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Abstract
Irreversible adsorption of polymer chains from a melt on a substrate surface can be strongly affected by interfacial
interactions. In this study, we examined the adsorption of two polymers, poly(tert-butyl methacrylate) (PtBMA) and
poly(ethyl methacrylate) (PEMA), on a silica surface at temperatures above their glass transition temperatures. The degree of
adsorption γ(t) over time was evaluated with variations of storage heat capacity determined with alternating current chip
nanocalorimetry (in-situ measurement of a buried interface). γ(t) revealed two-step profiles for both polymers. At the second
stage of adsorption (regime II), the slope of a plot of γ(t) vs. log t increased as adsorption proceeded; this trend has not been
reported for other polymers and may be characteristic of the present polymers. The trend observed in regime II suggested
that the unadsorbed free chains near the interface became less mobile and were incorporated into the adsorbed layer via
interactions with the tails of the chains directly attached to the substrate surface. The increasing slope in regime II was more
prominent for PtBMA than for PEMA. In addition, a difference was observed for PtBMA and PEMA in the atomic force
microscopy images of the exposed adsorption layer surfaces.

Introduction

Because the mechanism has not been fully elucidated, the
adsorption of polymers from the melt onto substrate sur-
faces has attracted much attention from the soft matter
community. The adsorbed layers often play important roles
in controlling the properties of composite materials, such as
the glass transition temperature [1–4], viscosity [5, 6],
dewetting [7–9], thermal expansion [10], and crystallization
[11–13]. Thus, elucidation of the mechanism could provide
guidelines for the development of adhesion technology and
molecular designs for various composite materials. The
adsorption of polymers as an interfacial phenomenon

should be understood on the basis of the chemistry of the
materials at the molecular level.

The conformations of polymer chains attached to a sur-
face are typically characterized as trains, loops, and tails,
which date back to Jenkel and Rumbach in 1951 [14].
Guiselin discovered a method for preparing irreversibly
adsorbed chains with a thought experiment [15], which is
currently used as a fundamental procedure to study polymer
adsorption. Then, it was revealed that the irreversibly-
adsorbed polymer consists of two stable nanolayers: a
flattened layer and an interfacial sublayer [5, 7, 9, 16, 17].
Additionally, many previous studies revealed that the
adsorption rate depends on the temperature [1, 18–21],
polymer/substrate interactions [17, 22, 23], and average
molecular weight of the polymer [1, 18, 19].

The nature of melt adsorption was studied based on
thermodynamic insights. It was reported that the tempera-
ture dependence of the adsorption rate is one of the most
important aspects. For example, Napolitano et al. reported
that when films were annealed at a temperature above the
glass transition temperature Tg (Tg+ 50 K), the amount of
polystyrene (PS) adsorbed increased until it reached
saturation at 3 × 104 s. Conversely, when the annealing
temperature was low (Tg(bulk) + 15 K), adsorption occur-
red over several months [1]. Other groups reported the same
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tendencies for various polymers [18–21]. This temperature
dependence may be interpreted as follows: annealing at
high temperature provides high polymer chain mobility at
the interface, which promotes irreversible adsorption.
However, the desorption process must be considered to
understand the mechanism for irreversible adsorption. One
may consider that at higher temperatures, the net adsorption
rate should decrease because the desorption process is
activated. Monnier et al. qualitatively evaluated the deso-
rption energy of an adsorbed polymer chain with fast
scanning calorimetry [24]. The desorption signal appeared
at a much higher temperature than the adsorption tem-
perature. Thus, irreversible adsorption may occur in a
temperature range much lower than the desorption peak,
where adsorption overcomes desorption.

The polymer/substrate interactions at the interface
strongly affect the adsorption rate. Davis et al. reported that
the temperature dependence of the adsorption rate was
stronger for poly(methyl methacrylate) (PMMA) than for
PS [22]. It was suggested that the hydrogen bonds between
the carbonyl groups of PMMA and the hydroxyl groups of
the silica surface led to a higher density of adsorbed chains,
and this effect of hydrogen bonding was stronger than that
of van der Waals interactions. In addition, Fujii et al.
revealed that the amount of PS adsorbed from a melt was
greater on an H-Si surface than on a SiOx-Si surface after
the same annealing time [25]. Notably, the mobility of the
polymer played a crucial role because the adsorption pro-
cess involved polymer chain dynamics [26–37]. To the best
of our knowledge, there is no direct evidence of a correla-
tion between the conformations of surface-bound chains
and the adsorption rate. In general, the polymer chain
mobility depends strongly on the chemical structure. Thus,
it is important to investigate how the rigidity of a polymer
alters its adsorption behavior.

