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Microdomain Morphology of Thin ABC Triblock Copolymer Films
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ABSTRACT: We combine scanning force microscopy experiments with ex-situ swelling in different solvent
vapors to investigate the microdomain structure of a thin ABC triblock copolymer film (poly(styrene-b-
2-vinylpyridine-b-tert-butyl methacrylate)). We demonstrate that short treatment in a selective vapor
and subsequent drying lead to characteristic changes in the surface morphology. The use of different
solvents then allows to unambiguously identify the different phases present at the surface. This approach
is established studying polymer blend and diblock copolymer thin films of known morphology. It is then
applied to the a priori unknown morphology of the ABC triblock copolymer thin film. The results indicate
a laterally microphase-separated polymer surface in agreement with recent theoretical considerations.
The conclusions are corroborated by XPS measurements monitoring the average surface composition of

the copolymer films.

1. Introduction

There has been a growing interest in the study of thin
heterogeneous polymer films over the past decade, both
theoretically® and experimentally.2 From a fundamental
viewpoint, thin films of polymer mixtures and block
copolymers present advantageous model systems for the
investigation of phase equilibria in reduced geometry.3
Likewise, the influence of physical boundaries on the
kinetics of phase separation and the resulting equilib-
rium domain morphology can be studied in quite some
detail.* The latter is also of some importance for
technological applications, as thin film multicomponent
polymer systems are omnipresent in commercial prod-
ucts such as coatings, paints, photoresists, etc. More-
over, it has recently become clear that ultrathin films
of amphiphilic block copolymers may have a large
potential for lithographic purposes, as they are capable
of self-organizing into highly ordered lateral structures
of molecular dimensions.>®

With the growing interest in such systems there has
arisen the need to develop experimental tools to image
heterogeneous polymer surfaces both with high spatial
resolution and with chemical sensitivity. While the well-
established tools of surface chemical analysis (UV and
X-ray photoelectron spectroscopy, Auger electron spec-
troscopy, secondary ion mass spectroscopy, etc.) still lack
the necessary spatial resolution,” the analytical po-
tential of the different scanning probe microscopy
techniques (scanning tunneling microscopy (STM),®
atomic force microscopy (AFM),1° scanning near-field
optical microscopy (SNOM),! etc.) is still rather limited.
While STM in most cases is not applicable to polymer
films due to their low conductivity, the information
obtained with state of the art SNOM is still unsatisfac-
tory due to basic experimental problems.*2 Atomic force
microscopy is certainly best suited to image polymer
surfaces and therefore has been widely used to study
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polymer surfaces over the past 5 years. Novel imaging
modes have been developed to adapt the technique to
surfaces of organic materials and succeeded in keeping
the surface damage induced by the imaging process at
a minimum.314 In addition, attempts have been made
to combine the topographical information obtained by
AFM with some sort of chemical sensitivity. This goal
has been achieved via the detection of the local mechan-
ical response of the sample!>16 or else by use of chemi-
cally functionalized AFM tips.)” Each of these ap-
proaches certainly has its advantages and merits;
however, one has to realize that none of them provide
a straightforward means of getting reliable chemical
information on the surface of a heterogeneous polymer
sample. This holds in particular if the chemical compo-
sition of the surface varies on molecular length scales.

In the present paper, we explore an alternative route
for the identification of different polymeric phases on
the surface of a heterogeneous polymer film. We use the
topographic information obtained by AFM in combina-
tion with exposure of the samples to the vapor of
different selective solvents. On first sight, the most
straightforward way to perform such an experiment was
to apply the vapor during AFM imaging and rely on the
fact that the most soluble phase will take up most
solvent and protrude over the remaining surface. It
turns out, however, that this approach has various
drawbacks. At first, the vapor treatment would have to
last at least several minutes necessary to collect one or
several AFM images. Depending on the nature of the
solvent, this treatment could result in undesirable large-
scale changes of the film morphology. In addition,
practical problems may occur as parts of the AFM itself
may suffer from heavy exposure to organic solvent
vapors. As an alternative, one can expose the sample
to the vapor of a selective solvent for a short time ex
situ, dry the sample, and image the topography of the
dry surface. We shall show that this procedure does
reveal characteristic changes in the surface morphology
useful for phase identification; however, it does not
significantly change the overall morphology of the films.
It is worth mentioning that the identification of different
species at the surface of the film is based solely on well-
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Table 1. Molecular Parameters of the Polymers Used in
the Present Study

