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Spatial bistability and excitability in the chlorite-tetrathionate reaction in cylindrical and conical
geometries
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Spatial bistability and excitability in the chlorite-tetrathionate reaction, performed in gels fed by diffusion
from one boundary, have been extensively studied, both experimentally and numerically, in a flat annular
striplike geometry. We first complement these numerical results. Afterwards, we extend the calculations to the
cylindrical and conical geometries. In the cylinder, we compute the limits of bistability and of excitability
which are important for experiments in chemomechanics but cannot be directly measured. The results of the
simulations in the conical geometry agree with previous experiments on the corresponding setup. We show that
the characteristics of the traveling waves which spontaneously arise in the latter geometry provide a simple and
direct experimental access to these limits.
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I. INTRODUCTION periments on chemomechanics, a cylindrical gel was used
The chlorite-tetrathionate reactiqinereafter referred as [8]. In order to put in ev!dence thg key role.that the Sz€ of
CT) has become a prototype in the study of several classes g?e gel exerts on dynam|ca_1I behaw_or, experiments with inert
reaction-diffusion instabilities and dissipative structures ingeIS were alsq performed in a conical geom¢y]. More- .
chemical systems far from equilibrium. When the reaction o ver: this particular geometry allows to access to properties

achieved within an inert hydrogel in order to inhibit convec- ?eta?:?;;l oStIhZ::/\’/isvéhl'(l':Eisf(;r S?;?ﬁt\'lsgls ][532822 eC>(<)r:Ji|bdit gost 2ﬁ_
tion, it exhibits remarkable dynamical phenomena includin ’ Y b

front instabilities[1—3], spatial bistability{4], and long range %aneous nonstationary behavior and give rise to traveling

activation effects[5]. In the absence of a gel, reaction- waves close to the tip of the cone. Unfortunately, in these

diffusion-convection front instabilities have also been stud-?:é?élggifgigfs\;vmghd'sécglrjrt]':rt‘h%f gor?gﬁq?é;a“g:r?nilf Eg :]Ce.
led [6,7]. When the inert gel is replaced by a chemorespon-c ssed directl : In a gEevious work yit was ,shown that, in
sive gel, spontaneous changes of size and shape of this &l Y- P ' ’

were experimentally observed and explained on the basis ite of the system complexn.y, numer.|ca| modellng can re-
heuristic argumentg]. In the study of chemical patterns, it produce quantitatively the main dynamical features in the flat

is advisable to permanently sustain stationary nonequilib[Ing case[S]. In this paper, we shall first complement the

rium conditions. For this purpose, it has become common tnumerlcal work in this standard case. Then, we shall extend

use one sided fed reactal®SFRs. They are made up of a %he resuilts to a cylindrical gel in order to quantitatively esti-
piece of gel, with a boundary kebt in contact with the Con_mate the changes brought by this geometry. The simulations

tents of a continuous stirred tank react@STR) which is are further extended to the conical geometry and we discuss

maintained in a stationary state by the permanent flow o*he emergence of the spontaneous traveling waves as ob-

) - g -served in the experiments.
chemicals. Within the gel, the feeding of fresh reactants is In excess of chlorite, the kinetics of the CT reaction is

achieved by diffusion from this boundary. Such OSFR’s have el aporoximated by the followina overall balance equa-

been previously used for experiments on traveling wave%von_ PP y 9 q

[9,10], Turing patterns[11], spot splitting[12], chemical '

fronts digitation[13], and spatial bistability14]. 7 CIO, +2 540§‘+ 6 H,O—7CIr+8 sci‘+ 12 H
In the experiments of Ref§4,5,8, the CT reaction was in

fact operated in such reactors. Since the feeding of fresh @)
reactants results from the diffusive transport from the boundthe reaction rate of which is given 4{6]:

aries, the distribution of concentrations within the gel not dclos

only depends on the concentrations in the CSTR, but also on VR= - 1d[CIO;] = K[ CIO;][S,02 H* 2. 2)
the size and the geometry of this gel. Most of the systematic 7 dt

experimental studies of the CT in inert gels were worked outr, . o ionis strongly autocatalytic in HThus, in slightly

't?] aflatt quaIS|—.two_-r(:]|.m9nS|or:al 3“”(;“” dplece of gel fe(.j altongacid conditions, the reaction starts immediately, the level of
€ external nm. This IS a standard and very convenient g€+ j,-ra55eg rapidly, still increasing the reaction rate, so that

