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Abstract: Paraquat bis(hexafluorophos-
phate) undergoes stepwise dissociation
in acetone. All three species—the neu-
tral molecule, and the mono- and dicat-
ions—are represented significantly
under the experimental conditions typi-
cally used in host—guest binding studies.
Paraquat forms at least four host-guest
complexes with dibenzo[24]crown-8.
They are characterized by both 1:1 and
1:2 stoichiometries, and an overall
charge of either zero (neutral mole-
cule) or one (monocation). The mono-
cationic 1:1 host—guest complex is the
most abundant species under typical

(0.5-20 mm) experimental conditions.
The presence of the dicationic 1:1
host—guest complex cannot be excluded
on the basis of our experimental data,
but neither is it unambiguously con-
firmed to be present. The two con-
firmed forms of paraquat that do un-
dergo complexation—the neutral mole-
cule and the monocation—exhibit ap-
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proximately identical binding affinities
toward dibenzo[24]crown-8. Thus, the
relative abundance of neutral, singly,
and doubly charged pseudorotaxanes is
identical to the relative abundance of
neutral, singly, and doubly charged par-
aquat unbound with respect to the
crown ether in acetone. In the specific
case of paraquat/dibenzo[24]crown-8,
ion-pairing does not contribute to
host—guest complex formation, as has
been suggested previously in the
literature.
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Introduction

The rational design of functional mechanically interlocked
molecules'!! is predicated on a precise understanding of the
strengths of the noncovalent bonding interactions that exist
between the matching components. Accurately quantifying
the strengths of these interactions allows the design of
highly programmed molecular structures with desired prop-
erties—for example, bistability, electronic, mechanical, and
so forth—from simple experiments carried out on these
matching components in solution prior to incorporation into
the final molecular structures. For example, the equilibrium
populations of the co-conformers® of bistable [2]rotaxanes
remain consistent across solution, self-assembled monolay-
ers (SAMs), and device environments,” and can be predict-
ed from simple isothermal titration calorimetry measure-
ments on the corresponding pseudorotaxane components in
the solution phase.

The ability to correlate device performance using the
power of template-directed synthesis and the precision asso-
ciated with physical organic chemistry is presently one of
the fundamental goals in molecular electronics. In the
course of our research efforts to identify suitable recognition
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units for matching rings along the rod sections of the dumb-
bell components in new bistable rotaxanes for incorporation
into molecular electronic and molecular logic devices,'**
we conducted various binding studies between a neutral
host, dibenzo[24]crown-8 (DB24C8), and a dicationic guest,
N,N'-dimethyl-4,4"-bipyridinium (paraquat) bis(hexafluoro-
phosphate), in acetone using both 'H nuclear magnetic reso-
nance (NMR) and ultraviolet/visible (UV/Vis) spectroscopy.

O

SRS
@ @r“
O OJ

paraquat dibenzo[24]crown-8
(GX2) (DB24C8)

In general, ion-pairing effects can be important factors in
host-guest association processes.”] However, a detailed
quantitative treatment of these effects for specific host-—
guest systems is rarely undertaken, because of the prolifera-
tion of simultaneous equilibria that have to be taken into
account.

For example, solutions of paraquat bis(hexafluorophos-
phate) in [D¢]acetone have been previously modeled to con-
tain only two states, that is, the dication and the neutral mol-
ecule.’! It was assumed that the paraquat monocation—
which is bound to only one PF,~ counterion—is not present
in [Dg]acetone.”! The association between DB24C8 and par-
aquat in [Dg]acetone was also reported to be strictly of a 1:1
stoichiometry.! Unbound paraquat in [Dg]acetone was pre-
sumed to be fully ion-paired, whereas the DB24C8/paraquat
1:1 complex was assigned to be fully dissociated, that is, it is
a dication. No singly charged host-guest complexes were in-
cluded in the treatment.

In this paper, we present UV/Vis and NMR experimental
evidence that contradicts these conclusions in many respects.
Firstly, we show that all three possible forms of paraquat
exist in acetone solution. In fact, the previously overlooked
paraquat monocation is the most abundant species present
at total concentrations typically used for host—guest binding
studies. Secondly, we have obtained experimental evidence
for the existence of a DB24C8/paraquat complex with 2:1
stoichiometry. Thirdly, our quantitative analysis of the nu-
merous equilibria associated with the simultaneous forma-
tion of different complexes shows that the different species
of paraquat have approximately identical affinities for
DB24C8. This observation implies that the same extent of
ion-pairing is being observed for paraquat, both when it is
unbound in solution, and when it is bound to the crown
ether. The most abundant host-guest complex is the
DB24C8/paraquat monocation (1:1), just as the most abun-
dant species present in solutions of unbound paraquat in
acetone is singly charged. Thus, in the particular case of
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DB24C8/paraquat binding interactions, ion-pairing does not
strongly influence or “drive” the formation of host—guest
complexes as was proposed previously.!

Computational Methods

Complex simultaneous equilibria: The mathematical formalism used in
our analysis to describe a complex mixture at equilibrium is a modifica-
tion of the algorithm EQUIL.®! It applies to an arbitrary binding (com-
plexation) model, regardless of the number of participating molecular
species, the number of steps in the reaction model, or the stoichiometries
of the molecular complexes. Full mathematical details of this mathemati-
cal formalism are included in the Supporting Information.

Briefly, the theoretical model for the chemical shift of each particular ar-
omatic proton is represented by Equation (1), in which éobs is the experi-
mentally observed chemical shift of proton X in the given solution mix-
ture, ny is the number of distinct molecular species (both free in solution
and bound in complexes) in which the particular proton appears, 6\*’
the intrinsic chemical shift of proton X in the ith molecular species, and
¢ is the concentration of this molecular species at equilibrium. Equa-
tion (1) expresses the fact that the NMR chemical shift is an intensive
physical variable. The intrinsic chemical shifts 6" were treated as adjust-
able model parameters. All equilibrium constants appearing in each mo-
lecular mechanism were also treated as adjustable parameters. In Equa-
tion (1), these equilibrium constants are implicitly contained in the equi-
librium concentrations c . The equilibrium concentrations c( ) were
computed by a general numerlcal method described in the Supporting
Information.

ny

Ny e (1)

i=1

nbv Z 6

Statistical analysis and model discrimination: The software program
DynaFit'’! was used in all quantitative analyses. Experimentally observed
chemical shifts were subjected to nonlinear least-squares regression using
Equation (1) as the fitting model. Signals for all protons were combined
and analyzed simultaneously in a global fit.'”! The fitting algorithm was
either Reich’s modification!"!! of the Levenberg-Marquardt algorithm,!'”
or the globally convergent differential evolution algorithm as described
by Price etal.” Nonsymmetrical confidence intervals for optimized
model parameters—equilibrium constants and chemical shifts—were esti-
mated at the 95% confidence level by using the profile-r method of
Bates and Watts."¥! Model discrimination analysis was based on the
second-order Akaike information criterion (AIC,).!"”!

Results

UV/Vis spectra of DB24C8/paraquat charge-transfer com-
plexes: UV/Vis spectra of DB24C8/paraquat mixtures in
acetone contain a characteristic charge-transfer (CT) band
associated with the electronic interaction between the aro-
matic rings on the host (H) and guest (G) molecules. When
paraquat bis(hexafluorophosphate) ([GX,],) is held at
1.02 mM, increasing amounts of DB24C8 ([H],) initially
result (Figure 1, top) in the appearance of a CT band at
393 nm. As the [H], concentration is increased further such
that [GX,], is in excess, the absorption 4,,,, hypsochromical-
ly shifts to 378 nm. This effect is best observed when the ab-
sorbances at various wavelengths are plotted (Figure S1 in
the Supporting Information) as a function of [H],. The ab-
sorbances at 350, 365, and 375 nm increase disproportionate-
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ly relative to those at 393 or 405 nm. In contrast, when [H],
is held constant (1.01 mm) and [GX,], is increased to being
in excess, only the 393nm CT complex is observed
(Figure 1, bottom). Because this second blue-shifted absorb-
ance is only observed when [H], is in large excess with re-
spect to [GX,],, we attribute this phenomenon to the forma-
tion of DB24C8/paraquat complexes with 2:1 stoichiome-
tries.

A Job plot!"® constructed from the UV/Vis data, through
observation of the intensities of the CT bands at 378 and
393 nm, showed skewing along the DB24C8 mole fraction
axis towards 0.67, suggesting the formation of 2:1 (DB24C8/
paraquat) complexes in solution. The 3D absorbance surface
(Figure 2) suggests a stoichiometry greater than 1:1. There is
also a hypsochromic shift of the absorbance which we as-
cribe to the formation of a 2:1 complex.
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Figure 1. UV/Vis spectra of DB24C8/paraquat mixtures. Top: Hypsochro-
mic shift of charge-transfer absorbance when [DB24C8], is in excess in
comparison with [GX,],. Bottom: Only 393 nm charge-transfer absorb-
ance is observed when [GX,], is in excess compared with [DB24C8],.
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Figure 2. Three-dimensional UV/Vis Job plot of DB24C8/paraquat mix-
tures revealing both a skewing of the maximum absorbance towards 0.67
mole fraction of DB24CS8, as well as a hypsochromic shift of the absorb-
ance A, both features indicative of the presence of 2:1 DB24C8/para-
quat complexes.

Determination of paraquat ionization constants: When
paraquat bis(hexafluorophosphate) is diluted progressively
in [Dg]acetone, the resonances of both aromatic protons
shift (Figure 3 A,B) downfield by approximately 0.1 ppm in
the '"HNMR spectrum. The reverse is true (Figure 3C,D)
when additional hexafluorophosphate counterions—as the
tetrabutylammonium salt, Bu,NPF,—are added to a solution
of paraquat in [Dg]acetone. We interpret these changes in
chemical shifts to be a consequence of altering the relative
abundances of the three different states of paraquat,
namely, the neutral species, and the mono- and dications.
We have utilized this behavior to determine the equilibrium
constants for the ion-pairing processes in solution.'”

The paraquat dilution and counterion titration data in
Figure 3 were fitted to a mathematical model corresponding
to the ionization model shown in Scheme 1, in which G**

Kagxx Kagx
GX, == GX' + X ==—= G* +2X

Kdnx
NX =— N'+ X~

Scheme 1. Simultaneous binding processes occurring in a solution of par-
aquat bis(hexafluorophosphate) (GX,) and tetrabutylammonium hexa-
fluorophosphate (NX).

represents the paraquat dication, N7 is the tetrabutylammo-
nium cation, and X~ is the hexafluorophosphate anion. The
equilibrium constants Ky, Ky, and Ky, are binary (step-
wise) dissociation constants of the appropriate complex.
This system consists of three component molecular species
(G**, N*, and X") and the three molecular complexes they
form (GX,, GX*, and NX). The system of simultaneous
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nonlinear algebraic equations that describe the composition
at equilibrium under any given set of total concentrations of
components was automatically derived by the software
DynaFit;"! the details of the mathematical formalism are de-
scribed in the Supporting Information.

The best-fit values of the equilibrium constants for step-
wise dissociation, as determined by the least-squares fit of
chemical shift data in Figure 3, are Ky, =(10.6+£1.9) mm
and K, =(0.64+0.2) mm; the best-fit value of the dissocia-
tion constant for Bu,NX was Ky, =(11.1+2.7) mm—see
Table 1, which also lists the 95% confidence intervals. We
used the best-fit numerical values of the paraquat dissocia-
tion constants to simulate the relative abundance of all
three species at equilibrium, at various total concentrations.
The results show (Figure 4) that all three states—neutral
molecule and the mono- and dications—are significantly
populated in host-guest binding experiments under typical
experimental conditions, with total paraquat concentrations
approximately in the 1-30 mm range. In fact, the monocat-
ion (GXt) is the most abundant species at total concentra-
tions between 0.5-20 mm. The DynaFit!” script that was
used for this numerical simulation is listed in the Supporting
Information.
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Figure 3. Least-squares fit of paraquat chemical shifts to reaction mecha-
nism shown in Scheme 1. Left-hand panels (A, C): downfield aromatic
proton H,; right-hand panels (B, D): upfield aromatic proton Hy. Upper
row (panels A, B): concentration of paraquat was varied in the absence
of additional Bu,NPF,. Bottom row (panels C, D): concentration of addi-
tional Bu,NPF; was varied, while the concentration of paraquat was held
constant at 0.714 mm (0), 1.429 mm (2), 2.143 mm (o), 3.036 mm (V), and
4.0mm (o). The smooth curves represent the best-fit model generated
from mechanism B, defined by a system of simultaneous nonlinear alge-
braic equations [Supporting Information Eqs (2)-(4)]. Data shown in all
four panels were analyzed simultaneously (global fit!")).
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Table 1. Best fit values, formal standard errors, and confidence intervals
(“low”, “high”, at the 95% confidence level) of adjustable model param-
eters determined by DynaFit”! from experimental data shown in
Figure 3.

Parameter Fitted Std. Error Lowgse, Highyso,
K gl [mn] 10.6 1.9 7.7 17.4
Ko [mu] 0.60 0.21 0.25 1.16
Ko™ [mm] 11.1 2.7 72 21.7

8 H, ™ [ppm] 9.461 0.003 - -

o H, X" [ppm] 9.415 0.006 - -

ol H, XX [ppm)] 9.298 0.003 - -

8" Hy¢™ [ppm] 8.919 0.004 - -

"N Hy©X [ppm] 8.866 0.006 - -

O Hy @™ [ppm] 8.770 0.002 - -

[a] Stepwise (binary) dissociation constants appearing in Scheme 1.
[b] Intrinsic chemical shifts of paraquat aromatic protons in all three pos-
sible species (neutral molecule GX,, monocation GX*, dication G**).
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Figure 4. Mole-fraction distribution of paraquat species in acetone. The
solid mole-fraction curves were simulated by using the software Dyna-
Fit,”! while assuming that the dissociation constants K, and K
(Scheme 1) have the numerical values listed in Table 1. The dashed mole-
fraction curves were simulated while assuming that the dissociation of
paraquat proceeds in a single step and is characterized by the total stabil-
ity constant reported by Huang et al.l’!

The experimental data shown in Figure 3 were also fitted
to the single-step ionization mechanism, GX,=G** +2X",
originally proposed by Huang et al.¥! As measured both by
the AIC" and by the visual examination of the residuals of
fit, the single-step ionization model failed to describe our
data adequately. The results of an attempted fit to the
Huang et al.® single-step ionization model are shown in
Figure 5. The residuals are distinctly non-random, especially
at relatively high concentrations of added counterion (Fig-
ure 5C,D, inset). We are obliged to conclude that the previ-
ously proposed® single-step dissociation mechanism for par-
aquat dissociation in acetone is in conflict with our experi-
mental data.

NMR spectroscopy of DB24C8/paraquat complexes: Para-
quat, DB24C8, and Bu,NPF; were mixed in [Dg]acetone at
various total concentrations, and the chemical shifts of all

www.chemeurj.org — 109



CHEMISTRY

J. F. Stoddart, P. Kuzmic et al.

A EUROPEAN JOURNAL

four aromatic protons were determined for each ternary
mixture. Four series of experiments were performed, each at
a different total concentration of the counterion,
[Bu,NPF¢],=1, 6, 12, and 24 mm. Within each series, the
total concentrations of paraquat and DB24C8 were varied
such that the sum of concentrations remained the same,
[GX,+DB24C8],=12, 9, 6, and 3 mM. The mole fractions in
each series were Xppucs=0.1, 0.25, 0.5, 0.75, and 0.9. Each
sample was prepared in duplicate, giving a total of 40 inde-
pendent chemical shift measurements for each of the four
protons. The complete data set contained 153 data points.
The standard deviations of chemical shifts from the replicat-
ed measurements ranged between 0.001 and 0.006 ppm and
the median standard deviation from all replicates was
0.002 ppm. The numerical values of all chemical shifts are
listed in the Supporting Information and displayed graphi-
cally in Figure 6.

Considering the binding steps displayed in Scheme 2,
there exist exactly 26 possible pathways or mechanisms for
DB24C8 and paraquat—in any of its three states—to form
either 1:1 or 2:1 complexes. We have used the DynakFit soft-
warel” to construct all 26 mathematical models correspond-
ing to each binding mechanism, and performed the least-
squares fit (Figure 6) of the chemical shift data to all of the
theoretical models in turn. We also considered the DB24C8/
paraquat complexation mechanism previously proposed by
Huang et al.l”! Finally, we included three degenerate fitting
models, in which the numerical values of certain pairs of
equilibrium constants were forced to be identical. The com-
plete list of all 30 binding mechanisms that we examined is
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Figure 5. Least-squares fit of paraquat chemical shifts to the single-step
dissociation mechanism (GX,=G?*42X") proposed by Huang et al.l
See legend to Figure 3 for other details.
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Figure 6. Least-squares fit of paraquat and DB24C8 chemical shifts. A)
upfield proton (Hp) on paraquat; B) downfield proton (H,) on paraquat;
C) upfield proton (H?) on DB24C8; D) downfield proton (H') on
DB24C8. Horizontal axis: mole fraction of DB24C8. o: [Bu,NPF],
=1mm, [GX,+DB24C8],=12mm; a:[BuNPFg,=6mm, [GX,+
DB24C8],=9 mm; o [Bu,NPF],=12 mm, [GX,+DB24C8],=6 mm; V:
[Buy,NPF],=24 mm, [GX,+DB24C8],=3 mM. In each series of data
points, the mole fraction of DB24C8 was 0.1, 0.25, 0.5, 0.75, and 0.9.
Data shown in all four panels (153 chemical shifts) were analyzed simul-
taneously (global fit!""l). The smooth curves represent the best-fit model
curves generated from the reaction mechanism model 29 in Table 2 (see
also Scheme 2). The 95% confidence intervals of equilibrium constants
appearing in model 29 are listed in Table 3.

Kanx
NX === N'+ X~

Kgxx Kagx

GX; =—= GX' + X =—= G% + 2X"

I

GXoH GX*H G%*H

1 L Kagxxhn 1 LK dgxhh 1 lK dghh

GXoH, GX*H, G?*H,

Scheme 2. All possible simultaneous binding processes occurring in a so-
lution of paraquat bis(hexafluorophosphate) (GX,), tetrabutylammonium
hexafluorophosphate (NX), and dibenzo[24]crown-8 (H).

given in Table 2 and in the Supporting Information. Model 1
in Table 2 is the previously proposed model,”! while models
27-30 are the three degenerate models.

In the first-pass model discrimination analysis, we exam-
ined three independent characteristics of each candidate fit-
ting model in order to decide whether or not to accept a
given model for further consideration.
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Table 2. First-pass model discrimination analysis for 30 possible DB24C8/paraquat binding mechanisms.

Model Kdgxx[a] Kdgx["] Kdgxxh["’] Kdgxxhh["’] Kdgxh["] Kdgxhh["’] Kdgh["] Kdghh[“] Weight®  Errors  Shifts!!!  Pass;,,[!  Passsy,[ Pass g,
1 + n/a + 0 + +
2 + + + 0 + +
3 + + + + 0 + +
4 + + + 0 + +
5 + + + + 0 + +
6 + + + 0 + +
7 + + + + 0 - -
8 + + + + 0 - -
9 + + + + + 0 - -
10 + + + + + 0 - —
11 + + + + + + 0 - —
12 + + + + 0 - -
13 + + + + + 0.018 + + +
14 + + + + + 0 + +
15 + + + + + + 0.101 + + + + +
16 + + + + 0 + +
17 + + + + + 0 + +
18 + + + + + 0 + +
19 + + + + + + 0.010 + + +
20 + + + + + 0 - -
21 + + + + + + 0 -
22 + + + + + + 0.044 - -
23 + + + + + + 0 -
24 + + + + + + + 0.005 - -
25 + + + + + + + 0.251 - -
26 + + + + + + + 0.024 - +
27 + + + + + + + + 0 - -
28 + + = Kagun + + 0.064 + + + +
29 + + = Kdg)(h = Kdgxhh + + 0.471 + + + + +
30 + + =Ko =Kagann + + =Ko =Kogan  0.010 + + +

[a] Dissociation constants for host—guest binding steps shown in Scheme 2. The plus sign indicates that the given step was included in the given binding
mechanism. [b] Akaike weights (see text for details). [c] A plus sign indicates that formal standard errors of all adjustable model parameters were smaller
than the parameter value itself. [d] A plus sign indicates that all adjustable intrinsic chemical shifts were within physically realistic bounds. [e] For an ex-

planation of the plus signs see text.

Firstly, we computed the Akaike weight™™! of each model,
as a statistical probability (between zero and one) that the
given model is the “true” model. The Akaike weight takes
into account not only the residual sum of squares for each
model, but, importantly, also the number of adjustable
model parameters; models containing larger numbers of ad-
justable parameters—in this case dissociation constants and
intrinsic chemical shifts—are disadvantaged in the computa-
tion of the Akaike weight. The Akaike weights for each
model are summarized in Table 2.

As a second criterion for model acceptance, we examined
the statistical uncertainties of the adjustable model parame-
ters, as measured by their formal standard errors. If any fit-
ting model produced extremely large uncertainties in adjust-
able parameters, such that the formal standard error of any
parameter appeared nominally larger than the best-fit value
of the parameter itself, we rejected the model as over-para-
meterized. Failing this criterion is represented by a minus
sign in the column labeled “errors” in Table 2.

Thirdly, we examined the best-fit values of intrinsic chem-
ical shifts, treated as adjustable model parameters, to see if
they fall within a physically plausible range. For some
models, the nominal values of the intrinsic chemical shifts of
the aromatic protons were essentially indeterminate, for ex-
ample, larger than ten or smaller than one. If so, the given
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model was excluded even if the formal standard errors of all
model parameters were relatively small.

The three columns labeled “Pass,,” in Table 2 indicate
whether or not the candidate fitting model passes all three
acceptance criteria simultaneously. If the Akaike weight of
the given mechanism was larger than 0.01, representing at
least 1% statistical probability of being the “true” model,
and if the model passed the two remaining criteria, low stan-
dard errors and physically plausible chemical shifts, we
placed a plus sign in the column labeled “pass;,,”. Similarly,
we placed a plus sign in the column “passsy,” Or “pass;q,” if
the Akaike weight was larger than 0.05 and 0.10, respective-
ly, provided the remaining two model-acceptance criteria
were also satisfied.

The results summarized in the last three columns of
Table 2 show that only two models (models 15 and 29) out
of 30 possible candidate mechanisms passed the model-ac-
ceptance test at greater than 10 % probability level. Howev-
er, the only difference between these two mechanisms is
that in one case (model 15) there were four independent dis-
sociation constants assigned to four different binding steps,
whereas, in the other case (model 29), there were two pairs
of degenerate equilibrium constants assigned to the same
four steps.
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Table 3. Second-pass model discrimination analysis for six possible DB24C8/paraquat binding mechanisms
and the corresponding 95 % confidence level intervals for equilibrium constants.

borderline over-parameterized
model 15 does the confidence

Model 13 Model 15 Model 19 Model 28 Model 29 Model 30 interval widen to Kdgxh:(()j_
Ko™ [mm] 0.6-1.2 0.4-1.0 0.4-0.6 =Kgn =Kgn =Kt 3.2) mm. However, this some-
Kdgxxl;h][a[] [m‘]"‘] - 5.0-19.3 5.9-14.9 - Kogutn =Kyun  what wider range is still com-
K™ [mm 0.6-1.2 0.7-3.2 - 0.7-0.9 0.7-0.9 0.7-0.9 . . .
Kdthh[“J [mm] 2467 25-13.8 - 3.5-48 55-9.5 5.6-12.8 patible with esumat,es of K‘?gxh
Ko™ [mu] B B 0.1-0.2 B B =Ky generated from all five remain-
K™ [mv] - - 3.1-185 - - =Ky,  ing models.
np® 153 153 153 153 153 153
7l 15 20 20 14 18 26
88,14 121 1.08 1.12 121 1.10 1.00 Di .
AAIC 6.3 3.1 7.7 3.9 0 7.9 Iscussion
weight!! 0.03 0.14 0.02 0.10 0.70 0.01

[a] Dissociation constants for host-guest binding steps shown in Scheme 2. [b] Number of data points.
[c] Number of optimized model parameters. [d] Relative sum of squares (lowest value among all models is set
to unity). [e] Difference second-order AIC, (lowest value among all candidate is set to zero). [f] Akaike

weight.

To gain yet further insight into the nature of the binding
mechanism, we determined the non-symmetrical confidence
intervals," at the 95% likelihood level, of all equilibrium
constants appearing in the top six candidate models
(models 13, 15, 19, 28, 29, and 30 in Table 2). These are all
models for which the Akaike weights were greater than
0.01. The results are summarized in Table 3, which lists not
only the confidence intervals but also the second-pass model
discrimination analysis in terms of Akaike weights for each
of the six second-pass models.

The most plausible model (Akaike weight 0.70) is
model 29, in which the monocation and the electrically neu-
tral paraquat molecule both bind to the crown ether with
1:1 and 2:1 stoichiometries. Additionally, model 29 stipulates
that both the monocation and the electrically neutral para-
quat molecule have exactly the same binding affinity as
measured by the 1:1 and 2:1 dissociation constants. In order
of the Akaike weights, that is, the statistical probabilities
that the given model is the “true” model, this mechanism is
again followed by model 15, in which the four dissociation
constants are treated as independent parameters, but other-
wise it is identical to model 29.

From the point of view of model discrimination, as it re-
lates to confidence intervals for model parameters, it is im-
portant to note that the confidence intervals for two pairs of
equilibrium constants appearing in model 15 (namely K,/
K goxxn and Kgoonn/ Kgoxxn) Overlap, and therefore are essential-
ly identical within the 95% likelihood level. Thus, consider-
ing this numerical equivalence of both Kgu/Kygn and
K goxin! K aguxnn Pairs, model 15 in fact reduces to model 29.

It is also important to note that the 95 % confidence inter-
vals for certain equilibrium constants appearing in Table 3
are essentially identical irrespective of the postulated mech-
anism. For example, the equilibrium dissociation constant
for the 1:1 host-guest complex formed by the paraquat
monocation, K., falls between 0.7 and 0.9 mm (at the 95 %
confidence level) for three of the six mechanisms. In
model 13, the range of plausible values is somewhat larger,
but still relatively small, Kgp,=(0.6-1.2) mm. Only in the
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Ionization of paraquat in
[D¢]acetone: The ionization of
paraquat in [DgJacetone was
previously studied by Huang
etal.®"l who elected to use a
simplified mathematical model
based on the assumption that only two states of paraquat
were present in [Dg]acetone, namely, the neutral molecule
and the fully ion-dissociated dication. In our work, we have
chosen a fully general numerical model for the statistical
analysis of our experimental data, avoiding the involvement
of any simplifying assumptions or restrictions on the total
number of either component species or the molecular com-
plexes they form.

We have analyzed the changes in the chemical shifts of
the aromatic protons as the populations of the three states
of paraquat—the neutral, mono-, and dicationic species—
were methodically altered. These changes in chemical shift
can be observed (Figure 3 A,B) by simply diluting paraquat
in [Dglacetone. Preliminary statistical analyses of the dilu-
tion data showed that the dilution experiment alone does
not provide sufficient information about the two stepwise
dissociation constants, Ky, and Kg, in Scheme 1. Only a
perturbation (Figure 3C,D) of the paraquat-counterion
system, obtained by adding additional hexafluorophosphate
salt, allowed us to determine the numerical values (Table 1)
of both dissociation constants.

Our physical model of the stepwise ionization of paraquat
is also supported by the best-fit value of the dissociation
constant for BuyNPF,. According to our regression analysis,
this dissociation constant is Kg,,=(11.9+2.5) mMm. Goldfarb
et al.?! determined the association constant of Bu,NPF, in
acetone at 25°C from conductivity measurements as K, =
1/Ky=(78+4)m™', which corresponds to Kgy,~(12.8+
0.7) mm. Within the associated formal standard error, this
value is essentially identical to the value of Ky determined
in our work from 'HNMR spectroscopic data. The close
agreement between K, for Bu,NPF,, determined experimen-
tally in our work (11 mm), and the corresponding value
(12.8 mm) previously reported in the literature,?”! suggests
that either the mean activity coefficients are close to unity,
or that any discrepancies between concentrations and activi-
ties can be neglected, within the experimental error, in the
concentration range used in this study (see the Supporting
Information). In any case, the close agreement between our
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experimentally determined value for the dissociation con-
stant of Buy,NPF; with the published value lends strong sup-
port to other aspects of our paraquat dissociation model,
namely, the numerical values of the ionization constants
Koxx and K, in Scheme 1.

