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Band formation during gaseous diffusion in aerogels
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We study experimentally how gaseous HCI and ;N#iffuse from opposite sides of and react in silica
aerogel rods with a porosity of 92% and an average pore size of about 50 nm. The reaction leads to solid
NH,CI, which is deposited in thin sheetlike structures. We present a numerical study of the phenomenon. Due
to the difference in boundary conditions between this system and those usually studied, we find the sheetlike
structures in the aerogel to differ significantly from older studies. The influence of random nucleation centers
and inhomogeneities in the aerogel is studied numericgi$063-651X%98)03405-9

PACS numbg(s): 82.70.Gg, 82.20.Wt, 82.20.Hf, 05.40.

[. INTRODUCTION mobile reaction product is then no longer necessary in order
to produce the Liesegang structure, as was the case in the

A classic high school chemistry experiment consists ofOstwald theory.
placing a cotton plug drenched in ammonia at one end of a !N the subsequent years, hundreds of papers have ap-
long glass tube simultaneously with another one drenched iR€ared discussing various aspects of the Liesegang phenom-
hydrochloric acid at the other end of the tulid. Then one ena, including a host of alternative explanations. For reviews

waits and alter some time, & white fing forms on the wbe 2 Sk B ORI B R T SO
wall. The white ring consists of ammonium chloride, result- ! yp 9

ing from the gases reacting on contact. From measuring th%eglnnlng of the_ experiment, quever_, In our experiment the
two reactants simultaneously diffuse into the reaction zone.

position of the ring relative to the two ends of the tube, the Usually. the reactants diffuse in an agueous gel. However
ratio between the average velocities of the two gases i§n W ; q gel. : '
found. This ratio is then compared to Graham'’s law which ere exist experiments that have demonstrated the Lieseg-
states that it is equal to the square root of the inverse of th@"d phenomenon IN gaseous sys.tems_, notably that qf .Spotz
molar masses of the two gases. and leschfelc_Je[Q] th obtained rings in a tu_be containing
What happens if we repeat this experiment substituting yCI and NH, €., the high school sgtup.descrlbed R '.A‘S
0 porous medium was deployed in this study, the reaction

porous medium for the air-filled tube? We have performe ! )
such experiments, using a silica aerogel as the porous mg_roduct were not kept fixed and the structure of the rings
! gould not be studied.

dium. A large number of closely spaced paper-thin sheet
form in the aerogel, spanning it in the radial direction. In Fig.
1, we show a photograph of the precipitate that was formed
by exposing the aerogel rod during 5.5 days to the reacting
gases.

Periodic sheetlike structures are known to develop in
diffusion-reaction systems. They were first described one
hundred and one years ago by Liesegb2ig who observed
the reaction when silver nitrate solution diffuses into a gel
containing silver dichromate. About a year later, Ostwald
suggested that the Liesegang rings are due the presence of
nucleation threshold. The reaction product nucleates only
when a threshold concentration is reached. This nucleation
depletes the concentration of mobile reaction product inthe £5 1 A 2.1 cm long aerogel rod with diameter 8 mm was
zone where the concentration is above threshold and itgrapped in teflon tape along the long axis. At one end of the rod a
neighborhood, thus stopping the nucleation process hergetton plug soaked in HCI was placed. At the other end, a cotton
MeanWh”e, the reaction front moves on, bUIldIng up the Con-p|ug soaked in NH was placed. After 5.5 days, the cotton plugs
centration of mobile reaction product elsewhere. This leadgnd teflon tape were removed. A precipitate consisting ofGlHh
to the formation of the Liesegang rings. Another theory, putthe form of a series of clearly defined narrow sheets has formed.
forward by Pragef4], is based on the existence of a reactionThe ammonia was placed at the left hand side of the rod, while the
threshold between the two diffusing species. An intermediat@ydrochloric acid was placed at the other side.
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TABLE I. Diffusion constants for ammonia and hydrochloric acid in different aerogels. Samples 1, 2, and
3 were made from one batch of chemicals while samples 4 and 5 were made from another batch. The fourth
column contains the ratio between the distances from the two ends of the glass tube including the length of
the aerogel to the point at which the precipitation ring first appeared.