Muw
(g/mol)  Mn/Myw  @ps  @p2vp  @PtBMA

polymer
PS 371000 1.05
PS 803000 1.04
P2VP 287000 1.06
PtBMA 850000  1.07
P(S-b-2VP) 140000 1.09 0.15 0.85

P(S-b-2VP-b-tBMA) 110 000 1.08 0.17 0.24 0.59

established physicochemical properties of the polymers,
i.e., their solubility in different solvents. Together with
the rather artifact-free topography imaging modes in
AFM, the approach suggested here allows a straight-
forward and model-independent analysis of thin mul-
ticomponent polymer films.

The remainder of the paper is organized as follows.
After a brief description of the experimental details, we
first describe experiments on thin films of different
binary polymer blends of components A, B, and C. We
then apply the technique to the surface of a monolayer
of AB diblock copolymer micelles. In both cases, alterna-
tive experimental evidence is used to establish the
(micro) domain morphology and thereby test the ap-
proach suggested here. We then apply the technique to
establish the microdomain morphology of a 25 nm thick
film of an incompatible ABC triblock copolymer ad-
sorbed onto a Si wafer. The results are compared to
X-ray photoelectron spectroscopy (XPS) measurements
revealing the average surface composition.

2. Experimental Section

For our experiments, we used monodisperse batches of
polystyrene (PS), poly(2-vinylpyridine) (P2VP), and poly(tert-
butyl methacrylate) (PtBMA). In addition, an asymmetric P(S-
b-2VP) diblock copolymer and a P(S-b-2VP-b-tBMA) triblock
copolymer were studied. The molecular parameters of the
respective polymers are summarized in Table 1. Binary
mixtures of the homopolymers were dissolved in common
solvents and spun-cast onto polished silicon wafers. The block
copolymers were deposited onto the substrate by dip-coating
from a common solvent. The Si wafers were cleaned prior to
polymer deposition using standard procedures.*® The sample
surfaces were investigated by AFM using a Digital Instru-
ments multimode AFM with a Nanoscope I11 controller oper-
ated in tapping mode. Film thicknesses were determined by
AFM scans. To this end, the sample was scratched and the
height of the remaining polymer film was determined relative
to the underlying substrate. The stoichiometry of the triblock
copolymer surface was investigated by XPS using a Mg Ka
X-ray source (Eexc = 1256.3 eV) and a hemispherical analyzer
operated at a pass energy of 202 eV.

The samples were exposed to different solvent vapors by
placing them some millimeters above the liquid surface of the
respective solvent kept in a beaker. All experiments were
performed at room temperature. So far no attempt was
undertaken to quantify the amount of solvent uptake. The
exposure time was varied between 1 s and some 5 s depending
on the vapor pressure of the solvent. It turned out that, for
all solvents used, the exposure times were sufficient to induce
the desired changes in the surface morphology of the samples
without inducing detectable changes to the large-scale mor-
phology of the films (see below). For the triblock copolymer
samples, it was essential to image the same spot of the sample
after treatment in different solvent vapors. To this end, the
sample was scratched next to the area of interest to relocate
the spot by optical microscopy during the AFM measurements.

3. Results

3.1. Polymer Blends. We start our discussion with
the investigation of the surface morphology of polymer
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blends after spin-casting from a common solvent. This
issue has been treated before in recent publications.1920.22
It was found that the domain morphology formed on
spin-casting is accompanied by a characteristic surface
structure. The domains rich in the polymer exhibiting
the lower solubility in the common solvent used for spin-
casting were found to protrude over the ones rich in the
polymer with the higher solubility. This observation was
rationalized by the fact that when the lower solubility
phase solidifies, the higher solubility phase still contains
some solvent. It will therefore continue to shrink on
complete solvent extraction, resulting in the observed
surface morphology.?° In case of blends, an unambigu-
ous identification of the phases can simply be achieved
by selective dissolution of one of the two phases?! or else
by systematic variation of the blend composition.