Huang et al. have argued in their original report,® as well
as in a more recent publication,'” against the presence of
the paraquat monocation in [Dg]acetone. In both reports, it
is argued that, under the typical experimental conditions
used in host-guest complexation studies ([GX,], <30 mm),
paraquat in [Dg]acetone exists predominantly as the fully
ion-associated neutral molecule. Presumably, paraquat sheds
its counterions only in the presence of the crown ether com-
plexation agent, resulting in doubly charged pseudorotaxane
complexes.*!) Our experimental data, the best-fit ionization
model shown in Figure 3, and the attempted fit (Figure 5) to
the single-step ionization mechanism proposed by Huang
et al. clearly contradict this hypothesis. In fact, from the
data presented in Figure 3, we have determined experimen-
tally that the paraquat monocation is the most highly popu-
lated species, existing at total concentrations ranging from
[GX,]o=0.5 mMm to [GX,],=20 mm (see Figure 4). Given this
result, it seems reasonable to expect that the monocation, as
the most abundant species of paraquat, would participate, to
at least some degree, in the formation of host-guest com-
plexes. Indeed, in our DB24C8/paraquat complexation stud-
ies, we have shown that the paraquat monocation is signifi-
cantly involved in host—guest complexation.

Mathematical modeling of complex simultaneous equili-
bria: Considering that paraquat in acetone undergoes step-
wise dissociation (GX,=GX* +X =G** +2X") and allow-
ing for up to 2:1 host—guest complexation stoichiometry—in-
volving each of the three separate forms of paraquat (GX,,
GX*, and G**)—leads to 26 unique complexation mecha-
nisms. It has been pointed out!"” that “the mathematical
treatments of these scenarios are complex and not readily
solved in closed form.” In fact, a mathematically more pre-
cise statement would be that no closed-form (algebraic)
mathematical treatment can exist at all, in principle, for any
of the 26 possible complexation mechanisms generated from
Scheme 2. In other words, no single “fitting equation” or
“binding isotherm” can ever be derived for any of these 26
binding mechanisms.

For this reason, we have entirely abandoned the tradition-
al algebraic treatment of host—-guest complexation equilibria,
and have chosen instead a fully general numerical, or itera-
tive, method. The classic computational algorithm EQUIL
solves a complete system of simple nonlinear algebraic equa-
tions, each one representing the mass balance for one partic-
ular constituent (component) molecular species. This ap-
proach allows any arbitrary binding mechanism to be treat-
ed mathematically. Many similar computational algorithms
have been described in the literature® on complex chemical
equilibria. We chose the particular algorithm EQUIL® be-
cause it is conveniently implemented in the software pack-
age DynaFit.”! This tool allowed us to specify each theoreti-
cal fitting model, not as a set of simultaneous nonlinear
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equations, but rather as a set of chemical equations entered
as text; for example, G.X.X<==>G.X4+X<==>G+X+X
for stepwise paraquat dissociation, or G.X+H<==>
G.X.H4+H<==>G.X.H.H for the simultaneous 1:1 and 1:2
binding of DB24C8 to the paraquat monocation. The Dyna-
Fit packagel’ automatically derives each underlying mathe-
matical model.

Molecular mechanism of DB24C8/paraquat complexation:
A necessary prerequisite for the study of DB24C8/paraquat
complexation was to establish independently the paraquat
counterion dissociation mechanism, as well as the numerical
values of the relevant dissociation constants—K ., and K,
in Scheme 1. We accomplished this task by conducting a
series of NMR experiments, in which either the total para-
quat concentration or, in addition, the counterion concentra-
tion was varied. In this way, we were able to control the
mole fractions of the three paraquat species present in
[D¢]acetone (see Figure 3).

We have used the same “counterion-perturbation
method” in our host-guest complexation investigations. We
created ternary mixtures of host, guest, and counterion—as
the tetrabutylammonium salt—and recorded the 'H NMR
chemical shifts of all four aromatic protons in the DB24C8/
paraquat system. In fact, the global fit"" of chemical shifts
for all four aromatic protons, combined together and ana-
lyzed as a single data set, proved to be the key to a success-
ful model discrimination analysis. In our preliminary studies,
when the chemical shifts for each proton were analyzed sep-
arately, no model discrimination was possible, because there
was not enough information—in the information-theoretic
sense!®l—about the underlying model. We note that other
workers studying DB24C8/paraquat complexation®"! use
NMR chemical shift data for only a single proton resonance.
The experimental data and the best-fit complexation model
(model 29 in Table 2) are shown in Figure 6.

Of the 30 candidate binding models listed in Table 2, sev-
eral complexation mechanisms describe our experimental
data approximately equally well, at least as measured by the
second-order ATIC.["”! See also Table 3 for a list of these six
most plausible models. However, no theoretical model for
any observable physical phenomenon can ever be ultimately
proved as the “true” or “final” model. Indeed, the ultimate
goal of the model-building exercise is to exclude from fur-
ther consideration all those theoretical models that clearly
contradict the available experimental data. By this measure,
we consider our having reduced the comprehensive list of
all 30 complexation models to a handful of closely related
candidates as a considerable success.

More specifically, we were able to exclude as clearly im-
plausible the DB24C8/paraquat complexation model previ-
ously proposed by Huang et al.*!”! Their proposed model
has the following important characteristics: 1) in solutions of
paraquat in [DgJacetone—in the absence of the crown ether
host—paraquat exists exclusively in one of two forms, either
as a fully associated neutral molecule or as a fully dissociat-
ed dication; 2)only the paraquat dication binds to the
crown ether host; and 3) no other molecular species are
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Figure 7. Least-squares fit of paraquat and DB24C8 chemical shifts to the
1:1 complexation model proposed by Huang etal!” See legend to
Figure 6 for other details.

present in solution. The least-squares fit of our counterion-
perturbation data to a mathematical model derived from
these assumptions is shown in Figure 7. Even without con-
ducting any rigorous statistical analyses—for example, by
comparing the AIC, value for the competing models—we
see in Figure 7 that the “best-fit” model and the experimen-
tal data clearly disagree. It follows that the previously pro-
posed mechanism of DB24C8/paraquat complexation!®!!
has now been invalidated by our experimental counterion-
perturbation study.

We have also attempted to perform a model-discrimina-
tion analysis of the previously published chemical shift
data.l! We found that these data are indeed fully compatible
with the single-step mechanism for paraquat dissociation
and with the hypothesis of “counterion-driven” host—guest
complexation.!! As the authors correctly state in a subse-
quent publication,"” their simplified mathematical model
provides a “reasonably satisfactory” fit.

We explain the discrepancies in the mechanistic conclu-
sions drawn either from the published chemical shifts or
from our own data as arising from several contributing fac-
tors.

Firstly, the authors!® analyzed only the chemical shifts re-
corded for a single proton, whereas we have analyzed glob-
ally!" the chemical shifts for all four aromatic protons com-
bined. Indeed, certain subsets of our own experimental
data—but only when analyzed separately for each proton—
do conform perfectly well to the previously published sim-
plified mechanism.”” In our hands, global analysis was the
key to successful model discrimination.
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Secondly, the authors!® performed their binding study in
the absence of any added counterion (as Buy,NPF;), whereas
we have purposely modulated the relative abundance of par-
aquat species by employing the counterion-perturbation
method. The multiple paraquat species (Scheme 2), both un-
bound in solution and bound in variously charged pseudoro-
taxanes, became experimentally detectable only when per-
turbed in this systematic way.

Finally, we used rigorous statistical model discrimination
techniques™ to assess the validity of each of our 30 candi-
date models quantitatively. Without using such quantitative
assessments of model validity, any notion of a “reasonably
satisfactory” agreement!"”! between the data and the model
remains purely subjective.

It is worth noting that according to our statistical model
discrimination analysis, the paraquat dication (G**) is not
involved in the two most-plausible binding models
(models 15 and 29 in Table 2). This situation contradicts
chemical intuition, since one would assume the two positive
charges on this guest molecule would increase its affinity for
electron-rich hosts. However, G*T is a very minor species
under the conditions of our investigation (see Figure 4 for
the distribution of all three species), and therefore the data
do not contain much information with regard to G**’s bind-
ing with DB24C8. However, while our data does not explic-
itly support the involvement of G**, its participation in
host—guest complexation cannot be excluded by our data
either. This caution on our part is signified by the question
marks in Figure 8. In order to assess the involvement of the

K., Ka
| (el Nl B Y
90w 1700 m!

e =)

E |

+ 11

Figure 8. Graphical representation of the complexation and ionization
equilibria involved in the DB24CS8/paraquat system. The numerical
values are association constants (M~') that were established in this study.
The question marks identify binding steps that can neither be confirmed
nor excluded, given the limitations of the available experimental data.
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paraquat dication definitively in complexation with
DB24C8, further experiments would be required. We per-
formed preliminary simulations using the software package
DynaFit,””! with the aim of determining the optimal experi-
mental design for such additional studies. Based on these
preliminary results, a significant number of additional NMR
spectra would have to be recorded, specifically at low total
concentrations of paraquat ([GX,],<1 mm, preferably be-
tween 0.05 and 0.5mm). In this particular concentration
range, the mole fraction of the paraquat dication G** is rel-
atively high (see Figure 4), and therefore its complexation
characteristics could be studied. Unfortunately, at total con-
centrations below 1 mm, the sensitivity of the NMR detec-
tion method significantly deteriorates. In order to continue
our investigations, it may be necessary to use another detec-
tion method.

Conclusions

We have deployed both theoretical methods and experimen-
tal techniques that go beyond those previously employed®
to study the host—-guest complexation system between para-
quat bis(hexafluorophosphate) and dibenzo[24]crown-8. On
the theoretical and computational front, we have imple-
mented a general mathematical formalism for the modeling
of simultaneous equilibria® that does not require us to
make any simplifying assumptions. Using this numerical, as
opposed to an algebraic, approach and suitable software
tools that implement it,”) we were able to build 30 different
mathematical models for DB24C8/paraquat complexation
and compared their relative merits in fitting them to the ex-
perimental data. Our model selection strategy was based on
rigorous information—theoretic measures of model adequacy,
namely, the second-order AIC.."™ The nonsymmetrical con-
fidence intervals of model parameters!' also played an im-
portant role in model selection, as did the global fit!"! strat-
egy of pooling the chemical shifts of all four aromatic pro-
tons.

On the experimental front, we employed the “counterion
perturbation” method, using an additional counterion (as
the ammonium salt) to shift purposely the equilibria involv-
ing paraquat, and the corresponding host—guest complexes,
in either direction. In this way, we were able to detect un-
ambiguously the presence of both 1:1 complexes and of 2:1
(host/guest) complexes in solution. The formation of 2:1
complexes in solution is reminiscent of the 2:1 “taco” com-
plexes that have been reported previously to exist in the
solid state.[*?” The 2:1 complexes are formed more weakly
(binary association constants ~100M ') than the 1:1 com-
plexes (binary association constants == 1000m ).

Both the paraquat monocation and the neutral molecule
form their complexes with approximately identical binding
affinities toward the crown ether. See the numerical values
of the dissociation constants in Table 3. It follows that the
same extent of ion-pairing must exist for paraquat, either
unbound in solution or bound to the crown ether. The rela-
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tive magnitude of the equilibrium constants summarized in
Table 3 suggests that the most abundant host-guest complex
is the DB24C8/paraquat monocation, just as the most abun-
dant species of unbound paraquat in [Dg]acetone is singly
charged. Thus, in the particular case of DB24C8/paraquat
binding interactions, ion-pairing does not influence or
“drive” the formation host-guest complexes, as was previ-
ously assumed.[

Experimental Section

Chemicals were purchased commercially and used without further purifi-
cation. Paraquat bis(hexafluorophosphate) was prepared according to lit-
erature procedures.’! NMR spectroscopy was performed on a Bruker
DRXS500 (500 MHz) or an Avance 600 (600 MHz) spectrometer at ambi-
ent temperature (22°C). The reported chemical shifts are measured rela-
tive to the residual solvent peak in [Dg]acetone (0 =2.05 ppm). Solutions
for NMR spectroscopic analysis were obtained as follows. A stock solu-
tion of tetrabutylammonium hexafluorophosphate was prepared by
weighing out a precise mass into a Corning 5630 volumetric flask, and
subsequently adding deuterated solvent to the graduation line. Two sepa-
rate stock solutions of paraquat bis(hexafluorophosphate) and DB24C8
were then prepared by weighing out a precise mass of each compound in
separate volumetric flasks, and then adding the previously prepared solu-
tion of tetrabutylammonium hexafluorophosphate in deuterated acetone
to the graduation line. Precise combinations of each stock solution were
then added directly to 77 NMR tubes with Fisherbrand Finnpipette II
single-channel pipetters. This protocol produced solutions containing
well-defined concentrations of paraquat bis(hexafluorophosphate) and
DB24C8 at different constant concentrations of tetrabutylammonium
hexafluorophosphate for NMR spectroscopic analysis and subsequent an-
alytical data processing.
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Methods

Theory

Mathematical models for NMR chemical shifts

The theoretical model for the chemical shift of each particular aromatic proton is

represented by Egn (1), where o) is the experimentally observed chemical shift of

obs
proton X in the given solution mixture; n, is the number of distinct molecular species
(both free in solution and bound in complexes) in which the particular proton appears;
51.()() is the intrinsic chemical shift of proton X in the ith molecular species; and cl.(X) is

the concentration of this molecular species at equilibrium. Egn (1) thus expresses the

fact that the NMR chemical shift is an intensive physical variable. The intrinsic chemical
shifts 5}“ were treated as adjustable model parameters. All equilibrium constants

appearing in each molecular mechanism were also treated as adjustable parameters. In

Egn (1), these equilibrium constants are implicitly contained in the equilibrium

concentrations cl.(X). In their turn, the equilibrium concentrations cl.(X) were computed by
a general numerical method described below.
0 _ N st 0 /NN 0
5obs = 251' ¢ Zci (1)
i=1 i=1

Composition of complex mixtures at equilibrium

The composition of each complex mixture at equilibrium was computed by using a
modification of the algorithm EQUIL [1].

Briefly, consider ng equilibrium reactions involving ns molecular species, ng of which are
component (element) species and n¢ are molecular complexes. The molecular
composition is described by the formula matrix [2] F. The relationship between total
stability constants of molecular complexes [3] and reaction equilibrium constants is given
by the stability matrix B. The concentration of each species at equilibrium is given by Eqgn

(1), where ; are total stability constants defined in terms of the matrix B in Eqn (2). The



mass-conservation law for component species is expressed as the system of ng
simultaneous nonlinear algebraic equations (3) where ¢ are equilibrium concentrations

and ¢ are total concentrations of component species.

c, =ﬂjHCiF"f j=12,....,n (2)
i1
B; = HKI.B"" Jj=12,...,n (3)
i=1
Fc;—) F,c =0 i=12,...,n, (4)
j=1 j=1

The system of ne nonlinear algebraic equations (4) is solved iteratively by using the
multi-dimensional Newton-Raphson method [4, 5]. The initial estimate of the solution
vector is set to the total concentrations, and then refined in a series of iterations
according to Egn (5), where a is a heuristic parameter. In the mth iteration, the
correction vector 5¢™ is found by solving a ne x ne linear algebraic system (6), where J is
the Jacobian matrix of derivatives defined by Egn (8). The iterations are repeated until

the correction vector 6¢c becomes sufficiently small.

C(m+l) :C(m) +a 5C(m) (5)
I . setm — f(m (6)
- ng ) ng _

S =3F " =>F ¢ i=12,...,n, (7)
= =
5

Jij = 2 F e e ij =12, ®)
=

The above modification of the EQUIL algorithm [4], to which we added stability matrix B
formalism in order to reflect the presumed reaction mechanism, has been implemented in
the software DYNAFIT [6]. For details, see recent applications of this method to complex

equilibria appearing in enzyme kinetics [7, 8].



Results

UV/Vis spectra

Changes in UV/Vis spectra in DB24C8/Paraquat complexation
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NMR Chemical shifts

Job plots for aromatic protons

Figure S3: Job plots constructed from chemical shifts of a) H, and b) Hg protons on
Paraquat, and c) H, and d) H; protons on DB24C8.
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Determination of Paraquat ionization mechanism

DynaFit input script file

The following DynaFit script compares the goodness of fit of the Paraquat dilution and
counterion titration data (Figure 4 in the main paper) to two candidate mechanisms.

[task]

data = equilibria
task fit
model = Gibson ?

[components]
G, X, N
[mechanism]

G.X.X <===> G + X + X Kdgxx
N.X <===> N + X : Kdnx

[constants]

10 ?
10 ?

Kdgxx
Kdnx

[concentrations]
[parameters]

G_dn
GXX_dn

I
©o ©o
w o

G_up
GXX_up

I
00 0o
No

N

G30

1
w
o
)

[responses]
intensive

[output]

dissoc
dissoc

directory ./users/Gasa_T/080325/output/para-models-001

[settings]

{Marquardt}
IterationsPerParameter = 1000
Restarts = 0
RestartsConfidence = 0

[data]

variable N.X



graph

set
concentration
response

set
concentration
response

set
concentration
response

set
concentration
response

set
concentration
response

variable
graph

set
concentration
response

set
concentration
response

set
concentration
response

set
concentration
response

set
concentration
response

variable
graph

set
concentration
response

variable
graph

titration_dn

NX=var-G=2_1_dn
= 2.1429
G.X.X =1 * GXX_dn,

NX=var-G=3_0_dn
=1 * G30 ?
G.X.X =1 * GXX_dn,

NX=var-G=4_0_dn
G.X.X = 4.000
G.X.X =1 * GXX_dn,

N.X
titration_up

NX=var-G=0_7_up
G.X.X = 0.7143
G.X.X =1 * GXX_up,

NX=var-G=1_4_ up
G.-X.X = 1.4286
G.X.X =1 * GXX_up,

_X. 1 * GXX_up,
NX=var-G=4_0_up
G.X.X = 4.000
G.X.X =1 * GXX_up,
G.X.X

G.-X.X
dilution_up

G_dn

G_dn

G_dn

G_dn

G_up

G_up

G_up



set
concentration
response

G=var_up
N.X =0
G.X.X =

- 1 * GXX_up, G=1* G_up

[task]

-~ ~+C

model = s

[mechanism]

X <===>
<===> G
<===> N +

ZOo0

X.
X
X
[constants]

10 ?

1
10

Kdgxx
Kdgx
Kdnx

)

-~

[concentrations]
[parameters]
G_dn

GX_dn
GXX_dn

I
O © o
W h O

G_up
GX_up
GXX_up

I
00 00 00
~N 0 ©

G30

1
w
o

[responses]
intensive

[data]

variable
graph

set
concentration
response

set
concentration
response

dissoc
dissoc
dissoc

Kdgxx
Kdgx
Kdnx

N.X
titration_dn

X=var-G=0_7_dn
X.X = 0.7143
XX

N
G.X.
G.X. 1 * GXX_dn, G.X =

NX=var-G=1_4 dn
G.-X.X 1.4286
G.X.X 1 * GXX_dn, G.X =

1 * GX_dn, G

1 * GX_dn, G

1 * G dn

1 * G dn



set
concentration
response

set
concentration
response

set
concentration
response

NX=var-G=2_1 dn
G.X.X = 2.1429
G.X.X = 1 * GXX_dn,

NX=var-G=3_0_dn

G.X

G.X

1 * GX_dn,

1 * GX_dn,

1 * GX_dn,

G=1%*G_dn
G=1%*G_dn
G=1™*0G_dn

variable
graph

set
concentration
response

set
concentration
response

set
concentration
response

set
concentration
response

set
concentration
response

G.X.X=1=*G30 ?
G.X.X =1 * GXX_dn,
NX=var-G=4_0_dn
G.X.X = 4.000
G.X.X =1 * GXX_dn,
N.X

titration_up

NX=var-G=0_7_up
G.X.X = 0.7143
G.X.X =1 * GXX_up,

G.X

G.X

G.X

G.X

1 * GX_up,

1 * GX_up,

1 * GX_up,

1 * GX_up,

G=1%*G_up

G=1%*G_up

G=1%*G_up

G=1%*G_up

G=1%*G_up

variable
graph

set
concentration
response

X, 1 * GXX_up,
NX=var-G=3_0_up
G.X.X=1*G30 ?
G.X.X =1 * GXX_up,
NX=var-G=4_0_up
G.X.X = 4.000
G.X.X =1 * GXX_up,
G.-X.X

1 * GXX_dn, G.X =1 * 6X.dn, G =1 * G dn

variable
graph

set
concentration
response

DATA:

G.X.X
dilution_up

1 * GXX_up, G.X =1 *GX_up, G =1 * G up

10



[set:NX=var-G=0_7_dn] ; G =0.7143 mM
N.X,mM G_dn

0.61959 9.4197

1.0326 9.4124

3.924 9.3915

6.8154 9.382

7.8481 9.3779

8.8807 9.3769

15.696 9.3643

[set:NX=var-G=1_4_dn] ; G =1.4286 mM
-X,mM G_dn
.3442 9.4127
.3768 9.4033
-0652 9.4002
-1304 9.3884
-1956 9.3819
.5724 9.3786
.6376 9.3739
11.875 9.3691
13.768 9.3663
20.652 9.3581

O~NOBP_NRFLOZ

[set:NX=var-G=2_1_dn] ; G = 2.1429 mM
N.X,mM G_dn

0.72283 9.4004
2.1685 9.3932
3.1323 9.3885
6.2645 9.3787
9.3968 9.3721
11.324 9.3695
14457 9.364

17.83 9.3599
20.721 9.3566
28.913 9.3498

[set:NX=var-G=3_0_dn] ; G = 3.0357 mM
N.X,mM G_dn
1.4457 9.3904
2.8913 9.3855
5.7826 9.3773
8.6739 9.3707
11.565 9.3667
14.698 9.3621
17.589 9.3588
23.371 9.3532
26.263 9.3508
29.154 9.3488

[set:NX=var-G=4_0_dn] ; G =4.000 mM
N.X,mM G_dn
2.0239 9.3856
3.8792 9.3801
7.7584 9.3718
9.6136 9.3685
11.638 9.3655
17.372 9.3582
19.227 9.3562
21.251 9.3545
23.106 9.353
24.962 9.3514

[set:G=var_dn] ; simple dilution of paraquat

11



G,

N~NOUWNEFE OO

10
15
30

[set:NX=var-G=0_7_up]
mM  G_
.61959
.0326 8.
.924 8.

X,

o

1
3
6.
7
8
1

5

[set:NX=var-G=1_4_up]
mM  G_
.3442 8.
.3768 8.
-0652 8.
-1304 8.
-1956 8.
5724 8.
.6376 8.

X,

O~NOP_NEFLO

11
13
20

[set:NX=var-G=2_1_up]
mM  G_

X,
0.
2.
3.
6.
9.
11
14
17
20
28

[set:NX=var-G=3_0_up]
mM  G_

X,
1.
2.
5.
8.

11.

mM  G_
.2000 9.
.5357 9.
.0000 9.
.0000 9.
.7500 9.
.0000 9.
-0000 9.
-0000 9.
.6000 9.

.000 9.
.000 9.
-000 9.

8154 8.

.8481 8.
-8807 8.

.696 8.

.875 8.
.768 8.
.652 8.

72283

1685 8.
1323 8.
2645 8.
3968 8.
.324 8.
.457 8.
.83 8.
.721 8.
.913 8.

4457 8.
8913 8.
7826 8.
6739 8.
565 8.
.698 8.
.589 8.
.371 8.
.263 8.
.154 8.

dn

4431
4296
4184
4081
3950
3889
3880
3784
3807
3719
3663
3495

up
8.8756

8677

8488

8404

8377

836

825

up
8683
8585
8554
8451
8396
837
833
83
8268
8206

up
8.8566

8499

8457

8367

8317

8293

8249

821

8184

8132

up
8473
8428
8359
8304
8268
823

8203
8159
814

8123

;G

; G

; G

;G

= 0.7143 mM

= 1.4286 mM

= 2.1429 mM

= 3.0357 mM

12



[set:NX=var-G=4_0_up]
X,mM  G_

2.0239 8.
3.8792 8.
7.7584 8.
9.6136 8.
11.638 8.
17.372 8.
19.227 8.
21.251 8.
23.106 8.
24.962 8.

[set:G=var_up]
,mM  G_

.2000 8.
.5357 8.
-0000 8.
.0000 8.
.7500 8.
-0000 8.
-0000 8.
-0000 8.
.6000 8.
10.000 8.
15.000 8.
30.000 8.

N~NOOUOWNRFRPOO®

[end]

DynaFit output: Model discrimination table

up
8429
8382
831

8282
8258
8199
8182
8171
816

8147

up
8991
8842
8723
8652
8527
8459
8458
8363
8397
8316
8270
8141

= 4.000 mM

; simple dilution of paraquat

The following model discrimination table was generated upon executing the DynaFit script
listed above:

Model discrimination analysis

Minimum sum of squares = 0.000126401

model

Gibson

stepwise 1118 |10 1.000 |-1034.7 |0.0

Legend:

e Model: Binding mechanism as described in the above script.

e np: Number of data points

Np

118|7 |6.313|-824.4 |210.3 0.000

Np |SS,q A AIC. |\weight

13



e np: Number of adjustable parameters
e SS,: Relative sum of squares
e AIC.: Second-order Akaike Information Criterion

e A AIC.: Difference in the second-order Akaike Information Criterion; optimal
model is assigned A AIC. = 0.

e weight: Akaike weight (between 0 and 1), or statistical probability that the given
candidate model is the "true" model.

DynaFit output: Best fit to the Huang et al. (2003) model

The following DynaFit generated graphic files illustrate the lack of fit of the paraquat
dilution and counterion titration data to the single-step Paraquat ionization model
proposed by Huang et al. (2003):

Figure S4: Fit of paraquat dilution and counterion titration data to the Huang et al.
(2003) single-step dissociation model. A. Downfild proton on paraquat; B. Upfield proton
on paraquat. The yellow rectangle hightlighs the lack of fit at high total concentration of
counterion. Cmopare with Figure 4 in the main paper.
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Determination of Paraquat ionization constants

DynaFit input script file

The following DynaFit [REF] script contains both the theoretical model (in the
[mechanism] section below) and all the experimental data (in the [data] section) that
were used to determine paraquat ionization constant.

[task]
data = equilibria
task = fit
[components]
G, X, N
[mechanism]
G.X.X <===> G.X + X Kdgxx dissoc
G- X <===>G6 + X : Kdgx dissoc
N.X <===> N + X Kdnx dissoc
[constants]
Kdgxx = 10 ??
Kdgx = 1 ??
Kdnx = 10 ??
[concentrations]
[parameters]
Gdn =957
GX_dn =9.47?
GXX_dn = 9.3 ?
G_up =8.97?
GX_up =8.87?
GXX_up = 8.7 ?

