni H[ Pht hal at e] 6. 1000 6. 6000 0. 0000 0.0000 NI ST46. 2
2009971 Co[ Pht hal at e] 2.8300 0.0000 NI ST46. 4
2009972 CoH[ Pht hal at e] 7.2270 0.0000 NI ST46. 4
4709971 Mh[ Pht hal at e] 2.7400 2.7400 10. 0416 0.0000 NI ST46. 2
2119971 O [ Pht hal at e] 15.1400  16. 3000 0. 0000 0.0000 SCD2. 62
2119972 Cr[ Pht hal at e] 2 19. 6200  21.2000 0. 0000 0. 0000 SCD2. 62
2119973 COr[ Pht hal at e] 3 22.1000 23.3000 0. 0000 0.0000 SCD2. 62
1109971 Be[ Pht hal at e] 4.8278 0.0000 NI ST46. 4
1109972 Be[ Pht hal at e] 2 6.5478 0.0000 NI ST46. 4
4609971 My[ Pht hal at e] 2.4900 2.4900 0. 0000 0.0000 SCD2. 62
h 1509970 Ca[ Pht hal at e] 2.4200 2. 4500 0. 0000 0.0000 NI ST46. 2
1509971 CaH[ Pht hal at ] 6. 4300 6. 4300 0. 0000 0.0000 NI ST46. 2
z 1009971 Ba[ Pht hal at e] 2.3300 2.3300 0. 0000 0.0000 NI ST46. 2
5009970 Na[ Pht hal at e] 0. 7000 0. 8000 0. 0000 0.0000 NI ST46. 2
m 4109971 K[ Pht hal at e] 0. 7000 0. 7000 3. 7656 0.0000 NI ST46. 2
73100 Sul fur 2.1100 2.1449 17.5728  16.3000 CODATA89
76000 Se netal (hex, bl k) 7.6963 7.7084 -15.8992 -15.9000 NI ST2.1.1
E 76001 Se netal (am 7.1099 7.1099 -10.8784 -10.8784 MIGB. 11
74001 Sb net al 11.7058  11.6889 -83.8683 -83.8900 NIST2.1.1
: 79000 Sn netal (wht) 2.3266 0. 0000 CODATAS9
60000 Pb net al -4.2700 -4.2462 -1.6736 -0.9200 CODATAS9
U 87000 Tl retal -5.6733 -5.6762 -5.3555 -5.3600 NIST2.1.1
95000 Zn net al -25.7570 -25.7886 153. 8875 153.3900 CODATAS9
O 16000 Cd netal (al pha) -13.4900 -13.5147 75.3120  75.3300 NI ST2.1.1
16001 Cd netal (ganma) -13.5900 -13.6180 75.8978  75.9200 NI ST2.1.1
36000 Hg netal () 13. 4552  13. 4517 -83.4080 -83.4350 CODATAS9
a 23000 Cu net al 8. 7600 8. 7560 -71.6719 -71.6700 CODATAS9
2000 Ag net al 13.5100 13.5065 -105.5791 -105. 7900 CODATAS9
u‘ 21000 Cr netal -32.2440 -30.4831 143.5112 172.0000 NI ST13.1
90000 V net al -42.3500 -44.0253 263.1736 259.0000 NI ST13.1
1074000 STIBNI TE 60. 1560 50.4600 -289.9094 -293. 7800 NI ST46. 4
> 1006000 ORPI MENT 60.9710 61.0663 -346.8118 -350.6799 NI ST2.1.1
= 1006001 REALGAR 19. 7470  19.7470 -127.8003 -127.8003 MICs. 11
1079001 SnS 19. 1140 0.0000 NI ST46. 4
: 1079101 SnS2 57. 4538 0. 0000 Bar d85
1060001 GALENA 15.1320  13. 9700 -81.1696 -80.0000 DKal990
‘ } 1087000 TI 2S 7.1832 7.1900 -90.2070 -91.5200 NI ST46. 4
1095000 ZnS (am) 9. 0520 9. 0520 -15. 3553 -15.3553 MIQ3. 11
u 1095001 SPHALERI TE 11.6180  11. 4500 -34.5180 -30.0000 DHal1993
1095002 WURTZI TE 9. 6820 8. 9500 -21.1710 -21.1710 DKal990
1016000 GREENOCKI TE 15.9300  14. 3600 -68.4502 -55.0000 DHal992
1036000 Hg2S 11. 6765 11.6765 -69.7473 -69.7473 MI@8. 11
1036100 CI NNABAR 45.1885 45.6940 -252.8391 -253. 7600 DKal990
1036101 METACI NNABAR 44.8220 45.0940 -249.0735 -253. 7200 Dkal990
¢ 1023000 CHALCOCI TE 34.6190 34.9200 -206.4804 -168. 0000 NI ST46. 4
1023001 DJURLEI TE 33.9200 33.9200 -200.3341 -200.3341 M. 11
n. 1023002 ANI LI TE 31.8780 31.8780 -182.1504 -182.1504 MIQ8. 11
m 1023003 BLAUBLEI 11 27.2790  27.2790 0. 0000 0.0000 MrQs. 11
1023100 BLAUBLEI | 24.1620 24.1620 0. 0000 0.0000 MrQs. 11
1023101 COVELLI TE 23.0380 22.3000 -100.4578 -97.0000 DKal990
m 1023102 CHALCOPYRI TE 35.2700 35.2700 - 148. 4483 - 148. 4483 M. 11
1002000 ACANTHI TE 36.0500 36.2200 -223.0072 -227.0000 NI ST46. 4
: 1054001 Ni S (al pha) 5. 6000 0.0000 DKal990
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1054002 Ni S (bet a) 11. 1000 0. 0000 DKa1990
1054003 Ni S (gamma) 12. 8000 0. 0000 DKa1990
