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Dynamics of supercooled liquids confined to the pores of sol-gel glass:
A dynamic light scattering study
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Dynamics of low molecular weight and polymeric glass forming liquids in confined geometries has been
studied by means of depolarized dynamic light scattering: photon correlation spectroscopy and Fabry-Perot
interferometry. The pore size of the glassy matrix amounted to 2.5, 5.0, and 7.5 nm. The glass transition
temperaturdl, of these liquids in confined geometries has been measured using differential scanning calorim-
etry. A systematic decrease ®f (up to 25 K with decreasing pore size has been observed. The relaxation
times of thea process at constant temperature were decreasing with decreasing pdrgsiaes orders of
magnitude afl;), while the width of their distribution was increasing. The change of the relaxation times can
be assigned to the changeTf in confined geometries. After correcting the activation plots for the shift,of
a master curve was obtained for all pore sizes and the bulk material. The effect of chemical modification of the
surface of the porous matrix on the dynamics of ortho-terphenyl has also been studied. These dramatic changes
of the Ty and the relaxation time of confined liquids can be explained by simple thermodynamic arguments.
There is no indication that they are related to the change of the correlation length of cooperative dynamics.
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I. INTRODUCTION ever, not straightforward11], and an effective medium
analysis has to be used in order to remove the effect of the
The structural relaxation time and viscosity of super-dielectric heterogeneity of the sample. The discrepancies be-
cooled liquids change by about 14 orders of magnitude in &veen the intrinsic and measured effective properties in a DR
narrow temperature range between the melting temperatugxperiment depend additionally on the topology of confine-
T and the liquid-glass transition temperatdig. This dra- ment [11]. Recent inelastic neutron scattering experiments
matic change is usually explained by the increasing coopet12,13 have shown that the density of the supercooled lig-

ativity of motion and a growing cooperativity correlation Uids in the pores close @ is slightly lower (less than 2%

length. This notion appears in several theoretical modelf@n that in the bulk. An additional complication in the stud-
[1-3], however, no structural experimental evidence for this'€S of supercooled liquids confined to nanometer size pores is

correlation length has been found. Confining a liquid to athe strong contribution of the interactions of these liquids

small pore is an easy way to limit the possible correlationW'th the surface of the pores of the confining matrices, which

length of the cooperative motion, since this length cannols strongly material dependent. Another interesting problem

d th e Th hanaing th . Is the influence of the topology of the pores on the confine-
excee € pore size. Thus, changing th€ pore SIZE€, ON€ 7.+ effect. In this paper, we present depolarized dynamic

able to control the maximum extent of the cooperative dyyigpt seattering DDLS) and DSC studies on the confinement
namics. Despite the many experimental and theoretical résttect in low molecular weight van der Waals glass forming
sults concerning the dynamics of supercooled liquids in CONfiquids and a polymer. The advantage of the DDLS, used
fined geometries, there is no clear physical explanation of thgere to study the dynamics of confined supercooled liquids,
confinement effect. Moreover, some of the results are contrgs that the measured correlation functiofspectra contain
dictive. Differential scanning calorimetryDSC) measure-  only information on the dynamics of the optically anisotropic
ments[4] usually show a strong decreaseTgfwith decreas- molecules of the confined liquid without any contribution
ing pore size in rigid porous matrices, in analogy with thefrom the porous matrix. Thus, no additional parasitic pro-
melting temperaturd ,, [5], while no shift of T, was ob-  cesses occur and no correction procedures are necessary. We
served for droplets of supercooled liquids of comparablealso show a possibility of consistently explaining all the ex-
size, obtained in microemulsioi§—8]. In dielectric relax- isting data(some of them apparently contradictivasing
ation (DR) studies also a decrease ©f was reported9]  simple thermodynamic arguments where the cooperativity
(and literature cited thereinbut recently it was found that as correlation length plays no role.
few as 6 molecules is enough to obtain a bulk behavior of a
liquid [10]. Thus, no confinement effect is to be expected for Il. MATERIALS AND METHODS
larger pore sizes. The interpretation of the DR data is, how- )
A. Materials
Ortho-terphenyl(OTP) (Merk-Schuchardt, 99.7% pure
*Electronic address: patkowsk@amu.edu.pl and phenyl salicylatéSalol) (Aldrich, 99% pure were puri-

