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Abstract
Iodine clocks are fascinating nonlinear chemical systems with a glorious past and 
a promising future. The dynamic removal of iodine from these systems by differ-
ent means can have important consequences for their reaction dynamics, and could 
be exploited for  time-controlled autonomous  dissipative self-assembly. Here, the 
untapped opportunities offered by iodine clocks for materials science,  especially 
for the time-programming of supramolecular assembly and sol–gel transition, are 
reviewed and discussed  with the hope of arousing the interest on the subject and 
stimulating new research directions.

Keywords  Clock reactions · Systems chemistry · Soft matter · Autocatalysis · 
Supramolecular complexation · Gels

Introduction

Iodine clocks are chemical systems in which iodine1 is a reaction product (the “clock 
species”) which becomes measurable after a certain time lag. The changes in iodine 
concentration can be associated with changes in pH and redox potential. Following 
the taxonomy proposed by Horváth and Nagypál [1], it is then possible to distinguish 
between substrate-depletive clocks (e.g. the iodide–hydrogen peroxide–thiosulfate 
system, Landolt-type systems), autocatalysis-driven clocks (e.g. the iodate–thiocy-
anate reaction) and pseudo-clocks (e.g. the chlorite–iodide reaction). Here we take 
the liberty to introduce the expression “inverse iodine clock” to indicate systems, 
such as the chlorite–iodide reaction, in which iodine consumption rather than pro-
duction is the main kinetic event.
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Despite their unquestionably great relevance for the field of  chemical kinet-
ics itself [2], for the development of analytical tests [3], and for pedagogical dem-
onstrations [4], clock reactions and oscillating chemical systems in general (not only 
“iodine” ones) have not yet received the attention they deserve from the materials 
science community. The goal of the present work is to discuss, without claiming to 
be exhaustive, the relevance of iodine sequestration for iodine clocks and how this 
can lead to great opportunities for materials-oriented applications.

Relevance of iodine complexation in iodine clock systems

The solubility of iodine I2 in water is relatively low (around 0.29 g  L−1 at 20  °C 
[5]), but it reacts readily with iodide ions I− to form the triiodide ion I3

− (and other 
poly(iodides)), a relatively hydrophobic charge–transfer complex, according to the 
equilibrium (Eq. 1):

The addition of I3
−-complexing agents to a mixture of iodine and iodide can 

increase the formation of triiodide by disrupting this equilibrium. The ability 
of iodine to form supramolecular complexes with a variety of small (e.g., cyclo-
dextrins) and polymeric molecules (e.g., amylose, poly(ethylene glycol) PEG, 
poly(vinyl pyrrolidone) PVP, poly(vinyl alcohol) PVA) is very well known [6]. Its 
relevance, both theoretical and practical, is great in fields as diverse as medicine 
(e.g. topical antiseptics, radiopaque materials), materials science (e.g. polarizers, 
electrochemical cells) and, obviously, analytical chemistry (the iodine–starch test, 
iodometry).

Among iodine–polymer complexes, the one with amylose (a component of 
starch) is possibly one of the most popular thanks to its usefulness as a color test. 
The intense blue-black color of the iodine–amylose complex has been used to mark 
the set-off times of iodine clocks since the pioneering work of Harcourt and Esson 
in 1866 [7]. However, the subtle effects of iodine removal (including by means of 
complex formation) on the dynamics of iodine clocks started to be recognized only 
from the 1990s.

