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Dislocation loop dynamics in freestanding smectic films: The role of the disjoining pressure
and of the finite permeability of the meniscus
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When a dislocation loop nucleates in a freestanding film, it collapses or grows depending on whether its
radiusr is smaller or larger than a critical radiug. In this paper, we analyze the growth dynamics of a
dislocation loop in the limit off>r.. Experiments with pure octylcyanobiphenyl show that the dislocation
velocity is constant in thick filmgmore than 100 layefgegardless of their thicknesses, and only depends on
the pressure in the meniscus. At intermediate thicklessveen 100 and 15 layershe velocity is no longer
constant and tends to decrease in time on account of the finite permeability of the meniscus. In very thin films
(less than 15 layeysthe dislocations move faster than in thick films, although their velocities continue to
decrease in time. The thinner the film, the larger the global acceleration is. This effect is linked to a supple-
mentary force acting on the dislocations caused by the attraction between the free dwfereshe smectic
order parameter is enhange@he progressive deceleration is due to the finite permeability of the meniscus.
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[. INTRODUCTION The goal of this paper is to analyze the loop dynamics in
the regimer >r . both theoretically and experimentally. This
SmecticA phases consist of rodlike molecules arrangedoroblem was already tackled theoretically in a recent paper
in fluid layers with perpendicular orientatidri]. In free-  [11] in the limit of thick films (for a review, see also Ref.
standing films, these layers are perfectly parallel to the freé12]). It was shown that the meniscus does not behave as a
surfaces[2]. When a film is stretched on a frame, a |argeperfect reservoir, i.e., does not impose the pressure inside the
number of circular steps nucleate, separating regions witfilm because of its finite permeabilitglissipative reservojr

different thicknessef3]. The stepswhich are dislocations In ot_her Words,_ a pressure difference must exist between the
located in the middle of the freestanding fil]) initially interior of the film and the bulk of the meniscus when there

form patterns very similar to two-dimensionédD) foams is a flow of matter between them. It was predicted that this

[3]. More important, the film is attached to its frame via aeffect should lead to a significant decrease of the growth

meniscus of volume usually much larger than that of the fiImVGIOCIty of the I'oop as Its radlus' INCreases and'approaches
itself from this point of view, the meniscus acts as a reservoi;[hat of the MENISCUS. In the_ previous paper the influence of

. o I~ surface ordering and of the interactions between the free sur-
of matter. Microscope observations show that the initial tex

. ; faces was neglected. It turns out that this second effect some-
ture is unstable and slowly evolves towards a film of CON~aq adds to that of finite meniscus permeability and makes
stant thickness surrounded by a meniscus of circular profilg, dynamics more complicated, especially in very thin films
and of constant cross-sectional afé&a5,6). In this meta- (less than ten layers, typically10].

stable state, the film can survive for a very long titneany In this paper, we analyze theoretically in Sec. Il the influ-
months in a very clean atmosphere, provided that the liquidnce of these two effects when they act together and we
crystal does not spread out on its framehe final thickness  predict the time evolution of a dislocation loop as a function
of the film can vary between three and many thousands af film thickness. In Sec. Ill, we report our experimental
layers depending on its stretching velocity: the larger thigesults obtained with #-octyl-cyanobipheny(8CB) films.
velocity, the thinner the film is. In addition, a film systemati- |n Sec. IV, we fit our experimental findings to the theoretical
cally tends to get thinner. Suppose a dislocation loop nuclepredictions and determine the permeability constant of the
ates; if the film is thinner inside the loop than outsigere), ~ meniscus. We then compare in Sec. V smectic films with
the latter will systematically grow provided that its initial soap films obtained from concentrated micellar solutions, in
radius is larger than a critical radius. In practice, this criticalwhich similar phenomena occur. In particular, we stress the
radius of nucleation is a few tens of micrometer in the rangsimilarities and differences of the dynamical behaviors of
of temperature in which the bulk smectic phase eXi56].  these two kinds of films. We conclude in Sec. VI.