1020001 CoS (al pha) 7. 4400 0. 0000 DKa1990
1020002 CoS ( bet a) 11. 0700 0. 0000 DKa1990
1028000 FeS (ppt) 3. 9150 2. 9500 0.0000 11.0000 Da1991
1028001 GREIG TE 45.0350  45. 0350 0. 0000 0.0000 MIs. 11
1028002 MACKI NAW TE 4. 6480 3. 6000 0. 0000 0. 0000 Da1991
1028003 PYRI TE 18.4790  18.5082 -47.2792 -49.8440 N ST13.1
1047000 MS (grn) -3.8000 -0.1700 24,2254  32.0000 DKal990
1047001 MS ( pnk) -3. 3400 0. 0000 DKa1990
1048001 MbS2 70. 2596 -389. 0199 Bar d85
1011001 BeS -19. 3800 0. 0000 NI ST46. 4
1010001 BaS -16. 1800 0. 0000 NI ST46. 4
1136001 Hg2( CN) 2 39. 3000 0. 0000 NI ST46. 4
1123001 CuCN 19. 4974  19.5000 -126.3568  19. 0000 NI ST46. 4
1102002 AgCN 16.2180  15.7400 -110.3948 -110. 3948 NI ST46. 4
1102004 Ag2(CN) 2 11. 3289 0. 0000 NI ST46. 4
1150001 NaCN ( cubi c) -2.2869 -1.6012 2.1757 -0.9690 NI ST13.1
h 1141002 KCN (cubi c) -1.4403 -1.4188 -11. 4642 -11.9300 NI ST13.1
1160002 Pb2Fe(CN) 6 27.5895  53. 4200 0. 0000 0. 0000 NI ST46. 4
z 1195002 Zn2Fe(CN) 6 29.9263  51. 0800 0. 0000 0. 0000 NI ST46. 4
1116002 Cd2Fe(CN) 6 28.2243  52.7800 0. 0000 0. 0000 NI ST46. 4
m 1102003 Ag4Fe(CN) 6 193.9140 79.4700 -1091.6475 0.0000 NI ST46. 4
1102005 Ag3Fe(CN) 6 72. 7867 0. 0000 NI ST46. 4
1147001 Mh3[ Fe(CN) 6] 2 105. 4000 0. 0000 NI ST46. 4
E 1274000 Sb2Se3 67.7571  67.7571  -343.0461 -343.0461 PNL89
1279001 SnSe 30. 4940 0. 0000 NI ST46. 4
: 1279101 SnSe2 65. 1189 0. 0000 Bar d85
1260000 CLAUSTHALI TE 21.2162 27.1000 -117.1520 -119.7200 NI ST46. 4
u 1287000 TI 2Se 6. 6848  18.1000 -85.1862 -85.6200 NI ST46. 4
1295000 ZnSe 11.3642  14.4000 -26.9408 -25.5100 NI ST46. 4
O 1216000 CdSe 18.0739  20. 2000 -75.9814 -75.9814 NI ST46. 4
1236101 HgSe 55. 6940 0. 0000 NI ST46. 4
1223000 Cu2Se (al pha) 36.0922  45.8000 -214.2626 -214.2626 N ST46. 4
a 1223001 Cu3Se2 63.4911  63.4911  -340.3265 -340.3265 MI(3. 11
1223100 CuSe 26.5121 33.1000 -121.1268 -121.1268 N ST46. 4
u‘ 1223101 CuSe2 33.3655 33.3655 -140.5824 -140.5824 MIQ8. 11
1202000 Ag2Se 43. 6448  48.7000 -271.7508 -265.4800 N ST46. 4
1254000 Ni Se 17.7382  17.7000 0. 0000 0. 0000 NI ST46. 4
> 1220000 CoSe 16.2723  16. 2000 0. 0000 0. 0000 NI ST46. 4
(- 1228000 FeSe 7.1466  11.0000 -2.0920 -2.0920 NI ST46. 4
1228001 FERRCSELI TE 18.5959  18.5959 -47.2792 -47.2792 MIQB. 11
: 1247000 MSe -5.3508 -3.5000 56.3166  98. 1500 NI ST46. 4
1474003 Al Sb -65.6241 -65. 6241 0. 0000 0. 0000 PNL89
‘ } 1474002 ZnSb -11.0138 -11.0138 54.8773  54.8773 PNL89
1474004 CdSb 0. 3943 0. 3501 -22.3635 -22.3600 NI ST2.1.
u 1474012 Cu2Sh: 3H20 34.8827 34.8827 -233.2371 -233.2371 PNL89
1474014 Cu3Sh 42.5937  42.5937 -308.1307 -308.1307 PNL89
1474006 Ag4Sb 56.1818  56.1818 0. 0000 0. 0000 PNL89
1474001 BREI THAUPTI TE 18.5225  18.5225 -96.0019 -96.0019 PNL89
1474013 MnSb 2. 9099 2. 9099 -21.1083 -21.1083 PNL89
1474009 M2Sb -61.0796 -61.0796 0. 0000 0. 0000 PNL89
¢ 1474011 USb2 -29.5246 -29.5771 103.2611 103.5601 NI ST2. 1.
1474015 U3Sh4 -152. 3288 -152. 3834 986. 2525 986. 0400 NI ST2. 1.
n. 1474005 My2Sb3 -74.6838 -74.6838 0. 0000 0. 0000 PNL89
m 1474010 Ca3Sh2 -142.9738 -142.9738 732.7440 732.7440 PNL89
1474008 NaSb -23.1770 -23.1658 93. 6588  93.4500 NI ST2. 1.
1474007 Na3Sb -94. 4084 -94.4517 431.9771 432.1300 NI ST2. 1.
m 2076100 SeQ2 -0.1246  -0.1246 -1.4016 -1.4016 MrQs. 11
2076200 SeO8 -21.0440 -21.0440 146.3772 146.3772 MIQ3. 11
: 2074100 Sh20B 12. 4827 9. 6674 0. 0000 0. 0000 NI ST2. 1.

