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ABSTRACT: By selective placement of fluorescent dyes, we have measured the glass transition temperature
(Tg) of individual layers within supported bilayer films of different polymers to determine the extent to which
strong free-surface effects and substrate interactions are mediated by a narrow interface between immiscible
polymers. We have discovered that the impact a free surface hgwithin an ultrathin PS layer is extremely
sensitive to the polymer species used in the underlayer. The Targeduction of~32 K relative to bulkTg
observed for a 14 nm thick surface layer of polystyrene (PS) supported on bulk PS is virtually eliminated when
a 14 nm thick surface layer of PS is placed on an underlayer of poly(methyl methacrylate) or poly(2-vinylpyridine)
(P2VP), even of bulk thickness. Thus, the cooperative segmental mobility associated viligfofttee PS free-

surface layer is greatly hindered by the narrow, several-nanometer-wide interfacial region formed with the dissimilar
polymer underlayer. This indicates that the dynamics of nanoscale layers can be strongly modified by adjacent
layers or domains of unlike polymers via propagation of effects across an interfacial layer of cooperatively
rearranging regions containing segments of the two immiscible polymers, which has important implications for
multilayer films and nanostructured blends. Conversely,Thef an ultrathin P2VP film is unaffected by the
presence of a PS capping layer, indicating that strong attractive interactions of P2VP with hydroxyl groups on
the surface of the silica substrate dominate over a much weaker free-surface effect in P2VP.

Introduction in the segmental mobility associated with. This leads to a
decrease ofy in a layer adjacent to the free surface, and as

Free surfaces and substrate interactions can signiﬁcantlyShOWn in the case of polystyrene (PS), the bulk valudof

perturb the physical properties and dynamics of polymers and (T¢°“) is only recovered several tens of nanometers into the

small-molecule glass formers tha_t are conflned at or near thef||m.5 The strength of this “free-surface effect” is dependent
nanoscale. One of the most heavily characterized confinement . : . .

- . . o on the polymer repeat unit structure. Studies with free-standing
effects is that associated with the glass transition temperature

(T,); free surfaces, substrate interfaces, and confinement havef'lms indicate that thely reductions associated with the free

led to deviations from bulkTy ranging from the barely Surf?ﬁﬁ areﬂzougrlll)f[ a flic'\t/lo'\;lef’f larger for PS than for poly-
measurable to many tens of degrees kelviii Rates of physical (methyl methacrylate} ( v
aging in the glassy state have also exhibited an array of effects The presence of attractive substrate interactions can reduce
associated with surfaces, interfaces, and confinement, rangingthe mobility of chain segments, and the strength of this effect
from enhancement to a nearly total arresting of agingt (For also depends on the polymer repeat unit structure. Increases in
recent reviews of the effects of confinement on glassy material Ty With decreasing film thickness are observed for polymers
behavior, see refs 13 and 14.) Modification of the physical thatundergo secondary bonding with the substrate surface, such
properties of polymer that is located tens of nanometers from aas PMMA and poly(2-vinylpyridine) (P2VP)supported on
surface or interface impacts applications ranging from mem- silica which can hydrogen bond with hydroxyl groups naturally
branes for gas separatf3i2and photoresists in microelectron- occurring on the silica surface. In contrast, PMMA films
ics®3 to nanocomposite¥®:34.35 supported on gold show a decrease Ty with decreasing
Despite significant research, it remains unclear exactly how thickness since there are no hydroxyl groups on the gold surface

perturbations to the mobility of chain segments at an interface @1d hence no attractive polymesubstrate interactions to
affect the cooperative segmental dynamics deep within a film. COMpete against the free-surface effeSeveral studies have
Itis believed that the presence of a free surface typically results Shown that the extent of free-surface-indudgdeductions can

surface due to a reduction in the requirement for cooperativity In addition, grafting of chain ené*° or side group¥ to the
substrate has yielded increasesTjwith confinement for PS

supported on silica.
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~60 nm in thicknes&5% The fact that there is no molecular exhibits a change in the temperature dependence of the
weight (MW) dependence of th&;—confinement effect in fluorescence emission intensity Bf Identifying Ty by a shift
supported PS films for MWs from 2000 to 3 000 000 g/f¥al in the emission spectrum has the advantage that the measurement
indicates that the effect is not related to the radius of gyration is insensitive to changes in intensity due to dye sublimation or
of the polymer. In contrast to the null MW effect, changes to photobleaching. Other wavelength-shifting dyes, such as charge-
the repeat unit structure of PS result in large changes to thetransfer probes, are also sensitiveTt*®