This value results from the balance between the line tension
of the dislocation7] (which makes the loop collapsend

the driving force due to both the pressure didp =P,

— Psiim between the air and the interior of the film and the The geometry of the experiment is shown in Fig. 1. As
attraction between the two free surfa¢8s-10Q]. It turns out  explained in Ref[11], there are two equivalent ways to treat
that when the pore radiusis much larger tham., the line  the problem of loop dynamics. The first one is to use a local
tension force can be neglected with respect to both the drivapproach that considers the forces affecting the line. The
ing force and the viscous force that the line experiencesecond approach, which we will use for convenience in the
when it propagates inside the film. following, is global and is based on the dissipation theorem

II. DISLOCATION LOOP DYNAMICS: THEORY

1063-651X/2003/6@&)/0617017)/$20.00 68061701-1 ©2003 The American Physical Society



OSWALD, PICANO, AND CAILLIER

frame

meniscus

heating wire

FIG. 1. Geometry of the experiment. A dislocation loop is nucle-
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FIG. 2. Model of meniscugschematit used to represent the
behavior of the real meniscus.

(i) The energy dissipated by the flow around the core of
the dislocation in the filnib 4, which we usually write in the
form 27rr(d/w)(dr/dt)?, with u as the mobility of the dis-

ated with the help of a small heating wire in a circular freestandingocation(note that in Ref[11] we called 1/ as the mobility

film surrounded by a meniscus.

of the dislocation Hydrodynamic calculations show that
~(Np/7)Y2[13], where\ , is the permeation coefficient and

which we apply to the whole system—the film and meniscus is the shear viscosity parallel to the layergs(in the
It consists of balancing the free energy gained by the systedylartin-Parodi-Pershan notation, see REf2], p. 83, in

to the energy dissipated during loop growth:

dAF
T ()

In this expressiondAF/dt is the gain of free energy when

the pore is growinda quantity we count positively when the

energy decreases, and negatively, otherwas®d ® is the

dissipated energgper unit time.

We give now the expression for the different terms. tet
be the radius of the dislocation lodm practice, a poreat
time t andr; its initial radius(at timet=0).

The free energy gained per unit tintkAF/dt contains
three terms.

(i) The energy of creation of the dislocation
—2E(dr/dt) (with E the line tension of the dislocation and
the minus sign is because creating the dislocation costs e
ergy).

(ii) The decrease of surface energy(dSdt) (with y as
the surface tension an8l as the surface area of the whole
system, which tends to decrease in tjmgis term also
equals ¢/R)(dV,,/dt)=(y/R)27rd(dr/dt), with V., as
the volume of the meniscus amas its radius of curvature
(note thatAP,=P,;; — P»=¥/R with R>0 is the pressure

drop inside the meniscus with respect to the atmospheri%l

pressure, caused by its surface curvaf@ie

n

good agreement with the metallurgical modi&#,15. The
hydrodynamical model predicts that the mobility of a dislo-
cation should be independent of its Burgers ve¢id], a
claim that has not yet been checked experimentally, but
which we will use in the following. Note, in addition, that
is independent o in thick films but is predicted to decrease
in thin films asu(N—1)/N (the mobility in an infinite me-
dium is denoted by) (for a demonstration, see R¢12], p.
104). Because of the dependence Mnthis confinement ef-
fect becomes significant in very thin fimdN&10). The
mobility x« has also been measured directly from creep ex-
periments of the smectic phase compressed between to glass
plates[6,12].

(i) The energyd ,, dissipated by the flow in the meniscus,
which can be expressed in the formerCNdvﬁql,u, where
C is a function ofN which has been estimated in Rgid],
andv = (1/N)(r/r ) (dr/dt) the average hydrodynamic ve-
locity at the entrance of the menisc(see Fig. 2

(i) The energy®; dissipated by the bidimensional
flow inside the film. This contribution equals
A pdr?(dr/dt)?(1/r2—1/r2)/N (here  denotes the shear
viscosity in the plane of the layers, i.e, in the Martin-
Parodi-Pershan notation, see Hé®] p. 83 [10]. This term
is completely negligible with respect tb, (by a factor 500
t least. We shall therefore neglect it in the following.

Finally, Eq. (1) can be rewritten in the formil0]

(i) The decrease in surface interaction energy when the 1 dr Cr f(Nd)—f((N—1)d)
pore is created 2r(dr/dt)[ f(Nd)—f((N—1)d)] wheref ——(1+ -
! A ; . g podt rmN d rd
is, by definition, the interaction energy per unit surface area
between the free surfacésken equal to 0 when the number This formula generalizes E¢) given in Ref.[11] as it now
N of layers in the film, tends to infinily Note the implicit
assumption that the Burgers vector of the dislocation is equdkecond term in the right-hand sidehs) of the equatioh
to the layer thicknesd (elementary dislocation This equation allows us to calculate the radius of nucleation
The dissipatiorF also contains three terms. of a pore:

