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ABSTRACT: Thin films of PMMA—PEO blends have been formed by spin casting. The AFM images of
PEO-rich films have an angular character associated with the crystallinity of the polyether. Addition of
PMMA produces more rounded submicron features with height of the order of nanometers, which
annealing studies suggest are PMMA-rich regions. Heating for an hour above the Ty of PMMA leaves a
smooth surface. The topographical features are postulated to arise from metastable phases formed during
the solvent evaporation. For a series of blends of constant composition with varying molecular weights
of PMMA, a linear relationship is obtained for the average height of the features versus the radius of
gyration of PMMA, with the step height corresponding to four PMMA molecules. The surface compositions
of the films were determined by XPS and SIMS. Segregation of PMMA, observed for unannealed, low
PMMA content blends, is ascribed to the partial crystallinity of the films, while higher PMMA content
blends have similar surface and bulk compositions.
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Introduction

Several studies have been made of blends of poly-
(ethylene oxide), PEO, and poly(methyl methacrylate),
PMMA, encompassing mixtures of components of vari-
ous molecular weights, and the system is accepted to
be compatible in the melt in accordance with the
calculated y values.!~ Nevertheless, phase segregation
is frequently observed in solid PEO—PMMA blends
because of the crystalline nature of PEO, which gives
rise to a complex phase structure containing crystalline
PEO and amorphous PEO—PMMA, the latter being
incorporated between the PEO crystallites, plus an
interface region consisting of PEO which is amorphous
but excludes PMMA.®> For a mixture of PMMA, My, =
117K, and PEO, My, = 20K, the amorphous PMMA
phase is reported to have a composition ca. 90% w/w
PMMA over a range of blend compositions.* Similarly,
the amorphous phase in blends of PMMA, M,, = 90K,
and PEO, My, = 200K, has an approximately constant
composition ca. 75% w/w PMMA for blends of PEO >
30% wi/w.® Generally, it is considered that blend com-
positions >70% w/w PMMA are almost completely
amorphous, and NMR studies have shown that the
homogeneity persists down to a level of the order of
2—70 nm.87

In addition to any complexities of bulk phase behav-
ior, the structure of thin films of polymer blends is
influenced by the substrate—polymer and polymer—air
interfaces. Light transmission has been used to observe
differences in phase separation behavior for PEO—
PMMA films up to 60 um in thickness cast on hydro-
philic or hydrophobic surfaces.® Recent atomic force
microscopy, AFM, studies have shown that the polymer—
air surface of thin, cast films of blends of incompatible
polymers may exhibit topography, with surface features
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of lateral dimension in the 0.1—1.0 um range and height
of the order of nanometers.®~15 The formation of topo-
graphical features depends on the chemical nature of
the substrate surface and the degree of incompatibility
of the polymers,® which can be estimated from the
interfacial width of bilayers of the blend components.
Amorphous (high PMMA content), thin, cast films of
PEO—PMMA blends may not be expected to exhibit
submicron topographical features at the polymer—air
interface in view of the compatibility of the components
and the evidence of lack of heterogeneity in the bulk
amorphous phase down to nanometer dimensions.6” On
the other hand, the formation of crystalline PEO phases
in lower PMMA content blends would induce heteroge-
neity into the system, and traces of crystalline PEO
have been noted even in blends with 80% w/w PMMA.4
Further, it has been shown that on cooling the melt a
phase separation can occur before crystallization.* With
the rapid solvent evaporation during formation of a spun
thin film, intermediate phase structures may become
“frozen in” because of the sudden onset of restricted
mobility of the polymer chains. Preliminary experiments
showed marked topography with certain PEO—PMMA
blends. Therefore, the physical structure and surface
chemical composition of a series of PEO—PMMA thin
films are investigated in this report to determine the
origin and nature of the topography.

Experimental Section

Materials. Initial experiments to determine optimum cast-
ing conditions were carried out with high-polydispersity
polymers. Thereafter, high-purity, low-polydispersity materials
produced by anionic polymerization were used. Table 1 lists
the origins and characteristics of the polymers.