; The "[paraquat] = 3.03 mM" curve seems to have been
; collected at about 3.3 mM paraquat (not 3.0)

G300 =3.07
[responses]

intensive
[output]

directory ./users/Gasa_T/080325/para/output/para-g_both-ci-002

15



[settings]

{Marquardt}

IterationsPerParameter = 1000

Restarts = 0

RestartsConfidence = 0

[data]
variable N.X
graph titration_dn
set NX=var-G=0_7_dn
concentration G.X.X = 0.7143
response G.X.X =1 * 6XX_dn, G.X =1 * G6X_dn, G =1 * G_dn
set NX=var-G=1_4_dn
concentration G.X.X = 1.4286
response G.X.X=1*G6XX dn, G.X =1 *GX dn, G=1* G _dn
set NX=var-G=2_1 dn
concentration G.X.X = 2.1429
response G.X.X=1*G6XX dn, G.X =1 *GX dn, G=1* G _dn
set NX=var-G=3_0 _dn
concentration G.X.X =1 * G30 ?
response G.X.X=1*G6XX dn, G.X =1 *GX dn, G=1* G _dn
set NX=var-G=4_0 _dn
concentration G.X.X = 4.000
response G.X.X=1*GXXdn, G.X=1*GXdn, G=1* G dn
variable N.X
graph titration_up
set X=var-G=0_7_up

NX=va
concentration G.X.X = 0.7143
response G.X.X =1 * GXX_up, G. X =1 *GX up, G=1*G_up

set NX=var-G=1_4 up

concentration G.X.X = 1.4286

response G.X.X=12*GXX_up, G.X =1 *GX up, G=1* G_up
set NX=var-G=2_1_up

concentration G.X.X = 2.1429

response G.X.X =1*GXX_up, G.X =1 *G6GX up, G=1* G_up
set NX=var-G=3_0_up

concentration G.X.X = 1 * G30 ?

response G.X.X =1*GXX_up, G.X =1 *GX up, G=1* G_up
set NX=var-G=4_0_up

concentration G.X.X = 4.000
response G.X.X =1 * GXX_up, G.X =1 *GX_up, G=1* G_up



variable G.X.X

graph dilution_dn

set G=var_dn

concentration N.X = 0

response G-X.X =1 *G6XX_dn, G.X =1 *G6X_dn, G=1* G_dn

variable G.X.X
graph dilution_up

set
concentration
response

a

=

_up
0
X =1 *GXX_up, G.X =1 * GX up, G=12* G_up

O Z0

=V
X
X

; DATA:

[set:NX=var-G=0_7_dn] ; G =0.7143 mM
N.X,mM G_dn

0.61959 9.4197
1.0326 9.4124

3.924 9.3915
6.8154 9.382

7.8481 9.3779
8.8807 9.3769
15.696 9.3643

[set:NX=var-G=1_4_dn] ; G =1.4286 mM
X, mM G_dn
.3442 9.4127
.3768 9.4033
-0652 9.4002
-1304 9.3884
-1956 9.3819
.5724 9.3786
.6376 9.3739
11.875 9.3691
13.768 9.3663
20.652 9.3581

O~NOBM_NRFLOZ

[set:NX=var-G=2_1_dn] ; G =2.1429 mM
N.X,mM G_dn

0.72283 9.4004
2.1685 9.3932
3.1323 9.3885
6.2645 9.3787
9.3968 9.3721
11.324 9.3695
14.457 9.364

17.83 9.3599
20.721 9.3566
28.913 9.3498

[set:NX=var-G=3_0_dn] ; G = 3.0357 mM
N.X,mM G_dn

1.4457 9.3904

2.8913 9.3855

5.7826 9.3773

8.6739 9.3707



11.565 9.3667
14.698 9.3621
17.589 9.3588
23.371 9.3532
26.263 9.3508
29.154 9.3488

[set:NX=var-G=4_0_dn] ; G =4.000 mM
N.X,mM G_dn
2.0239 9.3856
3.8792 9.3801
7.7584 9.3718
9.6136 9.3685
11.638 9.3655
17.372 9.3582
19.227 9.3562
21.251 9.3545
23.106 9.353
24.962 9.3514

[set:G=var_dn] ; simple dilution of paraquat
G,mM G_dn
-2000 9.4431
.5357 9.4296
-0000 9.4184
-0000 9.4081
-7500 9.3950
-0000 9.3889
-0000 9.3880
-0000 9.3784
.6000 9.3807
10.000 9.3719
15.000 9.3663
30.000 9.3495

N~NOOWNEF, OO

[set:NX=var-G=0_7_up] ; G =0.7143 mM
X,mM  G_up

.61959 8.8756

1.0326 8.8677

3.924 8.8488

6.8154 8.8404
7
8
1

o

.8481 8.8377
.8807 8.836
5.696 8.825

[set:NX=var-G=1_4_up] ; G = 1.4286 mM
X, mM G_up
-3442 8.8683
.3768 8.8585
.0652 8.8554
-1304 8.8451
-1956 8.8396
.5724 8.837
.6376 8.833
11.875 8.83
13.768 8.8268
20.652 8.8206

O~NOP_NRFLO

[set:NX=var-G=2_1_up] ; G =2.1429 mM
X,mM  G_up
0.72283 8.8566

2.1685 8.8499
3.1323 8.8457
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6.2645 8.8367
9.3968 8.8317
11.324 8.8293
14.457 8.8249
17.83 8.821

20.721 8.8184
28.913 8.8132

[set:NX=var-G=3_0_up] ; G = 3.0357 mM
X,mM  G_up
1.4457 8.8473
2.8913 8.8428
5.7826 8.8359
8.6739 8.8304
11.565 8.8268
14.698 8.823
17.589 8.8203
23.371 8.8159
26.263 8.814
29.154 8.8123

[set:NX=var-G=4_0_up] ; G =4.000 mM
X,mM  G_up
2.0239 8.8429
3.8792 8.8382
7.7584 8.831
9.6136 8.8282
11.638 8.8258
17.372 8.8199
19.227 8.8182
21.251 8.8171
23.106 8.816
24.962 8.8147

[set:G=var_up] ; simple dilution of paraquat
G,mM  G_up
.2000 8.8991
.5357 8.8842
.0000 8.8723
-0000 8.8652
.7500 8.8527
-0000 8.8459
-0000 8.8458
-0000 8.8363
.6000 8.8397
10.000 8.8316
15.000 8.8270
30.000 8.8141

N~NOoOOWwWNEF, OO

[end]

DynaFit output: Best-fit parameters and confidence intervals

The following table was generated by DynaFit upon executing the script file immediately
above:
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Table S1

Best fit values, formal standard errors, and 95% confidence intervals ("Low", "High") of
adjustable model parameters appearing in the DynaFit script immediately above.

Parameter Initial Final Std. Error CV (%) Lowgse, Highgso,
Kdgxx, mM 10 10.595  1.88068 17.75 7.69496 17.3647
Kdgx, mM 1 0.596201 0.208682  35.00 0.253454 1.15819
Kdnx, mM 10 11.1419 2.7068 24.29 7.22927 21.6684
& H,@ 9.5 9.46063 0.00327813 0.03
§ H, 0 9.4 9.4149  0.00627207 0.07
§H®¥ 9.3 9.29751 0.00257928 0.03
8§ Hy(® 8.9 8.91929 0.00423033 0.05
§ Hy(X) 8.8 8.86587 0.00575851 0.06
§H,®® 8.7 877012 0.00217595 0.02

Relative abundance of Paraquat ionic forms in acetone

DynaFit input script file

The following DynaFit [REF] script is used to simulate the concentration of all three ionic
forms of Paraquat in acetone, given the best-fit values of equilibrium constants Ky« and

Kagx determined above.

[task]

data
task

equilibria
simulate

[components]
G, X
[mechanism]

Kdgxx

X. X <===> G.X + X
X Kdgx

G.
G. <===> (G + X
[constants]

Kdgxx = 10.5950

dissoc
dissoc
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Kdgx = 0.59620
[concentrations]
[responses]
[output]
directory ./paraquat/distribution/output/simul-001
[data]
mesh from O to 30.1 step 0.3
directory ./paraquat/distribution/data/simul-001

extension txt
variable G.X.X

file GXX | response G.X.X =1

file GX | response G.X =1

file G | response G =1
[end]

DynaFit output: simulated concentrations

Upon executing the above DynaFit script file, the program displays the concentrations of
each ionic form at any given total concentration of Paraquat:
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The numerical values produced by this simulation (file GXX.TXT, GX.TXT, and G.TXT
referenced in the above script, section [data]) are listed in the second through fourth
column in Table S2 below. Mole fraction in each ionic form were calculated in Microsoft
Excel and are listed in the right-most three columns of Table S2.

The results show that Paraquat monocation is the most abundant ionic species between
0.5 mM and 19.5 mM (values printed in bold).

Table S2

Distribution of Paraquat ionic forms at different total concentrations of Paraquat

[GXo [GX  [GXT  [G*] x(GXz)  x(GX')  x(G*)

0.3 0.006 0.128 0.166 0.019 0.428 0.554
0.6 0.026 0.332 0.242 0.043 0.553 0.404
0.9 0.059 0.551 0.290 0.065 0.612 0.323
1.2 0.104 0.772 0.324 0.086 0.644 0.270
1.5 0.158 0.992 0.350 0.106 0.661 0.233
1.8 0.222 1.208 0.370 0.123 0.671 0.205
2.1 0.294 1.420 0.386 0.140 0.676 0.184
2.4 0.373 1.627 0.400 0.155 0.678 0.167
2.7 0.458 1.830 0.411 0.170 0.678 0.152

3 0.550 2.029 0.421 0.183 0.676 0.140
3.3 0.647 2.223 0.430 0.196 0.674 0.130
3.6 0.749 2.413 0.438 0.208 0.670 0.122
3.9 0.856 2.600 0.444 0.219 0.667 0.114
4.2 0.967 2.782 0.450 0.230 0.662 0.107
4.5 1.083 2.962 0.456 0.241 0.658 0.101
4.8 1.202 3.137 0.461 0.250 0.654 0.096
5.1 1.325 3.310 0.465 0.260 0.649 0.091
54 1.451 3.479 0.469 0.269 0.644 0.087
5.7 1.581 3.646 0.473 0.277 0.640 0.083

6 1.713 3.810 0.477 0.286 0.635 0.079
6.3 1.849 3.971 0.480 0.293 0.630 0.076
6.6 1.987 4.130 0.483 0.301 0.626 0.073
6.9 2127 4.287 0.486 0.308 0.621 0.070
7.2 2.271 4.441 0.489 0.315 0.617 0.068
7.5 2.416 4.592 0.491 0.322 0.612 0.065
7.8 2.564 4.742 0.493 0.329 0.608 0.063



8.1
8.4
8.7

9.3
9.6
9.9
10.2
10.5
10.8
11.1
1.4
11.7
12
12.3
12.6
12.9
13.2
135
13.8
14.1
14.4
14.7
15
15.3
15.6
15.9
16.2
16.5
16.8
17.1
17.4
17.7
18
18.3

2.714
2.867
3.021
3.177
3.335
3.494
3.656
3.819
3.983
4.150
4.317
4.486
4.657
4.829
5.002
5.176
5.352
5.529
5.707
5.886
6.066
6.247
6.430
6.613
6.797
6.983
7.169
7.356
7.544
7.733
7.923
8.113
8.305
8.497
8.690

4.890
5.036
5.180
5.322
5.462
5.601
5.737
5.873
6.007
6.139
6.270
6.400
6.528
6.655
6.781
6.905
7.029
7.151
7.272
7.392
7.511
7.628
7.745
7.861
7.976
8.090
8.203
8.315
8.426
8.5637
8.646
8.755
8.863
8.970
9.077

0.496
0.498
0.500
0.502
0.503
0.505
0.507
0.508
0.510
0.511
0.512
0.514
0.515
0.516
0.517
0.518
0.519
0.520
0.521
0.522
0.523
0.524
0.525
0.526
0.527
0.527
0.528
0.529
0.530
0.530
0.531
0.532
0.532
0.533
0.533

0.335
0.341
0.347
0.353
0.359
0.364
0.369
0.374
0.379
0.384
0.389
0.394
0.398
0.402
0.407
0.411
0.415
0.419
0.423
0.427
0.430
0.434
0.437
0.441
0.444
0.448
0.451
0.454
0.457
0.460
0.463
0.466
0.469
0.472
0.475

0.604
0.599
0.595
0.591
0.587
0.583
0.580
0.576
0.572
0.568
0.565
0.561
0.558
0.555
0.551
0.548
0.545
0.542
0.539
0.536
0.533
0.530
0.527
0.524
0.521
0.519
0.516
0.513
0.511
0.508
0.506
0.503
0.501
0.498
0.496

0.061
0.059
0.057
0.056
0.054
0.053
0.051
0.050
0.049
0.047
0.046
0.045
0.044
0.043
0.042
0.041
0.040
0.039
0.039
0.038
0.037
0.036
0.036
0.035
0.034
0.034
0.033
0.033
0.032
0.032
0.031
0.031
0.030
0.030
0.029
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18.6
18.9
19.2
19.5
19.8
20.1
204
20.7

21
213
21.6
21.9
222
225
22.8
23.1
234
23.7

24
243
24.6
24.9
25.2
255
258
26.1
26.4
26.7

27
27.3
276
27.9
28.2
285
28.8

8.884

9.078

9.273

9.469

9.666

9.863
10.061
10.260
10.459
10.659
10.860
11.061
11.263
11.465
11.668
11.872
12.076
12.281
12.486
12.691
12.898
13.104
13.312
13.519
13.728
13.936
14.146
14.355
14.565
14.776
14.987
15.199
15.410
15.623
15.836

9.182

9.287

9.391

9.495

9.508

9.700

9.801

9.902
10.002
10.102
10.201
10.299
10.397
10.494
10.591
10.687
10.782
10.877
10.972
11.066
11.159
11.252
11.344
11.436
11.528
11.619
11.709
11.799
11.889
11.978
12.066
12.155
12.242
12.330
12.417

0.534
0.535
0.535
0.536
0.536
0.537
0.537
0.538
0.538
0.539
0.539
0.540
0.540
0.541
0.541
0.541
0.542
0.542
0.543
0.543
0.543
0.544
0.544
0.544
0.545
0.545
0.545
0.546
0.546
0.546
0.547
0.547
0.547
0.548
0.548

0.478
0.480
0.483
0.486
0.488
0.491
0.493
0.496
0.498
0.500
0.503
0.505
0.507
0.510
0.512
0.514
0.516
0.518
0.520
0.522
0.524
0.526
0.528
0.530
0.532
0.534
0.536
0.538
0.539
0.541
0.543
0.545
0.546
0.548
0.550

0.494
0.491
0.489
0.487
0.485
0.483
0.480
0.478
0.476
0.474
0.472
0.470
0.468
0.466
0.465
0.463
0.461
0.459
0.457
0.455
0.454
0.452
0.450
0.448
0.447
0.445
0.444
0.442
0.440
0.439
0.437
0.436
0.434
0.433
0.431

0.029
0.028
0.028
0.027
0.027
0.027
0.026
0.026
0.026
0.025
0.025
0.025
0.024
0.024
0.024
0.023
0.023
0.023
0.023
0.022
0.022
0.022
0.022
0.021
0.021
0.021
0.021
0.020
0.020
0.020
0.020
0.020
0.019
0.019
0.019
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29.1 16.049 12.503 0.548 0.552 0.430 0.019
29.4 16.262 12.589 0.548 0.553 0.428 0.019
29.7 16.476 12.675 0.549 0.555 0.427 0.018
30 16.691 12.760 0.549 0.556 0.425 0.018
relative abundance of ionic forms
0.8
0.7 -
0.6 -
c 0.5 -
i)
% —neutral
= 04 = monocation
(D) . .
© ——dication
€ 0.3 -
0.2 -
0.1 -
0 I I
0 10 20 30

[Paraquat]y;, MM
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DB24C8[Paraquat complexation: Model discrimination

analysis

DynaFit input script file

The following DynaFit [REF] script contains the 30 different theoretical models (in the
[mechanism] sections below) and all the experimental data (in the [data] section) that
were used to determine the most plausible molecular mechanism of DB24C8[0Paraquat

complexation.

itask]

data = equilibria
task = fit
model = Gibson ?

algorithm = Differential-Evolution

[components]
G, H, X, N
[mechanism]
N.X <===> N + X Kdnx
G XX <===> G + X + X Kdgxx
G + H <===> G.H Kdgh
[constants]
Kdnx = 11.1419
Kdgxx =1 ?
Kdgh =17
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GXX_dn = 9.2975
_H_up = 6.8614
d_H_dn = 6.9359
d_GH_gup =7.9? 3 .. 12)
d_GH_gdn =9.37?7 (3 .. 12)
d_GH_hup =6.97?7 (3 .. 12)
d_GH_hdn =7.07? (3 .. 12)
[data]

dissoc
dissoc

dissoc
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variable G.X.X, H

plot
graph

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

graph

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

graph

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

mole-fraction

G-up

[y Y

o]
Il XT

[aNaR=4 "1
e

ob06-ion=12-G_dn
X
H

[ |

O
Tl XT

O Z =
TR

O I Z
Tl XT

ob06-i10on=12-H_up
X
H

I =l
*
o
T
c
©

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_dn

d_GXX_dn

d_GXX_dn

d_GXX_dn
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set  job03-ion=24-H_up

conc N.X = 24

resp H=1%*dH up

resp G.H =1 * d_GH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1*d_H dn

resp G.H =1 * d_GH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1%*dHdn

resp G.H =1 * d_GH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1*dH.dn

resp G.H =1 * d_GH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1%*dH dn

resp G.H =1 * d_GH_hdn
[output]

directory ./users/gasa_t/080331/output/models-ion-023

itask]
data = equilibria
task = fit
model = GH ?
algorithm = Differential-Evolution
[components]
G, H, X, N
[mechanism]
N.X <===> N + X : Kdnx dissoc
G.X.X <===> G.X + X o Kdgxx dissoc
G.X <===> G + X :  Kdgx dissoc
G + H <===> G._H :  Kdgh dissoc
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgh =172
[responses]

intensive



[concentrations]

[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
d_H_up = 6.8614
d_H_dn = 6.9359
d_GH_gup =7.97? @3 ..
d_GH_gdn =9.3?2 @3 ..
d_GH_hup =6.9? 3 ..
d_GH_hdn =7.07? (3 ..
[data]
variable G.X.X, H
plot mole-fraction
graph G-up
set  jobl2-ion=1-G_up
conc N.X =1
resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup
set  job09-ion=6-G_up
conc N.X =6
resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup
set  job06-ion=12-G_up
conc N.X = 12
resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup
set  job03-ion=24-G_up
conc N.X = 24
resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup
graph G-dn
set  jobl2-ion=1-G_dn
conc N.X =1
resp G =1*dG.dn, G.X
resp G.H =1 * d_GH_gdn
set  job09-ion=6-G_dn
conc N.X =6
resp G =1*4dG_ dn, G.X
resp G.H =1 * d_GH_gdn
set  job06-ion=12-G_dn

conc

N.X = 12

12)
12)

12)
12)

d_GX_up,

d_GX_up,

d_GX_up,

d_GX_up,

d_GX_dn,

d GX_dn,

@

(]

@

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_dn

d_GXX_dn
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resp G=1*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d_GH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G=1*dGdn, G. X =1 *d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d_GH_gdn

graph H-up

set  jobl2-ion=1-H_up

conc N.X =1

resp H=1%*d_H up

resp G.H =1 * d_GH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1*dHup

resp G.H =1 * d_GH_hup

set  job06-ion=12-H_up

conc N.X = 12

resp H=1*dHup

resp G.H =1 * d_GH_hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1%*d H up

resp G.H =1 * d_GH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1%*dHdn

resp G.H =1 * d_GH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1%*dH.dn

resp G.H =1 * d_GH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1%*dHdn

resp G.H =1 * d_GH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1*dH.dn

resp G.H =1 * d_GH_hdn
ttask]

data = equilibria

task = fit

model = GH-GHH ?

algorithm = Differential-Evolution
[components]

G, H, X, N
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[mechanism]

N.X <===> N + X

G.X.X <===> G.X + X

G.X <===> G + X

G + H <===> G.H

G.H + H <===> G.H.H
[constants]

Kdnx = 11.1419

Kdgxx = 10.5950

Kdgx = 0.59620

Kdgh =172

Kdghh = 10 ?
[responses]

intensive
[concentrations]
[parameters]

d_G_up = 8.9193

d_GX_up = 8.8659

d_GXX_up = 8.7701

d_G_dn = 9.4606

d_GX_dn = 9.4149

d_GXX_dn = 9.2975

_H up = 6.8614

| H dn = 6.9359

d_GH_gup =7.97? (3

d GHH gup =8.37? (3

d_GH_gdn =9.37? (3

d_GHH_gdn =9.1 72

d_GH_hup =6.9? (3

d_GHH_hup =6.57?

d_GH_hdn =7.07?

d_GHH_hdn =6.6? (3
[data]

variable G.X.X, H

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1
resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,

set  job09-ion=6-G_up

.. 12)
. 12)

.. 12)
G ..
.. 12)
G ..
G ..

.. 12)

12)

12)

12)

Kdnx
Kdgxx
Kdgx

Kdgh
Kdghh

dissoc
dissoc
dissoc

dissoc
dissoc

| GX_up, G.X.X = 1 * d_GXX_up

1 * d_GHH_gup
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conc N.X =6

resp G =1*dG up, G.X
resp G.H =1 * d_GH_gup,
set  job06-ion=12-G_up
conc N.X = 12

resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,
set  job03-ion=24-G_up
conc N.X = 24

resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,
graph G-dn

set  jobl2-ion=1-G_dn
conc N.X =1

resp G =1*4dG_ dn, G.X
resp G.H =1 * d_GH_gdn,
set  job09-ion=6-G_dn
conc N.X =6

resp G =1*d.G.dn, G.X
resp G.H =1 * d_GH_gdn,
set  job06-ion=12-G_dn
conc N.X = 12

resp G =1*dG.dn, G.X
resp G.H =1 * d_GH_gdn,
set  job03-ion=24-G_dn
conc N.X = 24

resp G =1*d G dn, G.X
resp G.H =1 * d_GH_gdn,
graph H-up

set  jobl2-ion=1-H_up
conc N.X =1

resp H=1%*dHup

resp G.H =1 * d_GH_hup,
set  job09-ion=6-H_up
conc N.X =6

resp H=1%dH up

resp G.H =1 * d_GH_hup,
set  job06-ion=12-H_up
conc N.X =1

resp H=1*dHup

resp G.H =1 * d_GH_hup,
set  job03-ion=24-H_up
conc N.X = 24

resp H=1*dHup

resp G.H =1 * d_GH_hup,
graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1%*dH.dn

@

(]

®

@

(]

-X
H_gdn

= 1 * d_GHH_hup
= 1 * d_GHH_hup
= 1 * d_GHH_hup

= 1 * d_GHH_hup

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_dn

d_GXX_dn

d_GXX_dn

d_GXX_dn



resp G.H =1 * d_GH_hdn, G.H.H = d_GHH_hdn
set  job09-ion=6-H_dn
conc N.X =6
resp H=1%*dHdn
resp G.H =1 * d GH hdn, G.H.H = d_GHH_hdn
set  job06-ion=12-H_dn
conc N.X = 12
resp H=1%*dHdn
resp G.H =1 * d_GH_hdn, G.H.H = d_GHH_hdn
set  job03-ion=24-H_dn
conc N.X = 24
resp H=1*d_H dn
resp G.H =1 * d _GH_hdn, G.H.H = d_GHH_hdn
itask]
data = equilibria
task = fit
model = GXH ?
algorithm = Differential-Evolution
[components]
G, H, X, N
[mechanism]
N.X <===> N + X : Kdnx dissoc
G.X.X <===> G.X + X o Kdgxx dissoc
G.X <===> G + X o Kdgx dissoc
G.X + H <===> G.X.H :  Kdgxh dissoc
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgxh =1 2
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
_H_up = 6.8614
n = 6.9359
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d_GXH_gup =8.17? (3 .. 12)

d GXH gdn =9.1 7?7 (3 .. 12)

d GXH_hup =6.47? (3 .. 12)

d_GXH_hdn = 6.6 ? (3 .. 12)
[data]

variable G.X.X, H

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G=1*4dG up, G.X =

resp G.X.H 1 * d_GXH_gup

set  job09-ion=6-G_up

conc N.X =6

resp G=1*dGup, G.X =

resp G.X.H = 1 * d_GXH_gup

set  job06-ion=12-G_up

conc N.X = 12

resp G=1*dGup, G.X =

resp G.X.H =1 * d_GXH_gup

set  job03-ion=24-G_up

conc N.X = 24

resp G =1*dGup, G.X =

resp G.X.H = 1 * d_GXH_gup

graph G-dn

set  jobl2-ion=1-G_dn

conc N.X =1

resp G =1*d_G_dn, G.X =

resp G.X.H =1 * d_GXH_gdn

set  job09-ion=6-G_dn

conc N.X =6

resp G=1%*dG. dn, G.X =

resp G.X.H =1 * d_GXH_gdn

set  job06-ion=12-G_dn

conc N.X = 12

resp G=1*dGdn, G.X =

resp G.X.H 1 * d_GXH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G=1*dGdn, G.X =

resp G.X.H =1 * d_GXH_gdn

graph H-up

set  jobl2-ion=1-H_up

conc N.X =1

resp H=1%*dHup

resp G.X.H =1 * d_GXH_hup

d_GX_up,

d_GX_up,

d_GX_up,

d_GX_up,

d_GX_dn,

d GX_ dn,

d GX_dn,

d_GX_dn,

@

@

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_dn

d_GXX_dn

d_GXX_dn

d_GXX_dn
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set 09-
conc
resp

resp

O
X Il X T
Tl

O I Z -

set

conc
resp
resp

o]

O Z
X Il X T

set j i
conc N. 24
resp H *
resp G

graph H-dn

set j
conc N.
resp H
resp G

set j i
conc N. 6
resp H *
resp G

set j
conc N.
resp H
resp G

set j
conc N.
resp H
resp G

o
?
-
o
]
I}
=
iy
T
c
T

Tl
I *
- O
*II

on=24-H_up

on=6-H_dn

d H dn
1*d

itask]

data
task

fit

model = GXH-GXHH ?

equilibria

algorithm = Differential-Evolution

[components]
G, H, X, N
[mechanism]

<===> N + X

OOZ

<===> G + X

oo

[constants]

Kdnx
Kdgxx
Kdgx

X
XX <===> G.X + X
X

X + H <===> G.X.H
X.H + H <===> G_.X_H.H

11.1419
10.5950
0.59620

Kdnx
Kdgxx
Kdgx

Kdgxh
Kdgxhh

dissoc
dissoc
dissoc

dissoc
dissoc
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Kdgxh =17
Kdgxhh = 10 ?
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
d_H_up = 6.8614
d_H_dn = 6.9359
d_GXH_gup =8.17 (3 .
d GXHH gup =7.4? (3 ..
d_GXH_gdn =9.17? (3 ..
d_GXHH_gdn =9.2 ? (3 ..
d_ GXH hup =6.47? 3 ..
d_GXHH_hup =6.7 ? (3 ..
d_GXH_hdn =6.6 ? (3
d_GXHH_hdn = 6.7 ? (3
[data]

variable G.X.X, H

plot mole-fraction
graph G-up

set  jobl2-ion=1-G_up
conc N.X =1

resp G=1*d G up
resp G.X.H =1 *d_
set  job09-ion=6-G_up
conc N.X =6

resp G =1* d_|

resp G.X.H =

set  job06-ion=12-G_up
conc N.X = 12

resp G =1*d__G

resp G.X.H=1%*

set  job03-ion=24-G_up
conc N.X = 24

resp G =1*d.__G

resp G.X.H=1%*

graph G-dn

. 12)

12)

12)
12)

12)
12)

.. 12)
. 12)

, G.X =1 * d_GX_up,
GXH_gup, G.X.H.H

d Gup, G. X =1 * d _GX_up,
1 * d_GXH_gup, G.X_H.H

_up, G.X =1 * d_GX_up,
d_GXH_gup, G.X.H.H

_up, G.X =1 * d_GX_up,
d_GXH_gup, G.X.H.H

XX =1 * d_GXX_up
d_GXHH_gup

XX =1 * d_GXX_up
d_GXHH_gup

XX = 1 * d_GXX_up
d_GXHH_gup

XX =1 * d_GXX_up
d_GXHH_gup



set  jobl2-ion=1-G_dn

conc N.X =1

resp G=1*dGdn, G. X =1 * d GX dn, G.X.X =1 * d_GXX_dn
resp G.X.H 1 * d_GXH gdn, G.X.H.H =1 * d_GXHH_gdn
set  job09-ion=6-G_dn

conc N.X =6

resp G=1*dGdn, G. X =1 *d GX dn, G.X.X =1 * d_GXX_dn
resp G.X.H =1 * d_GXH_gdn, G.X.H.H =1 * d_GXHH_gdn
set  job06-ion=12-G_dn

conc N.X = 12

resp G =1*4dG.dn, G.X =1 * d_GX_dn, G.X.X =1 * d_GXX_dn
resp G.X.H =1 * d_GXH_gdn, G.X.H.H = 1 * d_GXHH_gdn
set  job03-ion=24-G_dn

conc N.X = 24

resp G=1*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn
resp G.X.H =1 * d_GXH_gdn, G.X.H.H = 1 * d_GXHH_gdn
graph H-up

set  jobl2-ion=1-H_up

conc N.X =1

resp H=1*dHup

resp G.X.H =1 * d_GXH_hup, G.X.H.H = 1 * d_GXHH_hup
set  job09-ion=6-H_up

conc N.X =6

resp H=1*dHup

resp G.X.H =1 * d_GXH_hup, G.X.H.H = 1 * d_GXHH_hup
set  job06-ion=12-H_up

conc N.X = 12

resp H=1%*dH up

resp G.X.H =1 * d_GXH_hup, G.X.H.H = 1 * d_GXHH_hup
set  job03-ion=24-H_up

conc N.X = 24

resp H=1*dHup

resp G.X.H =1 * d_GXH_hup, G.X.H.H = 1 * d_GXHH_hup
graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1*dH.dn

resp G.X.H =1 * d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn
set  job09-ion=6-H_dn

conc N.X =6

resp H=1%*dH dn

resp G.X.H =1 * d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn
set  job06-ion=12-H_dn

conc N.X = 12

resp H=1*dH.dn

resp G.X.H =1 * d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn
set ob03-ion=24-H_dn

job
conc N.X = 24
resp H =



resp G.X.