0% E

"R

)
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E
TdAP,+F(N) —F(N=1)d)’ 9 CN=Ne oy ®

le

Equation(2) can be solved analytically. By introducing the wth k* given by Eq.(7). As we shall see later in Sec. Il
characteristic time C(N) has a maximum whek* goes to zero, i.e., when it is
no longer possible to consider any dislocation as isolated.

t = dre (4) This condition allows us to calculate from Edg¥) and (8)
¢ u[dAP,+f(Nd)—f(N-1)d)]’ the values oN andC at the maximum of the curv€(N):
its solution may be expressed as 4I§R v
Nmax=| —3| ©)
2.2 d®
t Cre\|r—r; r—re re—r;
—=|1+ +In +C , (5
te rmN le ri—re 2rqre Ne
Cmax:N_- (10
max

wherer; is the pore radius at the initial tinte.

This expression allows us to predict the growth dynamic
of a pore in a smectic film. It depends on physical quantitie
which can be measured experimentally.

(i) The radiusr ,, of the meniscus and its radius of curva-
tureR, both measurable with a reflected light microscfple C(N)~

(ii) The numbem of layers in the film, also measurable
within one layer by reflectivity.

(iif) The initial radiusr; at timet; (defined within a con-
stanj, which must be larger than. to avoid the loop col-
lapse(in practice,r; is two to many hundreds times larger

SFinaIIy, the model predicts that whés N, ,,, the constant
T must decrease asymptotically as

G
N (12
The functionf, representing the interaction free energy,

can be obtained by measuring the apparent matching angle
0, between the meniscus and the fi[8]:

thanr; and strongly depends on the film thickness and on the 2y(cosb,—1)=f(H). (12
nucleation proces§s], for details, see the following para-
graph. Previous measurements have showed that the main contribu-

(iv) The constan€, which can be measured as a functiontion to f(H) is due to the enhancement of the smectic order
of N by equilibrating two meniscus of different sizes parameter at the free surfaces: this order excess exponen-
[10,12,16. Theoretically, it is given by the following for- tially decays within the film thickness over a distance that is

mula[11]: given by the smectic correlation lengéh The angled,,(H)
can be calculated from a Landau—de Gennes mean-field
k* N theory [8,10,14, which turns out to fit very well with the
C(N)= TN + NG(N+k* 1) (6)  experimental data. As such, we use our experimental values

of 0, to calculate the values d{H) [Fig. 3(@]. Note that in
this figure,f(H)~0 for N=10, because in “thick” films, the

. . . .
whereNg is a constant anél™ is a function ofN given by matching between the film and the meniscus is tangential

5 within the experimental erroré,,~0). These results were
* * 4_4|pR recently confirmed by Jaquet and Schneider who obtained
K*(N+k*)"= : (7) . . . . :

ds3 the functionf(H) by directly measuring the film tensionat

different thicknesses. We recall that the film tension ré&tls

where |, is the permeation lengthl (= y\,73). From a

physical point of view, we decompose the dislocations of the

meniscus into two groups: a first one kf dislocations . . .

which can be considered as isolated from a hydrodynamica;ll: FHU)S ttr?g llcili\neczlro'?e(rz) ;inAblf ﬁ)tz;ﬂ?:pz{a?ggt;?gﬁn%fégm
. . - m -

point of view, and a second one containing all the other urements in thick flmsjwhere f(H)~0]. Jaquet and

dislocations. Because the dislocations of the second grou ) : . . .
are too close to each other to be considered as isolated, th%g :‘r_;_id;(;[gg) fitted all their 8CB data to the trial function

are replaced in the model by a giant dislocation of effective
Burgers vectoNgd (Fig. 2). As a consequence, the first term
in the rhs of Eq(6) represents the dissipation caused by the f(Nd)=— Lexp( _ N_d) (14)
permeation flow around thk* isolated dislocations, while (Tna—T)" J2¢

the second term corresponds to the dissipation associated

with the flow around the effective giant dislocation. In prac-with K=2.936 CGS, x=0.316, andd/\2£=1.007. This
tice, the first term in the rhs of E@6) always dominates the function is plotted in Fig. @& for T=28.7°C (Tya—T
other andN+k* —1>1. As a consequence, E@) simpli- =4.7°C) and turns out to be close to our experimental val-
fies in the form ues. Note that our data can as well be fitted with the same

7(H)=2y+ AP H+f(H). (13)
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film thicknessH=Nd, pressure differencAP,,, and initial
radiusr; . Before doing this, we first describe our experimen-
tal results.