Film Formation. The blend components were dissolved in
chloroform at a total concentration of 1% w/w, unless otherwise
stated.

The details of film formation, AFM operation, and the
conditions for X-ray photoelectron spectroscopy, XPS, and
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Table 1. Polymer Characteristics

polymer Mp, kg mol—1 Muw/Mp supplier
PEO1 28 7.0 Aldrich
PEO2 11 1.10 Polymer Lab
PEO3 116 1.07 Polymer Lab
PEO4 118 1.02 synthesized
PMMAL1 37 2.6 Aldrich
PMMA2 54 1.2 Polymer Lab
PMMA3 71 1.1 Polymer Lab
PMMA4 114 1.29 synthesized
PMMAS 138 1.04 Polymer Lab
PMMAG 320 1.3 Polymer Lab

secondary ion mass spectroscopy, SIMS, analysis are given in
a previous publication.® Films were cast by dropwise addition
of the blend solution to the substrate spinning at 4000 rpm.
AFM images were obtained with the Burleigh 5 um x 5 um
head. Average feature heights were obtained from line profiles
using the statistical package provided. Several line profiles
were measured, and a mean value was taken. Film thickness
was determined with a Sloan Dektak 11a profilometer.

XPS/SIMS. In PEO all the carbons in the polymer are
chemically equivalent. Therefore, the XPS C 1s signal from
PEO consists of a single peak corresponding to carbon joined
to a single oxygen atom, and the C 1s chemical shift, compared
to carbon joined only to carbon, will be ca. 1.5 eV.'* PMMA
has a more complex C 1s envelope because there are four
carbon environments,

—[C®H,.C.(C*H,).C*(=0).0CH,]—

The XPS instrument used was not monochromated, and the
carbon CP -shift is only 0.4 eV.'® Therefore, C2 and C® were
not distinguished, and only three carbon peaks, C#°, C¢, and
Cd, were used to synthesize the C 1s envelope. Further, with
mixtures of PMMA and PEO the binding energies of C¢ and
the PEO carbon are also similar, and the respective signals
were evaluated as a single contribution, C¥®, Figure la/b
shows the XPS C 1s envelopes for the PMMA homopolymer
and a typical PMMA—PEO blend.

The method used to determine the component concentra-
tions in the blend by XPS was to measure the distinct C°¢ peak
and to utilize the known stoichiometry to separate the various
contributions, i.e., noting that for PMMA the area of peak C°
= the area of peak C¢,

total C 1s contribution of PMMA =
peak C** + peak C° + peak C*

= peak C** + 2(peak C°)

total C 1s contribution of PEO = peak C¥P® — peak C? =
peak CYP®° — peak C°

The concentration of PMMA monomer is PMMAxps O [peak
Cab + 2(peak C9)]/5, and the concentration of PEO monomer
is PEOxps [ [peak C¥Peo — peak C¢)/2. Therefore, the fraction
PMMA monomer is PMMAxps/[PMMAxps + 2.5PEOxp5].

The SIMS spectra of the homopolymers were obtained, and
the fragments at 69 and 45 Da were chosen as characteristic
signals for PMMA and PEO, respectively. The relative intensi-
ties of the characteristic SIMS fragments were taken as
measures of the component concentrations in the blend. The
homopolymer spectra showed that both characteristic signals
contained minor contributions from intrinsic peaks from the
other polymer component and, possibly, impurities. These
amounted to 0.04(PEO peak) for the PMMA peak and 0.15-
(PMMA peak) for the PEO peak. In addition, the relationship
between the characteristic peak intensities and the polymer
concentrations was not known. It was not possible to synthe-
size a random copolymer of the components, which would have
allowed direct determination of the relative SIMS sensitivity,
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Figure 1. XPS C 1s envelope of (a) pure PMMA and (b) a
typical PMMA—PEO blend.

S, where S is defined by

contribution to the 69 Da signal from PMMA _

contribution to the 45 Da signal from PEO
S x PMMA concentration
PEO concentration

Thence, the total contributions to the 69 Da signal = S x
(PMMA concentration) + 0.04 x (PEO concentration), and the
total contribution to the 45 Da signal = (PEO concentration)
+ 0.15 x S x (PMMA concentration).