?me:ry tof ?ESGOVIY‘?[ the ?lsg:bugon dOf concegtr?tl'ons 35 3he transformation is completed within a short time. On the
unction of the distance to the boundarigs], but, in ex- contrary, in alcaline conditions, this reaction rate is so low

that no transformation occurs within a typical experimental
duration. Thus, if the input reactants are flowed into a CSTR
*Electronic address: boisson@crpp-bordeaux.cnrs.fr in alcaline conditions, no reaction will take place provided
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the initial contents are not acid. In the rest of the paper, we In order to properly model the kinetics, it was shoj#i
shall assume that these conditions are fulfilled in the CSTRthat the fast equilibrium

Let us now assume that a small piece of gel is kept in contact . _

with the contents of the CSTR. The volume of the CSTR is H™+OH =H;0 (3)

supposed to be large enough for these contents not to kfyq to be taken into account. In regard to fité of the acid
significantly affected by the state of the gel, so that an alca?tate in the experiments, the equilibrium

line state is maintained along the contact boundary. If the ge

contents are also initially alcaline, no reaction occurs within H* + SOf;‘ = HSG, (4)
the gel and the asymptotic composition will become identical

to the composition in the CSTR. This will be referred as theVaS als0 retained. The rate laws of these equilibria are, re-

“Flow” (or F) state. But, if the initial composition in the gel SPeCtively,
is acid, the reaction rate is strongly increased by the autoca- ve=K: = KJ[H*J[OH], (5)
talysis. Then, the reaction processes counterbalance the dif-
fusion so that the gel remains acid except within a narrow - -
’ b va=K[HSG,] - IG[H'][SC; . (6)

boundary layer that connects the acid bulk to the alcaline
boundary. This will be referred to as the “mixed” state or FTwith Eq. (2) this set of equations defines a six-variable
state. The “FT” name is an historical notation where the “T" model.
stands for the “thermodynamic” state that refers to the equi- The coupled dynamical equations for the concentrations
librium composition that would be asymptotically achievedin the CSTR and in the gel are, respectively,
in a closed system. Of course, if the gel “depth,"—i.e., the
size in the directions orthogonal to the feeding boundaries 9Cin _ f.(c) + (Cio ~ Gin) + G )
—is too small(typically smaller than the boundary layer at e '
depth, this FT state cannot be sustained, since the reaction
rate become smaller that the rate of the diffusive exchange%nd
with the CSTR. Thus, provided that the gel depth is large ac
enough, two different distributions of concentrations —— =fi(c)+ DV, (8)
' ! at

namely, F and FT, are stable for the same composition in the
CSTR inside a domain of parameters which depends both owhere ¢, Cjp, and ¢; are the concentrations of specigs
the “depth” and the feeding composition. This phenomenoriespectively, in the input flow, in the CSTR, and inside the
—here explained in the case of the CT reaction but which igel, D; is the corresponding diffusion coefficient,is the
quite generic for “clock reactions” exhibiting bistability in a residence time of the CSTR, and tligs are the reaction
CSTR —is referred to as “spatial bistability” and has beenrates given by Eqg2)—(4). In the right-hand side of Eq7),
extensively studied in the chlorine-dioxide-iodide reactionthe three terms represent the change of the concentrations per
[14], the CT reactioj4,5], and in toy model§17—2Q. For a  time unit. The first term gives the contribution of the reac-
more comprehensive theory, see Ré#]. tion. The second one represents the input and output flows of