(RS
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2074102 SbhQ 27.8241  27.8241 0. 0000 0. 0000 PNL89
2074001 Sbh204 -3.4597  -3.4021 68.0737  68.0400 NIST2.1.1
2074002 Sb406 (cubic) 19. 6586  18. 2612 -61.0864 -61.1801 NI ST46.4
2074003 Sb406 (orth) 17.0346  17.9012 -37.6142 -37.6801 NI ST46.4
2074004 Sbh(OH) 3 7.1099 7.1099 -30.1248 -30.1248 PNL89
2074006 SENARMONTI TE 12.3654 12.3654  -30.6478 -30.6478 PNL89
2074007 VALENTI NI TE 8. 4806 8. 4806 -19. 0163 -19.0163 PNL89
2077000 CHALCEDONY 3. 5230 3. 5500 -19.3092 -19.7000 Nord90
2077001 CRI STOBALI TE 3. 5870 3. 3500 -23.0120 -20.0060 NI ST46. 4
2077002 QUARTZ 4.0060  4.0000 -26.0245 -22.3600 NI ST46.4
2077003 Si 2 (am gel) 3. 0180 2. 7100 -18.5770 -14.0000 Nor d90
2077004 Si O2 (am ppt) 2.7100 2. 7400 -16.3594 -15.1500 NI ST46. 4
2079001 SnO 4.9141 0. 0000 CODATA89
2079101 SnC2 28. 9749 0. 0000 CODATA89
2079002 Sn(OH) 2 5. 4309 0. 0000 Bar d85
2079102 Sn(OH) 4 22.2808 0. 0000 Bar d85
2079103 H2Sn(OH) 6 23.5281 0. 0000 Bar d85
2060000 MASSI COT -12.9100 -12.8940 70.2075  66.8480 NI ST46. 4
h 2060001 LI THARGE -12.7200 -12.6940 68.5339  65.5010 NI ST46. 4
2060002 PbO 0. 3H20 -12.9800 -12.9800 0. 0000 0.0000 MrQs. 11
z 2060003 PLATTNERI TE -49.3000 -49.6001 295.9343 296.2700 NI ST13.1
2060004 Pb(OH) 2 -8.1500 -8.1500 58.5342  58.5342 MIGB. 11
m 2060005 Pb20Q( OH) 2 -26.2000 -26.1880 0. 0000 0.0000 NI ST46. 4
2003000 Al (OH) 3 (am) -10. 3800 -10. 8000 113.1563 111.0000 Nor d90
2003001 BOEHM TE -8.5780 -8.5780 117. 6959 117.6959 MIQs. 11
E 2003002 DI ASPORE -6.8730 -6.8730 103. 0519 103. 0519 MrGs. 11
2003003 G BBSI TE -8.7700 -8.2910 95.3952  95.3952 NI ST46. 4
: 2087000 TI 20 -27.0984 -27.0915 96.4621  96.4100 NIST2.1.1
2087001 TI OH -12.9225 -12.9186 41.5680 41.5700 NIST2.1.1
U 2087100 AVI CENNI TE 16.3236  13. 0000 0. 0000 0.0000 NI ST46. 4
2087101 TI (OH) 3 6. 4503 5. 4410 0. 0000 0. 0000 SCD3. 02
O 2095000 Zn(OH) 2 (am -12.4500 -12.4740 0.0000  80.6200 NI ST46. 4
2095001 Zn(OH) 2 -12.2000 -12.2000 0. 0000 0.0000 MrGs. 11
2095002 Zn(OH) 2 (bet a) -11.7500 -11.7540 0.0000  83.1400 NI ST46. 4
a 2095003 Zn(OH) 2 (ganmm) -11.7100 -11.7340 0. 0000 0.0000 NI ST46. 4
2095004 Zn(OH) 2 (epsi | on) -11.5000 -11.5340 0.0000 81.8000 NI ST46. 4
(T 2095005 ZnO (acti ve) -11.3100 -11.1884 0.0000 88.7600 CODATA89
2095006 ZI NCI TE -11.1400 -11.3340 91.4622  89.6200 NI ST46. 4
2016000 Cd(OH)2 (am) -13.7300 -13.7300 86.9017  86.9017 MIG. 11
> 2016001 Cd(OH) 2 -13.6500 -13.6440 0.0000  94.6200 NI ST46. 4
= 2016002 MONTEPONI TE -15.1200 -15.1034 103. 5958 103. 4000 CODATAS9
2036000 Hg2(OH) 2 -5.2603  -5.2603 0. 0000 0.0000 MrQs. 11
: 2036100 MONTROYDI TE 3. 6503 3. 6400 -21.4012  38.9000 NI ST46. 4
2036101 Hg(OH) 2 3. 4963 3. 4963 0. 0000 0.0000 MrQs. 11
‘ } 2023000 CUPRI TE 1. 5500 1. 4060 -26.1291 124.0200 NI ST46. 4
2023100 Cu(OH) 2 -8.6400 -8.6740 63.8060 56.4200 NI ST46. 4
m 2023101 TENORI TE -7.6200 -7.6440 63.7642  64.8670 NI ST46. 4
2002000 Ag20 -12.5800 -12.5740 43.6391 45.6200 NI ST46. 4
2054000 Ni (OH) 2 -10.8000 -12.7940 -127.4028  95.9600 NI ST46. 4
2054001 BUNSENI TE -12. 4500 -12. 4456 100. 0813 100.1300 NI ST2.1.1
2020001 CoO -13.5500 -13.5864 106. 1062 106.2950 NI ST13.1
2020002 Co(OH) 2 -13.7660 -13.0940 0. 0000 0.0000 NI ST46. 4
ﬂ 2020101 Co(OH) 3 2. 3090 92. 4300 NI ST46. 4
2028000 WUSTI TE -11.6870 -11.6879 103. 9557 103.9377 NI ST13.1
n. 2028001 Fe(OH) 2 -13. 5640 0.0000 NI ST46. 4
m 2028100 FERRI HYDRI TE -4.8910 -3.1910 0.0000 73.3740 NI ST46. 4
2028101 Fe3(OH)8 -20.2220 -20.2220 0. 0000 0.0000 MrQs. 11
2028102 GOETHI TE -0.5000 -0.4910 60.5843  60.5843 NI ST46. 4
m 2047000 PYROLUSI TE -15.8610 -41.3800 122.0891 272.0000 Nor d90
2047001 BI RNESSI TE -18.0910 -18.0910 0. 0000 0.0000 MrQs. 11
: 2047002 NSUTI TE -17.5040 -17.5040 0. 0000 0.0000 MrQs. 11
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2047003 PYROCHRO TE -15.0880 -15.1940 94.5166  97.0099 NI ST46. 4
2047100 MANGANI TE 0.2380 -25.3400 0. 0000 0. 0000 Nor d90
2021100 Cr (OH)2 -10.8189 -10.8189 35.6058 35.6058 MIB. 11
2021102 Cr(OH) 3 (am 0. 7500 0. 7500 0. 0000 0. 0000 MrQs. 11
2021101 Cr(OH) 3 -1.7005 -1.3355 29.7692  29.7692 N ST46. 4
2021200 Cr C8 3.2105 3.2105 5.2091 5.2091 MrQs. 11
2048001 MbCB 8. 0000 0. 0000 NI ST46. 4
2090000 VO -13.0800 -14.7563 117.2357 113.0410 NI ST13.1
2090100 V(OH) 3 -7.6500 -7.5910 0. 0000 0. 0000 NI ST46. 4
2090200 VO( OH) 2 -5.8500 -5.1506 0. 0000 0. 0000 NI ST46. 4
2089100 URANI NI TE 4. 7000 4. 6693 77.9479  77.8600 CODATAS9
2089101 U (am -0.9340 -0.9340 109. 7463 109. 7463 Mrs. 11
2089300 UOB -7.7190 -7.7000 80.8140 81.0299 CODATAS9
2089301 GUWM TE -10.4030 -7.6718 96.2948 81.0299 NI ST2.1.1
2089302 UR(OH) 2 (beta) -5.5440 -5.6116 57.4463  56.7599 NI ST2.1.1
2089303 SCHOEPI TE -5.4040 -5.9940 50.3963  49.7900 NI ST46. 4
2011001 Be(OH)2 (am -7.1940 0. 0000 NI ST46. 4
2011002 Be(OH)2 (al pha) - 6. 8940 0. 0000 NI ST46. 4
h 2011003 Be(OH)2 (beta) - 6. 4940 0. 0000 NI ST46. 4
2046000 BRUCI TE -16.7920 -16. 8440 108. 1146 113.9959 NI ST46. 4
z 2046001 PERI CLASE -21.5100 -21.5841 151.1888 151.2300 CODATA89
2046002 My(OH)2 (active) -18. 7940 0. 0000 NI ST46. 4