1063-651X/2003/6(2)/0215018)/$20.00 67 021501-1 ©2003 The American Physical Society



PATKOWSKI, RUTHS, AND FISCHER

PHYSICAL REVIEW E67, 021501 (2003

Sample OTP Salol PMpTS PDE KDE
Formula CisHua C3HiO;3 [CsH1cOSi], CpHy304 C2aH2,0,4
Structure [ ]
CH, o fo)
0y -0 |. |
O OH; O T 7| O > O >
@ © L. © .
CH, OCH, ocH, b, o,
— —n
M [g/mol) 230 214 3600 346 374
T, [K] 329 316 376 388
T, [K] 244 225 236 295 313

FIG. 1. Materials.

fied by multiple recrystallization from methanol. All the samples were kept at temperatures above their melt-
Poly(methylp-tolyl-siloxang (PMpTS of weight average ing temperature for several days or weeks until the porous
molecular weightM,,= 3600 g/mol was synthesized using matrices were filled uniformly. At this stage all samples were
anionic polymerizatior{14]. Phenylphthalein-dimethylether optically homogeneous and transparent.

(PDE) and cresolphtalein-dimethyleth@£DE) were synthe-
sized in the laboratory of Professor H. Sillescu at Johannes
Gutenberg University, Mainz, Germany, and were used with-
out further purification. The chemical structures and relevant
parameters of the samples are given in Fig. 1.

D. Depolarized dynamic light scattering(DDLS)
1. Photon correlation spectroscopy (PCS)

The experimental setup for PCS measurements consisted
of a Nd:YAG laser(Adlas, model DPY 425)I operating at
A=532 nm with a power up to 400 mW and a home-made

. . o cryostat. The scattered light, after passing a polari@&an-
High purity GELSIL porous silica glasses produced byThompson, extinction coefficient 16 from Halle, Berlin,

sol-gel process were purchased from GELTEGHachua, Germany was fed into a monomode optical fib&Bpindler

Florida, USA The relevant physical parameters of these ma- .
trices are given in Table I. and Hoyef and a photomultiplier tubéPMT) (Thorn EMI,

model 9863. The PMT signal after passing the amplifier and

discriminator(ALV Langen, Germanywas fed into a digital

correlator(ALV-5000, ALV Langen, Germany The sample
The porous glasses were purified by slow heating up teell was placed in a home-made vacuum cryostat in order to

800°C in vacuun{20 h), kept at this temperaturerf® h and  avoid water condensation on the cell walls at low tempera-

then cooled down slowly to room temperature within 36 h.tures. The temperature of the sample was stabilized within

After this cleaning procedure the samples were transferred t0.1 K using a liquid thermostatHuben. The depolarized

a glove box filled with nitrogen and silanized. The aim of PCS time autocorrelation functions were analyzed using the

silanization was to replace the polar OH groups on the surKohlrausch-Wiliams-Watt$KWW) function,

face of the porous material by nonpolar OSi($Hgroups

B. Porous silica substrates

C. Sample preparation

in order to reduce the interactions of the samples with the (D) ot Proww

matrix surface. Also the Pyrex light scattering celWill- gr(=Aex TKWW ' @)
mad, USA, OB=20 mm, ID=18 mm were silanized. The

porous glass matrices in a form of a cylind€@D=10 mm) and the mean relaxation time was calculated as

were placed and centered in the light scattering cells using

specially made teflon holders. Glass forming liquids after TKWW 1

filtration through millipore filterspore size 0.22) were ei- (1)= Bwar<ﬂwa , 2

ther distilled under vacuum(OTP) or injected (Salol,
PMpTS into dust-free light scattering cells containing po- whereT (x) is theT function.
rous glasses and the cells were flame sealed under vacuum.