However, XPS measurements, discussed later, showed that
the 75% w/w PMMA (0.57 PMMA monomer fraction) blend
had similar surface and bulk concentrations. Accordingly, it
was assumed that there was no concentration gradient in the
surface region for this blend, which was chosen to calibrate
the relative SIMS sensitivities from

|69 B
W = {S(PMMA conc) + 0.04(PEO conc)}/
{[S(PMMA conc) + 0.04(PEO conc)] + [(PEO conc) +
0.15S(PMMA conc)]}

and gave a value for S of 0.6.

Various values of PMMA and PEO concentrations were
substituted into the above equation to calculate the corre-
sponding ratio of intensities, 159/(1%° + 14%), which were then
compared with measured intensity ratios to give the surface
monomer fraction.

Results and Discussion

Effect of Film Thickness on Topography. Pre-
liminary experiments on the effect of film thickness
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Z 2447 nm

Z:82.87 nm

Z:115.64 nm

Y. 5.00 um

e 75%w/w PMMA 2% concentration.

were carried out with blends of PEO1 and PMMAL. The
variations in film thickness were obtained by keeping
the casting conditions and blend composition constant
and varying the total polymer concentration. Figure 2
shows the AFM images for various film thicknesses of
a 75% w/w PMMA blend, and Table 2 gives the film
thickness and typical depth of topographical features.
The film thickness increases monotonically with solution
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Z: 48.60 nm

i

X 5.00 um

Z:98.08nm

Z:28.31 nm

Y- 5,00 pm

f 75%w/w PMMA 5% concentration.

concentration. Even a film that was too thin to be
measured accurately had marked features. The topo-
graphical features grow larger and more prominent, and
the density per unit area becomes smaller as the
thickness is increased. In the 100—200 nm thickness
region the average depth of the features is 58 + 8% of
the film thickness, but by a thickness of 500 nm the
depth decreases to 13%. For thicknesses of >ca. 500 nm
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Figure 2. Topography of a blend of 75% w/w PMMA1:25% w/w PEO1 cast from solutions of various concentrations. AFM images

are 5 um x 5 um.

Table 2. Effect of Casting Solution Concentration on
Film Thickness and Topography: Blend 75% w/w
PMMAL1:25% w/w PEO1

solution film thickness, typical
Figure  concn, % w/w nm height/depth, nm
2a 0.2 a 11+4
2b 0.5 50+ 7 25+4
2c 0.8 102 + 10 66 + 7
2d 1.0 182 + 24 93 +18
2e 2.0 500 £ 95 64 + 19
2f 5.0 5800 + 4500 26 +5
29 8.0 10700 + 4400 54+ 6
2h 10.0 b 60 + 20

aToo thin to measure. ® Too thick to measure.

the lateral dimensions of the features remain similar,
but the depth decreases. The films chosen for the main
part of this study had thicknesses <500 nm, but it must
be noted that changes in topography as a consequence
of variations in, say, blend composition also contain a
factor from associated variations in film thickness.

Effect of Molecular Weight. A survey was made of
the topography of several blends with components of
various molecular weights. Blends were prepared at a
constant composition of 75% w/w PMMA, and the cast
films were examined by AFM (Figure 3a—e, Table 3).
Keeping the PEO constant at 116K M, with PMMA of
54K and 71K M, there was evidence of shallow topo-
graphical features. The ca. symmetric blend of 114K M,
PMMA and 116K M, PEO gave pronounced features,
as did a blend of 320K M, PMMA and 116K M, PEO.
Making the blend more asymmetric, 114K M, PMMA
and 11K M, PEO, resulted in a smooth film. The
thickness of the films varied with the molecular weight
and asymmetry of the blend components from 33 to 252
nm (Table 3). All these films would have been expected
to have marked features on the sole criterion of film
thickness. The reduced features of the asymmetric
blends suggest a molecular weight effect; thus, the
subsequent work was carried out with a ca. symmetric
blend.