Furthermore, there are still questions regarding the
methods used to measure melt adsorption. As noted by
Michael et al., there is no enthalpy change associated with
adsorption from the melt. Using established techniques,
such as atomic force microscopy (AFM) [9, 38], X-ray
reflectivity [5, 7, 16, 17], and ellipsometry [3, 38–41], the
adsorption kinetics were investigated by evaluating the
thickness of the adsorbed layer as a function of the
annealing time, and a solvent washing procedure was
required to expose the adsorbed layer. The solvent may
cause some rearrangement of the polymer chains; however,
the details have not been elucidated.

We previously applied alternating current (AC) chip
nanocalorimetry to investigate adsorption kinetics at a
buried interface (without solvent washing) [42]. This tech-
nique allows real-time measurement of polymer adsorption
onto the silica surface of a chip sensor. An advantage of
chip nanocalorimetry is that nonconductive substrates such

as silica can be used. With AC chip calorimetry, we
investigated the time evolution for the amount of adsorbed
polymer, which increased as a function of the
annealing time.

In this study, we investigated the adsorption of two
polymers with different side groups, poly(ethyl methacry-
late) (PEMA) and poly(tert-butyl methacrylate) (PtBMA),
with AC chip calorimetry. These two polymers have the
same backbone structure and are expected to have similar
chemical properties but different rigidities owing to their
different side groups. We also investigated temporal evo-
lution of the morphologies of the adsorbed layers via AFM.

Materials and methods

Materials

PtBMA (Mw= 680 kDa) and PEMA (Mw= 250 kDa) were
purchased from Scientific Polymer Products (Ontario, NY,
USA). The polymer parameters are summarized in Table 1.
The glass transition temperatures (Tg) of PtBMA and
PEMA were determined with differential scanning calori-
metry (DTG-60, Shimadzu, Kyoto, Japan). The measure-
ments were performed at a heating rate 20 K min−1 over the
temperature range from 333 to 433 K under a nitrogen
atmosphere, and the Tg was evaluated from the second
heating trace. Toluene (Kanto Chemical Co., Tokyo, Japan)
was used as the polymer solvent. The radius of gyration for
a Gaussian polymer chain Rg was estimated with a mono-
mer unit length of 0.25 nm.

Differential AC chip calorimetry

A chip calorimeter (Xensor Integration XI-39390, Delf-
gauw, Netherlands) was used for nanocalorimetry. The
polymer film was mounted on the chip sensor as follows. As
a pretreatment, the active area of the chip sensor was
washed three times with toluene. It was subsequently
annealed at 433 K for 2 h [43]. PtBMA films (approxi-
mately 70 nm in thickness) were spun at 1000 rpm for 30 s
from a 1.0 wt% PtBMA/toluene solution onto glass sub-
strates. The film thickness was measured with a laser
interferometer (Filmetrics F20, Yokohama, Japan). These
films were cut into pieces measuring approximately 2 × 3

Table 1 Parameters of the polymers used in this study

Polymer Mw/kDa Tg/K Rg
a/nm

PtBMA 680 380 7.1

PEMA 250 349 4.8

aRg: Radius of gyration of the Gaussian polymer chain
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mm2 and floated in water. One piece was scooped with a
chip sensor and placed in the active area. Subsequently, the
polymer-mounted chip sensor was dried under vacuum at
room temperature for 24 h. PEMA films were also mounted
with the procedure described above. The surface of the chip
sensor was composed of silica; thus, adsorption occurred at
the polymer/silica interface. The time evolution of the sto-
rage heat capacity for the mounted polymer film was
measured during adsorption with differential AC chip
calorimetry. The details of these measurements were
described in our previous study [42]. The complex heat
capacities of the sample films were measured at Tg+ 50 K
and Tg+ 15 K under a nitrogen flow of 0.1 mLmin–1. The
frequency of the temperature modulation was 200 Hz, and
the applied AC voltage was 0.3 or 0.8 V, which resulted in a
temperature amplitude of approximately 0.14 or 1.1 K,
respectively.