In addition, the CT reaction exhibits another specific be-the species. It contains all the expandable control parameters
havior. The autocatalytic species’ Hiffuses much faster of the system, namely; and thec;,. The third one represents
than the reagentsﬁ%‘ and CIQ, so that there are two the feedback of the gel contents on the CSTR and is propor-
antagonistic effects: on one hand, an acid perturbation tendional to the diffusion flow of the species through the surface
to propagate faster, on the other hand, the exchange raté§ contact. It was previously showid4] that, since the vol-
between the gel and the CSTR are higher fértkn for the  ume of the reactor is large in regard to the gel volume, this
substrates 3~ and CIG. This interplay, due to the long term can be neglected, specially in the pararameter domain
range activation, eventually leads to singular dynamicson which we shall focus. Thus, in the following, we shall
When thepH in the CSTR is increased, the FT state become&ssumes;=0, so that Eq(7) can be solved independently to
unstable at the limit of the F/FT bistability domain, but still provide a Dirichlet boundary condition for E(B).
remains excitable over a large range of this control param- In all computations, we shall fix the residence time of the
eter. By excitability, we mean that a small local perturbationCSTR to 7=600 s, the concentrations in the input flow to
applied to a stationary stable state rapidly increases by ECIO3]o=1.9x1072 M, [S,057],=0.5x 102 M, and the ki-
large amount before the stable solution is recovered. Underetic constants tk=5x10° M~3s™}, k;=1.4x 10" M s7%,
the effect of diffusion, the perturbation gives rises to a puls&k;=K k; with K,=1014 k;=10"M s, ki=K, k] with
which propagates without deformation at constant velocity inpK ;=—log(K,) =1.94 like in Refs[4,5]. The choice of diffu-
the stable stat¢21,22. Here, a local acid perturbation in- sion coefficients raises a problem: whereas the autodiffusion
duces a pulse of FT state that propagates at constant shapeefficients of H and OH are much larger than those of the
and constant velocity within the stable statp4F5]. Since, in  other ionic species, the condition of local electroneutrality
this case, these traveling waves originate in the differentiatends to smooth these differences. Therefore, all the diffusion
diffusive feeding process, they also depend on the depth afoefficients will be fixed in an heuristic way to a standard
the gel. Moreover, inside the bistability domain, but just be-value D=10"° cn? s™! except those of the fast species that
fore the FT—T transition, the FT state exhibits oscillations will be both fixed toDy+=Dgy-=3.4X 107° cn? s7L. In spite
of the boundary layer thickness, although the reaction caof its apparent crudeness, this approximation was previously
never be oscillating in homogeneous conditions. found to best fit the experimental data of Rg#,5].
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FIG. 1. Pulse of H propagating to the right within the stable A ,’
alcaline F statégrey scale: minimum black, maximum whjt&'he ]
CSTR is located at the bottom, the impermeable wall at the top. ”
Strip width:1=0.5 mm,[OH ],=1.093%x 1072 M. 2 .

i

We have investigated three different geometries, namely,
the flat strip which models the experiments of R¢fs5], the
cylinder used in experiments on chemomechafigjs and Bist.
the cone which models the experiments of R&§]. Like in 1
the latter reference, we shall express the control parameter in
terms of the concentratiofOH™ ], in the total input flow
rather than the equivalent operational parameteused in
the previous publications, since the physical meaning =
less evident in a theoretical context.
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In the experiments, the reactor was made of a flat annular

piece of gel. The outer rim —of radiu’,,—is kept in con- S AT L S
tact with the CSTR and the inner rim —of radi&,—is Full curves..blst.ablllt)./ Ilmlts. Dashed lines: excitability Ilm(tbng.
gashe; oscillations limits(short dashes Double arrows: experi-

pressed against an impermeable wall. The film thickness Imental extent of bistability domaiiull arrow) and excitability do-

Small e.nOUQh _for the systtim to u_be ConSId.ered as tWOFnains(dashed arrofrom [4,5]. Bullets: experimental oscillations.
dimensional. Given that the “depth=R.—R;,, is small in

regard to these radii <R, ~ Ry, the effects of the curva-

ture on the dynamics can be neglected. For the system to (!/tS are in quasiquantitative agreement and make us confi-
effectively considered as two-dimensioniainust be signifi- dent th_at_these results are val_ld in regions where _the com-
cantly larger than the thickness of the gel film. Since, for_puted I|m.|ts or the state determination are yet experimentally
technical reasons, such as mechanical cohesion, this thickiaccessible.

ness cannot be decreased below a minimum v@iyecally

0.5 mm), this constitutes an experimental limit forin this lll. CYLINDRICAL GEOMETRY

geometry, but this limit can be numerically surpassed. In the
numerical simulations the system is treated as a long rectalgl—C
gular strip of widthl. The nonequilibrium phase diagram is
built in the parameter plangOH™],, 1): This diagram exhib-
its the changes in the bistability, oscillations, and excitability
domains with the width of the strip.