Topography and Film Thickness of Selected
Homopolymers. The homopolymers PEO4 (M,, 118K,
Mw/Mp 1.02) and PMMAS (M, 138K, My/M,, 1.04) were
selected for more intensive study. AFM images of spun-
cast films of the two homopolymers (Figure 4a/h) reflect

the different characters of the materials. The surface
of the amorphous PMMA is smooth, while the image of
the semicrystalline PEO shows considerable roughness.
Under the same casting conditions, the PEO film has a
3-fold greater overall thickness compared to that of
PMMA (Table 4), which is attributed to the differences
in film structure and, possibly, differences in solution
viscosity, which is one of the factors controlling film
formation.

Variation of Topography and Film Thickness
with Blend Composition. Blending PEO4 with PM-
MADS5 caused a gradual decrease in the film thickness
to the value for pure PMMA (Table 4). The topography
also changed with PMMA content, with the initially
rough, angular features becoming smoother (Figure 4b—
g). At PMMA contents >60% w/w the topography
exhibited the rounded features observed in other studies
with partially compatible amorphous blends. As the
PMMA content was increased to high values, the
density of features increased and the average size
decreased, a behavior similar to the poly(styrene)—poly-
(p-bromostyrene) system on increasing the poly(styrene)
component.® In the latter system though, except in the
blend composition range where they became too large
and overlapped, the raised features were separate, while
with the PEO—PMMA blends the features are less well
defined and are always more contiguous.

XPS/SIMS. The surface compositions of the blends,
determined by XPS and SIMS, are shown in Figure 5.
Considering first the SIMS data, the surface and bulk
compositions are similar for PMMA bulk monomer
fractions >0.3. Below 0.3 bulk fraction there is an
definite excess of PMMA at the surface. The XPS data
show a more complicated behavior. For PMMA bulk
fractions >0.6 the surface and bulk compositions are the
same. Below PMMA bulk fraction 0.3 there is a small
excess of PMMA at the surface, but from bulk fraction
0.3—0.5 there is a marked deficit of PMMA. Disagree-
ment between the SIMS and XPS data for a given bulk
fraction indicates a concentration gradient at the sur-
face, the former technique probing ca. 0.5—1 nm and
the latter ca. 5 nm. When the techniques disagree, the
SIMS data show a greater surface fraction of PMMA
than the XPS. Thus, the concentration gradient is
caused by a thin overlayer which is PMMA-rich.
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Figure 3. Topography of 75% w/w PMMA blends of various molecular weight combinations. PEO:PMMA: a, 116K:54K; b, 116K:

71K; ¢, 116K:114K; d, 116K:320K; e, 11K:114K.

Returning to the AFM results (Figure 4), the influence
of the crystalline structure of the PEO homopolymer is
apparent in the images for the high PEO blends. In
mixtures of amorphous and crystalline polymers there
is a tendency for the amorphous material to segregate
to the surface.l” Addition of a small amount of the
amorphous polymer would result in the PEO crystallites
being covered by the PMMA, thereby accounting for the
surface segregation observed by SIMS below 0.3 PMMA

bulk fraction.

Table 3. Effect of Molecular Weight on Topography at
Constant 75% w/w PMMA Blend Composition

typical
M, of components of film height/depth,
Figure blends, kg mol—! thickness, nm nm

3a  PEO(116)/PMMA(54) 50 +2 49 +8
3 PEO(116)/PMMA(71) 73+9 57 £ 11
3 PEO(116)/PMMA(114) 104 + 14 81+ 18
3d  PEO(116)/PMMA(320) 252 + 9 125 + 26
3e PEO(11)/PMMA(114) 33+6
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At ca. 0.3 PMMA bulk fraction there is change in the
system. Between PMMA bulk fractions 0.3—0.6 (50—
77% wiw) the SIMS data correspond to the bulk com-
position while the XPS data show a marked deficit of
PMMA; i.e., the subsurface is rich in PEO. The AFM
images bear less resemblance to pure PEO and show a
rounding of the features. The thin, “pure” PMMA
overlayer, observed for the films with fraction PMMA
< 0.3, is replaced by an overlayer similar to the bulk in
overall composition, while the subsurface has an excess
of PEO, even though the bulk PMMA concentration is
increased. Schantz showed by NMR that crystalline

