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1 Introduction

SolGasWater was elaborated at the Department of inorganic chemistry at Umea
University (Eriksson 1979). The program was developed in a DOS environment and
enabled computerised calculations of large and complicated chemical equilibrium
systems. The program made it possible to carry out these types of calculations on an
ordinary computer and therefore became an appreciated tool for analyses of equilibrium
systems. During the years a number of modifications of the original code was carried out
aiming for a more powerful and flexible program. Due to the evolution of computer
technology during the last decade and the wish for a user-friendlier interface, adapted to
teaching and non-specialist scientists, an initiative to a new Windows based SolGasWater
(WinSGW) was taken in 1999. This initiative together with the results of continuous tests
with the program by students and scientists at Umea University lead to even further
development of the original SolGasWater code in cooperation with Gunnar Eriksson.
Parallel to this work new models were incorporated to adapt to the present requirements
of the scientific world.



2 Theory

All equilibrium analytical calculations are in principle based on the same fundamental
concepts and formulaes. These concepts form the general computational basis in
WinSGW and are described below.

2.1 The equilibrium reaction

The equilibrium reaction states the type of chemical equilibria that will be used for
describing a given chemical system. It gives the relationship between components A, B,
C, ... and formed complexes A,B,C,...:

pA+gB+rC...2 ABC,... [1]

where p, g, r,... are the stoichiometric coefficients in the reaction. The phase notations in
reaction [1] have been omitted but will be commented on below. Depending on how the
components have been chosen, the pgr-values may attain positive or negative values,
which means that the component in question is consumed or formed. Negative values are
for instance found when component A represents the proton and a deprotonation or
hydrolysis reaction is considered. The components A, B, C in [1] can be denoted (1,0,0),
(0,1,0) and (0,0,1). This formalism has been shown to be a very convenient basis for the
general mathematical-numerical treatment of complicated equilibrium systems. Sillén
and his co-workers (Dyrssen 1961) were the first to use it and numerous examples can,
for instance, be found in publications from the Departments of Inorganic Chemistry at
KTH, Stockholm and at Umea University.

Following a commonly used nomenclature, both components and complexes will be
denoted as species. As a rule, chemically well characterised, preferably mononuclear,
species should be chosen as components. The number of components is defined as the
smallest number of species by which all other species can be expressed; i.e. the
components are the independent variables being used when solving the mass balance

equations. For example when H* is chosen as a component, OH- is considered as a
complex and vice versa. In WinSGW even solid phases, gas molecules, and active sites
on a particle surface will be referred to as species.

In most common cases all species are present in an aqueous phase (aq). However, the
WinSGW program can handle other fluid phases as well as coupled equilibria between
aqueous species, species in a gas phase, solid phases, species at the surfaces of solid
phases (commonly referred to as surface complexes) and species in a Donnan phase. The
program can handle up to 300 species formed from a maximum of 15 components, of
which 5 can be surface components. Within the calculations a maximum of 31 solid
phases are allowed.



2.2 The Law of Mass Action and the Formation Constant

The Law of mass action determines the activity relations between components and
formed complexes. Provided that the activity coefficients are kept constant, the
concentration of each species, x, can then be calculated from:

[x]=B-a’bic" ... (2]

where [x] and a, b, c,... are the equilibrium concentrations of the formed species and
components respectively, and £ is the formation (equilibrium) constant for the species
formed. The formation constant is dependent on temperature (7" ), ionic strength (/ ) and,
in the case of surface complexes, also the charge at the surface ( cf. paragraphs 2.4, 2.5
and 2.6).

2.3 Mass balance equations
The total concentration of each component is given by the mass balance equations:

A=a+2p'/)"a”ch’...:Zp-[x] [3]
B=b+2q~ﬂ~apb"c’...:2q~[x] [4]
C:c-l-Zr-ﬂ-a”ch’...=Zr'[x] [5]

2.4 Temperature dependency of the formation constant

In WinSGW it is possible to perform calculations at other temperatures than the one for
which the formation constants are given by using the van’t Hoff equation. The van’t
Hoffs equation can be derived from basic thermodynamic relationships relating the Gibbs
free energy and the equilibrium constant. The deviation from a given reference
temperature at which the formation constant is given can, accordingly, be calculated:

AH’ 1 1
log 5, =log B3, — Ralo (F - FJ (6]
2 1

Here 7 is the formation constant at temperature 7 (K), R is the molar gas constant and
AH’ (J/mole) is the molar enthalpy for the reaction. Equation [6] can be used provided
that the temperature dependency in AH” can be neglected.



2.5 lonic strength dependency of the formation constant
The activity of a species, X, is defined as:

{x}=[x] £, 7]

where f, is the activity coefficient for species x. This activity coefficient is dependent on
the ionic strength of the solution and, as a consequence, the formation constant is
dependent on the ionic strength as:

10g,3=10g,30 +plogf +qlogf, +rlogf. +..—logf, [8]

In this equation S Y is the formation constant at infinite dilution (ionic strength equal to
zero). To model the ionic strength behaviour of activity coefficients, different
relationships can be used (Stumm, Morgan 1996). In WinSGW the following five
equations are available:

log f =—Az*1 Debye-Hiickel ~ [9]
JI

logf=-A7"| ———~=-b-1 Extended Debye-Hiickel [10

ef (1 +B-aJI Y Hol

log f =-A7’ V1 Giintelberg [11]

1+1

JI
log f=—Az*| ——=—d -1 Davies [12
gf (1+\/7 [12]
JI
lo =—A7| ———— |+e-1 Specific Ion interaction Theor 13
gf (1+B'a'xﬁ p y [13]

The SIT-model is sometimes also referred to as the Brgnsted-Guggenheim-Scatchard
(Bronsted 1922; Guggenheim 1935; Scatchard 1936) model and is the preferred model
within the NEA Thermochemical Data Base (TDB) project, e.g., (Wanner and Forest,
eds. 1992, Olin et al. 2005). In these equations z is the charge of a species and [ is the
molar ionic strength of the solution. b and d are constants supplied by the user as well as
a and e which are species specific constants. A and B are given by the following
equations:

A=1.82-10° -(.s'T)_% [14]
B:50.3-(£T)% [15]
where € is the dielectric constant of the solvent at the absolute temperature 7. In

WinSGW is not equation [15] used in combination with equation [13], instead is the user
asked to give a value for B-a.



The 1onic strength, I (M), is calculated through an iterative process in WinSGW from the
resulting species distribution as:

I=%Z[x]-z2 [16]

where the electric charge balance requirement is fulfilled via the ‘“Background
electrolyte” information supplied. For details, see paragraph 5.4.

In addition to these five relationships between the activity coefficient and the ionic
strength (i.e., eqs. [9] to [13]), it is also possible to use the Pitzer theory (simplified) in
WinSGW. Details and advantages of this method are described in detail by Harvie and
Weare (1980).

2.6 Surface charge dependency of the formation constant
Reactions at the surface/solvent interface will result in charge accumulation at the
surface, and the apparent equilibrium constants for the reactions will not be constant. To
mathematically model this effect, a handful of electrostatic expressions have been
developed according to the theories for electric double layers at such interfaces.

In WinSGW six different electrostatic models can be chosen; the Constant Capacitance
Model (CCM), the Extended Constant Capacitance Model (ECCM), the Diffuse Layer
Model (DLM), the Stern Model (Stern), the Triple Layer Model (TLM) and the Three
Plane Model (TPM). These models describe the relationship between the surface
potential, y, and the density of charge at a particle surface. Depending on the model, the
charge can be distributed over one, two or three planes (cf. Figures 1-6). In addition to
these planes a diffuse layer of electrolyte ions (with surface potential ¥ is present in
the DLM, Stern, TLM and TPM models.

The effect of charge accumulation on the formation constant of an individual species can
be calculated from:

AG,,, =AG, +AQ Fy,+AQ Fy, +AQ,Fy, [17]

where AG,,, and AG;j, are the apparent and intrinsic Gibbs free energies of surface
complex formation, respectively. AQ, and ¥, (mV) are the changes in charges and the
surface potential at the 0-, 1- and 2-planes, respectively (AQ, is often referred to as AZ, in
the literature). To calculate the overall equilibrium constant the coulombic correction
term and the intrinsic equilibrium constant are required. The apparent formation

constants, [, are corrected for coulombic energy to obtain intrinsic constants [
according to:

_ _AQFY,IRT  AQFY,IRT AQ,Fy,/RT
ﬂ(int) - IB(app) e e e [18]

where F' is Faraday’s constant. The molar concentration of charge at surface plane n,
T(cy), (mol'dm'3), can be calculated from:

T(c,)=>0, -[x] [19]

and expressed as density of charge at the surface, o, (C-m™):



__T(o,)F
" SolCon - SpArea

[20]

where SolCon is the concentration of solid (g:dm™) and SpArea is the specific surface
area of the solid (m*-g™).

In the case of the CCM (Schindler, Gamsjiger 1972), y;, ¥ and ¥y are not defined and
Yp 1s given by:

O
¥, :FO [21]

where C is the specific capacitance (C-V™'-m™). By inserting this value into equation [18]
the equilibrium constant can be corrected for electrostatic forces. In Figure 1 the
relationship between the potential and the distance from the surface is illustrated.

Constant Capacitance Model (CCM)
Y A

Fo

»

o, Distance

Figure 1. An illustration of the electrostatic behaviour at the surface/water
interface according to the Constant Capacitance Model

For the ECCM (cf. Figure 2) (Nilsson et al. 1996) in which two planes are present (5
and ¥ not defined) the overall specific capacitance, C, is given by C; (between the 0-
plane and the 1-plane) and C; (between the 1-plane and the bulk solution) according to:

+

11 1
c ¢ c, [22]

The following equations are valid for the relations between the potentials and the charges
at the O-plane and the 1-plane respectively:



o,+0,

v, = —C2 [23]
— O-O

Vo=V = C [24]

1

Using these results in equation [18] makes it possible to determine the apparent
equilibrium constant.

Extended Constant Capacitance Model (ECCM)
YA

1
1
1
'l
Oy o Distance

Figure 2. An illustration of the electrostatic behaviour at the surface/water
interface according to the Extended Constant Capacitance Model

In the electrostatic models including a diffuse layer, the charge, oy, is obtained from the
electro neutrality condition for the particles:

0,+0,+0,+0 0 [25]

diff =

and the potential in the diffuse layer is given by the Gouy-Chapman equation:

Vo :“%Tsinh_l (0,5 /800022, -R-T 1) [26]

In this equation [ is the ionic strength of the solution (c¢f. Eq. [16]) and & is the
permittivity of vacuum.

The DLM (Figure 3) (Stumm ef al. 1970; Huang, Stumm 1973) involves one plane (the
O-plane) and a diffuse layer. The surface charge densities, 6y and Gy, are given by
equations [20] and [25]. The potential gy is calculated using equation [26] and the
potential at the O-, 1- and 2-planes are equal to the potential at the diffuse layer
(W =y =y>=yy). By inserting these values into equation [18] the apparent equilibrium
constant, £3,,,, can be calculated.



Diffuse Layer Model (DLM)
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Figure 3. An illustration of the electrostatic behaviour at the surface/water
interface according to the Diffuse Layer Model

In the Stern model two planes (the O-plane and the 2-plane) (Stern 1924; Westall,
Hohl 1980) and a diffuse layer are used (Figure 4). As in the DLM case the surface
charge densities are given by equations [20] and [25] and the potential in the diffuse layer
is given by equation [26]. The surface potential at the 1- and 2-planes are equal to the
potential at the head end of the diffuse layer and ¥ is obtained from:

o
Vo=V, = FO [27]

By inserting these values into equation [18] the apparent equilibrium constant can be
corrected for the charge dependence.

Basic Stern Model (Stern)

A
>

o o, Distance

Figure 4. An illustration of the electrostatic behaviour at the surface/water
interface according to the Basic Stern Model



The Triple Layer Model (TLM) (Figure 5) (Yates et al. 1974; Davis et al. 1978) involves
two planes (the O-plane and the 1-plane) and a diffuse layer. The surface charge densities
are given in analogy to the previously presented models and surface potentials (¥, ¥,
W) are obtained using equations [23], [24] and [26]. y»is given by:

Vo =Wy (28]

Using these potentials the charge dependence for the equilibrium constant can be
determined.

Triple Layer Model (TLM)

1
1
1
1
o O Distance

Figure 5. An illustration of the electrostatic behaviour at the surface/water
interface according to the Triple Layer Model

Finally, in the TPM (Hiemstra, Van Riemsdijk 1996) three planes of absorbed ions and a
diffuse layer of electrolyte ions are used. The surface charge densities are given by
equations [20] and [25], and from equations [23], [24], [26] and [28] the surface
potentials are obtained (Figure 6). Inserting these potentials into equation [18] makes it
possible to correct the f,,,-constant for the build-up of electrostatic charges at the
surface.

Three Plane Model (TPM)

Oy (o} o, Distance

Figure 6. An illustration of the electrostatic behaviour at the surface/water
interface according to the Three Plane Model



2.7 Unspecific interactions according to Donnan ion exchange
theory

The Donnan equations (Donnan, Harris 1911) used in WinSGW were derived to describe
the distribution of ions between a water volume confined to a wood fibre and a
suspension liquid in a pulp suspension. Therefore it is assumed that at least one
negatively charged surface species (Qp < 0) is present. It is also assumed that this charged
surface species has access to the fibre volume (commonly referred to as the Donnan
volume) and gives rise to a potential, which results in an uneven distribution of ions
between the two sub-volumes. In WinSGW it is also possible to define two charged
surface species giving rise to this potential and to calculate the distribution of ions with
charge from -5 to +7. According to the Donnan theory (Towers, Scallan 1996), the
distribution of an ion x between the Donnan volume (f) and the suspension liquid (s) is
given by:

A= [[xz ) J% [29]

<],

where A is the distribution coefficient and z is the charge (-5 < z < 7). In both of the
aqueous volumes, the requirement of electric neutrality must be met, 1.e. the total positive
charge must equal the total negative charge. This can be expressed as:

§|z|'[xz]s :gz'[x"]s 30]
Slo=s, + 2l b], =3 [x] )

where =x is the Qy charged surface species giving rise to the Donnan potential. By
combining these equations with the mass balance equation an expression that contains the
total concentrations, total aqueous volume, specific Donnan volume, the mass of fibre
and A is obtained. The following equation is an example of this relationship

le+ oT 'VTOT +2.(23 _1) le2+ or ‘VTOT
Vigr +D-m, -(A-1) Vigr +D-m,, (A2 -1)

. Z[x3+ or *Vror _l‘[Ex_]'VTOT
Vigr +D-m, - (4 ~1) D-m,

(#-1)[°] + (2 -1)-

[32]

3-(2-1) =0

Equation [31] is valid in a system where only protons, monovalent anions and mono-, di-
and trivalent cations are present. Furthermore, only one type of site is present on the
fibre. In the equation, [x*"]7or denotes the total concentration of cations with charge z,
Vror is the total volume, myis the mass of fibre used in the experiment and D denotes the
specific Donnan volume per unit weight. The Donnan ion exchange theory applied to

10



pulp systems has been described in detail in the literature, e.g. Lindgren et al. 2001,
Norberg et al. 2001, Norberg et al. 2002.

11



3 Calculations

The calculation in WinSGW follows the equations described above. The calculations are
performed by an updated version of the SOLGASWATER (Eriksson 1979) program in
which the free-energy minimisation method is applied to systems containing fluid
(aqueous), gaseous, solid, surface and Donnan phases.

The requested input to the program is:

a) a coherent description of all the equilibrium reactions that operates in the system and
b) an instruction with regard to the actual chemical conditions under which the system is
to be simulated.

With respect to the first issue, a set of components are chosen (cf. paragraph 2.1) and,
from these, the stoichiometric compositions and equilibrium constants for all appearing
species logically follows. A series of numerical examples illustrating this procedure are
presented in paragraphs 5.1, 5.2, 5.4, 5.5, and 5.6. Also illustrated in paragraphs 5.1 and
5.6 is the fact that this choice can be made in several ways, especially when the system
includes weak acids and/or redox reactions.