2. Fabry-Perot interferometry (FPI)

TABLE . Specifications of GELSIL porous glasses. The experimental setup for DDLS FPI measurements con-

sisted of a single mode Ar-ion las€Bpectra Physics, model

2:5 nm >0 nm 7.5 nm 2025 operating akh =514.5 nm with a power up to 400 mW
Total pore volumd cn/g] 0.4 0.7 1 and a 6-pass Tandem FF$andercockfree spectral range
Inner pore surfacém?/g] 610 580 525 (FSR =15 GHz and was described in detail elsewHdrg.
Bulk density[ g/cnT] 1.2 0.9 0.7 An electrically heated oven was used for temperature control

of the samples and the temperature was stabilized within 0.1
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K. Since the main aim of these measurements was to com =30 — T 1
pare the dynamics of glass forming liquids in bulk and con- 0.00 0.01 0.02 0.03 0.04
fined to a porous glass, we decided to make the analysis o. 1/ Pore diameter [A"]
tmhgn-l’;aliFs)lngfrgrv?/i%saSIQEr?QI]?eanFr)grS]tszlit:ﬁ.(:/c\)/ﬁ\;gltﬁti (tjh\(/avi(taf:( ?ﬁg FIG. 3. Pore size dependence of the glass tran_sition temperature

. . . . shift AT —(extrapolated to zero heating or cooling jate si-
eXpe”memaI Inst_rumental f_unctlon. From the half width atIanized porous silica GELSIL glass measured by means of differ-
half heightI" of this Lorentzian one can calculate the relax- gial scanning calorimetrDSO).

ation time of the process
As one can see the square root dependendg oh heat-

1 ing or cooling rate is evident. From the valuesigfobtained
=5 T @ in this way the difference ATy=Tgy(porous glass
—Tg4(bulk) was calculated and plotted versus inverse pore
size in Fig. 3.

Obviously, this kind of analysis results in systematic errors

. - The measured, values for OTP are in a good agreement
(small in a log scaledue to the fact that thgyyw value in p g g

hi . | o' 1 but i with the literature OTP datiat]. As one can see the change of
this temperature range Is not exactly equal to 1, but is n ¢ Of glass forming liquids contained in porous glass is sub-

very far from that valug16]. The high frequency contribu- gz niia| and depends on material. In all cases a linear depen-
tions t.o the spectrum are negligible in the small FSR of th|sdence of the calorimetrid@, on inverse pore size can be
experimen{16]. observed. ’

E. DSC measurements

The glass transition temperatures of the glass forming lig- B: Depolarized dynamic light scattering measurements
uids confined in porous glass were measured using a com- The mean KWW relaxation times for OTP confined to the

mercial DSC instrumengMittler, model DSC 30. pores of GELSIL glasses measured by means of PCS in the
lower temperature range close Tg are shown in Fig. 4.
Ill. RESULTS AND DISCUSSION The KWW stretching parametg . is also shown. As

one can see, the PCS measurements for OTP were possible
only in a very limited temperature range for the following
In order to obtain the glass transition temperature of glasseasons: The high temperature limit is defined by the time
forming liquids contained in porous matrices, the DSC meawindow of the experiment. At lower temperatures clos& §o
surements were performed using different heating and coothe sample became turbid, making any light scattering mea-
ing rates. It is known from the theory of the heat-flow calo- surements impossible. This turbidity disappeared upon heat-
rimeter that the error in the measured value of meltinging.
temperaturdl ,, is proportional to the square root of the heat-  Before discussing the experimental results, let us first
ing or cooling rate[17]. The same holds folfy measure- consider the possible reasons for turbidity of the samples at
ments. Thus, in order to remove this instrumental deficiencylow temperatures. The first possibility is that the sample
we obtained the correct values ©f by plotting T, versus  crystallizes upon cooling. Actually, we have observed crys-
(heating or cooling rat’? and extrapolating these plots to tallization of the confined liquid in some samples. However,
rate which is equal to 0. An example of such procedure isn this case the samples remain turbid also after heating them
shown in Fig. 2. to temperatures above,,. This behavior of the crystallized