m 2015000 LI ME -32.7970 -32.6993 193.5728 193.9100 CODATAS9
2015001 PORTLANDI TE -22.6750 -22.8040 128.4070 128.6200 NI ST46. 4
2010001 Ba(OH) 2: 8H20 -24.3940 54.3200 NI ST46. 4
E 2074005 Cu( ShOB) 2 -45.2105 -45.2105 0. 0000 0. 0000 PNL89
3006000 ARSENOLI TE 2.8010 2. 7600 -59.9567 -59.9567 N ST46. 4
: 3006001 CLAUDETI TE 3. 0650 3. 0650 -55.6054 -55.6054 MIQ8. 11
3006100 As2Ch -6.6990 -6.7061 22.6145 22.6400 NI ST2.1.1
u 3060000 Pbh2C3 -61.0400 -61.0400 0. 0000 0. 0000 MrQs. 11
3060001 M NI UM -73.6900 -73.5219 429. 9478 421.8740 NI ST13.1
o 3003000 Al 2C8 -22.9800 -19.6524 0.0000 258.5901 CODATAS9
3020001 Co304 10. 4956 107. 4999 NI ST13.1
3020002 CoFe24 3.5281 158.8199 NI ST2.1.1
a 3028000 MAGNETI TE -3.7370  -3.4028 211.1246 208.5259 NI ST13.1
3028001 HERCYNI TE -27.1620 -22.8930 327.8582 313.9199 NIST2.1.1
u‘ 3028100 HEMATI TE 4. 0080 1.4180 129. 0555 128.9870 NI ST46. 4
3028101 MAGHEM TE -6.3860 -6.3860 0. 0000 0. 0000 MrQs. 11
3028102 LEPI DOCROCI TE -1.3710 -1.3710 0. 0000 0. 0000 MrQg. 11
> 3047000 HAUSMANNI TE -61.5400 -61.0300 335.3058 421.0000 Nord90
i 3047100 BI XBYI TE 0.6110 0. 6445 63.7851 124.4900 NI ST2.1.1
3021102 Cr2CB 3.3937 2.3576 50.7310 50.7310 SCD3. 02
: 3090100 V208 -4.9000 -4.9000 82.5085 82.5085 MIB. 11
3090101 V3Ch -1.8700 -1.8361 98. 4495  98. 4600 NI ST2.1.1
‘ } 3090200 V204 -4.2700 -4.2700 58.8689 58.8689 MIB. 11
3090201 V407 -7.1400 -7.1865 163.8036 163.8901 NI ST2.1.1
u 3090202 V60L3 60.8600 60.8600 -271.4998 -271.4998 MIB. 11
3090300 V20h 0. 7200 1. 3600 17. 4054 -34.0000 NI ST46. 4
3089100 WM™ 3.3840 3.0198 423.5672 426.8701 NIST2.1.1
3089101 U3CB -21.1070 -21.0834 485. 4277 485. 4399 CODATAS89
3046000 SPI NEL -36.3330 -36.8476 372.7484 388.0122 NI ST13.1
3046001 MAGNESI OFERRI TE -16. 7650 -16.8597 278.8176 278.9199 NI ST2.1.1
¢ 3050000 NATRON 1.3110 1.3110 -65.8771 -65.8771 MI8. 11
n. 3023000 CUPROUS FERRI TE 8. 9200 8.9171 15.8992  15.8900 NIST2.1.1
3023100 CUPRI C FERRI TE -5.8800 -5.9882 161.8790 210.2099 NI ST2.1.1
m 3021100 FeCr204 0.9016 -7.2003 104.0142 140.4000 NI ST2.1.1
3021101 MyCr204 -12.0796 -16.2007 166. 7742 179.4000 NI ST2.1.1
4274000 SbF3 10.2251  10.2251 6. 7279 6.7279 PNL89
m 4260000 PbF2 7. 4400 7. 4400 2.9288 -20.0000 NI ST46. 4
4295000 ZnF2 1. 5200 0.5343 54.7267 59.6900 NI ST2.1.1
: 4216000 CdF2 2. 9800 1.2124 40.6685 46.2200 NI ST2.1.1
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4236000 Hg2F2 3.0811  10. 3623 18.5435  18.4860 N ST13.1
4223000 CuF -7.0800 4. 9056 51.7561 -16.6480 NI ST13.1
4223100 CuF2 0.6200 -1.1150 55.7309 66.9010 NI ST13.1
4223101 CuF2: 2H20 4.5500 4.5500 15.2716  15.2716 MIGs. 11
4202000 AgF: 4H20 -0.5500 -1.0491 -17.8657 -15.4202 NIST2.1.1
4220000 CoF2 5. 1500 1. 5969 36.8610 57.3680 NI ST13.1
4220101 CoF3 1. 4581 123. 6921 NI ST13.1
4221100 CrF3 13.2597  11. 3367 18.2548 23.3901 NIST2.1.1
4290200 VF4 -14.9300 -14.9300 199. 1166 199. 1166 M. 11
4289100 UF4 18. 6060  29.5371 79.0776  79.0776 SCD3. 02
4289101 UF4: 2. 5H20 27.5700 32.7179 2.4602 -24.3250 NIST2.1.1
4246001 MyF2 8. 1300 8. 0000 NI ST46. 4
4215000 FLUORI TE 10. 9600  10. 5000 -19.7066  -8.0000 NI ST46. 4
4280000 SrF2 8. 5400 8. 5800 -5.2300 -4.0000 NI ST46. 4
4210000 BaF2 5. 7600 5. 8200 -4.1840 -4.0000 NI ST46. 4
4250000 CRYOLI TE 31.4900 33.8400 -45. 6223 -38.0000 Nord90
4174000 Sbd 3 -0.5915 -0.5719 35.2042 35.1800 NIST2.1.1
4179001 Snd 2 9.2752 0. 0000 Bar d85
h 4160000 COTUNNI TE 4.7700 4. 7800 -23.4304 -26.1660 NI ST46.4
4160001 MATLOCKI TE 9. 4300 8.9733 -33.2628 -33.1900 NIST2.1.1
z 4160002 PHOSGENI TE 19.8100  19. 8100 0. 0000 0.0000 MrQs. 11
4160003 LAURI ONI TE -0.6230 -0.6230 0. 0000 0.0000 MrQs. 11
m 4160004 Pb2( OH) 3Cl -8.7930 -8.7930 0. 0000 0.0000 MrQs. 11
4187000 TI C 3.7243 3. 7400 -42.4132 -41.0000 NI ST46. 4
4195000 Znd 2 -7.0300 -7.0500 73.1363  72.5000 NI ST2.1.1
E 4195001 Zn2( OH) 3Cl -15.2000 -15.1910 0. 0000 0.0000 NI ST46. 4
4195002 Zn5( OH) 8Cl 2 -38.5000 -38.5000 0. 0000 0.0000 MrQs. 11
: 4116000 Cdd 2 0. 6800 0. 6588 18.7025 18.5800 NI ST2.1.1
4116001 Cdd 2: 1H2O 1. 7100 1. 6932 7.6149 7.4700 NIST2.1.1
U 4116002 CdQ 2: 2. 5H20 1. 9400 1. 9130 -7.1546  -7.2849 NIST2.1.1
4116003 CdOHd -3.5200 -3.5373 30.9909 30.9300 NIST2.1.1
O 4136000 CALOVEL 17.8427  17.9100 -98.0897 -92.0000 NI ST46. 4
4136100 Hgdl 2 21.7858 21.2621 -114.0726 -107.8200 NI ST13.1
4123000 NANTOKI TE 6. 7600 6. 7300 -41.7563 -42.6620 N ST46. 4
a 4123100 MELANOTHALLI TE -3.7300 -6.2572 51.5469  63.4070 NI ST13.1
4123101 ATACAM TE -7.3400 -7.3910 78.1990  93.4300 NI ST46. 4
u‘ 4102000 CERARGYRI TE 9. 7500 9. 7500 -65.4880 -65.2000 NI ST46. 4
4120000 Cod 2 -8.2500 -8.2672 79.8307  79.8150 NI ST13.1
4120003 Cod 2: 6H20 -2.5600 -2.5365 -8.0751 -8.0598 NIST2.1.1
> 4120101 [ Co(NH3) 6] C 3 -20. 0317 33. 1000 Bar d85
= 4120102 [ Co(NH3) 50H2] CI 3 -11.7351 25.3700 Bar d85
4120103 [ Co(NH3)5C ] Cl 2 -4.5102 10. 7400 Bar d85
: 4128100 Fe(OH)2.70 .3 3. 0400 3. 0400 0. 0000 0.0000 M. 11
4147000 MhQ 2: 4H20 -2.7100 -2.7151 -72.7179  10.8300 NIST2.1.1
‘ } 4121000 O d 2 -15.8676 -14.0917 82.2825 110.7600 NIST2.1.1
4121100 ' d 3 -13.5067 -15.1145 115.0977 121.0800 NI ST2.1.1
u 4190000 VO 2 -17.9700 -18.8744 149. 7872 141.1600 NI ST2.1.1