In view of the task to identify the microdomain
structure in the P(S-b-2VP-b-tBMA) triblock copolymer
thin film, we prepared blend thin films of all binary
mixtures involving two of the three homopolymers
contained in the triblock copolymer. As an example, in
Figure 1a is shown an AFM image of a 80/20 wt % blend
thin film of PS (M, = 371000) and P2VP (M,, =
287 000) spun-cast from tetrahydrofuran (THF). The
film thickness amounted to about 100 nm. The film
surface is characterized by isolated protrusions of the
(P2VP-rich) minority phase in a bicontinuous (PS-rich)
matrix phase. The assignment of the respective poly-
mers to the different domains is easily checked by
selective dissolution of the P2VP in ethanol (not shown
here). Given that THF is a better solvent for PS, the
observation of protruding P2VP domains is in agree-
ment with the notion outlined above. After imaging, the
sample has been exposed for 1 s to the vapor of a better
solvent for P2VP, i.e., methanol (MeOH). After this
treatment, the same spot of the surface was imaged
again. The surface morphology has changed markedly
as can be seen in Figure 1b: The isolated domains now
appear as depressions in the bicontinuous matrix phase.
Other than that, no large-scale differences are observed
between the two images; i.e., the overall morphology,
the characteristic size, the shape, and the arrangement
of the domains stay unchanged. Short treatment in THF
vapor restores the original surface structure (Figure 1c).

We repeated the above experiment for PS/PtBMA and
P2VP/PtBMA blends using a variety of different sol-
vents. We consistently observe that, after vapor treat-
ment for short times, one of two phases protrudes over
the other. A qualitative summary of these results is
presented schematically in Figure 2. Comparing PS and
PtBMA with P2VP, we find that vapors of solvents with
a rather low solubility parameter ¢ (cyclohexane, tolu-
ene) will lead to surface structures characterized by a
P2VP-rich phase protruding over both the PS-rich and
PtBMA-rich phases. After THF treatment, P2VP pro-
trudes over PS, while PtBMA protrudes over P2VP.
Solvents with a larger solubility parameter ¢ (dimeth-
ylformamide, methanol, chloroform), on the other hand,
lead to a depression of the P2VP-rich phase with respect
to both the PS-rich and PtBMA-rich phases. Comparing
the latter two, vapor treatment using more polar
solvents leads to PS phases protruding over PtBMA
while the opposite is true for the less polar solvents.

These results indicate that short-term treatment in
solvent vapor leads to surface morphologies qualita-
tively similar to the ones found after casting from the
respective solutions.?® It is therefore reasonable to
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Figure 1. AFM micrographs of a 80/20 wt % blend of PS (M,
= 371 000) and P2VP (M,, = 287 000) cast from THF solution
onto a polished silicon wafer (a), after subsequent treatment
in MeOH vapor (b), and after subsequent treatment in THF
vapor (c). The film thickness amounts to about 100 nm, and
the height (depth) of the protrusions (depressions) amounts
to about 10 nm.

assume that a similar mechanism is responsible for the
surface structure formation. On solvent vapor exposure,
both phases will take up some solvent and swell. The
fact that the overall morphology of the films remains
unchanged indicates that no significant miscibility is
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Figure 2. Schematic presentation of the relative heights
observed after treatment of binary polymer blends in selective
solvent vapors. The color code is the same as in the AFM
images; i.e., bright areas protrude over dark areas.

induced during this process. As the surface tension
difference between the respective phases is reduced due
to solvent uptake, we may assume that the surface of
the swollen film will be relatively uniform and flat.
Some lateral transport of chains at the phase bound-
aries may be necessary to achieve a flat film surface.
We note that the height differences induced during this
process are rather small (some tens of nanometers)
compared to the lateral dimension of the domains (some
microns). On drying, the lower solubility phase will
solidify first while the higher solubility phase will still
be able to shrink, thereby creating the observed surface
morphologies.

