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June 23, 2023

Contents
1 Experimental section: Calibration S2

2 Supporting figures S2

3 Modeling S5
3.1 Eight-variable model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S5
3.2 Two-variable model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S5
3.3 Optimization of rate coefficients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S6

S1

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2023



1 Experimental section: Calibration
To be sure, that despite of adding absolute ethanol to the system, we measured appropriate pH values
we carried out control experiments. For this purpose we prepared solutions with different pH covering
the pH = 1-12 range using 10-90V/V% ethanol-water solvent ratio and recorded the potential. Later, we
compared the values recorded in the buffer solutions used for the two-point calibration and prepared with
deionized water.
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Figure S1: The comparison of the potential measured at different pH in case of deionized water and 10–90% ethanol–
deionized water as solvent. � : buffer solutions using pure deionized water; • : control measurements with 10-
90 V/V% water-ethanol compaund at different pH. It is observable that there is no difference between the solvents in
the view of the slope of the fitted line.

2 Supporting figures
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Figure S2: Time evolution of the [OH–] for imine ”B” with 1 mM initial reactant concentration. Initial pH decreases
from black to orange: 6.34 (black), 6.19 (red), 6.04 (blue), 5.88 (green), 5.62 (brown). Experimental measurements
are shown with solid lines and the simulated curves with dashed lines.
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Figure S3: Rate of OH– production as a function of pH for reactant mixture with ST = 1 mM, BT = OxT = 0 mM
(blue solid line) and for composition corresponding to 55 % conversion with ST = 0.446 mM, BT = OxT = 0.554 mM
(red dashed line).

Figure S4: The 1H NMR spectrum of the synthesized imine ”A” (500 MHz, CDCl3).

Figure S5: The 13H NMR spectrum of the synthesized imine ”A” (125 MHz, CDCl3).
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Figure S6: The 1H NMR spectrum of the synthesized imine ”B” (500 mHz, CDCl3).

Figure S7: The 13C NMR spectrum of the synthesized imine ”B” (125 mHz, CDCl3).
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3 Modeling

3.1 Eight-variable model
The differential equations for each species based on the governing equations of the 8-variable-model pre-
sented in the main text in Eqns. (2)–(8) are the following:

d[S]
dt

=−k1[S]+ k−1[SH+][OH−]− k6[S][OH−] (S1)

d[SH+]

dt
= k1[S]− k−1[SH+][OH−]− k2[SH+][OH−]− k5[SH+] (S2)

d[B]
dt

= k2[SH+][OH−]− k3[B]+ k−3[BH+][OH−]+ k6[S][OH−] (S3)

d[BH+]

dt
= k3[B]− k−3[BH+][OH−]+ k5[SH+] (S4)

d[Ox]
dt

= k2[SH+][OH−]+ k5[SH+]+ k7[Ox−]− k−7[Ox][OH−] (S5)

d[Ox−]
dt

= k6[S][OH−]− k7[Ox−]+ k−7[Ox][OH−] (S6)

d[H+]

dt
= k4 − k−4[H+][OH−] (S7)

d[OH−]

dt
= k1[S]− k−1[SH+][OH−]− k2[SH+][OH−]+ k3[B]− k−3[BH+][OH−]+ (S8)

+ k4 − k−4[H+][OH−]− k6[S][OH−]+ k7[Ox−]− k−7[Ox][OH−]

The autonomous ordinary differential equations given by Eqns. (S1)–(S8) that describe the temporal
evolution of concentrations have been solved by Copasi. For the stability analysis of the steady states and
their continuation in the parameter space, we have used the AUTO bifurcation program within the XPPAUT
package.

