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Derivation of the numerical model

The simulations were made by the dimensionless equations derived from the Rabai model of

the pH oscillators (R1)-(R3)! and extended with (R4).

A" +H'" = HA (R1)
HA+B 2 {4+ P (R2)
C+B+H" —Q (R3)
S™+H" = HS (R4)

The corresponding rate equations are the following:

vy = ky[AT][H] = k_[HA] (1)
vz = (k2[H'] + k3)[HA][B] (2)

vs = ks[B][C][HY] (3)
vy = ky[ST][H] — k_4[SH] (4)



The state of Tank A and B can be described by the following set of equations:
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where [ ]x and | |xo are concentrations in Tank A and B and in their feed. The feedback
of the gel content on the state of the tanks is neglected as the volume of the tanks is much
larger than that of the gel.

The dynamics of the gel content is governed by the following set of equations:

OJA™] = —ky[A)[HY] + k_y[HA] + Dy~ A[A"] (11)
Oy[HA] = ky[AT][HT] — k-1 [HA] — (Ao[H'] + K5)[HA][B] + Dua A[HA] (12)

O[H"] = —ky [AT][H] + k-1 [HA] + (ko[H"] + k) [HA][B] — ks [B][C][H"]

— ka[STIH] + k_4([Slior — [S7]) + Dy+ A[HT] (13)

Oi[B] = —(k2[H"] + k3)[HAJ[B] — k3[BJ[C][H] + DpA[B] (14)

0i[C] = —ks[B][C][H"] + DcA[C] (15)

O[S7] = —ka[STIHT] + k_a([Seor — [S7]) + Ds-A[S7] (16)

with Dirichlet boundary conditions at the gel/tank surfaces, i.e.: [A7]u—0) = [A7]a and
[A ) (a=w) = [A"]g. Here [] denotes the space and time dependent concentration in the gel,
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The dimensionless variables are defined as ax = [A7|x/[Aliot, anx = [HA]x/[Alior, hx =
[H)x/[Aliot bx = Blx/[Aliats ex = [Clx/[Aliots axo = [A7]xo/[Alsots anxo = [HA]x0/[Alrct,
hxo = [H']xo/[Aliot, bxo = [Blxo/[Aleor; exo = [Clxo/[Alior, sx0 = [S7]x0/[Altor, @ =
[A7]/[Altor, an = [HA]/[Alior, b = [H']/[Alior, b = [B]/[Alcor, ¢ = [C]/[Altor, s = [S7]/[Alior
and s;; = [Sltot/[Altot, Where [Alior = [A7]x0 + [HA]xo and [Sliot = [S7]x0 + [HS]xo. The
dimensionless space (7, §) and time (£) coordinates are scaled by +/ko/D and ko, respectively.
Hereafter, dot, 9, and A denote the time derivatives and Laplacian, respectively.

The equations for the content of Tank A and B can be written as:

ax = —kKiaxhx + k-1apx + axo — ax (17)

anx = K1axhx — k1apx — (Kehx + Kh)anxbx + anxo — anx (18)
hx = —k1axhx + k_1anx + (Kohx + kb)anxbx — Ksbxcxhx

— Rysxhx + £_4(Stor — Sx) — hx (19)

bx = —(kahx + Kb)anxbx — Ksbxcxhx + bxo — bx (20)

¢x = —ksbxexhx + exo — ¢x (21)

Sx = —kasxhx + K_4(Stor — Sx) — Sx (22)

where axo + apxo = 1.



The equations for the content of the gel can be written as:

Oia = —ki1ah + k_1a, + Aa
Orap, = k1ah — k_1ay, — (Kkoh + Kb)apb + Aay,
Oth = —k1ah + k_1ap, + (koh + KY)anb — k3bch
— KaSh + K_4(Sior — ) + 4AR
Opb = —(Kah + KY)apb — K3bch + Ab
0:¢ = —krs3bch + Ac

Ors = —RKaSh 4+ K_4(Str — ) + 0.01As

(23)

(24)

(25)
(26)
(27)

(28)

The parameters are defined as: r; = ki[Alior/ko, k-1 = k_1/ko, ko = ko[A)2, /Ko, Ky =

Ky [Alor /Ko, k3 = k3[A)2, /ko, k1 = k4[Alwor/ko, k-4 = k_4/ko. The diffusion coefficients are

set to be equal for all species (D~ = Dya = D = D¢ = D) except for the hydrogen ions,

where Dy+ = 4D,? and for the polyacrylate, where Dg- = 0.01D.

The value of x; and x_; are set to 5 x 10'° and 5 x 10° respectively, which are calculated

by using the following kinetic parameter values for the protonation of sulfite ions: k; =

1019 mol~tdm3s~!, k_; = 10®>s~! and the typical set of experimental conditions, ky = 2 X

1073571, [A 7 ]iot = 10mM. The values of ko, Kb, k3, K4 and k_y are set to 5 x 10°, 5 x 10!,

5 x 103, 5 x 1019, 5 x 107 respectively.



Dependence of the simulated values of the width (d) of the

middle band of the M state on the width of the gel (w)
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Figure S1: Dependence of d on 1 at axo = 1, apao = 0, agg = 0.4, apgy = 0.6, cxg = 0,
bAO = 15, bBO =0 (V), at apg — 1, ApAQ — 0, agg — 04, apBo — 06, Cxo — 0, bAO = 18,
bBO =0 (V) and at app = 1, ApA0 = 07 apog = 027 apBo — 08, Cxo = 037 bAO = ]_5, bBO =0
(®). The solid lines show the results of fitted linear functions.



Dependence of the limits of the domain of oscillations on

the rate of the oxidation steps
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Figure S2: Dependence of the limits of the domain of oscillations on rate of the oxidation
steps. The rate constants are scaled by a factor r, as ke = 7 x 5 x 10°, k), = r x 5 x 10,
k3 =1 x 5 x 10°. The slope of the solid lines are —0.50(£0.01) and —0.48(=+0.01).



Simulated small amplitude oscillations
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Figure S3: Simulated small amplitude oscillations at ayg = 1, apao = 0, agg = 0.4, apgy =
0.6, cxg = 0.8, bag = 1.5, bgg = 0, w = 2.76. The figure shows only the middle part of gel.
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