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ABSTRACT: The role of water in the excellent biocompatibility of the acrylate-based
polymers widely used for antibiofouling coating material has been realized previously.
Here, we report femtosecond mid-infrared pump−probe spectroscopy of the OD stretch
band of HOD molecule adsorbed on highly biocompatible poly(2-methoxyethyl) acrylate
[PMEA] and poorly biocompatible poly(2-phenoxyethyl) acrylate [PPEA], both of which
reveal that there are two water species with significantly different vibrational lifetime.
PMEA interacts more strongly with water than PPEA through the H-bonding interaction
between carbonyl (CO) and water. The vibrational lifetime of the OD stretch in PPEA
is notably longer by factors of 3 and 7 than those in PMEA and bulk water, respectively.
The IR-pump visible-probe photothermal imaging further unravels substantial spatial
overlap between polymer CO group and water for hydrated PMEA and a significant
difference in surface morphology than those in PPEA, which exhibits the underlying
relationships among polymer−water interaction, surface morphology, and biocompati-
bility.

Therapeutic polymers have become widely applicable in
the antibiofouling coating of biomedical devices for their

exceptional ability to stay inert in the biological environment
with very low plasma protein adsorption and platelets adhesion
on the polymer surface.1−4 As structurally similar therapeutic
polymers are observed to have significantly different
biocompatibility, substantial research has been carried out in
the last few decades to understand the factors that affect these
polymers’ biocompatibility.5−9 It was revealed that water
bound to the polymer surface plays a crucial role in the
biocompatibility of acrylate-based polymers.6,7,10,11 Based on
the mobility and the freezing point measurements, the
adsorbed water in hydrated polymers was classified into
nonfreezing water, intermediate or cold-crystallizable water,
and bulk-like water. The nonfreezing water interacts with the
surface very strongly and does not freeze even at −100 °C. It
has the least mobility and thus very stable on the surface. The
intermediate water layer interacts with the nonfreezing water
and crystallizes below 0 °C upon heating. Among acrylate-
based polymers, poly(2-methoxyethyl acrylate) [PMEA] is
several folds higher in biocompatibility as compared to other
poly(meth) acrylates [PMAs] such as poly(2-phenoxyethyl
acrylate) [PPEA] or poly(ethyl acrylate) [PEA].12 The
superior biocompatibility of PMEA to other PMAs results
from the presence of a thick layer of intermediate water on top
of the nonfreezing water.11 Such intermediate water on the
surfaces of other PMAs was not observed. Therefore, it was
concluded that intermediate water blocking hydrophobic
interactions of plasma protein with polymer would be one of

the most crucial factors rendering PMEA an excellent
biocompatible material.
There are quite a few reports in the literature suggesting that

intermediate water is not the sole criterion for the
biocompatibility of a given polymer.6,13 For example, poly-
(vinyl)alcohol [PVA] or poly(acrylonitrile) [PAN] has a
significant amount of intermediate water as compared to PMA,
yet they are far less biocompatible than PMA.6 In some cases,
direct hydrogen-bonding interaction of water with the polymer
could account for their biocompatibility. For example, aliphatic
carbonyl polymers [ACP] and poly(acrylonitrile)-co-N-2-
vinylpyrrolidone [PANcNVP] copolymers have a layer of
nonfreezing water that forms a strong hydrogen bond with CO,
but no intermediate water on the surfaces of these polymers
was detected. Surprisingly, platelet adhesion to those polymers
(ACP and PANcNVP) is weaker than that for PVA or PAN.6

Hence, the role of water and its mode of interaction with the
polymer are potentially crucial in understanding the mecha-
nism driving polymer biocompatibility. Furthermore, the
classification of water structures into nonfreezing, intermediate,
and bulk-like water species is not well-defined at the molecular
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level. Additionally, most of the information about the role of
water in biocompatibility was obtained from the steady-state
spectroscopic and thermodynamic measurements, which
overlooked the dynamical aspect of the water H-bond network.
Therefore, the water hydration structure and dynamics around
highly biocompatible PMEA and poorly biocompatible PPEA
polymers investigated with time-resolved spectroscopy are
expected to provide a clue to the molecular origin of
biocompatibility for these polymers.
This study reports the vibrational relaxation dynamics of the

