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ABSTRACT: The erosion behavior of blends of biodegradable polymers is determined by the chemical
composition and the molecular organization of the surface of the material. Providing a comprehensive
characterization of polymer blend surfaces requires a multi-instrumental approach, as no individual
surface analysis technique can ascertain both the chemical and morphological nature of surfaces. In
this study we have characterized the surfaces of immiscible and miscible blends of the biodegradable
polymers poly(sebacic anhydride) (PSA) and poly(DL-lactic acid) (PLA) using the surface techniques of
static secondary ion mass spectrometry (SSIMS), X-ray photoelectron spectroscopy (XPS), and atomic
force microscopy (AFM). SSIMS and XPS have recorded the surface enrichment of all of the blends with
the PLA component. For the immiscible blends, differential charging within the XPS spectra also provides
evidence of phase separation. AFM data have contrasted the surface morphologies of the immiscible
and miscible blends, and the use of in situ AFM techniques has enabled the effect of blend morphology
on surface erosion to be visualized. For the immiscible systems, clear phase separation morphologies
can be observed and at certain blend compositions the rapid loss of the PSA from the films results in the
exposure of the PLA morphology. However, as the PLA content is increased, the surface enrichment
effect results in the degradation behavior of the blend being dominated by the slow degrading PLA surface
layer. For the miscible systems, the in situ AFM studies visualized a disintegration of the whole blend
film without the exposure of a PLA morphology, indicating that the hydrolysis of the PSA component
rendered the whole film unstable. The use of SIMS, XPS, and AFM, while highlighting the complexity
of polymer blend surfaces, can provide a rapid analysis of the physicochemical phenomena underlying
the organization of these systems and therefore should facilitate the application of such systems as
biomaterials.

Introduction
In the application of synthetic polymers as biomate-

rials there is a demand for biodegradable substances
that are naturally removed from the body after a desired
response has been elicited.1,2 A wide variety of biode-
gradable polymers have been investigated as potential
biomaterials, particularly in the field of controlled drug
delivery3-7 where there is a requirement for polymers
that breakdown with predictable kinetics. Much re-
search in this area has concentrated on altering degra-
dation kinetics through chemical modification of the
polymer structure. For example, the hydrolysis of
polyanhydride devices can be slowed by increasing the
hydrophobicity of the backbone structure.3 This chemi-
cal modification strategy has led to the production of
versatile copolymer systems which are composed of
monomers with different degradation susceptibilities.8
The degradation kinetics of these copolymers can be
controlled through altering the proportions of each
monomer in the polymer.
Another approach in the design of biodegradable

polymer devices with controllable hydrolytic kinetics is
the use of polymer blends.9-11 Blending biodegradable
polymers offers the potential to fabricate new polymeric
materials whose erosion kinetics and fabrication char-
acteristics can be modified by varying blend com-
position.12-14

Despite this progress problems exist in the use of
polymer blends in biodegradable applications due to the
increased complexity of these materials. A common

cause of this complexity is the tendency for many pairs
of polymers to be immiscible in one another.9 This
immiscibility causes the material to separate into two
phases and leads to the kinetics of biodegradation being
substantially influenced by the morphology of the
individual polymer phases. Another factor in the com-
plexity of the blends is the tendency for one of the
polymers to be expressed at the surface in preference
to the other. This surface enrichment is driven by
surface energetics15 and clearly has considerable impli-
cations in the design of degradable materials because
the kinetics of hydrolysis of the surface-enriched com-
ponent may dominate the degradation kinetics of the
whole device.
In this paper, we study a series of biodegradable

polymer blends composed of poly(sebacic anhydride)
(PSA) and poly(lactic acid) (PLA)12 (Figure 1). Both of
these polymers have been intensively investigated as
potential biodegradable materials for use in drug
delivery.16-18 The PSA component is known to display
a higher hydrolytic susceptibility in alkaline pH than
the PLA component,17 and therefore, it is anticipated
that the overall degradation kinetics of the materials
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Figure 1. Chemical structures of (a) PSA and (b) PLA.
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can be altered by varying the blend composition. It has
been demonstrated that at relatively high molecular
weights PSA and PLA are immiscible, but the polymers
demonstrate some miscibility when the molecular weight
of the PLA component is decreased to 3k and below.12
In the present work we aim to examine the surface
chemistry and morphology of the immiscible and mis-
cible PSA/PLA blends with a view to understanding the
influence of phase separation and surface enrichment
on degradation.
Surface chemistry analysis has been performed by