A. DSC measurements
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FIG. 4. Mean KWW relaxation times angyy,, parameters getting shorter, up to about 6 orders of magnitude when we

measured for OTP in bulk and in porous glasses of indicated por§0Mpare the bulk and 2.5 nm data closeTip At the same
sizes by means of photon correlation spectroscopy. time the value of theByww parameter is decreasing with
decreasing pore size. A very interesting effect of confined

samples can be explained by a breakdown of the porouquid-surface interactions can be seen when we compare the
glass matrix upon crystallization of the confined liquid. This OTP relaxation times obtained in silanized and not silanized
led to permanent optical heterogeneity of the sample whicmatrices of pore size of 7.5 nm. In the not silanized matrix
cannot be removed by any temperature treatment. Thus, th@o processes can be clearly se@pa faster process, similar
reversible turbidity of the sample cannot be due to crystallito that observed in silanized matrix, but slightly faster, and
zation. Another possible explanation is that upon cooling theii) another process about 4 orders of magnitude slower than
supercooled liquid confined to the pores contracts more thatine fast one and slower than that in the bulk. These two
the glassy matrix and in this way voids in the pores areprocesses can be assigned to the relaxation of liquid confined
created. This, however, is not a good explanation of the turto the pores and to the liquid layer on the surface of the
bidity either, since the voids would be smaller than the poregpores, respectively. The fact that the fast process in not si-
size and thus being much smaller thaf20 would never lanized matrix is faster than that in silanized porous glass can
cause the turbidity. Additionally, clean empty matrices arebe explained by effectively smaller pore size in the former
always perfectly transparent, although the refractive index otase, due to the fact that the surface layer of OTP on the pore
air is much more different from that of the glassy matrix, andsurface is thicker than the corresponding layer of the silan
a partial filling of all pores would only decrease the scatter-groups, in the latter case, making the pores effectively
ing. That means that any optical heterogeneity of the samplemaller. The same effect can be seen in the behavior of the
of the length scale comparable or shorter than the pore siz8xw parameter. Actually, the slower process appears also in
cannot make the sample turbid. We will come back to thethe correlation functions measured for OTP in silanized ma-
turbidity problem later in this paper after discussing the posirices. Its amplitude, however, is much lower than that for
sible explanation of the confinement effect on the dynamicsot silanized glasses making the analysis not reliable.
of supercooled liquids. The combined activation plot obtained by means of PCS
In Fig. 4 the mean relaxation times and correspondingand T-FPI for OTP confined to pores of different sizes is
Brww parameters are shown for OTP confined to the poreshown in Fig. 5. As one can see, the effect of confinement on
of the sizes of 2.5, 5.0, and 7.5 nm in silanized matrices. Irthe structural relaxation times at higher temperatures is much
order to see the influence of the liquid-surface interactionsyweaker although qualitatively similar to that at low tempera-
experimental data for OTP in 7.5 nm pore size of not si-tures: the smaller the pore size the shorter the relaxation
lanized porous glass are also shown. As one can see, tliene.

021501-4



DYNAMICS OF SUPERCOOLED LIQUIDS CONFINED TO. .. PHYSICAL REVIEW &7, 021501 (2003

1 H 1 o 1 v L H I<> '<> T T T 1 T T T T
104 o1p g % Salol | [—¢— PCS bulk
_ _ 10 | \%@S —O—FPI bulk [18]
&0 \ . —+—DS [19]
84 0 FPI i i QF_Q —A—FPI PG75
. O & OTP (bulk) . sl /i —o—FPI PG50
6 A OTPin PG 75 sil. _ + [—&—FPI PG25
" 4 O  OTPinPG 50sil. &%
= O OTPinPG 25sil. 1 i \+ 1
5 44 -
g o A -
£ ] - X
_? P ’ PCS _ 5 L |10.5 T T T T ’ E
N ¢  OTP (bulk) X
1 e A  OTPinPG75sil 1 vV 4 E
0 ® OTPinPG 50 sil. - 3
* B OTPinPG 25 sil. g | !
N N 1 10.0 1
2 —. = o L @ a
v
T T T T T T T T T T o
0 40 80 120 160 200 F < XY 1
9.5 .
T- Tg [K] ok |
FIG. 6. Temperature dependence of the mean relaxation times o | i
OTP in bulk and in porous materials, corrected for the shiff of \
_2 = 90 1 1 1 1 ._
. 2.6 2.8 3.0 3.2 3.4
As we have shown before, the glass transition temperature 1000/T [K"]
T4 of OTP depends strongly on the pore size. Therefore, we . :
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have corrected the activation plot for the shiftof plotting