Tg—confinement effect. For example, films of poly(@r- Here we show that fluorescence of the QB dye yi€lgs
butylstyrene), with a large, rigid side group attached to the values of P2VP films that are in excellent agreement with
carbon-carbon single-bond backbone, show deviationggn previous measurements on ultrathin P2VP films by X-ray
from TPuk at thicknesses of 368400 nmé Ellison and reflectivity® and ellipsometry® We exploit the advantage of
Torkelson suggested that the length scale over which perturba-fluorescence by selectively placing dyes (QB dopants or pyrene
tions to Ty originating at a surface propagate into a film may labeled to polymer at trace levels) to measure Tye of

be linked not to that of an individual cooperatively rearranging individual layers within bilayer films. We find that the strong
region (CRR), which is only a few nanometers n&gf but to substrate interactions dominate the dynamics of the P2VP
the “length scale encompassing the full breadth of the distribu- underlayer films while th@y values of the ultrathin PS surface
tion of cooperative relaxation dynamics in bulk glass formérs”, layers are highly sensitive to the underlying material. In
which is expected to be many tens of nanométeérsand a particular, the substantial reduction observedjnat or near
function of repeat unit structure. An assumption made by Adam the free surface of PS films can be nearly eliminated when an
and Gibbs®® who defined CRRs in their study of the glass ultrathin layer of PS is placed atop a PMMA or P2VP layer.
transition, is that the cooperative mobility in an individual CRR . .

is independent of neighboring CRRs. This can be used to justify Experimental Section

model$°4° that indicate that perturbations f& caused by TheTgs of P2VP films were measured using a charge-resonance
surfaces are limited to length scales similar to those of CRRs. dye, 7-(dimethylamino)-1-methylquinolinium tetrafluoroborate
However, the results of the multilayer film studies by Ellison (QB).**~*" The content of the QB dye in the P2VP films wa8.2
and Torkelsoh indicate that when the average cooperative Wt % of dry polymer content. Poly(2-vinylpyridine) from Scientific
dynamics in a layer of CRRs are perturbed substantially relative POlymer Products (reported value b, = 200 000 g/mol) was

to bulk by the presence of a free surface, then the averageused after drying the as-received material in a vacuum ovei3&3

. . . K to remove residual monomer. Thin films of P2VP with the QB
dynamics of neighboring layers of CRRs are also perturbed IC’Utdye were spin-coaté®l from dilute solutions using 1,1,2-trichlo-

to a lesser extent. roethane to produce smooth films with uniform thickness while
Given the large length scales over which perturbed maintaining the strong fluorescence activity of the QB &i/&he
dynamics Originating at a surface or substrate propagate into aSilica S.Ubstrates were InltlaIIy cleaned with base (10 wit % sodium
film, an interesting system for investigation is that involving Nydroxide, 20 wt % water, 70 wt % ethyl alcohol) and acid (1 M
bilayer films, with one layer being PS, which exhibits a strong HCI) solutions, rinsed thoroughly, and then subsequently solvent-

- lean n riments. remen fluor n
free-surface effect offig, and the second layer being a polymer cleaned between experiments. Tiygneasurements by fluorescence