X-ray photoelectron spectroscopy (XPS) and static sec-
ondary ion mass spectrometry (SSIMS) to reveal any
preferential surface segregation of blend components.
These techniques probe the chemistry of the polymer
surface to a depth of between 2 and 10 nm for XPS19
and approximately 1 nm for SSIMS.20 The use of both
of these techniques to study the composition of biode-
gradable polymers and polymer blend surfaces is well
established.21-23 The analysis of the surface morphology
of the polymer blends has been performed using an
atomic force microscope (AFM).24-27 This instrument
allows the surfaces of the blend films to be imaged
within an aqueous liquid environment, enabling struc-
tural three-dimensional data to be obtained. AFM
analysis has been used to study the effect of blend
composition on polymer phase morphology. In situ AFM
studies have been performed to record changes occur-
ring to the blend surfaces during hydrolytic degradation.

Experimental Section
Polymer Film Preparation. PSA (25k) was synthesized

by melt polycondensation of sebacic acid.28 PLA (50k and 2k)
was used as obtained (Polysciences, Inc., Warrington, U.K.).
Thin film samples were prepared by spin casting aliquots (20
µL) of polymer solutions (1% w/v in chloroform) onto a
substrate. Blend film production was achieved by mixing
solutions of the homopolymers in the desired proportions.
XPS Analysis. The XPS spectra were acquired using a

Scienta ESCA300 electron spectrometer employing monochro-
mated Al KR (1486.7 eV) X-rays. This instrument has been
described in detail elsewhere.29,30 The X-ray gun was operated
at 2.8 kW and the electron take-off angle to the spectrometer
was 90˚ from the sample surface unless stated otherwise. This
gives an approximate sampling depth of 9 nm for C 1s
electrons.19 Samples were spun cast onto argon ion sputter
cleaned silicon wafers. In most cases the polymer blend films
were thin enough to obviate the need for charge compensation.
Survey spectra (0-1150 eV binding energy) were collected
using a pass energy of 300 eV and a slit width of 1.9 mm.
Narrow scans of the elemental core lines were taken with a
pass energy of 150 eV and slit widths of 0.5 mm.
SSIMS Analysis. SSIMS spectra were collected using a

VG Ionex SIMSLAB 3B instrument equipped with a differen-
tially pumped EX05 ion gun and a 12-12M quadrupole mass
spectrometer. The main chamber routinely achieves a base
pressure of better than 10-9 mbar, and during operation this
rises to approximately 10-7 mbar. The total dose per sample
was less than 1013 atoms/cm2, which is the threshold for the
static SIMS regime.31 Polymer samples were spun cast onto
sample stubs coated with clean aluminum foil.

AFM Analysis. Atomic force microscopy was performed
with a Topometrix TMX2000 Explorer (J. K. Instruments,
Saffron Walden, Essex, U.K.). Topographies were obtained
with Si3N4 probes on cantilevers with spring constants of 0.032
N/m (Park Scientific). All images were recorded with the
sample, probe, and cantilever immersed in an aqueous solu-
tion. Initial surface characterization was performed in a water
environment at pH 7. In situ AFM imaging of topographical
changes occurring as the polymer films degrade was performed
by exchanging the pH 7 water with a pH 12.4 NaOH(aq)
solution. Images were then recorded at regular intervals. The

AFM topographs presented in this paper are shown as shaded
data in which the image is displayed as if illuminated at a
shallow angle from the right hand side of the image. Samples
were spun cast onto glass substrates.