E 1T ol

Macromolecules, Vol. 32, No. 8, 1999

PEO and an amorphous PEO—PMMA phase of ca.
constant composition coexist for blends with <70% w/w
PMMA.® For annealed blends between 40 and 60% w/w
PMMA, Parizel et al.* report a constant PMMA—-PEO
amorphous phase, ca. 90:10 composition, with varying
amounts of partially crystalline PEO. Our XPS data,
showing an excess of PEO, suggest that PEO crystallites
are clustered near the surface. If the PEO phase is
formed by crystallization from a PEO-rich metastable
state, as postulated by Parizel et al.,* at the surface,
then the remaining material will be richer in PMMA.
The crystallites would be covered by the amorphous
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Figure 4. Topography of homopolymers and blends of various compositions, % w/w, of PMMAS and PEO4. PEO:PMMA: a,
100:0; b, 90:10; c, 70:30; d, 50:50; e, 30:70; f, 25:75; g, 10:90; h, 0:100.
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Figure 5. Surface composition, determined by XPS and SIMS,
versus composition of blends of PEO4 and PMMAS.

Table 4. Variation of Topography with Composition for
Blends of PEO4 and PMMAS5

blend blend composition, film
composition, monomer fraction thickness,
Figure % w/iw PMMA PMMA nm
4a 0 0 621 + 366
4b 10 0.05 675 + 300
4c 30 0.16 523 + 128
4d 50 0.31 366 + 97
de 70 0.51 253 £ 20
4f 75 0.57 246 + 27
49 90 0.80 187 £ 10
4h 100 1.0 173+ 15

residue which, from the SIMS data, approximates to the
bulk composition. The film does not reach an equilib-
rium state, which requires prolonged annealing, but is
frozen at the point when evaporation of solvent has
decreased the mobility of the chains to a critical level.

Above 0.6 PMMA bulk fraction (77% w/w) there is a
further change in the chemical structure but little
obvious change in the topography. The surface composi-
tions from XPS and SIMS are similar and close to the
bulk value; i.e., there is no concentration gradient at
the surface. High PMMA blends are reported to be only
entirely homogeneous, with negligible amounts of crys-
talline PEO, after annealing. Therefore, the distinct
topography of the unannealed film surface implies a
two-phase structure, and it is necessary to invoke again
the concept of precursor metastable states with the role

of the substrate surface being to nucleate the phases.
Spin-casting the sample, which involves application of
a shear stress, may also induce partial alignment of the
PEO molecules, aiding crystallization.

Annealed Films. The cast films are in a nonequi-
librium state because of the rapid evaporation of solvent.
Annealing experiments (Figure 6) were carried at 90
and 150 °C to investigate the stability of the structures.
The former temperature is above the Ty and melting
point of PEO and below the Ty of PMMA. Addition of
PEO to PMMA lowers the Ty of the blend to less than
90 °C for PMMA contents <90% w/w.* Heating a 30%
w/w PMMA blend to 90 °C for 2 h caused features on
the angular film to become much more diffuse, and
heating to 150 °C for 30 min gave a completely smooth
surface. In contrast, a 75% w/w PMMA blend retained
its features after 2 h at 90 °C, but they were completely
removed after heating for 1 h at 150 °C. Thus, the
annealing experiments distinguish between the angular
and the rounded features observed by AFM. The former
were attributed to crystalline PEO. Therefore, the latter
must consist mainly of PMMA.