4190100 VO 3 -21.7300 -23.4326 183.9286 179.5400 NI ST2.1.1
4190101 VOO -9.4100 -11.1524 109. 4953 104.9100 NI ST2.1.1
4190200 VOd 2 -12.7900 -12.7603 117.9888 117.7600 NI ST2.1.1
4190300 VO2C! -2.8100 -2.8413 40.3756  40.2800 NIST2.1.1
4150000 HALI TE -1.5820 -1.6025 -3.8409 -3.7000 NI ST13.1
¢ 4074000 SbBr3 -1.0562 -0.9689 21.2212  20.9400 NI ST2.1.1
n. 4079001 SnBr2 9. 5443 0. 0000 Bar d85
4079101 SnBr4 28. 8468 0. 0000 Bar d85
m 4060000 PbBr 2 5. 1800 5. 3000 -33.8904 -35.4990 NI ST46. 4
4060001 PbBrF 8. 4900 8. 4900 0. 0000 0.0000 MrQs. 11
4087000 TI Br 5.4190 5. 4400 -57.0739 -54.0000 NI ST46. 4
m 4095000 ZnBr 2: 2H20 -5.2100 -5.2005 31.4218 30.6700 NIST2.1.1
4016000 CdBr 2: 4H20 2.4200 2.4250 -30.2503 -30.5001 NIST2.1.1
: 4036000 Hg2Br 2 22.2091 22.2500 -130.7584 -133.0000 NI ST46. 4
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4036100 HgBr 2 25.3730 25.2734  -144.1472 -138.4920 NI ST13.1
4023000 CuBr 8.2100 8. 3000 -54.7267 -54.8600 N ST46. 4
4023101 Cu2( OH) 3Br -7.9085 93.4300 NI ST46. 4
4002000 BROWYRI TE 12.2700  12.3000 -84.3913 -84.5000 NI ST46. 4
4020101 [ Co(NH3) 6] Br 3 -18.3142 21.1899 Bar d85
4020102 [ Co(NH3) 5C1 ] Br 2 -5.0295 6. 4000 Bar d85
4021100 CrBr3 -19.9086 -19.9086 141.3230 141.3230 M. 11
4306000 Asl 3 -4.1550  -4.2307 -7.8450 -3.1500 NIST2.1.1
4374000 Sbhl 3 0.5380 0.5380 -13.5896 -13.5896 PNL89
4360000 Pbl 2 8.0700 8. 1000 -63.4294 -62.0000 NI ST46. 4
4387000 TI | 7.1964 7.2300 -72.3037 -75.0000 NI ST46. 4
4395000 Znl 2 -7.2300 -7.3055 56.2330 58.9200 NIST2.1.1
4316000 Cdl 2 3.6100 3.5389 -17.0707 -13.8200 NIST2.1.1
4336000 Hg2l 2 28.2782  28.3400 0.0000 -163.0000 NI ST46. 4
4336100 COCCI NI TE 34.6599 34.9525 -208.0787 -210.7200 N ST46. 4
4336102 Hgl 2: 2NH3 16.1066  16.2293  -136.5323 -132.1800 NI ST2.1.1
4336103 Hgl 2: 6NH3 -33.8566 -33.7335 86.0565 90.3599 NIST2.1.1
4323000 Cul 11.8900  12. 0000 -84.2658 -82.6900 NI ST46. 4
h 4302000 | ODYRI TE 16.0700 16.0800 -112.2149 -110.0000 NI ST46. 4
4320101 [ Co(NH3) 6] 13 -16.5831 9. 6999 Bar d85
z 4320102 [Co(NH3)5C 112 -5.5981 -0. 6600 Bar d85
4321100 Crl3 -20.4767 -20.4767 134.4194 134.4194 MIQB. 11
m 5060000 CERRUSI TE 13.1300  13. 1300 -20.3342 -24.7900 NI ST46. 4
5060001 Pb20CC3 0. 5000 0.5578 47.9486  40.8199 NIST2.1.1
5060002 Ph30RCCB -11.0200 -11.0200 110.5831 110.5831 M. 11
E 5060003 HYDROCERRUSI TE 17. 4600  18.7705 0. 0000 0.0000 NI ST46. 4
5060004 Pb10( OH) 60( COB) 6 8. 7600 0.0000 NI ST46. 4
: 5087000 Tl 2C08 3.8482 3.8367 -33.5557 -35.4900 NIST2.1.1
5095000 SM THSONI TE 10. 0000  10. 0000 18.2422  15.8400 NI ST46. 4
U 5095001 ZnCOB: 1H20 10. 2600  10. 2600 0. 0000 0.0000 M. 11
5016000 OTAVI TE 13.7400  12. 0000 2.4267 0.5500 NI ST46. 4
o 5036000 Hg2COB 13.9586  16. 0500 0.0000 -45.1400 NI ST46. 4
5036101 Hg30RCCB 29. 6820 0.0000 NI ST46. 4
5023100 CuCO8 9.6300 11.5000 0. 0000 0.0000 NI ST46. 4
a 5023101 MALACH TE 5. 1800 5. 3060 65.3122 -76.3800 NI ST46.4
5023102 AZURI TE 16.9200  16. 9060 99.4537  95.2200 NI ST46. 4
u‘ 5002000 Ag2COB 11.0700  11.0900 -39.8735 -42.1500 NI ST46. 4
5054000 Ni CO8 6. 8400 6. 8700 41.5890  41.5890 NI ST46. 4
5020000 CoCOB 9. 9800 9. 9800 12.7612  12.7612 NI ST46.4
> 5028000 SI DERI TE 10. 5500  10. 2400 22.2924  16.0000 NI ST46.4
i 5047000 RHODOCHROSI TE 10. 4100  10. 5800 8. 6985 1.8800 NI ST46. 4
5089300 RUTHERFORDI NE 14.4390  14.5000 6. 0250 3.0300 NI ST46. 4
: 5046000 ARTI NI TE -9.6000 -9.6000 120. 2565 120.2565 MI3. 11
5046001 HYDROMAGNESI TE 8. 7660 8. 7660 218.4466 218.4466 M. 11
‘ } 5046002 MAGNESI TE 8.0290 7.4600 25.8111 -20.0000 NI ST46.4
5046003 NESQUEHONI TE 5.6210 4.6700 24.2212  24.2212 NI ST46.4
m 5015000 ARAGONI TE 8. 3600 8. 3000 10.9412  12.0000 NI ST46. 4
5015001 CALCI TE 8. 4750 8. 4800 10. 8156 8.0000 NI ST46. 4
5015002 DOLOM TE (or der ed) 17.0000  17. 0900 34.6854  39.5000 Nord90
5015004 DOLOM TE (di sordered 16. 5400 46. 4000 Nor d90
5015003 HUNTI TE 29.9680  29.9680 107.7798 107.7798 M. 11
5080000 STRONTI ANI TE 9. 2500 9. 2700 2.8870 0.0000 NI ST46. 4
ﬂ 5010000 W THERI TE 8. 5850 8.5700 -1.5062  -4.0000 NI ST46. 4
5050001 THERVONATRI TE -0.1250 -0.6370 11.7236  10.4799 NI ST2.1.1
n. 5187000 TI NOB 1. 5319 1.6127 -41.9237 -42.4400 NIST2.1.1
m 5195000 Zn( NOB) 2: 6H20 -3.4400 -3.3153 -23.0538 -24.5698 NIST2.1.1
5123100 Cu2( OH) 3NO3 -9.2400 -9.2510 72.5924  72.5924 NI ST46.4
5120101 [ Co( NH3) 6] ( NOB) 3 -17.9343 -1.5900 Bard85
m 5120102 [ Co( NH3) 50 ] ( NOB) 2 -6.2887 -6.4199 Bard85
5189300 UO2( NCB) 2 -12.3690 -12.1476 84.2658 83.3999 NIST2.1.1
: 5189301 UO2( NCB) 2: 2H20 -4.8510 -4.8510 25.3550 25.3550 MIQ3. 11
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5189302
5189303
5260000
5295000
5216000
5220001
6079001
6079101
6060000
6060001
6060002
6060003
6060004
6003000
6003001
6087000
6095000
6095001
6095002
6095003
6095004
6095005
6095006
6016000
6016001
6016002
6016003
6016004
6016005
6036000
6036100
6023000
6023100
6023101
6023102
6023103
6023104
6023105
6002000
6054000
6054001
6054002
6020000
6020002
6028000
6028100
6028101
6050000
6041002
6047000
6047100
6090200
6046000
6015000
6015001
6080000
6010000
6050001
6050002
6041000
6041001