3.2. Diblock Copolymer Thin Films. We now turn
from polymer blend surfaces to thin films of incompat-
ible diblock copolymers. In contrast to the micron-size
domains formed in polymer blends, in the case of block
copolymers the size of the domains formed on phase
separation is limited to molecular length scales. As an
example, we study the surface of a thin film of P(S-b-
2VP) micelles adsorbed onto a freshly cleaved piece of
mica from toluene solution. Since toluene is a poor
solvent for the P2VP blocks, the polymers aggregate into
spherical micelles with a P2VP core surrounded by a
PS corona. As has been shown before, careful dip coating
of such a solution onto a flat surface leads to the
adsorption of a highly ordered monolayer of micelles.?324
After solvent evaporation, the micelles collapse into a
25 nm thick film consisting of flat, pancake-shaped
objects. Figure 3a shows an AFM image of such a film.
The surface is characterized by an ordered array of
protrusions. We have recently reported AFM and trans-
misson electron microscopy experiments performed at
the identical spot of such a sample.?®> It was demon-
strated that each protrusion corresponds to a P2VP core
while what appears as depression in the AFM images
is due to PS. Therefore, the near surface region of the
sample shown in Figure 3a exhibits a laterally inho-
mogeneous distribution of both PS and P2VP, resulting
in a characteristic modulation of the surface topography.
It is tempting to apply the vapor treatment method
outlined above to test whether an inversion of protru-
sions and depressions can be induced in this case as
well. Following this idea, we have exposed the sample
shown in Figure 3a to a 1 s treatment in methanol
vapor. After drying, the image shown in Figure 3b was
recorded. While Figure 3a is characterized by isolated
protrusions, the surface shown in Figure 3b exhibits
isolated depressions in a bicontinuous, protruding ma-
trix. Exposure to toluene vapor restores the original
surface morphology (Figure 3c).



Macromolecules, Vol. 32, No. 4, 1999

Thin ABC Triblock Copolymer Films 1207

500 nm

Figure 3. AFM micrograph of a 25 nm thick film of P(S-b-
2VP) diblock copolymer adsorbed from toluene solution onto
a freshly cleaved piece of mica: (a) as prepared, (b) after
treatment in MeOH vapor, and (c) after treatment in toluene
vapor.

While the behavior displayed in Figure 3 agrees with
the results discussed above for the case of homopolymer
blends on first sight, it is less obvious that the methanol
treatment does not change the overall microstructure

Figure 4. TEM micrographs of 25 nm thick films of P(S-b-
2VP) diblock copolymer adsorbed from toluene solution onto
carbon-coated TEM grids: (a) as prepared, (b) after treatment
in MeOH vapor.

of the block copolymer film. In contrast to Figure 1, the
three images displayed in Figure 3 have not been taken
at the same spot of the sample surface. Therefore, it
cannot be excluded that the micellar structure formed
in toluene solution has become unstable due to MeOH
vapor exposure. Since MeOH is a better solvent for the
P2VP blocks, one may assume that the different surface
structure shown in Figure 3b is characteristic of a
different microdomain morphology in the block copoly-
mer film. To rule out this hypothesis, we have investi-
gated the samples before and after MeOH vapor treat-
ment by transmission electron microscopy. To increase
the contrast between the blocks, the samples were
stained for 1 h in RuO,. Figure 4a shows the TEM image
taken immediately after polymer deposition from tolu-
ene solution. The image reflects the expected micellar
structure of the film; i.e., it is characterized by an array
of isolated (dark) P2VP microdomains embedded in a
PS matrix. A second sample was produced under identi-
cal conditions and kept in MeOH vapor for some seconds
and dried prior to staining. The resulting TEM image
is displayed in Figure 4b. The two TEM images look
nearly identical. We conclude from this experiment that
the vapor treatment does not lead to a complex rear-
rangement of the copolymer chains and the formation
of new aggregates. This shows that the lateral arrange-
ment of chains is not affected by the vapor treatment,
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while the surface morphology changes in a characteristic
way.

The above finding suggests that treatment in selective
solvent vapors for short times can also be used to
determine the surface structure of block copolymer thin
films. This is of particular interest as the characteristic
lateral dimensions are in the 10—100 nm range, where
spatially resolved chemical sensitivity is difficult to
obtain with many of the conventional surface analytical
techniques.

It should be noted that exposure to solvent vapor for
a longer period of time indeed leads to completely
different morphologies in thin diblock copolymer films.
Vapor treatment in THF, for instance, eventually leads
to the formation of a lamellar structure with the
lamellae being oriented parallel to the substrate. It is
therefore crucial to make sure that the vapor exposure
times at a given vapor pressure are chosen significantly
shorter than the characteristic diffusion times of poly-
mer molecules under the respective experimental condi-
tions. For the polymers and solvents used in the present
study, we find that exposure times between 1 and 10 s
at room temperature are sufficient to induce the desired
changes in the surface topography without inducing any
significant change in the 3D morphology of the films. A
more quantitative study of these effects is presently
performed and shall be presented in a forthcoming
publication.