With respect to the second issue many options are available to the user, including both
discrete point calculations and serial calculations. The options are designed to allow for
the user to calculate the equilibrium composition when the total or free concentrations of
the components are known, or to calculate the composition necessary to reach a given
point, but they are also designed to make it possible to simulate titration curves, Z-curves,
logarithmic diagrams, distribution diagrams, predominance area diagrams (so-called
“Pourbaix diagrams” when describing redox systems), and so on. Many of these latter
options are exemplified in paragraph 5.

When numerically defining the total concentration corresponding to a certain discrete
point an intellectual challenge is sometimes met since, depending on the choice of
components, the total concentration of H* (and €’) can attain a negative value. This
follows mathematically from the fact that OH’, and species which are more deprotonated
than the chosen weak acid(s) component(s), are assigned negative proton stoichiometric
coefficients in the chemical matrix. (With respect to the electron content, this same holds
for redox species which are more oxidized than the component chosen.)

A numerical example illustrating the situation is presented in the latter part of paragraph
5.1. The interconnection between the component choice and the numerical value of the
total proton (electron) concentration, and the independence of the equilibrium
composition, is of utmost importance to realize.

Also vitally important to keep in mind when dealing with redox systems, is that {e’}
denotes a formal activity and not a chemical concentration. Therefore, this component
should always be assigned “Not Use” in the input matrix, cf. paragraph 5.4. By this, the
program correctly calculates the activity but puts the chemical concentration to zero.

12



3.1 Options for simulation

The list presented below shows the available choices open to the user. For each
component in the system, one of the options is chosen on the “Variation for Each
Component” tab. Depending on the choices made, different information is requested on
the “Input data: Each component” tab and, if surfaces are being included, the “Input data:
Surfaces” tab.

Tec: Total Concentration for the actual component
a: Activity for the free amount of the actual component

Option I: Tc varies_irregularly between each point

Option 2: Tc is constant

Option 3: Tc varies with constant steps

Option 4: Tc varies through varied volume-additions

Option 5: Tc varies through constant volume-additions

Option 6: log Te varies with constant steps

Option 7: log Te is dependent variable in predominance diagram
Option 8: log a varies_irregularly

Option 9: log a is constant

Option 10:  log a varies with constant steps

Option 11:  log a is dependent variable in predominance diagram

For surface components the following options are available

Option 20:  Conc. of solid phase is constant

Option 21: Conc. of solid phase varies with constant steps

Option 22: Conc. of solid phase varies through titration with constant
volume-additions

Option 23:  Conc. of solid phase varies irregularly

13



3.2 Results

The calculations result in a matrix of data containing all necessary information about the
equilibrium composition of the actual system. This information includes total
concentrations of all components, concentrations of all species and corresponding
activities. The matrix also includes the volume added, the total volume and the amounts
of solids formed etc.

This data is used within WinSGW to calculate all optional quantities in the “Display
Calculation Results” window.

The different options are:

Concentration of the selected species or component in

M .
[x] (mM) Conc milli molar units (10°mol-dm).

Logarithm of the selected species or component

1 M
og ([xI'M) concentration in molar units (mol-dm"3 ).
The negative logarithm of the selected species or
- log ([x]/M) component concentration in molar units (mol-dm™). Use

this option to display pH.

Activity of the selected species or component.

{a} Activity (cf. paragraph 2.5.)

log {a} Logarithm of the activity.

Total concentration of selected component in the system

Tc (mM) Total conc.
¢ (mM) Total con (10°'mol-dm™).

Logarithm of the absolute total concentration Tc. Total

log (ITcl/M) concentration in molar units (mol-dm’3).

Total concentration of selected component in the fluid
Tf (mM) Total Conc. In (aqueous) phase (excluding solid phases) in milli molar

Fluid units (10'3 -mol-dm'3).
Logarithm of the absolute total concentration Tf
log (ITfl/M) (mol-dm™).
Total concentration of selected component in fluid
Ts (mM) Total Conc. in (aqueous) phase (excluding solid and surface phases) in
Solution milli molar units (10~ mol-dm™).
The distribution of a component between the species.
Solid phases are not included.
Fi (aq) Fi (aq) = n-[x] / Tk

where n is the stoichiometric coefficient (cf. paragraph
2.1) for the component in species X, i.e. Fi (aq) is
corrected for polynuclearity (n > 1).

14



Fi (5)

The distribution of a component between the species.
Solid phases included

Fx (s) =n-[x]/ T..

where n is the stoichiometric coefficient (cf. paragraph
2.1) for the component in species X, i.e. Fi (s)is
corrected for polynuclearity (n > 1).

The average number of component A bound to another
component (B). E.g.: Number of protons (component A)
bound to component B is calculated as

 ap i lon

B 70T

n-bar

The average number of one component, regarded as a
ligand, bound to unit amount of another component,
regarded as the central atom. E.g.: Number of component
B bound to component C is calculated as

__XalaBC,.
CTOT

Vt (cm’)

Added volume in a simulated titration (Cms).

Vtot / Donnan volume (cms)

: 3 :
Total volume in cm” if “None” is chosen. The Donnan
volume is obtained if the Donnan active surface
component is chosen.

Dominating species

The species with the highest concentration containing the
chosen component. N.B. this function is not corrected for
polynuclearity (n > 1), cf. calculation of Fi (aq).

Conc. Surface Phase
(g/dm’)

The solid phase concentration of the chosen surface
component (cf. Eq [20]).

Surface Pot. (mV)

The surface potential () for the chosen surface
component at the specified plane or diffuse layer

(Eq [18]).

Surf. Cha. (mol/dm?)

The surface charge, T(c,), for the chosen surface
component at the specified plane (Eq [19]).

Ionic strength (mM)

The ionic strength of the solution Eq [16].

The apparent log 3 value [8] for the chosen species or, if

log B / lambda no species is chosen, the Donnan distribution coefficient
A, equation [29].
Empty Clears the chosen column.

15




3.3 Diagrams

The results shown in the “Display Calculation Results” window (described above), and
chosen by the user, can be plotted in a diagram. For the construction of diagrams of
various types, such as distribution diagrams, pH diagrams, solubility diagrams, n-bar
diagrams, titration curves and so forth, the proper dependent (y-axis) and independent
variables (x-axis) are combined. The user makes these choices on the “Define Columns to
Plot” window. It is furthermore possible to enter a restriction for the plotting (low limit
value), i.e. a curve is not plotted if its highest y-value is below the limit value.

3.3.1 Predominance area diagrams

In addition to the user defined diagrams it is possible to make predominance area
diagrams where the species of the highest concentration are shown. The input for this
type of diagram is made before the calculation at the right on the “Variation for each
component” tab in the “Input for Solgaswater Calculation” window. There it is possible
to chose for which component the diagram should be constructed, if solids should be
included, and if polynuclearity (formula units) should be considered (cf. paragraph 5.4).

16
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5 Examples*

The majority of the equilibrium constants employed have been collected from Stumm, W.
and Morgan, J. J., Aquatic Cemistry, 3" ed.. “pH” is regularly used to denote —log[H"].

5.1 Create a distribution diagram for the (H*-H;PO,) system

Task: Plot a diagram showing the distribution of phosphate species as a function of pH at
a total phosphoric acid concentration of 10 mM.

1. The following four equilibrium reactions describe a dilute phosphoric acid system.

log B*

H,O0 & H' + OH -14.00

H;PO, & H,POs + HY | -2.15

1
2
3 | H,PO, & HPO,~ +H* | -7-20
4 | HPO.S 2 PO +HT | -1235

*Equilibrium constants valid at infinite dilution and at 25°C.

2. Define chemical components that can describe all species present (H, OH", H;POy,
H,PO4, HPO,* and PO,”). Components: a) H" and H;PO,; b) H and PO,

3. Write a chemical matrix using the components and the equilibrium reactions.

a) logB | H" | HsPO4 | Equilibria Nos.
HY 0 1 |0

H;PO, | 0 0 |1

OH 21400 -1 |0 1

H,PO, | -2.15 1|1 2

HPO4* | -9.35 2 |1 2+3

PO, [-2170 [-3 |1 2+3+4

b) logp |H" |PO,” | Equilibria Nos.
HY 0 1 |0

PO,> 0 0 |1

OH 21400 | -1 |0 1

HPO,” | 1235 [ 1 | 1 -4

H,PO, | 1955 [ 2 | 1 -4-3

HsPO, | 2170 | 3 | 1 -4-3-2

*Due to a continous development of the program, the screen captures in this section will not always be identical to
those appearing in the latest version of the WinSGW software.
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4. Start WinSGW and choose “New Chemical Matrix” from the “File” menu. Since
WinSGW has three components as default value, remove one by clicking on a “C” in the
“C*” column.

Input for Solgaswater Calculation I ] 5 |

Chemical Matrix I Va’?g;'; é;';‘fm T \npg:jiztjn;:ch I Input data: Surfaces II Gl Mlefn:ap,elll);r;r;v:n L
Data File: par Mali [ =
Species ‘ log B (B | | Phase ‘ Usage H

1 0 C Soluble Use
B 0 ¢ Sobble | Use
B 0 % Sobble | Use
4 Soble | Use
5| Sobble | Use
75 Soluble Use
|7 Sobble | Use
78 Soluble Use
B Soble | Use
10 Sobble | Use
T Soluble Use
12 Solble | Uss
E Soluble Use LI

'C = Companents
I~ Use lonic Stength Calculations
™! Use Donnan Models for Surface Complexation
I~ Calculate st a Different Tempersture (25 C s defaul)
gt | I Use Temperature Dependent Canstants

5. Enter the matrix. Blanks in the matrix will be interpreted as zeros by the program. By
clicking the right mouse button in the brownish line number column it is possible to
insert, clear and/or delete rows in the matrix.

=% Input for Solgaswater Calculation, ] Input for Solgaswater Calculation
Chomca o | Vol | eidateh | | Chomca o | Vol | eidateh | |
Data File: Exempell ‘b Malrh | ~ Data File: Example1b ‘b Malrh | ~
Species [ togB [or| He[Hop| Phase | Usage Species [ togB [or| HeJPos| Phase | Usage
T n 0 c| 1 0| s | s 1 He 0oc| 1 0] sawe | e

2|Hapos 0oc|o 1] soue | s 2Pz 0oc|o 1] soue | s
BEIE 14 A 0| Sobe | Use BEIE 14 A 0| Sobe | Use
4 |Hepos 218 A 1| Soube | Use a|rPosz 123 11| Sobble | s
“5|nPos2 L 2 1| Sobe | Use 5| n2pos- 1258 2 1| Sobble | Use
e E 2 1| Soube | Use N n7 3 1| Sobble | Use
| Soble | Use | Soble | Use
s Soble | Use s Soble | Use
Kl Soble | Use Kl Soble | Use
) Soble | Use ) Soble | Use
| Soble | Use | Soble | Use
iz Soble | Use iz Soble | Use
3] Sobe | Use o 3] Sobe | Use o
— T = Components — T = Components

™ Use lonic Stiength Caloulations ™ Use lonic Stiength Caloulations

r r

I™ Calculate at 2 Diferent Temperature (25 C is defaul] I™ Calculate at 2 Diferent Temperature (25 C is defaul]

ot = ot =
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6. Move to next tab “Variation for each component”. At this tab we choose which kind of
calculation we aim at. There is a description of the possible choices in the yellow text
box. For this example we would like to vary pH in constant steps (Component 1 HY,
option 10) and to keep the total phosphoric acid concentration constant (Component 2
H;POy, option 2).

2. Input for Solgaswater Calculation B [ |

Chemical Mati WYariation for Each Input data: Each ool S lonic Media, Donnan and|
SR Component comporent SRE et Tsmperature

Chase Alernative for Each Campanent:

[~ Predaminance diagram

Component 1 H+ o
5 Fi t: |Mo diagram ¥
’71(‘ LW e deEe e 7 I8 e Ty e '_D"W""W'I':”' ‘
). solids of componen|
Component 2 HIP04 I il ol solids
(H‘zr-‘ e e G e e e e e e -

™ Comect far formula units

Plotwith — X-ads  Y-axis

negative e i
sign an: Ll Has

The different options above, corresponds to the following E
parametexs for the componentis

Tc: Total Concentration for the actual component

a: Awctivity for the free amount of the actual component

Gption I+ To vatiss imsmilarly hetween sach point
Owfion 2: Te is constant

Gption 3 Te vasies with constant steps

Cption & To vatiss through varied vohime additions

(wfion 50 Te vaties through constant vohume-additions

Cofion 5:  log Te vaties with constant stens LI

7. Move to next tab “Input data: Each component”. Enter Start value “log {a}”, Step
length “Step” for the first component (H"), total concentration of phosphoric acid “Tc”
and the number of points. The program will calculate the log {a} value in the last
calculated point. In this position, it is advisable to save and/or print the matrix and the
input on the File menu.

8 Input for Salgaswater Calculation’ M=l =¥ Input for Solgaswater Calculation [S[E)

Wariation for Each Input data: Each [ Media, D d| . Wariation for Each Input data: Each
oo | Vo e | oot Each o gt St | Born Doraliors | VoHEnaEh | ol dete Each | |
H+ H3P04 H+ PO4 3
Te [l 0 Te (mf 0
Tog ITcl | TogTel |
log ta} 0 log 4} 0
Tc By m To By (m
Step| -1 Step| 0.1
Final value| 14 Final value| 14
23 B T 7]
Iregular
lrregulsr wariation
waiation
8 8
LS ] v
10] v < >
Iritial wolirne: ml Valume Iritial wolrne: ml Valume
vaiies vaiies
Step i ineqular Step i inegular
No. of groups in No. of groups in
e et | Fiedominance diagram Ha. of poirts [~ 141] Fiedominance diagram
Calculate Calculate

8. Start the calculation by pressing the “Calculate” button or use the Calculate menu.
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9. Viewing the result.

Choose H" in the Component/Species box and then “-log {[x]/M}” to view pH in column
1. Move to the next column. To display the distribution of H;PO, choose a “phosphorus
containing species” in the Component/Species box, “Fi (aq)” and H3PO, in the box next
to “Fi (aq)”. Repeat these steps for the remaining phosphate species.