The solutions of Eqs(7) and (8) are obtained by finite
differences algorithms for stiff systems. To determine with
precisjon the limits O.f the _spatial bistabjlity ?”d osci_llatory which breaks the axial symmetry, E@) is solved in cylin-
domains, only one-dimensional calculations in the directio rical coordinates, using
orthogonal to the faces are necessary. This was already '
achieved in Ref[5]. In addition, we report here the limits of Jc 1ldéc %
the excitability domain, which needed full two-dimensional P TR AP TL
computations with a backward implicit algorithm for stiff
systems. In Fig. 1, we give an example of an acid pulsgvherer is the radial coordinate anzithe coordinate along
propagating within the stable alcaline state. The previouslyhe axis. We have only searched the position of the-F
computed domains and the new computed excitability limitdransition and the limit of the excitability domain. When the
are gathered in Fig. 2. The horizontal double arrows indicatg@radient of concentration in the radial direction is constant,
the corresponding experimental domains that had been invethe diffusion flow exchanged through a given shell increases
tigated. Note that the experimental datala®.5 mm are With the distance to the axis. Thus, although the raéiucf
highly uncertain, in particular the limit of the excitability the cylinder plays a role analog tan the flat strip, external
domain since the number of experimental points is reduceghells are favored in regard to the inner core so that the state
due to the technical limitations mentioned above. As ex+ should be more favored than in the flat strip. Computations
pected, at very small, the alcaline F state always invades of the FT—F transition position are performed in one di-
the gel so that both bistability and excitability disappear. ~mension since it is associated to the dynamics in the sole

In spite of the apparent crudeness of the model and theadial direction(z=Cons}. For the excitability limits, full
strong approximations in the diffusion coefficients, the re-two dimensional calculations are again necessary, since the

FIG. 2. Non equilibrium phase diagram in the strip geometry.

In experiments, the distribution of concentrations is char-
terized by a color indicator. So, when the piece of gel is
cylindrical, it is impossible to make a direct observation of

this distribution in the “depth” of the gel, i.e., along a radius,

since the light intensity is integrated across the gel. Only the
states in the axial direction can be differentiated. Neverthe-
less, the radial distribution can be computed on the same
lines as precedently. Assuming that there is no instability

VZc (9
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IV. CONICAL GEOMETRY

3
R (mm)
1 (mm)

| Although it is very difficult to prepare series of well cali-
! brated cylindrical gels at small radii, it is less demanding to
:[ prepare a unigue sample of a conical gel. This sample covers
a large continuous range of radii at the same time, but the
| more complex dynamics that this geometry gener@iés
I i has to be linked to the previous results.
I'F Let us now consider a conical piece of gel, wheris the
Pl distance to the top and, is the top angle taken from the
axis. If <1, the cone can be considered locally as a cyl-
T inder, the radius of which is slowly changing along the axis
// /’ according tor = p6,. Thus, in the absence of diffusion along
the axis, the local dynamical properties would approxima-
/! . tively correspond to those along a vertical segment in the
// // cylinder diagram in Fig. 3. The purpose of our calculations is
to show how this diffusion can control global dynamics. We
7 7 shall show that, according to this dynamical behavior, ex-
s perimentalists can take advantage of this particular geometry,
-7 either to access simultaneously to some of the limits in Fig. 3
in a one shot experiment, either to induce spontaneous relax-
—— * ation oscillations of large amplitude.
0015 ~ 0.02 We again assume that the axial symmetry is not broken by
[oH ], (M) the dynamics. Therefore, in E@), the Laplacian in spheri-

FIG. 3. Nonequilibrium phase diagram in the cylindrical geom- cal coordinates becomes

0.01

0 0.005

etry. Full curves: bistability limits; Short dashes: oscillations limits; 19 Jc 1 9 Jc

long dashes: excitability limits. Thin curves correspond to the limits V= = pP— | + > —|\sing—]. (10

in the rectangular strip geomettgee Fig. 2 The vertical double p=dr\" dp) p°sSiNGIo a0

arrow will be defined in the next section. In experiments, the cone was immersed in the CSTR, except

acid pulse propagates along the cylinder axis direction. the base Whic,h was glqed to an impermeable wall. The tip is
In Fig. 3, we have reported the computed limits of the€Ver well defined and is more or less rounded. Nevertheless,

different domains for the cylindrical geometithick curveg ~ this part of the cone, where the distances to the feeding
in the plane({OH]p,R). In order to make the comparison Poundaries are very small, always remains in the stationary