AFM observation

The Guiselin approach was used for PtBMA and PEMA to
investigate how the surface morphologies of the adsorbed
layers changed as adsorption proceeded. Spincast films of
the polymers were prepared in the same manner as descri-
bed above, and pieces of the films (5 × 5 mm2) were floated
in water. Then, the floating films were placed on Si sub-
strates of which the surfaces were covered with native
oxide; this surface was the same as that of the chip calori-
meter. The resulting films were then annealed at Tg+ 15 K
and Tg+ 50 K for several different durations. The annealed
films were immersed in toluene for 60 min at 40 °C to
remove unadsorbed polymer materials. This solvent

leaching process was repeated three times. To study the
surface morphology of the adsorbed polymer layer, tapping-
mode AFM was performed with an E-sweep (Hitachi,
Tokyo, Japan). The cantilever tip used for the measurement
was microfabricated from Si, and the spring constant and
resonance frequency were 13 Nm–1 and 130 kHz, respec-
tively. The shape of the AFM probe chip was evaluated to
correct the lateral sizes in the obtained images. The thick-
nesses of the adsorbed layers were determined via AFM.
The range of the scanning varied from 200 × 200 nm2 to 10
× 10 μm2.

Results and discussion

Adsorption kinetics and morphology

We defined the relative degree of adsorption γ(t) as

γðtÞ ¼ ½C’ð0Þ � C’ðtÞ�=½C’ð0Þ � C’ð1Þ� ð1Þ

where C’(t) is the storage heat capacity at adsorption time t.
As adsorption proceeded, the mobility of the polymer
chains near the interface decreased due to anchoring of the
segments at the substrate surface; thus, the storage heat
capacity decreased as adsorption proceeded. γ(t) increased
with decreasing C’(t) from zero to unity during adsorption.
Figure 1 shows γ(t) for PtBMA with respect to the
adsorption time at 430 K (Tg+ 50 K). γ(t) increased slowly
over a time range of 105 s, which was consistent with the
typical adsorption behaviors of other polymers [1]. The
increase in γ(t) was attributed to the melt adsorption

Annealing time (s)

γ(
t)

Induction period

tf

I III(a) II

tc

Annealing time (s)

Induction period

(b)

γ(
t)

I II

Fig. 1 Time evolution for the degree of adsorption γ(t) of PtBMA at
428 K; a plotted against logarithmic time, and b plotted against time
(linear plot) in the initial time region. The solid lines show the result of

fitting with Eq. (2). tc and tf are the crossover time and the time when
adsorption ceased, respectively. The temperature amplitude was ca.
0.14 K
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process, and no other significant relaxation processes
independent of adsorption on a similar time scale were
considered. In Fig. 1, we observed an initial time period
before ca. 300 s, during which γ(t) fluctuated irregularly and
irreproducibly. This may be an induction period, during
which some relaxation processes occurred for unstable
structures that remained in the spin-cast film. It was
assumed that adsorption would be observed after the
induction period. We found that the length of the induction
period depended on the temperature. We roughly deter-
mined the onset time of adsorption, i.e., the end of the
induction period, as the starting time of linear growth with t
(see Fig. 1b).

After the induction period, the obtained curve exhibited a
two-step profile. A two-step profile has generally been
observed for polymers such as PS, poly(2-vinylpyridine),
and poly(bisphenol A carbonate), which is composed of the
first rapid regime (the amount adsorbed increases linearly
with time) and the second slow regime (adsorption proceeds
with log t) [1, 20, 21]. It was inferred that in the first stage,
segments near the vacant sites on the surface were rapidly
adsorbed, whereas in the second stage, nonadsorbed chains
had to crawl into the already adsorbed chains to find resi-
dual vacant sites. We infer that the two-step growth
observed for PtBMA may indicate the same mechanism as
above. However, the profile in the second stage (regime II)
is slightly different from those reported thus far, as descri-
bed below, and we modified the mechanism in regime II as
we discuss later.

The profile in Fig. 1 shows a linear growth region before
tc as indicated by regime I in the figure, and the slope
decreased discontinuously at tc. In the second region, indi-
cated as regime II in Fig. 1, the slope increased con-
tinuously with time until the completion of adsorption at tf.
Subsequently, adsorption did not proceed (regime III). The
nonlogarithmic increase (associated with the increasing
slope) shown in regime II may be characteristic of rigid
polymers, such as PtBMA.

