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ABSTRACT: We report the fabrication of free-standing multilayered thin films based on the layer-by-layer (LbL)
deposition method. The isolation of multilayer thin film allows us to characterize the materials properties of such
films in great detail. Poly(acrylic acid) (PAA) and hydrophobically modified poly(ethylene oxide) (HM-PEO)
multilayer films have been prepared using the LbL method based upon hydrogen-bonding interactions. The LbL
film composition and thermal properties were obtained as a function of the number of layer pairs using thermal
gravimetric analysis (TGA) as well as differential scanning calorimetry (DSC). Above the critical number of
layer pairs, the HM-PEO/PAA multilayer films exhibit complex surface structure owing to the hydrophobic nature
of HM-PEO (i.e., micelle formation). The unique surface morphology was studied using optical microscopy and
fluorescence microscopy, where pyrene dyes incorporated into the hydrophobic cores of HM-PEO micelles allowed
us to monitor the sites of HM-PEO micelles. We demonstrate that the film morphology can be controlled by
varying the solvent polarity, temperature, and molecular weight of HM-PEO. It is also noted that the introduction
of hydrophobic moieties in PEO significantly facilitates the film isolation from various substrates, yielding free-
standing multilayer films.

Introduction flowerlike micelles are formed above the critical micelle
concentration, and in semidilute solution, individual HM-PEO

The layer-by-layer (LbL) as§embly techmque ISa simple gnd micelles connect together through hydrophobic interactions to
elegant method to prepare thin and versatile multilayered films form a temporary network structu?é

and composites based upon noncovalent intermolecular interac- While there have been several reports on the LbL assembly
tions among chargéd or hydrogen-bonding m0|et|é_é e.g., of hydrophobically modifieg*—27 or amphiphilic polymergé-33
polyelectrolytes, DNA, proteins, clays, and nanoparticles). First only a few studies have shown the influence of hydr’ophobic
described by Decher et &,numerous and diverse applications domains on the multilayer films. In present study, the effect of
such as chemical and biological sensors,drug delivery . S ' 7! ;
e popories was Sded I foms of vanyng sovrt oAy
achieved. These thin and highly tunable platforms can be temperature, and pqumgr molecular ngght. Remarkably, large
precisely controlled to realize optimized material properties (e.g., ﬁr'sl‘?;Eo(f)f}[gg’ﬁigg'&%lﬂ%gﬁﬁgﬁﬂgﬁggQﬁg fb”%cil:wsde;ge
pﬁrmselegt|y|ty,f staf?yllyy, %nd .condu;: tivity) and other key arbitrary substrate. The morphology of HM-PEO/PAA multi-
characteristics for efficient device performance. : ' ) , .
P layer films was analyzed using profilometry and optical

Recently, proton-exchange membranes (PEMs) assembledy orescence microscopy, and thermal properties of the films
using the LbL technique have Sdemonstrated the promising \yere characterized via thermal gravimetric analysis (TGA) as
proton conductivity £5.5 x 10 S/cm) at 100% relative g a5 differential scanning calorimetry (DSC).
humidity and 25°C; these thin PEMs were based upon the
alternate adsorption of hydrogen-bonding poly(ethylene oxide) Experimental Section
(PEO) and poly(acrylic acid) (PAAY20 In present work, we
introduce hydrophobically modified poly(ethylene oxide) _ Materials. Hydrophobically modified poly(ethylene oxide) (HM-
(HM-PEO) instead of pure PEO in order to study the effect of PEQ), or poly(ethylene oxide) end-capped with alkyl groups using
hydrophobic interactions on the HM-PEO/PAA multilayer urethane linkages, was synthesized. Details of the synthesis of HM-

. . . . PEO are described elsewhéfe Briefly, a PEO chain was end-
§yste_ms. HM'PEQ has been W'd‘?'y used as ?V'SCOS'W m.Od.'f'ercapped with an alkyl chain of 22 hydrocarbons ends, as shown in
in paint formulation, paper coating, cosmetics, and building

Figure 1.
’ i i ) -
products?? Specifically, HM-PEO contains a hydrophilic PEO These samples are denoted by HM-PEO35K and HM-PEO20K

backbone where both chain ends are capped with hydrophobicg,, hydrophobically modified PEO chains ,, = 35 000 g/mol
alkyl chains through urethane linkages. In dilute solution, anqm, = 20 000 g/mol, respectively. A mixture of PEO (30 g,
My = 35 000 or 20 000 g/mol, Fluka) and toluene (300 mL) was