H=1%* d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn

itask]

12)
12)
12)

12)

Kdnx dissoc
Kdgxx  dissoc
Kdgx dissoc
Kdgxxh dissoc

data = equilibria

task = fit

model = GXXH ?

algorithm = Differential-Evolution
[components]

G, H, X, N
[mechanism]

N.X <===> N + X

G.X.X <===> G.X + X

G.X <===> G + X

G.X.X + H <===> G.X.X.H
[constants]

Kdnx = 11.1419

Kdgxx = 10.5950

Kdgx = 0.59620

Kdgxxh =1 ?
[responses]

intensive
[concentrations]
[parameters]

d_G_up = 8.9193

d_GX_up = 8.8659

d_GXX_up = 8.7701

d_G_dn = 9.4606

d_GX_dn = 9.4149

d_GXX_dn = 9.2975

| H up = 6.8614

_H_dn = 6.9359

d GXXH gup =7.9? (3 ..

d GXXH_gdn =9.2 ? (3 ..

d_GXXH_hup =6.57? (3 ..

d_GXXH_hdn = 6.7 ? (3 ..
[data]

variable G.X.X, H

plot mole-fraction

graph G-up
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set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

graph

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

graph

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

set
conc
resp

[aNaR=4 "1

OO Z -

ob0

X Il XT
Xkl

' o
X Il X T

6-i10on=12-G

-i

12

* d_G_up
H=1%*

_A_up

_up

_up

d_GXXH_hup

d_GXXH_hup

d_GX_up,

d_GX_up,

d_GX_up,

d_GX_up,

d GX_dn,

d_GX_dn,

d GX_ dn,

d_GX_dn,

@

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_dn

d_GXX_dn

d_GXX_dn

d_GXX_dn
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resp G.X.X.H =1 * d_GXXH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1%*dHdn

resp G.X.X.H =1 * d_GXXH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1%*d_H_dn

resp G.X.X.H =1 * d_GXXH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1%*dH.dn

resp G.X.X.H =1 * d_GXXH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1%*d H dn

resp G.X.X.H = 1 * d_GXXH_hdn
itask]

data = equilibria

task = fit

model = GXXH-GXXHH ?
algorithm = Differential-Evolution

[components]
G, H, X, N
[mechanism]
<===> N + X Kdnx dissoc

X :
XX <===> G.X + X : Kdgxx  dissoc
X <===> (G + X o Kdgx dissoc

(a4

Kdgxxh dissoc
Kdgxxhh dissoc

[constants]

Kdnx
Kdgxx
Kdgx

11.1419
10.5950
0.59620

Kdgxxh
Kdgxxhh

172
10 ?

[responses]
intensive

[concentrations]

[parameters]

d_G_up = 8.9193



d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
d_H_up = 6.8614
d_H_dn = 6.9359
d_GXXH_gup =7.9 ? (3 .. 12)
d_GXXHH_gup = 7.8 ? (3 .. 12)
d_GXXH_gdn = 9.2 ? (3 .. 12)
d_GXXHH_gdn = 9.2 ? (3 .. 12)
d_GXXH_hup = 6.57? (3 .. 12)
d_GXXHH_hup = 6.7 ? (3 .. 12)
d_GXXH_hdn = 6.7 ? (3 .. 12)
d_GXXHH_hdn = 6.8 ? (3 .. 12)
[data]
variable G.X.X, H
plot mole-fraction
graph G-up
set  jobl2-ion=1-G_up
conc N.X =1
resp G=1*dGup, G.X=1*dGCX up, G.X.X =1 * d_GXX_up
resp G.X.X.H =1 * d_GXXH_gup, G.X.X.H.H = 1 * d_GXXHH_gup
set  job09-ion=6-G_up
conc N.X =6
resp G=1*dGup, G.X=1* d_GX up, G-X.X =1 * d_GXX_up
resp G.X.X.H =1 * d_GXXH_gup, G.X.X.H.H = 1 * d_GXXHH_gup
set  job06-ion=12-G_up
conc N.X = 12
resp G=1*dGup, G.X=1*d GX up, G-X.X =1 * d_GXX_up
resp G.X.X.H =1 * d_GXXH_gup, G.X.X.H.H = 1 * d_GXXHH_gup
set  job03-ion=24-G_up
conc N.X = 24
resp G=1*dGup, G.X=1*dGCX up, G.X.X =1 * d_GXX_up
resp G.X.X.H =1 * d_GXXH_gup, G.X.X.H.H = 1 * d_GXXHH_gup
graph G-dn
set  jobl2-ion=1-G_dn
conc N.X =1
resp G=1*dGdn, G. X =1 * d GX dn, G.X.X =1 * d_GXX_dn
resp G.X.X.H = 1 * d_GXXH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn
set  job09-ion=6-G_dn
conc N.X =6
resp G=1*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn
resp G.X.X.H =1 * d_GXXH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

set  job06-ion=12-G_dn
conc N.X = 12



resp G=1*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.X.X.H =1 * d_GXXH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G=1*dGdn, G. X =1 *d GX dn, G.X.X =1 * d_GXX_dn

resp G.X.X.H =1 * d_GXXH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

graph H-up

set  jobl2-ion=1-H_up

conc N.X =1

resp H=1*dH up

resp G.X.X.H =1 * d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1*dHup

resp G.X.X.H =1 * d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job06-ion=12-H_up

conc N.X =1

resp H=1*dHup

resp G.X.X.H = 1 * d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1*dHup

resp G.X.X.H =1 * d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1%*dHdn

resp G.X.X.H =1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1%*dH.dn

resp G.X.X.H =1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1%*dHdn

resp G.X.X.H =1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1*dH.dn

resp G.X.X.H = 1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn
[task]

data = equilibria

task = fit

model = GH-GXH ?
algorithm = Differential-Evolution

[components]

G, H, X, N



[mechanism]

N.X <===> N + X

G.X.X <===> G.X + X

G.X <===> G + X

G + H <===> G.H

G.X + H <===> G.X.H
[constants]

Kdnx = 11.1419

Kdgxx = 10.5950

Kdgx = 0.59620

Kdgh =172

Kdgxh =1 7
[responses]

intensive
[concentrations]
[parameters]

d_G_up = 8.9193

d_GX_up = 8.8659

d_GXX_up = 8.7701

d_G_dn = 9.4606

d_GX_dn = 9.4149

d_GXX_dn = 9.2975

_H up = 6.8614

| H dn = 6.9359

d_GH_gup =7.97? (3

d_ GXH_gup =8.17? (3

d_GH_gdn =9.37?

d_GXH_gdn =9.1 72

d_GH_hup =6.9? (3

d_GXH_hup =6.47

d_GH_hdn =7.07?

d_GXH_hdn = 6.6 ?
[data]

variable G.X.X, H

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1
resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,

set  job09-ion=6-G_up

G ..
G ..

.. 12)
G ..

@G ..
@G ..

.. 12)
. 12)

12)
12)
12)

12)
12)

Kdnx
Kdgxx
Kdgx

Kdgh
Kdgxh

dissoc
dissoc
dissoc

dissoc
dissoc

| GX_up, G.X.X = 1 * d_GXX_up

1 * d_GXH_gup
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conc N.X =6

resp G =1*dG up, G.X
resp G.H =1 * d_GH_gup,
set  job06-ion=12-G_up
conc N.X = 12

resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,
set  job03-ion=24-G_up
conc N.X = 24

resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,
graph G-dn

set  jobl2-ion=1-G_dn
conc N.X =1

resp G =1*4dG_ dn, G.X
resp G.H =1 * d_GH_gdn,
set  job09-ion=6-G_dn
conc N.X =6

resp G =1*d.G.dn, G.X
resp G.H =1 * d_GH_gdn,
set  job06-ion=12-G_dn
conc N.X = 12

resp G =1*dG.dn, G.X
resp G.H =1 * d_GH_gdn,
set  job03-ion=24-G_dn
conc N.X = 24

resp G =1*d G dn, G.X
resp G.H =1 * d_GH_gdn,
graph H-up

set  jobl2-ion=1-H_up
conc N.X =1

resp H=1%*dHup

resp G.H =1 * d_GH_hup,
set  job09-ion=6-H_up
conc N.X =6

resp H=1%dH up

resp G.H =1 * d_GH_hup,
set  job06-ion=12-H_up
conc N.X =1

resp H=1*dHup

resp G.H =1 * d_GH_hup,
set  job03-ion=24-H_up
conc N.X = 24

resp H=1*dHup

resp G.H =1 * d_GH_hup,
graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1%*dH.dn

@

(]

®

@

(]

G.X.X
_GXH_gdn

= 1 * d_GXH_hup
= 1 * d_GXH_hup
=1 * d_GXH_hup

= 1 * d_GXH_hup

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_dn

d_GXX_dn

d_GXX_dn

d_GXX_dn



resp G.H =1 * d GH hdn, G.X.H =1 d_GXH_hdn
set  job09-ion=6-H_dn
conc N.X =6
resp H=1%*dHdn
resp G.H =1 * d GH hdn, G.X.H =1 d_GXH_hdn
set  job06-ion=12-H_dn
conc N.X = 12
resp H=1%*dHdn
resp G.H =1 * d_GH_hdn, G.X.H =1 d_GXH_hdn
set  job03-ion=24-H_dn
conc N.X = 24
resp H=1*d_H dn
resp G.H=1* d GH hdn, G.X.H =1 d_GXH_hdn
itask]
data = equilibria
task = fit
model = GH-GXH-GXHH ?
algorithm = Differential-Evolution
[components]
G, H, X, N
[mechanism]
N.X <===> N + X : Kdnx dissoc
G.X.X <===> G.X + X o Kdgxx dissoc
G.X <===> G + X o Kdgx dissoc
G + H <===> G.H :  Kdgh dissoc
G.X + H <===> G.X.H : Kdgxh  dissoc
G.X.H + H <===> G.X.H.H :  Kdgxhh dissoc
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgh =17
Kdgxh =1 ?
Kdgxhh = 10 ?
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
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d_GXX_dn = 9.2975
| H up = 6.8614
d_H_dn = 6.9359
d_GH gup =7.9? 3 ..
d_GXH_gup =8.17? (3 .
d_ GXHH_gup =7.4? (3 ..
d_GH_gdn =9.3?2 @3 ..
d GXH_gdn =9.17? (3 .
d_GXHH_gdn =9.2 ? (3 ..
d_GH_hup =6.9? 3 ..
d_GXH_hup =6.47? (3 .
d_GXHH_hup =6.7 2 (3 ..
d_GH_hdn =7.0? (3 ..
d_GXH_hdn =6.6 ? (3 .
d_GXHH_hdn =6.7 ? (3 ..
[data]
variable G.X.X, H
plot mole-fraction
graph G-up
set  jobl2-ion=1-G_up
conc N.X =1
resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,
set  job09-ion=6-G_up
conc N.X =6
resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,
set  job06-ion=12-G_up
conc N.X = 12
resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,
set  job03-ion=24-G_up
conc N.X = 24
resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,
graph G-dn
set  jobl2-ion=1-G_dn
conc N.X =1
resp G =1*d.G.dn, G.X
resp G.H =1 * d_GH_gdn,
set  job09-ion=6-G_dn
conc N.X =6
resp G=1*dG.dn, G.X
resp G.H =1 * d_GH_gdn,
set  job06-ion=12-G_dn
conc N.X = 12
resp G =1%*4dG. dn, G.X
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resp G.H =1 * d_GH_gdn,

set jo
conc N.
resp G
resp G.
graph H-up

set

conc
resp
resp

O
I Il XT

O I Z =
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set

conc
resp
resp

O T Z
T Il XT

=

set 06-
conc
resp

resp

(0]
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T Il XT

set

conc
resp
resp

O Z =

graph H-dn

set j
conc N.
resp H
resp G

set j
conc N.
resp H
resp G

set j
conc N.
resp H
resp G

set j
conc N.
resp H
resp G

G’

=

-ion=24-G_dn
4

ion=12-H_up

-ion=1-H dn

d

-ion=6-H_dn

—-ion=12-H _dn

®

| H dn
d_GH_hdn,

| H _dn
d_GH_hdn,

1 * d_GXH_gdn,

G.X.X
| GXH_gdn,

1 * d_GXH_hup,
1 * d_GXH_hup,
1 * d_GXH_hup,

1 * d_GXH_hup,

1 * d_GXH_hdn,
1 * d_GXH_hdn,
1 * d_GXH_hdn,

1 * d_GXH_hdn,

[N o

(]

itask]

data
task

equilibria
fit

model = GH-GHH-GXH ?

algorithm
[components]

G, H, X, N

Differential-

d_GXHH_gdn

d_GXHH_gdn

d_GXHH_hup

d_GXHH_hup

d_GXHH_hup

d_GXHH_hup

d_GXHH_hdn

d_GXHH_hdn

d_GXHH_hdn

d_GXHH_hdn



[mechanism]

N.X <===> N + X
G.X.X <===> G.X + X
G.X <===> G + X
G + H <===> G.H
G.H + H <===> G.H.H
G.X + H <===> G.X.H
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgh =172
Kdghh = 10 ?
Kdgxh =1 2
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
_H_up = 6.8614
| H dn = 6.9359
d_GH_gup =7.97?
d_GXH_gup =8.17
d GHH_ gup =7.772
d_GH_gdn =937
d_GXH_gdn =9.1 7
d_GHH_gdn =9.27?
d_GH_hup =6.97?
d GXH_hup =6.47
d_GHH_hup =6.47
d_GH_hdn =7.07?
d_GXH_hdn = 6.6 7
d_GHH_hdn =6.4 7
[data]

variable G.X.X, H

plot

graph G-up

set
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graph H-dn

set  jobl2-ion=1-H_dn
conc N.X =1
resp H=1%*dHdn
resp G.H=1*d GH hdn, G.H.H =1 d GHH_hdn, G.X.H
set  job09-ion=6-H_dn
conc N.X =6
resp H=1%*dHdn
resp G.H =1 * d _GH hdn, G.H.H =1 * d_GHH_hdn, G.X.H
set  job06-ion=12-H_dn
conc N.X = 12
resp H=1*d_H dn
resp G.H=1*d GH hdn, G.H.H =1 * d_GHH_hdn, G.X.H
set  job03-ion=24-H_dn
conc N.X = 24
resp H=1%*dHdn
resp G.H =1 * d GH hdn, G.H.H =1 d_GHH_hdn, G.X.H
itask]
data = equilibria
task = fit
model = GH-GHH-GXH-GXHH ?
algorithm = Differential-Evolution
[components]
G, H, X, N
[mechanism]
N.X <===> N + X : Kdnx dissoc
G.X.X <===> G.X + X : Kdgxx  dissoc
G.X <===> G + X : Kdgx dissoc
G + H <===> G.H :  Kdgh dissoc
G.H + H <===> G.H.H : Kdghh dissoc
G.X + H <===> G.X.H : Kdgxh  dissoc
G.X.H + H <===> G.X.H.H :  Kdgxhh dissoc
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgh =17
Kdghh = 10 ?
Kdgxh =17
Kdgxhh = 10 ?
[responses]
intensive
[concentrations]
[parameters]

*

*

d_GXH_hdn

d_GXH_hdn

d_GXH_hdn

d_GXH_hdn
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d_G_up
d_GX_up
d_GXX_up

d G dn
d_GX_dn
d_GXX_dn

d_GH_gup
d_GXH_gup
d_GHH_gup
d_GXHH_gup

d_GH_gdn
d_GXH_gdn
d_GHH_gdn
d_GXHH_gdn

d_GH_hup
d_GXH_hup
d_GHH_hup
d_GXHH_hup

d_GH_hdn
d_GXH_hdn
d_GHH_hdn
d_GXHH_hdn
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variable G.X.X, H
plot

mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.X.H.H = 1 * d_GXHH_gup

set  job09-ion=6-G_up

conc N.X =6

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.X.H.H =1 * d_GXHH_gup

set  job06-ion=12-G_up

conc N.X = 12

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.X.H.H =1 * d_GXHH_gup

set  job03-ion=24-G_up

conc N.X = 24

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.X.H.H =1 * d_GXHH_gup
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graph G-dn

set  jobl2-ion=1-G_dn

conc N.X =1

resp G=1*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d GH gdn, G.X.H =1 * d_GXH gdn, G.H.H = 1 * d_GHH_gdn,
X_.H.H = 1 * d_GXHH_gdn

set  job09-ion=6-G_dn

conc N.X =6

resp G=1*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H=1* d_GH gdn, G.X.H =1 * d_GXH_gdn, G.H.H = 1 * d_GHH_gdn,
X.H.H = 1 * d_GXHH_gdn

set  job06-ion=12-G_dn

conc N.X = 12

resp G=1*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d GH gdn, G.X.H =1 * d_GXH_gdn, G.H.H = 1 * d_GHH_gdn,
X.H.H = 1 * d_GXHH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G=1*dGdn, G. X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G-H=1*dGH gdn, G.X.H =1 * d_GXH_gdn, G.H.H = 1 * d_GHH_gdn
X.H.H =1 * d_GXHH_gdn

graph H-up

set  jobl2-ion=1-H_up

conc N.X =1

resp H=1*dHup

resp G-H=1*dGH hup, G.H.H =1 * d_GHH_hup, G.X.H = 1 * d_GXH_hup,
X.H.H =1 * d_GXHH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1*dHup

resp G.H=1* d_GH _hup, G.H.H = 1 * d_GHH_hup, G.X.H = 1 * d_GXH_hup,

X.H.H = 1 * d_GXHH_hup

set  job06-ion=12-H_up

conc N.X = 12

resp H=1*dHup

resp G.H=1*d_GH _hup, G.H.H = 1 * d_GHH_hup, G.X.H = 1 * d_GXH_hup,
X.H.H = 1 * d_GXHH_hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1*dHup

resp G.H =1 * d GH hup, G.H.H =1 * d_GHH_hup, G.X.H = 1 * d_GXH_hup,
X.H.H = 1 * d_GXHH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N. X =1

resp H=1%*d H dn

resp G.H = * d_GH_hdn, G.H.H = 1 * d_GHH_hdn, G.X.H = 1 * d_GXH_hdn,

X.HH=1~* d_GXHH_hdﬁ

set  job09-ion=6-H_dn
conc N.X =6
resp H=1%*dH.dn



resp G.H =1 * d GH hdn, G.H.H = 1 * d_GHH_hdn, G.X.H
G.X.H.H = 1 * d_GXHH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1*dHdn

resp G.H =1 * d GH hdn, G.H.H = 1 * d_GHH_hdn, G.X.H
G.X.H.H = 1 * d_GXHH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1%*dH.dn

resp G.H =1 * d_GH hdn, G.H.H = 1 * d_GHH_hdn, G.X.H
G.X.H.H = 1 * d_GXHH_hdn
[task]

data = equilibria

task = fit

model = GXH-GXXH ?

algorithm = Differential-Evolution

[components]

G, H, X, N
[mechanism]

N.X <===> N + X

G.X.X <===> G.X + X

G.X <===> G + X

G.X + H <===> G.X.H

G.X.X + H <===> G.X.X.H
[constants]

Kdnx = 11.1419

Kdgxx = 10.5950

Kdgx = 0.59620

Kdgxh =1 7

Kdgxxh = 1 ?
[responses]

intensive
[concentrations]
[parameters]

d_G_up = 8.9193

d_GX_up = 8.8659

d_GXX_up = 8.7701

d_G_dn = 9.4606

d_GX_dn = 9.4149

d_GXX_dn = 9.2975

_H_up = 6.8614

n = 6.9359

Kdnx

Kdgxx

Kdgx

Kdgxh

dissoc
dissoc
dissoc

dissoc

Kdgxxh dissoc

1 * d_GXH_hdn,

1 * d_GXH_hdn,

1 * d_GXH_hdn,
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d_GXH_gup =8.17? (3 .. 12)
d_ GXXH gup =7.9 ? (3 .. 12)
d GXH gdn =9.1 7?7 (3 .. 12)
d_GXXH_gdn = 9.2 ? (3 .. 12)
d_GXH_hup =6.47? (3 .. 12)
d_GXXH_hup = 6.57? (3 .. 12)
d_GXH_hdn = 6.6 ? (3 .. 12)
d_GXXH_hdn =6.7 ? (3 .. 12)

[data]
variable G.X.X, H
plot mole-fraction
graph G-up
set  jobl2-ion=1-G_up
conc N.X =1
resp G=1*dGup, G. X =1 * d _GX_ up,
resp G.X.H =1 * d_GXH_gup, G-X.X.H =1
set  job09-ion=6-G_up
conc N.X =6
resp G=1*dGup, G.X=1* d_GX_ up,
resp G.X.H =1 * d GXH_gup, G.X.X.H =1
set  job06-ion=12-G_up
conc N.X = 12
resp G=1*dGup, G. X =1 * d GX_ up,
resp G.X.H =1 * d_GXH gup, G.X.X.H =1
set  job03-ion=24-G_up
conc N.X = 24
resp G=1*dGup, G.X=1* d_GX_ up,
resp G.X.H =1 * d_GXH_gup, G.X.X.H =1
graph G-dn
set  jobl2-ion=1-G_dn
conc N.X =1
resp G=1*dGdn, G. X =1 * d_GX_dn,
resp G.X.H =1 * d GXH_gdn, G.X.X.H =1
set  job09-ion=6-G_dn
conc N.X =6
resp G=1*dGdn, G.X =1 * d_GX_ dn,
resp G.X.H =1 * d_GXH_gdn, G.X.X.H =1
set  job06-ion=12-G_dn
conc N.X = 12
resp G=1*dGdn, G.X =1 * d_GX_dn,
resp G.X.H =1 * d GXH_gdn, G.X.X.H =1
set  job03-ion=24-G_dn
conc N.X = 24
resp G=1*dGdn, G. X =1 * d_GX_dn,
resp G.X.H =1 * d_GXH_gdn, G.X.X.H =1
graph H-up

XX = 1 * d_GXX_up

d_GXXH_gup

=1 * d_GXX_up

XX
d_GXXH_gup

XX = 1 * d_GXX_up

d_GXXH_gup

XX = 1 * d_GXX_up

d_GXXH_gup

XX = 1 * d_GXX_dn

d_GXXH_gdn

XX = 1 * d_GXX_dn

d_GXXH_gdn

XX = 1 * d_GXX_dn

d_GXXH_gdn

XX = 1 * d_GXX_dn

d_GXXH_gdn
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set job
conc N.X
H =
G.X

AR

resp u
resp * d_GXH_hup, G.X_X.H = 1 * d_GXXH_hup
set j
conc N
resp H _u
resp G d_GXH_hup, G.X.X.H = 1 * d_GXXH_hup
set job
conc N.X =
resp H = u
resp G.X. * d_GXH_hup, G.X.X.H = 1 * d_GXXH_hup
set  job
conc N.X
resp H = _u
resp G.X d_GXH_hup, G.X.X.H = 1 * d_GXXH_hup
graph H-dn

set  job
conc N.X
H =
G.X

-

resp d

resp d_GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn

set job

conc N.X
H =
G.X

% Oy mu

resp
resp d | GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn
set job
conc N.X
resp H =
resp G.X d _GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn
set job
conc N.X
resp H =

G.X

resp “d_GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn

itask]

data = equ ria

task = fit

model = GXH-GXHH-GXXH ?

algorithm = Differential-Evolution

[components]
G, H, X, N

[mechanism]
N.X <===> N + X : Kdnx dissoc
G.X.X <===> G.X + X : Kdgxx  dissoc
G.X <===> G + X o Kdgx dissoc

Kdgxh dissoc

H <===> G.X.H
+ Kdgxhh  dissoc

H <===> G.X.H.H

[N

X
X

+
-H



G.X.X + H <===> G.X.X.H :  Kdgxxh dissoc

[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgxh =1 ?
Kdgxhh = 10 ?
Kdgxxh = 1 ?
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
_H_up = 6.8614
d_H_dn = 6.9359
d_GXH gup =28.17? (3 .. 12)
d GXXH gup =7.9 ? (3 .. 12)
d_GXHH_gup =7.47? (3 .. 12)
d_GXH_gdn =9.17? (3 .. 12)
d_GXXH_gdn = 9.2 ? (3 .. 12)
d_GXHH_gdn = 9.2 ? (3 .. 12)
d_GXH_hup =6.47? (3 .. 12)
d_GXXH_hup = 6.57? (3 .. 12)
d_GXHH_hup = 6.7 ? (3 .. 12)
d_GXH_hdn =6.6 ? (3 .. 12)
d_GXXH_hdn = 6.7 ? (3 .. 12)
d_GXHH_hdn = 6.7 ? (3 .. 12)
[data]
variable G.X.X, H
plot mole-fraction
graph G-up

set  jobl2-ion=1-G_up
conc N.X =1

resp G=1*dGup, G.X=1*dGCX up, G.X.X =1 * d_GXX_up
resp G.X.H =1 * d GXH_gup, G.X.X.H =1 * d_GXXH_gup, G.X.H.H =1 *
d_GXHH_gup

set  job09-ion=6-G_up
conc N.X =6
resp G=1*dGup, G.X=1*d GX up, G-X.X =1 * d_GXX_up
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resp G.X.H =1 * d_GXH_gup, G-X.X_.H

d_GXHH_gup

set  job06-ion=12-G_up

conc N.X = 12

resp G = *

resp G.X.
d_GXHH_gup

|

set  job03-ion=24-G_up
conc N.X = 24
G 1 * d_G_|
G.X.H 1*

resp
resp
d_GXHH_gup

X Il XT

graph G-dn

set  jobl2-ion=1-G_dn
conc N.X =1
resp G = *
resp G.X.
d_GXHH_gdn

|

d G d
=1*d

ion=6-G_dn
6
*

resp
d_GXHH_gd

N
resp G
G
n

set  job06-ion=12-G_dn

I
|
oo

resp
d_GXHH_gd

graph H-up

N
H
resp G.
p

N
H
resp G.
d_GXXH_hup

set  job06-ion=12-H_up

conc N.X = 12

resp H=1*dH

resp G.X.H 1>
d_GXXH_hup

p

set  job03-ion=24-H_up
conc N.X = 24

d G dn, G.X = 1 * d_GX_dn,
1 * d_GXH_gdn, G.X.X.H

| u
d_GXH_hup, G.X.H.H

_u
d_GXH_hup, G.X.H.H

=1

| G_up, G.X =1 * d_GX_up,
=1 * d_GXH_gup, G.X.X.H

=1

up, G.X =1 * d_GX_up,
d_GXH_gup, G.X.X.H

=1

n, G.X =1 * d_GX_dn,
GXH_gdn, G.X.X.H

=1

=1

dn, G.X = 1 * d_GX_dn,
* d_GXH_gdn, G.X_X.H

=1

n, G.X =1 * d_GX_dn,
| GXH_gdn, G.X.X.H

=1

1l
=

1
=

I
[

*

*

d_GXXH_gup, G.X_H.H

XX = 1 * d_GXX_up
d_GXXH_gup, G.X_H.H

XX =1 * d_GXX_up
d_GXXH_gup, G.X.H.H

XX = 1 * d_GXX_dn
d_GXXH_gdn, G.X_H.H

XX = 1 * d_GXX_dn
d_GXXH_gdn, G.X.H.H

XX = 1 * d_GXX_dn
d_GXXH_gdn, G.X.H.H

XX = 1 * d_GXX_dn
d_GXXH_gdn, G.X.H.H

d_GXHH_hup, G.X.X.H

d_GXHH_hup, G.X.X.H

d_GXHH_hup, G.X.X.H
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resp H=1*dHup

resp G.X.H =1 * d _GXH_hup, G.X.H.H = 1 * d_GXHH_hup,
d_GXXH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1*d_H dn

resp G.X.H =1 * d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn,
d_GXXH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1*d_H dn

resp G.X.H =1 * d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn,
d_GXXH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1*dH.dn

resp G.X.H =1 * d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn,
d_GXXH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1*dH.dn

resp G.X.H =1 * d _GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn,
d_GXXH_hdn
itask]

data = equilibria

task = fit

model = GXH-GXXH-GXXHH ?

algorithm = Differential-Evolution
[components]

G, H, X, N
[mechanism]

N.X <===> N + X : Kdnx dissoc

G.X.X <===> G.X + X o Kdgxx dissoc

G.X <===> G + X :  Kdgx dissoc

G.X + H <===> G.X.H :  Kdgxh dissoc

G.X.X + H <===> G.X.X.H :  Kdgxxh dissoc

G-X.X.H + H <===> G_.X.X_H.H : Kdgxxhh dissoc
[constants]

Kdnx = 11.1419

Kdgxx = 10.5950

Kdgx = 0.59620

Kdgxh =12

Kdgxxh =1 ?