Display Calculation Results

Define Calumn Cantents n Hesulls
Column 1 |_Cobmn2 | Colunn3 | Colmnd | Cobmnb | Colmn& | Colmn?
Colurmn No: Component/Species: | Spmc/Comp | e | Asroa Tm | omame || mE | T |
5 = [Foss | Content|_-log (M) |7 (o0) (HP04 |7 (aa) (H3P04] 7 (a) (HGPO  (ac) (HGPO4:
0.000 0,393 0,007 0000 0,000
£ ] {mM) Cane 2| o100 0.391 0009 0000 0.000
® B 3| o200 0,989 oot 0000 0.000
4] 0300 0.98 0014 0.000 0.000
& 2] 5| 0400 0.983 0017 0.000 0.000
€ {a} [M) Activity 6] 0500 0.978 0.022 0.000 0.000
€ log {a} ({alM) 7| 0600 0573 0027 0000 0.000
= 8| o700 0.986 0034 0000 0.000
3| o600 0,357 0043 0000 0.000
o 0] 0800 0.947 0.053 0.000 0.000
' 1] 1.000 0.934 0.066 0.000 0.000
~ 2| 1100 0918 0,082 0.000 0.000
- 3] 1200 0,833 0101 0000 0.000
14| 1300 0876 0124 0000 0.000
& Filag) /€ 15| 1400 0843 0151 0.000 0.000
5 6| 1.500 087 0183 0.000 0.000
= 7] 1.600 0.780 0.220 0.000 0.000
8] 1700 073 0.262 0.000 0.000
c 3] 1600 0691 0309 0,000 0.000
e 20| 1.900 0840 0360 0000 0.000
- 21| 2000 0585 0415 0000 0.000
2100 0529 0.471 0.000 0.000
o 2.200 0.471 0529 0.000 0.000
'S [ | 2.300 0414 0585 0.000 0.000
- [ =] 2.400 0.380 0640 0000 0.000
= 26| 2500 0.308 0691 0000 0.000
27| 2800 0.282 0738 0000 0.000
o 28 0.220 0.780 0.000
¢ Emply ] 0163 0817 0.000 2
4 »
Display Calculation Results @@
Desfine Column Cortents Lalzulation Kesulls:
Cobmn| Colmni | ColwnZ | Column3 | Colmnd | Cobmnb | Colmn& | Comn?
Colurnn No: Component/Species: | Spec/Comp e PO4 3 HPD4 2. HiPO4 - HiF04
j |H3PD4 j Content:| - log (] | 7i (ag) (P04 3-'[7i (aq) (P04 3| 7i (ag) (P04 3-7| 7i (aq) (P04 3,
1] o000 0.000 0,000 0.007 0.553
£ 4] [mM) Cano E AL 0.000 0,000 0.003 0.991
 log ] 3] o200 0,000 0000 oo 0.989
4] 03w 0.000 0000 ooy 0.985
Lot gl 5| 0400 0.000 0,000 om? 0.983
€ {a} M) Activity 6] 0500 0.000 0.000 0.022 0.978
 Iog {a} ({alM) 7| 0600 0.000 0.000 0027 0.973
5 8| o700 0.000 0000 0034 0.985
5| 0800 0.000 0,000 0.043 0.957
o 0] 0.900 0.000 0,000 0.053 0.947
/5 11 1.000 0.000 0000 0085 0,334
o 12| 1100 0.000 0000 0082 0918
= 13| 1200 0.000 0,000 0101 0.899
14| 1.300 0.000 0,000 0124 0876
& Fliegiac £ [Foaz -] 15| 1400 000 .00 0151 0843
5 [ | 15| 1500 0.000 0000 0183 0817
17| 1800 0.000 0.000 0.220 0.780
= El 8| 1.700 0.000 0,000 0262 0.738
r 19| 1.800 0.000 0,000 0309 0641
e 20| 1.900 0.000 0000 0360 0640
i 21| 200 0.000 0.000 0.415 0.585
72| 2100 0.000 0,000 0.471 0.529
o 73| 2200 0.000 0,000 0523 0.471
o [ =] 24| 230 0000 0.000 0585 0414
- e = 25| 2400 0.000 0.000 05640 0.350
= 7| 2500 0.000 0,000 0691 0.309
77| 2600 0.000 0.000 0738 0.262
o 28 0.000 0000 0780 0.220
" Empty 2 0,000 0817 0.183 .
4 »

Note that the results employing the two different choices of components, of course, are
identical.
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10. Plotting the results

Choose “Plot calculation data” from the “Diagrams” menu.

The default setting is that the first column in the Calculation Result grid contains
X-values and all remaining columns will be plotted on the Y-axis. It is possible to remove
a series from the Plot Columns list by clicking on the series. As an option you can choose
to exclude all curves that never exceed a given minimum value.

Continue by pressing “Plot diagram”.

=% Define Columns to Plok = x|

i~ Column with -l

Chaose Column:
H+ -lagc (M) = o lgem

i~ Column/Coluring with *f-value:

Choose Column: Plot Colurnns:

Nore: H3PO4 Fi[aq) (H3P04)
HZP04 - Fi[aq) (H3PO4)

H+ -logc[M] HPO4 2- Fi(aq) (H3PD4]

H3PO4 Fi [aq) (H3P04) PO43 Fifag) (H3PO4)

H2FO4 - Fi (aq) (H3PO4]
HPO4 2. Fi(aq) (H3PO4]
P04 3 Fi[ag) (H3PO4)

['a Mot Plot Columns if the highest Y-value is less then; |
Cancel | Plot Diagram

11. The diagram

You can modify your chart by using the top buttons, e.g. change the scale, labels, lines
and symbols, or print your diagram.

=% User Chart =100 =]

e Iitle.-’Text| Legends | Scaling | Sembals | Lines | |

Uzer Chart

HiPO4
H2PO4 -
HPO4 2-
PO4 3
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12. Without any renewed calculation, it is also possible to generate other relevant
diagrams describing the system. This is made by returning to the “Display Calculation
Results”, changing the column contents to the new information of interest, and plotting

these as described above.

Results:
Defing Column Contents
Column| Cokrm 1 | Cobwmn 2 | Colun3 | Colum é | Coumn | Cobmn6 | Cobm? o~
Colun No: Componeni#Species | Gpoo/bomp| Hs | WW{W{T{T{T Title/Test | Legends Sealing Symbals Lines Insent Data
[7 <[ = Cortent| - log (M) | log (1) | log (i |_loa (M) | log (pIM) | len pat) | otk
0000 2002 53 383 03 0
£ [+l [M) Cone 0100 2004 4054 1164 23404 0100 | 3300
@ fing [["]/Mi 0200 2005 3955 10955 23105 -0.200 -13800
¢ 0300 2006 485 | 07 | 22808 0300 | -a7n
C zloo M) 0400 2008 | arsl | 1058 | 22508 | 0400 | 13600 01 2 3 4 5 8 g n o
{2} M) Actviy 050 2010 380 | 1030 22210 0500 -135m
 log g} tfaliM) 0500 2012 3862 0182 2912 0600 | 13400
- 0700 2015 2465 9965 21615 0.700 13300 il
0600 203 Ame | 478 | 39 Qa0 -3%0
o 0900 204 374 | G54 | 04 030 4310 22
© OO 20 310 | 630 | 070 000 -a0m
- W 2097 A7 | 41 | 47 0| 28w 3 HaPO4
~ 1.200 2048 299 8.9% 20148 1.200 -12.800 HaPD4 -
1.300 2057 2307 -8.807 13857 -1.300 -12700 -
C Filag)/C [ 1400 207 282 G621 | 43571 400 2600 * HPO4 2-
o I | 1500 2088 | 273 | BB | 19288 4800 1250 5 ED“ &
[ B T 2008 265 | 6258 | 19008 g0 | -l24m0 +
2 1.700 2132 2582 2082 18732 1.700 -12300 B4 OH-
52 1.800 2160 2510 7.910 18.460 1.800 -12200
o 1.900 213 2444 7744 18134 -1.900 -12100 T
- 2000 | 22 | Wy | qS@ | Ava: 2000 | 2000
210 | 227 | 2ar | 4% | Aver 2100 | A1SW &
9 20 | 23 | 2 | qam | AwAm 2200 | 6w
e 2300 2382 2232 7132 17182 2.300 -11.700 Kl
o 2400 2448 2194 £.994 16344 2,400 -11.600
= | 2500 2500 2060 | GGE0 | ABTID 2500 1500 10
2600 | 2582 | 21% | 67® | 6@ 2800 | 1400
o 2700 | 288 | 2008 | 668 | 628 | 2700 | 1130
 Emply 2000 | 27% | 208 | 648 | G0B | 2800 | 20 g
< >

Define Column Conlents Lelsulation Rosults
Colanve[_Column 1 | Cobn2 | Colunn3 | Column4 | Comn§ | Cobmn6 | Cobmn7 A Legends Scaling Symbols Lines Insert Data ‘
Column No: Campareni/Spesies. | SpooiComp] e | e | I I
2 = [we Content| - oa @A) | Z(oF09) | | | | |
] oo o007
€[4 (mM) Cone. 0100 001
« oaly) o
 -log (M) 0400 o017 o1 2 3 4 & 7 w12 13 14
 Agh M) Activity 0500 0022 0
€ loa g} (faliM) 0600 027,
0700 0034
o
If (mM) Total Conc. in Fluid 0800 0063
€ log{111/M) 0900 0053
£ 1.000 0066
o 1100 0082 =
= 1200 00 1.0
1300 0124
® iy 1400 0151 — H+
wz 1500 18
1.600 0220
i 1.700 0282
5. 1.800 0309
I 1400 0360 20
2000 0415
Lo = 210 47
& 2200 052
5] 2300 0586
o 2400 0640
= 5| 2500 0651 a0
2600 073
9 27m 780
© Emply 280 817 g
= - - -
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5.1.1 Calculate the equilibrium compositions for a series of
phosphate solutions

A series of solutions were prepared by mixing equal volumes of:

1) 10 mM HCI and 10 mM H;PO4

i) 10 mM NaOH and 10 mM H;POy4

1i) 10 mM H3;PO4 and 10 mM NaH,PO,4
iv) 5 mM NaOH and 10 mM Na,HPOy4
v) 10 mM NaH,PO, and 10 mM Naz;PO,
vi) 10 mM NaOH and 10 mM Naz;PO,

Task: Calculate the equilibrium pH and the distribution between different phosphate
species.

la). With H" and H3PO, as components, the total concentrations in the 6 solutions are:

i) [Hlo=(1-10 + 0)/2 mM = 5 mM; [Ploc = (0 + 10)/2 mM = 5 mM
ii)  [Hlo= (-1-10 + 0)/2 mM = -5 mM; [Plic = (0 + 10)/2 mM = 5 mM
i) [Hlo = (0 + (-1)-10)/2 mM = -5 mM: [Pl = (10 + 10)/2 mM = 10 mM

iv) [Hlot= (-1-5 + (-2)-10)/2 mM = -12.5 mM; [Pl = (0 + 10)/2 mM = 5 mM
V) [Hle= (-1-10 + (-3)-10)/2 mM = -20 mM; [Pl = (10 + 10)/2 mM = 10 mM
vi) [Hlo= (-1-10 + (-3)-10)2 mM = -20 mM; [Pli = (0 + 10)/2 mM = 5 mM

1b). With H" and PO43 " as components, the total concentrations are:

) [Hlo= (1-10 + 3-10)/2 mM = 20 mM; [Pl = (0 + 10)/2 mM = 5 mM
ii) [Hlo=(-1-10+310)2mM=10mM;  [Plic= (0 + 10)2mM = 5 mM
i) [Hlo= (310 +2-10//2 mM = 25 mM; [Pl = (10 + 10)/2 mM = 10 mM
iv) [Hlo= (-1-5 + 1-10)/2 mM = 2.5 mM; [Pl = (0 + 10)/2 mM = 5 mM
V) [Hle= (2-10 + 02 mM = 10 mM; [Plec = (10 + 10)/2 mM = 10 mM
vi) [Hlot = (-1-10 + 0)/2 mM = -5 mM; [Pleg = (0 + 10)/2 mM = 5 mM

Note that the multiplication factors for calculating [H];; are exactly the same as those
appearing in the chemical matrix, cf. p. 19.

2. Start WinSGW and choose ”"Open” from the “’File” menu. Retrieve the file
“Examplela.cti” which was (hopefully) saved in the previous session. Otherwise, choose
“New Chemical Matrix” and re-enter the matrix.
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3. Move to the tab “Variation for each component”. This time we want to enter 6 discrete
data points where both total concentrations varies irregularly between the points
(Component 1 H*, option 1; Component 2 H3POy, option 1).

5] Input for Solgaswater Calculation _§‘

Variation for Each Input data: Each

i | o | e | T

Chose altemative for Each Componeri:

Component 1 Hx e

16 20 30 40 80 60 70 BC acC WO 10 'F_MD'"DD"EM

Compenent 2 H3PD4 5

HE 20 3C 4C EC 60 7C 80 aC 0 1O -
Plotwith  R-adiy  ‘r-axis
negative [ -
sign on
EMF [miv)
insteadof | r
pe o

[The different options ahove, corresponds to the following ~
parameters for the componexis

Te: Total Concentration foz the actual component
a: Activity for the fres amovunt of the actual sompenent

Option I:  Te vaties imregularly between each point

Option 2: Te is constant

Option 3: Te varies with constant steps

Option 4: Te vasies through varied volume-additions

Option 5: Te vatiss through constam volume-sdditions

Option 6. loz Tc waries with consiant siens ]

4. Move to next tab “Input data: Each component” and enter the numerical values of Ho
and Pt0t~

Input for Solgaswater Calculation ] 3 input for Solgaswater Calculation
Chemical Matix I \/allw:aé\;g ;Dn'e Exch T Input data: Each T T Chemical Matix I \/allw:aé\;g ;Dn'e Each T Input data: Each T T
[P T He | FOiE
T (mt 10 T (mt 10
log ITel log ITed
oglsl| 0 oglsl| 0
Tc Byr. [l Tc Byr. [l
Sten| 01 Sten| 01
Final valus Final valus
5 ~ 5 ~
5 5
: 10 10
125 | 5 5
Inegular 20 10 Inegular 10
wariation 20 3 wariation 3
E E
E] = 3 v
< > < >
Initial volume ml Volume Initial volume ml Volume
varies varies
Step ml imegular Step ml imegular
No. of groups in No. of groups in
Ho. of paints Predominance diagram Ho. of paints Predominance diagram
Calculate Calculate

5. Calculate
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6. Choose H" in the Component/Species box and then “Tf (mM) Total Conc in Fluid” to
display Hiy in column 1. Move to the next column and display Py The resulting
—log[H™] and the distribution between the different phosphate species are displayed as in
previous session.

isplay Calculation Results

Define Column Contents Laleulahen Hesults:
Column:| Column 1 Column 2 Column 3 | Column 4 ColumnS | Column& | Colmn? a
Calumn Mo: Component/S pecies: Gpec/Comp: He HIFO04 He HIP04 HZPO- HPO4 2- FO43-
7 j - Content:|  Ti it TEimbdl | - log (I |7i (aq) (H3POE[ i (aq) (H3P O] i Cagy eHEP Ok i aq) (H3P O
il 6.000 5.000 2129 0512 0.438 0000 0.000
£ I M) Cone. 2| som 5.000 4067 ooz .93 0005 o.oan
3 -5.000 10.000 2613 0.256 0.744 0.000 0.000
" log ([x]/M]
4 -12.500 £.000 11.317 0.000 0.000 0415 0.085
& LR 5| 20000 | 10.000 9519 0.000 0.005 0594 0.001
" {a} M) Activity 6| -20.000 5.000 11935 0.000 0.000 0722 0.z7
" log {a} fal/M) U
o k)
E]
> 10
o 11
-~ 12
.
& Fifag)/ H3PO4 - 15
r [ = 16
17
d :| 18
« 13
~ i
El
s
22
e 2]
o [ =l E]
- [ =l =
- 26
27
= S
" Emply ] 3
< ?

isplay Calculation Results

Define Col Content Calculation Results:
Sl e Column:| Column 1 Column 2 Column 3 | Column 4 ColumnS | Column& | Colmn? a
Column No: Component/S pecies: Spec/Comp: He PD43- He PO43- HPD#2- H2P04 - HiFD4
7 j - Content:|  Ti it TEambdl | - log (MM | 7i (aq) (PO 3-2[7i (aq) (P04 3-| i (aq) (PO 5[ 7i (2q) (PO 3-:
il 20.000 5.000 2129 0.000 0.000 0.4ag 0512
£ I M) Cone. 2| 1oom 5.000 4067 oo 0.005 0993 ooz
3 25.000 10.000 2613 0.000 0.000 0744 0.256
" log ([x]/M]
4 2500 £.000 11.317 0.085 0.915 0.000 0.000
& LR 5| 10000 | 10.000 9519 0.001 0.39 0.005 0.000
" {a} M) Activity 6 -5.000 5.000 11935 0.z78 0722 0.000 0.000
" log {a} HakM] 7
o k)
E]
> 10
o 11
-~ 12
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d :| 18
« 13
~ 20
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7. Repeat steps 2 — 6 with H* and PO, as components, i.e. Example 1b), and note that
the results, of course, becomes exactly the same.
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5.2 Create a pH-diagram for the heterogeneous water-carbon
dioxide system

Task: Construct a pH diagram, plot the logarithmic concentrations of all species as
function of pH (0<pH<10), for the heterogeneous water - carbon dioxide system. Set the
partial carbon dioxide pressure to 1 atm.

1. The following four equilibrium reactions describe the water - carbon dioxide system.

log B*
1 | H,0 o H +0OH -14.00
2 | COx(g) + Hy0 & HyCOs(aq) | ~147
3 | H,CO;s (ag)e HCO5 + HY -6.35
4 | HCOs & COs* + HY -10.33

*Equilibrium constants valid at infinite dilution and 25°C.

2. Define chemical components that can describe all species present (H", OH", COx(g),
H,COs(aq), HCO5', COs%).
Components: H and CO»(g)

3. Write a chemical matrix using the components and the equilibrium reactions.

logB | H" | COx(g) | Equilibria Nos.
H 0 1 0
CO,(2) 0 0 1
OH -14.00 | -1 0 1
H,COs(aq) | -147 | 0 1 2
HCO5 7.82 | -1 1 2+3
CO5~ -18.15 | -2 1 2+3+4
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4. Enter the matrix. Blanks in the matrix will be interpreted as zeros by the program. By
clicking the right mouse button in the first column it is possible to insert, clear and delete
rows in the matrix. Change the phase properties for CO,(g) to Gas.