Results and Discussion

XPS Analysis. Homopolymers. Wide scans of all the
blends demonstrate the presence of only two elements,
carbon and oxygen. The absence of any signal from the
silicon substrate suggests that the films are uniformly
at least 10 nm thick. The C 1s and O 1s spectra of the
pure PSA and PLA (2k) oligomer were in excellent
agreement with previously published work.32 The PLA
(50k), however, showed a higher degree of sample
charging (∼2.5 eV) compared to the oligomer (∼1 eV)
and also wider peaks (C 1s FWHM PLA (50k) ∼1.4 eV,
PLA (2k) ∼1.1 eV). It is apparent that the peak
broadening is associated with sample charging since
application of charge compensation from the electron
flood gun reduced the half-width of the peaks to values
comparable with that of the oligomer. This charging is
indicative of a thicker film being formed in the case of
the high molecular weight species. Since the concentra-
tions of the solutions used to prepare the films are
identical, and all other parameters in the sample
preparation are constant, this effect may arise from the
PLA (50k) solution having a larger viscosity than the
oligomer,33 causing the polymer to spread more slowly
across the sample stub face during the spin-casting
procedure, resulting in the formation of a thicker film.
Miscible PSA/PLA (2k) Blends. The PLA oligomer

is known to be miscible with PSA.12 Even though the
two polymers will not segregate into domains within the
bulk, it is possible that there will be preferential
enrichment of one of the components at the blend
surface. In these studies we are dealing with freshly
solvent cast films, and so the resulting surface may not
be the thermodynamically favored one, but a result of
solvent effects.34 A comparison of the experimentally
determined surface oxygen concentration with the bulk
weight percent of PLA is plotted in Figure 2. The
nonlinearity of the graph indicates that there is an
excess of the PLA oligomer at the surface of the blend.

Figure 2. Comparison of surface oxygen with bulk weight %
of PLA for PSA/PLA (2k) blends.
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If the blend surface were identical to the bulk composi-
tion, one would expect a linear relationship between the
oxygen concentration and the weight percent PLA.
An example of a peak-fitted C 1s spectra from one of

the miscible blends is given in Figure 3. It was noted
that the methyl group in PLA did not have the same
binding energy as that of the methylene groups in PSA.
A secondary shift of approximately 0.4 eV was found,
presumably because of the close proximity of the elec-
tron deficient CsO atom, which itself is affected by the
neighboring OdCsO group. We have found a similar
secondary shift while analyzing block copolymers of PLA
and poly(ethylene oxide).35 Applying this observation
to other peaks in the C 1s PLA spectrum results in the
CsO peak appearing at ca. 287.4 eV and the OdCsO
peak at∼289.45 eV, which is at almost exactly the same
binding energy as the anhydride group in PSA. In the
peak fits generally only four peaks were used; in order
of increasing binding energy these represent the chemi-
cal groups CH2 (PSA) ) 285 eV, CH3 (PLA) + CH2COO
(PSA) ) 285.4-285.5 eV, CsO (PLA) ) 287.4 eV, and
OdCsO (PLA + PSA) ) 289.45 eV. Only the third of
these peaks contains a contribution solely from the PLA
and does not significantly overlap any other peak. This
peak was, therefore, used as a measure of the surface
molar percent of the PLA repeat unit, and a comparison
is made with the bulk value in Figure 4. Once again
there is clear indication that there is a surface excess
of PLA.
Immiscible PSA/PLA (50k) Blends. Figure 5 shows

a plot of the percent of oxygen within the immiscible
polymer blend against the blend bulk composition.
Again, the PLA component is dominantly expressed at
the surface. In this respect the immiscible blends
appear to be little different from the miscible polymers.
However, an examination of the high-resolution C 1s
spectra reveals quite different features. Figure 6 shows
the unfitted C 1s spectrum of the 50% PLA blend with
and without charge compensation (using an electron
flood gun). The charge-compensated spectrum is ex-
tremely similar to that of the miscible 50% PLA (2k)
blend, but without charge compensation there appears
to be a broadening of all peaks and shifting of the CsO
and OdCsO peaks to higher binding energy. This
effect was found in both the 50% and 25% PLA (50k)
blends. Peak fitting the spectra which exhibited charg-
ing effects was possible with two sets of Gaussian peaks,
each set constrained in relative area and relative