Discussing the oscillations produced by the iodate–hydroxylamine reaction in a 
continuous-flow stirred tank reactor (CSTR), in 1990, Rábai and Epstein explicitly 
mentioned the effect of dynamic iodine removal from the system, in that case by 
volatilization, on the reaction behavior and made a relevant hypothesis:

The essential role of iodine evaporation is another special feature of this sys-
tem. The removal of one species from the CSTR, not only by the common 
output flow but also selectively in another way, may be a useful approach to 
generating new oscillators. Evaporation of bromine plays a key role in sev-
eral modified BZ-type oscillator in a closed system. One may also envision 
systems in which the selective removal occurs not to the gas phase but to an 
immiscible liquid phase or by precipitation, as may occur with MnO2, in the 
family of permanganate oscillators. Perhaps the most important instances of 
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this phenomenon may occur in biological oscillators where different prod-
ucts can be excreted through membranes at very different rates. [8]

It is noteworthy that iodine removal by volatilization plays a central role also 
in the decomposition of acidic hydrogen peroxide catalysed by iodate and iodine, 
that is the Bray–Liebhafsky (BL) system [9, 10], the first known homogeneous 
oscillating chemical reaction. The BL reaction features oscillations in iodine con-
centration, and bursts of oxygen. These latter, apart from complicating the reac-
tion mechanism, contribute to iodine losses due to evaporation, which in turn 
influence the oscillating behavior of the system [11, 12].

In the oscillating Briggs–Rauscher (BR) system (which involves hydrogen 
peroxide, iodate, divalent manganese Mn2+ as a catalyst and malonic acid as a 
substrate), starch is often used to show the abrupt increase in iodide as a sudden 
change from amber (free iodine) to dark blue (amylose–triiodide complex) [13]. 
Recently, however, the passive role of starch has been questioned by the work of 
Csepei and Bolla [14]. Compared to the starch-free BR system, both the number 
and the period of oscillations increased in presence of starch, and the iodine con-
sumption (by reaction with malonic acid) within one period of oscillation was 
also significantly slower. Thus, it is suggested that in the BR system starch might 
act as an iodine reservoir, affecting the reaction steps in which iodine is involved 
(Fig. 1).

Fig. 1   A, B Oscillations recorded in a Briggs–Rauscher mixture without (A) and with (B) 0.48 mg mL−1 
of starch. C, D Effect of malonic acid concentration on the oscillations number (C) and time (D) in pres-
ence and absence of 0.48 mg mL−1 of starch. Reproduced and adapted with permission from [14]
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Back in 1990, “the first unambiguous experimental evidence of a Turing struc-
ture” was reported by Boissonade, De Kepper and collaborators for the chlo-
rite–iodine–malonic acid (CIMA) reaction in an open gel reactor [15] (Fig.  2A). 
Two years later, Lengyel and Epstein were able to rationalize the formation of such 
reaction–diffusion patterns as resulting from the

introduction of a reagent that reversibly forms an unreactive, immobile com-
plex with the activator species […] making it possible to produce Turing pat-
terns in systems that would not otherwise exhibit such structures [16].

That reagent was starch, which by complexing iodine acted at the same time 
as a visual indicator and reduced the effective diffusion coefficient of the activa-
tor (iodide) relative to the inhibitor (chlorite), allowing the formation of Turing pat-
terns. Further studies showed that the same effect could be obtained by substituting 
starch with PVA [17], or using highly-crosslinked gels [18]. More recently, quater-
nary alkylammonium cationic amphiphiles, both as micelles (n-dodecyltrimethyl-
ammonium bromide) and as polymers (based on N,N-dimethylaminoethylacrylate 
methyl chloride quaternary salt) incorporated in inert gels were also used to generate 
Turing patterns, trapping the iodide activator as counterion and reducing its diffusiv-
ity [19] (Fig. 2B).

The CIMA reaction is not the only system allowing to produce spatiotemporal 
patterns by iodine trapping. In 1994, Horváth and Showalter used α-cyclodextrin 
(α-CD), another iodine-complexing agent, to alter the diffusivity of the autocatalyst 
iodide in the iodate-arsenous acid (IAA) reaction in a gel medium, leading to lateral 
instabilities and the formation of cellular fronts on otherwise stable waves. The use 
of gelled media suppressed hydro-dynamic effects, generating pure reaction–diffu-
sion fronts [21]. In 2002, Forštová et  al. investigated in more detail the effect of 
complexation with starch on front propagation in the gelled IAA system and how it 
modifies the structures produced when an electric field is applied. They showed, by 
means of both experiments and simulations, that