=8 Input for Solgaswater Calculation [N [l 2 |
Chemscot ity | AR | ORHR e | i sitoes [o0Hoda Demmnond
D ata File: Example 7 'pgr bt ﬂ
Species ‘ loa B |E* H+ |EE|2 Phase Uszage
1|H+ 0 c|1 0| Solble | Use
| 2|cozig o clol 1| za Use
—3 at: 5 i Click cell to selsct property
4| Hz2C03 -1.47 0 OIUETE 38
75 HCO3 - 782 401 Soluble Use
_E Co32- -18.15 21 Soluble Use
_T Soluble Use
78 Soluble Use
_S Soluble Use
E Soluble Uss
ik Soluble Use
? Soluble Use
E . Soluble . Usz ;I
*C =Comporents.
™ Uselonic Strenath Caloulstions
™ sz Donnan i odsls for Surfate Complezatar
[~ Calculate st a Different Temperaturs (25°C is default)
e | I | Use Terperalie Dependent Constanis

5. Move to next tab “Variation for each component”. At this tab we choose which kind of
calculation we should do. For this example we would like to step pH (Component 1 H,
option 10) and to keep the carbon dioxide activity (logarithmic) constant (Component 2
COx(g), option 9).

e | Input for Solgaswater Calculation EJ|§|§|

oh | Mati Waniation for Each Input data: Each
(=T =L Component component

Chose Altemative for Each Component;

Component 1 H+
Far component:

10 20C 3¢ 4¢C 5¢ gC FO 80 90 e 11

r
Component 2 CO2(g) -
10 20 30 40 5C gC 7O 80 HE wo 1O -

Plotwith  H-azis  Y-awis
negative O r
sigh on;

EMF [mi]

instead of | r~

pe an:

Cpfion I: Te vaties irregularly between sach point ~
Opfion 21 Teis constant

Gpfion 31 Te waties with constant steps

Opfion 41 Te vaties through vatied volume-additions

Opfion 51 Te vaties through constant wohame-additions

Gpfion §: log Te varies with constant steps

Opfion 71 log Te is dependent variable in predominance diagram

Opfion 8: loga varies irre gularly

Opfion 9 logais constant

Cofion Ik loga varies with constant steps

COption 11 logais dependent variable in predominance diagram_ w
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6. Move to next tab “Input data: Each component”. Enter Start value “log {a}”, Step
length “Step” for the first component (H"), the logarithmic carbon dioxide activity and
the number of points. Since the activity of a gas species is equal to its partial pressure, the
logarithmic activity will be 0.

=1 Input for Solgaswater Calculation e 7= |E| 1]

Chemical Matris T Var?;w;r;ofzﬁiach I Inpz::l:lnant:;:;ch I Inpull datz Surfaces rm"" h}im £C em B
H+ CO02 [g)
Tc [mid] 0
log [Tel (M]
logiat O i
T Byr. [mhd]
Step -0
Final valus| 10
1 W
Z
2
4
Iregular B
wariatioh | B
7
g
3
1 -

Irutial wolume ml Valume
VaTiEs:

Step il imegular
P Mo, of groups in
Na. of paints 2 Predaninance d}agraml

Calculate |

7. Start the calculation by pressing the “Calculate” button or use the Calculate menu.

8. Viewing the result.
Choose H" in the Component/Species box and then “-log {[x]/M}” to view pH in column
1. Display the logarithmic concentration of all soluble species present in the following

columns.

X Display Calculation Results _ =|m ﬂ
. Calculation Results:
Drie i Ll " Column:| Calumn 1 Colmn2 | Column3 | Columnd | ColumnS | ColmnB | Colmn? &
Column No: Component/Species SpeciComp | He | He OH- HED3 - £33 HiED3
3 j [Hzco3 =] Content,|_~loa tiyi | _loa (il | foa (| loa (ot |_loa (M| loa ciein
1] oo 0.000 4000 | 7820 18150 | 1470
€[4 {6M) Con 2| 10000 10000 4000 | 2180 1.850 1,470
& Teq (] :
- log [[x)H] 5
" {ghActivity B
 log {ah i
€ T i) Titel G i i :
10
i, IriEalulon n
3] Tita B i
12
14
15
18
17
18
13
20
2
2
23
24
25
26
27
' [og B4 lambds 5
" Emplp 29 -
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9. Plotting the results

Choose “Plot calculation data” from the “Diagrams” menu.

The default setting is that the first column in the Calculation Result grid contains
X-values and all remaining columns will be plotted on the Y-axis. It is possible to remove
a series from the Plot Columns list by clicking on the series. As an option you can choose
to exclude all curves that never exceed a given value.

Continue by pressing “Plot diagram”.

28 Define Columns to Plot L x|

= Columty with #-values

Choose Colurmn:

7| [He -log (i)
— Column/Columns with -value
Choose Colurmr: Plot Colurmrs:
Nane H+ log ([x]/M]
OH- log [[+]/M)]

H+ - log [[4]/M] HCO3 - log ([=]/M]
He log ([«]/44) £032- log ([x}/M)
OH- log ([«]M] H2CO3 log ([=]/M)
HCO3 - log [[=]4M)
CO32 log [x}M)

H2CO03  log ([=]/M)

Do Mot Plat Columns if the highest Y-value is less _theh:.l
| Flat Diagram I

Caniel

<% User Chart

Title / Test Legends Scaling Symbols Lines Inzert Data |

] =
OTT O
OO T
ng
a5

&

/

-0
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10. The diagram
You can modify your chart using the top buttons, e.g. change the scale, labels, lines and
symbols, or print your diagram. For example rescale Y-axis (min —8, max 0, origin 0).

=4 Modify Chart W x|

| PinSaveChan |  Iile/éwes | Legends
. Scaling Symbils. T Lines ;
T — iz

Minft

Maw[TD
Ongnef0
Majornitlt
MinorUnic[o5

" Reversed

Minfe

Maglo
ohgne0
Majorlib[2
MiorUnic[l

I Reversed [ Logantmic

=% User Chart

=X

Print / Sawve | Title / Text Legends Symbols Lines Insert Data |
a 1 2 3 4 ] 3 7 g 9 10

]

-2
H+
OH-
H2C03

-4 HCO3
co3z

-

8 \
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5.3 Surface complexation models (H'-goethite)

Task: Compare experimental data points with a model calculation by plotting a diagram
showing the protonation of a goethite surface as a function of pH.

1. The following equilibrium reactions and electrostatic information describe the actual
chemical system.

log B*

H,0 & H' + OH -13.775
2 | =FeOH + H* & =FeOH," 147

=FeOH & =FeO + H" -9.51
Additional information about the goethite system:
Surface site concentration 1.2 mmol/dm’
Solid phase concentration 11 g/dm’
Specific surface area 39.9 m’/g
Specific capacitance 1.28 C/V-m”*

*Constants valid at 25°C and 100mM (NaNO3).
2. Two components: H" and =FeOH

3. The chemical matrix and the surface charges.

logB | H | =FeOH | Qo | Q1 | Q
H* 0 1 0
=FeOH 0 0 1 0 0 0
OH -13.775 | -1 0
=FeOH," 7.47 1 1 0 0
=FeO’ -9.51 -1 1 -1 0 0

WinSGW can simultaneously model inner-sphere complexes in the 0-plane (the plane of
the surface sites), outer-sphere complexes in the 1-plane, electrolyte ion pairs in the
2-plane, and the diffuse layer of electrolyte ions.
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4. Start WinSGW and enter the matrix. By changing the Phase properties of =FeOH from
“Soluble” to “Surf.Comp.” the surface charge columns become visible. It is only possible
to enter surface charge for species with “Surf.Comp.” or “Surface” as the Phase property.
The default model in WinSGW is CCM and, to open the columns for Q; and Q,, the
relevant surface charge model is chosen on the tab “Input data: Surfaces”.

=¥ Input for Solgaswater Calculation

Chemical Matrix T Vargéi;:é;;i;ach T T Input data: Surfaces T
Data File: 'par' b atrix Surface 1 »
Species | log B |C" | LBl | a1 | Q2] Phase Usage

e il cy1 1] Soluble Usze
2| =FeOH 0 cypo 1 0 Surf.Comp. Use
_3 OH- 13775 A0 Saluble Use
4| -Fenhz+ 747 BERE Sufsce | Uss
5 |=Fel - 251 1 1§ Surface Usze
_E Soluble Usze
_? Soluble Usze
E Soluble Uze
3 Soluble Usze
W Soluble Usze
T Soluble Usze
E Soluble Uze
13 3 5| Soluble Use o
— *C = Components
[ Use lonic Strength Calculations
[~ Usze Donnan Models for Surface Complexation
[ Calculate at a Different Temperature (25 C iz default]
About.... —

5. Under “About...” it is possible to enter information about the chemical system e.g.
temperature, ionic strength and references.

Information about Chemical Matrix® -

T=25C

| = 100mh MNaN03

Ref. Lawgren L., Sjoberg 5. and Schindler P,
Geochimicia et Cosmochimica Acta 54 [1990) 1301]

Cancel | (0]8 I
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6. Move to next tab “Variation for each component”.

Choose to make constant steps in pH and to keep the total concentration of goethite
constant. (Component 1 H*, option 10; Component 2 =FeOH, option 2; Surface 1
=FeOH, option 20).

¥ Input for Solgaswater, Calculation

. . Variation for Each Input data: Each |
Chemical M atriz Component T component T Input data: Surfaces T

Chose Alteinative for Each Component:

Component 1 H+
For component;

10 20 30 40 g O 70 80 9 0 11

-
Component 2 =Fe0H -
10 26 3C 40 5C gC 7 3C 9¢ w110 -

Plot with — H-axis  Y-axis
negative r r

sigh on
EMF [mi/]
instead of | r
Surface 1 =FeOH pe on;
06 nC 20 B3C
Cpfion 8: log a vatles iiregulatly ~

Opfion 9. logais constant

Cpfion I logavaries with constant steps
Opfion 11: logais dependent variable in predominance diagram_

For surface components the following options are availahle

Opfion 26 Cone. of solid phase is constant

Cpfion 21: Cone. of solid phase varies with constant steps

Opfion 22: Cone. of solid phase varies through titration with constant
wohume-additions

Opfion 23: Cone. of solid phase varies irre gularly b

7. On the “Input data: Each component” tab, enter the start value of “log {a}”, the step
length “Step” for the first component H, the total concentration of goethite “Tc” and the
number of points.

=¥ Input for Solgaswater Calculation

Chemical Matrix T Wariation for Each T Input data: Each T (it s Surfeees T

Component component
H+ =FelH
T [mhd] 1.2
log [Tl (M)
log{al| -2
T By, [mkd]]
Step| 01
Final valug) 10
1 ~
2
]
4
Iireqular 3
wvaration
B
7
2
| v
< ¥
Initial wolume ml Volume
walies
Step ml iregular
Mo. of paints Ell gédﬁnﬁ?ﬁi‘?&“&iagmm

Calculate
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8. Move to next tab “Input data: Surfaces”. WinSGW can apply different electrostatic
models to describe the double layer at the surface. Depending on the model, different
charge columns (QO0, Q1 and Q2) will be activated on the Chemical Matrix tab and the
program will prompt for one or two capacitance values. To activate the ionic strength
dependent electrostatic models, the ionic strength check box on tab “Chemical Matrix”
must be marked. In this example the Constant Capacitance Model is to be used. Enter
values for solid phase concentration, capacitance 1 and the specific surface area.

N.B. In the yellow text box references describing the different models are listed.

=¥ Input for Solgaswater Calculation

. . ‘fariation for Each Input data: Each _
Chemical M atrix T [T T e TI,npul data: Surfaces

Solid conc. [g/) 1
Step [9/1)
Solid cone. By, [a/]

Solid con. varies
imegular g/1)

o ||| wfra]—

-
<

Capacitance 1 [F/m2][  1.28
Capacitance 2 [F/m2)|

Surface area [m2/g)| 399
Doninan volurne (mlfg)

CC

DL

1 0 e T T B

To enable DLM, Stern, TLM and TP, check the ionic strength bos.
Scroll to view references for the different surface models |~

CCM: Schindler, POW. and Gamsjiger, H., Eolloid Z. 1. 2.

Polymere, 250, 759 (1972). v %

9. Start the calculation.
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10. Viewing the result

View pH in the first column and Z in the second column (Choose H' in the
Component/Species box, “Z” and =FeOH in the box next to “Z”). Z is calculated as the
average number of protons taken up by =FeOH.

<% Display Calculation Results

Define Gl Content Calculation Results:
ot Sl Colurn|_Columni | Colmn2 | Colwmn3 | Colmnd | Column® | Columnb | Colmn? A
Column Mo Component/Species: || Soas/bomp | He T
2 = ‘H+ j Content:| - lag (<] Z(=Fe0H)
=
1| 2000 0,397
~ 1] {mM) Cone 7| 2100 0.388
3| 2200 0.986
" log [[x]/4] 4 2300 05982
£ : log [[<}/M) 5| 2400 0.579
(gt M1 Activiy B| 25m 0874
" log gt alM) 7| zem e
g 27 0963
-
Tt [mM) Total Conc. in Flid 51 28 Re
€ log(1TF1/M] | 2am 0348
" Ts [mhd] Total Cone. in Solution " 3.000 0.340
~ 12| 3io0 0331
= 13| 3200 0.920
14| 3300 0.909
" Filag)/ | 15| 3400 0.838
o = 16| 3500 0.885
17| 3800 0872
# iy E 18] 3700 0858
' 13| 3 0843
~ 20| 3800 0.828
® e s Scss a4l
& 23| 4200 0.780
r [ | 24| a3 0763
~ e =] 25| 4400 0.746
= 26| 4500 0.728
27| 4600 071
= 28| 4700 0,693
© Empty 29| 4800 0674 =
< o o 3

11. Plotting the results
Plot Z as a function of pH.

[ |
Title # Text | Legends | Sealing ‘ Symbaols Lines | Inzert Data | |
I

53

User Chart

Uszer Chart

0.8

06

0.4

H+

0z

0o
2 3 4 5 B 7 a 1o
0.2

0.4
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12. Insert experimental data points in the chart
Choose Insert Data at the top of the chart and enter your experimental values or paste
them using the Windows Clipboard.

: x| =k User Chart =100 x|
Pvalues | Yevalues | Title'/ Text | Legends Scaling Symbolz Lines Insert Data | |
1 21 0.99
2 275 0.35 Ulzer Chart
3 364 0.86
4 398 0.1
5 426 076
B 511 062 {2
7 587 0.45
5| &9 025 ne
& 75 016
0] 81 0.05 e
11 a4 1]
i 009 04 e
12| 9z 013 = o
14 97 0.2 0z
15
1E 0o
17 2 3 4 5 E 7 g 10
18 02
L 19
20 04
Clear sheet |
Paste |
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5.4 Create a predominance area diagram (H*-Fe**-¢’)

Task: Plot a diagram showing the predominating iron species as a function of pH and pe
for the H'-Fe’*-e” system. This type of plot is commonly referred to as a predominance
area diagram.

NB. pe is the negative logarithm of the formal electron activity and can be correlated to
the NHE (normal hydrogen electrode) electrode potential (Ey, mV) with the following
equations:

pe=Eg/g g=RTIn(10)/F

(R: molar gas constant, T: absolute temperature in Kelvin, F: Faradays constant)

With Ey plotted on the Y-axis, the diagram is usually referred to as a Pourbaix diagram.

1. The following equilibrium reactions describe the actual chemical system.

log B*
1 H,O & H' + OH -14.00
2 | Fe’* + OH & FeOH' 4.5
3 | Fe** + 20H & Fe(OH),(aq) 7.4
4 | Fe® + 30H & Fe(OH)y 11.0
5 | Fe** + 20H & Fe(OH)y(s) 15.1
6 | Fe’* + OH & Fe(OH)* 11.8
7 | Fe** + 20H & Fe(OH)," 22.3
8 | Fe** + 40H & Fe(OH)4 34.4
9 | 2Fe* + 20H" & Fey(OH),™ 25.0
10 | Fe** + 30H" & Fe(OH)3(am) 38.8
11| et + ¢ o Fe2t 13.0
12| Re* + 2¢” & Fe(s) -13.8

*Constants valid at 25°C and at infinite dilution.