NAME

U2 ( NOB) 2: 3H20
U2( NOB) 2: 6H20
Pb(B2) 2
Zn(BR) 2
Ccd(BCR) 2
Co(BCR) 2
SnsSo4
Sn(SM™) 2
LARNAKI TE
Pb32SO4
Pb4BSO4
ANGLESI TE
Pb4( OH) 6SO4
Al OHSO4

Al 4(OH) 1084
Tl 2S04
Zn2( OH) 254
Zn4( OH) 654
Zn3Q( S™) 2
ZI NCCsI TE
ZnSM4: 1H20
Bl ANCHI TE
GOSLARI TE
Cd3( OH) 4504
Cd30H2( SO4) 2
Cd4( OH) 654
Cdsoa
Cds™4: 1H20
CdSM4: 2. 67H20
Hg2SO4
HgSO4
Cu2s4
ANTLERI TE
BROCHANTI TE
LANG TE
CuCCusS4
Cusa
CHALCANTHI TE
Ag2SO4

Ni 4( OH) 6SO4
RETCERSI TE
MORENCSI TE
CoS4
CoSM4: 6H20
MELANTERI TE
Fe2(sS™) 3

H JARCSI TE
Na- JARCSI TE
K- JARCSI TE
MSO4
M2(SO4) 3
VOosO4
EPSOM TE
ANHYDRI TE
GYPSUM
CELESTI TE
BARI TE

M RABI LI TE
THENARDI TE
K- ALUM
ALUNI TE

RPOoPROORRNWO

ad
Log K

. 6420
. 3000
. 6100
. 2900
. 8400

RPOOoPROORRNWOT
o
R
o
IS

10

ad
del H

. 0625
. 9577
. 2672
. 0000
. 0000

New
del H

. 1599
. 8201
. 6119

Sour ce

NI ST2.1.1
NI ST2.1.1
NI ST13.1
MIQ3. 11
MIQ3. 11
NI ST2.1.1
Bar d85
Bar d85

NI ST2.1.1
NI ST2.1.1
NI ST2.1.1
NI ST46. 4
MIQB. 11
MIQ3. 11
MIQ3. 11
NI ST2.1.1
MIQ3. 11
MIQ3. 11
NI ST2.1.1
NI ST13.1
NI ST2.1.1
MIQ3. 11
NI ST2.1.1
MIQ3. 11
MIQ3. 11
MIQ3. 11
NI ST2.1.1
NI ST2.1.1
MIQ3. 11
NI ST46. 4

NI ST2.1.1
NI ST13.1
CCODATA89
MIQB. 11
NI ST46. 4
MIQ3. 11
MIQ3. 11
NI ST2.1.1
NI ST13.1
NI ST2.1.1
Nor d90

NI ST13.1
MIQB. 11
MIQ3. 11
MIQ3. 11
NI ST2.1.1
MIQB. 11
NI ST2.1.1
NI ST2.1.1
Nor d90

NI ST46. 4
NI ST46. 4
NI ST46. 4
MIQB. 11
NI ST13.1
MIQB. 11
Nor d90



ad New ad New

I D No NAVE Log K Log K del H del H Source
3021209 (NH4) 2Cr o4 -0.4046  -0.4046 -9.1630 -9.1630 MrQa. 11
3021212 PbCr O4 13. 6848  12. 6000 -42.8023 -44.1800 NI ST46. 4
3087000 Tl 2Cr O4 12.0136 12.0100 -105.8970 -74.2700 NI ST46. 4
3036000 Hg2Cr O4 8. 7031 8. 7000 0. 0000 0.0000 NI ST46. 4
3021204 CuCr O4 5. 4754 5. 4400 0. 0000 0.0000 NI ST46. 4
3021200 Ag2Cr O4 11.5548  11.5900 -58. 7434 -62.0000 NI ST46. 4
3021208 MyCr O4 -5.3801 -5.3801 88.9518  88.9518 MI@. 11
3015000 CaCr O4 2.2657 2.2657 26.9450  26.9450 MIQ. 11
3021214 SrCor o4 4.8443 4. 6500 10. 1253  10. 1253 SCD3. 02
3021201 BaCr O4 9. 6681 9. 6700 -26.7358 -33.0000 NI ST46. 4
3021207 Li2Cr o4 -4.8568 -4.8568 45.2792  45.2792 MIQ8. 11
3021210 Na2Cr O4 -3.2618 -2.9302 19.2882 19.6301 NI ST2.1.1
3021211 Na2Cr 207 9. 8953 9. 8953 -22.1961 -22.1961 M. 11
3021205 K2Cr O4 -0.0073 0.5134 -17.7820 -18.2699 NIST2.1.1
3021206 K2Cr 207 15. 6712  17.2424 -75.8350 -80.7499 NIST2.1.1
6136000 Hg2SeO3 4.6570 4.6570 0. 0000 0.0000 MrQs. 11
6136100 HgSeO3 12.6953  12. 4300 0. 0000 0.0000 NI ST46. 4
6102000 Ag2SeO3 7.0700 7.1500 -39. 6225 -39.6800 NI ST46. 4
h 6123100 CuSeC8: 2H20 -0.4838 -0.5116 36.8610 36.8610 NI ST46. 4
6154000 Ni SeC8: 2H20 -2.8147 -2.8147 31.0034 31.0034 MrQs. 11
z 6120000 CoSeC8 -0.1906 -1.3200 0. 0000 0.0000 NI ST46. 4
6128100 Fe2( Se08) 3: 2H20 20.6262  20.6262 0. 0000 0.0000 MrQs. 11
m 6128101 Fe2( OH) 4SeC3 -1.5539 -1.5539 0. 0000 0.0000 MrQs. 11
6147000 MhSeC8 -1.2100 -1.1300 0. 0000 0.0000 NI ST46. 4
6147001 MhSeC8: 2H20 -0.9822 -0.9822 -8.4935 -8.4935 MIQ8. 11
E 6146000 MySeOB: 6H20 -4.0314 -3.0554 -5.2300 -5.2300 NI ST46. 4
6115000 CaSeC8: 2H20 -2.8139 -2.8139 19. 4556  19. 4556 MIGs. 11
: 6180000 Sr SeC8 -0.1034 -2.3000 0. 0000 0.0000 NI ST46. 4
6110000 BaSeC8 -4.1634 -1.8300 26.2755 -11.9800 NI ST46. 4
U 6150001 Na2SeCB: 5H20 -10. 3000 0. 0000 NI ST46. 4
6160000 PbSeO4 6. 8387 6. 8400 -15.8992 -15.0000 NI ST46. 4
O 6187000 Tl 2SeO4 4.0168 4.1000 -40.8358 -43.0000 NI ST46. 4
6195001 ZnSeO4: 6H20 1. 5200 0.0000 NI ST46. 4
6116001 CdSeO4: 2H20 1. 8500 0.0000 NI ST46. 4
a 6102001 Ag2SeO4 8.9014 8.9100 -43.7228  43.5000 NI ST46. 4
6123101 CuSeO4: 5H20 2.4400 0.0000 NI ST46. 4
u‘ 6154001 Ni SeO4: 6H20 1. 5200 0.0000 NI ST46. 4
6120001 CoSeO4: 6H20 1. 5300 0.0000 NI ST46. 4
6147002 MhSeO4: 5H20 2.0500 0.0000 NI ST46. 4
> 6189301 UMRSeO4: 4H20 2. 2500 0.0000 NI ST46. 4
= 6146001 MySeO4: 6H20 1. 2000 0.0000 NI ST46. 4
6115001 CaSeO4: 2H20 2.9473 3. 0200 -3.6819 8.3000 NI ST46. 4
: 6180001 SrSeO4 6. 8747 4. 4000 -11.2550 -0.4000 NI ST46. 4
6110001 BaSeO4 5.1895 7.4600 -8.3680 -22.0000 NI ST46. 4
‘ } 6111001 BeSeO4: 4H20 2.9400 0.0000 NI ST46. 4
6150002 Na2SeO4 -1.2800 0.0000 NI ST46. 4
u 6141001 K2SeO4 0. 7300 0.0000 NI ST46. 4
6149001 (NH4) 2SeO4 -0. 4500 0.0000 NI ST46. 4
6233001 H2MbO4 12. 8765 -49. 0000 Bar d85
6260001 PbMbO4 15. 6200 -53. 9300 NI ST46. 4
6203001 Al 2( MoO4) 3 -2.3675 260. 8000 Bar d85
6287001 Tl 2MbO4 7.9887 0. 0000 Bar d85
¢ 6295001 ZnMbO4 10. 1254 10. 6901 Bar d85
n. 6216001 CdMbO4 14. 1497 -19. 4800 Bar d85
6223101 CuMbO4 13. 0762 -12.2000 Bard85
m 6202001 Ag2MbO4 11. 5500 -52.7000 NI ST46. 4
6254001 Ni MbO4 11. 1421 -1.3000 Bard85
6220001 CoMbO4 7.7609 23.3999 Bar d85
m 6228001 FeMbO4 10. 0910 11. 1000 Bar d85
6211001 BeMbO4 1.7817 56. 4000 Bar d85
: 6246001 MyMbO4 1. 8500 0.0000 NI ST46. 4
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I D No