* Corresponding authors. E-mail: khchar@plaza.snu.ac.kr: hammond@ dried by azeotropic distillation. The mixture was then cooled to

mit.edu. 80°C, and isophorone diisocyanate (Aldrich, three times the number
 Seoul National University. of PEO end groups) was added, followed by the addition of
* Massachusetts Institute of Technology. dibutyltin dilaurate (Aldrich, +5% of the number of PEO end
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Figure 1. Chemical structure of HM-PEO (R hydrophobic alkyl ey
chain) used in the present study. § 6,000 - -
. . S a000| - ]
groups). The reaction mixture was kept at 8C for 3 h. £
1-Docosanol (Aldrich, three times the number of PEO end groups) 2,000 s ]
was added and then mixed until the isocyanate band (22300 olan"e o o —* —— |
cm~1) was no longer observed via FT-IR. Diethyl ether was added . : . ; : .
to the polymer solution, and the resulting polymer precipitate was 10 20 30 40 50 60
dried. Number of layer pairs
Poly(acrylic acid) (PAAM,, = 90 000 g/mol) and pyrene were ool T v T T ]

" (b) —=— HM-PEO35k/PAA
—e— PEO45K/IPAA

purchased from Polysciences Inc. and used as received.

Silicon wafer, Teflon, polypropylene (PP), poly(dimethylsilox- 5,000 .
ane) (PDMS), and indiumtin oxide (ITO) were used as substrates -
for the LbL deposition. Prior to the multilayer film assembly, the E 4,000 1

substrates were cleaned. Silicon was cleaned under oxygen plasma @ 2000 |
(100 W, 0.1-0.5 Torr, 5 min). Teflon and PP substrates (VWR) g™
were sonicated in Milli-Q water for 15 min prior to the film -§ 2,000 | -
deposition. PDMS silicone elastomer kit was obtained from o -

SYLGARD and was used as made. ITO was purchased from & 1,000 ]

Donelly Applied Films and patterned by DCI Inc. to form multiple

ITO stripes. The ITO substrates were cleaned by sonication in °"',".T",'H- ¢ ¢ ]

dichloromethane, acetone, methanol, and Milli-Q water for 15 min. 10 20 30 40 50 60
Dip-Assembled Polyelectrolyte Multilayer Films.All polymer Number of layer pairs

solutions were made by dissolving the polymer in 1&N€illi-Q Figure 2. (a) Thickness and (b) roughness growth curve of HM-

water. Polyelectrolyte concentrations were 0.02 M based on the pEO35K/PAA and PEO45K/PAA multilayer system measured by
repeat unit (alkyl chains of HM-PEO are neglected in calculating profilometry.

the concentration of polymer solutions). The concentration is much

higher than the cmc of HM-PE& .All HM-PEO chains in aqueous ~ to measure the size of HM-PEO micelles in solution. Data were
solution form micelles. HCI and NaOH were used for pH adjust- obtained and analyzed using the Cumulant Fit (CMFT) analysis.
ment. Films were prepared with a Carl Zeiss DS50 programmable ~ Thermal Analysis. Free-standing LbL assemblies were charac-
slide stainer. Substrates were first exposed to HM-PEO solution terized using TGA and DSC (TA Instruments Q50 and TA
for 15 min and then rinsed in three baths of Milli-Q water for 2, 1, Instruments Q1000, respectively). TGA samples were heated from
and 1 min. HM-PEO coated substrates were then dipped into theroom temperature to 708 at 10°C/min under nitrogen purge.
PAA solution following the same procedure. All the baths were DSC samples were heated from90 to 110°C at a rate of
maintained at pH 2.5 in order to suppress the ionization of PAA. 10 °C/min under nitrogen purge, and the second-scan values were
These steps comprise one cycle, or “layer pair”, and can be repeatedeported. To minimize the effect of humidity, all the samples were
for multiple cycles. The nomenclature (HM-PEO/PAAYill be dried for 30 min under nitrogen purge prior to thermal measure-
used to denote a multilayer film of layer pairs of HM-PEO and ments.