position to represent pure PLA and PSA components.
It was found that good fits could be obtained if the PLA
components were shifted by between 1 and 1.3 eV
binding energy above those of the PSA. This difference
in charging is similar to that found between the PLA
(50k) and PLA (2k) homopolymer films and may once
again be ascribed to a difference in film thickness
leading to insufficient charge compensation from pho-
toelectrons arising from the silicon substrate. The two
components of the blend do not charge to the same
degree, and this is almost certainly a product of the
immiscible nature of the polymer blend. One would
expect a miscible polymer to exhibit uniform charging
in both components, since the two components are in
intimate contact, but for this sample, there is an
electrical isolation of the two different polymers, with
the PLA rich domains exhibiting a higher positive
charge than the PSA domains which may be explained
most simply by the occurrence of phase separation
within the blend surface.
SSIMS Analysis. Homopolymers. The spectra of

both PSA and oligomeric PLA have been documented
previously36,37 and the films examined here showed no

Figure 3. Peak-fitted C1s spectra for PSA/PLA (2k) blend, 25% PLA.

Figure 4. Surface molar % of PLA repeat unit determined
from C 1s peak fitting against bulk molar % for PSA/PLA (2k)
blend.
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significant differences from these literature examples.
The spectrum of PLA (50k) does show some significant
differences in ion intensities from that of PLA (2k) and
these are thought to derive from end-group effects.38 The
absence of a strong signal due to Al+ at m/z 27 in all
the samples indicates that polymer film thickness was
greater than the sampling depth of the SSIMS experi-
ment. None of the films, however, were thick enough
to require the use of an electron flood gun to neutralize
charging effects.
Miscible PSA/PLA (2k) Blends. All of the blends

demonstrated the full range of ions associated with both
PLA and PSA. No ions of mass numbers differing from
those found in the homopolymers were noted. Figure
7 demonstrates an attempt to quantify the SSIMS data,
where the intensity of an ion typical of PLA (m/z 200,
[3M - O]•+)36 is compared with an ion typical of PSA
(m/z 185, [MH]+).37 Both of these ions are unique to
the respective homopolymer and sufficiently close in
mass to minimize mass dependent sensitivity changes.
Furthermore, in the homopolymer spectra they are of
comparable absolute intensities, and the value I(200)/
[I(200) + I(185)] can be at least qualitatively used as a
measure of the surface concentration of PLA.12 The
curve shown in Figure 7 demonstrates features similar
to those of the XPS data, with a surface excess of PLA
being exhibited in all of the blends.
Immiscible PSA/PLA (50k) Blends. A similar plot

of ion intensity against bulk PLA weight % is given in
Figure 8. Once again, this shows broad agreement with
both the miscible blends and XPS data. The presence
of an ion signal for PSA in all of the polymer blends
perhaps indicates that there is an extension of the PSA
domains to the top ∼1 nm of the surface even when
there is a large excess of the surface active PLA. This
result may also be explained, however, by a small, but
detectable, concentration of PSA being present in the
PLA domains. There is no significant difference be-
tween these immiscible blends and the miscible PLA
(2k) systems. XPS investigations revealed substantial
charging differences between the two phases of polymer
in the PSA/PLA (50k) mixtures; however, no charging
was apparent during the SSIMS investigations. If they
did occur, we could expect differences in the energy

distributions of ions arising from each of the phases,
and thus because of the energy dependency of quadru-
pole mass spectrometers,20 these effects should be
obvious. In this case it appears that X-ray excitation
is more prone to produce differential charging than atom
bombardment.
AFM Analysis. Immiscible PSA/PLA (50k) Blends.