easier, the same previous limits obtained for the flat strip arétate F, whatever the exact shape of the tip is. In our com-
also shown in the figuréhin curves taking! in place ofR.  putations, we shall actually consider a piece of cone defined
Both diagrams are similar. As expected, the limits areby Pmin<pP=pmax In order to closely simulate the experi-
slightly shifted to the left, i.e., for the same values of the sizemental conditions, the external boundaries., 6=6, or p
R andl, the FT state cannot be sustained@H ], values as  =pmin) are kept at the CSTR values, and no flux boundary
large as in the flat strip case. Accordingly, at a given value ofonditions are applied gi=ppya. We shall fix the angle at
[OH]o, the minimal value oR that allows to sustain this FT the top of the cone t@,=0.125, of the same order of mag-
state is larger than the corresponding minimal value @he ~ Nitude as in experiments of Ref15]. We only report in
features of the oscillations are similar to those of the flat strigfletails the results for a typical case, namely, fQH],
system. Like in this flat strip, we have also observed periodF4-133x 107° M. Our truncated cone is delimited by,
doubling sequence@ot reported heeclose to the limit of ~=0.4 MM andpy,=6.4 mm. According ta =p6, the corre-
the oscillatory domain like in Ref5]. Nevertheless, the os- Sponding range of cylinder radii [§.05 mm,0.8 mrhand is
cillatory region is significantly narrower than in the strip represented in Fig. 3 as a thin double vertical arrow. Along
geometry, which can be understood in the following way.this curve, the limits of excitability, bistability, and oscilla-
Oscillations come out when the position of the front whichtions are, respectively, given by=0.14 mm,rg=0.54 mm,
corresponds to the transition between the acid and the alc&e=0.61 mm and the corresponding positions in the cone by
line part of the gel in the FT state becomes unstable. In thee=1.12 mm,pg=4.32 mm, ancpo=4.88 mm. In Fig. 5, to
strip geometry, this occurs when this front comes close to théllow for easy comparison, these values are reported op the
impermeable wall, more precisely, when the alcaline boundaxis when it was found appropriate.
ary layer becomes of the same order as the depth the The system is initially in the F alcaline state everywhere.
cylindrical geometry, the role of the wall is reduced to theAn acid perturbation is applied in the bistable or excitable
sole axis, so that the extent of the domain where the fronfomain part of the cone. After a short transient, a regime of
“feels” the wall is much smaller. periodic oscillations is established in the gel. A series of
Although no direct experimental data could be obtained irsnapshots of the distribution ¢H*] within the cone over
the cylinder case, our results allow to evaluate the correcone period is given in Fig. 4. In Fig.(&), we show thgH"]
tions to bring to the data obtained in the strip case. profiles along the axis of the cone for the same snapshots. A
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FIG. 4. Evolution of[H*] in an axial section of the cone over FIG. 5. Evolution of thgH*] profile along the axis of the cone
one period of oscillation. Parametef©H ],=4.133x 1073 M, during a period. Same parameters as in FigayFull period: The
Pmin=0.4 mMm, p,5,=0.64 mm,H,=0.125 rad. For better readablity [H*] profiles correspond to the images of Fig. 4 and are indexed
a grey scale proportional to the logarithm of concentration is usedwith time. The arrows give the direction of motion. Labels pg,
From[H*]=2.X 1012 M (black to [H*]=1.44X 1072 M (white). and pg correspond, respectively, to the excitability limit, the bista-
Extra white lines indicate the borders of the cone. Times arebility limit, and the oscillations limit in the cylinder diagram of Fig.
counted from the begining of a period. From top to bottom: 0 s;3 for the same value dfOH™],. (b) Successive snapshots of the
20 s; 32 s; 50 s; 246 s. [H*] profiles taken every 2 s from=12 s tot=36 s. The front

moves to the left except the last ofte36 s, dashed curye
front of acidity propagates back and forth with a peribd
=246 s. The direction of propagation changesat) s,t  and OH restore the alcaline character of the core before this
=32 s, and =246 s. The propagation to the l¢fmallp) is  process is achieved, so that the restoring time is controled by
much faster than the propagation to the right. A sequence ahe slow diffusion coefficient. The F/FT interface recedes,
axial [H*] profiles during this sole rapid phase is shown inleaving the system in the F state but, since the F state cannot
Fig. 5b) with a shorter sampling time than in Fig(eb. propagate into a stable FT state, it cannot deeply penetrate