PAA; whenn includes 0.5, HM-PEO is the topmost layer on the ] ]

surface of the assembled film. To investigate the effect of Results and Discussion

temperature on the growth and surface properties of the multilayer  Characteristics of HM-PEO/PAA Multilayer Films. To

films, LbL assembly deposition was performed at room temperature investigate the effect of hydrophobic alkyl end-chains linked

(25°C) and 35°C. Following assembly, the films were dried under 4, 5 pEQ chain through urethane linkages, we compare pure

a high-velocity nitrogen stream. - . PEO/PAA and HM-PEO/PAA multilayer systems of similar
Pyrene dyes were used as an indicator for fluorescence mICros- . 1 Llar weights. Figure 2 shows the thickness and the

copy analysis. In order to guarantee the sufficient infiltration of
pyrenes into the hydrophobic cores of micelles, pyrenes were added oughness growth curve of both HM-PEO3S5K/PAA and PEO4SK/

in the HM-PEO35K solution and stirred for 5 days prior to the PAA multilayer films. Both systems show the linear growth in

multilayer preparation. film thickness (Figure 2a); the thickness of an HM-PEO35K/
Free-standing films were obtained by directly peeling the films PAA layer pair (2100 A) was nearly 8 times larger than the
off the substrates with tweezers. value obtained for pure PEO45K/PAA multilayer films (270

Morphology Characterization. Thickness, roughness, and 3D  A/layer pair). Another striking feature of the growth profile is
topography of assembled multilayer surfaces were characterizedthat the surface roughness suddenly increases above a critical
using a Tencor P10 profilometer ugim 2 mmstylus tip with 5 number of layer pairs for HM-PEO35K/PAA (Figure 2b). Above
mg stylus force. Thickness and surface roughness were measure@6 layer pairs, the roughness of an HM-PEO35K/PAA multi-
by scratching the film down to the substrate. The values reported |ayer film increases from tens of nanometers to several microns.
are the average of three or more measurements. Optical andy contrast, the roughness of a PEO45K/PAA multilayer film
fluorescence images of assembled multilayer films were obtained remains relatively constant 80 nm).

using a Zeiss Axioplan 2 fluorescence microscope (Carl Zeiss Inc.). o . )
Scanning electron microscopy (SEM) images were obtained using The 0b§erved I.ayer pair film th]Ckness of the HM PE.O.BSK/
a JSM 6060 scanning electron microscope (JEOL Co.). Images of PAA muIt|Iayer_ films is much 8h|gher than other traditional
free-standing films were captured with Nikon Coolpix 2500. hydrogen-bonding multilayefs®® This phenomenon may be
Dynamic light scattering (DLS) was performed using a Bl 9000AT  €xplained by the conformation of HM-PEQ within the assembly
digital autocorrelater (Brookhaven Instruments Corp.) with a 514 solution; HM-PEO35K chains form a globular micellar structure

nm laser a) = 9(° at different temperatures (25, 30, and ¥5) where they are subsequently adsorbed to the multilayer surface
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Figure 3. (a) Thickness and (b) roughness growth curve of HM-
PEOS35K/PAA in pure water solution and in 20 vol % EtOH alcohol
mixture solution measured by profilometry.

as micellar aggregates. Evidence of this proposed phenomeno

light scattering, discussed in the following section. Such globular
HM-PEO micelles interact with surface-adsorbed PAA chains,

causing a loose surface structure; thus, a larger layer pair
thickness as well as a larger surface roughness forms relative

to the unmodified PEO/PAA multilayer films. We believe that

the sharp increase in the film roughness at 26 layer pairs is

caused by the grain formation on the multilayer surface owing
to the massive aggregation of HM-PEO35K micelles within the
film. The origin of the surface structure is not yet clear, but it
appears that the concentration of HM-PEO micelles within the
film increases during the film assembly through the internal
diffusion of HM-PEO, which causes the percolative aggregation
of HM-PEO micelles® A detailed study on the diffusion of
such micelles within the film is currently in progress.

In order to verify that the large difference in layer pair
thickness and surface roughness between pure PEO/PAA an
HM-PEO/PAA multilayer films is caused by the formation and
aggregation of micelles, we also prepared HM-PEO/PAA
multilayer films with a solvent mixture containing 20 vol %
ethanol in water, which lowers the polarity (or dielectric
constant) of the dipping solutioi:*° Figure 3 represents the

n
was investigated using fluorescence microscopy and dynamic
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alcohol mixture owing to the suppressed hydrophobic attraction
among alkyl chains in less polar medium.