The thin films of PSA and PLA (50k) and the blends
containing differing proportions of these two polymers
displayed distinct surface morphologies when analyzed
with the AFM. The film produced from the PSA
solution possessed spherulites at the surface. The AFM
topograph in Figure 9a shows a typical 10 µm × 10 µm
area of the PSA film. The spherulites can be identified
by the fibrous structures radiating from nucleating
centers. During the growth of the spherulites in the
film solidification, the fibers grow out from the nucleat-
ing centers and fill space in two dimensions. As this
growth continues, the fibers from neighboring develop-
ing spherulites impinge on each other and grain bound-
aries form.39 The presence of spherulitic structures in
the surface topography of the PSA film is indicative of
the semicrystalline nature of this homopolymer.40 The
fibers are formed from crystalline lamellar structures.
However, there is also amorphous polymer material
present in the film between the crystalline lamellae and
the fibers.
The surface topography of the single component PLA

films was found to be relatively smooth and lacking in
the spherulitic structures commonly observed by the
AFM for more crystalline polymers.41 In Figure 9e, the
surface topography of a 10 µm × 10 µm area of a PLA
film is shown. This image shows a smooth film struc-
ture disrupted only by occasional aggregates. This type
of surface morphology is typical of a low-crystallinity
polymer sample prepared by spin casting.
For the polymer blend containing 70% PSA:30% PLA,

the surface was observed to consist of a granular
morphology (Figure 9b). The granules had diameters
ranging from 200 nm to 1 µm and protruded from the
other surface material by 10-50 nm. Between the
granules, the polymer film appears to be continuous.
When the polymer blend composition is changed to

50% PSA:50% PLA, the AFM-recorded topography
changes to show a gently pitted surface. This surface
morphology can be observed in the AFM topograph in
Figure 9c. The pits have a broad and shallow structure
with typical diameters ranging from 400 nm to 2 µm
and depths of 20-60 nm.
A pitted surface morphology was also observed for the

film of the 30% PSA:70% PLA blend (Figure 9d).
However, the AFM images showed the pits to be smaller
in diameter than the 50% PSA:50% PLA blend film. The
diameter of these pits was found to be between 200 and
800 nm with depths between 20 and 50 nm.
For all the polymer blends studied it is evident that

the presence of PLA has inhibited the formation of
identifiable fibrous structures by the PSA component.
Even at a high relative PSA composition of 70%, the
crystallization process appears to have been signifi-
cantly impaired.
We have previously shown that in situ AFM studies,

performed within an aqueous environment can visualize
the dynamic morphological changes occurring as poly-
mer films are degraded.42,43 In these studies the AFM
is imaging the biodegradable polymer at the interface
between the polymer surface and the hydrolyzing
medium. Using this technique, we have observed the

Figure 5. Comparison of surface oxygen with bulk weight %
of PLA for PSA/PLA (2k) blends.
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surface morphology changes of solvent-cast and melt-
crystallized PSA films. It was found that the AFM could
visualize the preferential loss of amorphous PSA mate-
rial from spherulites. This loss occurs due to higher
permeability of the amorphous material compared to the
crystalline fibers,40 resulting in a higher proportion of
potential hydrolysis sites and hence a higher probability
of random chain scission.
The two polymers in these blends are known to erode

at very different rates in aqueous environments.44 In
physiological conditions, the PSA is eliminated from the
body within 2-4 weeks, while the PLA is eliminated
within 12-16 weeks. Therefore, initial changes in
surface morphology should be caused by the loss of the
PSA material in the films and the morphology of the
PLA material should be exposed. On the basis of the
above elimination times, the in situ AFM experiments
were performed at pH 12.5. At this pH the hydrolysis
of both polymers is catalyzed, enabling the erosion of
each blend to be studied over relatively short time
periods. The experiments described here could equally
be performed at physiological pH values.
For 70% PSA:30% PLA films the initial granular

continuous film structure observed in the original film

was rapidly changed in the degradation experiment. The
four 10 µm × 10 µm AFM images in Figure 10 show
data recorded at degradation times of 0, 2, 5, and 10
min. These images show that the granular features

Figure 6. C1s spectrum of 50% PLA blend with (crosses) and without (solid line) electron flood gun on.