Fig. 2   Turing patterns enabled by iodine sequestration in the CIMA reaction performed in open gel reac-
tors. The iodine-complexing agent is A starch (historical image from December 1989, reprinted with per-
mission from [20]), B a co-polymer containing N,N-dimethylaminoethylacrylate methyl chloride quater-
nary salt. Reprinted with permission from [19]. Copyright 2011 American Chemical Society
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[…] starch, usually considered as an inert compound utilized only to indicate the 
progress of the wave propagation and the mixture composition, actually affects 
the propagation velocity and, when an electric field is applied, the reaction stoi-
chiometry as well. We assumed that starch enters the reaction–diffusion mecha-
nism via the formation of immobile complexes with both I2 and I3

−. The addition 
of starch reduces the effective diffusion coefficients of some of the reacting spe-
cies, […] slowing down the velocity of propagation of the fronts, with a greater 
reduction in speed as more starch is used in the reaction mixture. [22]

 
In 2017, Sebestikova et al. [23] reported a similar tendency for a non-gelled IAA 

reaction system, in which the fronts propagated due to the reaction–diffusion–con-
vection coupling. A decrease of both vertical and horizontal velocities was observed 
for increasing starch concentration up to 0.15%, then the velocity became independ-
ent from starch concentration, suggesting that only a certain amount of the produced 
iodine is available for the complexation reaction (Fig. 3). Under such conditions, the 
iodine-generating Dushman reaction [24] (Eq. 2) should produce locally an amount 
of iodine higher than that could be immediately consumed by the Roebuck reaction 
[25] (Eq. 3):
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Fig. 3   Evolution of experimentally observed patterns in the IAA reaction for different starch concentra-
tions. Reproduced with permission from [23]
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A dramatic effect of iodine sequestration by complex formation was recently 
demonstrated also for the chlorite–iodide (CI) reaction, an “inverse iodine clock” 
in which the accumulation of iodine is accompanied by its abrupt disappearance. Its 
basic mechanism has been established in 1906 by Bray [26] (Eqs. 4–6):

Further kinetic investigations made by Kern and Kim in 1965 pointed out the role 
of iodine as an autocatalyst [27]. The CI reaction is best known for its “crazy clock” 
[28] (or “pseudo-clock” [1]) behavior, that is irreproducible time lag, due to a high 
sensitivity to mixing conditions.

In 2019, Panzarasa et al. [29] reported an innovative study on the effect of iodine 
sequestration on the CI reaction (Fig. 4). Instead of carrying out the chlorite–iodide 
reaction in acetate buffer (pH ≤ 5), δ-gluconolactone (GL, a cyclic ester) was used as 
a slow acid generator (Eq. 7).

In these conditions, the pH increased alongside iodine formation but then 
dropped upon the sudden disappearance of the latter. The dynamics of this transient 
pH change were found to be dependent on the cyclic ester concentration (Fig. 4A 
and B). Moreover, iodine complexation was achieved by substituting the iodide salt 
(usually sodium or potassium) with tetraalkylammonium (or phosphonium) iodides 
with different linear aliphatic chain lengths (from methyl to butyl). Quaternary 
ammonium (or phosphonium) cations interact electrostatically with the negatively 
charged, hydrophobic triiodide ions, forming salts with a water solubility depending 
on the aliphatic chain length, in the order: methyl ≈ ethyl ≫ propyl ≫ butyl. Thus, 
using tetrapropyl- and tetrabutylammonium (or phosphonium) iodides as reactants, 
iodine precipitates and the reaction course can be followed by turbidity measure-
ments. The sequestration of iodine resulted in delayed, less intense and more broad-
ened pH bursts (Fig. 4C and D), possibly because of the role of iodine as an auto-
catalyst. Similar behavior was observed using sodium iodide as a reactant and α-CD 
as complexing agent.