Morphology of HM-PEO/PAA Multilayer Films. The LbL-
assembled HM-PEO/PAA multilayer films yield unique film
morphology owing to the formation of HM-PEO micelles in
pure water. Figure 4 shows the comparison of morphologies of
HM-PEO/PAA multilayer films prepared from pure water and
from a water/alcohol mixture. The size and height of the surface
grains were too large to measure by AFM, so 3D profilometry
and optical microscopy were employed to investigate the surface
structure. Up to 26 layer pairs, the morphologies of HM-
PEO35K/PAA multilayer films in those two systems appear
similar, but significant morphological differences are noted
above 29 layer pairs. In the water-based system, we clearly
observe large grains on the surface of HM-PEO35K/PAA
multilayer films. The surface grain size and roughness continue
to grow with the number of layer pairs. In contrast, we do not
observe any large surface grain structure formation for the HM-
PEO35K/PAA multilayer films prepared in the water/alcohol
mixture.

Optical microscopy and 3D profilometry clearly demonstrate
that the HM-PEO/PAA multilayer films have a unique surface
morphology that forms during the LbL assembly process,
originating from the hydrophobic attraction among alkyl chains
of HM-PEO in aqueous environment. We thus investigated
additional parameters to tune the surface morphology of HM-
PEO/PAA multilayer films. More specifically, the effect of
dipping temperature and of HM-PEO molecular weight was
investigated.

To assess the effect of dipping temperature on the surface
morphology, HM-PEO35K/PAA multilayer films were prepared
at two temperatures (i.e., 25 and 35). The surface morphol-
ogies were characterized using optical microscopy, as shown
in Figure 5. The surface grain size of HM-PEO35K/PAA
multilayer films prepared at 383C is much larger than the
samples prepared at 2& (65 and 2Qum for 30.5 layer pairs
in Figure 5, d and b, respectively), and the layer pair thickness
doubles when prepared at higher dipping temperature (2100
Allayer pair at 25°C vs 4000 AJlayer pair at 35C). One
possible explanation for this phenomenon could be that HM-
PEO micelles in solution increase in size with increasing
temperature. To obtain information on the micelle size in
solution as a function of temperature, dynamic light scattering
(DLS) measurements were performed at 25, 30, antiC3&nd
the micellar diameters of HM-PEO were estimated to be 89,

$5-3, and 99.3 nm, respectively.

Although the micelle size in solution increases with higher
temperature, the difference in micelle size cannot solely explain
the large difference in the grain size shown in Figure 5. We
believe that several other factors could also contribute to the
surface morphology observed at different temperatures. For

effect of solvent on both thickness and surface roughness oféxample, the alkyl chain conformation changes at@5rom

the HM-PEO/PAA multilayer films. Linear LbL growth curves

trans to gauche form which perhaps facilitates the connection

are again obtained for both solvent systems. In the water/alcoholbetween neighboring HM-PEO micelles on the multilayer
mixture, however, it is noted that the thickness of an HM- surface!! It is also known that the strength of hydrophobic
PEO35K/PAA layer pair is 1360 A, which is less than the attraction increases with higher temperature owing to entropic
observed value of the pure water system (2100 A). A more contributions?? Conversely, the hydrogen bond energy between
significant difference can be found in the surface roughness PEO and PAA decreases with increasing temperature so that
growth profile, as shown in Figure 3b. The sharp increase in the mobility of HM-PEO chains within the film increas#s.

the roughness for HM-PEO35K/PAA multilayer films above a Besides varying the deposition temperature, we also have used
certain number of layer pairs in pure water disappears in the HM-PEO20K (instead of HM-PEO35K) to assess the effect of
water/alcohol mixed solvent. We believe that this originates from PEO molecular weight on the surface morphology of the
the disruption of the HM-PEO35K micellar structure or the multilayer films. The surface grains of HM-PEO20K/PAA
complete suppression of the aggregation of micelles in the water/multilayer films are not quite as remarkable as in the case of



Macromolecules, Vol. 40, No. 11, 2007 Surface Morphology in Multilayered Films 4031

HM-PEO/PAA assembled in water HM-PEO/PAA assembled
in alcohol/water mixture

(a) 3D Profilometry (b) OM (c) OM

'i‘

52 layer pairs

Figure 4. Surface morphology of HM-PEO35K/PAA assembled in pure water (a, b) and 20 vol % EtOH alcohol/water mixture (c) as observed
by optical microscopy (OM) and 3D profilometry. The 1@fh scale bar applies to all OM images.