IIl. DISLOCATION LOOP DYNAMICS: EXPERIMENTAL

All our experiments were performed with mectyl-
cyanobiphenyl (8CB) from Merck Ltd. The films are
stretched over a circular frame and placed inside an oven
regulated within=0.05°C. The frame is simply a circular
hole made in a 1-mm-thick plate and beveled on the sides.
The radius of the meniscus i5,=1.5 mm. Its radius of
curvatureR and the film thicknessi are measured by inter-
ferometry. After preparation, the film is kept at rest for 1 day,
this time being necessary to eliminate all the dislocations in
the film and to equilibrate the pressure inside the meniscus.
After this equilibration time, a loop is nucleated in the
middle of the film with the help of a very small heating wire
placed 50um under the film[5]. A very short current pulse
in the wire allows us to locally heat the film for a few mil-
lisecond slightly above its spontaneous thinning transition
temperaturd (N) [5,8,10,12. After the end of the pulse, the
temperature rapidly decreas@s less than 1 sand restabi-
lizes to the temperature of the oven. Note that the diffusion
time of heat in the heating wire is of the order of
~12/D, wherel is the size of the wire an® is the heat
diffusion coefficient. In a metaD~1 cn?/s, which gives
q~10"2 s by takingl=1 mm. As a consequence, we con-
sider that the relaxation time of the temperature inside the
oven after the nucleation is less than 1 s. This estimate is
confirmed by the observation of the nucleation process with

FIG. 3. (a) Interaction energy as a function of the film thickness. a rapid camerdsee Fig. 4. It may happen that the pulse is
The dotted line corresponds to the measurements of Jaquet aRgp short; in that case, the loop radiysfter the temperature

Schneider[17]. The solid line is the best fit to Eq13) of our

restabilization is less than the critical radiyscalculated at

experimental data obtained from the measurement of the appareff{e gven temperature, so that the loop collapses. By increas-

contact angl¢8]. (b) Force acting on the dislocation due to surface

interactions.

function by taking K=1.873 CGS, k=0.330 andd/\2¢

ing the duration of the pulsr, preferably, the powegrit is
possible to exceed the critical radius above which the loop
grows. Its dynamics is then recorded after the temperature is
stable.

50.695. These are the values we _have qhosen in the follow- |n spite of its apparent simplicity, this experiment is dif-
ing. Note that the force on the dislocation due to surfaceicult to perform. The first reason is that it is preferable to

interactions is given by the differend¢N) —f(N—1). The  measure the curvagt) with the same film, because, in this
values of this force are fairly close when using our data orcase, the meniscus does not chanyy®, can be considered
those of Jaquet and Schneider, as illustrated in the graph efs a constant, which, of course, requires there is no leak of
Fig. 3(b); material on the frame Second, it is necessary to wait at least
Finally, we need to know the surface tensipfvhich has  half a day between two measurements: indeed, each loop
been measured very precisely, see REI3,18), the pres-  must join the meniscus before another is nucleated and a new
sure differenceAPy,, given by the usual Laplace lal®],  r(t) curve is recorded. This condition is fundamental to ob-
which requires a measurement of the radius of curvé®o€  tain reproducible results and was first found experimentally
the meniscus and the line tensiok of the dislocation, mea- (it will be explained in the following sectignAlso compli-
sured previously in the gravity field of a vertical film and cating matters is the fact that the film can break very easily
shown to depend on the film thickness as folldwig each time a loop is nucleated. As a consequence, succeeding
in getting thinner the same film fromd =300 toN=3 is not
SE SO easy to maintain, especially when the film becomes very
—_—. thin as it is necessary to heat it strongly to nucleate a loop.
VN+1/72 This operation even becomes perilous winNxa 10 because
the temperature must be increased by more than 15 °C above
Because all of these quantities are known experimentally 5 ; the film then locally melts into the isotropic phase, as
(except forC, which has been estimated in R¢L0]), we  observations with a rapid camef&000 images per second
can, in principle, predict the time evolution of a pore for anyhave showr{10] (Fig. 4). In that case, the local heating is

E(N)=E.+ (15)

061701-4
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FIG. 4. Observation with a fast
camera of the nucleation process
in a film of eight layers. Time is
given in milliseconds on each pic-
ture. At the end of the sequence
the isotropic droplet which forms
first (white spoj has completely
disappeared, leaving a pore of
large size (40Qum in radiug. The
heating wire placed under the film
appears as a diffused white spot
visible in all pictures.