the relaxation times v& — T in Fig. 6. It is evident that this 1000/ T [K']

correction is sufficient to cause a collapse of all data on one

master curve, i.e., the dramatic change of the relaxation FIG. 7. Temperature dependence of the mean relaxation times

times of the confined liquid can be related to the correspondmeasured for Salol in bulk and in silanized porous glagsse} of

ing change ofT . indicated pore sizes by means of Fabry-Perot interferometry. The
Similar effect of confinement was also observed for Sa|o|,decrease of the relaxation times with decreasing pore size is smaller

Fig. 7, where the relaxation times obtained previously forthan for OTP in agreement with the smaller chang& pbbserved

bulk Salol by means of FPI18] and dielectric relaxation N Salol.

[19] are also shown. A good agreement of the values of re-

laxation times obtained by us, using simplified analysis of AT, =T, —T.(d)= 40g Ty @)

the FPI data, with the literature values can be seen. In the moomoom dAH¢pg’

case of Salol we were able to measure the dynamics of the

confined liquid only at high temperatures using the T-FPIwhereog is the surface energy of the solid-liquid interface,

because at low temperatures, in the PCS range, the sampi€s and Ty(d) are the normal melting point and that of a

were turbid. Also in this case, the correction of the activationcrystal of sized, respectivelyAH; is the bulk enthalpy of

plot for the shift of T results in a master curve, Fig. 8. fusion (per gram, and ps is the density of the solid. If a
Measurements on PMpTS samples confined to the poresimilar relation holds for the glass transition temperature

performed at higher temperatures by means of T-FPI shol#.5], then

much weaker influence of confinement on the structural re-

laxation, Fig. 9. Such an effect was to be expected from the ATy g (5)

—_— o —,

much smaller shift ofl, in the porous matrices. Ty d

For a rough estimate we can replace the valuespby
) o the gas-liquid interface energy, measured for a free liquid
So far, there is no theory that can be used explicitly togrgplet in air, which amounts tory=3.74<10"2 N/m for

explain the confinement effects. For qualitative considergTp ands,,=1.73x 10°2 N/m for Salol, respectively. For a
ations let us first assume that the confined liquid is at thermalysiant p%re size, using EG) we get

equilibrium during isobaric cooling from the filling tempera-
ture to the temperature of experiment. The melting point de- ATOPT/ ATSalol  ,OTP
g 9

C. Possible explanations of the confinement effect

pression for a small crystal of sizkis given by the Gibbs- =9 (6)

. Salol Salol
Thomson equation Ty opt

OPT
TQ
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Salol in bulk and in porous materialgsed, corrected for the shift agreement V\_"th our eXp_er'_memal valu_es.
of Ty. Another simple possibility to explain the decreaseTgf

and structural relaxation times with decreasing pore size re-

The estimated ratio of the relative changeTgf AT,/T,for ~ Sults from the fact that the originally isobaric cooling at
OTP and Salo[Eq. (6)] amounts to 1.84 and is in a reason- Nigher temperatures turns into quasi-isochoric cooling at
able agreement with the corresponding ratio of the surfackWer temperatures. This is due to the difference in the ther-
energies which amounts to 2.16. For both liquigsin po- mal expansion coefficienty of the glassy matrix and the

rous matrix is lower than in the bulk. liquid and to the very high viscosity of the liquid. The porous
For glass forming liquids confined to spherical pores ofMaterials used in our studies were filled with liquids at high
perature the densities of the liquid in the bulk and in pores
20 were equal, it will not be so at lower temperatures. For OTP