2. Three components: H', Fe?* and ¢".
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3. The chemical matrix.

logp | H [Fe™ | e Equilibria Nos.
H 0 1 0 0
Fe™* 0 0 1 0
e 0 0 0 1
OH 140 | -1 0 0 1
FeOH" 95 -1 1 0 142
Fe(OH)(aq) | -20.6 | -2 1 0 2:-1+3
Fe(OH); 310 | -3 1 0 3-1+4
Fe'* -13.0 0 1 -1 11
FeOH"" -152 | -1 1 -1 1+6-11
Fe(OH)," 187 | -2 1 -1 2-1+7-11
Fe(OH), 346 | -4 1 -1 4-1+8-11
Fe,(OH),™ | -29.0 | 2 2 2 2-1+49-2-11
Fe(OH)x(s) | -129 | -2 1 2-1+5
Fe(OH)s(am) | -16.2 | -3 1 -1 3-1+10-11
Fe(s) -13.8 0 1 12

4. Start WinSGW and enter the matrix. Remember to change “Usage” to Not Use for the
component e (cf. p. 12) and “Phase” to Solid for the three solids.

=¥ [nput for, Solgaswater Calculation

Chemical Mavix | VRO En | It ddafan | |
Data File: Exempel3 'payr* Matrix ~
Species | log B |C" H+ | Fe | e Phaze Usage

1[H+ 1] 1 o o Soluble Usze
2|Fe2s 0 cfo 1 o Soube Use
3|e 1] cfo/ o 1 Soluble Mot Use
4|k 14 400 0| Solble  Use
75 FelH+ 45 A1 1] Soluble Usze
_B FelOH)2 [aq) 206 21 a Soluble Use
Z FelOH)3 - -3 G301 0 Soluble Use
g |Fe 3+ -13 o 11 Soluble Usze
_9 FelH 2+ -15.2 401 -1 Soluble Use
10| Fe[OH)2 + 18.7 2001 Soluble Use
11| FelOH)4 - 346 4014 Saluble Use
E Fe2(OH)2 4+ -29 22 2| Soluble Use
13 | FelOH)Z (5] 129 2010 Solid Use o
— *C = Components
[ Use lonic Strength Calculations
-
[ Calculate at a Different Temperature (25 C is default)
About... —
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5. Move to next tab “Variation for each component”.

Choose to step pH, to keep the total concentration of iron constant and to step pe (as
dependent variable).

(Component 1 H, option 10; Component 2 Fe**, option 2; Component 3 ¢, option 11).

nput for Solgaswater Calculation

Chemical Mat Variation for Each Input data: Each
EMEE ] = Component component

Chase Alternative for Each Companent:

Compaonent 1 H+
~ For comparent. Mo diagram

10 20 3 4€C 5¢C 6C 7¢C 807 aC W0 E 11 -

-
-

Component 3 &- Plat with

Companent 2 Fe 2+
10 26 30 40 5C 5O 7O 80 90 o 110

Foais  V-axis
1 20 30 4¢C 5¢C 5O 7O 80 90 W0 11 negative r
sign on
EMF [mi]
instead of | r
pe of

The different options above, corresponds to the following ~
parameters for the componenis

Te: Total Concentration for the actual component
a: Activity for the free amount of the actual component

Cnfion 11 Te vaties irregularly hetween each point
Oofion 2: Teis constant

Onfion 3: Te varies with constant steps

Oofion & Te vaties through varied volume-additions
Oofion 5: Te vaties through constant volume-additions
COnfion 6. log Te varies with constant stens

6. Choose the component (Fe**) for which the predominance area diagram should be
constructed. Check the sign boxes to plot pH and pe instead of log[H"] and log{e} on the
axis.

nput for Solgaswater Calculation

Chemizal Mati Variation for Each Input data: Each
= Component component

Chase Alternative for Each Companent:

Companent T H+
~ For compaonent; |Fe 2+ -

1€ 2 3¢ 4C 5 BC FE O8O 90 wWE M
[~ Incl solids of companent

Component 2 Fe 2+

-
10 26 30 A0 5C GO 7O 80 90 00 110

[ Correct for formula units
Companent 3 e- Plobwith  Xeawis  ‘Y-avis
10 20 30 40C O RO FO 80 90 0 11 negative L o

$igrn on;

EMF [mi]

instead of r

P& o

The different options ahove, corresponds to the following ad
parameters for the componenis

Te: Totel Concentration for the actual component
a: Activity for the free amount of the actual component

Cnfion 11 Te waties itregulatly hetween each point
COnfion 2: Teis constant

Onfion 3: Te varies with constant steps

Oofion & Te varies through varied volume-additions
Option 5: Te waries through constant wolume-additions
Cotion §:los Te varies with constant stens
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7. On the “Input data: Each component” tab, enter start value “log {a}”, step length
“Step” for the first and third components (H" and ¢), the total concentration of Fe®* “Tc”
and the number of points and groups. In this example 899 (29 times 31) equilibrium
points will calculated, which might take some time depending on the actual computer
performance. In WinSGW there is a limit for the maximum calculation time (default
30 seconds) that can be changed. This can be done at “Preferences” (Option tab) on the
“File” menu.

% Input for Solgaswater Calculation ) 3 |

Wariation for Each Input data: Each 2 lonic Media. Donnan and|
Input data: Surfaces

Chemical Matrix I

Component component Temperature
H+ Fe 2+ &
T [mi) 10
log [Tel (M)
log {a} a -15
Tc Bur. [mk)
Step| 05 1
Final value| 14 15
1 “
2
&
4
Iregular | 5
wariation | §
7
8
&
10 -

Initial valume ml Yolume
varies
Step ml imegular

. Now of groups in
Ne. of points 23 Predominance dlaglaml Kl

Calculate

8. Start the calculation.

9. Viewing the results.
Choose “Predominance diagram” from the “Diagrams” menu.

¥ User Chart E| |§|r5__<|

Title # Text Legends Scaling Syrnbolz Lines Inzert Data |

Exempel3

20
10 B Fe 2+

= FeOH+

. Fe(OH)3

* Fe 3+

- FeOH 2+

0 . Fe(OH]2 +

- FefOH)4 -

-10
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10. To include solids in the diagram return to the input (activate “Chemical Matrix” on
the “View” menu) and, on the “Variation for each component” tab, mark “Incl. solids of
component”. This implies that if a solid forms it will be plotted. It is also possible to
include all solids (i.e. also solids not containing the specified component, Fe**) and to
correct for formula units (poly-nuclear complexes).

5 Input for Solgaswater Calculation Ellﬁlf'szl

Chemical Matrix VYariation for Each Input data: Each
= Component companent

Chose Alternative for Each Component:

Component 1 H+
For comporent; |Fe 2+ hd

1 20 30 40 5 B FO BT 9 06 11 X
v Incl solids of component

Component 2 Fe 2+ [~ Incl all solids

10 26 2 4 5 g 7€ 8 9 1w 110 .
[ Conect for formula units

Companent 3 e- Plotwith — X-axis  Y-axis
10 20 3C 4C 5C EC 7C gC 90 10 1 & negative G L ok
sigh or: - -
EMF [miv]
instead of | r
pe oh:
The different options ahove, corresponds io the following »

parameters for the componenis

Te: Total Concentration for the actual component
a: A ctivity for the free amount of the actual component

Opfion I Te vaties irre qularly between each point
Oofion 21 Te is constant

Opfion 31 Te varies with constant steps

Opfion € Te vaties through varied volume-additions
Oofion 50 Te vaties through constant volume-additions
Opfion ¢:log Te varies with constant stens

11. Start the calculation (Short-cut key, <F9>) and plot the new predominance area
diagram.

¥ User Chart E| |§|f5__<|

Title / Text Legends Sealing Symbols Lines Insert Data |

Exempel3
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5.5 lonic strength dependent constants

Task 1: Calculate log{H*} of 1, 5 and 10mM HCI and NaOH solutions in 500mM
(NaCl) at 50°C using the Giintelberg, Davies, and Pitzer equations to calculate the
activity coefficients at the actual ionic strength. The (NaCl) notation is used to imply that
the solution, in addition to the HCl or NaOH added, also contain dissolved sodium
chloride salt of the given concentration.

1. One equilibrium reaction describes the actual chemical system.

log B

Il |H,02H'+OH |-13.24

This constant is valid at 50°C and at infinite dilution. For WinSGW calculations
involving activity coefficients, the log B constants must be given at infinite dilution.

At 50°C the dielectric constant for water is 69.90 (€ is needed to calculate the activity
coefficients, cf. paragraph 2.5).

2. One component: H

3. The chemical matrix and the charge of the component (z)

logf | H'

z
H* 0 1 1

OH | -13.24 -1

4. Start WinSGW and enter the matrix. Mark the “Use ionic strength calculations” box
which activates the charge column (z) and the “Calculate at a different temperature” box.
Only the charge of the components needs to be given.

=¥ Input for Solgaswater Calculation

Chemical Matrix T Varniation for Each T Input data: Each I PUNC Media, Donnan and
Ls Component component Temperature
Data File: 1'Mz| lon Sir. A
E— IETHE Fiees || Uk
1|H+ 1] cCi1 1 Soluble Use
z OH- 1324 1 -1 Soluble Use
_ 3 Soluble Use
4 Soluble Use
75 Soluble Use
78 Soluble Use
_7 Soluble Use
E Soluble Use
_ 9 Soluble Use
_ 10| Soluble Use
1 Soluble Use
? Soluble Use
? Soluble Use -
*C = Companents
| Uselonic Strength Calculations
-
[w Caloulate at a Different Temperature (25 C is default)
About [” Use Temperature Dependent Constants
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5. On the “Variation for each component” tab choose to vary the total concentration of H
irregularly (Component 1 H, option 1).

nput for Solgaswater Calculation o) x|

BhemicaIManE Variation for Each Input data: Each e e lanic Media, Donnan and
e Component component P k Temperature

Chose Altemnative for Each Compaonent:

Predominance diagram

Component 1 H+

HE 20 3C 4C 50 BC 7C BC aC 100 1 (“ For camponent [1:c dz0ran =]

I™ | Incl solids of comporent
Tdrregularly 1= Iel allsids

I~ Corect for formula units

Plat with — ¥-awis  ‘Y-awis

negative . o’
sigh on e mlE

The different options above, corvesponds to the following =
parameters for the componenis

Te: Total Concentration for the actual component
a: A ctivity for the free amount of the actual component

Opfion 1. Te vaties itregularly between each point

Opfion 2: Teis constant

Opfion 31 Te vaties with constant steps

Cpfion 4 Te vaties through vatied volume-additions

Cpfion 5. Te varies through constant wolume-additions

Cofion §: oz Te vaties with constant stens LI

6. On the “Input data: Each component” tab enter the total concentrations of H'.

nput for Solgaswater Calculation E |E|
Chemical Matri Yariation far Each Input data: Each lonic Media, Donnan and
enical Matri Component component Temperaturs
H+
T [mhd]
log [Tl k4]
log {a}
T Byr. [mhd]
Step)
Final value|
1 10 ~
2 5
3 1
4 -1
lregular | 5 -5
watiation | B 10
7
]
9
10 v
Initial wolume ml Volume
varies
Step ml iregular
. M. of groups in
Ho. of paints Predominance diagrarn
Calculate
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7. Move to the “Ionic Media, Donnan and Temperature” tab and enter the temperature (in
degrees Celsius), the dielectric constant of water (€), and information with respect to the
background electrolyte concentration.

Here, three different situations can be distinguished. Thus, the solutions can be prepared
to contain a given salt concentration in addition to the system of interest, or they can be
made to contain either a constant cation, or anion, concentration of the ionic medium.
The notations for these three options are (XZ), X(Y), and(X)Y, respectively (e.g. 0.1 M
(NaySOy), 0.5 M K(Cl), 3 M (Na)ClOy).

In the first case, the charge and concentration of both ions are entered, and WinSGW
solves for the charge balance by “adding” an extra amount of cations or anions with the
charge given. This is made also in the second (and third) case, but here the input
concentration of the anion (cation) is given as zero.

=¥ Input for Solgaswater Calculation

h I Mati “Wariation for Each Input data: Each lonic Media, Donnan | |
Al L Compaohent compohent and Temperature
Background electialyte Donnan parameters Target Temperature and Epsilon
Mark the species that represent:
Charge Canc. (mh) Temperature: a0 Deagrees Celsiuz

Cation | 1 500 H+ in bulk phase
Epsilan: 63.90
Anian | -1 [T}
Charged Dannan ’ﬁ

lonic strength mode! surface species

" Mone
" Debye-Hiickel

" Ext. DebyeHiickel & [

& Hinicherd _| | [Modelbased on Donnan. 4
" Davieg |0z equation described by
{250, Lindgren ef al
" Pitzer Mordic Pulp Paper Res. . %
T ~
logf = -&° AT
1+4fT

= is the charge of a species and is given by the uzer.

R
A=15210% raT) %
T : AbsoluteTemperafure

£ : Dielecric comstant ¥

Calculate I

8. Calculate
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9. Results
View log{H"}, the ionic strength and log  for the formation of OH" in columns.
(Col. 1: H, log{a}; Col. 2: None, Ionic strength; Col. 3: OH’, log p/lambda)

Display Calculation Results

. Besults:
e e e AT T
Colunn No: Component/Spesies: | | SpacsCamp | He OH_
3 leH- | Content | _loa Ga | lonic Strqmig|_ leg B
T| 223 mam | 127B
¢ [+ (zM) Canc 2| 2m4 | BRI | 1275
3| @z smm | 127%
=
s 4| 10me | EMOo0 | 127%
e :loa M) 5| 0716 | 60500 | 12795
€ {a} M) Activity 6] -11.017 510.00 12793
£ log fa} (labM) 7
3 :
= 10
2 1
- 12
= 13
14
 Fifagl /0 =
c [ =l 1?
£ El 18
c 13
- 20
21
=
=
e 3
£ Hore =] 2
r =
- o =l |—=2
3
O[] 28
" Empty 29 =
A »

10. Change “Ionic strength model” to Davies (To activate the input again, choose
Chemical matrix in the View menu) and recalculate.

nput for Solgaswater Calculation R —
Defie Colarm Cortort Caleulation Results:
Column|_Colurn1_|_Colmn2 | Coumn3 | Coumnd | CoumnG | ColumnB | Colmn? A
Charioal Matn Variation for Each Input data: Each lonic Media. Donnan || Cv\wwvﬁ Companent/Species: | Gpe/Comp | e | _on ] I I I
i Component component ind T [ = Cortent]_1og (a1n ] jorio s ho]__Tog &
1 2mes s 23
D Target Terperature and Epsion € ] [mM) Cane. 2| 24m | 5500 1238
Mtk the species that represent - 3 ates | s0o0 | 1230
Chage: Conc. (k) & " Ereeae 50 [ (A || 00m s | 12
Cation [ 1 [ 7500 Heinbukphsse [ ] - € g [[M) =T eEw | an
avion [ = Epsion € (@ M) Activiy B al0m | s000 1230
" log (g} {ak/M) Z
ChargedDomnan [~ ] B
e oot ekl suface species € Tf (M) TotalConc inFhid :
" None " log(ITFH /M) 10
€ DebyeHiickel J 1
 Ex. DebyeHiickel 4 -
 Giintelberg MudelhnsedunDumm -~ .
@ Davies (02| |equation described by
et [Lindgrenef ol  Fiag)/C ol
 Pizer W ordic Puln Faper Res. I % rz [ o ||—8]
7
7 2 C nba —
logf = - L —-d 1 . —
1ol  I—
(o I—
" Doninating Species —
ic the charge of a species andd 2 constant all . E—
given by the user. - e || —
3, r [ =]
A=1.8210° (er)4 |
E ] e —1
 log /lambda —]
C Empty 5 g
< >
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11. Change “Ionic strength model” to Pitzer and make a new calculation.