T . . o o . of thick films agreed well, to within experimental error, with the
that is immiscible with PS and exhibits attractive interactions onsetT, value of 374 K from differential scanning calorimetry

with a silica substrate. Examples of such a polymer are P2VP (psc) (Mettler-Toledo DSC822, second heating at 10 K/min).
and PMMA? No study of theTg—confinement effect in an The steady-state fluorescence of the QB dye was measured using
immiscible bilayer film system has been previously reported. a Photon Technology International fluorimeter. The excitation
However, recent studi#s*2have indicated that a low-viscosity =~ wavelength was 430 nm, and emission spectra were collected from
interfacial region is present in the liquid state of PS/poly(4- 460 to 675 nm. The angle of incidence of the beam normal to the
bromostyrene) bilayer films and that a wrinkling instability in ~Sample was maintained at 3% eliminate backscattering of the
the PS capping layers of PS/poly(ethylene oxide) (PEO) bilayer excitation light. Slit widths were adjusted in order to obtain

. : - : sufficient fluorescence intensity at the detector: 1.5 mm excitation
m:gff;ii;?;fee; dbgriztgrar:]e:tr;ggCoefdeI)EyOChanges in the PEQ/PS and 3 mm emission slits (band-passs nm) were used for films

with thicknessesh) > 300 nm, 2 mm excitation and 4 mm emission
While many techniques can measure ein single-layer slits (band-pass= 8 nm) for films withh = 100-300 nm, and 3

ultrathin films?® the use of fluorescent dyes as local probes of mm excitation and 6 mm emission slits (band-pas$2 nm) for

T, provides unique advantages in multilayer films. By placing films with 'h < 100 nm. A neutral density filter with 50%

a dye within a single layer of a multilayer filriTy can be probed ~ transmission was generally used to reduce the intensity of the

as a function of distance from an interface or surfatksing excitation begm in order to limit photobleaching of the QB dye;

this approach with pyrene-labeled polymer, Ellison and Tor- use of the filter was not absolutely necessary as the method

. . employed for determiningj via intensity ratio (discussed in Results
kelsor? discovered that a layer of PS adjacent to a free surface gection) is insensitive to overall changes in intensity. A quartz cover

has a significantly reduce® and that this effect persists for  gjide was placed on top of each film to reduce the potential for
several tens of nanometers into a PS film. Attempts at using probe sublimation during measurement; however, the film adhered
doped or labled pyrefié1°2743have proven unsuccessful in  only to the glass substrate on which it was spin-coated.

yielding preciseTy determinations in ultrathin films of P2V, Sample temperature was controlled to withi®.2 K using a
Thus, here we use the fluorescence of a Wave|ength-shiﬁing,m_icroprocgssor-controlIed (Minco Products) Kapton ribbon heater
charge-resonance dye, 7-(dimethylamino)-1-methylquinolinium With & resistance temperature detector. Samples were heated to a
tetrafluoroborate (QBJS %7 to measurdy in thin and ultrathin ~ {emperature at least 25 K above the expedigdf the film and
P2VP films. Recent studies in bulk films have shown that this equilibrated for 15 min beford, measurements were made upon

dve i itive 1o via the t t d d f th cooling in 5 K increments, waiting 5 min after each temperature
ye IS sensiive 10l4 via the temperatureé dependence ot the jump before taking a fluorescence spectrum. Data were collected

position of the intensity maximum of the fluorescence emission ||l below (~40 K) the measured filriT, to ensure sufficient data
spectrunt®4” This sensitivity toTq by a shift in the energy  for an accurate determination

(wavelengths) associated with the fluorescence emission spec- Bilayer films with top layers of PS (neat or pyrene-labeled) were
trum is fundamentally different from that of pyrene, which spin-coated from toluene directly onto the P2VP films, since toluene
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Figure 2. Ty — Tk as a function of film thickness for P2VP films
measured by fluorescence (solid triangles, QB doped P2VP), X-ray
reflectivity (hollow up triangles) from ref 3, and ellipsometry (hollow
down triangles) from ref 15; for PMMA films measured by ellipsometry
(hollow diamonds) from ref 2; and for PS films measured by
fluorescence (hollow circles, pyrene doped PS and hollow squares,
pyrene-labeled PS) from refs 5 and 6.