large and the loop grows very fast during the thermal tranvery thin films as shown in Fig. 4. Nevertheless, the velocity
sient regime, which prevent us from recording at the set temstill decreases in time whemapproaches,,.
perature(i.e., at the temperature of the oyethe beginning

of the growth processin practice below a radius of about V. COMPARISON BETWEEN THEORY AND

400 um). EXPERIMENT
In Figs. 5a) and §b), we have plotted the experimental
curvesr (t) for different values ofN in two different films. In Figs. 5a) and 3b), we have plotted the experimental

The temperature of the oven was fixed to 28.4(4E this  curvesr(t) from Eq. (5) for the different values ofN. Fit
temperaturey~30.6 erg/cri [17,18)). In each case, the parameters are the const&it{characterizing the dissipation
pressure inside the meniscus was constant, witR,, in the meniscusand the initial timet; (which, in practice,
~260 dyn/cni in Fig. 5a (R=0.117 cm) andAP,,~110  never differs by more timal s from the experimental value
dyn/cnt in Fig. 5b) (R=0.275 cm). The origin of time is Because our experiments were all performed &t
arbitrary for each curvéand has been chosen in order that=28.5°C, we used experimental values of the parameters at
the curves do not intersecfNote that the time range in Fig. this temperature. Fof(H), they are given in Fig. (b); for
5(a) corresponding to thick filmsN>20) is much wider the mobility of the dislocation we have taken the value ob-
than in Fig. 4, corresponding to very thin film&«10), tained from creep experiments in compression normal to the
although the radius variations are comparable. layers u=4.510 " cm?sg ! [6] : for the surface tension,

These two sets of curves show three essential results. y~30.5 erg/cri [17,18; for the line tensio{given in Eq.

(i) In thick films (more than 100 layers, typicallyr (t) (15)], E..=4.510 7 dyn andSE=1.310 ® dyn according to
linearly increases in timéas long ag>r.), independently previous measurements in vertical filig. Finally, values
of the pore size. The velocity=dr/dt is constant and will of C obtained by fitting the experimental curveét) are
be denoted by.. in the following. In addition, we have given in Fig. 6(squares and circlgsTo complete this set of
verified that, within the experimental errar,, is propor- data, we have added a few results obtained from preliminary
tional to AP,,, as already shown in Ref$5,6]. Indeed, measurements consisting of equilibrating two meniscus of
v.. /AP, (which gives the mobilityx of the dislocation in an different radii[16]. The values obtained in this way are close
infinite medium equals 4¢0.5)10 ' cn?s/g in Fig. 5 to those deduced by fitting thiét) curves(crosses in Fig. 6
(curvesN=139 andN=208). This value of the mobility is Finally, we plot the curveC(N) using Eqs(6) and(7). The
in agreement with that found previously in 8CB at fit parameters are the permeation lengfifixing the func-
28°C (u~4.410 7 cn? s/g[6)). tion k*(N) used in Eq.(6) where we have takerR

(i) In films of intermediate thicknesséisetween 100 and =0.117 cm] and the Burgers vect@iven by Ngd) of the
10 layers, typically, the growth velocity is systematically giant dislocation representing the main part of the meniscus.
smaller tharv., and decreases in time whempproaches the From this fit we obtained,~15 A (two times the distance
radius of the meniscus. between two molecules in a layesand Ng~58 000, which

(iii) For thin films (less than ten layeysthe velocity is  givesNgb=170 wm. This last value appears very large as it
globally larger tharv .., an effect that becomes important in is comparable to the total height of the meniscus in contact
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FIG. 6. Values ofC obtained as a function dfl by fitting the
experimental curves(t) with Eq. (5) (squares and dotsPoints
which are given for large values df (crosseshave been recently
obtained by another method consisting of equilibrating two menis-
cus of different radii. The solid line is the best fit obtained from
Egs.(6) and (7).

thickness is typically less than 100 nm. In this case, surfac-
tant molecules form charged micelles which arrange into lay-
ers as in the smectic phagigecause charged micelles repel
each other[21-23. It was shown that, when the film con-
tains more than two or three layers of micelles, pores spon-
taneously nucleate inside and grow according to a diffusive
law r ~ Dot with Dogi~10"8 cnP/s[24]. This law comes
from a balance between the disjoining pressure force due to
van der Waals interactions between the free surfates