=¥ Input for, Solgaswater Calculation - -
3% Display Calculation Results

Viaiiation for Each Input data: Each lonic Media. Donnan Calculation Resul
Chemical Matrix T T I T alculation Results:
Cenprcart CENEEO and T Defne Colunn Conter Colurnt| Column1 | Column2 | Colunn3 | Colamnd | Colmn5 | Column | Cokmn? &
Cotane: ConponiSsses [T Earo [ W ] | i i i
Background electiolte Donnan parameters Target Temperature and Epsilon 15 ) Content|_log @ai) | forie str )| ogB | I I I
Mark the species that represent 1] 2@ S0 | 4275
iz, Ty () Temperature: | 50 Degress Celsius £ [ M) Cor. 2553 50500 273

Cation | 1 00 Hein bulk phase 3251 501.00 12738
) Epsior; | 6390 '® (L a8 5000 | 12738
s oo " :lallaM) 10887 50800 1273
Charged Donnan j O {g}h M) Activity 10.888 510.00 12735

lonic strength mode! surface species  log {a} ({a}/M)
" Mone ( TF M) Totel Cons. in Fluid

© DebyeHiickel C g1 T11/H)
Modelbased on Donman. & 5
€ Bt Debye Hickel 4 cquation deseribed by &
Lindgren ot al
© Giinteky 9
SHnEbea [Mordic Pulp PanesRes. 1. ¥ e ]
€ Daves 2 [07  Filag) /€
= Bige ez [ I |
¢ Bl
Flez it i
g
Model based on Pitze: squation described by Huvis e . & -
HARVIE, CE. and WEARE, LH,, "The prediction of minerel ® DeififiaBizeio
sotubilities in natural watere: The Na K Mg Ca CLEOs HaO c
syster from zero o high concertration at 259", ¢
Suoohimisa at Cosmoohinica Asta 44331 997 (1980 v [ =
=
@ # s i
Caleulate r Bty @

Task 2: Calculate, as a function of log{H"}, the hydrolysis of aluminium(III) at 25 °C in
ariver water and in sea-water.

1. The following equilibrium reactions define the chemical system at infinite dilution:

log B

H'+ OH & H,0 14.00

AI* + OH & AIOH** 9.0

A** +2 OH & Al(OH)," 18.7

AP’* + 3 OH & Al(OH)3(aq) 27.0

A’ +4 OH & AI(OH)4 33.0

3 AP +4 OH & Al(OH). " 42.1

N B ol Bl B o B

AP + 3 OH 2 AI(OH)5(s) 33.5

2. Two components, H" and AI**,
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3. The chemical matrix and the charge of the components.

logp | H | AP | z | Equilibria

nos.

H* 0 1 0 1

Al 0 0 1 3

OH -14.00 | -1 0 -1

AIOH™ -5.0 -1 1 2-1

Al(OH)," 9.3 2 1 3-2x1

Al(OH)s(aq) | -15.0 3 1 4-3x1

Al(OH)4 -23.0 -4 1 5-4x1

Al(OH),”* | -13.9 -4 3 6-4x1

Al(OH);(s) | -8.5 3 1 7-3x1

4. Start WinSGW, chose “New Chemical Matrix” from the “File”” menu, and activate the
“Use ionic strength calculations” box. Enter the matrix with the charges of the
components and remember to change ‘“Phase” to Solid for AI(OH);(s). The correct
charges of all species will be calculated on entering the next tab. Don "t worry!

=N Input for Solgaswater Calculation gli|gl
Chemical Matiix T Wariztion for Each T T \Pomc Media. Donhan and
= Component Temperature
Data File: 'pgr' Matrix  lon St f’
Species | log B ‘ C* | z FPhase Uszage
1|H+ ] 1.0 1 Saluble Use
S 0 clo 1| 3 | sobk U
3|0H- 14 1.0 1 Soluble Use
" 4|eoH 2. -5 A1 2 Soluble Use
_5 AllOH2 + 43 201 1 Soluble Use
g AIOH)3 (ag) 15 3001 il Soluble Use
_7 AlIOH)4 - -23 4001 1 Soluble Use
e AI3[0H)M4 5+ 138 403 5 Soluble Use
E AlIOHI3 (=) -85 301 1] Solid Use
10 Saluble Use
T Soluble Use
? Saluble Use
? Saluble Use o
* = Compongents
[ Usze lonic Strength Caloulations
-
[™ Calculate at a Different Temperature (25 C s default)
About -

5. On the “Variation for each component” tab, chose to step log{ H"}with constant steps
at a constant total concentration of Al(III). (Component 1 H*, option 10; Component 2
AI’*, option 2)
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=% Input for Solgaswater Calculation EJ|§|E|

h | Mak Wanation for Each Input data: Each lonic Media, Donnan and|
(=TT L Component component Temperature

Chose Altemnative for Each Component;

Component 1 H+
For component

10 20 3C 4C 50 &C 7O B8O 90 HEE 11O

r
Component 2 4] 3+ r
1 2 30 4 5 g 7O 8C 9 0 1T -

Plotwith  M-asis  Y-auis
negative O r
sigh om;

EMF [miv]

instead of | r~

pe an:

The different options ahove, corresponds to the following -
parameters for the componenis

Te: Total Concentration for the actual component
a: Activity for the free amount of the actual component

Opfion It Te vaties irregularly between each point
Option 2: Teis constant

Gpfion 31 Te vaties with conetant stepe

Opfion 4: Te vaties through vatied volume-additions
Gpfion 51 Te waties through constant vohume-additions
Cofion §: loz Te varies with constant stens

6. On next tab, “Input data: Each component”, enter the start and step values for log{ H"},
the total concentration of A13+, and the number of points to be calculated.

To simulate a system which is always saturated with respect to AI(OH);(s), Tc for AP is
given as a high, fortuitous, value, e.g. 10 000 mM.

£ | Input for Solgaswater Calculation EJ|§|§|
oh | Mati Wariation far Each Input data: Each lonic Media. Donnan and|
(=T =L Component component Temperature
H+ A3+
T [mi] 01
log [Tl [M)]
long {ah -4
Tc Byr. [mitd]
Step| 0.2
Final wvalue) 10
1 -~
2
E
4
Iregular 5
wariation
5
7
8
H w
< ¥
Iitial walume | ml “olume
walies
Step ml iregular
. MNo. of groups in
No. of paints a1l Fredominance diagram
Calculate

7. Simulate, on the tab “lonic Media, Donnan and Temperature”, a river water by
entering a +1/-1 background electrolyte of 2 mM, and chose the Davies ionic strength
model with d = 0.3.
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nput for Solgaswater Calculation

Chemical M atriz T

Wariation for Each
Component

Input data: Each
component

lonic Media, Donnan
and Temperature

Background electralyte

Charge Conc. [mt]
Cation ’h_ ’T
Apioh ’T ’T
lonic: strength maodel
" Mone
" Debype-Hiickel
" Est DebyeHiickel &) 02
" Giintelberg
¢ Daviez o ’_3

" Pitzer

Donnan parameters
ark the species that represent:

H+ in bulk phase
Charged Donnan

surface species

Model baged onDonnan - A
eouation described by
Lindgren ef al.

Mordic Pulp PaperRes. J. ¥

given by the user.

P

T
logf = -Az?| ———-d 1
oz f [1+ﬁ

z is the charge of a species and 4 a constant all

Target Temperature and E pzilon

Temperature: Degrees Celsius

E psilon:

Calculate

8. Calculate

9. View log{H"}, log Say, and the fraction of different aqueous aluminium species in
columns. (Col. 1: HY, log {a}; Col. 2: AI**, log (ITf/M); Col. 3: AI**, “F, of selected
component in all species in solution” in the Column-Contents menu)

Display Calculation Results

Define Colunn Contents Aaloulation Hesulls:
Colurn: [ Columi 1 Colurn 2 Calurh 3 Colurnn 4 Calurnh 5 Colurn & Column 7~
Colurnn Nor Companent/Spesies: || 50ec /Tomp He A3+ A3+ HOHZ+ | ACOHZ+ | A(OHY (aq) | A(OHN-
8 = Content | loa ey | e ITfl 04| Fi a6 341 | I @a) 08 3 | P amael 34 | FiGad 4 343 | i Gao 04390
1] 4000 4000 0503 0,066 0,024 0,001 7.000
£~ [+](mM) Cone 7| 4200 4000 083 0100 0067 0.002 0.000
 loa (M) 3| 4400 4346 0708 0137 0147 0.007 0.000
a
4| 4600 4829 0532 0165 0262 0,021 0.000
Lo el 5| -amm0 522 0334 0164 0448 0054 1.0
" {ah M) Activity B| 5000 5543 0173 0136 0562 0111 0.000
" log {at (fakeM) 7| 5200 5784 0.075 0,083 063 019z .00
= 8| 5400 £570 0029 0.057 ISE: 0.295 0.om
9| 5800 £115 0ot 0,03z 0545 0412 0.002
< 10| 5800 5226 0,00z 0016 0444 0532 0.004
5 1 6000 6309 0om 0.008 0.340 0.645 0.007
-~ 12| -G.200 5388 0.000 0.004 0.245 0.738 0.0z
b 13| G400 £407 0,000 0.002 0163 0.808 0.021
14| G600 £430 0,000 0.001 0113 0851 003
& Fifeg)/C Fitfarz < 15| 6600 £43 0,000 0,000 0073 0870 0,058
5 [ =] 6| -7.000 £436 0,000 0.000 0,045 0.864 0,041
7| 7200 5421 0,000 0.000 0028 0,833 013
9 | 18| 7400 6381 0,000 0.000 0016 0778 0205
'S 19| 7600 5344 0.000 0.000 0,009 0,699 .29
~ 20| 7800 £277 0.000 0.000 0.005 0,598 0.397
= 21| -eooo 5187 0.000 0.000 000z 0.486 05N
2| 8200 5074 0.000 0.000 0om 0.375 0.624
= 23| -B.400 5939 0.000 0.000 0om 0.275 0.725
o [ | 24| 800 5785 0.000 0.000 0.000 0.193 0.807
-~ o =] 25| -8.800 5617 0.000 0.000 0.000 013 0.859
- 96| G000 5439 0,000 0.000 0,000 0.087 0913
77| G200 5353 0,000 0.000 0,000 0.057 0343
£ logB / lambda 25| 9400 5052 0.000 0.000 0.000 0,03 0963
¢ Empty 75| 4600 A 568 0,000 0.000 0,000 0.023 [
< )

10. Return to the input by choosing “Chemical matrix” in the View menu and simulate a
sea-water by changing the background electrolyte concentration to 700 mM.
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Input for Solgaswater Calculation

Chemical Matris “ariation for Each Input data: Each lonic Media. Donnan
e Companent component and Temperature
Background electiolyte Donnan parameters Target Temperature and E pzilan
Mark the species that represent:
Charge Cone. [mM] Temperature: Degrees Celsius

Cation | fI 700 H+ in bulk phase
Epsilon:
Anion | -1 700
Charged Donnan ’ﬁ

lonic strength model surface species
" Wone

" DebyeHuckel

Model hased onDonnan 4
" Ext Debye-Huckel A equation described by
.. Lindgren f al.
i Glintelb
S Hordic Pulp PaperRes. . ¥

& Daviez & (03

" Pitzer
ST -~
logf = -4 2 _ -4
14T
z iz the charge of a species and 4 a constant afl
iven by the user.
R AT bt

11. Calculate, and note that the previously defined column contents are automatically
used to report the results. If desired, these contents can of course be exchanged.

Display Calculation Resulis

Define Column Contents Laloulation Hesulls:
Colun| Colunn1 | Cobmn2 | Colmn3 | Colmn# | Column6 | CobmnB | Colmn? -
Column Ma: ComponentsSpecies: Gpec/Comp He e A AOH 2+ A(OHE + | A(OHG Gaa) | AGDHY -
1 j - Content | _loa it | _loa ITH & | Fi 23 (A 349 | Fi (aa) (A 243 | Fi (aa) (4 24| Fi oo (4 2 | Fi Gaa (4 23
1| 4000 -4.000 0872 0.023 0.005 0.000 0.000
£ [+] (M) Cone. 2| 4200 -4.000 0952 0.036 0oz 0.000 0.000
 loa M) 3| 4400 -4.000 0915 0.055 0029 0.001 0.000
3 ([x.
4| 4800 4106 0842 0.080 0,088 0.004 0.000
Lo iElg il 5| -a800 4641 [ikE]] 0110 0146 0ond 0000
" {ah (M) Activity 8| 5000 5118 0550 [REl 0277 .04z 0.000
& log (al ({al/M) 7| 5200 5509 0.340 0128 0430 0102 0.000
8| 5400 5801 0167 0100 0532 0.200 0.0m
& A T 5| ss00 010 0068 0084 0543 0323 0002
Lol L 10| 5800 £158 0024 0.0% 0481 0.455 0004
5 1 6000 5283 0.008 0018 0.387 0.579 0.008
 Te [mnclfdmi3] Total Conc 2| 6200 5336 0002 0.003 0.269 0.686 0.014
" log(1Tel /M) 3| G400 -6.384 0.001 0.004 0.204 0,765 0.026
i 4| G600 £413 0,000 0.002 0137 0.818 0.043
" Filag)/C Fils) = 5| 5800 5424 0.000 0.001 0089 0.840 007
3z [ =] 16| -7.000 £421 0,000 0.000 0,056 0,833 0111
17| 7200 £402 0,000 0.000 0,034 0730 0168
# T = 15| 7400 5366 0.000 0.000 0020 0735 0,246
5 19| 7600 £310 0,000 0.000 [iliif] 0646 0343
~ 20| 7800 5232 0,000 0.000 0,006 0540 0454
P — 21| G000 £131 0,000 0.000 0003 0.427 0570
5 7| 6200 £006 0,000 0.000 oo 0.321 0678
= 73| G400 5862 0,000 0.000 oo 0.230 0770
o [ = 24| G600 5700 0,000 0.000 0,000 0154 0841
~ e =] 75| 6800 552 0,000 0.000 0,000 0106 0854
- 2| G000 5344 0,000 0.000 0,000 0.070 0,330
77| 8200 5165 0,000 0.000 0,000 0.045 0955
€ logB / lambda 28| 9400 4363 0.000 0.000 0.000 0.023 0571
" Empty 23| ae00 4767 0,000 0.000 0,000 [OE] 0sE
< )
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5.6 Temperature dependent constants (H*-Cu?*-acetic acid)

Task: Calculate the distribution of species containing acetic acid between pH 2 and 5 in an acetic
acid-copper(Il) system at 60°C using the formation constants evaluated at 25°C and reaction
enthalpy values.

1. The following equilibrium reactions describe the actual chemical system (Critical Stability
Constants, Volume 6). The constants are valid at 25°C. The corresponding reaction enthalpy
values are listed in the last column.

log B AH (kJ/mole)
1 | H,0 2 H" + OH -14.00 559
2 |H"+Ac & HAc 4.76 0.42
3 | Cu¥ + Ac & CuAc’ 221 418
4 | Cu” + 2Ac¢ & CuAci(aq) 3.63 5.86

2. Three components: a) H*, HAc and Cu®*, b) H*, Ac and Cu**

3. The chemical matrix and the reaction enthalpy of each species

a) logB | H | HAc | Cu™ | AH | T | Equilibria Nos.
H 0 1 0 0

HAc 0 0 1 0

Cu™ 0 0 0 1

OH' 1400 [ -1 ] 0 0 [ 559 |25 1

Ac’ 476 | -1 1 0 [ -042]25 2
CuAc’ 255 | -1 1 1 | 376 | 25 3-2
Cu(Ack(ag) | 589 | 2 [ 2 1 | 504 |25 4-2-2

b) log B H* | Ac | Cu®™ | AH | T, | Equilibria Nos.
H* 0 1 | o0 0

Ac 0 0 | 1 0

Cu™ 0 0] o0 1

OH 1400 [-1 | 0 0 559 | 25 1

HAc 4.76 1|1 0 042 | 25 2
CuAc* 221 0 | 1 1 418 | 25 3
Cu(Ac), (aq) | 3.63 0 | 2 1 586 | 25 4

The temperature (T)) is the temperature at which the log B constants are valid. Enthalpy values
are set to zero for the components. Enthalpy values should be given in kJ per mole and T; in
degrees Celsius.
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4. Start WinSGW and enter the chemical matrix. Mark the “Use temperature dependent
constants” box which will activate the enthalpy and temperature columns.