To evaluate the adsorption rate quantitatively, the profile
of regime I in Fig. 1 was fitted with the following equation:

hðtÞ ¼ h0 þ vt t < tc ð2Þ
where h is the thickness of the adsorbed layer, h0 is the
thickness of the adsorbed layer at t= 0, and v is the growth
rate before the crossover time tc [1, 18–21]. The solid curve
in Fig. 1 shows the results of the fitting analysis. Table 2
lists the values obtained for tc, tf, and v.

Figure 2 shows AFM images of the surfaces of the
adsorbed layers of PtBMA obtained via the Guiselin
approach. The images indicated that the adsorbed amount
increased with annealing time. The sizes of the particles
increased from 600 to 1200 s, as shown in Table 3. Con-
sidering the radius of gyration Rg for an unperturbed chain

of PtBMA (7.1 nm, as shown in Table 1), we infer that one
particle consists of several polymer chains. At t= 1200 s,
aggregated polymer particles with diameters of approxi-
mately 45–210 nm were separated by distances longer than
several tens of nanometers. These values of the particle size
were obtained by correcting for the shape of the probe chip
(the effective width of the chip was found to be 15 and
30 nm at particle heights of 4.4 and 9.2 nm, respectively).
This result suggested that the adsorbed polymer chains
tended to aggregate into particles during the initial stage.
This sporadic morphology for adsorption in the first stage
suggested the linear growth of γ(t) rather than log t growth
as shown in Fig. 1.

At t= 1800 s, no particles were discernible and the entire
surface appeared to be covered with adsorbed polymers. In
addition, a groove-like texture was observed at a depth of
approximately 1 nm. As the particles grew, they coalesced,
which resulted in bumps and grooves. At t= 3600 s, the
texture of grooves with a depth of approximately 2.4 nm
was more clearly observed. After the completion of
adsorption at t= 1.8 × 105 s, a sea-island structure was
observed. The average thickness of the adsorbed layer was
estimated from the AFM images to be 44 nm, which may be
rather large compared to the final thicknesses observed for
other polymer systems reported to date.

The chip calorimetry and AFM results suggested that the
adsorption of PtBMA occurred in two stages. In the first
stage, the polymer chains were adsorbed onto the silica
substrate with relatively small rearrangements or con-
formational transitions; only the attachment of segments to
the surface occurred, as shown in Fig. 3-I. In this region
(regime I), γ(t) increased linearly with annealing time, and
clusters were formed on the substrate surface as shown by
the AFM images in Fig. 2a–c.

We now propose a modified mechanism for adsorption in
regime II, although this is just one possible explanation for
the result in Fig. 1. In the second stage, the polymer chains
undergo large scale movements to reach the residual
adsorption sites as shown in Fig. 3-II-1. During this period,
the AFM images showed that the adsorbed chains covered
the entire surface of the substrate, as seen in Fig. 2d, e.
Adsorption at this stage proceeded as the polymer chains far
from the interface migrated into the adsorption layer. The
adsorption rate was slower than that of the first stage
because the process involved large-scale motion. The chains

Table 2 Parameters evaluated from the profile of γ(t)

Polymer tc/s tf/s v/s–1

PtBMA (Tg+ 50 K) 4.7 × 103 1.8 × 105 4.9 × 10–5

PtBMA (Tg+ 15 K) – 4.2 × 104 3.0 × 10–5

PEMA (Tg+ 50 K) 4.3 × 103 >4 × 105 5.2 × 10–5

M. Ishihara et al.



adsorbed by crawling had tails that remained outside the
adsorbed layer, as shown in Fig. 3-II-2. However, these
rigid tails (or loops) connected to anchored segments at the
surface had lower mobilities than the unadsorbed free
chains. These tails with low mobilities interacted via chain
entanglements with neighboring segments that belong to
other free chains, so that their mobilities were also lowered.
Thus, the free chains were dynamically coupled with rigid
tails and were incorporated in the adsorption process

(indirect adsorption). This indirect adsorption promoted the
growth of the low-mobility region (adsorbed layer). This
process may be reflected in the increasing slope of γ(t) in
regime II, as the storage heat capacity was sensitive to the
reduction in segmental mobility. The adsorption processes
in regime II continued until further entanglement of the
adsorbed chains ceased.