Kdgxxhh = 10 ?

[responses]

G.X.X.H

G.X.X.H

G.X.X.H

G.X.X.H

G.X.X.H



intensive

[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
_H_up = 6.8614
d_H_dn = 6.9359
d GXH gup =8.17?7 (3 .. 12)
d GXXH_gup =7.9 ? (3 .. 12)
d_GXXHH_gup = 7.8 ? (3 .. 12)
d_GXH_gdn =9.1? (3 .. 12)
d_GXXH_gdn = 9.2 ? (3 .. 12)
d_GXXHH_gdn = 9.2 ? (3 .. 12)
d_GXH_hup =6.47? (3 .. 12)
d_GXXH_hup = 6.57? (3 .. 12)
d_GXXHH_hup = 6.7 ? (3 .. 12)
d_GXH_hdn = 6.6 ? (3 .. 12)
d_GXXH_hdn = 6.7 ? (3 .. 12)
d_GXXHH_hdn = 6.8 ? (3 .. 12)
[data]
variable G.X.X, H
plot mole-fraction
graph G-up
set  jobl2-ion=1-G_up
conc N.X =1
resp G=1*dGup, G.X=1* d_GX_ up,
resp G.X.H 1 * d_GXH_gup, G.X.X.H =1
d_GXXHH_gup
set  job09-ion=6-G_up
conc N.X =6
resp G=1*dGup, G. X =1 * d GX_ up,
resp G.X.H =1 * d_GXH_gup, G-X.X.H =1
d_GXXHH_gup
set  job06-ion=12-G_up
conc N.X = 12
resp G=1*dGup, G. X =1 * d_GX_ up,
resp G.X.H =1 * d_GXH_gup, G-X.X.H =1
d_GXXHH_gup

set  job03-ion=24-G_up
conc N.X = 24
resp G=1*dGup, G.X=1* d_GX_ up,

XX = 1 * d_GXX_up
d_GXXH_gup, G.X.X.H.H

XX = 1 * d_GXX_up
d_GXXH_gup, G.X.X_H.H

XX = 1 * d_GXX_up
d_GXXH_gup, G.X.X_H.H

XX =1 * d_GXX_up
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resp

G.X.H = 1 * d_GXH_gup,

d_GXXHH_gup

graph G-dn

resp

G.

d_GXXHH_gdn

set
conc

set

conc
resp
resp

d_GXXHH_gdn

Job09-ion=6-G_dn
N.X = 6

G=1*dGdn, G.X =1 * d_GX dn,
* g

G.X.H=1 __GXH_gdn,
Jjob06-ion=12-G_dn

d_GXH_gdn,

Q.G)G)Z

03-ion=24-G_dn

1*dge
H=1

d_GXXHH_gdn

graph H-up

resp

set

conc
resp
resp

G.

N
H
G
u

d_GXXHH_hup

resp

| u
G. d_GXH_hup,

d_GXXHH_hup

set

Job03-ion=24-H_up

conc N.X = 24

resp H=1*dHup

resp G.X.H =1 * d_GXH_hup,
d_GXXHH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc
resp
resp

N.X = 1
H=1*dHdn
G.X.H = 1 * d_GXH_hdn,

d_GXXHH_hdn

G.X.X.H

G.X.X.H :

G.X.X.H

d G_dn, G.X =1 * d_GX_dn,
1=

G.X.X.H

G.X.X.H

G.X.X.H

G.X.X.H

G.X.X.H

G.X.X.H

=1

=1

=1

=1

dn, G.X = 1 * d_GX_dn,
* d_GXH_gdn, G.X_X.H

=1

1
[E

1
[EN

1l
=

1
=

I
=

*

* @

* @

d_GXXH_gup,

d_GXXH_gdn,

d_GXXH_gdn,

d_GXXH_gdn,

d_GXXH_gdn,

d_GXXH_hup,

d_GXXH_hup,

d_GXXH_hup,

d_GXXH_hup,

d_GXXH_hdn,

G.X.X_H.

XX = 1 * d_GXX_dn
G.X_X.H.

XX = 1 * d_GXX_dn
G.X_X.H.

XX = 1 * d_GXX_dn
G.X_X.H.

XX = 1 * d_GXX_dn
G.X.X.H.

G.X.X.H.

G.X.X.H.

G.X.X_H.

G.X.X_H.

G.X.X.H.
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set  job09-
conc N.X

resp H =
resp G.X

d_GXXHH_hdn

lQ_ o
(@]
x
II
>
Qo
]
()]
>
>
T
|

=1 * d_GXXH_hdn, G.X.X.H.H

set  job06-ion=12-H_dn
conc N
resp H
resp G.
d_GXXHH_hdn

IQ_ [}
()]
x
|I
>
(o
=]
()]
>
>
T
|

= 1 * d_GXXH_hdn, G.X.X.H.H

1
IQ_ [}
()]
x
|I
>
(o
=)
()]
>
>
T

|

resp G.
d_GXXHH_hdn

= 1 * d_GXXH_hdn, G.X.X.H.H

itask]

data = equilibria
task = fit

model = GXH-GXHH-GXXH-GXXHH ?
algorithm = Differential-Evolution

[components]
G, H, X, N
[mechanism]
N.X <===> N + X : Kdnx dissoc
G.X.X <===> G.X + X : Kdgxx  dissoc
G.X <===> G + X o Kdgx dissoc
G.X + H <===> G.X.H Kdgxh dissoc
G.X.H + H <===> G.X.H.H Kdgxhh dissoc
G.X.X + H <===> G.X.X.H : Kdgxxh dissoc
G.X.X.H + H <===> G.X.X.H.H : Kdgxxhh dissoc
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgxh =17
Kdgxhh = 10 ?
Kdgxxh =1 ?
Kdgxxhh = 10 ?
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
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d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
d_H_up = 6.8614
d_H_dn = 6.9359
d_GXH_gup =28.17 (3 .. 12)
d GXXH_gup =7.9 ? (3 .. 12)
d_GXHH_gup =7.4 7 (3 .. 12)
d_GXXHH_gup = 7.8 ? (3 .. 12)
d_GXH_gdn =9.17? (3 .. 12)
d_GXXH_gdn =9.2 ? (3 .. 12)
d_GXHH_gdn =9.2 ? (3 .. 12)
d_GXXHH_gdn = 9.2 ? (3 .. 12)
d_GXH_hup =6.47 (3 .. 12)
d_GXXH_hup =6.57? (3 .. 12)
d_GXHH_hup = 6.7 ? (3 .. 12)
d_GXXHH_hup = 6.7 ? (3 .. 12)
d_GXH_hdn =6.6 ? (3 .. 12)
d_GXXH_hdn = 6.7 ? (3 .. 12)
d_GXHH_hdn = 6.7 ? (3 .. 12)
d_GXXHH_hdn = 6.8 ? (3 .. 12)
[data]
variable G.X.X, H
plot mole-fraction
graph G-up
set  jobl2-ion=1-G_up
conc N.X =1
resp G=1%* d_ _up, G.X =1 * d_GX_u
resp G.X.H 1 * d_GXH_gup, G.X.X.H =1
d_GXHH_gup, G. X X.H.H = 1 * d_GXXHH_gup
set  job09-ion=6-G_up
conc N.X =6
resp G=1*dGup, G.X=1*d GX u
resp G.X.H =1 * d_GXH_gup, G.X.X.H =1
d_GXHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

set  job06-ion=12-G_up
conc N.X = 12
resp G=1*dG.u
resp G.X.H =1 * d_GXH_gup, G-X.X_H
d_GXHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

set  job03-ion=24-G_up
conc N.X = 24

resp G=1%* d_ _up, G.X =1 * d_GX up,
1*

resp G.X.H = XX
d_GXHH_gup, G.X.X.H. H=1=* d_GXXHH_gup

graph G-dn

set  jobl2-ion=1-G_dn
conc N.X =1

p, G.X =1 * d_GX_up,

XX = 1 * d_GXX_up

d_GXXH_gup, G.X.H.H =1 *
XX = 1 * d_GXX_up
d_GXXH_gup, G.X.H.H =1 *
XX = 1% d_GXX_up
d_GXXH_gup, G.X.H.H = 1 *
XX = 1 * d_GXX_up
d_GXXH_gup, G.X.H.H = 1 *
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resp G=1*dGdn, G. X =1 *d GX dn, G.X.X =1 * d_GXX_dn

resp G.X.H =1 * d GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn, G.X.H.H
d_GXHH_gdn, G. X X.H.H =1 * d_GXXHH_gdn

set  job09-ion=6-G_dn

conc N.X =6

resp G=1*dGdn, G. X =1 *d GX dn, G.X.X =1 * d_GXX_dn

resp G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn, G.X.H.H
d_GXHH_gdn, G. X X.H.H =1 * d_GXXHH_gdn

set  job06-ion=12-G_dn
conc N.X = 12
resp G=1=*d

| G.dn, G.X =1 * d_GX_dn, G.X.X = 1 * d_GXX_dn
resp G.X.H =1 * d_GXH gdn, G.X.X.H = 1 * d_GXXH_gdn, G.X.H.H
d_GXHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G=1*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.X.H =1 * d_GXH_gdn, G.X.X.H =1 * d_GXXH_gdn, G.X.H.H
d_GXHH_gdn, G. XX.HH= 1% d_GXXHH_gdn

graph H-up

set  jobl2-ion=1-H_up
conc N.X =1

resp G.X.H =1 * d GXH_hup, G.X.H.H = 1 * d_GXHH_hup, G.X_X_H
d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1%* d_H_up

resp G.X.H =1 * d_GXH hup, G.X.H.H = 1 * d_GXHH_hup, G.X.X.H
d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job06-ion=12-H_up
conc N.X = 12

resp H=1%* d_H_up
resp G.X.H=1=*d_G hup, G.X.H.H = 1 * d_GXHH_hup, G.X.X.H
d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job03-ion=24-H_up
conc N.X = 24

resp H=1%* d_H_up

resp G.X.H=1*dG hup, G.X.H.H =1 * d_GXHH_hup, G.X.X.H
d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

graph H-dn

set  jobl2-ion=1-H_dn
conc N.X =1

resp H=1*d_H i
resp G.X.H=1%*

= X.H.H = 1 * d_GXHH_hdn, G.X_X.H
d_GXXH_hdn, G.X_X.H.H =

set  job09-ion=6-H_dn

conc N.X =6

resp H=1%* d_ | dn

resp G.X.H 1 * d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn, G.X.X.H
d_GXXH_hdn, G. X X.H.H = 1 * d_GXXHH_hdn

set  job06-ion=12-H_dn



conc N.X = 12

resp H=1*dHdn

resp G.X.H =1 * d GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn, G.X.X.H = 1 *
d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job03-ion=24-H_dn

conc N = 24

resp H 1 * d_H_dn

resp G.X.H =1 * d_GXH _hdn, G.X.H.H = 1 * d_GXHH_hdn, G.X.X.H = 1 *
d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn
[task]

data = equilibria

task = fit

model = GH-GXXH ?

algorithm = Differential-Evolution
[components]
G, H, X, N
[mechanism]
N.X <===> N + X : Kdnx dissoc
G.X.X <===> G.X + X o Kdgxx dissoc
G.X <===> G + X :  Kdgx dissoc
G + H <===> G._H :  Kdgh dissoc
G.X.X + H <===> G.X.X.H :  Kdgxxh dissoc
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgh =172
Kdgxxh = 1 ?
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
d_H_up = 6.8614
d_H_dn = 6.9359
d_GH_gup =7.9? @ .. 12)
d GXXH_gup =7.9 ? (3 .. 12)
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d_GH_gdn
d_GXXH_gdn

d_GH_hup
d_GXXH_hup

d_GH_hdn
d_GXXH_hdn

[data]

variable G.X.X, H
plot mole-fraction

graph G-up

set j
conc N
resp G
resp G
set
conc

resp
resp

o
I Il XT

[aNaR=4 "1
I

set j
conc N
resp G

G

b
X
resp H

=

set j
conc N
resp G
resp G
graph G-dn

set j
conc N
resp G
resp G
set j
conc N
resp G
resp G

[

set j
conc N
resp G

G

b
X
resp H

1=

set j
conc N
resp G
resp G

graph H-up

set  jobl2-ion=1-H_up

conc N.X =1

resp H=1%*dHup

NI N

- -

ob06-ion=12-G_up

ob06-i10on=12-G_dn

.. 12)
. 12)

.. 12)
. 12)

.. 12)
. 12)
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@ |l
X B
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@ |l
X B

@ |l
X B

d_GX_up, G.X.X =1
-H =1 * d_GXXH_gup

d GX_up, G.X.X =1
1 * d_GXXH_gup

d GX_dn, G.X.X = 1
1 * d_GXXH_gdn

*

*

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_up

d_GXX_dn

d_GXX_dn

d_GXX_dn

d_GXX_dn



resp G.H =1 * d_GH hup, G.X_X.H = 1 * d_GXXH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1*dHup

resp G.H =1 * d GH_hup, G.X.X.H = 1 * d_GXXH_hup

set  job06-ion=12-H_up

conc N.X =1

resp H=1*dHup

resp G.H =1 * d_GH_hup, G.X.X.H = 1 * d_GXXH_hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1%*d_ H up

resp G.H =1 * d_GH_hup, G.X.X.H = 1 * d_GXXH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1%*d H dn

resp G.H =1 * d_GH _hdn, G.X.X.H = 1 * d_GXXH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1*dH.dn

resp G.H =1 * d_GH_hdn, G.X.X.H = 1 * d_GXXH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1%*dH dn

resp G.H =1 * d_GH _hdn, G.X.X.H = 1 * d_GXXH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1%*dHdn

resp G.H =1 * d_GH_hdn, G.X.X.H = 1 * d_GXXH_hdn
[task]

data = equilibria

task = fit

model = GH-GHH-GXXH ?
algorithm = Differential-Evolution

[components]
G, H, X, N

[mechanism]
N.X <===> N + X Kdnx dissoc
G.X.X <===> G.X + X Kdgxx  dissoc
G.X <===> G + X Kdgx dissoc
G + H <===> G.H Kdgh dissoc
G.H + H <===> G.H.H Kdghh  dissoc
G.X.X + H <===> G.X.X.H Kdgxxh dissoc

[constants]
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Kdnx
Kdgxx
Kdgx

1
1
0

Kdgh
Kdghh
Kdgxxh

I
=

[responses]
intensive

[concentratio

[parameters]

d_G_up
d_GX_up
d_GXX_up

d G dn
d _GX_dn
d_GXX_dn

d H up
d H dn
d_GH_gup
d_GXXH_gup
d_GHH_gup

d_GH_gdn
d_GXXH_gdn
d_GHH_gdn

d_GH_hup
d_GXXH_hup
d_GHH_hup

d_GH_hdn
d_GXXH_hdn
d_GHH_hdn

[data]

variable
plot

graph G-up
set  jobl
conc N
resp G
resp G
set j
conc N
resp G
resp G
set j
conc N.
resp G

1.1419
0.5950
-59620

ns]

-9193
-8659
.7701

I
0 00 0

.4606
-4149
.2975

I
[(eJ{ely(e]

6.8614
6.9359

I I I I
[N Ne)] O O o ~N NN
MNW  N©©
) V)

FENN¢) (o]
N

I
oo~
rNo
N

G.X.X, H

G ..

G ..

G ..

G ..

mole-fraction

2-

1

1

* d

1* d_

on=1-G_up

12)

.. 12)
@G ..

12)

12)

.. 12)
G ..

12)

12)

.. 12)
G ..

12)

12)

.. 12)
G ..

12)

11
=

()
>
>

@ |l
X

1
=

*

d GX_ up, G.X.X =1 * d_GXX_up

.H =1 * d_GXXH_gup, G.H.H = 1 * d_GHH_gup

GX_up, G.X.X = 1 * d_GXX_up
=1 * d_GXXH_gup, G.H.H = 1 * d_GHH_gup

d_GX_up, G.X.X = 1 * d_GXX_up
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resp

set

conc
resp
resp

graph

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

graph

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

set

conc
resp
resp

graph

set

conc
resp
resp

set

conc
resp
resp

b
X =24
H

-1
12
*
1

[ |

O
Il XT

O Z =
[T

O T =
Il XT

[ |

1 * d_G_dn, G.X
=1 * d_GH_gdn,

on=12-H_up

®

(@)

(]

®

@

*

*

X.H =1 * d_GXXH_gup, G.H.H

d GX up, G.X.X =1 * d_GXX_up
.H =1 * d_GXXH_gup, G.H.H

n, G.X.X = 1 * d_GXX_dn
* d_GXXH_gdn, G.H.H

n, G.X.X = 1 * d_GXX_dn
* d_GXXH_gdn, G.H.H

n, G.X.X = 1 * d_GXX_dn
* d_GXXH_gdn, G.H.H

d_GHH_hup,

d_GHH_hup,

d_GHH_hup,

d_GHH_hup,

d_GHH_hdn,

d_GHH_hdn,

G.X.X = 1 * d_GXX_dn
d_GXXH_gdn, G.H.H

*

*

*

d_GHH_gup

d_GHH_gup

d_GHH_gdn

d_GHH_gdn

d_GHH_gdn

d_GHH_gdn

d_GXXH_hup

d_GXXH_hup

d_GXXH_hup

d_GXXH_hup

d_GXXH_hdn

d_GXXH_hdn
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set  job06-ion=12-H_dn

conc N.X = 12

resp H=1%*dHdn

resp G.H=1* d GH hdn, G.H.H =1 * d_GHH _hdn, G.X_.X.H

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1%*dHdn

resp G.H =1 * d GH hdn, G.H.H = 1 * d_GHH_hdn, G.X.X.H
[task]

data = equilibria

task = fit

model = GH-GXXH-GXXHH ?

algorithm = Differential-Evolution

[components]
G, H, X, N
[mechanism]
N.X <===> N + X
G.X.X <===> G.X + X
G.X <===> (G + X
G + H <===> G.H
G.X.X + H <===> G.X.X.
G.X.X.H + H <===> G.X.
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgh =17
Kdgxxh =1 ?
Kdgxxhh = 10 ?
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
_H_up = 6.8614
d_H_dn = 6.9359
d_GH_gup =7.9? 3 ..
d_GXXH_gup =7.97? (3 ..

Kdnx dissoc
Kdgxx  dissoc
Kdgx dissoc

Kdgh dissoc
Kdgxxh dissoc

H
X.H.H : Kdgxxhh dissoc

12)
12)

1 * d_GXXH_hdn

1 * d_GXXH_hdn



d_GXXHH gup = 7.8 ? (3 ..

d_GH_gdn =9.37? (@3 ..

d GXXH_gdn = 9.2 ? (3 .

d_GXXHH_gdn = 9.2 ? (3 ..

d_GH_hup =6.97? (3 ..

d_GXXH_hup =6.57? (3 .

d_GXXHH_hup = 6.7 ? (3 ..

d_GH_hdn =7.07? (3 ..

d_GXXH_hdn =6.7 ? (3 .

d_GXXHH_hdn = 6.8 ? (3 ..
[data]

variable G.X.X, H

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
d_GXXHH_gup

set  job09-ion=6-G_up

conc N.X =6

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
d_GXXHH_gup

set  job06-ion=12-G_up

conc N.X = 12

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
d_GXXHH_gup

set  job03-ion=24-G_up

conc N.X = 24

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
d_GXXHH_gup

graph G-dn

set  jobl2-ion=1-G_dn

conc N.X =1

resp G =1*dG.dn, G.X

resp G.H =1 * d_GH_gdn,
d_GXXHH_gdn

set  job09-ion=6-G_dn

conc N.X =6

resp G =1*dG.dn, G.X

resp G.H =1 * d_GH_gdn,
d_GXXHH_gdn

set  job06-ion=12-G_dn
conc N.X = 12
resp G =1*d_G_dn, G.X

12)

12)

. 12)

12)

12)

. 12)

12)

12)

. 12)

12)

@ |l
X B

@ |l
X B

@ |l
X P

@ |l
X P

@ |l
X B

@ |l
X B

1
=

d GX_ up, G.X.X =1 * d_GXX_up

.H =1 * d_GXXH_gup, G.X.X_H.H

d GX_ up, G.X.X =1 * d_GXX_up

.H =1 * d_GXXH_gup, G.X.X_H.H

GX_up, G.X.X =1 * d_GXX_up
= * d_GXXH_gup, G.X_.X.H.H

GX_up, G.X.X =1 * d_GXX_up
= * d_GXXH_gup, G.X_.X.H.H

GX_dn, G.X.X = 1 * d_GXX_dn
=1 * d_GXXH_gdn, G.X.X.H.H

GX_dn, G.X.X = 1 * d_GXX_dn
=1 * d_GXXH_gdn, G.X.X.H.H

d_GX_dn, G.X.X = 1 * d_GXX_dn
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resp G.H =
d_GXXHH_gdn

set  job03
conc N.X
resp G =
resp G.H
d_GXXHH_gdn

=

graph H-up

set
conc N.X
resp H =
resp G.H
d_GXXHH_hup

[
o
O
=
N

=

o
©

set
conc N
resp H
G
u

(5]

o
Il XT
=

resp G.
d_GXXHH_hup

set  job06
conc N.X
resp H =
resp G.H
d_GXXHH_hup

=

o
w

set jo
conc N
resp H
G
u

=

resp

graph H-dn

=
N

set
conc N.
resp H
resp G.
d_GXXHH_hdn

[

o]
T Il XT
[ |

set  job09
conc N.X
resp H =
resp G.H
d_GXXHH_hdn

=

set  job06
conc N.

resp H
resp G.

d_GXXHH_hdn

b0
X
H

=

set  job03
conc N.X =
resp H=1
resp G.H =
d_GXXHH_hdn

1 * d_GH_gdn,

—-ion=24-G_dn
24

* d_G_dn, G.X
1 * d_GH_gdn,

—-ion=1-H_up

—-ion=12-H_up
12

* d_H_up

1 * d_GH_hup,

—-ion=24-H_up
24

* d_H_up

1 * d_GH_hup,

-ion=1-H dn

—-ion=12-H_dn
12

* d_H_dn

1 * d_GH_hdn,

-ion=24-H_dn

@

@

.H =1 * d_GXXH_gdn, G.X_X.H.H

X_dn, G.X.X = 1 * d_GXX_dn
* d_GXXH_gdn, G.X.X_H.H

1 * d_GXXH_hup,

1 * d_GXXH_hup,

1 * d_GXXH_hup,

1 * d_GXXH_hup,

1 * d_GXXH_hdn,

1 * d_GXXH_hdn,

1 * d_GXXH_hdn,

1 * d_GXXH_hdn,

[task]
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data = equilibria
task = fit

model = GH-GHH-GXXH-GXXHH ?
algorithm = Differential-Evolution

[components]
G, H, X, N
[mechanism]
X <===> N + X o Kdnx dissoc

XX <===> G.X + X : Kdgxx  dissoc
X <===> (G + X : Kdgx dissoc

(o=

===> G.H :  Kdgh dissoc

Kdghh dissoc
H Kdgxxh dissoc
X.H.H : Kdgxxhh dissoc

OOOO

[constants]

Kdnx
Kdgxx
Kdgx

11.1419
10.5950
0.59620

Kdgh
Kdghh
Kdgxxh
Kdgxxhh

17
10 ?
17
10 72

[responses]
intensive

[concentrations]

[parameters]
d G up

d_GX_up
d_GXX_up

.9193
-8659
.7701

I
00 00 00

d_G dn
d_GX_dn
d_GXX_dn

.4606
.4149
.2975

I
© O ©

.8614
-9359

I
[ )]

d H dn

d_GH_gup
d_GXXH_gup
d_GHH_gup
d_GXXHH_gup

G .. 12)
.. 12)
G .. 12)
G .. 12)

TRRTRRTINT
INENENEN!
© ~ © ©
RSN
@

d_GH_gdn
d_GXXH_gdn
d_GHH_gdn
d_GXXHH_gdn

G .. 12)
.. 12)
G .. 12)
G .. 12)

O O 0o

NN W

ESIESIENEEN
@

d_GH_hup
d_GXXH_hup

.. 12)
. 12)

[exNe}
o ©
OIS

@

V)
~
w

72



d_GHH_hup
d_GXXHH_hup

d_GH_hdn
d_GXXH_hdn
d_GHH_hdn
d_GXXHH_hdn

[data]

oo oN

~N A
~
w

(o))
V)
~
w

0 h~~NO
ESEENEENEEN]
~
w

variable G.X.X, H

.. 12)
. 12)

.. 12)
.. 12)
.. 12)
. 12)

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.X.X.H.H = 1 * d_GXXHH_gup

set  job09-ion=6-G_up

conc N.X =6

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,

G.X-X.H.H = 1 * d_GXXHH_gup

set  job06-ion=12-G_up

conc N.X = 12

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.X.X_.H.H = 1 * d_GXXHH_gup

set  job03-ion=24-G_up

conc N.X = 24

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.X.X.H.H = 1 * d_GXXHH_gup

graph G-dn

set  jobl2-ion=1-G_dn

conc N.X =1

resp G =1*d G dn, G.X

resp G.H =1 * d_GH_gdn,
G.X.X.H.H = 1 * d_GXXHH_gdn

set  job09-ion=6-G_dn

conc N.X =6

resp G =1*dG.dn, G.X

resp G.H =1 * d_GH_gdn,

G.X.X.H.H = 1 * d_GXXHH_gdn

set job

conc N.X =
resp G =1
resp G.H =

d G dn,
* d_GH_g

G.X
dn,

G.X.X.H.H = 1 * d_GXXHH_gdn

set  job03-ion=24-G_dn
conc N.X = 24
resp G =1*d_G_dn,

@ |l
X B

@ |l
X B

@ |l
X B

@ |l
X P

@ |l
X P

@ |l
X B

@ |l
X B

1
=

G.X.X = 1 * d_GXX_up
d_GXXH_gup, G.H.H = 1

d GX_ up, G.X.X =1 * d_GXX_up

.H =1 * d GXXH_gup, G.H.H = 1

d GX_ up, G.X.X =1 * d_GXX_up

.H =1 * d GXXH_gup, G.H.H = 1

G.X.X = 1 * d_GXX_up
d_GXXH_gup, G.H.H =1

G.X.X = 1 * d_GXX_dn
d_GXXH_gdn, G.H.H = 1

G.X.X = 1 * d_GXX_dn
d_GXXH_gdn, G.H.H = 1

G.X.X = 1 * d_GXX_dn
d_GXXH_gdn, G.H.H = 1

d_GX_dn, G.X.X = 1 * d_GXX_dn

*

*

*

d_GHH_gup,

d_GHH_gup,

d_GHH_gup,

d_GHH_gup,

d_GHH_gdn,

d_GHH_gdn,

d_GHH_gdn,
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resp G.H =1 * d_GH_gdn,
G.X.X.H.H =1 * d_GXXHH_gdn

@
>
<
T
1

=

* d_GXXH_gdn, G.H.H = 1 * d_GHH_gdn,

graph H-up

set  jobl2-ion=1-H_ up

conc N.X =1

resp H=1*dHup

resp G.H =1 * d_GH_hup, G.H.H =1 * d_GHH_hup, G.X.X.H = 1 * d_GXXH_hup,
G.X.X.H.H =1 * d_GXXHH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1*dHup

resp G.H =1 * d_GH_hup, G.H.H =1 * d_GHH_hup, G.X.X.H = 1 * d_GXXH_hup,

G.X.X.H.H = 1 * d_GXXHH_hup

set  job06-ion=12-H_up

conc N.X = 12

resp H=1%*dHup

resp G.H =1 * d_GH hup, G.H.H =1 * d_GHH_hup, G.X.X.H = 1 * d_GXXH_hup,
G.X.X.H.H = 1 * d_GXXHH_hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1%*d H up

resp G.H =1 * d_GH hup, G.H.H =1 * d_GHH_hup, G.X.X.H = 1 * d_GXXH_hup,
G.X.X.H.H = 1 * d_GXXHH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1%*dH.dn

resp G.H =1 * d_GH_hdn, G.H.H = 1 * d_GHH_hdn, G.X.X.H = 1 * d_GXXH_hdn,

G.X.X.H.H = 1 * d_GXXHH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1%*dH.dn

resp G.H =1 * d GH hdn, G.H.H = 1 * d_GHH_hdn, G.X.X.H = 1 * d_GXXH_hdn,

G.X.X.H.H = 1 * d_GXXHH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1*dH.dn

resp G.H =1 * d GH hdn, G.H.H = 1 * d_GHH_hdn, G.X.X.H = 1 * d_GXXH_hdn,
G.X.X.H.H = 1 * d_GXXHH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1*dH.dn

resp G.H =1 * d _GH hdn, G.H.H = 1 * d_GHH_hdn, G.X.X.H = 1 * d_GXXH_hdn,

G.X.X.H.H =1 * d_GXXHH_hdn

itask]

data = equilibria

task = fit

model = GH-GXH-GXXH ?

algorithm = Differential-Evolution



[components]

G ..
. 12)

@G ..
G ..
.. 12)
@G ..
G ..
.. 12)
@G ..
G ..