6215001
6210001
6244001
6250001
6250002
6250003
6241001
7060006
7060007
7060001
7060002
7060003
7060004
7060005
7095000
7016000
7036000
7023100
7023101
7002000
7054000
7020000
7020001
7028001
7028100
7047000
7047001
7090200
7046002
7046001
7015002
7015003
7015004
7015005
7015006
7015007
7080001
7010001
7089100
7089300
7089302
7049000
7060000
7023102
7028000
7046000
7015000
7089301
7015001
7080000
7050000
7041000
7010000
7260000
7203000
7295000
7223100
7202001
7202002
7254000
7220001

ad

NAME Log K
CaMoO4

BaMoO4

Li 2MoO4

Na2MoO4

Na2MoO4: 2H20

Na2Mb207

K2MoO4

PbHPO4 23. 9000
Pb3(PO4) 2 44. 5000
PYROVORPHI TE 84. 4300
HYDROXYLPYROMORPHI TE ~ 62. 7900
PLUVBGUW TE 32. 7900
HI NSDALI TE 2.5000
TSUVEBI TE 9. 7900
Zn3(PX) 2: 4H20 32. 0400
Cd3(POX4) 2 32. 6000
Hg2HPO4 25. 9795
Cu3(PX) 2 36. 8500
Cu3(POX) 2: 3H20 35. 1200
Ag3PO4 17. 5500
Ni 3(PO4) 2 31. 3000
CoHPO4 19. 0600
Co3(POX4) 2 34. 6700
VI VI ANl TE 36. 0000
STRENG TE 26. 4000
Mh3(PO4) 2 23. 8270
MhHPO4 25. 4000
(VO 3(P™4) 2 8. 3700
My3(PO4) 2

MyHPO4: 3H20

FCOBAPATI TE 114. 4000
HYDROXYLAPATI TE 44. 1990
CaHPO4: 2H20

CaHPO4

Ca3(PO4) 2 (beta)

CadH(PO4) 3: 3H20

Sr HPOX4

BaHPO4

U(HPOK) 2: 4H20 51. 5840
(uoR) 3(PX) 2 49. 0370
UO2HPO4

URAMPHI TE 51. 7490
PRZHEVALSKI TE 44. 3650
TORBERNI TE 45. 2790
BASSETI TE 44. 4850
SALEEI TE 43. 6460
NI NGYO TE 53. 9060
H AUTUNI TE 47. 9310
AUTUNI TE 43. 9270
Sr- AUTUNI TE 44. 4570
Na- AUTUNI TE 47. 4090
K- AUTUNI TE 48. 2440
URANCCI RCI TE 44. 6310
Pb3(AsO4) 2 -5. 8000
Al AsO4: 2H20 -4. 8000
Zn3As42: 2. 5H20 -13. 6500
Cu3(As™) 2: 2H20 - 6. 1000
Ag3AsC3

Ag3AsO4

Ni 3( AsO4) 2: 8H20 -15. 7000
Co3(As™4) 2

COPXPOOOOOO0OOO0O00O00000

-164.

ad

del H

D e
N o
wo s

CO0O0®XOO0000000000000000WHO®

New

del H

Sour ce

NI ST46. 4
Bar d85
Bar d85
Bar d85
Bar d85
Bar d85
Bar d85
NI ST46. 4
NI ST46. 4
MIQ3. 11
MIQ3. 11
MIQ3. 11
MIQ3. 11
MIQ3. 11
NI ST46. 4
MIQ3. 11
NI ST46. 4
MIQ3. 11
MIQ3. 11
NI ST46. 4
MIQ3. 11
NI ST2.1.1
NI ST2.1.1
NI ST46. 4
NI ST46. 4
MIQ3. 11
MIQ3. 11
NI ST46. 4
NI ST46. 4
NI ST46. 4
MIQ3. 11
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.
NI ST46.