Sample number Tube length Aerogel length Ratio;RCI Dy Dh,
(mm) (mm) (mm?/h) (mm?/h)
1 1505 19.85 0.10 135
2 1500 10.30 1.02 118
3 1500 10.35 52.12 79
4 1500 20.30 0.17 160
5 1500 13.95 0.87 183

In the next section we describe the fabrication process offroups on the pore walls still might act as hydrophilic sites in
the aerogels used in the experiments and present the resultee system. The bulk density of the aerogels used in this
of these. Besides the visual observation of the Liesegangork range from 0.158 g/crhito 0.196 g/cni, corresponding
rings, we measure effective diffusion constants and use I porosities of 92.8 and 91.1 %. The aerogels were cast into
spectroscopy to more accurately determine the concentratiqgds of diameter 8.8 mm, giving an aerogel diameter of
profile of the precipitate. This latter is important since thegpout 8 mm. During the diffusion experiments the aerogel
pore size is about a tenth of the wave length of visible light,.qqs were covered with a Teflon coating, forcing the diffus-

making it impossible to assess the true shape of the Lieseg;ﬁg gases to enter the aerogel only through the ends.
ang sheets. In Sec. lll we present a numerical study of a

reaction diffusion system using a slightly modified Oswald
theory resembling the one studied by D], and with
boundary conditions similar to those used in the experiment. In order to determine the diffusion coefficients of the two
The resulting structure of the precipitate is qualitatively verygases HCI and Nklin the aerogel, we connected the aerogel
similar to those observed in the experiments. We furthermoreod in series with long glass tube. Cotton plugs drenched in
study the influence of random nucleation centers and inhoammonia solution and hydrochloric acid, respectively, were
mogeneities in the porous medium. Our conclusions are prehen simultaneously placed at the open ends of the gel rod
sented in Sec. IV. and the glass tube. By measuring where the,8IHirst ap-
pears in the glass tube, the diffusion coefficients in the aero-
gel may be found when the speeds at which the gases move

B. Measurements of the effective diffusion coefficients

Il. EXPERIMENT . e »
in an air-filled glass tube are known. These velocities we
A. Fabrication of aerogel determine by placing cotton plugs drenched in ammonia and
Silica aerogels are ideal systems to study gaseouBydrochloric acid simultaneously in the ends of a long,
diffusion-reaction processes. They are highly porous, with £mpty tube — i.e., the high school setup described in the

porosity up to 99.8%. Sma"_ang|e neutron Scatteringlntroduction. In the gIaSS tube of |ength 1.5 m we determine
(SANS) Studies[ll] reveal a fractal pore structure over a the ratio between the distances from the ends of the tube to
range from 0.5 to 50 nm. This is of the order of the molecu-the point at which the NECI precipitate first occurs. We

lar mean free path of a gas at standard pressure and tempefaund it to be 2.25.

ture. The fractal dimension of the aerogels is in the range of It should be noted that this result is very different from
2.2 t0 2.4. At larger scales the gel is uniform. A micrographthat predicted by use of Graham's law, which is 1.47. The
presented "ﬁlZ] shows a ge| structure resemb"ng a randomfeason for this is that chemisorbtion on the surface of the
fibrous network. The silica aerogels used in the present studgiass tube is important. The precipitate appears after 30 min.

were made from tetramethoxysilaGEMOS), H,O, metha- hus, combining these two pieces of information, we deter-
nol, HCI, and NHOH in the total molar ratio 1:4.98:12.6: Mine the effective velocities of the two species in the tube to

107%3.8x10°3 (for some gels 1:4.98:12.6:16:1.9 bevnc=920 mm/h andyy,=2070 mm/h. Our determina-

x 107 3) following a two-step acid-base catalyzed route de-tion of the diffusion coefficients in the aerogels using this
scribed by Brinkeret al.[13]. To prepare hydrophobic aero- method are summarized in Table |. Here samples 1, 2, 4, and
gels which were suggested not to chemically interfere withb all had the glass tube attached to the Nditle of the gel

the diffusing gases, the gels were treated with hexamethyldand sample 3 had the glass tube attached to the HCI side. We
isilazane(HMDZ) in a heptane solution prior to drying. Dur- would have expected samples 1 and 2 to produce equal dif-
ing this treatment a methylation of the gel surface occurs byusion constants as the same aerogel is used in these two
substituting the OH groups present on the gel surface. Themeasurements. The same comment apply to samples 4 and 5.
methylation of the gel surface makes it possible to obtairHowever, they differ by approximately 15%. It is the shorter
monolithic aerogels at ambient pressisapercritical condi- sample that leads to the smaller diffusion constant for pair 1
tions are normally necessarglue to a “springback” of the and 2, while it is the longer sample in pair 4 and 5 that give
gels during dryind 14]. However, from spectroscopic inves- the smaller diffusion coefficient. As a result of this lack of
tigations, we note that a small number of remaining OHsystematic trends in the data, we attribute the differences to
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a relative decrease in the diffusion coefficient of approxi-
mately 30%. Thus, there is a detectable influence of the
sheets on the permeability.