After heating the 30% w/w PMMA blend at 150 °C to
remove the topographical structures, the XPS and SIMS
showed that the now smooth surface was rich in PMMA
(Figure 7). At this bulk composition the annealed film
will be partially crystalline. The changes in topography
between the fresh and annealed films can be rational-
ized if the initial deposition results in assemblies of PEO
crystallites and a ca. pure PMMA phase. Annealing
allows the PMMA to penetrate the PEO assemblies,
filling the interstices with a PEO—PMMA amorphous
phase, produced by partial reaction at the crystallite
surface. Because of the tendency of amorphous material
in an amorphous—crystalline mixture to migrate to the
surface, the PEO—PMMA phase will cover the crystal-
lites, and both SIMS and XPS show a high PMMA
content. The agreement between the SIMS and XPS,
in contrast to the data for the fresh film, shows that
the minimum overlayer thickness of the PEO—PMMA
phase is ca. 5 nm, and the high PMMA content of the
PEO—PMMA phase found by surface analysis is con-
sistent with the reported bulk data.*6

The XPS and SIMS surface compositions of the 75%
w/w PMMA blend (Figure 7) were the same as the bulk
value before and after heating to 150 °C for 1 h, which
produced a smooth surface. The XPS/SIMS results for
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Figure 7. Surface composition, from XPS and SIMS, for 30:
70 and 25:75% w/w blends of PMMAS:PEO4 before and after
annealing at 150 °C.

the higher PMMA fraction films show the same trends
as the XPS data of Sakellariou'® for annealed blends of
PEO and PMMA, which showed no surface segregation
at high weight fractions PMMA. There is also evidence
in his XPS data of segregation of PMMA in annealed
low PMMA fraction blends.

An annealed 75% w/w blend is considered to be
homogeneous, and for miscible polymers the component
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PMMA molecular weight.

with the lower surface tension, PMMA, may segregate
to the surface depending on the relative effects of
reduction of surface energy compared to loss of entropic
and enthalpic contributions in the bulk. The interaction
between PEO and PMMA is favorable for mixing with
a small interaction parameter,? which is suggested by
Sakellariou®® to explain the lack of observed segregation
of PMMA with an annealed homogeneous blend.

Relation between PMMA M, and AFM Feature
Height. Figure 3 and Table 3 show the AFM data for a
series of blends of constant composition, 75% w/w (0.57
monomer fraction) PMMA, where the PEO M, is con-
stant and the PMMA M, varies. Having established,
from annealing, that the topographical features of high
PMMA blends are mainly PMMA, the effect on the
blends of varying M, can be ascertained. First, a
semiquantitative evaluation of the AFM data is obtained
by considering the relative molar volumes, and hence
the relative molar areas, of PEO and PMMA. XPS and
SIMS indicated that the surface and bulk concentrations
for blends of this bulk composition are similar. The area
occupied by a PMMA monomer is ca. 1.7 times that of
a PEO monomer. The composition of these blends is 0.57
monomer fraction PMMA, corresponding to an area
fraction of 0.69. An estimate of the fraction area covered
by the features was obtained for the blend with PMMA
My, 114K, by cutting an outline of the features from an
AFM image and weighing, giving a value of 0.63, in
agreement with the XPS and SIMS, both of which
effectively “see” a 2-D view of the sample. Inspection of
the images for the blends of PEO with PMMA 71K and
PMMA 320K shows that the area fractions occupied by
PMMA are similar.

Now, the radius of gyration of a blend component is
related to the square root of My, and using the value of
average statistical segment length for PMMA, the
gyration radius can be estimated.1° Hence, for the series
of 75% wi/w blends a plot of the AFM average feature
height versus the gyration diameter can be obtained
(Figure 8). A linear correlation is observed, with a
gradient of four and an intercept close to zero, which
implies that the differential in the height of the PEO
and PMMA regions corresponds, on average, to ag-
gregation of four PMMA molecules.

Considering models of the film structure, the simplest
case would be a layer of PEO with an partial overlayer
of PMMA, four molecules thick. The most accurate
measurements will be for the thickest film, PEO 116K—
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PMMA 320K, and taking into account the feature height
being 50% of the overall film thickness and the overlayer
being incomplete, the relative volume of the PMMA is
markedly less than that of the PEO, contrary to the bulk
volume fraction, making such a model unlikely.