AP=—, () we have y=75x10 4K ! and for Salol y=7.49

x 10”4 K~1. Upon cooling the supercooled liquid contracts
where ¢ is the interfacial energy of glass-liquid interface. more than the glassy matrix [y(porous
Since the value ofi Ty/dP is usually known from high pres- glasg=7.5x10"" K, [24]] and the equilibration of density
sure studies, we can estimate the corresponding decreasetbfough a flow of the bulk liquid into the pores is prevented
Ty in the pores-AT, as due to the high liquid viscosity. Such a quasi-isochoric cool-

ing will result in negative pressur@dditional free volume

dTy dTy 20 Since the OTP samples were filled at about 70°C then, when
ATg:ﬁAP:ﬁT- ®  measured at 0°C, the difference in the thermal expansion
coefficients leads to  AV/V=[y(porous glask
Thus, the I dependence oAT, is obtained in agreement —y(OTP)JAT=—-5X 1072, i.e.,—5%. Such a decrease of
with our experiment and literature daffd,21]. In order to  density and corresponding negative pressure would cause a
obtain a rough estimate &fT, for OTP in 2.5 nm pores, we dramatic shift ofTy and 7, , much larger than that observed
can use the corresponding gas-liquid interface energy in the experiments. The estimated density change required to
and dTy/dP=0.26 K/MPa[22,23. In this way we obtain obtain a shift of AT,(OTP)=—24 K and ATy(Salol)=
the pressure reduction in the porA$®=60 MPa and the —12 K in 2.5 nm pores amounts to about 2% and 0.9%,
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respectively. This discrepancy may be due to the fact that thBnement volume remains equal to the liquid volume at all
calculation actually overestimates the effect, since flow oftemperatures. In order to explain the microemulsion data us-
the confined liquid and equilibration of density might be pos-ing the analogy to the melting temperature depression, the
sible even at temperatures lower than the filling temperaturesurface tension of the surfactant-confined liquid surface must
making AT in the estimation smaller. be at least one to two orders of magnitude lower than the
The turb|d|ty of the Samp|es at low temperatures may béurface tension of the free ||qU|d surface, i.e., must be
also explained in the same way. Upon cooling some shofgmaller than 10*-~10"° N/m.
range mobility of the liquid molecules is still possible. Thus, All these considerations concern the changes of the glass
liquid can flow to some pores in order to increase and equilitransition temperaturdy and the structural relaxation time
brate the density there, decreasing in this way the density of, in confined geometries only in the case when the confined
neighboring pores even further. This may lead to the formaliquid-confining surface interaction can be neglected. If this
tion of regions of substantially different densities of the lig- iS not the case, then the situation is more complex and the
uid in the porous matrix. If the size of these regions ap-nterplay of two opposite effects has to be conside(gdhe
proaches the value of the wavelength of light, the samplerolume effect—when the confined liquid does not interact
becomes turbid. Upon reheating these filling inhomogenewith the surface, a faster dynamics and lovilgy are ob-
ities disappear making the sample transparent again. Sin&@rved, andii) the surface effect—when the confined liquid
the viscosity of the supercooled liquid is very high, a com-interacts with the surface, a slower dynamics and a higher
plete filling of the porous matrix at lower temperatures bythan in the bulk, can be seen. These two effects were ob-
liquid from outside would take a very long time, much served in our studies for OTP confined to not silanized po-
longer than the time of experiment. rous silica glass of the pore size of 7.5 fiRig. 4), where the
If this simple explanation of the confinement effect is cor-slow process, much slower than in the bulk, results from the
rect, then the shift o ; would depend mainly on the thermal dynamics of the molecules interacting with the surface and
expansion coefficienty of the confined liquid and the con- corresponds to the surface effect, while the fast process,
fining matrix. In fact they values for polymers are loweof much faster than in the bulk, is the relaxation of the remain-
the order of 10° K1) than those for simple van der Waals ing confined liquid and corresponds to the volume effect.
liquids which would correspond to smaller confinement ef-The amplitude of the slow processurface effegtdecreases
fects as observed for PMpTS. substantially in silanized porous glass, where the liquid-
Density of liquids confined to the pores lower than that insurface interaction is much weaker. Similar interplay be-
bulk at the same temperature has been reported for Glyceréiveen these two effects has been observed recently for tolu-