Figure 1. Fluorescence emission spectra of the QB dye doped at 0.2 to identify Ty, which was previously used fdly determination

wt % in a 2.0um thick P2VP film taken upon cooling from 413 to
333 K; spectra every 15 K are shown in (a). The vertical dashed lines
to the left and right of the peak indicate the wavelengths used to
calculate the intensity ratitso nnfl 180 nm Shown in (b) as a function of
temperature, which highlights the small shift in peak emission
wavelength as a function of temperature used to idefijfy= 377 K

for this film. The chemical structure of the QB dye is shown in the
inset.

is a nonsolvent for P2VF.However, bilayer films with underlayers
of PMMA (Pressure ChemicaM,, = 255 000 g/molMy/M, =
1.15,Ty by DSC (onsety= 393 K) were made by spin-coating the

in bulk films in refs 46 and 47. Instead, we employed a ratio of
intensities at fixed wavelengths above and below the peak
maximum to characterize the shift in the position of the broad
spectrum. (The use of intensity ratios to characterize the shift
in the emission spectra of wavelength-shifting chromophores
was described previously in refs 52 and 53, where the applica-
tions were related to in-situ, nondestructive monitoring of
various phenomena in polymeric media ranging from sorption
and mixing to fractional conversion during curing/polymeriza-
tion.) The wavelength values used to calculate the intensity ratios

PS layer onto mica substrates and subsequently floating them ontolA1 = 530 nm andt; = 480 nm) are indicated by vertical, dashed

the PMMA films using a water transfer proce8$yrene-labeled
PS was synthesized by copolymerizing 1-pyrenylbutyl methacrylate
with styrene, resulting in a polymer in which 1 in 338 repeat units
is a pyrene-labeled methacrylate, with, = 464 000 g/mol and
Mw/M, = 1.57, as determined by gel permeation chromatography

(GPC) (Waters) relative to PS standards. Details of the synthesis

are reported in ref 5.

Steady-state fluorescence of multilayer films containing the
labeled pyrene dye was measured using a SPEX Fluorolog Il
fluorimeter. The pyrene dye was excited at 324 nm with emission
collected from 360 to 460 nm using a front-face geometry with 5
mm slits (band-pass 9 nm). TheT, was identified by a break in
the linear increase in fluorescence intensity with decreasing
temperature as described in ref 5. For bulk pyrene-labele@ %,
= 377 K by DSC (onset) and 375 K by fluorescence. Film

lines in Figure 1a. In order to obtain the most precise results,
linear fits to the intensities were performed over small regions,
20 nm in breadth foi; = 530 nm and 12 nm in breadth fag
= 480 nm, of each spectrum in the neighborhood of the chosen
wavelengths. The values #f andA, were chosen to be in the
middle of the nearly linear regions adjacent to the peak.
Figure 1b shows that the temperature dependence of the
intensity ratiolssg nnfl4so nm Undergoes a characteristic change
nearTy. The Ty is identified by the intersection of two linear
best-fit lines determined using data far above and below the
transition. For a 2.em thick P2VP film, Ty = 377+ 4 K via
fluorescencé? which is within experimental error ofy = 374
K obtained by DSC (onset) for bulk P2VP.
Similar analysis was done of the temperature dependence of

thicknesses were measured using a Tencor P10 profilometer or athe QB dye fluorescence spectra obtained for all P2VP films

Woollam M-2000D spectroscopic ellipsometer.

Results and Discussion

We have used the wavelength-shifting QB #yé” (see
Figure 1) to measure this of thin and ultrathin P2VP films.
The fluorescence spectrum of the QB dye red shifts slightly
with increasing temperature and is sensitivd§avhen lightly

ranging in thickness from 15 nm to 24n. However, a different

set of 1, andA, values were used for the thinner films because
the peak position of the QB emission spectrum was substantially
red-shifted by~8 nm in the thinner films$> As a resulti; =

540 nm andi; = 490 nm were chosen for determining intensity
ratios for film thicknesses<150 nm. The reasons for the
observed spectral shift of QB and other wavelength-shifting dyes

doped in P2VP. Figure 1a shows emission spectra of the QBin ultrathin films are the subject of current studly.