Simulation studies revealed that the end-to-end distances
of adsorbed chains attached to a surface tended to increase

Fig. 2 AFM topographic images of the adsorbed layer of PtBMA
obtained via the Guiselin approach at various annealing times. The
annealing temperature was 428 K. The scan sizes and height scales of
the images for a, b, d, and e are 5 × 5 μm2 and 0−12 nm, respectively.

For the images of c and f taken at t= 1800 s and t= 1.8 × 105 s,
respectively, the scan size was also 5 × 5 μm2 and height scales of the
images were 0−2.7 nm and 0−30 nm, respectively
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as the adsorption energy increased [44, 45]. PtBMA is
considered to undergo a strong adsorption on the silica
surface (native oxide) because of its ester linkages, which
interact strongly with the silica surface via hydrogen
bonding [46]. Thus, the PtBMA chains near the interface
may tend to assume more extended conformations than
unperturbed chains. On the other hand, this interfacial effect

on the chain conformation may be weaker for PS with fewer
polarized groups. As a result, the increasing slope in regime
II was not prominent for PS, and the growth proportional to
log t was observed [1].

Figure 4 shows the γ(t) results for PtBMA annealed at
Tg+ 15 K. In this case, a single-step profile was observed.
The solid curve in Fig. 4 shows the result of the fit with
Eq. 2, and the adsorption process is considered to occur in
regime I. This suggested that loose adsorption with crawling
did not occur because of the reduced mobility of the poly-
mer chains at lower temperatures. It should be noted that the
v for PtBMA depended on the annealing temperature: v
increased with increasing temperature. This result is con-
sistent with those reported previously [1, 18, 47].

Figure 5 shows the calorimetric results obtained for
PEMA at 399 K (Tg+ 50 K). The profile of γ(t) was similar
to that of PtBMA at Tg+ 50 K: a linear growth regime
occurred in the first stage, followed by a slower growth

Table 3 Results from analysis of the AFM images of PtBMA and
PEMA

Polymer Annealing time/
s

Area per
particle/μm2

Number density of
particles/μm–2

PtBMA 600 8.9 × 10−2 6

PtBMA 1200 1.3 × 10−1 6

PEMA 600 8.4 × 10−4 225

PEMA 1200 6.2 × 10−4 343

PEMA 3600 1.2 × 10−4 163

Fig. 3 Schematic illustrations of
the time evolution for the
adsorbed chains

M. Ishihara et al.



regime in which the growth rate gradually increased.
Noticeably, we did not observe completion of adsorption
within our experimental time range (<4 × 105 s), although
the linear plot with respect to time (Fig. 5b) suggested that
γ(t) nearly reached the final value at 4 × 105 s. Anyhow,
PEMA exhibited a longer tf value than PtBMA (see
Table 2). This suggested that adsorption continued beyond
the measurement time range ( > 4 × 105 s).

Figure 6 shows AFM images of the surfaces of the
adsorbed PEMA layers prepared via the Guiselin
approach. Small particles of aggregated polymer mole-
cules were observed at annealing times from 600 s to 1.8 ×
105 s. In particular, after annealing for 600 and 3600 s,
only particles were observed; otherwise, the bare surface
of the substrate was exposed. The particles grew gradually
as adsorption proceeded. The average size and number
density of the particles were evaluated and are listed in
Table 3.

Comparison of PtBMA and PEMA

We now discuss the differences in the adsorption behaviors of
PtBMA and PEMA. Table 2 lists the values of v obtained
from fitting with Eq. (2), as well as the tc and tf values. These
polymers exhibited similar two-step γ(t) profiles, as shown in
Figs. 2 and 5. In Regime II, the slope tended to increase with
time. This tendency was more prominent for PtBMA than for
PEMA. This result may reflect difference in the chain con-
formations near the interface as discussed in the previous
section. In addition, the difference in chain rigidity (stiffness)
might be related to the adsorption behavior. The static chain
stiffness parameter λ–1 for poly(isopropyl methacrylate) was
reported to be much greater than that for PEMA [48]. PtBMA
has bulkier side groups than poly(isopropyl methacrylate).
Therefore, PtBMA is considered to be stiffer than PEMA. It
should also be noted that the value of λ–1 for PS is lower than
that for PEMA, irrespective of the stereoregularity [49].