Iodine sequestration by precipitation can be achieved also through the forma-
tion of insoluble metal iodides, such as mercury(II) iodide or silver(I) iodide. This 
approach has been used to investigate intermediate reaction species (e.g. in the BL 
reaction [30]) as well as to delay or inhibit the appearance of iodine in the Landolt 
reaction, as in the popular “Old Nassau” demonstration [31]. A dramatic inhibitory 
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effect of mercury and silver ions on the iodate–arsenious acid reaction has also been 
reported [32].

Applications of iodine clocks to materials systems

Nonlinear and periodic (bio)chemical phenomena are widespread in living sys-
tems. They are necessary to regulate and maintain vital processes such as cyrcadian 
rhytms, hormonal cycles, and homeostasis, as well as to grow structures. Living 
organisms are masters of making complex materials through a careful and selective 
use of feedback processes such as autocatalysis and self-inhibition, leading to spatio-
temporal organization continuously fueled by dissipation of chemical energy. The 
design of artificial dissipative self-assembly systems is a way to mimic these pro-
cesses and, as such, is one of the most attractive and challenging fields of research in 
contemporary materials science [33]. Of the different clock reactions that have been 

Fig. 4   A Evolution of iodine concentration (from the absorbance at 460 nm) and pH over time for the 
chlorite–iodide (CI) reaction in the presence of 50 mM δ-gluconolactone (GL). b Evolution of pH over 
time for the CI reaction with decreasing GL concentrations. C Evolution of turbidity and pH over time 
for the chlorite-tetrabutylammonium iodide (C-TBAI) reaction in the presence of 50 mM GL. D Evolu-
tion of pH for the C-TBAI reaction with decreasing GL concentrations. The moment of GL addition is 
marked by an asterisk. Reproduced from [29], with the permission of AIP Publishing
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applied to colloidal and soft materials to make programmable autonomous dissipa-
tive systems [34–42], here the focus will be given to iodine-based ones.

Colloidal systems

Possibly the first report on the deliberate use of an iodine clock to trigger self-assem-
bly by supramolecular iodine complex formation is a demonstration published in 
1967, in which poly(ethylene glycol) (PEG, 4 kDa) is used to precipitate the iodine 
generated by the Landolt (iodate–bisulfite) reaction (Eq. 8) [43]:

From the original article [44]:

Add B [mix 5.0 mL of 0.08 M KIO3 (in 0.5 M H2SO4) with 50 mL of water] to 
A [mix 4.0 mL of 0.25 M NaHSO3 with 100 mL of 5% aq-polyethylene glycol 
(PEG 4000)] and swirl briefly to mix the solutions. Immediately on mixing a 
homogeneous water-white solution results, which after a short time instantane-
ously turns to a yellowish-red color. A second or so later there is an instatane-
ous formation of a chocolate-brown precipitate. The effects are dramatic and 
demonstrate the liberation of precipitating agent (yellowish-red triiodide ion) 
followed by the pptn. of the PEG–Iodine complex. At room temperature the 
color changes in 15–17 s. The time may be changed by altering the tempera-
ture or the concentrations. […] Polyethylene glycol polymers (PEG) HOCH2 . . 
(CH2OCH2)N . . CH2OH are water soluble and quantitatively precipitate iodine 
when N ≥ 67. (N = 67 to 83 for PEG 4000). It is proposed that one mole of 
iodine is bound to each ether linkage and these 1 : 1 insoluble complexes are 
similar to those in diethyl ether.