dye doped at 0.2 wt % in a2m thick P2VP film taken upon

Figure 2 showsTy — T,k values as a function of film

cooling from 413 to 333 K (only spectra every 15 K are shown thickness for three different polymers supported on silica
for clarity). Given that the emission peak of the QB dye is very substrates. The data obtained for single-layer films of P2VP
broad and the shift in the wavelength of maximum intensity is via fluorescence of the QB dye are in excellent agreement with
relatively small (7 nm or less over the temperature range shownthe limited Ty values previously measured by X-ray reflectivity
in Figure 1a), we have chosen not to use the temperatureand ellipsometrdp for P2VP films supported on silica (shown
dependence of the wavelength of maximum emission intensity as hollow triangles in Figure 2). The data in Figure 2 indicate
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that P2VP exhibits a very strong increasdywith decreasing

film thickness below 150 nm. This behavior has been explained
as originating from the hindered dynamics at the substrate
interface caused by the strong interaction of the nitrogen atom
in the P2VP repeat unit with the hydroxyl groups at the substrate
interface® For comparison, we have included thickness-depend-
ent Ty — TPk data in Figure 2 for ultrathin PS films (from
refs 5 and 6 obtained using fluorescence) and for ultrathin
PMMA films (from ref 2 obtained using ellipsometry). Ultrathin
PS films supported on silica display a strong decreasggin
with decreasing thickness since there is no mechanism by which
preferential bonding or attractive interactions with the substrate
can occur and thereby compete with the strong, well-character-
ized “free-surface” effect in these systeP®.In contrast,
PMMA, which has a repeat unit structure that can hydrogen
bond with the hydroxyl groups on the silica substrate, displays
a slight increase iffg with decreasing film thickness. Measure-
ments on free-standing PS and PMMA films have shown that
Ty reductions observed with decreasing thickness due to the
presence of the free surface ar8 times larger for PS than for
PMMA.”8 This indicates that the attractive substrate interactions
present in the PMMA films supported on silica have a greater
impact in modifying thely behavior across the films than does
the relatively weak “free-surface effect” present in PMMA films.

The fact that supported, ultrathin P2VP films show an increase
in Ty — T that is much greater at a given thickness than
that for supported, ultrathin PMMA films>35 K difference
in 15 nm thick films) suggests two possibilities regarding the
origins of theTg—confinement effect in P2VP. The first is that
the free-surface effect leading toTgreduction at a P2VP free
surface may be weak in comparison to that exhibited by PMMA
and nearly negligible in comparison to that exhibited by PS.
(To date, no measurement @f has been performed on free-
standing films of P2VP.) In addition, the attractive substrate
effect may be substantially greater for P2VP on silica substrates
than for PMMA, which may arise from two separate consid-
erations. The interaction between the repeat unit and the
substrate may be more favorable for P2VP, and/or the hindered
mobility due to this favorable interaction with the substrate may
restrict chain conformations and cooperative segmental mobility
more readily in P2VP than in PMMA.

To investigate the impact of the free-surface effect on P2VP,
we measured th&gs of 40 nm thick P2VP layers supported on

Thin Bilayer Films of Immiscible Polymers2571

+17 K

78 nm thick PS layer

+16 K

10 nm thick PS layer

+17 K

Figure 3. ATy = Ty — T values for 40 nm thick P2VP films doped
with the QB dye supported on silica substrates that are uncapped (a),
capped with a 78 nm thick layer of PS (b), or capped with a 10 nm
thick layer of PS (c). (The experimental error associated with adgh
value is+4 K.)