HM-PEO35K/PAA multilayer films, even at increased dipping and 40.9 nm at 25, 30, and 3&, respectively. These values
temperature (Figure 5e,f). In particular, only small and densely were almost the half the size of HM-PEO35K in solution.

populated gains appear on the surface of the (HM-PEO20K/  Because HM-PEO20K has a shorter PEO segment than HM-
PAA)30 s multilayer film. The size of HM-PEO20K micelles in  PEO35K, it is expected that HM-PEO20K micelles are restricted
solution was also obtained by DLS. The micelle diameter of in flexibility and less likely to bridge with neighboring micelles
HM-PEO20K in aqueous solution was found to be 34.4, 36.1, on the multilayer surface, which may explain the difference in
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(a) (HM-PEO35k/PAA)s:s, 25 (b) (HM-P.EQQWEAAI‘:{a;';'és;Q;:._

(f) (HM-PEO20k/PAA)30;5, 35 °C

20 um

Figure 5. Optical microscopy images of (a) (HM-PEO35K/PAA3 assembled at 23C, (b) (HM-PEO35K/PAA)ys assembled at 28C, (c)
(HM-PEO35K/PAA)s s assembled at 35C, and (d) (HM-PEO35K/PAA) sassembled at 35C. Images (e) and (f) are optical microscopy images
of (HM-PEO20K/PAA)ss and (HM-PEO20K/PAAJ s assembled at 3%C, respectively. Scale bars shown in (f) apply to all images.

surface morphology between the two systéfiiEhe layer pair PEO35K/PAA multilayer films. Green fluorescence was ob-
thickness of HM-PEO20K/PAA multilayer film is 1600 and served in grain sites on the surface, implying that the grains
2200 A/layer pair at room temperature and°85 respectively. were composed of HM-PEO micellar aggregates.
These lower thickness values compared with the values for the Top-down and cross-sectional images of the HM-PEO/PAA
HM-PEO35K/PAA multilayer films are reasonable considering multilayer films were taken by SEM. The individual grain
the smaller micelle size, as verified by DLS, and the lower formation on the surface of (HM-PEO/PA#&)is shown in
chance to form bridges with neighboring micelles in the case Figure 7a,b. However, the surface morphology of (HM-PEO/
of using HM-PEO20K. PAA)go appears continuously bumpy and has small grains along
As mentioned earlier, the HM-PEO micelles in semidilute the larger bumpy structures (Figure 7c,d). One explanation for
solution are known to connect and form a network structéire. the difference in surface morphology observed using SEM is
We thus believe that the observed grain formation on the surfacethat the concentration of HM-PEO (or HM-PEO micellar
of HM-PEO/PAA multilayer films was attributed to the aggregate) within the multilayer film increases as the assembly
networking or aggregation of HM-PEO micelles. To demonstrate proceeds, discussed in the following section.
that the grains on the surface of HM-PEO/PAA multilayer films Free-Standing HM-PEO/PAA Films. Free-standing multi-
are caused by the aggregation of HM-PEO micelles, we analyzedlayer films are of great interest for use as conformable, thin,
HM-PEO35K/PAA multilayer films using fluorescence micros-  lightweight, highly sensitive sensing deviégand as proton
copy. Pyrene dyes were used to monitor the site of HM-PEO exchange membrané%?” The most popular approach for
micelles; pyrenes are hydrophobic and are selectively encap-obtaining free-standing multilayer films is to employ a sacrificial
sulated within the cores of HM-PEO micell&s Figure 6 layer consisting of pH-sensitit&or soluble polymers such as
represents optical and fluorescence microscopy images of HM-cellulose acetate (CAY:° Recently, free-standing PEO/PAA
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Figure 6. An optical microscopy image (a) and a fluorescence microscopy image (b) of an HM-PEO35K/PAA multilayer film (both images are
obtained from the same multilayer film site; scale bar is the same). Image (c) is a magnified image of (b).