3.3. Triblock Copolymer Thin Films. We finally
turn to the investigation of an a priori unknown surface
structure. In an attempt to create a laterally mi-
crophase-separated polymer surface, we have investi-
gated thin films of an incompatible ABC triblock
copolymer consisting of PS, P2VP, and PtBMA.%6 As was
discussed recently by Pickett and Balazs in the context
of self-consistent-field calculations,?” the thin film struc-
ture of a symmetric ABC triblock copolymer confined
between two walls attracting the middle block B is
expected to exhibit a lamellar microdomain structure
with the lamellae being oriented perpendicular to the
plane of the film. In case the attraction of the walls to
the middle block is sufficiently strong, the A and C end
blocks may even be expelled from the walls, resulting
in homogeneous layers rich in B next to the walls and
a laterally microphase-separated layer of A and C in
the film center. Given that the end blocks A and C have
a lower surface energy than the B middle block, one may
remove one of the walls and expect that the film
structure consists of a homogeneous B layer adsorbed
at the substrate covered with a laterally microphase-
separated surface layer of A and C.

The triblock copolymer used in our study, P(S-b-2VP-
b-tBMA), fulfills most of the assumptions made by
Pickett and Balazs. Indeed, the P2VP middle block is
known to strongly adsorb on a polar substrate like
SiO«28 and is expected to have a significantly higher
surface energy as compared to those of PS and PtBMA.2°
Although the polymer is asymmetric (®ps = 0.17, ®povp
= 0.24, ®pgma = 0.59), the bulk material is character-
ized by a distorted lamellar structure.3! Thin films of
the material were prepared by dip-coating a silicon
wafer from a chloroform solution. The sample was then
exposed to various solvent vapors as described above.
AFM images were taken after drying. To exclude any
large-scale changes in the microdomain morphology,
care was taken to image the same area of the sample
surface after treatment with different solvent vapors.

Macromolecules, Vol. 32, No. 4, 1999

The result of this procedure is displayed in Figure 5.

We start our discussion with the surface structure
observed on a 25 nm thick film after dip-coating from
CHCI; solution, followed by a 1 s treatment in THF
vapor (Figure 5a). The surface is characterized by a
stripelike pattern with a characteristic periodicity djat
= 60 + 5 nm. The height differences are rather small
and amount to about 1 nm between the center of the
stripes and the areas between them. A rough inspection
of the four images displayed in Figure 5 indicates that
short-term exposure to different solvent vapors leads
to characteristic changes in the surface morphology;
however, it does not change the overall microdomain
structure of the film. To explore the changes in the
surface structure in more detail, it proves helpful to
focus on a characteristic defect. We therefore start our
discussion concentrating on the ringlike protrusion in
the center of the upper right quarter of Figure 5a
(arrow). What appears as protrusion after short treat-
ment in THF vapor (Figure 5a) turns into a ringlike
depression after short treatment in cyclohexane (Figure
5b). Correspondingly, the depression in the center of the
ring shown in Figure 5a turns into a protrusion in
Figure 5b. Comparison of parts a and b of Figure 5
shows that the vapor treatment has entirely inverted
the surface topography while the characteristic features
of the film remained unchanged. In addition, most of
the stripelike protrusions in Figure 5b seem to be
“perforated” by isolated depressions lining up along the
stripe. This effect becomes even more pronounced after
treatment in toluene vapor (Figure 5c). While the overall
height contrast is significantly reduced, the image
clearly shows an inner structure of the stripes, resulting
in a characteristic length just half of the one visible in
Figure 5a. Finally, treatment in MeOH vapor (Figure
5d) leads to what may be best described as an inversion
of the surface structure shown in Figure 5c. In particu-
lar, what appeared as isolated depressions in Figure 5b,c
now appears as isolated protrusions (see, e.g., the inner
part of the ring indicated by the arrow). The structure
may be characterized as a succession of continuous and
broken protruding lines. The characteristic distance
between them again is just half the characteristic width
of the stripes displayed in Figure 5a.