AR DAD

MIG8. 11
NI ST46. 4
NI ST46. 4
MIG8. 11

NI ST2.1.1



ad New ad New

I D No NAVE Log K Log K del H del H Source
7228100 FeAsO4: 2H20 -0.4000 -0.4000 0. 0000 0.0000 M. 11
7247000 Mh3(AsO4) 2: 8H20 -12.5000 -12.5000 0. 0000 0.0000 M. 11
7215000 Ca3(AsO4) 2: 4H20 -22.3000 -22.3000 0. 0000 0.0000 M. 11
7210000 Ba3(AsO4) 2 8.9100 8.9100 -11.0458 -11.0458 M. 11
7349000 NH4VOB -2.6900 -3.8000 15. 7737 -30.0000 NI ST46. 4
7360000 Pbh3(VO4) 2 -6.1400 -6.1400 72.6342  72.6342 MIB. 11
7360001 Pb2V207 1. 9000 1. 9000 26.9450  26.9450 M. 11
7302000 AgVOB -0.7700 -0.7700 0. 0000 0.0000 M. 11
7302001 Ag2HVO4 -1.4800 -1.4800 0. 0000 0.0000 M. 11
7302002 Ag3H2VCH -5.1800 -5.1800 0. 0000 0.0000 M. 11
7328000 Fe(VOB) 2 3.7200 3.7200 61.6722 61.6722 MIQB. 11
7347000 Mh(VCB) 2 -4.9000 -4.9000 92.4664  92.4664 MIB. 11
7346000 My(VCB) 2 -11.2800 -11.2800 136. 6494 136.6494 M. 11
7346001 My2V207 -26.3600 -26.3600 255.2240 255.2240 MIQB. 11
7346002 CARNOTI TE -0.2300 -0.2300 36.4008  36.4008 MI. 11
7315000 TYUYAMUNI TE -4.0800 -4.0800 153. 1344 153. 1344 MIB. 11
7315001 Ca(VCB) 2 -5.6600 -5.6600 84.7678 84.7678 MIB. 11
7315002 Ca3(VO4) 2 -38.9600 -38.9600 293.4658 293.4658 M. 11
h 7315003 Ca2V207 -17.5000 -17.5000 159. 4941 159.4941 M. 11
7315004 Ca3(VO4) 2: 4H20 -39. 8600 0.0000 NI ST46. 4
z 7315005 Ca2V207: 2H20 -21.5520 0. 0000 NI ST46. 4
7310001 Ba3(VO4) 2: 4H20 -32.9400 0.0000 NI ST46. 4
m 7310002 Ba2V207: 2H20 -15.8720 0.0000 NI ST46. 4
7350000 NaVOB -3.7100 -3.8582 29.3298 30.1799 NIST2.1.1
7350001 Na3vosd -36.9400 -36.6812 185. 8533 184.6100 NI ST2.1.1
E 7350002 Na4V207 -37.4000 -37.4000 201.0830 201.0830 M. 11
8603000 HALLOYSI TE -8.9940 -9.5749 166. 2303 181.4297 NIST2.1.1
: 8603001 KAOLI NI TE -5.7260 -7.4350 147.6115 148.0000 Nor d90
8628000 GREENALI TE -20.8100 -20.8100 0. 0000 0.0000 M. 11
u 8646000 CHRYSOTI LE -32.1880 -32.2000 219.5972 196.0000 Nor d90
8646003 SEPI OLI TE -15.9130 -15.7600 114.0893 114.0893 Nor d90
o 8646004 SEPI OLI TE (A) -18.7800 -18.7800 0. 0000 0.0000 M. 11
3300021 @2 (g) -83.1200 -83.0894 559. 9447 571.6600 CODATA89
3301404 CH4 (g) 40.1000 41.0452  -255.2240 -257.1330 NI ST13.1
a 3301403 C®2 (g) 18.1600  18. 1470 -2.2175 -4.0600 N ST46. 4
3307302 H2S (g) 8.0100 0.0000 NI ST46. 4
u‘ 3307602 H2Se (g) 4. 9600 15. 3000 NI ST46. 4
3600001 Hg (g) 7.8708 7.8733 -22.0288 -22.0550 CODATA89
3600002 Hg2 (g) 14.9630  14.9554 -58.0321 -58.0700 NIST2.1.1
> 3611400 Hg(CH3)2 (g) 73.7240 73.7066  -482.8336 -481.9899 NIST2.1.1
i 3602700 HgF (g) -32.7200 -32.6756 254.8725 254.8440 NI ST13.1
3612700 HgF2 (g) -0.3800 -12.5652 0.0000 165.1860 NI ST13.1
: 3601800 Hgd (g) -20.5000 -19.4966 167.7700 162.0950 NI ST13.1
3601300 HgBr (g) -16. 7900 -16. 7566 142.2727 142.1570 NI ST13.1
‘ } 3611300 HgBr2 (g) 18.4700  18.3881 -60. 0404 -54.4940 NI ST13.1
3603800 Hgl (g) -11.1500 -11.3322 105. 7046 106. 8150 NI ST13.1
u 3613800 Hgl 2 (g) 27.2800 27.2259  -119.7879 -114.4290 NI ST13.1

74




APPENDIX B

FORMAT OF THE THERMODYNAMIC DATABASE V4.0

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

75




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

This listing specifies the format of entries in the ASCIl text file that contains the main
thermodynamic database for MINTEQAZ2 v4.0. The files containing solid phases, redox couples,
and gas species are identical in format to that shown here. Thisinformation is useful for adding new
reactionsto any of these four database files. (The database files are referred to by their default names
in the explanation that follows: THERMO.DBS, TYPE6.DBS, REDOX.DBS, and GASES.DBS,
respectively.) Before attempting to add to or modify these files, note the following:

Make backup copiesfirst

When editing the thermodynamic database, if the species to be added or modified is an
agueous species, the file THERMO.DBS is the only one that must be modified. If the
species is a solid, redox couple, or gas species, the file TYPE6.DBS, REDOX.DBS, or
GASES.DBS, respectively, must be modified in addition to THERMO.DBS.

The main database file, THERMO.DBS, contains several delimiter lines with zeros and
blank entries. These must not be deleted or atered.

After all desired changes are made to THERMO.DBS, new versions of the corresponding
files that are actually used by MINTEQAZ2 and PRODEFA2 must be created using the
UNFRMT.EXE program included on the v4.0 diskettes.

Explanation of Entriesin the Thermodynamic Database Files

Thefirst linein the database is for genera descriptive information (28 characters).

Each species occupies three linesif the number of componentsisfive of fewer; otherwise, four lines.

FIRST line for an species entry:

Columns Meaning

1-7 Species ID number.

8 blank

9-29  Species name.

30-39 Enthapy of reaction (kJ/mol)

40-49 LogK for formation of the product from the components

50-57 Maximum reported log K (not used in calculations; may not be present)
58-65 Minimum reported log K (not used in calculations; may not be present)

76



Columns Meaning

66 - 70 Charge of species reaction product
71-75 "&a' parameter for “WATEQ" Debye-Huckel equations

76-80 "b" parameter for “WATEQ” Debye-Huckel equations

SECOND line for a species entry:

1-5 Carbonate alkalinity factor (Zero for species not containing carbonate)

6 blank
7 Number of components in the formation reaction
8 -10 blank

11-17 Stoichiometry of the first component (Negative products)

18 blank

19-21 Component ID number of the first component

22-?  Additional stoichiometry/component ID # pairs with separating spaces so that the total
number of pairsis equal to the number of components as specified in column 7. All are
entered in the same manner asthefirst pair in columns 8 - 21. Species with more that five

components continue on the next line.

THIRD (or fourth) line for a species entry:

1-9 Species gram formulaweight (zero for redox couple)
10 blank

11-40 Sourceinformation for thelog K value

41-70 Sourceinformation for the enthalpy of reaction

71-80 lonic strength and temperature of the origina (uncorrected) log K value as obtained from
the source.
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