The idea of coupling an iodine clock with iodine complexation was re-explored 
in 2016 by Wang et al. for the dissipative self-assembly of supra-amphiphiles [45]. 
A hydrophilic block copolymer, methoxy-poly(ethylene glycol)113-block-poly(l-
lysine hydrochloride)200 (PEG-b-PLKC), was used to generate a supra-amphiphile 
PEG(I2)-b-PLKC. Upon iodine complexation, the amphiphilicity of the PEG seg-
ment changed from hydrophilic to hydrophobic while the PLKC segment remained 
hydrophilic, resulting in the formation of colloidal aggregates. These spherical 
aggregates could be detected only for an iodine concentration ≥ 0.06  mM, corre-
sponding to ca. 6.6% of the total PEG repeating units, and their diameter (meas-
ured by dynamic light scattering, DLS) was found to decrease for increasing iodine 
concentrations. A positive (+ 22.5  mV) zeta potential of the aggregates indicated 
the orientation towards the surface of the PLKC block, which could contribute to 
electrostatic stabilization. The formation of a PEG-I2 complex was confirmed by 
1H-NMR as a dramatic weakening and broadening of the otherwise sharp CH2 
peak of the PEG block at δ = 3.6 ppm. Thanks to this iodine-responsive behavior, 
a dissipative self-assembly could be obtained by coupling PEG-b-PLKC with a 
iodate–hydroxylamine oscillator in CSTR conditions, able to generate iodine in a 
time-dependent way without degrading the copolymer (Fig.  5A and B). Upon the 
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addition of PEG-b-PLKC to the iodate–hydroxylamine system, the period of the 
oscillations changed from 5.3 h to about 3.2 h. Although not discussed explicitly by 
the authors, this behavior can be easily rationalized as an effect of iodine sequestra-
tion: while in the original work of Rábai and Epstein [8] this was due to iodine vola-
tilization, in this case it was achieved by complex formation.

In a follow-up paper, also by Wang et  al. [46], the transient self-assembly of 
PEG(I2)-b-PLKC supra-amphiphile was studied in batch conditions instead of using 
a CSTR. To trigger the assembly, an unbuffered mixture of iodate and thiourea (the 
“fuel”) was added to a solution of PEG-b-PLKC, iodide and acid. Upon mixing, I2 
was rapidly produced by the Dushman reaction between iodate and iodide, resulting 
in a slight increase of pH. The coordination of I2 with the PEG segment of the block 
copolymer then resulted in the formation and self-assembly of the polymeric supra-
amphiphile PEG(I2)-b-PLKC, as already discussed. Meanwhile, thiourea would 
slowly reduce I2 to iodide by two acid-generating reactions (Eqs. 9, 10):

The rate of iodine consumption was mainly determined by reaction (10) and 
could be easily followed in time by UV–Vis spectrophotometry. Meanwhile, the for-
mation and dissolution of the aggregates could be observed by DLS. Changing the 
concentration of thiourea allowed to tune the lifetime of the transient aggregates, 
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2
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2
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2
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2
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2
O → 2SO

2−

4
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Fig. 5   A Schematic representation and B photographic sequence for the PEG(I2)-b-PLKC supra-amphi-
phile formation. Reprinted (adapted) with permission from [45]. C Schematic representation of the prep-
aration of supra-amphiphilic MWCNTs. D Photographic sequence showing the transient aggregation and 
redispersion of supra-amphiphilic MWCNTs. The aggregation happens very fast upon addition of the 
“chemical fuel”, while the redispersion can take from around 30 min to more than 1 h, depending on the 
concentration of reactants. Reprinted (adapted) with permission from [46]. Copyright 2018 American 
Chemical Society
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but had no impact on their average size. Furthermore, the aggregates could be 
reformed multiple times by repeated additions of the iodate–thiourea solution to the 
reaction system after I2 was fully consumed, but the system showed fatigue (that 
is, shorter lifetimes) due to accumulation of unreacted thiourea and increased iodide 
concentration.