Input for Solgaswater Calculation Input for Solgaswater Calculation
N — T ValEaéi:‘: c’.ﬂe Fech T T Pnn\: M;Ed”‘?p Dornen and ——— T VanEa;runnD éE; Each T T T\Dmc Mle;j';?p, Do and
Data File: Exempel5 oot Malix | | ~ Data File: ‘par Matiz | | =
Species [ togB oo He[hocfou | aHpen [ 11| Phase | Usage Spesies IEEE oH k) | T1 | Phase | Ussae
1 [ R EREIE Solble | Use i E BRI Solble | Use

2|Hee o clol1lo Solble | Use 2 | o ocfo 1o St Use
eI voclo o Souble | Use EEES 0 cfan o0 1 Solble | Use
7& OH - 14 1 a o 559 25 Soluble Use 7“ OH- 14 1 ) o 559 25 Soluble Use
75 Ao 476 1 1 o 0.42 5 Soluble Use E HAc 476 1 1 1) 0.42 24 Soluble Use
6| Cuter 256 101 1| 37 5| sobble | Use 6| ousc 2 0 1 1| 418 25| sokble  use
7] Cuitcl2 (el 569 2 2 1| 5 25| Solble | Use 7| cutez g L] 0 2 1| 585 | 25| sobbe  Use
8] Solbls | Uss B Sobble | Use
9] Solble | Use B Sobble | Use
1) Solble | Use 10| Solble | Use
| Solble | Use 11 Soluble | Use
12 Solble | Use BB Soble | Use
BEl Soble | Use 3] St Uss o
— e T=Casmnm

I Use lorio Stiength Calculations I~ Use loric Strengih Calculations

r r

¢ Calculale ot a Different Temperature (25 C is default] ¥ Calculate at a Diffarent Tempsralure (25 C. s default]

Apout... ol Uk T M Bt B pool [% Use Temperatuie Dependent Constants

5. Move to next tab “Variation for each component”.
Choose to step pH and to keep the total concentrations of acetic acid and copper constant.
(Component 1 H*, option 10; Component 2 HAc, option 2; Component 3 Cu~", option 2).

nput for Solpaswater, Calculation

Cheamical batis Yariation for Each Input data: Each lonic Media, Donnan and
= Component component Temperature

Chose Altemative for Each Component;

Component 1 H+
For component:

10 20 30 40 50 5C 7O BOC 90 q06& 11 0O -

Component 2 HAC
" r

10 26 30 40 5C BC FOo8C a0 100 110 -
Camponent 3 Cu 2+ Flobwith  s-avis  V-asis
10 26 30 40 5C BC 7O 8O 90 00 110 e r~
Figh an:
EMF [m]
instead of T O
pe ok

The different options above, corresponds io the following ~
parameters for the conponents

Te: Total Concentration for the actual component
a: Activity for the free amount of the actual component

Cpfion I Te vaties ittegularly hetween each point
Cpfion 21 Te is constant

Cpfion 71 Te vaties with constant steps

Opfion 4 Te varies through varied volume-additions
Opfion 51 Te varies through constant volume-additions
Cofion ;. log T varies with constant stens
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6. On the “Input data: Each component” tab, enter the start value “log {a}”, step length “Step” for
the first component H, the total concentration of acetic acid and copper “Tc” and the number of

points.

=% Input for Solgaswater Calculation = |EI|5|
. 5 ariation for Each Input data: Each : lonic Media, Donnan and
Chemical Matrix T Component I component l Input data: Surfaces I Temperature
H+ Hac Cu 2+
Tc [mM) 10 5
log [Tcl [M]]
log{a}| -2
T By [mbd]
Step|  -01
Final walue, 5
1 7
2
3
4
Iegular | 5
wvanation | §
7
2
]
10| -
Initial volume I ml Yolume
warles
Step I ml imegular
MNao. of groups in
Mo, of points I 31 Predominance diagram
Calculate

7. Move to the “Ionic Media, Donnan and Temperature” tab and enter the target temperature.

¥ Input for Solgaswater Calculation

Wariation for Each
and Temperature

Input data: Each
Component

lonic Media, Donnan
conmponent

Chemical M atriz T

Background electalyte
Charge Conc. [mbd]

Cation ’_ ’—
Apio ’_ ’—

lonic: strength madel

Donnan parameters
tdark the species that represent:

H+ in bulk phase

Charged Donnan
surface species

=
~

Model based onDonnan
iy il ecuation described by
- Lindgren ef al

Hordic Pulp PaperRes. J. %
i o
i

Mo lonic Strength Model Selected

Target Temperature and E psilon

Temperature: ed Degrees Celsiug
Epsilan:

Calculate
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8. Calculate

9. Results

View -log[H'] and the distribution (Fi) of the acetic acid containing species (HAc, Ac, CuAc”
and Cu(Ac),(aq) ). (Col. 1: H', -log{[x]/M}; Col. 2: HAc, Fi (aq) HAc; Col. 3: Ac, Fi (aq) HAc;
Col. 4: CuAc*, Fi (aq) HAc; Col. 5: Cu(Ac)x(aq) , Fi (aq) HAc).

There is a short-cut to view the distribution of all species containing a specific component. By
choosing the actual component in the Component/species box and “Fi of selected component in
all species in solution” from the Column Contents menu the distribution of all species containing
the component is shown. The short-cut key for this is “<CTRL> + F”.

N Display Calculation Results EJE)X = bisplay Calculation Results
Calculation Results: Calgulation Results
Bl Gt Columr|_Cokrn1 | Cowmn2 | ok 3 | Cokmnd | Colamn5 | Colum6 | Cobmn? A Deie baum Conioly Colunre] Column1 | Colrmn2 | Column3 | Column | Coluwmn® | Cokrnb | Coumn? &
Column No: Component/Species: || Spme/Comp [T s he | % | cums |cuszen| I Column No: Comporent/Species | | Sooe/Come | He | Ao | WA | coror | CwronEam)| I
5 j T ~ Content | - log (¢l | Fi ) (Hae) | Fi a (e | Fi aa) (Hao) | Fiaa) (HAe) 5 j [cupeiziea =] Contert:|_-log (M) | FiGa) (o) | Fi@apcae) | FiGaa) o) | Fiag) (o)
1] 20 0.997 0002 0.002 0.000 1| 2000 0002 0597 0002 0.000
14 M) Cone. 2100 0.9% 0002 0002 0.000 [+ {wH) Cores 2100 000z 03% 0002 0.000
£ loo (/M) 2200 0.9% 0003 0002 0.000 o 2200 0003 0% 0003 0.000
2300 0993 0003 0002 0.000 2300 0003 0393 0.003 0.000
& L) 2400 0992 0004 0004 0.000 ' clam i3t 2400 0004 0392 0.004 0000
 {a) M) Aciviy 2500 0.990 0005 0008 0.000 (o} M) Activity 2500 0005 059 0005 0.000
£ log ) tlahih) 2600 0997 0007 0006 0.000  log {2} (ia¥M) 2600 0007 0567 0006 0.000
- 2700 0.584 0008 0.002 0.000 - 2.700 0.002 0.984 0.008 0.000
2800 0573 oon ool 0.000 2.800 om 0973 oo 0.000
2 2900 0.974 003 o012 0.000 9 2.900 003 0974 002 0000
) 3.000 0.968 0m7 0018 0.000 “ 3.000 0m7 0988 0018 0000
-~ 3100 0.980 0021 oo1s 0.000 el 3100 0.021 0880 0os 0000
r 3200 0.850 0028 0024 0.000 - 3.200 0.026 0350 0.024 0.000
3300 083 0032 0023 0.0 3.300 0032 0338 0023 o001
@ Filag) /0 Hae I 2400 0324 0040 0036 0001 © Filagldc Ac = 3.400 0040 0924 003 o0t
5 [ | 3500 0.307 0043 0.043 0.001 s | | 3500 0.048 0.907 0043 0.001
32600 n.ess 0.080 0052 0.002 3.600 0.060 0886 0052 0002
o Bl 3700 0861 0074 0082 0002 = Ef 3700 0074 0861 0052 0.003
5 3.800 0833 0030 0074 0.004 c 3.800 0.030 0833 0,074 0004
- 3900 0.800 01028 0088 0.008 ol 3.800 o108 0.800 0.088 0.005
r 4.000 0783 0130 o100 0.007 - 4.000 0130 07E3 0100 o007
4100 0721 0155 0114 ooao 4100 0155 orz1 0114 oo
o 4200 0675 0183 017 003 c 4.200 0183 0675 0123 0.013
o 4300 06% 013 0144 07 i 4300 0213 06265 0144 0017
- [ =] 4400 0574 0248 0158 002 - e =] 4400 0246 0574 0158 0022
= 4500 052 0281 01n 0027 = 4500 0281 0520 [iREal 0027
4600 0465 0317 0184 0033 4600 0317 0456 0194 0033
€ logB /lambda 4700 0413 0353 0135 0033 ¢ log8 /lambda 4700 0353 0413 01% 0033
" Empty 4.800 0351 0383 0205 0045 v " Empty 4.800 0383 0381 0.205 0045 ¥
< > < >

As seen, identical results are obtained regardless of component choice.

10. Plotting the results
Plot Fi as a function of pH.

User Chart

Title / Text Legends Scaling Symbals Lines Insert Data |

Exempels

1.0
039
08

07
— Hée
0§ e

Cutc +
05 Culbel? (ag)
0.4

03 \

0z
01

0.0+

1.0 20 a0 40 50
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5.7 Donnan equilibrium (H*-Na*-Ca**-fibre)
Task: Calculate the concentrations of sodium (1ImM) and calcium (ImM) ions in the fibre
volume and in the suspension liquid (according to the Donnan theory) between pH 2 and 7. (The

Donnan theory applied to wood fibre systems has been described in detail in the work by
Lindgren, Wiklund and Ohman (Nordic Pulp Paper Res. J. 16(1), 24).

1. The following equilibrium reactions describe the actual chemical system.

log B
H,O0 & H' + OH -14

2 | =COOH & H' +=COO" -3.40
Additional information about the fibre system:
Surface site concentration 0.31lmM
Solid phase concentration 10g/dm’
Specific surface area 100m*/g
Specific capacitance 0.27F/m’
Specific Donnan volume 1.4ml/g

In this example the Constant Capacitance Model is used to describe the electric double layer at
the fibre/water interface.

2. Four components: H*, =COOH, Na* and Ca*".

3. The chemical matrix with species charge(z) and surface charges (Q0, Q1 and Q2). Index “f”
represents ions in the fibre phase (Donnan phase) and “s” ions in the surrounding suspension

liquid.

log B H" [ =COOH | Na* | Ca™ | Q | Qi | Q] z
HY, 0 1 0 0 0 1
=COOH 0 1 0 0 o] o] o
Na', 0 0 0 1 0 1
Ca™™ 0 0 0 0 1 2
OH, 14 -1 0 0 0 -1
=COO 340 | -1 1 0 0 11010
H; 0 1 0 0 0 1
Na*; 0 0 1 0 1
Ca™; 0 0 0 1 2
OH; -14 -1 0 0 0 -1
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All mobile species (not surface complexes) should be entered twice, in both suspension liquid
phase and Donnan phase, in the matrix. The log B for a species in the fibre phase should be the
same as the log B in the suspension liquid phase.

4. Start WinSGW and enter the matrix. Mark the “Use Donnan models for surface calculation”
box which will activate the species charge column (z) and the “lonic media, Donnan and
Temperature” tab. In WinSGW calculations it is only possible to involve Donnan equilibrium if a
surface is present. Remember to change the Phase properties for the species in the fibre phase to
“Donnan”.

=¥ Input for Solgaswater Calculation =100 =]

Chomicaltisin |  VAEniaEoeh | Itda ek | s g sutsces | Ik Deoen o
Data File: ex6 ‘par M atrix Surface 1 lon Str. | E
Spacies [ wap Jor|ne | c[nar]cae| o] @i 2| = Phase | Usage

1He 0 c|1 o0 0 a|lo o o 1 Soluble | Use

2| -coon 0 clo 10 oflo 0 o 0 |suiComn| Use

3| Nar v clol o1 aflolo o 1 Solble | Use

= 0 clo oo 1|00 o 2 | soube | Use

" 5-con- 34 a1 lo o]0 o o | suece | Use

| &|on- a4 alaloofoln o a | souble | Use

s 0 1lolo o]aln of Dogran | Use

s 0 oo 1 ofolo o 1

| a|cazer 0 o/olo 1|aln of 2 CM‘;LE%@

H oH-f 14 410000/ 0 O 1 Drannan Use

11 Solble | Use

12 Solble | Use

13 Solble | Use o

T = Companents
I~ Use lonic Strength Calculations:
¥ Lise Donnan Modek for Surface Complesation
[ Caleulate at 2 Differert Temperatue (25 C s defaull]
et I Use Temperalure Dependent Constants

5. Move to next tab “Variation for each component”.
Choose to step pH and to keep the total concentration of remaining components constant.

(Component 1 H, option 10; Component 2 =COOH, option 2;
Component 3 Na*, option 2; Component 4 Ca2+, option 2; Surface 1 =COQOH, option 20).

=% Input for Solgaswater Calculation =100 =]

Chemical Matix Variation for Each I Input data: Each ot et S tifacas lonic Media, Donnan and
- o SOMRENERE comgenent i - Temperature

Chose Alkemative for Each Companent:

Predominance diagram

H For component; | Mo dagram =
=2l

Comparnent 1 He
[1(‘ 2030 4C B0 B0 70 8C 9C WE 11

™ el sofids of component

[EnmnmeM =C00H 7| Incl, allisslids

@20 e e e e e e e e i

I Correct far formula units

Flotwith  X-awis  Y-axis

neaative Elek (o

IrEomponenl 3 Na+
sign on,

20 e e e ie Te e e e e

Suface 1 =COOH
06 21 2 230

[The different options ahove, corvesponds to the following
parameters for the componenis

|»

Te: Total Concentration for the actual component.
ja: & ctivity for the free amount of the actual component

Cpfion I Te varies itre qulatly between each point

Gption 2 Teis constant

Cpfion 3: Te vaties with constant steps

Gption & Te varies through varied wolume. sdditions

Cption 5: Te varies through constant olume-sdditions

Cotion 6 1o Te vaties with constant stess -]
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6. On the “Input data: Each component” tab, enter the start value “log {a}”, step length “Step” for
the first component H”, the total concentration of fibre sites, sodium and calcium “Tc” and the

number of points.

2% Input for Solgaswater Calculation o ] |

Chemical Matrix T Wariation for Each I Input data: Each ] (i s T|omc Media, Donnan and

Companent Temperature
H+ =CO0H | Na+ Ca2+
Tc [mM] 031 1 1
log [Tl ()]
logfalf -2
T Byr. [mi]
Slep| 01
Final valug B8
1 -
2
3
]
Iregular | 5
variation | §
7
8
]
10 -

Iritial wolurme: l— ml Yalune
waries
Step mil imegular

a1

Mo of groups in
Predominance diagram I

Mo. of points

Calculate

7. Move to next tab “Input data: Surfaces”. Enter values for solid phase concentration,
capacitance 1, surface area and the specific Donnan volume.

2% Input for Solgaswater Calculation o ] |
Y ariation for Each Input data: Each = I lonic Media. D onnan and
Chemical b atrix T Companent I component ] Input data: Surfaces Temperature
=CO0H
Solidconc, [o/)] 10

Step (/)]
Solid cone. Byr. [a/]]

1 =
2
&
Solid conc. varies |~

imeguilar [g/1]

5
5

i -

Capacitance 1 [F/m2)|  0.27

Capacitance 2 [F/mZ)|

Surface area (m2/gl] 100
Donnan volume fml/g)1-4

CCH

ECCHM

DLM

Stem

TLM

TPM

o

SESHSHEN 1)

Seroll to view references for the different surface models i’

CCM:  Schindler, P W. and Gamsjiiger, H., Kolloid Z. u. Z

Polymere, 250, 739 (1972) ﬂ Calculate
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8. Move to the “lonic Media, Donnan and Temperature” tab and mark the species in the
suspension liquid phase that represent the proton and the charged surface species causing the
Donnan potential.