in GELSIL matrices of the pore size of 2.5 nih2] on the ~ ene[13]: For the larger pore size@.7 and 8.7 ni where
basis of inelastic neutron scattering measurements. The relthe volume contribution prevails, a decreaseTgfwas ob-
tive density decrease in the pores amounted to 2% which weserved, while for the smallest pore si&4 nm an increase
equivalent to a temperature shift of 27 K. Similar effect 0f Ty in comparison with the bulk was seen, due to the
has also been observed for toludig]. dominance of the surface effects. The increase of the width
We have presented two possible ways to explain the corPf the glass transition range with decreasing pore size, ob-
finement effects in porous matrices observed in DSC angerved in that studf13], as well as in most previous inves-
DDLS experiments, which are in a qualitative agreementigations, corresponds to a decrease of@he, seen for our
with the experimental data. In the first approach, the shifts ofamples.
T, and the structural relaxation times and the corresponding In our previous paper$25,26 we have shown that in
density difference in the pores and in bulk at constant temglass forming liquids long range density fluctuations are ob-
perature and pressure depend 0n|y on the surface tea§ion served, which result in an additional slow process in the
of the liquid and the pore radius (d=2r). In the second isotropic part of the correlation functio6 to 8 orders of
model the confinement effect depends only on the differenc&agnitude slower than the procesg and in an excess iso-
of the thermal expansion coefficients of the confined liquidtropic intensity. The correlation length of these fluctuations is
and the porous matrix. In order to decide which mechanisn®f the order of 100 nm and depends on temperature. Obvi-
prevails in real systems, more experimental data for materiously, this slow process was not observed in glass forming
als of different surface tensiom, and pore radiug are liquids confined to the pores, since the pore size was much
needed. Angell and co-workers have measured the glass trapmaller than the expected correlation length of the long range
sition temperature for supercooled liquids in microemulsionglensity fluctuations.
[6—8]. Although the droplet size was very smél—6 nm)
and similar to the pore size of the GELSIL glasses, they
observed practically no shift afy (AT,<<2 K) in compari- V- CONCLUSIONS
son with the bulk material, but only a substantial broadening The glass transition temperatures of OTP, Salol, PDE,
of the transition range. Thus, for liquids in microemulsionskKDE, and PMpTS confined to porous gla§SELSIL) of
the size effects seem to be insignificant. This result can bpore size of 2.5, 5.0, and 7.5 nm were measured by means of
easily explained by our second approach: There is no shift dDSC. A strong, material dependent decreasg& pfup to 25
T4 because there is no additional free volume, since the thei) was observed. At the same time the structural relaxation
mal expansion coefficients of the confined liquid and thetime r, was measured for OTP, Salol, and PMpTS by means
confinementthe surfactant shellare the same, i.e., the con- of DDLS. This time decreased by up to 6 orders of magni-
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tude close tdly, depending on the material. The changes ofthe confined liquid and the porous matrix and the fact that
T4 and 7, are correlated and a plot of lagr, vs T—Tg for  the density of the confined liquid at low temperatures cannot
all pore sizes and the bulk material results in a master curvéae equilibrated, in the time scale of experiment, through a
The strong changes dfy and 7, due to confinement can be flow of the liquid from outside due to its high viscosity.
explained by the difference of densities of the confined andJsing these approaches one can explain the apparently con-
bulk liquids at low temperatures. The decrease of liquid dentradictory confinement effects: the strong decreasg,aind

sity is sufficient to explain the observed shiftsf and 7, 7, usually observed in rigid porous matrices and no change
due to confinement. Two simple explanations are proposeaf T4 andr, reported for droplets of glass forming liquids in
In the first one, the density change is proportional to themicroemulsions of comparable size. Thus, there is no obvi-
liquid-pore surface tension and inversely proportional to theous indication that the dramatic effect of confinement on the
pore size. In the second one, the density difference resuldynamics of confined liquid is related to the change of cor-
from the difference of the thermal expansion coefficients ofrelation length of cooperative dynamics closeTip.
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