In the same work, the influence of PEG and PLKC blocks length on the self-assem-
bly of PEG(I2)-b-PLKC was also studied. By decreasing the chain length of PEG from 
113 to 23, the diameter of the transient assemblies formed by PEG23(I2)-b-PLKC200 
was much larger (> 200  nm) compared to that of PEG113(I2)-b-PLKC200 ones 
(∼90 nm). Notably, PEG23(I2)-b-PLKC200 could only assemble into a few loose and 
irregularly-shaped aggregates (as shown by transmission electron microscopy), and 
DLS measurements suggested that their lifetime was shorter than that of the assem-
blies formed by PEG113(I2)-b-PLKC200. These differences may be due to the lower 
hydrophobicity and reduced stability of the iodine complex with PEG of lower 
molecular weight, in accordance with previous studies [44, 47]. On the other hand, 
the length of the PLKCn segment (n = 100 or 200) did not have an effect as straight-
forward on the size, shape and lifetime of the transient aggregates.

Eventually, a proof-of-concept application of the iodine clock-controlled dissi-
pative self-assembly of PEG113-b-PLKC200 was demonstrated by grafting the block 
copolymer onto carboxylated multiwalled carbon nanotubes (MCNTs). The result-
ing modified MCNTs were found to transiently aggregate upon the addition of the 
“chemical fuel” (iodate-thiourea solution), removing a model organic pollutant (rho-
damine B) from water. Upon I2 consumption, the modified MCNTs would spontane-
ously redisperse and could be used for another cycle of pollutant removal (Fig. 5C 
and D).

Gel systems

Gels have countless technological uses, from food to medicine, from energy genera-
tion to environmental remediation, from additive manufacturing to artificial tissues 
and organs. Gels are integral components of cellular living organisms, which have 
evolved a stunning ability to control the mechanical properties (viscosity, stiffness) 
of their cytoplasm, thanks to spatio-temporal control of gel formation as well as dis-
solution, as a result of internal metabolism (e.g. bacteria) or for movement purposes 
(e.g. amoebas). The design of systems with time-programmed sol–gel transitions is 
thus of exceptional theoretical and applicative relevance. However, tuning the time 
of sol–gel transition without compromising the structure and properties of the final 
gel remains challenging.

Clock and oscillating reactions have been coupled to pre-made gels to obtain 
chemomechanical oscillations, such as in  the seminal 1996  paper of Yoshida and 
collaborators on the BZ-powered self-oscillating gel [48], or as described in  the 
excellent 2014  work of Horváth where synergetic chemomechanical oscillations 
were  obtained by coupling pH-responsive gels with the Landolt iodine clock in 
a CSTR reactor [49]. The usefulness of pH clocks and kinetic switches to con-
trol gelation in time has been demonstrated using slow acid generators, such as 



1359

1 3

Reaction Kinetics, Mechanisms and Catalysis (2022) 135:1349–1364	

δ-gluconolactone [50], or, most often, using enzymatic systems such as urease-urea 
[51, 52].

Panzarasa, Riedel and collaborators were the first to report, in 2021, a new 
approach based on controlling supramolecular gelation with iodine clocks [41, 42]. 
Poly(vinyl alcohol) is known to make supramolecular complexes with iodine, very 
similar to those formed by amylose [53]. The addition of 5% PVA (130 kDa) to a 

Fig. 6   A  Mechanism of the IPT–PVA system. B Photographic sequence showing a typical color evo-
lution and gel formation in the IPT-PVA system. C Dynamic time sweep curve showing the evolution 
of elastic and dissipative shear moduli during gel formation. In (D) the corresponding photographic 
sequence (transparent rheometer plate) is shown. Reproduced and adapted with permission from [41]
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classical iodide–persulfate–thiosulfate (IPT) system led to the formation of stable 
PVA-I2 gels after an induction time governed by the iodine clock (Fig. 6A and B).