Input for Solgaswater Calculation Qlﬁ\@]

Waniation for Each Input data: Each lonic Media. Donnan
Input data: Sufaces

Chemical Matris T

Component component and Temperature
Backgiound electiolpte Donnan parameters Target Temperature and Epsilon
Mark the species that represent:
Charge Cone. (mM) Temperature: Degrees Celsiug

Cation H+in bulk phase [H > — ,_
Anion
Charged Donnan -

|onic strength model surface species
s =CO0-

Model based onDonnan A
L‘-‘,i equation deseribed by
Lindgren et al

Hordic Pulp PaperRes. ], %

# [02

SIS ST I

Ho [onic Strength Model Selected

Calculate

9. Start the calculation

10. Results

View -log[H"] and log ¢ for all sodium and calcium species. In the sixth column view lambda (A
= [H"}¢/ [H'], = [Na"]¢/ [Na'], = ([Ca®"];/ [Ca’*])*= [OH ],/ [OH ];).

(Col. 1: H*, -log{[x]/M}; Col. 2: Na*, log{[x]/M}; Col. 3: Na*;, log{[x]/M}; Col. 4: Ca*,
log{[x]/M}; Col. 5: Ca2+f, log{[x]/M}; Col. 6: None, lambda).

lay Calculation Results H=
 Define Column Contents (Eatculation Resulls:
Column| Column1 | Colmn2 | Columnd | Colmnd | Colmn® | ColrnB | Coumn? 4]
Colurnt Moo Component/S pecies: Spec/Comp. He Nat Hat f Cazs Cazef
6 = [None =] Confent.|_~og (3| _log (i) | _loa (i) | _lon (I | _lop (I _|__famba
2,000 3000 2988 2000 29 | 1oh
el 2| 2100 -3000 2988 2000 2970 1036
= 3| 2200 -3.000 2979 200 2958 1.050
2 4] 2300 -3.000 2872 2000 2943 1.069
gl (171 5| 2400 300 2862 2001 2925 1.082
£ (e Aoty 5| 2500 -30m 2981 2002 2902 1122
€ log (o) 7| 2600 300 2938 2002 2876 1.157
R - §] 2700 3001 2823 2003 2845 1.198
L deione i 5| zam 3002 2908 a0 2813 1.245
e 10| 2900 3002 -2883 2004 277 1.297
€ T 1] Tl Bsrics. iy Solition 1] 3.000 3002 2671 3005 2743 1.353
& ool o Gore 2| 3100 -3.003 2853 EX 2706 1.413
el 13| 3200 3003 2834 3008 2670 1475
(e - 14| 3300 3004 2818 2009 263 1.540
€ fifesl /€ i B 5] 2400 3004 278 2010 259 1.605
5 = 16| 3500 3004 2781 2012 2565 1672
7] 3600 3005 2766 EXIE] 253 173
e here (5] 18| 3700 -3.005 2743 3014 2501 1.805
L ) 13| 3800 -3008 2733 2016 2472 1872
e T e e 70| 3800 3008 2718 2018 2443 1.93
i 71| 4000 3008 2708 2019 2416 2003
H 22| 4100 3007 2691 2021 2390 2088
€1 Eonc, SlifaceRhase (a/6id] 23| 4200 -3.007 -2673 3023 -2.385 2132
©Gutace B () [rons B 24| 4300 -3.008 2688 2024 2341 2195
S e (el Tone 2] 75| 4400 3008 2655 3026 2319 2257
; ::':Ulinin‘(dgf Hon 76| 4500 3009 2643 202 2297 2318
! ' 27| 4800 -3009 2633 202 2277 2377
& logE / lambda 28| 4700 3008 2823 303 2258 243
 Empty 23] 4800 3010 2613 203 223 2493
e i e i Eeena _>l_I
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11. Plotting the results

Plot log {[x]/M}for sodium and calcium in both suspension liquid and fibre phase as a function
of pH.

M User Chart

=1o1>]

i Print / Save i|  Title / Test Legends Scaling Symbals Lines Insert Data | |

User Chart

-2.0

21
2.2
-2.3

2.4 Na+
Ma+f
25 ;  Laze
2B CaZ+f

T
-2.8
29
20 —
-31

4 User Chart G = ] 5 |

i Print / Save

Iitle.-"Text| Legends | Scaling ‘ Symbals | Lines | InsertData| |

User Chart

35

30

25
— lambda

20
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5.8 Find the best fitting model for the (H*-H;PO,) system

Task: Optimise the formation constant for PO, using experimental data. The total concentration
of H3POy is constant during the experiment (10mM) and the following pH values (-log {H"})and
[PO43'] are available.

pH | [POs"] (mM)
9 4E-03

9.8 0.03

102 |0.07

105 |0.12

11 025

112 |0.66

118 |22

12 [32

1. The following model was entered into WinSGW in the first example in this manual.

log B*
H,0 = H' + OH -14.00

H:PO, & H,PO, +HY | 215
H,POs & HPO,> + H | -7.20
HPO,> & PO +H" |-12.35

B W N =

*Equilibrium constants valid at infinite dilution and at 25°C.
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2. Enter the model following the first five steps in the previous example. Change the formation
constant for PO43' from -12.35 to -11. This entail that the chemical matrix in WinSGW will have
the following content.
"™ Solgaswater for Windows

File Calculate  Column-Contents  Diagrams  Tutorials  View  add-ins  Help

- Input for Solgaswater Calculation EHEWE

Chemical Matrix T Wariation for Each T

Component

Data File: Fosfat_Test_0Opt ‘par' Matri
Species | logB |Ex H+ ‘HBP Phase
H+ 10 Soluble
H3PO4 Soluble
OH- Soluble

HPO4 2-
PO4 3

Soluble
Soluble
Soluble
Soluble
Soluble
Soluble
Soluble
Soluble
Soluble

o1
400
HzFD4 - 101 Soluble
2 1
3001

*C = Companents

™ Use lonic Strength Caleulatians

r

13
U t 2
s comments [~ Dptimisation

™ Use Temperature Dependent Constants

WinSGW 4.2 8 By Magnus Karlsson & Johan Lindgren
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3. Mark the “Optimisation” check box and change the Usage-value for PO,* from “Use” to
“Optimise logB”.

win

Solgaswater for, Windows ‘:l |E‘ El

File Calculste Column-Contents Diagrams Tutorials  Miew Add-ins  Help

=% Input for Solgaswater Calculation E”E”'E

Optirmization: [nput data
e | | I
Data File: Optimisation example | ‘pgr' Matris ‘ ﬂ
Species ‘ log B |E’ H+ ‘HSF’ Phase ‘ Usage
1|H+ 0 cC|1 0 Soluble Use
EEET 0 c,o 1 Soluble Use
3w 1 10| Solubke lse
4 |Hze0a- 215 41 Soluble Use
" 5|HPoa2- 535 21 Soluble Use
_B PO4 3- -20.35 3001 Soluble Optimise logB
_T Soluble Use
_B Soluble Use
79 Soluble: Use
? Soluble Use
T Soluble Use ]
? Soluble Use
I Solisle ue o
“C = Components
[™ Use lonic Strength Calculations
-
™ Use Temperature Dependent Constants
User comments N
v Optimization B
»
< | 5

WinSGW 4.2.8 By Magnus Karlsson & Johan Lindgren

Up to 10 formation constant and/or capacitance figures could be optimised at the same time.
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4. Change to next tab “Variation for each component”. For this example we would like to vary
pH irregularly (Component 1 H', option 8) and to keep the total phosphoric acid concentration
constant (Component 2 H;POy, option 2).

wm

Solgaswater for Windows

flle Calulste Cgumn-Contents Diagrams Iutorials Wiew Add-ns Help

% Input for Solgaswater Calculation

Optimisation: Input data

Chemical Matix T Varilfliun meachT Input data: Each T T u

component

Chose Altemative for Each Component:

Companent 1 He

e e e e e Ee 70 B0 O e 5 For component :l
-

Component 2 H3PO4 -

i 20 9@ i@ 58 G 70 08 98 e D
-

Plotwith  eavis  ‘anis
negative [~ s
sign ar
E(H) (]
instead of H
pe o

[The different options above, corresponds to the following -~
parameters for the componeris

Te: Total Concentration for the actual component
2. Activity for the free amount of the actual component

Option I: Te wasies imregularly between cach point

pfion 2: T is constant

iption #: e varies with constant steps

iption 4 Te vaties through varied volume-additions

pfion 5 Te vaties through constant wohume-additions

ption 6 log Te vaties with constant steps v

~

] B
WinSGW 4.2.8 [By Magnus Karlsson & Johan Lindgren

5. Move to next tab “Input data: Each component”. Enter the “log {a}” values and the total
concentration of phosphoric acid “Tc”.

W

Solgaswater for Windows

File Calculate Column-Conbents Diagrams Tutorials Yiew Add-ns Help
&% Input for Solgaswater Calculation
Dptimisation: Input data
R T VEII\:E;\I:‘I;;;!EE\?CI’\ T Input data: Each T T
H+ H3PO4
Tc(mh)] 20 10
log [Tl [M]]
lag {a}] 0
T Byr. [mb])
Step A1
Final valug
1 9 =
2 -88
3| 0z
4| 105
5 -1
BN -11.2
Iiegular| 7 | -11.8
warlation|_8 12
g C
10
1
12
13
14 =
Initial volume ml Yolume
waries
Step ml inegular
No. of groups in [
Na. of paints Predorminance disgam Calculate
hd
< | >
Win56W 4.2 8 By Magnus Karlsson & Johan Lindgren

65



6. Move to “Optimisation: Input data” tab. Choose PO, in the “Component/Species” box, mark
the radio button for free species concentration ( [x] (mM) Conc. ) and enter the measured PO>
concentration into the matrix marked in yellow.

W

Solgaswater for Windows

File Calculate Column-Contents Diagrams Tutorials Wiew  Add-ins  Help

¥ [nput for Solgaswater Calculation

[ eyl Wariation for Each T

Component

Input data: Each
component

Optimigation: Input
lata

Define Analysed Parameters
Column Mo Component/S pecies:

1 j FO4 3- -

Analysed Parameters

v Us= Colurar:]  Colurn 1 Calurmn 2 Column 3 -
&[] (M) Canc, " log ([x]/M) Selection:| [« (rmh]
= € Sum [ [wM) Conc: Waighl: 1
- Spec/Camp: 1 P04 3
~ 2
B
" Empty F]
‘Weight for Analysed Parameter: 1 5
INPUT H+ H3PO4 5 &7
DATA | log [{al/M) | Tc(mM) Data Data Data =
Include -9.000 10.000 1 [n004
Include -9.800 10.000 2 0.03 o
Include -10.200 10,000 g 0.o7
Include -10.500 10.000 4 01z
Include -11.000 10.000 5 0.25
Include: -11.200 10,000 B 0.E6
Include -11.800 10.000 7 2.2
Include -12.000 10.000 g 3z
Include: 4
Include 10
Include 1
Include: 12
Include 13
Include 14
Include 15
Include 18 >
Include 4 | | r

=1
CEX §

~

Win5GW 4 2 8 By Magnus Karlsson & Johan Lindgren

>

If you have measured more than one type of data you could add up to fifteen data sets using the
remaining columns. If a data point is missing in a data set the abbreviation NaN (Not a Number)
could be used to exclude the missing data. Different weights could be applied to the data sets,
which will move the resulting model closer to the data set given the highest weight.

7. Start the calculation by pressing a “Calculate” button, using the Calculate menu or the short cut

key <F9>.
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8. Two windows for the result will open, the normal grid for viewing results from a WinSGW
calculation and a window called “Optimisation results”.

“™ Splgaswater for Windows |'._H'E|E|
File Calculate Column-Contents Diagrams Tutorisls  Wiew  Add-ins  Help
— &
2% Optimisation results |._HE|P5__<| =
Optimization info. code: 2 S5R total: 4112E02 Goodness OF Fit: 0.98497 [~
Yariable Start valug Optimised value | Standard deviation
1 log B: PO4 3- -20.35 -21.691 0.025 Move I
2 L
2 =
DX is as the calculated difference b imised and d value
Column Column 1 Column 2 Column 3 Column 4
S5R [weight] 4.112E-02
% of 55 total 100.0
S5R 4112602
D [x] [mid) P04 3-
i 4 8A5F 04
2 -0.001
2 0.002
4 0022
1] 0186
B 0014
7 0.034
2 -0.069
l » \
Al colomns -
Dix
020
D.]Dl -
0.00
} 1 2 ] 4 5 g 7 9
010 Paint number
Azl d
\ >
WinSGWw 4.2 8 By Magnus Karlsson & Johan Lindgren

The upper table shows the best fitting model found by WinSGW and the overall fit to the
experimental data. Sum of Squared Residuals (SSR) is the difference between the model and the
experimental data and should be as low as possible. The Goodness of fit value close to one
indicates that the resulting model has a good fit to the data. The starting value, the optimised
value and the standard deviation for each optimised variable is then listed. By pressing on
“Move” in the last column is the optimised value moved to the “Chemical matrix” and will then
be used as the starting value in the next optimisation.

In the lower part is the DX figures, the difference between the model and the experimental data,
for each data point listed and plotted. The squared sum of the DX figures is equal to the SSR.
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9. It is obvious that data point number 5 is strongly deviating from the model. Move back to the
Input window (View Chemical matrix) and Click in the first column for data point 5. This will
change the value for this point from INCLUDE to EXCLUDE.

W

Solgaswater for, Windows

File Calculate Column-Contents Diagrams Tutorials  View  Add-ins  Help

=¥ Input for Solgaswater Calculation

Chemical b atriz

ariation for Each Input data: Each
Component COMponent

Optimization: Input
data

Define Analysed Parameters

Column No: Companent/S pecies: Analysed Parameters
1 j P04 3- | ¥ Use Colurr:|  Column 1 Column 2 Column 3 «
(+ [x] [mh] Conc. " log [[x]M) Selection:|  [¢] (mi]
) £ Sum [4] (mM) Canc “wsight: 1
~ Spec/Comp: 1 FO4 3-
~ 2
&
" Empty 4
‘weight for Analysed Parameter: 1 5
INPUT Hr H3FT4 3 -
DATA | log (fal/M] | TelmM) Data Data Data =
Include -3.000 10.000 1 0.004
Include -5.800 10.000 2 0.03 [ ]
Include -10.200 10.000 B 0.07
Include -10.500 10.000 4 0.1z
Exclude -11.000 10.000 5 0.25
Include -11.200 10.000 [ 0.66
Include: -11.800 10.000 7 22
Include -12.000 10.000 8 32
Include
Include: 1o
Inclhuds 11
Include 12
Include 13
Inclhuds 14 L]
Include 15

Include 18 57
Includs 4 | ‘ 3
S I

Rl o4
| >
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10. Start the calculation by pressing a “Calculate” button, using the Calculate menu or the short
cut key <F9>.
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=% Optimisation results

File Calculate Column-Contents Diagrams Tutorials  Yiew Add-ins  Help

Optimization info. code: 2

S5R total

5.802E-03

Goodness Of Fit:

03353

Wariable

Start valug

Optimized value

Standard deviation

log B: PO4 3

-20.35

-21.687

0.016

Move

DX iz as the

d diff

d value

Column;

Colurnn 1

Column 2

Colurmn 3

Column 4

S5 [weight):

5.608E-03

% of 55R total:

100.0

S5R:

5.808E-03

Dix:

[i] (M) P04 3

1

5.287E-04

-0.001

0.002

0.023

Exclude

0.020

0.050

-0.048

»

4 5
Faint number

Al coloming -

WinSGEWw 4.2.8'5'By Magnus Karlsson & Johan Lindgrén A

Tl

¥

P

Excluding data point 5 reduced the SSR total figure and changed the Goodness of fit value closer
to 1.

Detailed information about the optimisation calculation (convergence criteria etc.) can be found

under “Help and Show optimisation information codes”. The convergence criteria could be
changed under “File, Preferences and Optimisation options”.
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