C. The Liesegang sheets

The sheetlike structures we observe in the aerogel system
(Fig. 1 is an example of the Liesegang phenomenon. The
sheets are very narrow and span the entire cross section of
the aerogel rods. The spacing between the sheets is typically
very narrow — often just a fraction of a millimeter. How-
ever, much larger gaps sometimes occur in an apparently
unsystematic way. We furthermore note that the typical time
for the occurrence of the first sheet is a couple of hours,
while it takes of the order of a week to generate a pattern

FIG. 2. An aerogel rod after a diffusion experiment lasting two such as the one shown in Fig. 1. We also note that the sheets
hours and thirty minutes. The narrowness of precipitation regiorappear to be only slightly curved, and are surprisingly paral-
should be noted. The cotton plug containing hydrochloric acid wadel to each other.
placed at the left end of the rod, while the cotton plug containing The sheet separation that follow from Ostwald theory in
ammonia was placed at the other end. the usual Liesegang setup predicts that the ratio between the

position of the ringsx,, .1 /X, approaches a constapt This
the accuracy of the method we have used rather than a rei@ known as Jablczynski’'s lajl5]. Furthermore, the ratio
effect. We note that the ratid ., /Dyc=1.7 and 1.5 based between the widthw, of successive ringswy,/w, ap-

on samples 1 and 3, and 2 and 3, respectively. The ratiBroache®, wherea=0.5-0.6[7]. However, we note that

between the self-diffusion constants of the two gases is equi€ boundary conditions that we employ here differ from
to the inverse of the square root of their molar masses, i.el0se studies where these laws have been found. Thus, we do

1.47. That the values we have found in the aerogel are sBOt €xpect these to hold in our case. This we find experimen-
close to the value predicted by Graham’s law, suggests thd@!ly: and, as we shall see in Sec. Ill, numerically. We fur-

the two gases do not interact with the pore walls in a signifitnérmore note that the spatial separation of the sheets in-
cantly different way. This was expected as we designed ouf"€aSes with decreasing concentration of the reactants. We

aerogels in order that they should be as chemically inert a&ill discuss this further in the next section.
possible with respect to the two gases. As the pore size of the aerogel system is of the order of 50

We show in Fig. 2 the result of a two-and-a-half hour "™ OF less, i_.e., a t_enth of_the Wa_lve_zlerjg_th of visiblg light, a
diffusion experiment. The precipitate forms a single well-Single pore _f|I_Ied with precipitate is invisible. _Thus, in order
defined narrow sheet. In order to determine whether the prd®r the precipitate to be visible, numerous neighboring pores
cipitation sheet clogs the aerogel, i.e., lowers its permeabilitfnUSt contain precipitate. This suggests that there is an effec-
significantly, we used the same setup as for the data showiiy€ concentration threshold for visibility of the precipitate.
in Table I. An aerogel of length 21.6 mm was connected to . ON€ may then speculate whether the sharpness of the
the end of a glass tube of length 1507 mm. Thereafter gheets is an optical illusion. In order to study this, we mea-
cotton plug with ammonia was placed next to end of theSured the concentration of NBI in the aerogel using IR
aerogel, and a cotton plug with hydrochloric acid was placedPectroscopy. This method consists in removing approxi-
at the other end of the glass tube. The position of the firsinately volumes of one mrof the aerogel from various
appearance of a precipitate was recorded at a distance 11Pgints in the rod, analyzing these separately. In Fig. 3, we

mm from the HCI end, giving a diffusion constaBty, show the result of this study. As is evident, not only is there
8 recipitate outside the sheets, but the concentration of the

recipitate is at some points surprisingly high even though
o sheet is visible there. Perhaps we are dealing with sheets
st below the visibility threshold?

As we will see in Sec. lll, the numerical study predicts
ery sharp sheets. Thus, we may interpret the IR spectros-
opy results as evidence of a substructure of sheets below the
Fsibility threshold, rather than few and diffuse sheets.