3.2 Two-variable model
Since the total imine concentration is ST = [S]+ [SH+], its temporal change is

dST

dt
=

d[S]
dt

+
d[SH+]

dt
=−k2[SH+][OH−]− k5[SH+]− k6[S][OH−] . (S9)

Using the equilibrium constant for Eqn. (2) as K1 =
[SH+][OH−]

[S]
with substituting in [S] = ST − [SH+]

or [SH+] = ST − [S] leads to

[SH+] = ST
K1

K1 +[OH−]
and [S] = ST

[OH–]

K1 +[OH−]
, (S10)

from which

dST

dt
=− ST

K1 +[OH–]

(
K1k5 +K1k2[OH–]+ k6[OH–]2

)
=−ST

K1k2[OH–]+K1k5 + k6[OH–]2

K1 +[OH–]
. (S11)

For the change in the total amine concentration, we can write

dBT

dt
=

d[B]
dt

+
d[BH+]

dt
= k2[SH+][OH−]+ k5[SH+]+ k6[S][OH−] =−dST

dt
(S12)
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and similarly for the salicylaldehyde with OxT = [Ox] + [Ox–] we obtain
dOxT

dt
= −dST

dt
with

[Ox–] = OxT
[OH–]

K7 +[OH−]
. Therefore,

BT = OxT = ST,0 −ST (S13)

where ST,0 is the initial total concentration of the imine. The concentration of hydrogen ion can always be
expressed from the concentration of hydroxide ion, therefore, besides Eqn. (S11), only the temporal change
in the hydroxide ion concentration (Eqn. (S8) has to be considered. From Eqns. (S1)–(S7), the temporal
change in the hydroxide ion concentration becomes

d[OH–]

dt
=

d[SH+]

dt
+

d[BH+]

dt
+

d[H+]

dt
− d[Ox–]

dt
. (S14)

From Eqn. (S10), we find

d[SH+]

dt
=

d
dt

(
ST

K1

K1 +[OH−]

)
=

K1

K1 +[OH−]

dST

dt
− K1ST

(K1 +[OH−])2
d[OH–]

dt
. (S15)

Similarly for the amine,

d[BH+]

dt
=

d
dt

(
BT

K3

K3 +[OH−]

)
=− K3

K3 +[OH−]

dST

dt
−

K3(ST,0 −ST )

(K3 +[OH−])2
d[OH–]

dt
, (S16)

for the hydrogen ion,

d[H+]

dt
=

d
dt

Kw

[OH–]
=− Kw

[OH–]2
d[OH–]

dt
, (S17)

and for the deprotonated form of the aldehyde

d[Ox–]

dt
=

d
dt

(
OxT [OH–]

K7 +[OH−]

)
=− [OH–]

K7 +[OH−]

dST

dt
+

K7(ST,0 −ST )

(K7 +[OH−])2
d[OH–]

dt
, (S18)

yielding for Eqn. (S14)

d[OH–]

dt
=

(
(K1−K3)[OH–]

(K1+[OH–])(K3+[OH–]) +
[OH–]

K7+[OH–]

)
dST
dt

1+ K1ST
(K1+[OH–])2 +

K3(ST,0−ST )

(K3+[OH–])2 +
Kw

[OH–]2
+

K7(ST,0−ST )

(K7+[OH–])2

. (S19)

3.3 Optimization of rate coefficients
Copasi software package is also used for the parameter adjustment by fitting the calculated OH–-concentra-
tion–time curves to all the experimentally measured data sets simultaneously using nonlinear least-squares
method with the Levenberg-Marquardt optimization for the minimalization. For imine ”A” from nine dif-
ferent experiments 4203 points and from imine ”B” from five different experiments 3820 points were used
to optimize the parameters. In the course of fitting the experimental curves, we have added an extra param-
eter ξ, which includes the uncertainty coming from the volume measurements of the viscous Schiff-base in
the sample. The upper limit of this value was set to 1.5 and the lower to 0.3 for the estimation. In case of
reversible steps the backward processes have been assumed to be diffusion controlled with fixed value of
2 or 5×108 dm3mol−1s−1. Literature value of 1×10−14 dm3mol−1s−1 has been used for Kw.
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