Figure 7. Quantification of SIMS PSA/PLA (2k) data.
Figure 8. Quantification of SIMS PSA/PLA (50k) data.

Figure 9. 10 µm × 10 µm AFM images of the surface
topography of PSA and PLA (50k) in single component and
blended thin films.

Macromolecules, Vol. 29, No. 6, 1996 Poly(sebacic anhydride) and Poly(DL-lactic acid) Blends 2209



remain relatively constant in the first stages of erosion,
while the polymer material between the granules is lost
at a more rapid rate. In the image taken following 5
min of degradation the granules are more distinct from
the rest of the film. This process continues until after
10 min of degradation the granules remain as isolated
islands on the substrate surface. These data indicate
that the PLA material is present as granules in the
initial film. PSA material is found between the PLA
granules prior to the erosion to give the continuous film
observed in the initial surface morphology studies.
In Figure 11, four 10 µm × 10 µm AFM images are

displayed which show the erosion of the 50% PSA:50%
PLA blend film. Surface topographs prior to the deg-
radation showed a continuous film with broad, shallow
pits in the surface. As the degradation proceeds, these
pits can be observed to broaden and deepen. As this
erosion process continues, a network structure is ex-
posed. This network structure remained on the surface
for over 40 min of exposure to the pH 12.5 NaOH
aqueous solution.

Thus for the 50% PSA:50% PLA film, the erosion and
loss of PSAmaterial results in the exposure of a network
of PLA. Here, the degradation experiment has revealed
a fundamental difference in film morphology between
the 70% PSA:30%PLA film and the 50% PSA:50% PLA
film. As the amount of PLA in the blend is increased,
an inversion in the phase morphology occurs with the
PLA morphology changing from isolated granules in a
network of PSA to a network of PLA separating areas
of PSA. The AFM-recorded phase separations support
the theory of differential charging resulting from the
two insulating phases, as observed by XPS.
Further increasing the proportion of PLA in the blend

had a dramatic effect on the degradation characteristics
of the thin films. The AFM data recorded during the
erosion of the 30% PSA:70% PLA is shown in Figure
12. The most noticeable feature of this series of images
is the time scale over which they were taken. The final
image was recorded 3 h after the first exposure of the
blend to pH 12.5, demonstrating the resistance of the
blend to degradation, the other blends showed clear
erosion within 10 min, and the films became unstable
within 40 min. The only evidence of degradation
occurring to the 30% PSA:70% PLA film is a slight
increase in the depth of the pits during the first 30 min
of the experiment.
Clearly, this blend is displaying a pattern of degrada-

tion very different from those of the blends with lower
PLA concentrations. It appears that the surface enrich-
ment of PLA, which was detected by XPS analysis, has
produced a barrier between the PSA and the pH 12.5
solution. Hence, the kinetics of degradation are deter-
mined by the slowly degrading PLA only. For the lower
PLA content blend films, there appears to be insufficient
surface PLA material to prevent permeation of the
hydrolyzing solution to the PSA material and hence the
film becomes unstable to the high-pH environment
within minutes of exposure.
Miscible PSA/PLA (2k) Blends. AFM images of the

films produced from PLA (2k) and PSA are shown in
Figure 13. The PLA (2k) film shown in Figure 13e
displayed a smooth surface topography similar to that
of the PLA (50k). When the PSA and PLA (2k) were
blended, the resulting films all displayed particulate

Figure 10. In situ AFM images of the degradation of a 70%
PSA:30% PLA (50k) blend. Image dimensions: 10 µm × 10
µm.

Figure 11. In situ AFM images of the degradation of a 50%
PSA:50% PLA (50k) blend. Image dimensions: 10 µm × 10
µm.