Ellison and Torkelson, indicating the large negative values of
ATy =Ty — T measured for 12 and 14 nm thick PS surface
layers supported on 12, 46, or 500 nm thick underlayer films
of PS. (We have repeated these measurements and obtained
similar, large negativeATy values.) For cases in which the
underlayer PS films are at least 46 nm thick, the 14 nm thick
PS surface layers exhibit a commaTy value of ~—32 K,
which indicates that the cooperative segmental dynamics
associated witfTy in the free-surface layer are unaffected by
the presence of the substrate. However, when the overall bilayer
film thickness is 24-60 nm, Ellison and Torkelsrfound that

the Ty of the free-surface layer increases with decreasing
thickness, which they interpreted as being related to a limitation
in the gradient in cooperative dynamics from the free surface

silica substrates in various multilayer geometries, as outlined to the substrate interface that could be supported over several
in Figure 3. This was accomplished without difficulty using the  tens of nanometers. Here, in order to investigate the impact of
QB dye doped freely in the P2VP layers since the dye is the underlying material on th&, of the PS surface layer, we

insoluble in PS and, therefore, does not migrate into the PS have performed related measurements in which we have placed

layer during measuremetCapping a 40 nm thick P2VP film
with either a 78 nm thick layer or a 10 nm thick layer of PS,
both of which effectively eliminate the free surface of the P2VP
layer, does not appreciably affect thgof the underlying P2VP
layer. For all cases depicted in Figure 3, s of the P2VP
films/layers are identical within experimental error and signifi-
cantly increased relative td,U. This indicates that the
cooperative segmental dynamics of the 40 nm thick P2VP layers
supported on silica are dominated by the strong attractive
substrate interactions, irrespective of the P2VP surface being
uncapped or capped by a thin or ultrathin PS I&fer.

Using pyrene-labeled PS, we measured Thef PS free-
surface layers supported on P2VP or PMMA underlayers. Earlier
studies of PS multilayer films by Ellison and Torkel8arsing

12 and 14 nm thick layers of PS on top of 12, 46, or 500 nm
thick layers of PMMA (Figure 4¢f) or P2VP (Figure 4¢i).
Figure 4h is analogous to the case of Figure 3c; thus, we
know that theTy of the underlying P2VP layer in Figure 4h is
unaffected by the presence of the PS surface layer and that the
ATy value of the P2VP layer is expected to k&5 K. Figure
4h shows that th&g value of the 14 nm thick PS surface layer
is nearly unchanged relative &P\, in strong contrast to the
case shown in Figure 4b where tfigvalue of a 14 nm thick
PS surface layer sitting atop a 46 nm thick PS layer exhibits a
~32 K reduction relative td,°". This indicates that th& of
the PS surface layer in Figure 4h is greatly affected by the
underlying P2VP layer. Nearly identical outcomes are observed
via comparisons of Figure 4e with Figure 4b and Figure 4f,i

pyrene-labeled PS revealed that free-surface layers of PS exhibitvith Figure 4c. In all cases, thg, value of a 14 nm thick PS

significantly reducedly values relative to bulk. Figure 4&
shows schematically three multilayer geometries studied by

surface layer sitting atop a 46 nm thick or 500 nm thick PMMA
or P2VP layer is within several degrees Bf' and vastly
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a d
12 nm thick PS layer |-11 K 12 nm thick PS layer |-6K g 12 nm thick PS layer |-4K
12 nm thick PS layer 12 nm thick PMMA layer
b e h
14 nm thick PS layer |-32K 14 nm thick PS layer |-3K 14 nm thick PS layer |+3K
46 nm thick PS layer 46 nm thick PMMA layer
c f i
14 nm thick PS layer |-32K 14 nm thick PS layer |-2K 14 nm thick PS layer |-3K
500 nm thick 500 nm thick
PS layer PMMA layer

Figure 4. ATy= Ty — Tg"* values for 12 and 14 nm thick pyrene-labeled PS free surface layers supported on top of 12, 46, or 500 nm thick films
of PS (a—c), PMMA (d—f), and P2VP (g-i). Silica substrates are the underlying support in all cases. (The error bars associated Withvakies
are+2 K in (a—c) and+2-3 K in (d—i).)