.. 12)
G ..

G, H, X, N
[mechanism]

N.X <===> N + X

G.X.X <===> G.X + X

G.X <===> G + X

G + H <===> G.H

G.X + H <===> G.X.H

G.X.X + H <===> G.X.X.H
[constants]

Kdnx = 11.1419

Kdgxx = 10.5950

Kdgx = 0.59620

Kdgh =17

Kdgxh =1 ?

Kdgxxh = 1 ?
[responses]

intensive
[concentrations]
[parameters]

d_G_up = 8.9193

d_GX_up = 8.8659

d_GXX_up = 8.7701

d_G_dn = 9.4606

d_GX_dn = 9.4149

d_GXX_dn = 9.2975

_H_up = 6.8614

| H dn = 6.9359

d_GH_gup =7.97?

d_GXH_gup =8.17 (3

d GXXH_ gup =7.9 7

d_GH_gdn =937

d GXH_gdn =9.1 ? (3

d GXXH_gdn = 9.2 ?

d_GH_hup =6.97?

d_GXH_hup =6.47? (3

d_GXXH_hup = 6.5 7

d_GH_hdn =7.07?

d_GXH_hdn = 6.6 ? (3

d_GXXH_hdn = 6.7 ?
[data]

variable G.X.X, H

plot mole-fraction

12)
12)
12)
12)
12)
12)
12)

12)

Kdnx
Kdgxx
Kdgx

Kdgh
Kdgxh
Kdgxxh

dissoc
dissoc
dissoc

dissoc
dissoc
dissoc
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graph G-up

set  jobl2-ion=1-G_up
conc N.X =1

resp G =1*dG up, G.X
resp G.H =1 * d_GH_gup,
set  job09-ion=6-G_up
conc N.X =6

resp G =1*d_ G up, G.X
resp G.H =1 * d_GH_gup,
set  job06-ion=12-G_up
conc N.X = 12

resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,
set  job03-ion=24-G_up
conc N.X = 24

resp G =1*d G up, G.X
resp G.H =1 * d_GH_gup,
graph G-dn

set  jobl2-ion=1-G_dn
conc N.X =1

resp G =1*d.G.dn, G.X
resp G.H =1 * d_GH_gdn,
set  job09-ion=6-G_dn
conc N.X =6

resp G=1*dG.dn, G.X
resp G.H =1 * d_GH_gdn,
set  job06-ion=12-G_dn
conc N.X = 12

resp G =1%*4d G dn, G.X
resp G.H =1 * d_GH_gdn,
set  job03-ion=24-G_dn
conc N.X = 24

resp G =1*d_G_dn, G.X
resp G.H =1 * d_GH_gdn,
graph H-up

set  jobl2-ion=1-H_up
conc N.X =1

resp H=1*dHup

resp G.H =1 * d_GH_hup,
set  job09-ion=6-H_up
conc N.X =6

resp H=1%*d H up

resp G.H =1 * d_GH_hup,
set  job06-ion=12-H_up
conc N.X = 12

resp H=1*d H up

resp G.H =1 * d_GH_hup,
set  job03-ion=24-H_up

(]

(@)

@

@

@

(]

@

1 * d_GXH_hup,

1 * d_GXH_hup,

1 * d_GXH_hup,

@

@

[l

[N

[N o

[

[N
X Q

<a
I ®
I X<
= Q
]

[N

< a
o
I X
= Q

5

[N o

[N
x Qo
o]
I X

e}
I X

d_GXXH_gup

d_GXXH_gup

d_GXXH_gup

d_GXXH_gup

d_GXXH_gdn

d_GXXH_gdn

d_GXXH_gdn

d_GXXH_gdn

d_GXXH_hup

d_GXXH_hup

d_GXXH_hup
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conc N.X = 24

resp H=1*dHup

resp G.H =1 * d_GH hup, G.X.H =1 * d_GXH_hup, G.X_.X.H = 1 * d_GXXH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1*d_H dn

resp G.H =1 * d_GH_hdn, G.X.H =1 * d_GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1%*dH.dn

resp G.H =1 * d_GH hdn, G.X.H =1 * d_GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1%*dH.dn

resp G.H =1 * d_GH_hdn, G.X.H =1 * d_GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1%*dHdn

resp G.H =1 * d_GH hdn, G.X.H =1 * d_GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn
itask]

data = equilibria

task = fit

model = GH-GHH-GXH-GXXH ?

algorithm = Differential-Evolution
[components]

G, H, X, N
[mechanism]
<===> N + X : Kdnx dissoc

X <===> G.X + X : Kdgxx  dissoc
<===> G + X o Kdgx dissoc

[N Rr=
X X X

H <===> G.H :  Kdgh dissoc
+ H <===> G.H.H :  Kdghh dissoc
+ H <===> G.X.H :  Kdgxh dissoc
X + H <===> G.X

_X.H : Kdgxxh dissoc

OOOO
X X I +

[constants]

Kdnx
Kdgxx
Kdgx

11.1419
10.5950
0.59620

Kdgh
Kdghh
Kdgxh
Kdgxxh

(I I T
=
o
N

[responses]

intensive



[concentrations]

[parameters]

d_G_up = 8.9193

d_GX_up = 8.8659

d_GXX_up = 8.7701

d_G_dn = 9.4606

d_GX_dn = 9.4149

d_GXX_dn = 9.2975

d_H_up = 6.8614

d_H_dn = 6.9359

d_GH_gup =7.9? @G .. 12)

d_GXH_gup =8.17? (3 .. 12)

d_GXXH_gup =7.9 ? (3 .. 12)

d GHH gup =7.77? (3 .. 12)

d_GH_gdn =9.37? (@3 .. 12)

d_GXH_gdn =9.1? (3 .. 12)

d_GXXH_gdn = 9.2 ? (3 .. 12)

d_GHH_gdn =9.2 ? (3 .. 12)

d_GH_hup =6.9? (3 .. 12)

d_ GXH_hup =6.47? (3 .. 12)

d_GXXH_hup = 6.57? (3 .. 12)

d GHH hup =6.47? (3 .. 12)

d_GH_hdn =7.07? (3 .. 12)

d_GXH_hdn = 6.6 ? (3 .. 12)

d_GXXH_hdn = 6.7 ? (3 .. 12)

d GHH _hdn =6.47? (3 .. 12)
[data]

variable G.X.X, H

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G=1*dGup, G.X=1*dGX up, G.X.X =1 * d_GXX_up

resp G.H =1 * d GH gup, G.X.H =1 * d_GXH_gup, G.X_.X.H =1 * d_GXXH_gup,
G.H.H = 1 * d_GHH_gup

set  job09-ion=6-G_up

conc N.X =6

resp G=1*dGup, G.X=1*dGX up, G.X.X =1 * d_GXX_up

resp G.H =1 * d _GH gup, G.X.H =1 * d_GXH_gup, G.X_.X.H =1 * d_GXXH_gup,
G.H.H = 1 * d_GHH_gup

set  job06-ion=12-G_up

conc N.X = 12

resp G=1*dGup, G.X=1*dGX up, G.X.X =1 * d_GXX_up

resp G.H =1 * d_GH_ gup, G.X.H =1 * d_GXH_gup, G.X.X.H =1 * d_GXXH_gup,
G.H.H = 1 * d_GHH_gup

set  job03-ion=24-G_up
conc N.X = 24



resp G=1*dGup, G.X=1*dGCX up, G.X.X =1 * d_GXX_ up

resp G.H =1 * d GH gup, G.X.H =1 d GXH_gup, G.X.X.H = 1 * d_GXXH_gup,
H.H = 1 * d_GHH_gup

graph G-dn

set  jobl2-ion=1-G_dn

conc N.X =1

resp 6G=1*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d GH gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
-H.H =1 * d_GHH_gdn

set  job09-ion=6-G_dn

conc N.X =6

resp G=1*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d GH gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
-H.H =1 * d_GHH_gdn

set  job06-ion=12-G_dn

conc N.X = 12

resp G=1*dGdn, G. X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d GH_gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
-H.H =1 * d_GHH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G=1*dGdn, G. X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d GH gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
H.H =1 * d_GHH_gdn

graph H-up

set  jobl2-ion=1-H_up

conc N.X =1

resp H=1*dHup

resp G.H=1%* ~d_GH _hup, G.H.H = 1 * d_GHH_hup, G.X.H = 1 * d_GXH_hup,
X.X.H =1 * d_GXXH_hup

set  job09-ion=6-H_up

conc N.X = 6

resp H=1*dHup

resp G.H =1 * d_GH_hup, G.H.H =1 * d_GHH_hup, G.X.H = 1 * d_GXH_hup,

X.X.H = 1 * d_GXXH_hup

set  job06-ion=12-H_up

conc N.X = 12

resp H=1*dHup

resp G.H =1 * d GH hup, G.H.H =1 * d_GHH _hup, G.X.H = 1 * d_GXH_hup,

X.X.H = 1 * d_GXXH_hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1*dHup

resp G.H =1 * d GH hup, G.H.H =1 * d_GHH _hup, G.X.H = 1 * d_GXH_hup,

X.X.H = 1 * d_GXXH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1%*dH.dn

resp G.H=1* d_GH_hdn, G.H.H =1 * d_GHH_hdn, G.X.H = 1 * d_GXH_hdn,

X.X.H = 1 * d_GXXH_ hdn



set  job09-ion=6-H_dn

conc N.X =6

resp H=1*dHdn

resp G.H =1 * d GH hdn, G.H.H = 1 * d_GHH_hdn, G.X.H
G.X.X.H = 1 * d_GXXH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1%*dHdn

resp G.H=1* d_GH hdn, G.H.H = 1 * d_GHH_hdn, G.X.H
G.X.X.H = 1 * d_GXXH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1%*dHdn

resp G.H=1* d_GH hdn, G.H.H = 1 * d_GHH_hdn, G.X.H
G.X.X.H = 1 * d_GXXH_hdn
[task]

data = equilibria
task = fit
model

= GH-GXH-GXHH-GXXH ?

algorithm = Differential-Evolution

[components]
G, H, X, N
[mechanism]

<===> N + X

OO =
X X X

<===> (G + X

<===> G._H

[eNNN]
X X X +

[constants]

Kdnx
Kdgxx
Kdgx

11.1419
10.5950
0.59620

Kdgh
Kdgxh
Kdgxhh
Kdgxxh

[responses]
intensive

[concentrations]

[parameters]

d G up
d_GX_up

X <===> G_.X + X

H

+ H <===> G.X.H
_H + H <===> G_X_H
X + H <===> G.X.X

8.9193
8.8659

Kdnx dissoc
Kdgxx  dissoc
Kdgx dissoc
Kdgh dissoc
Kdgxh dissoc
Kdgxhh  dissoc
Kdgxxh  dissoc

1 * d_GXH_hdn,

1 * d_GXH_hdn,

1 * d_GXH_hdn,
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d_GXX_up

d_G dn
d_GX_dn
d_GXX_dn

d H up
d_H dn
d_GH_gup
d_GXH_gup
d_GXXH_gup
d_GXHH_gup

d_GH_gdn
d_GXH_gdn
d_GXXH_gdn
d_GXHH_gdn

d_GH_hup
d_GXH_hup
d_GXXH_hup
d_GXHH_hup

d_GH_hdn
d_GXH_hdn
d_GXXH_hdn
d_GXHH_hdn

[data]

I
© © o

o nu
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®

[e)Ne)NerNe)]

Nohro©
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®

oo o N

8.7701

-4606
.4149
.2975

.8614
-9359

[ )]

~N N0~

»hORFL O
ESEENEEVEEN]
~
w

N~NOo O
ESEENEENEEN]
~
w

variable G.X.X, H

plot
graph G-up

set jo
conc N.
resp G
resp G.

III><O'

mole-fraction

d G up, G.X
* d_GH_gup,

G.X.H.H = 1 * d_GXHH_gup

set  jobO
conc N.X
resp G =
resp G.H

d G up, G.X
* d_GH_gup,

G.X_H.H = 1 * d_GXHH_gup

set job
conc N.X
resp G =
resp G.H

06-i1on=12-G_up

d G up, G.X

1 * d_GH_gup,

G.X.H.H = 1 * d_GXHH_gup

set job
conc N.X
resp G =
resp G.H

ob03- ion 24-G_up

_G_up, G.X
* d | GH_gup,

G.X.H.H = 1 * d_GXHH_gup

graph G-dn

set  jobl2-ion=1-G_dn

.. 12)
.. 12)
.. 12)
. 12)

.. 12)
.. 12)
.. 12)

. 12)

.. 12)
.. 12)
.. 12)
. 12)

.. 12)
.. 12)
.. 12)
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@ |l
X B

@ |l
X B

@ |l
X B

@ |l
X B

[N o

[N o

[N o

[N o

* d_GXXH_gup,

* d_GXXH_gup,

* d_GXXH_gup,

* d_GXXH_gup,



conc N.X =1

resp G=1*dGdn, G. X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d_GH_gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
.X.H.H = 1 * d_GXHH_gdn

set  job09-ion=6-G_dn

conc N.X =6

resp G =1*dG.dn, G.X =1 * d_GX_dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d_GH_gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
X.H.H = 1 * d_GXHH_gdn

set  job06-ion=12-G_dn

conc N.X = 12

resp G=1*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d_GH_gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
X.H.H = 1 * d_GXHH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G=1*dGdn, G. X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d GH gdn, G.X.H =1 * d_GXH _gdn, G.X.X.H = 1 * d_GXXH_gdn,

X_H.H = 1 * d_GXHH_gdn

graph H-up

set  jobl2-ion=1-H_up

conc N.X = 1

resp H=1%*d H up

resp G.H=1%* d _GH_hup, G.X.H = 1 * d_GXH_hup, G.X.H.H = 1 * d_GXHH_hup,
X.X.H =1 * d_GXXH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1%*dHup

resp G.H =1 * d_GH_hup, G.X.H =1 * d_GXH_hup, G.X.H.H = 1 * d_GXHH_hup,
X.X.H = 1 * d_GXXH_hup

set  job06-ion=12-H_up

conc N.X = 12

resp H=1%*dH up

resp G.H =1 * d_GH_hup, G.X.H =1 * d_GXH_hup, G.X.H.H = 1 * d_GXHH_hup,

X.X.H = 1 * d_GXXH_hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1*dHup

resp G-H=1*dGH hup, G.X.H =1 * d_GXH_hup, G.X_.H.H = 1 * d_GXHH_hup,
X.X.H = 1 * d_GXXH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1*dH.dn

resp G.H =1 * d_ GH_hdn, G.X.H =1 * d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn,

X.X.H =1 * d_GXXH_ hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1%*dHdn

resp G.H=1~*d | GH_hdn, G.X.H =1 * d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn,

X X.H =1 * d_GXXH_ hdn



set  job06-ion=12-H_dn

conc N.X = 12

resp H=1%*dHdn

resp G.H =1 * d GH hdn, G.X.H =1 * d_GXH_hdn, G.X.H.H
G.X.X.H = 1 * d_GXXH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1*d_H dn

resp G.H =1 * d_GH_hdn, G.X.H =1 * d_GXH_hdn, G.X.H.H
G.X.X.H = 1 * d_GXXH_hdn
[task]

data = equilibria

task = fit

model = GH-GXH-GXXH-GXXHH ?

algorithm = Differential-Evolution

[components]
G, H, X,

[mechanism]

<===>

X <==
<===>

[N Ir=
X X X

H <==
+ H <
X + H
X.H +

OOO®
X X X +

[constants]

Kdnx
Kdgxx
Kdgx

Kdgh
Kdgxh
Kdgxxh
Kdgxxhh

PR PR

[responses]
intensive

[concentrati

[parameters]

d G up

N

N + X
= G.X + X
G+ X

=> G.H
===> G._X_.H
<===> G.X.X.H

H <===> G.X.X.H.H

11.1419
10.5950
0.59620

?
?
?

0 ?

ons]

-9193
-8659
7701

I n
00 00 0

.4606
-4149
.2975

I n
O O o

I
»

.8614

Kdnx dissoc
Kdgxx  dissoc
Kdgx dissoc

Kdgh
Kdgxh
Kdgxxh
Kdgxxhh

dissoc
dissoc
dissoc
dissoc

1 * d_GXHH_hdn,

1 * d_GXHH_hdn,
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d_H_dn = 6.9359

d_GH_gup =7.97? (3
d_GXH_gup =8.17 (3
d_GXXH_ gup =7.9 ? (3
d_GXXHH_gup = 7.8 ? (3
d_GH_gdn =9.37? (3
d GXH_gdn =9.1? (3
d_GXXH_gdn =9.2 ? (3
d_GXXHH_gdn = 9.2 ? (3
d_GH_hup =6.9? (3
d_GXH_hup =6.47? (3
d_GXXH_hup = 6.5 7? (3
d_GXXHH_hup = 6.7 ? (3
d_GH_hdn =7.07? 3
d_GXH_hdn = 6.6 ? (3
d_GXXH_hdn =6.7 ? (3
d_GXXHH_hdn = 6.8 ? (3

[data]

variable G.X.X, H

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.X.X.H.H =1 * d_GXXHH_gup

set  job09-ion=6-G_up

conc N.X =6

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.X.X.H.H=1* d_GXXHH_gup

set  job06-ion=12-G_up

conc N.X = 12

resp G=1*4dG up, G.X =

resp G.H =1 * d_GH_gup,
G.X.X.H.H = 1 * d_GXXHH_gup

set  job03-ion=24-G_up

conc N.X = 24

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.X.X.H.H = 1 * d_GXXHH_gup

graph G-dn

set  jobl2-ion=1-G_dn

conc N.X =1

resp G=1*dG.dn, G.X

resp G.H =1 * d_GH_gdn,
G.X.X.H.H = 1 * d_GXXHH_gdn

set  job09-ion=6-G_dn

conc N.X =6
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* d_GXH_gup, G.
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d_GXH_gup, G.

G.

G.

XX =

XX =

H gdn

1

1

1

G.

>

>

>

>

>

_u
1 * d_GXXH_gup,

u
1 * d_GXXH_gup,

_u
1 * d_GXXH_gup,

u
1 * d_GXXH_gup,

* d_GXXH_gdn,
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resp G =1%* d | G_dn, G.X =1 * d_6X_dn, G.-X.X =1 * d_GXX_dn

resp G.H = * d | GH_gdn, G.X.H = 1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
X X.HH=1~* d_GXXHH_gdn

set  job06-ion=12-G_dn

conc N.X = 12

resp G=1%*dGdn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d_GH_gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
X.X.H.H = 1 * d_GXXHH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G=1%*dGdn, G.X =1 * d_G6X_dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d_GH_gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,

X.X_H.H = 1 * d_GXXHH_gdn
graph H-up

set j
conc N.
resp H
resp G d_ | GH_hup, G.X.H =1 * d_GXH_hup, G.X_.X.H = 1 * d_GXXH_hup,
X.X.H.H = 1 * d_GXXHH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1*dHup

resp G.H =1 * d_GH_hup, G.X.H =1 * d_GXH_hup, G.X_.X.H =1 * d_GXXH_hup,

X.X.H.H = 1 * d_GXXHH_hup

set  job06-ion=12-H_up

conc N.X = 12

resp H=1%*dH up

resp G.H=1%* “d_GH _hup, G.X.H = 1 * d_GXH_hup, G.X.X.H = 1 * d_GXXH_hup,

X.X.H.H = 1 * d_GXXHH_hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1*dHup

resp G.H=1%* ~d_GH _hup, G.X.H = 1 * d_GXH_hup, G.X.X.H = 1 * d_GXXH_hup,
X.X.H.H = 1 * d_GXXHH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1%*dH dn

resp G.H =1 * d_GH_hdn, G.X.H =1 * d_GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn,
X.X.H.H = 1 * d_GXXHH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1%*dH dn

resp G.H =1 * d_GH_hdn, G.X.H =1 * d_GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn,

X_X.H.H = 1 * d_GXXHH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1%*dH.dn

resp G.H =1 * d GH hdn, G.X.H =1 * d_GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn,

X_X.H.H = 1 * d_GXXHH_hdn

set  job03-ion=24-H_dn



conc N.X =
resp H=1
resp G.H =

2
*
1

4

d H dn
* d_GH_hdn, G.X.H = 1 * d_GXH_hdn, G.X.X.H = 1 * d_GXXH_hdn,
G.X.X.H.H = 1 * d_GXXHH_hdn

itask]
data = equilibria
task = fit

model = GH-GHH-GXH-GXHH-GXXH ?

algorithm = Differential-Evolution
[components]
G, H, X, N
[mechanism]
N.X <===> N + X : Kdnx dissoc
G.X.X <===> G.X + X o Kdgxx dissoc
G.X <===> G + X :  Kdgx dissoc
G + H <===> G._H Kdgh dissoc
G.H + H <===> G.H.H Kdghh dissoc
G-X + H <===> G.X.H Kdgxh dissoc
G.X.H + H <===> G.X.H.H Kdgxhh dissoc
G.X.X + H <===> G.X.X.H Kdgxxh dissoc
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgh =172
Kdghh = 10 ?
Kdgxh =1 2
Kdgxhh = 10 ?
Kdgxxh = 1 ?
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
d_H_up = 6.8614
d_H_dn = 6.9359
d_GH_gup =7.9? (3 12)
d_GXH_gup =8.17 (3 12)
d_GXXH_gup =7.9 ? (3 12)
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d_GHH_gup =7.77? (3

d GXHH gup = 7.4 ? (3 .

d _GH_gdn =9.37? (3

d GXH gdn =9.1? (3

d GXXH_gdn = 9.2 ? (3

d GHH gdn =9.2 ? (3

d_GXHH_gdn =9.2 ? (3 .

d_GH_hup =6.97? (3

d_GXH_hup =6.47? (3

d_GXXH_hup = 6.5 7? (3

d_GHH_hup =6.47? (3

d_GXHH_hup =6.7 ? (3 .

d_GH_hdn =7.07? 3

d_GXH_hdn = 6.6 ? (3

d_GXXH_hdn =6.7 ? (3

d_GHH_hdn =6.4? (3

d_GXHH_hdn =6.7 ? (3 .