OD stretch mode of HOD adsorbed in PMEA and PPEA using
polarization selective mid-IR pump−probe (PP) spectroscopy,
which reveals that the water hydration structure and dynamics
are significantly different around the PMEA and PPEA
surfaces. Furthermore, synchronous 2D correlation spectros-
copy (2D-COS) shows a stark difference in the interaction
between polymer’s CO groups and water molecules. Addition-
ally, we carried out a mid-IR photothermal (MIP) study of the
hydrated polymers. In this microscopy technique, the vibra-
tional excitation of the mid-IR pump induces a change in the
local temperature and refractive index of the surrounding
medium, which deflects the visible probe.14−17 Since this
vibrational/optical microscope allows direct observation of
chemical targets in submicrometer lateral resolution, it is
suitable for studying the hydrated polymers avoiding any
mechanical stress or damages. Here, the MIP microscopy is for
the first time used to explore the spatial distributions of water
and hydrated polymers, which unravels a stark difference in the
spatial overlap of the polymer’s CO-rich regions and water-rich
regions on the surface of biocompatible polymer. In addition,
we show a notable difference in surface morphologies of these
two hydrated biocompatible polymers. Furthermore, molecular
dynamics (MD) simulations and atoms-in-molecules (AIM)
analyses were performed to unveil how the water H-bonding

network around the side chain functional groups of the
biocompatible polymer varies.
The acrylate-based polymers, PMEA and PPEA, have

different functional groups attached to the side chain, e.g.,
methoxy (−OCH3) in PMEA and phenoxy (−OPh) in PPEA
as shown in Figure 1a,b. First, we carried out Fourier-transform
infrared (FT-IR) spectroscopy of the hydrated polymer thin
film. The baseline-corrected and normalized FT-IR spectra of
the OD stretch of HOD adsorbed on polymer thin films are
compared with bulk water (HOD···H2O) in Figure 1a,b. The
broad OD stretch band of HOD···H2O species (fwhm = 171
cm−1) appears at 2511 cm−1 (see Table S1). The OD stretch
IR band of HOD in hydrated PMEA is blue-shifted (+6 cm−1),
whereas that in PPEA is slightly red-shifted. The fwhm of the
FT-IR spectrum of OD increases by 11 cm−1 in PMEA,
whereas it decreases by 14 cm−1 for PPEA compared to the
bulk water. A blue-shift of the OD stretch frequency in PMEA
indicates a reduction in the number of H-bonded water
molecules or a weakening of H-bond strength. The spectral
broadening of the OD stretch in PMEA suggests increasing
heterogeneity of the hydrogen-bonding network structures. A
similar trend was observed previously in HOD molecules
interacting with the stern layer of the reverse micelle.18,19 On
the contrary, the OD stretch in PPEA does not change
significantly, which indicates that the H-bond environment of
water molecules adsorbed on the PPEA surface might be
different from that of the PMEA surface.
On the other hand, the CO stretch bands of the polymers

are red-shifted upon hydration as compared to those without
adsorbed water (Figure 1c,d), which indicates the hydrogen-
bonding interaction of CO with water (CO···H2O). There is a
∼50% increase in the fwhm (+14 cm−1) of the CO band in
hydrated PMEA than that of merely 8% (+2 cm−1) for
hydrated PPEA.

Figure 1. Baseline-corrected and normalized FT-IR spectra of the OD stretch mode of HOD species (a) adsorbed on PMEA and in bulk water and
(b) adsorbed on PPEA and, in bulk water, the CO stretch of (c) PMEA with and without adsorbed water [D2O] and (d) PPEA with and without
adsorbed water [D2O].
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Therefore, this smaller spectral broadening of the CO
stretch IR band of hydrated PPEA than that of hydrated PMEA
suggests that water interacts weakly with the carbonyl groups
of the PPEA compared to those of PMEA. Deconvolution of
the OD and CO stretch bands using two Gaussian functions
(Figure S1 and Supporting Note 6) show that the area

corresponding to CO···DOH species for OD stretch in PMEA
is about 1.8 times larger than that of PPEA, whereas for the
CO stretch mode, forming H-bonds to the surrounding
hydration environment is about 10 times larger than that of
PPEA.

Figure 2. Synchronous 2D-COS analysis of adsorbed water on (a) PMEA, (b) PPEA surfaces and (c) the horizontal slice spectrum at 2472 cm−1

for hydrated PMEA and PPEA.