different from the large 32 K reduction iy relative toTguk Several studies have previously indicated that 18 nm thick
observed in analogous bilayer PS films. These results demon-single-layer PS films supported on silica exhifity values of
strate that strong reductions Ty relative to T,k at the free  at least—35 K152 Thus, in our PS/PMMA and PS/P2VP
surface of certain types of films can be virtually eliminated by bilayer films shown in Figure 4, the cooperative segmental
producing bilayer films with the underlayer polymer species mobility of the PS surface layer is greatly hindered by its narrow
carefully selected to modify and control the properties of the interfacial region with the underlying PMMA or P2VP lay&r.

free surface. (The equilibrium interfacial width between PS and PMMA has
The situation is more complex when comparing &, been reported to be 5.0 rfthyhich is larger than the value of

values of the 12 nm thick PS surface layers in Figure&@,( 3.4 nm reported for PS and P2¥R. The narrow interface

= —6 K) and Figure 4gATy = —4 K) with Figure 4a AT, = creates interpolymer CRRs in which both PS and PMMA or

—-11 K) Given the fact that nanoscale confinement is ||m|t|ng PS and P2VP Segments must move together for Cooperative
layer sitting atop a 12 nm thick PS underlayer (Figure4a),  produce approximately the same impact on Tgeof the PS
may also be anticipated that the nanoscale confinement in thesyrface layer despite differing interfacial widths. A larger
24 nm thick PS/PMMA and PS/P2VP bilayer films (Figure 4, jnterfacial width may be expected to allow for increased
d and g, respectively) would alter th behavior of the PS  qynamical coupling between the layers. However, it is worth
free-surface layer. The fact that the valuesAdi, for the 12 noting thatT, 2k of PMMA is ~20 K higher (393 K by DSC)

nm thick PS surface layers are less negative in the 24 nm thickhan, that of P2VP (374 K by DSC), resulting in a possibly stiffer
bilayer films containing PMMA and P2VP underlayers than in underlayer in PS/IPMMA bilayer films when the top PS layer

the b_ilt)?yerﬁfilm cc'>:r_1tainirr‘19 only P.S ma;l; be a f.e"ec“of‘ of tWOh passes through it§;. Further study is warranted using under-
E(;/TI?/II Aie g ctts. ; |rst,dt st:;ga%'\;e ?u X sttrafte lnterahc.uﬂnsl art Sayer polymers withT Uk values vastly different from that of
substrate an ubstrate intértaces wich SIOW g a4 for which there is greater tunability of the interfacial

cooperative segmental dynamics many tens of nanometers withi :
PMMA and P2VP single-layer films may also be able to nlayer tthkness. .
propagate across the PS/PMMA and PS/P2VP interfaces, The dlscoyery.that the strong free-surface effect leading to a
thereby making thé\T, values less negative in the PMMA/PS ~ Sharp reduction in th&, at the free surface of certain polymer
and P2VP/PS bilayer films. Second, the PS surface layer mayf|Ims can not only be mediated but virtually eliminated also
also be sensitive to the increas&glof the underlying 12 nm has important implications for technological applications of films
thick layers of PMMA or P2VP (relative to that of the and coatings in which control of thg, of the surface layer is
underlying 12 nm thick PS layer in Figure 4a). vital. In addition, these results indicate that multilayer films with
In any case, Figure 4 clearly establishes that an ultrathin PSlayer thicknesses at or near the nanoséafé and nanostruc-
surface layer is extremely sensitive to the polymer species usedtured or quasi-nanostructured polymer blends with substantial
in the underlayer. These results have important implications for interfacial are % have the potential for properties that are
developing a fundamental understanding of the roles of surfaces strongly modified from those expected on the basis of the
interfaces, and confinement in altering properties in polymers, behavior of bulk, neat polymer or thin films of individual
including Tq. From a scientific standpoint, these results may be polymers. Bilayer and multilayer experiments employing fluo-
considered remarkable because, even though only a fewrescence dyes in one layer provide a particularly sensitive
nanometers of the 14 nm thick PS surface layer are incorporatedmethod for characterizing novel behavior associated with
into the interface with the underlying polymer, the remaining nanostructured multilayer films and nanostructured blends, and
~10 nm of PS in the free-surface layer is also greatly affected. further studies are underway.
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