FIG. 5. Curves (t) measured after the transient thermal regimedriving force, as in very thin smectic films, with the differ-
in two different films. In(a) we show curves obtained for large and ence that in smectics, the force is mainly due to the enhance-

intermediate values dfl (AP,,~260 dyn/cnd,N>20):; in (b) val-
ues of N are much smaller XP,,~110 dyn/cm3,N<10). Only a

ment of the smectic order at the air interfaaad the viscous
force, associated to the “Poiseuille” flow of matter within

part of the curve measured lt=208 is shown for comparison. In the film thickness. This interpretation leads to the following
both graphs the curves have been shifted in time in order that theformula:

do not cross. The solid lines are the best fits obtained from(&q.

by taking the values o€ given in Fig. 6.

H3 oIl

Deff:_aa_Hr (16)

with the frame. This means that the meniscus is a very poor

reservoir of material when it changes size. This result exwherell is the disjoining pressurg, is the viscosity of the
plains our observation that equilibrating a film after stretch-liquid, andH is the film thickness. This formul@lso used in
ing usually takes a very long timgl day and sometimes the context of the dewetting of a liquid on a solid substrate
more, depending on the film size, thickness and temperg25]) gives values oDy in good agreement with the ex-

ture).

periments[24]. It must be emphasized that this dissipation

Note that, in principle, the consta@tmust depend on the mechanism is different from the one that is relevant to our

size of the meniscus, in particular, on its heighich, pos-

experiments with smectics, where permeation plays a domi-

sibly, determines the value &fg) and, to a lesser extend, on nant role, both locally around the core of the looped disloca-

its radius of curvatur® [k* (N,R) depending orR like RY®

tion and in the bulk of the meniscu§The meniscus can be

at smallR, while k* =0 at largeN, see Eq(6)]. These effects considered to be a “perfect” reservoir in surfactant solutions,
could explain in part the dispersion in our experimental re4n contrast to the smectic case.

sults.

V. COMPARISON WITH SOAP FILMS OBTAINED
FROM CONCENTRATED MICELLAR SOLUTIONS

VI. CONCLUSION

We have shown that loop dynamics in freestanding films
of smecticA phase strongly depends on the film thickness. If

It has been known for a very long time that the drainagethe film is thick (N>100), the growth velocity of the loop is
of thin soap films made from concentrated surfactant solugiven by its local mobility and by the pressure difference

tions occurs in step§l9,2q. “Thin” means that the film

imposed by the meniscus. In this case, the meniscus acts as a
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perfect reservoir. In films of intermediate thicknesses (10sizes connected by a film of a given thickness. This method
<N<100), a new phenomenon occurs: the growth velocityis reliable for very thick filmsg(more than 100 layefsut is
decreases when the radius of the loop approaches that of thl@ficult to use with thin films, because it takes too much
meniscus. This effect is due to the finite permeability of thetime. For this reason, two other experiments are envisaged,
meniscus, which acts as a dissipative reservoir. This can comonsisting of measuring, either the pressure inside a bubble
siderably disturb the loop dynamics, especially when the filmwhen it is blown up from a plane filrh26], or the quality
thickness is close to 30 layers. In very thin film¥<10), factor of the resonance peak of a vibrating fil827). In
another new effect adds to the previous ones: the free suthese two experiments, the finite permeability of the menis-
faces attract each other, which exerts an additional drivingus should play a major role which has not yet been inves-
force on the dislocation. As a result, its growth velocity tigated experimentally. Finally, it would be interesting to
strongly increases and is only fixed by the force due to thdook at the dynamics of dislocation loops in films where the
strong interaction between the surfacesf&dAP,). Be- surface layers have crystallized. In this case, we expect a
cause this interaction is caused by the enhancement of ttsérong slowing down due to the flow of matter inside the film
smectic order parameter at the free surfaces, it exponentiallfhickness and &'t growth law, such as that observed in soap
decreases with film thickness, and as such plays a significafitms (provided this dissipation mechanism dominates the
role only whenN<10. In this range of thicknesses, the slow- others, which is possible in thin films
ing down of the loop is still visible when its radius becomes
comparable to that of the meniscus.

In the future, we plan to measure more accurately the
constantC. One experiment currently in progress consists of The authors would like to thank Dr. Vance Bergeron for a
measuring the equilibration time of two meniscus of differentvery fruitful discussion about soap films.
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