Figure 7. Top-down (a, c) and cross-sectional (b, d) SEM images of an (HM-PEO35K/@AMltilayer film (upper figures) and of an
(HM-PEO35K/PAA), multilayer film (lower figures).

mulitlayers were obtained without sacrificial layers by the weak adsorption than PEO against substrates because the micelle
adsorption of the multilayer film to a hydrophobic substrate such formation of HM-PEO in solution causes less contact between
as Teflon” In comparison, HM-PEO shows even weaker the polymers and a substrate, resulting in lower adsorption
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Figure 8. Large-area free-standing LbL-assembled (HM-PEO35K/RAMultilayer film.

amount at the substrate compared with the adsorption from — T 7 © T T 7
single molecule solutions of the polym&®2 This difference [
in multilayer—substrate interactions allows us to obtain free- I
standing films of HM-PEO/PAA from any type of substrate (i.e., | !
Teflon, polypropylene, PDMS sheets, silicon wafer, or ITO- s .
coated glass). Using the LbL assembly method, which has no
sample size restriction, large areas of HM-PEO/PAA free-
standing multilayer films were easily prepared. Figure 8 shows
a free-standing film of (HM-PEO35K/PAAg, which is 121.4
mm in width, 36 mm in height, and 12m in thickness. -
The thermal properties of free-standing films were character- L —" __-----"~ T == Paastk .
ized by DSC (Figure 9a) as well as TGA (Figure 9b). Pure HM- 2 T MWPEOISPAN,

ihi : . . —-— (HM-PEO35KIPAA),
PEO exhibits a melting peak at60 °C, but in a multilayer - - .. - HM-PEO3SK §

film of HM-PEO/PAA, this melting peak was not observed. In 0 2 0 po 20 100 120
other words, the crystallization of HM-PEO was completely
suppressed during the multilayer film formation. Additionally,

a single glass transition temperature was detected via DSC,
indicating some degree of blending and mixing between HM-
PEO and PAA within the multilayer structure. In previous
work,*” multilayer films of pure PEO/PAA exhibited a single
glass transition temperaturéy(= 35 °C at assembly pH 2.5)

as well as suppressed crystallization of pure PEO. Favorable
interactions between hydrogen-donor PAA, as well as poly-
(methacrylic acid), and hydrogen-acceptor PEO have also been
described for the case of multilayer filAi® and solution-cast
interpolymer complexe¥t The composition within the

Heat Flow (W/g)

Temperature (°C)

! ) _ X - — PaAsOk S -~
HM P_EO/SPAA multilayer films was determined by the Fox 02 —_ (wpeosskPas), M=
equatior® <= (HM-PEO3SKIPAA),, E T
00l - Hm-PEOISK e ]
1w 1-w l
= 100 200 300 400 500
Tg Tgl TgZ

Temperature (°C)

wherew is the weight fraction of HM-PEQTg, is the observed  Figure 9. (a) DSC and (b) TGA data of HM-PEO35K/PAA multilayer
glass transition temperature of HM-PE©453 °C), and Ty, is films, pure HM-PEO, and pure PAA.

the glass transition temperature of PAA (182). It is noted

that we use the Fox equation as a simple model, though more Using TGA and DSC, we are able to evaluate the composition
sophisticated models exist such as the Gorelbaylor modet® of HM-PEO35K/PAA multilayer films as a function of layer
which includes a semiquantitative parameter, related to the pair number (Figures 9 and 10). Interestingly, the weight fraction
degree of polymerpolymer interaction. Because we confirmed of HM-PEO within the multilayer film increases as the number
that the composition measured via DSC and the Fox equationof layer pairs is increased. For example, (HM-PEO35K/PAA)
is similar &3 wt %) to the composition obtained using TGA, has an HM-PEO weight fraction of 22 or 20 wt % based upon
we continue to use the Fox equation in our analysis. TGA and DSC Ty = 52.5°C), respectively; in contrast, (HM-
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Figure 10. HM-PEO weight fraction within an HM-PEO35K/PAA
multilayer film as measured by TGA. HM-PEO fraction increases with
the number of layer pairs of an HM-PEO35K/PAA multilayer film.

wt% of HM-PEO within multilayer film

PEO35K/PAA); multilayer films have an HM-PEO weight
fraction of 28 or 26 wt % based upon TGA and DST; &
43.3°C), respectively. For reference, (PEO/PA#)rssembled

in analogous conditions gave an PEO weight fraction of
29 wt %, as determined by DS The reason why HM-PEO
composition in the multilayer films increases with the layer pair
number is not yet clear, but lateral or interdiffusion and
aggregation of HM-PEO micelles may play a key role.

Conclusions

Multilayer films containing poly(acrylic acid) and hydropho-
bically modified poly(ethylene oxide), which interact through
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