=210 mnt/h in the aerogel. The aerogel was then removed?
sealed with Teflon tape and cotton plugs drenched in th
chemicals were placed at its two open ends. They were left i
place for 2 h, after which the Teflon tape was removed, and”
the gel treated in vacuum at 150 °C for several hours, thu
removing any traces of the diffusing and reacting gases bui
not the precipitate. The aerogel was then connected to a glag
tube of length 1504 mm and a new diffusion-reaction experi-
ment performed. The NICI ring now formed at a distance
1182 mm from the HCl end, giving ., =207 mnt/h.

Through the Einstein relation, the diffusion coefficient is As seen above, the structure of the Liesegang sheets
proportional to the permeability. Thus, with the accuracy offound in the present experiment differs from those resulting
our experimental method, a single precipitation sheet doeom using “traditional” boundary conditions. It is the aim
not influence the overall permeability of the aerogel. Weof this section to qualitatively investigate the standard Ost-
then let a large number of sheets form by continuing thewald theory[10] under the present boundary conditions, as it
diffusion process over a period of 5.5 days. By repeating thés a priori not obvious that Liesegang sheets would form
diffusion constant measurements for this system, we detectathder these boundary conditions. The same is true for quan-

IIl. NUMERICAL SIMULATION
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FIG. 3. Drawing of aerogel indicating where IR spectra have FIG. 4. Typical time dependence of sheet concentrations. Each
been recorded in order to determine the amount of,Gltpresent ~ Curve represents the maximum concentration of,8ls) in each
there. The numbers show amount of precipitate relative to a maxisheet.
mum value. It is clear that there is precipitate present also outside

the sheets. where ®(c—cg) is the unit step function. Thus, no nucle-
ation takes place before the local concentration excegds
titative relations such as the Jablczynski law. The numerical calculations reveals that the particular choice

Due to the very fast reaction between HCI and J\ive of the nucleation term is not very important. However, the
believe that a nucleation threshold for the reaction productéXistence of a threshold valug>0 where nucleation starts
rather than a reaction threshold, as suggested by Pfager (or which below nucleation is negligiblés very important.
to be the underlying mechanism. The porosity of the aerogel matrix does not appear explic-

We start by modeling the system in one dimension. Thigtly in Egs. (1)-(4). As long as the precipitation process does
assumption is justified by the fairly parallel alignment of the N0t change the porosity appreciably — which we conclude
observed sheets, and the large aspect ratio of the aerodéPm the small change in permeability found after precipita-
rods. We therefore consider the following one-dimensionafion had occurred — the only role played by the porosity is

time-dependent set of equations: to change the overall time scale of the process. This we have
worked into the equations through our definition of time
da(x,t)— DNH3&§a= —Rab, (1) Variable.

We assume that the fraction of Nldnd HCI that reacts is
negligible compared to the total amount of reactants. The
atb(x,t)—DHc,aibz —Rab, (2 concentrationg, andb, of NH; and HCI outside the aero-
gel, are therefore assumed to be constant. By introducing the
4c(%,t) — Dp cﬂ?icz +Rab—N,f(c)c2—N,cs, (3) dimensionless variab[é: x/L, wherel__ is the Igngth of the
4 aerogel, we normalize the diffusion coefficients @
—D/L? and let the aerogel be defined in the region where

dis(x,t)=N;f(c)c®+Nycs. (4 £e[0,1]. The reaction front is initially formed af,, where
The four different functions,b,c, ands represents the con- & D,
centration of the reactants NHa), HCI (b), NH,Cl in gas- 1-¢ VDo (6)

eous form €), and finally NH,Cl in solid form (s). While

the left hand sides of the equations describe the free motiolhe asymptotic position of the reaction frofit is found by
of the species, the right hand sides describe their interactionsquality of the incoming fluxes of NjHand HCI. Under the
The reaction of N and HCl into NHCl is assumed to be assumption that the reaction regiod¢; is small [ 8¢
fast, i.e.,R>Ny,N,. The termN;f(c)c? describes the nucle- <¢,,(1—&,)], & is found as

ation of gaseous NKLCI into its solid form, whileN,cs de-

scribes aggregation of gaseous J)Hlinto its solid state. On & Dn,0

a microscopic level, the formation of the solid state is a 1_51: Ducbo | )
rather complex process. However, as a first approximation

we let For the reaction front to cover some distance, it is assumed

that the concentration outside the aerogel of HB})(is
f(c)=0(c—cy), (5) higher than the Nl concentrationay. This assumption is
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FIG. 5. Time evolution of the reaction front position. The solid  FIG. 6. Influence of randomly placed nucleation centés:
line represents the numerical solution, while the broken line repren(A£)2=0, (b) n(A£)%2=0.023, (c) n(A£)%2=0.056, and (d)
sents Eq(13) with a=1.25(see text n(A¢)?=0.23.