We may try to summarize the results displayed in
Figure 5 as follows. We observe stripelike surface
corrugations after treatment in THF vapor. Treatment
in cyclohexane and toluene vapors inverts the height
contrast of the stripes and leads to the formation of a
line of isolated depressions within each of the stripes.
Finally, these structures are again inverted on treat-
ment in MeOH vapor. We add that the observed changes
in the surface morphology are reversible.

The complexity of the AFM images makes a straight-
forward interpretation of the results somewhat difficult.
To elucidate our findings, we may assume the micro-
domain structure suggested by Pickett and Balazs for
symmetric ABC triblock copolymer thin films as a
starting point for our discussion. Given the asymmetry
of the polymer and the observation of isolated micro-
domains, we may further assume that what should be
a PS lamella may be broken up into PS microdroplets
due to the short chain length of the PS block. We may
then use the results obtained on the AB, BC, and CA
blends discussed in section 3.1 (see Figure 2) and try to
predict the surface morphology under the influence of
different solvent vapors and compare it to the findings
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Figure 5. AFM micrographs of a 20 nm thick film of a P(S-b-2VP-b-tBMA) triblock copolymer adsorbed from solution onto a
polished Si wafer: (a) after treatment in THF vapor, (b) after treatment in cyclohexane vapor, (c) after treatment in toluene
vapor, and (d) after treatment in methanol vapor. The height differences amount to about 1 nm.

discussed above. We disregard for the moment a possible
expulsion of the A and C blocks from the substrate and
simply assume a distorted ABCBA lamellar structure
with the lamellar director pointing parallel to the plane
of the film. The results of this prediction are shown
schematically in Figure 6 along with details of the
experimental data displayed in Figure 5. Note that the
gray scale of the model sketches indicate the heights
resembling the color code used in the AFM images. The
different blocks are identified in Figure 6a. Their lateral
arrangement is believed to stay the same in all four
cases. After treatment in THF vapor, the blend results
(Figure 2) suggest that the PtBMA blocks protrude over
the P2VP blocks, which in turn should protrude over
the isolated PS microdomains. Given the large fraction
of PtBMA in the block copolymer, we expect that the
image is dominated by the protruding PtBMA blocks.
Since PS is expected to be depressed even more than
P2VP, the overall lateral periodicity is given by the
distance between protruding PtBMA blocks. Experi-
mentally, we are not able to distinguish between P2VP
and PS in the grooves between neighboring PtBMA
blocks. Treatment in cyclohexane vapor and toluene
vapor, respectively, should change the surface morphol-
ogy such that P2VP protrudes over the other two
polymers (Figure 6b,c). Since PS should be depressed
with respect to P2VP, we expect depressions in the
P2VP protrusions for each PS microdomain. This is in
agreement with the experimental observation. At the
same time, the characteristic spacing of the surface

topography changes to half the value characteristic of
Figure 6a, since an additional line of depressions (PS)
is created between neighboring (depressed) PtBMA
microdomains. This is particularly obvious in the ex-
perimental data displayed in Figure 6¢c. Finally, the
blend results displayed in Figure 2 suggest that MeOH
vapor treatment (Figure 6d) leads to the formation of
PtBMA protrusions (continuous) and (even higher) PS
protrusions (isolated droplets) in fair agreement with
the surface structure displayed in Figure 6d.

To summarize this section, we are able to interpret
the data shown in Figure 5 based on the model of a
distorted lamellar structure with the director being
aligned parallel to the plane of the film. Consequently,
we expect that all three blocks are to some extent
exposed to the free surface of the polymer film. To
further test this conclusion, we determined the near
surface stoichiometry of the triblock copolymer film by
XPS. Obviously, XPS reveals a lateral average over an
area far larger than the individual microdomains. The
technique should however be able to detect a possible
preferential accumulation of one or two of the three
blocks at the polymer surface.2° To simplify the analysis
of the triblock copolymer results, we have taken XPS
spectra of the three individual homopolymers PS, P2VP,
and PtBMA, respectively (Figure 7a—c). The analysis
is rather straightforward, as the observed amount of
nitrogen shall be characteristic for P2VP, while the
intensity of the O 1s signal shall be characteristic for
the amount of PtBMA in the near surface area. The
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Figure 6. Schematic model of the microdomain structure in
the vicinity of the ringlike defect displayed in the top right
corner of Figure 5 together with experimental AFM data. The
model is based on the blend results summarized in Figure 2.
The color code is chosen as in the experimental images; i.e.,
bright areas protrude over dark areas. It does not identify the
different blocks. The experimental data are details of the larger
AFM images displayed in Figure 5. The data and the model
sketches are shown for the following situations: (a) after
treatment in THF vapor, (b) after treatment in cyclohexane
vapor, (c) after treatment in toluene vapor, and (d) after
treatment in methanol vapor. The height differences in the
experimental data amount to some 1 nm.
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Figure 7. XPS spectra of (a) PS homopolymer, (b) P2VP
homopolymer, (c) PtBMA homopolymer, and (d) a thin film of