[data]

variable G.X.X, H

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G =1%*d G up, G.X

resp G.H =1 * d_GH_gup
.H.H =1 * d_GHH_gup, G.X.

set  job09-ion=6-G_up

conc N.X =6

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
.H.H =1 * d_GHH_gup, G.X.H

set  job06-ion=12-G_up

conc N.X = 12

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
.H.H =1 * d_GHH_gup, G.X.H

set  job03-ion=24-G_up

conc N.X = 24

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
H.H =1 * d_GHH_gup, G.X.H

graph G-dn

set  jobl2-ion=1-G_dn

conc N.X =1

resp G =1*d.G.dn, G.X

resp G.H =1 * d_GH_gdn,
.H.H =1 * d_GHH_gdn, G.X.H

set  job09-ion=6-G_dn

conc N.X =6

resp G =1%*4dG. dn, G.X
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_GX_up, G.X.X =1
1 * d_GXH_gup, G.
d_GXHH_gup

_up,
_GXHH_gup

G
XHH_

IQ_'O
Q X o®

up

_up, G.X.X =

| GX
1 * d_GXH_gup, G.
d_|

GXHH_gup

_GX_d
1*
d_GXHH_gdn

GX_dn,

_GX G.X.X =
1 * d_GXH_gup, G.
d

XX =
H_gup, G.

n, G.X.X =
d_GXH_gdn,
H

G.X.X =

1

1

G.

d_GXX_dn

* d_GXXH_gup,

* d_GXXH_gup,

* d_GXXH_gup,

* d_GXXH_gup,

* d_GXXH_gdn,
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resp G.H =1 * d_GH_gdn, G.X.H =1 * d_GXH_gdn
.H.H =1 * d_GHH_gdn, G.X.H.H = 1 * d_GXHH_gdn

set  job06-ion=12-G_dn

conc N.X = 12

resp G=1*dGdn, G. X =1 * d GX dn, G.X.X

resp G.H =1 * d_GH_gdn, G.X.H =1 * d_GXH_gdn
.H.H =1 * d_GHH_gdn, G.X.H.H = 1 * d_GXHH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G=1*dGdn, G. X =1 * d_GX_dn, G.X.X

resp G.H =1 * d_GH_gdn, G.X.H =1 * d_GXH_gdn
H.H =1 * d_GHH_gdn, G.X.H.H = 1 * d_GXHH_gdn

graph H-up

set  jobl2-ion=1-H_up

conc N.X =1

resp H=1*dHup

resp G.H =1 * d | GH_hup, G.H.H = 1 * d_GHH_hup,
X.H.H =1 * d_GXHH_hup, G.X.X.H = 1 * d_GXXH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1*dHup

resp G.H =1 * d GH hup, G.H.H = 1 * d_GHH_hup,
X.H.H =1 * d_GXHH_hup, G.X.X.H = 1 * d_GXXH_hup

set  job06-ion=12-H_up

conc N.X = 12

resp H=1%* d H_ up

resp G.H = * d_GH_hup, G.H.H = 1 * d_GHH_hup,
XHH=1*d GXHH _hup, G.X_.X.H = 1 * d_GXXH_hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1%*dHup

resp G.H=1*d GH hup, G.H.H =1 * d_GHH_hup,
X.H.H =1 * d_GXHH_hup, G.X.X.H = 1 * d_GXXH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1*dH.dn

resp G.H =1 * d_GH_hdn, G.H.H =1 * d_GHH_hdn,
X.H.H =1 * d_GXHH_hdn, G.X.X.H = 1 * d_GXXH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1*dH.dn

resp G.H=1* dGH hdn, G.H.H = 1 * d _GHH hdn,
_X.H.H = 1 * d_GXHH_hdn, G.X.X.H = 1 * d_GXXH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1*dH.dn

resp G.H=1%* d | GH_hdn, G.H.H = 1 * d_GHH_hdn,
X.H.H = 1 * d_GXHH_hdn, G.X.X.H = 1 * d_GXXH_hdn

set  job03-ion=24-H_dn

conc = 24

@

@

@

(]

@

[l

® -

X.H = 1 * d_GXXH_gdn,

* d_GXXH_gdn,

.H =1 * d_GXH_hup,

.H =1 * d_GXH_hup,

_H =1 * d_GXH_hup,

_H =1 * d_GXH_hup,

.H =1 * d_GXH_hdn,

.H =1 * d_GXH_hdn,

_H =1 * d_GXH_hdn,

* d_GXXH_gdn,
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resp H=1%*dHdn
resp G.H=1*d GH hdn, G.H.H =1 * d_GHH hdn, G.X.H = 1 * d_GXH_hdn,
G.X.H.H =1 * d_GXHH_hdn, G.X.X.H = 1 * d_GXXH_hdn

itask]
data = equilibria
task = fit

model = GH-GHH-GXH-GXXH-GXXHH ?
algorithm = Differential-Evolution

[components]
G, H, X, N
[mechanism]
<===> N + X : Kdnx dissoc

X <===> G.X + X : Kdgxx  dissoc
<===> G + X : Kdgx dissoc

OO =
X X X

<===> G_H :  Kdgh dissoc
H <===> G.H.H :  Kdghh dissoc
H <===> G.X.H Kdgxh dissoc
+ H <===> G_X_.X_.H :  Kdgxxh dissoc
H + H <===> G.X.X.H.H : Kdgxxhh dissoc

OOOOo
XX X I +
XX+ +

[constants]

Kdnx
Kdgxx
Kdgx

11.1419
10.5950
0.59620

Kdgh
Kdghh
Kdgxh
Kdgxxh
Kdgxxhh

o mnn
o
N

[responses]
intensive

[concentrations]

[parameters]
d G up

d_GX_up
d_GXX_up

-9193
.8659
7701

I
0 00 0

d G dn
d_GX_dn
d_GXX_dn

-4606
-4149
.2975

I n
© O o

.8614

d H up
dH .9359

dn

[ )e)]

d_GH_gup
d_GXH_gup
d_GXXH_gup
d_GHH_gup

G .. 12)
G .. 12)

~N N0~

~NO R o
IRESESES)

@G .. 12



d_GXXHH gup = 7.8 ? (3 .. 12)

d_GH_gdn =9.37? (@3 .. 12)

d_GXH_gdn =9.17? (3 .. 12)

d_GXXH_gdn = 9.2 ? (3 .. 12)

d_GHH_gdn =9.2 ? (3 .. 12)

d_GXXHH_gdn = 9.2 ? (3 .. 12)

d_GH_hup =6.9? (3 .. 12)

d_GXH_hup =6.47? (3 .. 12)

d_GXXH_hup = 6.57? (3 .. 12)

d_GHH_hup =6.47? (3 .. 12)

d_GXXHH_hup = 6.7 ? (3 .. 12)

d_GH_hdn =7.07? (3 .. 12)

d_GXH_hdn =6.6 ? (3 .. 12)

d_GXXH_hdn = 6.7 ? (3 .. 12)

d_GHH_hdn =6.47? (3 .. 12)

d_GXXHH_hdn = 6.8 ? (3 .. 12)
[data]

variable G.X.X, H

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G=1*dGup, G.X=1*dGCX up, G.X.X =1 * d_GXX_up

resp G.H =1 * d GH gup, G.X.H =1 * d_GXH_gup, G.X.X.H = 1 * d_GXXH_gup,
G.H.H =1 * d_GHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

set  job09-ion=6-G_up

conc N.X =6

resp G=1*dGup, G.X=1*d GX up, G.-X.X =1 * d_GXX_| up

resp G.H =1 * d_GH_gup, G.X.H =1 * d_GXH_gup, G.X.X.H =1 * d_GXXH_gup,
G.H.H =1 * d_GHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

set  job06-ion=12-G_up

conc N.X = 12

resp G=1*dGup, G.X=1*d GX up, G-X.X =1 * d_GXX_up

resp G.H =1 * d GH gup, G.X.H =1 * d_GXH_gup, G.X_.X.H =1 * d_GXXH_gup,
G.H.H =1 * d_GHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

set  job03-ion=24-G_up

conc N.X = 24

resp G=1*dGup, G.X=1*dGX up, G.X.X =1 * d_GXX_ up

resp G.H =1 * d GH gup, G.X.H =1 * d_GXH_gup, G-X.X.H =1 * d_GXXH_gup,
G.H.H =1 * d_GHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

graph G-dn

set  jobl2-ion=1-G_dn

conc N.X =1

resp G=1*dGdn, G. X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d GH_ gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
G.H.H =1 * d_GHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

set  job09-ion=6-G_dn

conc N.X =6

resp G =1*dG.dn, G.X =1 * d_GX_dn, G.X.X =1 * d_GXX_dn



resp G.H =1 * d_GH_gdn,
.H.H =1 * d_GHH_gdn, G.X.X.

=1 * d GXH_ gdn, G.X.X.H = 1 * d_GXXH_gdn,
H=1=* d | GXXHH_gdn

I ®
>
T

set  job06-ion=12-G_dn

conc N.X = 12

resp G=1*dGdn, G. X =1 *d GX dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d GH gdn, G.X.H =1 * d_GXH_gdn, G.X_.X.H = 1 * d_GXXH_gdn,
.H.H = 1 * d_GHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G =1*dG.dn, G.X =1 * d_GX_dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d_GH_gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
H.H=1* d_GHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

graph H-up

set  jobl2-ion=1-H_up

conc N.X =1

resp H=1*dHup

resp G.H =1 * d | GH_hup, G.H.H = 1 * d_GHH _hup, G.X.H = 1 * d_GXH_hup,
X.X.H =1 * d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1*dHup

resp G.H =1 * d GH hup, G.H.H =1 * d_GHH _hup, G.X.H = 1 * d_GXH_hup,

X.X.H = 1 * d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job06-ion=12-H_up

conc N.X = 12

resp H=1%* d H_ up

resp G.H = * d_GH_hup, G.H.H = 1 * d_GHH _hup, G.X.H = 1 * d_GXH_hup,
X X.H=1=*d GXXH _hup, G.X.X_H.H = 1 * d_GXXHH_hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1%*dHup

resp G.H=1* d_GH hup, G.H.H =1 * d_GHH_hup, G.X.H = 1 * d_GXH_hup,

X.X.H =1 * d_GXXH_hup, G.X.X.H.H =1 * d _GXXHH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1*dH.dn

resp G.H =1 * d GH hdn, G.H.H =1 * d_GHH_hdn, G.X.H = 1 * d_GXH_hdn,
X.X.H =1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1*dH.dn

resp G.H =1 * d_GH _hdn, G.H.H =1 * d_GHH_hdn, G.X.H = 1 * d_GXH_hdn,

X.X.H = 1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1*dH.dn

resp G.H=1%* d | GH_hdn, G.H.H = 1 * d_GHH_hdn, G.X.H = 1 * d_GXH_hdn,

X.X.H =1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job03-ion=24-H_dn
conc N.X = 24



resp H=1%*dHdn
resp G.H=1*d GH hdn, G.H.H =1 * d_GHH hdn, G.X.H = 1 * d_GXH_hdn,
G.X.X.H =1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

itask]
data = equilibria
task = fit

model = GH-GXH-GXHH-GXXH-GXXHH ?
algorithm = Differential-Evolution

[components]
G, H, X, N
[mechanism]
N.X <===> N + X . Kdnx dissoc
G.X.X <===> G.X + X : Kdgxx  dissoc
G.X <===> G + X : Kdgx dissoc
G + H <===> G.H :  Kdgh dissoc
G-X + H <===> G.X.H :  Kdgxh dissoc
G.X.H + H <===> G.X.H.H Kdgxhh dissoc
G.X.X + H <===> G.X.X.H :  Kdgxxh dissoc
G.X.X.H + H <===> G.X.X.H.H :  Kdgxxhh dissoc
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgh =17
Kdgxh =12
Kdgxhh = 10 ?
Kdgxxh =1 ?
Kdgxxhh = 10 ?
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
d_H_ up = 6.8614
d_H_dn = 6.9359
d_GH_gup =7.9? 3 .. 12)
d GXH gup =8.17?7 (3 .. 12)
d GXXH_gup =7.9 ? (3 .. 12)
d_GXHH_gup =7.47? (3 .. 12)



d_GXXHH_gup

d_GH_gd
d_GXH_g

n
dn

d_GXXH_gdn
d_GXHH_gdn
d_GXXHH_gdn

d GH hu
d_GXH_h

p
up

d_GXXH_hup
d_GXHH_hup
d_GXXHH_hup

d_GH_hd
d_GXH_h

n
dn

d_GXXH_hdn
d_GXHH_hdn
d_GXXHH_hdn

[data]
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variable G.X.X, H

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.X.H.H =1 * d_GXHH_gup, G-X-X-H-H

set  job09-ion=6-G_up

conc N.X =6

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,

G.X.H.H = 1 * d_GXHH_gup, G-X.X-H.H

set j
conc N
resp G
resp G

G.X.H.H = 1 * d_GXHH_gup. G-X.X-H.H

set j
conc N.
resp G
resp G

ob06-i0n=12-G_up

b
X
H

1
*
1

-1
2
*
1

2

d_G_up, G.X
* d_GH_gup,
n=24-G_up

d G up, G.X
* d_GH_gup,
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G.-X.H

* d_G
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d

d_GX_
=1 * d_GXH_gup, G.

up, G.X.X =1

* d_GXH_gup, G.

1 * d_GXXHH_gup

up, G.X.X =1

d | GXH_gup, G.

d_GXXHH_gup

X_up, G.X.X =1

d | GXH_gup, G.

d_GXXHH_gup

up, G.X.X = 1

G.X.H.H = 1 * d_GXHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

graph G-dn

resp

G.X.H.H = 1 * d_GXHH_gdn,

d G dn, G.X
* d_GH_gdn,

set  job09-ion=6-G_dn

conc N.
resp G=1*dG_dn,

X =

6

=1 *
G.-X.H

d_GX_
= 1 * d_GXH_gdn, G.
G.X.X.H.H = 1 * d_GXXHH_gdn

dn, G.X.X =1

G.X =1 * d 6X_dn, G.X.X = 1

>

>

>

>

>

*

d_GXX_dn

* d_GXXH_gup,

* d_GXXH_gup,

* d_GXXH_gup,

* d_GXXH_gup,

* d_GXXH_gdn,
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conc

resp G.H =1 * d GH gdn, G.X.H =1 * d_GXH_gdn, G.
X.H.H =1 * d_GXHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

set  job06-ion=12-G_dn

conc N.X = 12

resp G=1*dGdn, G.X =1 * d GX dn, G.X.X =1

resp G.-H=1*d GH gdn, G.X.H =1 * d_GXH_gdn, G.
X.H.H =1 * d_GXHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G=1*dG.dn, G.X =1 * d_GX_dn, G.X.X =1

resp G.H=1* d GH_gdn, G.X.H =1 * d_GXH_gdn, G.
X.H.H =1 * d_GXHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

graph H-up

set  jobl2-ion=1-H_up

conc N.X =1

resp H=1*dHup

resp G.H =1 * d | GH_hup, G.X.H = 1 * d_GXH_hup, G.
X.X.H =1 * d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1*dHup

resp G.H =1 * d GH hup, G.X.H = 1 * d_GXH_hup, G.
X.X.H =1 * d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job06-ion=12-H_up

conc N.X = 12

resp H=1%* d H_ up

resp G.H = * d_GH_hup, G.X.H = 1 * d_GXH_hup, G.
X X.H=1=*d GXXH _hup, G.X.X.H.H=1=* d_GXXHH _hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1%*dHup

resp G.-H=1* d GH hup, G.X.H =1 * d_GXH_hup, G.
X.X.H =1 * d_GXXH_hup, G.X.X.H.H =1 * d_GXXHH _hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1*dH.dn

resp G.H =1 * d_GH_hdn, G.X.H =1 * d_GXH_hdn, G.
X.X.H =1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1*dH.dn

resp G.H=1* dGH hdn, G.X.H = 1 * d GXH_hdn, G.
X.X.H =1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1*dH.dn

resp G.H=1%* d | GH_hdn, G.X.H = 1 * d_GXH_hdn, G.
X.X.H = 1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job03-ion=24-H_dn

= 24

d_GXXH_gdn,

d_GXXH_gdn,

d_GXXH_gdn,

d_GXHH_hup,

d_GXHH_hup,

d_GXHH_hup,

d_GXHH_hup,

d_GXHH_hdn,

d_GXHH_hdn,

d_GXHH_hdn,
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resp H=1%*dHdn
resp G.H =1 * d GH hdn, G.X.H =1 * d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn,
G.X.X.H =1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

itask]
data = equilibria
task = fit

model = GH-GHH-GXH-GXHH-GXXH-GXXHH ?
algorithm = Differential-Evolution

[components]
G, H, X, N
[mechanism]
N.X <===> N + X . Kdnx dissoc
G.X.X <===> G.X + X : Kdgxx  dissoc
G.X <===> G + X : Kdgx dissoc
G + H <===> G.H :  Kdgh dissoc
G-H + H <===> G.H.H :  Kdghh dissoc
G.X + H <===> G.X.H Kdgxh dissoc
G.X.H + H <===> G.X.H.H Kdgxhh dissoc
G.X.X + H <===> G.X.X.H : Kdgxxh dissoc
G.X.X.H + H <===> G.X.X.H.H :  Kdgxxhh dissoc
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgh =17
Kdghh = 10 ?
Kdgxh =12
Kdgxhh = 10 ?
Kdgxxh =1 ?
Kdgxxhh = 10 ?
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
_H_up = 6.8614
d_H_dn = 6.9359
9 ? @B .. 12)
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d_GXXH_gup =7.9? (3 .. 12)

d_GHH_gup =7.7? (3 .. 12)

d_GXHH_gup =7.47? (3 .. 12)

d_GXXHH_gup = 7.8 ? (3 .. 12)

d_GH_gdn =9.37? (@3 .. 12)

d_GXH_gdn =9.17? (3 .. 12)

d_GXXH_gdn =9.2 ? (3 .. 12)

d_GHH_gdn =9.2 ? (3 .. 12)

d_GXHH_gdn =9.2 ? (3 .. 12)

d_GXXHH_gdn = 9.2 ? (3 .. 12)

d_GH_hup =6.97? (3 .. 12)

d_GXH_hup =6.47? (3 .. 12)

d_GXXH_hup =6.57? (3 .. 12)

d_GHH_hup =6.47? (3 .. 12)

d_GXHH_hup = 6.7 ? (3 .. 12)

d_GXXHH_hup = 6.7 ? (3 .. 12)

d_GH_hdn =7.07? (3 .. 12)

d_GXH_hdn =6.6 ? (3 .. 12)

d_GXXH_hdn =6.7 ? (3 .. 12)

d_GHH_hdn =6.4 7 (3 .. 12)

d_GXHH_hdn = 6.7 ? (3 .. 12)

d_GXXHH_hdn = 6.8 ? (3 .. 12)
[data]

variable G.X.X, H

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G=1*dGup, G.X=1*d GX up, G.X.X =1 * d_GXX_u p

resp G.H =1 * d_GH_gup, G.X.H =1 *d _GXH_gup, G X.X.H = * d_GXXH_gup,
G.H.H =1 * d_GHH_gup, G.X.H.H =1 * d_GXHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

set  job09-ion=6-G_up

conc N.X =6

resp G=1*dGup, G.X=1* d GX up, G.X.X =1 * d_GXX_u p

resp G.H =1 * d_GH_gup, G.X.H = 1 * d_GXH_gup, G X.X.H = * d_GXXH_gup,
G.H.H =1 * d_GHH_gup, G.X.H.H =1 * d_GXHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

set  job06-ion=12-G_up

conc N.X = 12

resp G=1*dGup, G.X=1*dGX up, G.X.X = * d_GXX_u p

resp G.H =1 * d_GH_gup, G.X.H =1 * d_GXH_gup, G X_X.H = * d_GXXH_gup,
G.H.H =1 * d_GHH_gup, G.X.H.H = 1 * d_GXHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

set  job03-ion=24-G_up

conc N.X = 24

resp G=1*dGup, G.X=1*dGX up, G.X.X = * d_GXX_u p

resp G.-H=1* d GH gup, G.X.H =1 * d_GXH_gup, G X.X.H = * d_GXXH_gup,
G.H.H =1 * d_GHH_gup, G.X.H.H = 1 * d_GXHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

graph G-dn

set  jobl2-ion=1-G_dn

conc N.X =1

resp G =1*dG.dn, G.X =1 * d_GX_dn, G.X.X =1 * d_GXX_dn
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resp G.H =1 * d GH gdn, G.X.H =1 * d_GXH_gdn, G.X_.X.H = 1 * d_GXXH_gdn,
.H.H =1 * d_GHH_gdn, G.X.H.H = 1 * d_GXHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

set  job09-ion=6-G_dn

conc N.X =6

resp G=1*dGdn, G. X =1 * d GX dn, G.X.X = * d_GXX_dn

resp G.H =1 * d_GH_gdn, G.X.H =1 * d_GXH_gdn, G X.X.H =1 * d_GXXH_gdn,
.H.H =1 * d_GHH_gdn, G.X.H.H = 1 * d_GXHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

set  job06-ion=12-G_dn

conc N.X = 12

resp G =1*dG.dn, G.X =1 * d_GX_dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d_GH_gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
.H.H =1 * d_GHH_gdn, G.X.H.H = 1 * d_GXHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

set  job03-ion=24-G_dn

conc N.X = 24

resp G =1*dG.dn, G.X =1 * d_GX_dn, G.X.X =1 * d_GXX_dn

resp G.H =1 * d_GH gdn, G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn,
H.H=1* d_GHH_gdn, G.X.H.H = 1 * d_GXHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

graph H-up

set  jobl2-ion=1-H_up

conc N.X =1

resp H=1*dHup

resp G.H =1 * d GH hup, G.H.H =1 * d_GHH _hup, G.X.H = 1 * d_GXH_hup,
X.H.H =1 * d_GXHH_hup, G.X.X.H = 1 * d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job09-ion=6-H_up

conc N.X =6

resp H=1*dHup

resp G.H =1 * d GH hup, G.H.H =1 * d_GHH _hup, G.X.H = 1 * d_GXH_hup,
X.H.H =1 * d_GXHH_hup, G.X.X.H = 1 * d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

set  job06-ion=12-H_up

conc N.X = 12

resp H=1%* d H_up

resp G.H =1 * d_GH_hup, G.H.H =1 * d_GHH_hup, G.X.H = 1 * d_GXH_hup,
X.HH=1%*d GXHH _hup, G.X.X.H = 1 * d_GXXH_hup, G.X.X_.H.H = 1 * d_GXXHH_hup

set  job03-ion=24-H_up

conc N.X = 24

resp H=1%*dHup

resp G.H=1* d_GH hup, G.H.H =1 * d_GHH_hup, G.X.H =1 * d_GXH_hup,
X.H.H =1 * d_GXHH_hup, G.X.X.H =1 * d_GXXH_hup, G.X.X.H.H = 1 * d_GXXHH_hup

graph H-dn

set  jobl2-ion=1-H_dn

conc N.X =1

resp H=1*dH.dn

resp G.H=1* d GH hdn, G.H.H =1 * d_GHH_hdn, G.X.H = 1 * d_GXH_hdn,
_X.H.H = 1 * d_GXHH_hdn, G.X.X.H = 1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job09-ion=6-H_dn

conc N.X =6

resp H=1*dH.dn

resp G.H=1*d GH hdn, G.H.H = 1 * d_GHH_hdn, G.X.H = 1 * d_GXH_hdn,
_X.H.H = 1 * d_GXHH_hdn, G.X.X.H = 1 * d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job06-ion=12-H_dn

conc N.X = 12
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resp H=1%*dHdn

resp G.H=1*dGH hdn, G.H.H =1 * d_GHH_hdn, G.X.H
G.X.H.H =1 * d_GXHH_hdn, G.X.X.H = 1 * d_GXXH_hdn, G.X.X.

set  job03-ion=24-H_dn

conc N.X = 24

resp H=1%*dHdn

resp G.H =1 * d_GH_hdn, G.H.H = 1 * d_GHH_hdn, G.X.H
G.X.H.H =1 * d GXHH_hdn, G.X.X.H = 1 * d_GXXH_hdn, G.X.X.
[task]

data = equilibria

task = fit

model = GXH-1-GXXH-GXHH ?

algorithm = Differential-Evolution

[components]
G, H, X, N
[mechanism]
N.X <===> N + X Kdnx
G-X.X <===> G.X + X Kdgxx
G.X <===> G + X Kdgx
G.X + H <===> G.X.H Kdgxh
G.X.H + H <===> G.X.H.H Kdgxhh
G.X.X + H <===> G.X.X.H Kdgxh
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgxh =1 7
Kdgxhh = 10 ?
[responses]
intensive
[concentrations]
[parameters]
d_G_up = 8.9193
d_GX_up = 8.8659
d_GXX_up = 8.7701
d_G_dn = 9.4606
d_GX_dn = 9.4149
d_GXX_dn = 9.2975
d_H_up = 6.8614
d_H_dn = 6.9359
d GXH_gup =8.17? (3 12)
d_GXXH_gup =7.9? 3 12)
d GXHH gup = 7.4 ? (3 12)

dissoc
dissoc
dissoc

dissoc
dissoc
dissoc

-

I+

*

*

d_GXH_hdn,
1 * d_GXXHH_hdn

d_GXH_hdn,
1 * d_GXXHH_hdn
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d_GXH_gdn
d_GXXH_gdn
d_GXHH_gdn

d_GXH_hup
d_GXXH_hup
d_GXHH_hup

d_GXH_hdn
d_GXXH_hdn
d_GXHH_hdn

[data]

[e) e e)] O O o

[e) e e)]

1?2 (3 ..12)
27?2 (3 .. 12)
27?2 (.. 12)
42 (3 .. 12)
572 (3 .. 12)
72 @ .. 12)
62 (3 .. 12)
77?2 @G ..12)
72 @ .. 12)

variable G.X.X, H

plot

graph G-up

mole-fraction

set  jobl2-ion=1-G_up

conc N.X =1

resp G = *

resp G.X.
d_GXHH_gup

d_|
1

p, G.X =1 * d_GX_up,

G_u
* d_GXH_gup, G.X.X.H = 1

set  job09-ion=6-G_up

conc N.X =6

resp G = *

resp G.X.
d_GXHH_gup

d_|
1

G.X = 1 * d_GX_up,

P,
GXH gup, G.X.X.H = 1

G_u
* d

set  job06-ion=12-G_up

conc N.X = 12
resp G=1%*
resp G.X.H
d_GXHH_gup

d_|
1

p, G. X =1 * d_GX_up,

G_u
* d_GXH_gup, G.X.X.H =1

set  job03-ion=24-G_up

conc N.X = 24

resp G=1%*

resp G.X.H
d_GXHH_gup

graph G-dn

d_|
1

p, G. X =1 * d_GX_up,

G_u
* d_GXH_gup, G.X.X.H =1

set  jobl2-ion=1-G_dn

conc N.X =

resp G =1

resp G.X.H
d_GXHH_gdn

1
*

set  job09-i

conc N.X =6

resp G=1%*
G.X.H =
n

resp
d_GXHH_gd

d_|
1

d_|
1

dn, G.X = 1 * d_GX_dn,
d_GXH_gdn, G.X.X.H = 1

G_
*

on=6-G_dn

n, G.X = 1 * d_GX_dn,

G_dn,
* d_GXH_gdn, G.X.X.H =1

set  job06-ion=12-G_dn

conc N.X = 12

resp G=1%*
resp G.X.H =
d_GXHH_gdn

n, G.X =1 * d GX_ dn,

_dn,
d_GXH_gdn, G.X.X.H =1

* @

* @

* @

XX = 1 * d_GXX_up
d_GXXH_gup, G.X.H.H

XX = 1 * d_GXX_up
d_GXXH_gup, G.X.H.H

XX =1 * d_GXX_up
d_GXXH_gup, G.X.H.H

XX =1 * d_GXX_up
d_GXXH_gup, G.-X.H.H

XX = 1 * d_GXX_dn
d_GXXH_gdn, G.X.H.H

XX = 1 * d_GXX_dn
d_GXXH_gdn, G.X.H.H

XX = 1 * d_GXX_dn
d_GXXH_gdn, G.X.H.H
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XX = 1 * d_GXX_dn

dn, G.X =1 * d_GX_dn,
d d_GXXH_gdn, G.X.H.H = 1 *

GXH gdn, G.X.X.H = 1

* @

resp
d_GXHH_gd

-
4]
%]
©
SOOZ

graph H-up

set  jobl2-ion=1-H_up
conc N.
resp H
resp G.
d_GXXH_hup

o C
@
x
T
=
c
©
()
>
T
T
1l
[En
*

d_GXHH_hup, G.X.X.H = 1 *

set  job09-ion=6-H_up
conc N.X =6
resp H=1%*
resp G.X.H
d_GXXH_hup

d H up
1 * d_GXH_hup,

@
>
T

.H=1* d_GXHH_hup, G.X.X.H =1 *

set  job06-ion=12-H_up

X Il X T

N
H | u

resp G. d GXH_hup, G.X.H.H =1 * d_GXHH_hup, G.X.X.H =1 *
p

~* d_GXH_hup, G.X.H.H = 1 * d_GXHH_hup, G.X.X.H = 1 *
d_GXXH_hup

graph H-dn

ion=1-H dn
1
*

"d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn, G.X.X.H = 1 *

"d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn, G.X.X.H = 1 *

set  job06-ion=12-H_dn

conc N.X = 12

resp H=1*dH.dn

resp G.X.H 1*d
d_GXXH_hdn

GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn, G.X.X.H =1 *

"d_GXH_hdn, G.X.H.H = 1 * d_GXHH_hdn, G.X.X.H = 1 *

[task]

data = equilibria
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task = fit

model = GXH-1-GXXH-GXHH-§-GXXHH ?
algorithm = Differential-Evolution

[components]
G, H, X, N

[mechanism]

OO =
X X X

[eNNN}]
X X X X

[constants]

Kdnx
Kdgxx
Kdgx

Kdgxh 1

Kdgxhh

[responses]

intensive

?

10 ?

[concentrations]

[parameters]

d_G_up
d_GX_up
d_GXX_up

d_GXH_gup
d_GXXH_gup
d_GXHH_gup
d_GXXHH_gup

d_GXH_gdn
d_GXXH_gdn
d_GXHH_gdn
d_GXXHH_gdn

d_GXH_hup
d_GXXH_hup
d_GXHH_hup
d_GXXHH_hup

d_GXH_hdn

00 00 00

O © o

(o]

o
O O oo
NNN P

()]

()]
-~

<===> N + X
X <===> G.X + X
<===> G + X

11.1419
10.5950
0.59620

ENENENT.

oo oo
NENFLREN

N ) N N

NN ) N

@G ..
@G ..
G ..
@G ..

@G ..
G ..
G ..
G ..

G ..
G ..
G ..
G ..

G ..