Another model, similar to that proposed for polysty-
rene—polybromostyrene,® is contiguous blocks of the
phases anchored to the substrate surface. The total
PMMA thickness would then correspond to the total film
thickness, i.e., 8 PMMA molecular diameters in the case
of the PEO 116K—PMMA 320K blend, because the
feature height is 50% of the film thickness. An estimate
of the PMMA volume fraction can be obtained from the
PMMA area, the film thickness, and the step height,
and taking initially a rectangular block model, as for
polystyrene—polybromostyrene, would give a value of
0.88, compared to the bulk value of 0.74. Though the
shape of the PMMA block adjacent to the substrate is
unknown, the AFM profile shows the shape of the
protruding portion (Figure 9). The features are not
rectangular, in contrast to the polystyrene—polybro-
mostyrene blends, but show a gradual increase to a peak
at the center of the feature. Consequently, the volume
of the PMMA is overestimated by a rectangular block
model, and the true volume fraction of the PMMA will
be nearer the bulk value. Thus, the structure of the film
is consistent with separate phases, each made up of
contiguous blocks, in contact with the substrate (Figure
9). Differences in film structure between PEO—PMMA
and polystyrene—polybromostyrene may relate to the
compatibility of the former and incompatiblity of the
latter blend. The relationships between area fraction,
observed by AFM, XPS, and SIMS, and bulk composi-
tion also differ. The AFM area fraction of PMMA is
related to the monomer area fraction, whereas the
polybromostyrene AFM area fraction is proportional to
the monomer molar fraction.

Returning to the remainder of the blends with vari-
able PMMA M, the thickness of the film and feature
height both depend on the molecular weight, but the
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relationship between feature height and film thickness
is prone to error. Although the feature height apparently
approaches 100% of the film thickness at the lowest
PMMA M, and only ca. 50% of the thickness at the
highest My, it should be noted that the feature height
and overall film thickness are determined by different
instruments employing different algorithms, compari-
sons will not be exact, and errors will be greatest for
the thinnest films. Assuming that the features are
PMMA, the thinnest film would contain negligible PEO
if the AFM and profilometer were both accurate abso-
lutely. The fact that the differential height relationship,
=4 molecules of PMMA, is maintained suggests that the
blends are all formed similarly. It is probable that the
aggregation of PMMA molecules within the films is
constant, and the apparent discrepancies are caused by
a systematic error. Taking the thickest film as likely to
be the most accurate, a feature height of ca. 50% of the
film thickness would be obtained for all the blends if
there was an absolute error of ca. 5 nm between the
AFM and profilometer data. Therefore, the hypothesis
is proposed that the structure of all the films is as shown
diagrammatically in Figure 9. The AFM profiles show
that there is variation in the local film thickness, but
the average step height of the PMMA blocks is 8Rg.

Conclusion

Thin films of PEO—PMMA blends exhibit a complex
behavior because of the semicrystallinity of the poly-
ether. The progression of metastable phase structures
through to smooth annealed surfaces may be followed
by AFM. At low PMMA compositions the thickness of
cast films is greatest, and the topography is similar to
the distinctive structure of the PEO homopolymer; i.e.,
the crystalline PEO phase dominates the topography.
Higher PMMA concentrations produce rounded topo-
graphical features which are postulated to be a mainly
PMMA phase. The formation of rounded topography on
unannealed films, similar to that observed with partially
compatible amorphous polymer blends, suggests that,
at high PMMA fractions, spin casting leads to two
noncrystalline metastable phases being deposited, i.e.,
PEO- and PMMA-rich phases, respectively.

Annealing the films removed the topography. XPS
and SIMS showed that the surface of the low PMMA
annealed blends is dominated by PMMA whereas the
surface of the high PMMA blends is similar in composi-
tion to the bulk.

For blends of constant PEO M, and fixed composition
but varying molecular weights of PMMA, a linear
correlation is obtained between the AFM feature height
and the radius of gyration of the PMMA with a gradient
of 8Ry. A model is proposed of a bicontinuous phase
structure.
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