a P(S-b-2VP-b-tBMA) triblock copolymer adsorbed onto a
polished silicon wafer.

situation is somewhat more complex as the polymer
surfaces may be contaminated with oxygen-containing
species (e.g., H20). This can be seen in Figure 7a,b for
PS and P2VP. We have therefore determined the ratio
between the integral intensities of the O 1s and the C
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1s peaks observed on PS and P2VP and estimated the
amount of oxygen present on the polymer surfaces. The
ratios were 0.05 + 0.01 for PS and 0.07 + 0.01 for P2VP,
respectively. Assuming a similar oxygen contamination
for PtBMA and for the triblock copolymer samples, the
intensities of the respective oxygen peaks were corrected
accordingly. In case of PtBMA the O 1s to C 1s ratio
was found to decrease strongly on X-ray exposure. This
effect is known for methacrylates and is assumed to be
due to degradation of the acrylic side group.32 To correct
for this effect, the O 1s to C 1s ratio was determined as
a function of X-ray dose, and the zero dose value was
determined by extrapolation. After these corrections, the
relative amounts gsyt Of the three species in the near
surface region of the triblock copolymer sample can be
calculated from the relative peak intensities (Figure 7d).
From the data shown in Figure 7d, we find @surips =
0.16 + 0.05, @Psurf.P2vP = 0.38 + 0.02, and @surf.PtBMA —
0.45 + 0.05. These numbers are close to the stoichio-
metric values of the triblock copolymer. They indicate
that all three blocks are present in the top few nanom-
eters of the polymer sample. The XPS results therefore
confirm the notion put forward on the basis of the AFM
results.

4. Conclusion

In summary, we have shown that ex-situ treatment
in solvent vapor and subsequent topographic imaging
can be used to identify different species on a polymeric
surface. We note that, in contrast to the numerous
studies investigating solvent swelling of block copoly-
mers in detail,®® we did not attempt to study the
equilibrium morphology characteristic of a given polymer/
solvent system. On the contrary, the approach suggested
here uses solvent exposure times short enough not to
significantly modify a given polymeric microstructure.
We have shown, however, that small changes in the
surface topography of the sample can be induced by
exposure to selective solvent vapors for short times. The
height differences induced during this process amount
to only about 5% of the characteristic size of the
microdomains. We find quite generally that the phase
exhibiting the lowest solubility protrudes over the
higher solubility phase(s) after solvent removal. Con-
sequently, the interpretation of the observed surface
morphologies can be based on the solubility parameters
of the respective polymer/solvent pairs. Since these
parameters are known for many polymer/solvent pairs,?°
the suggested procedure allows a straightforward analy-
sis of heterogeneous polymer surfaces. Moreover, as it
is based on topography imaging only, it circumvents
many of the problems related to the various AFM
nanomechanical imaging modes.

As for the triblock copolymer studied here, we found
a microdomain morphology consistent with the perpen-
dicular ABCBA lamellar structure discussed by Pickett
and Balazs?” for the case of a selectively adsorbing
middle block. The lateral periodicity (diat = 60 nm)
observed in the thin film is in fair agreement with the
small-angle X-ray scattering data obtained on bulk
samples of the same polymer (dpuik = 65 nm?3?). Despite
the fact that CHCIj3 is a rather nonselective solvent for
the particular polymer studied here, we are aware that
the observed microdomain morphology may not repre-
sent the melt equilibrium of the thin film. Consequently,
care has to be taken when comparing the experimental
results to the theoretical calculations, which were
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performed for the melt situation. For the present, we
can only report qualitative agreement between the
observed microstructure and the theoretical prediction
for the melt. Further experiments studying the triblock
copolymer thin film morphologies in more detail are
under way and will be presented in a forthcoming
publication.
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