Figure 12. In situ AFM images of the degradation of a 30%
PSA:70% PLA (50k) blend. Image dimensions: 10 µm × 10
µm.
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surface morphologies which were very different from the
surfaces of the PSA only and PLA only films. An AFM
image of the 70% PSA:30% PLA film is shown in Figure
13b. There is no evidence of fibrous features due to the
semicrystalline PSA, indicating that the PLA (2k) has
inhibited the crystallization process; instead the film is
composed of particles with diameters ranging from 40
to 300 nm. As the relative proportion of PLA (2k) is
increased, the surface topographies recorded by the
AFM continue to display a particulate surface structure.
The surface topographies of the partially miscible

PSA:PLA (2k) films are clearly different from the
recorded topographies of the immiscible PSA:PLA (50k)
films. However, the real difference in the organization
of the polymeric materials in these films is revealed by
the in situ AFM imaging of the degradation. The series
of AFM images in Figure 14 were recorded during the
degradation of a 50% PSA:50% PLA (2k) film in a pH
12.4 aqueous solution. The images show the removal
of the polymeric film and the exposure of the smooth
glass substrate. Clear surface topography changes can
be observed in the first 10 min of contact with the pH
12.4 aqueous solution. The particulate structure of the
film surface becomes less distinct at this stage, and
there is some evidence of the AFM damaging the film
as it scans, indicating a softening of the surface mate-

rial. After 9 min of contact with the hydrolyzing
environment, the glass substrate becomes exposed and
then over the next 29 min, there is a gradual removal
of the remaining polymer material. It is noticeable that
the degradation process does not result in the exposure
of an underlying PLA morphology. This finding is
consistent with the PSA and PLA being mixed on a
nanometer scale in the partially miscible blend. Hence,
as the PSA material is degraded, the film structure
becomes unstable. This results in the loss of the film
as a whole over the 60 min period, rather than the
pattern observed for the immiscible blends in which the
PSA material is lost rapidly, leaving the PLA material
on the substrate.

Conclusions

Surface analysis of the PSA/PLA blends has detected
both phase separation and surface enrichment. XPS
and SSIMS reveal that in all the systems investigated,
whatever the bulk concentrations or whether the poly-
mers are miscible or immiscible, there is a surface
excess of PLA. In the case of the immiscible PSA/PLA
(50k) blends evidence was provided for phase separation
by the occurrence of differential charging between the
two phases. This charging phenomenon did not occur
for the miscible PSA/PLA (2k) blends, and although this
is not conclusive evidence for miscibility, there is a
concordance between the XPS data and AFM data on
these two mixtures. Despite the strong surface excess
of PLA, the presence of PSA in all of the blends may be
detected by the presence of diagnostic ions in the SSIMS
spectra. Whether this is due to phase-separated PSA
being present in the top surface layer or to there being
a low concentration of PSA present in the PLA phase is
unknown.
These findings are in accord with the atomic force

microscopy studies, which emphasize the importance of
phase separation and surface enrichment on the deg-
radation of the polymer films. For the PSA/PLA (50k)
blends, the phase separations become apparent when
the changes in surface morphology are imaged during
degradation. For the 70%:30% and 50%:50% PSA/PLA
(50k) blends the hydrolyzing medium rapidly attacks
the PSA phase, resulting in the exposure of the PLA
morphology. However, the 30%:70% PSA/PLA (50k)
blend displays a very slow surface erosion, indicating
that the surface enrichment of the PLA dominates the
degradation behavior of the film. Particulate surface
morphologies were observed for the PSA/PLA (2k)
miscible films, and on degradation, the in situ AFM
images recorded a general disintegration of the film.
By combining the surface chemical information of

SSIMS and XPS data with the surface morphology of
the AFM data, it is possible to characterize the complex
surfaces of biodegradable polymer blends and record the
effect of the surface organization on degradation. The
effects of both phase separation and surface enrichment
in such blends is contributing to our understanding of
the bulk and surface chemistry and morphology, infor-
mation which has important implications for the design
of new biodegradable materials.
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Figure 13. AFM images of the surface topography of PSA
and PLA (2k) in single component and blended thin films.
Image dimensions: 3 µm × 3 µm.

Figure 14. In situ AFM images of the degradation of a 50%
PSA:50% PLA (2k) blend. Image dimensions: 10 µm × 10 µm.
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