based on the observation that the sheets develops in the dfat the motion of the reaction front is slow compared to the
rection of the NH side. We assume that the Nifeservoiris  aggregation rate at the nearest sheet. This implies that the
on the left hand side§<0) and that the HCI reservoir is on profile of NH,CI(g) from & to the nearest sheet is approxi-
the right hand side{>1). We set arbitrarilypg=10xXa, in  mately linear.

the following. Furthermore, we set the ratios between the |t js important to notice that as long as the sheets are well
diffusion  coefficients to  be Dyy,:Duci:Dnwcr separated, the intersheet distance is not dependent on the
=1.5:1.0:0.8 in agreement with Table I. Note tB{,,c has  details of the aggregation and nucleation mechanisms. Only

not been measured, and that the value chosen is based on the nucleation threshold is important. This implies that it is
relative masses of the reactants and their product. FurtheRossible to findc, with knowledge ofa,, bo, R, and the
more, we have not taken into account that the diffusion codiffusion coefficients.
efficients change as a result of the precipitate clogging the The dynamics of the model can be understood in the fol-
pores of the aerogels. We base this assumption on the smwing way. Att=0 NH; and HCI starts to diffuse into the
effect found in the experiment — see Sec. Il B. aerogel. After some time a reaction front is formedatThe
Equations(1)—(4) are solved on a discrete lattice with an reaction front then starts to move to the left, driven by the
explicit method. An explicit method is chosen because of the&oncentration differences of Nfand HCI. After some time
fast dynamics of the reaction. For the one-dimensional calthe concentration of NECI(g) is high enough for it to nucle-
culations the interval0,1] is divided into 1000 cells. Typi- ate into NHCI(s). As the concentration of the solid in-
cally 1& time steps are necessary to follow the process. Fogreases the aggregation process becomes rapid enough to
each time step, the calculations are done in two steps. Firssuppress any further nucleation and the left shoulder of the
changes in concentrations in each cell due the reactiofheet is formed. As the reaction front moves away from the
NHs+HCI—NH,CI is calculated with a following correc- sheet, the flux of NECI(g) away from the reaction zone

tion due to NHCI(g)—NH,CI(s). Second, diffusion takes drops[the gradient in NHCI(g) decreasds Eventually, the
place. local concentration of NKCI(g) in the reaction front ex-

By increasing the reservoir concentratiapsandb, by a  ceedscy and the formation of a new sheet starts. The forma-

common sca"ng facton/ one can go from the low density tion of a new sheet will stop the growth of the first sheet.
regime where the intersheet distankté is much |arger than This process will then continue until the reaction front
the width of the sheets, via an intermediate regime to a dend@aches its asymptotic positigq. Figure 4 shows the typical
regime where sheets start to overlap. The decrease of inteflependence of the sheet concentrations as a function of time.
sheet distance with increasing reservoir concentrations cahhe figure shows that the birth of a new sheet stops the
be understood by equaling the production i &;) 5¢; at ~ growth of the previous.

the reaction front; with the flux out of the reaction zone at ~ From Fig. 4 we can see that the time between each new
the nucleation threshold. This flux is approximately sheetis formed increases. This is closely connected with the

Dnu.ciCo/AE, Which gives motion of the reaction front. A new sheet cannot be formed
4 before the reaction front is sufficiently away from the last
D c sheet(as argued aboyeFor a more comprehensive under-
___ _NH, 0 ®) standing, it would therefore be interesting to examine the
Rah(&;)6¢;° time dependence of the reaction front position. It is natural to
assume that the density profiles are linearly dependerdt on
The width of the reaction front i§¢;, and we have assumed This approximation should at least be asymptotically correct
that 6&;<A&. In the derivation of Eq(8) it is also assumed whent—o and R—«. However, assume that the density

Ag
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(d)

FIG. 7. Effects of an inhomogeneous mediu@): longitudinal
compression and stretching=0.2. (b), (c), and(d) density varia-
tions, § = 0.2, 0.1, and 0.05, respectively.

profiles can be approximated as

a(é)=ag f; 5) , (9)
b(é)zbo(fiéi) . (10
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to note that the reaction front initially moves to the right and
then turns to the left. Such effects are discussed in [Ré€F,
although under slightly different initial and boundary condi-
tions.