Let us now describe and interpret the motions of the F/FTinto the bistable domain so that the backwave stops @t a
interface in the axial direction starting frotw 0. Within the  value close to the bistability limit. Afterwards, the system
bistability region, the F state and the FT are both stablebecomes again excitable and a new excitation wave starts.
Nevertheless, as a consequence of long range activation, The process repeats periodically with a periodf the order
these two states are in contact, the FT state always propaf magnitude of the replenish time of the core in the vicinity
gates into the F state and invades the systgmSince the of this starting point. Forr ~0.5 mm one hasT~r?/D
induction time of the reaction is quasi-infinite, an acid per-=250 s. The real value i5=246 s. In fact, there is an appar-
turbation is necessary to initiate the FT state, but, afterwardgnt ambiguity on the point where the backwave stops, defin-
at largep, the gel always remains in the FT state. Slightlying the starting point. Strictly speaking, this limit should be
beyond the bistability limit, the FT state is no longer stablep=pg. Yet, for pg<p<pg—i.e., rg<r <rg—one knows
but an acid perturbation propagates under the form of a lothat, in the cylinder, the FT state is affected by oscillations of
calized pulse. This defines the excitability domain. In thea different nature, which already indicates an instability of
cone, the FT state at large creates the acid perturbation the FT state. In the strip or the cylinder, the width of the
which initiates the pulse and propagates to the[lef). Sb)] boundary layer which separates the acid core from the alca-
up to the limit of the excitability domain, i.e., at=pg. One line boundary oscillates in time. The closer the maximum
could expect that the pulse would propagate with dampingvidth of this layer is from the depth(strip) or the cylinder
beyond this limit, but the amplitude and velocity alreadyradius, i.e., the closer to the FFT transition, the larger is
strongly decreases before reaching it, so that the point ahe amplitude and the period of these oscillations. One ex-
which the propagation stops is actually very close topg. pects that, in the cone, this transverse instability can create a
Behind the pulse, a long recovery time is necessary for th@articular sensitivity of the FT state to the backwave. It oc-
core to be sufficiently replenished with fresh reactants for theurs that, in our computation, this backwave goes up to a
system to be excitable again. Actually, fast diffusion of H value close top=po. Besides, a finer analysis shows that
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these oscillations of the boundary layer slightly modulate the It has been showil5] that it was possible to study ex-
signal of the backwave in the vicinity of the CSTR bound- perimentally the dynamics in a conical gel. Here, we have
aries. Nevertheless, this modulation remains small, since imade quantitative simulations on these dynamics and clari-
the domain where these layer oscillations could become largiged their relations to the geometrical characteristics of the
in the cylinder, their period increases to values much largesystem. Let us remind an important point: The excitability
than T, so that the longitudinal oscillations caused by theand the oscillations along the axis of the cone do not find
changes of dominate and they determine the amplitude andheir origin in the sole reaction-diffusion process like in the
frequency. classical oscillatory or excitable reactions, but are closely
linked to the size of the system that controls the feeding in
fresh reactants, an essential point for chemomechanics. The
dynamics in the cone is due to the gradient of the sialong

This work has been initiated in rapport with the develop-the axis. In our simulations, we have shown that, if neces-
ment of a new field of research, namely chemomechanic$a'y. & one shot experiment in the cone allows to determine
which associates chemical dissipative structures witifluantitatively the essential parameters of the CT spatial bi-
chemosensitivity of soft mattésee Chaps. 3-8 in RgR3)). s;abmty in the cylinder for a given state of the CSTR., a
In particular, the search for rhythms and forms that coulddiven value of OH]o). Actually, we show that the diffusion
spontaneously emerge from the sole coupling between a rélong the cone axis does not modify significantly the limits
action that exhibits bistability properties but no autonomoughat could be predicted from naive arguments that neglects
oscillations —like the CT reaction —and a Chemoresponsivéhis diffusion. The tuming pOint of the direct wave allows for
gel. Both for technical and fundamental reasons, the expergn accurate determination pf, thusre. The turning point of
ments make use of cylinders of gel of small radius, for whichthe back wave allows for the determination @f, thusro.

a number of crucial parameters cannot be measured directiyh€ problem we raised about the ambiguity that could re-
We have rebuild a diagram of spatial bistability and ex-main betweemg andr is not of practical importance, since
citability for the CT reaction in cylindrical geometry. One in small size systems, these values are always close to each

expects that the results can be extrapolated to the experimefther.

tal data with the same degree of confidence as we have for Thus, the results reported in this paper provide two differ-
the flat strip. It is impossible, in the cylindrical geometry, to €Nt ways to access to the spatial bistability properties in cy-
evaluate experimentally the distribution of concentration inlindrical geometry at low radii. Taking the validity of the
the radial direction, but our diagram allows to evaluate themodel in the flat strip case for granted, one can use the nu-
corrections to the flat strip case, in particular the shift of themerical simulations in cylindrical geometry. For a comple-
bistability and excitability limits to less alcaline CSTR states.mentary or alternative experimental approach, one can per-
But the most important point is that the computed diagranform a few experiments in a conical gel.

gives therg andrg limits in th dqmain where Fhey are small. ACKNOWLEDGMENTS
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