12)
12)
12)
12)

12)
12)
12)
12)

12)
12)
12)
12)

12)
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d_GXXH_hdn = 6.7 ? (3 .. 12)

d_GXHH_hdn = 6.7 ? (3 .. 12)

d_GXXHH_hdn = 6.8 ? (3 .. 12)
[data]

variable G.X.X, H

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G=1*dGup, G.X=1* d_GX up, G-X.X =1 * d_GXX_up

resp G.X.H =1 * d_GXH_gup, G.X.X.H =1 * d_GXXH_gup, G.X.H.H =1 *
d_GXHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

set  job09-ion=6-G_up
conc N.X =6

resp G=1*dGup, G.X=1*dGX up, G.X.X =1 * d_GXX_up
resp G.X.H =1 * d GXH_gup, G.X.X.H =1 * d_GXXH_gup, G.X.H.H =1 *
d_GXHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

set  job06-ion=12-G_up

conc N.X = 12

resp G = up, G.X =1 * d_GX_up, G-X.X =1 * d_GXX_up

resp G.X.H = d GXH_gup, G.X.X.H =1 * d_GXXH_gup, G.X.H.H =1 *
d_GXHH_gup, G.X.X.H.H =1 * d_GXXHH_gup

[

* d_G_
1 *

set  job03-ion=24-G_up

conc N.X = 24

resp G=1*dGup, G.X=1*dGCX up, G.X.X =1 * d_GXX_up

resp G.X.H =1 * d GXH_gup, G.X.X.H =1 * d_GXXH_gup, G.X.H.H =1 *
d_GXHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

graph G-dn

set  jobl2-ion=1-G_dn

conc N.X =1

resp G =1%* d_ . dn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.X.H 1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn, G.X.H.H =1 *
d_GXHH_gdn, G. X X.H.H = 1 * d_GXXHH_gdn

set  job09-ion=6-G_dn

conc N.X =6

resp G=1*dGdn, G. X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.X.H =1 * d_GXH gdn, G.X.X.H = 1 * d_GXXH_gdn, G.X.H.H = 1 *
d_GXHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

set  job06-ion=12-G_dn

conc N.X = 12

resp G=1%* d_ . dn, G.X =1 * d GX dn, G.X.X =1 * d_GXX_dn

resp G.X.H 1 * d_GXH_gdn, G.X.X.H =1 * d_GXXH_gdn, G.X.H.H =1 *
d_GXHH_gdn, G. X X.H.H = 1 * d_GXXHH_gdn

set  job03-ion=24-G_dn
conc N.X =24

resp G=1*dGdn, G. X =1 * d GX dn, G.X.X =1 * d_GXX_dn
resp G.X.H =1 * d_GXH_gdn, G.X.X.H = 1 * d_GXXH_gdn, G.X_.H.H = 1 *
d_GXHH_gdn, G.X.X.H.H = 1 * d_GXXHH_gdn

graph H-up
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set  jobl2-ion=1-H_up

conc N.X =1

resp H=1%* d_H_up

resp G.X.H 1 * d_GXH _hup, G.X.H.H =1 *
d_GXXH_hup, G. X X.H.H =1 * d_GXXHH_hup

set  job09-ion=6-H_up
conc N.X =6

resp H=1*dHup
resp G.X.H=1=*d

d_GXXH_hup, G.X.X.H.H = d_GXXHH_hup
set  job06-ion=12-H_up
conc N.X = 12

set  job03-ion=24-H_up
conc N.X = 24
resp H=1*dHu
resp G.X.H=1%*d_G
d_GXXH_hup, G.X.X.H.H =

p

graph H-dn

set job12 ion=1-H_dn

resp G.X.H =1 * d GXH_hdn, G.X.H.H = 1 *

d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set job09 ion=6-H_dn

conc =6

resp H =1 * d H.dn

resp G.X.H =1 * d_GXH_hdn, G.X.H.H =1 *
d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job06-ion=12-H_dn

conc N. X =12

resp H=1%*dHdn

resp G.X.H =1 * d_GXH_hdn, G.X.H.H =1 *
d_GXXH_hdn, G.X.X.H.H = 1 * d_GXXHH_hdn

set  job03-ion=24-H_dn

conc N.X = 24

resp H = 1 * d_H_dn
- 1 * d_GXH_hdn, G.X.H.H =1 *

d_GXXH_hdn, G X X.H.H = 1 * d_GXXHH_hdn

| GXH_hup, G.X.H.H = 1 *
1

d_GXHH_hup,

d_GXHH_hup,

d_GXHH_hup,

d_GXHH_hup,

d_GXHH_hdn,

d_GXHH_hdn,

d_GXHH_hdn,

d_GXHH_hdn,

ttask]
data = equilibria
task = fit

model = GH-1-GXH-1-GXXH-GHH-1-GXHH-1-GXXHH
algorithm = Differential-Evolution

[components]
G, H, X, N

[mechanism]
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N.X <===> N + X
G.X.X <===> G.X
G.X <===> G + X
G + H <===> G.H
G.H + H <===> G
G.X + H <===> G
G.X.H + H <===>
G.X.X + H <===>
G.X.X.H + H <===
[constants]
Kdnx = 11.1419
Kdgxx = 10.5950
Kdgx = 0.59620
Kdgh =17
Kdghh = 10 ?
[responses]
intensive
[concentrations]
[parameters]
d G up =8
d_GX_ up =8
d_GXX_up =8
d G dn =9
d_GX_dn =9
d_GXX_dn =9
_H_up =6
_H_dn = 6.
d_GH_gup = 7.
d_GXH_gup = 8.
d_GXXH_gup = 7.
d GHH_gup = 7.
d_GXHH_gup = 7.
d_GXXHH_gup = 7.
d_GH_gdn = 9.
d_GXH_gdn = 9.
d _GXXH_gdn = 9.
d_GHH_gdn = 9.
d GXHH_gdn = 9.
d_GXXHH_gdn = 9.
d_GH_hup =6
d_GXH_hup =6
d_GXXH_hup =6
d_GHH_hup =6
d_GXHH_hup =6
d_GXXHH_hup = 6
d_GH_hdn = 7.
d_GXH_hdn = 6.

N~NbhOorhoO
N ) NN NN

OXXTITT
X X I
X T T

-9193
.8659
7701

-4606
-4149
.2975

.8614

©
w
N ) ) ) ) ) )]
©

Oh~NORL O

NNNNE W
ESEENEENEEN RV EEN]

o O
AVIEN]

.. 12)
.. 12)
.. 12)
.. 12)
.. 12)
. 12)

.. 12)
.. 12)
.. 12)
.. 12)
.. 12)
. 12)

.. 12)
.. 12)
.. 12)
.. 12)
.. 12)
. 12)

.. 12)
. 12)

Kdnx dissoc

Kdgxx  dissoc

Kdgx dissoc
Kdgh dissoc
Kdghh dissoc
Kdgh dissoc
Kdghh dissoc
Kdgh dissoc
Kdghh dissoc
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d GXXH_hdn = 6.7 ? (

d_GHH_hdn =6.47 (

d_ GXHH_hdn = 6.7 ? (

d_GXXHH_hdn = 6.8 ? (
[data]

variable G.X.X, H

graph H-up

. 12)

plot mole-fraction

graph G-up

set  jobl2-ion=1-G_up

conc N.X =1

resp G =1*dG up, G.X

resp G.H =1 * d_GH gup,
G.H.H = 1 * d_GHH_gup, G.X.H

set  job09-ion=6-G_up

conc N.X =6

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.H.H = 1 * d_GHH_gup, G.X.H.

set  job06-ion=12-G_up

conc N.X = 12

resp G =1%*d G up, G.X

resp G.H =1 * d_GH gup,
G.H.H = 1 * d_GHH_gup, G.X.H

set  job03-ion=24-G_up

conc N.X = 24

resp G =1*d G up, G.X

resp G.H =1 * d_GH_gup,
G.H.H = 1 * d_GHH_gup, G.X.H

graph G-dn

set  jobl2-ion=1-G_dn

conc N.X =1

resp G=1=* _G_dn, G.X

resp G.H =1 * d_GH_gdn
G.H.H = 1 * d_GHH_gdn, G.X.

set  job09-ion=6-G_dn

conc N.X =6

resp G =1*d G dn, G.X

resp G.H =1 * d_GH_gdn,
G.H.H = 1 * d_GHH_gdn, G_X.H.

set Job06-ion=12-G_dn

conc N.X = 12

resp G=1%* _G_dn, G.X

resp G.H =1 * d_GH_gdn,
G.H.H = 1 * d_GHH_gdn, G_X.H.

set Job03-ion=24-G_dn

conc N.X = 24

resp G =1*4dG_ dn, G.X

resp G.H=1%* d_GH_gdn,
G.H.H = 1 * d_GHH_gdn, G.X.H

oIl

ol

.. 12)
. 12)
. 12)

o Il ol

ol

ol
I <Pk
= I

ol IG)II
I X< e I
= T

= I

I X<pPE
= I

I
= I

X< - <P
T

= I

1<k
= I

d
*

>('||Q_ ;(.||Q_

>('IIQ_

d

Il T )

>(-IIQ_

_GX_dn, G.X.X =

_GX_dn, G.X.X =

| GX_up, G.X.X =1
1 * d_GXH_gup, G.
d_GXHH_gup, G_X.X.H.H =

up, G.X.X =1 * d_GXX_u p
d_GXH_gup, G.X.X.H =

| GX
1*
d_GXHH_gup, G.X.X_H.H =

up! G-x-x *
d_GXH_gup, G X.
XHH_gup, G.X.X.H.H =

_GX d_GXX_u p
1~ X.H =
d_G

_up, G.X.X=1=*d

_GX _GXX_u p
1 * d_GXH_gup, G.X.X.H =
d

X

* d_GXXH_gup,

1* d_GXXHH_gup

* d_GXXH_gup,

1 * d_GXXHH_gup

* d_GXXH_gup,

1 * d_GXXHH_gup

* d_GXXH_gup,

_GXHH_gup, G.X.X.H.H = 1 * d_GXXHH_gup

dn, G.X.X =
d_GXH_gdn,
H

H_gdn,

_GX_ * d_GXX_dn
1= GXXH:]_
d_GX

G * d_GXX_dn
1 * d_GXH_gdn, G X.X.H =1
d_GXHH_gdn, G_X_X.H.H =

G * d_GXX_dn
1 * d_GXH_gdn, G X.X.H =1
d_GXHH_gdn, G_X_X.H.H =

dn, G.X.X =
d_GXH_gdn,
H

H_gdn,

_GX_ * d_GXX_dn
1= G X.X.H = 1
d_GX

* d_GXXH_gdn,
G.X.X.H.H = 1 * d_GXXHH_gdn

* d_GXXH_gdn,
1 * d_GXXHH_gdn

* d_GXXH_gdn,
1 * d_GXXHH_gdn

* d_GXXH_gdn,
G.X.X.H.H = 1 * d_GXXHH_gdn
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set  jobl2-ion=1-H_ up
conc N.X =1
resp H=1*dHup
resp G.H =1 * d_GH_hup, G.H.H =
G.X.H.H=1%* d_GXHH_hup, G.X.X.H =1 * d_GXXH_hup,
set  job09-ion=6-H_up
conc N.X =6
resp H=1*dHup
resp G.H =1 * d_GH_hup, G.H.H =

set  job06-ion=12-H_up

conc N.X = 12

resp H=1*dHup

resp G.H =1 * d_GH_hup, G.H.H =

set  job03-ion=24-H_up
conc N.X = 24
resp H=1*dHup
resp G.H =1 * d _GH hup, G.H.H =
G.X.H.H = 1 * d_GXHH_hup, G.X.X.H = 1 * d_GXXH_hup,
graph H-dn
set  jobl2-ion=1-H_dn
conc N.X =1
resp H=1%*dHdn
resp G.H =1 * d GH hdn, G.H.H =
G.X.H.H = 1 * d_GXHH_hdn, G.X.X.H = 1 * d_GXXH_hdn,
set  job09-ion=6-H_dn
conc N.X =6
resp H=1%*dH.dn
resp G.H =1 * d _GH_hdn, G.H.H =

set  job06-ion=12-H_dn
conc N.X = 12
resp H=1%*dH.dn
resp G.H =1 * d _GH_hdn, G.H.H =
G.X.H.H = 1 * d_GXHH_hdn, G.X.X.H = 1 * d_GXXH_hdn,
set  job03-ion=24-H_dn
conc N.X = 24
resp H=1*dH.dn
resp G.H=1

1 * d_GHH_hup,

1 * d_GHH_hup,
G.X.H.H =1 * d_GXHH_hup, G.X.X.H = 1 * d_GXXH_hup,

. 1 * d_GHH_hup,
G.X.H.H = 1 * d_GXHH_hup, G.X.X.H = 1 * d_GXXH_hup,

1 * d_GHH_hup,

1 * d_GHH_hdn,

1 * d_GHH_hdn,
G.X.H.H = 1 * d_GXHH_hdn, G.X_X.H = 1 * d_GXXH_hdn,

1 * d_GHH_hdn,

* d_GH_hdn, G.H.H = 1 * d_GHH_hdn,
G.X.H.H = 1 * d_GXHH_hdn, G.X_X.H = 1 * d_GXXH_hdn,

iset:joblz—ionzl—G_dn]

G,mM H,mM G_dn

1.20 10.8 9.2160
3.00 9.00 9.2120
6.00 6.00 9.2455
9.00 3.00 9.3150
10.8 1.20 9.3509

1.20 10.80 9.2183

T

T

T

-

-

-

d_GXH_hup,
1 * d_GXXHH_hup

d_GXH_hup,
1 * d_GXXHH_hup

d_GXH_hup,
1 * d_GXXHH_hup

d_GXH_hup,
1 * d_GXXHH_hup

d_GXH_hdn,
1 * d_GXXHH_hdn

d_GXH_hdn,
1 * d_GXXHH_hdn

d_GXH_hdn,
1 * d_GXXHH_hdn

d_GXH_hdn,
1 * d_GXXHH_hdn
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3.00
6.00
9.00
10.80

[set: job09-ion=6-G_dn]

WO WNO
(o2}
o

[set:job06-ion=12-G_dn]

G,mM
0.60
1.50
3.00

5.40

0.60
1.50
3.00
4.50
5.40

[set:job03-ion=24-G_dn]

ON 1O
N
(@]

H,mM
.40
.50
-00

wh O

o

.60

5.40
4.50
3.00
1.50
0.60

9.2147
9.2486
9.3171
9.3503

G_dn
9.2043
9.2074
9.2452
9.3129
9.3494

9.2066
9.2093
9.2244
9.3148
9.3473

G_dn
9.1999
9.2081
9.2490

©

-3463

9.2023
9.2109
9.2545
9.3165
9.3451

G_dn
9.2058
9.2204
9.2605
9.3101
9.3386

9.2071
9.2212
9.2583
9.3131

iset:joblZ—ionzl—G_up]

G,mM
1.20
3.00
6.00
9.00
10.8

1.20
3.00
6.00
9.00

H,mM
10.8
9.00
6.00
3.00
1.20

10.80
9.00
6.00
3.00

G_up
7.7880
7.9071
8.2431
8.5919
8.7503

7.8072
7.9170
8.2529
8.5979
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10.80

[set:job09-ion=6-G_up]

G,mM
.90
.25
.50
.75
.10

WO A~NO

-90
.25
.60
.75
.10

WO WNO

[set:job06-ion=12-G_up]

(63}
N
o

abrhwWRFLO
o
o

[set: job03-ion=24-G_up]

G,mM
.30
.75
.50
.25
.70

NNFL OO

.30
.75
.50
.25

NF, OO

1.20

H,mM
.10
.75
.50
.24
.90

ONI~OO®

.10
.75
.40
.25
-90

ON 01O 0

H,mM
.40
.50
.00

wh O

o

.60

OFrRr WhOO
o
o

H,mM
.70
.25
.50
.75
.30

OOFLNN

.70
.25
.50
.75

OFRL NN

8

.7457

G_up

7
7
8.
8
8

7
7
8.
8
8

.8575
.9712
2682
.5952
.7533

.8694
-9683
1273
.6013
.7426

G_up

7
8
8

(o]

7
8
8
8
8

.9429
-0502
.3144

.7542

.9581
.0616
.3396
.6265
.7491

G_up

8
8
8
8
8

8
8
8
8

.1045
.2016
-4096
.6320
.7516

.1021
.1968
-3940
.6428

tset:joblZ—ion=1—H_dn]

G,mM
1.20
3.00
6.00
9.00
10.8

1.20
3.00
6.00
9.00
10.80

[set:job09-ion=6-H_dn]

H,mM
10.8
9.00
6.00
3.00
1.20

10.80
9.00
6.00
3.00
1.20

H_dn

-9083
.8521
.7400
.6825
.6692

-9071
.8553
.7441
.6873
.6734
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WO WNO
D
o

[set:job06-ion=12-H_dn]

G,mM
0.60
1.50
3.00

5.40

0.60
1.50
3.00
4.50
5.40

[set:job03-ion=24-H_dn]

ON IO
N
(@]

H,mM
.40
.50
.00

W h O

o

.60

5.40
4.50
3.00
1.50
0.60

H_dn
6.9078
6.8504
6.7484
6.6910
6.6738

6.9080
6.8593
6.7968
6.6965
6.6808

H dn
6.9097
6.8569
6.7641

)}

-6868

6.9073
6.8578
6.7627
6.7071
6.6907

H dn
6.9128
6.8693
6.7983
6.7423
6.7213

.9152
.8740
.8026

6
6
6
6.7426

iset:joblZ—ion=1—H_up]

G,mM
1.20
3.00
6.00
9.00
10.8

1.20
3.00
6.00
9.00
10.80

[set:job09-ion=6-H_up]

G,mM
0.90

H,mM
10.8
9.00
6.00
3.00
1.20

10.80
9.00
6.00
3.00
1.20

H,mM
8.10

H_up
6.8315
6.7647
6.6266
6.5549
6.5378

6.8297
6.7683
6.6315
6.5604
6.5427

H_up
6.8298
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.25
.50
.75
.10

WO AN

-90
.25
.60
.75
.10

WO WNO

[set:job06-ion=12-H_up]

ol
N
(@]

abrhwWkFLO
o
o

[set: job03-ion=24-H_up]

G,mM
.30
.75
.50
.25
.70

NNFP, OO

-30
.75
.50
.25
.70

NNFP, OO

[end]

DynaFit output: Model discrimination table

.75
.50
.24
-90

ONP~O

.10
.75
.40
.25
-90

ON OO

H,mM
.40
.50
.00

wh O

o

.60

OFrRr WhOO
o
o

H, mM
.70
.25
-50
.75
-30

OO FLNN

.70
.25
.50
.75
-30

OOFLNN

.7612
.6362
-5649
.5436

[N Ne e

.8295
.7716
.6955
.5713
.5517

DO,

H_ up
6.8312
6.7676
6.6545

[0}

.5592

.8280
.7685
.6525
-5840
.5637

DO,

H up

-8338
.7812
.6942
.6262
-6005

[N N N Nel

.8363
.7863
.6998
.6265
.6005

[N No N Nepl

The following model discrimination table was generated by DynaFit [REF] upon executing

the input script file immediately above.

Legend:

Model: Binding mechanism as described in the above script.
np: Number of data points
np: Number of adjustable parameters

SS..: Relative sum of squares
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e AIC.: Second-order Akaike Information Criterion

e A AIC.: Difference in the second-order Akaike Information Criterion; optimal

model is assigned A AIC. = 0.

e weight: Akaike weight (between 0 and 1), or statistical probability that the given

candidate model is the "true" model.

Model Np Np SSy AIC. AAIC, weight
[1] Gibson 153 6 27.029 -386.2 456.4 0
[2] GH 153 5 35437 -347 4956 0
[8] GH-GHH 153 10 2.807 -723.7 118.9 0
[4] GXH 153 5 36.894 -340.8 501.8 0
[6] GXH-GXHH 153 10 2.149 -7645 78.1 0
[6] GXXH 153 5 167.018 -109.8 732.8 0
[7] GXXH-GXXHH 153 10 18.045 -439 403.6 0
[8] GH-GXH 153 10 19.268 -428.9 413.7 0
[9] GH-GXH-GXHH 153 15 1.788 -780.5 62.1 0
[10] GH-GHH-GXH 153 15 1.668 -791.2 514 0
[11] GH-GHH-GXH-GXHH 153 20 1.378 -807.3 35.3 0
[12] GXH-GXXH 153 10 18.378 -436.2 406.4 0
[13] GXH-GXHH-GXXH 153 15  1.243 -836.1 6.5 0.018
[14] GXH-GXXH-GXXHH 153 15 1.341 -8245 18.1 0
[15] GXH-GXHH-GXXH-GXXHH 153 20 1.117 -839.5 3.1 0.101
[16] GH-GXXH 153 10 19.48 -427.3 4153 0
[17] GH-GHH-GXXH 153 15 1.492 -808.2 344 0
[18] GH-GXXH-GXXHH 153 15 1.5 -8074 352 0
[19] GH-GHH-GXXH-GXXHH 153 20 1.15 -835 7.6 0.01
[20] GH-GXH-GXXH 153 15  18.27 -4249 417.7 0
[21] GH-GHH-GXH-GXXH 153 20 1.27 -819.8 228 0
[22] GH-GXH-GXHH-GXXH 153 20 1.129 -837.9 4.7 0.044
[23] GH-GXH-GXXH-GXXHH 153 20 1.267 -820.2 224 0
[24] GH-GHH-GXH-GXHH-GXXH 153 25  1.058 -833.7 8.9 0.005
[25] GH-GHH-GXH-GXXH-GXXHH 153 25 1.006 -841.3 1.3 0.251
[26] GH-GXH-GXHH-GXXH-GXXHH 153 25 1.038 -836.6 6 0.024
[27] GH-GHH-GXH-GXHH-GXXH-GXXHH 153 30 1 -827 156 0
[28] GXH-i-GXXH-GXHH 153 14  1.243 -838.6 4 0.064
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[29] GXH-i-GXXH-GXHH-i-GXXHH 153 18 1.133 -842.6 0 0471
[30] GH-i-GXH-i-GXXH-GHH-i-GXHH--GXXHH 153 26  1.029 -834.9 7.7

Note that the optimal model (#29) is not the model associated with the lowest sum of
squares (SS,q = 1, model #27).

Equality of Activities and Concentrations

When studying the complexation between host and guest species to obtain association
constants (K, values), the general assumption is that concentrations can be used directly
in the equations describing these interactions. For uncharged species this assumption
often holds true, since specific intermolecular interactions are weak for neutral molecules.
In contrast, charged species interact with long-range Coulomb forces, which can influence
the measured equilibrium constants.®® As the concentrations of charged species are
increased, the investigated equilibria will be influenced by medium effects to a greater
degree. Therefore, correction factors, in the form of activity coefficients, must then be
introduced into the equations to account for the Coulomb forces between the charged
species in solution. Under ideal conditions, the host and guest molecules are
uninfluenced by their environment, i.e., solvent molecules, other solutes, electric fields,
etc., in which case the activity coefficients are unity, and the activity becomes equal to
the concentration. Because the present study involves charged species, the conditions
are not ideal, and the use of concentrations (instead of activities) in the binding

equations must be justified.

Solvent Effects. To evaluate the forces affecting the ions in solution, by way of the
activity coefficients, several methods can be employed,**>* such as the Coulomb

interaction energy, the Born energy of solvation, the Bjerrum theory of ion association,
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and extended Debye-Hiickel theory (listed in order of increasing complexity). The first
two methods give only the repulsive energy of two ions in solution; therefore other
approximations regarding average ion distance and ion size have to be used. Bjerrum
theory yields the degree of dissociation, whereas extended Debye-Hiickel theory yields
the activity coefficients directly.>?

The current investigation deals with the equilibria of G**, X~, GX*, and GX, (Equations 1
and 2) in Me,CO solution in concentrations up to 25 mM. Note that only GX; is

uncharged.

G+ X =GX* (1)

GX'+X =GX, (2)

Most theories regarding ion dissociation have been developed for spherical ions
dissolved in water.5>> A general theory dealing with the solvation of non-spherical
complex organic salts in organic solvents, which would be applicable to the present
situation, is not available. Furthermore, the water content, absorbed from the ambient
environment, plays a large role in the ability of a given organic solvent to solvate ions,*®
making it hard to generalize any theory unless strict precautions are taken and a
standard method of drying is observed. In order to overcome these difficulties, two
extreme cases will be treated as models for the system under investigation.

Pure Coulomb interactions will be used to illustrate the worst case scenario, in which
the specific interactions between ionic species in solution are at their greatest. As this
treatment yields a repulsive energy, and not the activity coefficient, the influence will be
based on a comparison with k7. Any interaction energy below 2kT will be deemed
insignificant.*?

Extended Debye-Hiickel theory will be used to represent the most optimistic model, in

which the specific interactions between ionic species in solution are at their lowest.
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Because this equation accounts for water as the solvent under standard conditions, this
treatment will vastly overestimate the ability of our system to solvate ions in Me,CO.
Since the perturbation of the apparent equilibria is proportional to the charge squared
of the complexing species (Equations 3 and 4), the medium effects will be most extreme
in the equilibria involving the species with the greatest charge. Thus, if the
approximation that the activity coefficients are equal to unity holds for Equation 1, it will

also hold for Equation 2. Therefore only the equilibrium of Equation 1 will be treated.*?

Coulomb’s Law and Extended Debye—Huckel Theory Applied. To evaluate the
interaction energy between two doubly-charged ions in Me,CO, Coulomb’s law (Equation

3) is applied.®?

(3)

E. is the Coulomb energy, z;is the charge of the ion, ¢, is the relative permittivity, and r
is the distance between ions. The dielectric permittivity of acetone is 20.56 and the
average distance between ions is directly given by the concentration.® Thus, the
Coulomb energy can be calculated as a function of concentration as done in Figure S5b,
where the energy is plotted on a kT scale. For bimolecular interaction energies below
3/2KT, the molecules will be dissociated.*?

When calculating the intermolecular distance, the molecules are treated as point
charges. The assumption of point charges yields the highest possible energy and is
justified in this concentration range, as the mean intermolecular distance is well above
100 times the length of the longest axis of the molecule.®*

The most optimistic model for the medium effects in the present system would be to
calculate the medium effects for the equilibrium in Equation 1 in water (¢, = 78.36).%

This objective is accomplished using the extended Debye-Hiickel equation (Equation 4),

which yields the activity coefficients of the ions in solution.®> In the extended Debye-
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Huckel law, A, B, and C are empirical parameters, z; is the charge of the ion, and I is the

ionic strength.

log( )_A|Z+Z_|'1% +C-1
W)= 1+B-1" (4)
Iz%Zziz[Z—g]
! (5)

The ionic strength (I) is calculated (Equation 5) from the charge of the ions and the
respective molalities. Using the definition of the equilibrium constant in terms of
activities, chemical potential, and mean ionic activity constants (yx), the effective

correction to the determined equilibrium constant can be derived as shown in Equation 6.

o o roxt] 1 fox]
a, ag  y X |rl6¥] v X l6%]

(6)

The derivation shows that we only have to evaluate the activity coefficient for G** in
the equilibria of interest to obtain a decent estimate of the medium effects. This exercise
can be achieved®® using Equation 4 with A = —0.509, B = 0.328 and C = 0. Since the

ionic strength is a function of concentration, Equation 4 can be plotted as a function of

concentration as shown in Figure S5a.
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Figure S5. a) The mean ionic activity coefficient of G** calculated using extended Debye-
Hickel theory as a function of total concentration of GX,. b) Coulomb interaction energy

(repulsive) in the unit of kT, as a function of total concentration of GX,.

It should be noted that activity coefficients were calculated using the extended Debye-
Hickel equation utilizing solvent parameters for water when there exist solvent
parameters for acetone. Choosing the solvent parameters for water in the extended
Debye-Hlckel equation illustrates the best cast scenario, in which the specific interactions
between ions are at their lowest. Using the solvent parameters for acetone would have
underestimated the values for the activity coefficients, since these parameters are
determined for dry acetone, and our studies utilized wet acetone. In wet acetone, the
presence of water molecules increases the ability of the solvent to shield charges, and
therefore the specific interactions between ions in wet acetone will be less than in dry
acetone. The actual value of the activity coefficients for the current work are likely
somewhere in between the values calculated using the solvent parameters for water and
dry acetone. But as was stated above, the activity coefficients calculated in water are the
best case scenario, and therefore represent an upper limit for the activity coefficient

values for comparison purposes only.
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Conclusion. The results of the theoretical analysis are shown in Figure S5. It is

readily seen from Sla that the extended Debye-Hickel theory yields a value of ~30 mM

for the set boundary of 10 % deviation (intersection of red lines), and the Coulomb model

(S1b) shows only negligible association for concentrations below 20 mM, since the

interaction energy exceeds 2kT at exactly this concentration (intersection of red lines).

We assume that the actual system lies between the two borderline cases presented

here. This assumption allows us to conclude that approximating the activity coefficients

equal to 1 for total concentrations of GX, below 20 mM is valid.
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