Annealing time (s)

γ(
t)

Induction period

tf
I III

γ(
t)

Annealing time (10
3
 s)

Induction period

I(b)
(a)

Fig. 4 Time evolution of the degree of PtBMA adsorption γ(t) at
395 K; a plotted against logarithmic time, and b plotted against time
(linear plot) in the initial time region. The solid lines show the result of

fitting with Eq. (2). tf is the time at which adsorption ceased. The
temperature amplitude was ca. 0.14 K

Annealing time (s)

γ(
t)

Induction 
period

I(a) II

tc

Annealing time (103 s)

(b)

γ(
t)

I

II

Fig. 5 Time evolution of the
degree of PEMA adsorption γ(t)
at 399 K; a plotted against
logarithmic time, and b plotted
against time (linear plot) over
the whole range of time. The
solid line shows the result of
fitting with Eq. (2). The
temperature amplitude was ca.
1.1 K
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However, poly(adamantyl methacrylate), which carries even
bulkier side groups, showed a weaker tendency of increasing
slope in regime II. The results are shown in the Supplemen-
tary Information.

Several factors affect the adsorption process, such as the
molecular weight [1, 18, 19], annealing temperature, poly-
mer/substrate interactions, polarity [22], and rigidity of the
polymer chain. Herein, we focus on the adsorption process in
regime I, which is characterized by tc and v. At Tg+ 50K,
the values of tc and v did not differ significantly, as shown in
Table 2. Note that the difference in the chemical structures of
PtBMA and PEMA may not be significant, whereas their
molecular weights differ, as shown in Table 1. Housmans et.

al. reported that tc was independent of the molecular weight
[18], whereas other researchers found that tc depended on the
molecular weight. Nevertheless, the present results suggest
that differences in the chemical structure and chain rigidity
did not significantly affect adsorption in regime I.

We determined the values of tf for PtBMA within our
experimental time range. In contrast, tf was not observed for
PEMA at Tg+ 50 K until 4 × 105 s. In our previous study,
the adsorption kinetics of poly(9-anthracenyl methyl
methacrylate), which carries bulky side groups, did not
show any plateau even after 7.0 × 105 s [42]. Furthermore,
Gawek et al. reported unexpected results for poly(vinyl
acetate): tf was found to be 2.6 × 105 s at Tg+ 32 K, while at

Fig. 6 AFM topographic images of the adsorbed layer of PEMA obtained from the Guiselin approach at various annealing times. The annealing
temperature was 399 K. The scan sizes and height scales of the images are 5 × 5 μm2 and 0− 7.2 nm, respectively

M. Ishihara et al.



Tg+ 42 K, tf was not observed even after 1.1 × 106 s despite
a small temperature difference of 10 K [20]. They found that
structural changes accompanied by diffusion of the polymer
chains occurred above a specific temperature. Similarly, the
adsorption of methacrylate polymers may have a strong
temperature dependence.

Conclusion

In this study, we investigated the adsorption kinetics and
morphologies of the adsorbed layers of PtBMA and PEMA
with AC chip calorimetry and AFM. The γ(t) results
revealed two-step profiles for both polymers. In the first
step (regime I), γ(t) grew linearly with time, and in the
second step (regime II), the slope gradually increased with
log t. The feature of an increasing slope in the latter step
has not been reported for other polymers, such as PS,
which showed a linearly increasing profile with log t. The
tendency of the slope to increase in regime II was more
prominent for PtBMA than for PEMA. This may reflect
differences in the chain mobilities or rigidities of the two
polymers. Furthermore, a remarkable result is that the
adsorption layer grew up to 44 nm, which was larger than
those reported previously for typical systems such as PS.
These findings suggested that in the region near the
interface, free chains that were not directly adsorbed at the
interface were incorporated into the adsorption layer via
interactions with the adsorbed chains, and as a result, the
adsorption process was further promoted. We also found
that the exposed adsorbed layers for PtBMA and PEMA
showed different morphologies: PtBMA exhibited het-
erogeneous bumps and grooves after an adsorption time of
1800 s, whereas PEMA showed small particles throughout
the adsorption process. Furthermore, the adsorption
kinetics depended strongly on the annealing temperature.
PtBMA annealed at Tg+ 15 K showed only a linear
growth regime, in contrast to the profile at Tg+ 50 K.
Further investigation is required for various polymers over
a wider range of annealing temperatures to elucidate the
relationship between polymer structures and adsorption
kinetics. These results provide new insights into none-
quilibrium interfacial phenomena.
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