So far the numerical model we have studied has been one
dimensional. Will the one-dimensional structure of sheets
(peaks survive in higher dimensions in the presence of dis-
order, and is it possible to understand the bending of the
sheets observed in the experiments? In order to study these
guestions, we present in the following a study of the two-
dimensional version of Eq$l)—(4).

Disorder can be caused by local concentration fluctuations
of the reacting species and presence of inhomogeneities in
structure of the aerogel. Also, inhomogeneities in the initial
and boundary conditions, which exist in the experimental
situation, may influence the resulting sheet structure.

We consider a system of length 1 and width (r2units
of the physical lengtt.). This we represent as a grid of size
500x 100. Each unit cell of this grid corresponds to a square
of size 0.2x0.1 mnt in the experiment.

First, consider some fixed nucleation centers in the aero-
gel, i.e., points where the nucleation thresholdis zero.
Such points will always influence the resulting pattern, and
suppress formation of precipitate in a distarcg from that
point. The overall influence would therefore depend on the
number densityn of such centers. As a general criterion for
the overall effect of such points to be small, one should
require

By balancing the incoming fluxes with the change in the total

amount of the species NHand HCI we obtain

DNH3<'=10A B .o

a Z, t= P &+HAR, (11
DHC|bO bO

a 1-¢& At——mAff'f'AR, (12

in the limit whenAt,Aé;=¢;— &,—0. The amount of NK
and HCI that reacts and forms NEI(g) is AR. From Egs.
(11) and(12) we find that

ap+bg
a(a+1)(Dypy o+ Dycibo)

t+t0:

2

¢
x| (G- DIt &in(g—énl+s |, (19

n(A¢)9<1, (14)

where d is the spatial dimension of the system. Figure 6
shows the resulting pattern of precipitate for some values of
the number density. The nucleation centers are randomly dis-
tributed with uniform density.

It is also interesting to study the effect of density varia-
tions of the medium. In particular, since such systematic de-
fects may possibly describe formation of fairly parallel but
bent sheets. Indeed, E@) gives a clear hint that nonparallel
alignment is to be expected if the diffusion coefficient is
greater on one side of the system than the other. If density
variations are formed during the fabrication of the aerogel,
this will result in spatial dependence of the diffusion coeffi-
cients in all directions. On the other hand, if inhomogeneous
conditions are introduced due to elastic compression and
stretching in the longitudinal direction, then oridy, will be
spatially dependent. Assume that the diffusion coefficients
are of the form

wheret, is a constant. The reaction front velocity scales with
a factora(a+1)/2 compared to the case of linear density
profiles. The logarithm appearing in this equation predicts an
exponential slowing down of the proceast;~exp(—t/T), Figure 7a) shows the resulting pattern due to longitudinal
whereT is a time scale. This is qualitatively consistent with compression and stretching with= 0.2, while Figs. 7(b),
what is observed experimentally — cf. two hours to produce’(c), and 7d) show the resulting pattern due to density varia-
the first sheet, while of the order of a week is necessary ttions whens = 0.2, 0.1, and 0.05, respectively. The resulting
generate a pattern as shown in Fig. 1. The solid line in Fig. Pattern due to longitudinal stretching and compression is as
shows the numerically obtained reaction front position. Theexpected, but whed,, also becomes spatially dependent,
broken line represents E(L3) with = 1.25 and, given by  the formed pattern deviates significantly from the original
t(&p) —to=0, where& is defined by Eq(6). It is interesting  even for small values o8.

D(X,y)=Dg[1+ 5 sin(4mx/L,)cogmy/Ly)]. (15
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IV. CONCLUSION

We have in this paper studied periodic precipitation in
gaseous reaction-diffusion system where both reactants HCI
and NH; are diffusing into the porous matrix. This is in
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merical simulations based on the nucleation theory of Ost-

awald [3], we reproduce qualitatively the phenomenon.
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