The IPT system is a substrate-depletive iodine clock, in which the appearance of 
iodine from the reaction between iodide and persulfate is retarded until complete 
consumption of the thiosulfate. The accumulating iodine then complexes with PVA. 
The crucial finding was that, in presence of a sufficiently high amount of PVA of 
suitable molecular weigth, this would eventually result in the formation of a stable 
network i.e. a gel. Thanks to the initial lagtime, it was possible to study the whole 
sol–gel transition process by means of rheology (Fig. 6C and D). The gelation time 
as well as the final mechanical properties of the gel could be tailored by tuning the 
iodine clock parameters, the molecular weight of PVA and by introducing com-
petitive iodine complexing agents, such as methyl-β-cyclodextrin. Furthermore, the 
gel was stable in water (due to the low solubility of iodine), but could be easily 
dissolved in presence of substances able to decompose iodine (e.g. thiosulfate) or 
extracting it in solution (e.g. methyl-β-cyclodextrin) [41].

Substituting the IPT clock with the iodate–hydroxymethanesulfinate 
(iodate–HMS) reaction led to another breakthrough, that is the discovery of frontal 
supramolecular polymerization [42]. The iodine clock behavior of the iodate–HMS 
system has been previously studied by Simoyi and collaborators, who identified also 
its acid- and iodine-autocatalyzed behavior (Fig. 7A) [54]. As other autocatalysis-
driven systems (e.g. the IAA and CI reactions), the iodate–hydroxymethanesulfinate 
reaction can be very sensitive to the reaction stoichiometry. In a relatively narrow 
range of concentrations, this reaction could behave either as an iodine clock or as 
an inverse iodine clock. Based on the results obtained with the IPT clock, Panzarasa 
and Riedel decided to investigate the effect of PVA addition on the reaction. To their 
delight, it resulted in the generation of self-propagating gels, stable or autonomously 
transient depending on the reaction conditions (Fig. 7B–D). It was found that the 
reaction could be either triggered by the external addition of acid, or programmed 
to activate autonomously using slow acid generators such as δ-gluconolactone. Fur-
thermore, in the iodate–hydroxymethanesulfinate–PVA system, thanks to autocatal-
ysis, both gel formation (Fig. 7E–G) and dissolution happen much faster compared 
to the IPT–PVA system, and spatio-temporal patterns can also emerge (Fig. 7H).

Fig. 7   A Simplified reaction mechanism of the iodate–HMS–PVA system. B–D Self-propagating reac-
tion fronts in the iodate–HMS–PVA system, showing the effect of the concentration of iodate and HMS 
on the formation of a stable gel, a transient gel, or of no gel (only free iodine). The green and red frames 
symbolize the predominant reaction pathway. The reaction is started by pipetting 7 μL of 50 mM sodium 
bisulfate, and the moment the acid drop touches the mixture is set as time t = 0. E Photographic sequence 
showing the formation of a stable PVA–I2 gel with δ-gluconolactone GL as slow acid generator. F, G 
Rheology plots of the iodate–HMS–PVA system with different concentrations of F GL, G sodium bisul-
fate as acid triggers. H Front instabilities and spatio-temporal patterns observed in the iodate–HMS–PVA 
system. The light green and pink colors of the reaction mixture are due to pH indicators (methyl yellow 
and bromocresol green). Reproduced and adapted with permission from [42]

▸



1361

1 3

Reaction Kinetics, Mechanisms and Catalysis (2022) 135:1349–1364	



1362	 Reaction Kinetics, Mechanisms and Catalysis (2022) 135:1349–1364

1 3

Conclusions

A variety of complex kinetic phenomena can arise from the coupling of iodine 
clocks with supramolecular complexation, which can be exploited for the time-pro-
gramming of supramolecular assembly and sol–gel transitions. This opens up new 
horizons for the design and development of active and adaptive materials. Given 
the huge variety of iodine clocks already known, the overincreasing interest for far-
from-equilibrium materials systems and the ability to program their autonomous 
behavior in time, already the examples discussed here demonstrate how productive 
this approach could be. Although it is difficult at present to divine what could be the 
next groundbreaking discoveries in this regard, it might be reasonable to point out at 
the use of time-controlled supramolecular iodine complexation for developing novel 
metal–iodine batteries [55] and thermo-electrochemical cells [56].
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