Figure 3. Isotropic IR-PP spectra of the OD stretch mode of HOD in (a) PMEA and (c) PPEA, whereas the corresponding discrete wavelet
transform (DWT) corrected signal for (b) PMEA and (d) PPEA after removing the heating contribution. The spectrum of isotropic IR-PP signal of
OD of HOD at 0.5 ps delay time in (e) water, (f) PMEA, (g) PPEA, which can be resolved into one decaying component (blue line), and one
rising thermal component (green line) for water whereas two decaying components (blue and red line) and one heating component (green line)
for hydrated polymer system. The kinetic traces of these components at 2520 cm−1 in (h) water, (i) PMEA, and (j) PPEA.
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Further, 2D-COS analysis was performed, which is a useful
method for highlighting the characteristic spectral changes of a
system upon external perturbation. The primary objective is to
investigate if any correlations may exist in the perturbation-
induced spectral responses. In addition, 2D-COS analysis
reveals the in-phase correlation between different vibrational
modes affected similarly due to the same external perturbation,
which is otherwise difficult to observe from traditional steady-
state spectroscopic experiments like FT-IR. Dynamic variables
for the 2D-COS were generated using a time series of FT-IR
data collected continuously over several hours for the polymer
water systems (see Figure S2). The 2D-COS analyses of
hydrated PMEA and PPEA were performed in the spectral
range of 1200−2800 cm−1 to determine the possible
correlations between the OD stretch mode with other normal
modes (Figures 2a,b). The crosspeaks in both PMEA and
PPEA cases show several strong positive correlations among
different modes (see Table S3).
The crosspeak at (2515, 1732) cm−1 for PMEA indicates the

strong positive correlation between the OD and the CO
stretch mode, which can be understood from the strong H-
bonding interaction between them. For PPEA, however, the
intensity of the crosspeak at (2506, 1734) cm−1 is weak and
cannot be identified clearly due to the weak H-bonding
interaction. Figure 2c represents the horizontal slice spectrum
obtained at 2472 cm−1 (vertical frequency) for both the
hydrated polymers from which the intensity of this cross-peak
can be directly compared. Therefore, the 2D-COS analyses
essentially reveal that PMEA and PPEA differ significantly in
their interaction strengths with water through a CO···DO H-
bond.
Next, mid-IR PP measurement of the OD stretch of HOD in

hydrated PMEA and PPEA was carried out. The mid-IR PP
measurement methods have been successfully employed to
understand the dynamic behavior of water in various complex
systems before including polymer thin film.19−22 However, a
common challenge of this technique for studying complex
heterogeneous material is the appearance of significant pump-
induced scattering.23 A hydrated polymer system is not the
exception to this challenge. The transient OD stretch IR PP
spectra of the hydrated polymers are severely contaminated
with the pump-induced scattering fields. Although the
application of widely implemented phase cycling method24,25

in the time-domain or the Fourier transforms filters in the
frequency domain could partly remove the scattered noise
from the signal, they often failed to remove scattering enough
to perform quantitative analyses. Here we employ a multilevel
one-dimensional wavelet decomposition method using discrete
wavelet transforms (DWT) to separate the signal from the
pump-induced scattering. A detailed description of the DWT
method can be found in Supporting Note 8. The accuracy and
reliability of the DWT method were validated systematically by
applying this method to remove weak and strong scattering
associated with the pump−probe signal of CN stretching band
in phenyl cyanide (PhCN) dissolved in the ethanol, which is
created deliberately by scratching the CaF2 surface. The
method accurately recovers the pump−probe signal without
distorting it and can predict the vibrational lifetime of CN in
ethanol with merely 2−5% error.
The vibrational lifetime of the IR probe (OD stretch of

HOD) is extremely sensitive to the local H-bond environment
and has been utilized to probe various systems including
peptides, proteins, polymeric surfaces, and Li-ion bat-

tery.18,19,26−29 The lifetime of OD stretch in the bulk water
is ∼1.8 ps, but it varies significantly for different polymer
surfaces.20,26,30 The temporal profiles of the isotropic IR-PP
signals of the OD stretch of HOD adsorbed in polymers
(PMEA and PPEA) and their DWT-corrected profiles are
shown in Figure 3a,c and in Figure 3b,d, respectively. These
show that the DWT method could successfully remove the
pump-induced scattering from the signal. The positive IR-PP
signal corresponding to the ground-state bleach (0−1
transition) and the stimulated emission (1−0) of the OD
stretch of the HOD molecule was monitored in this study.
Additionally, an isotopically diluted solution of 20 vol % HOD
in H2O was used for the pump−probe experiment to implicitly
extend the dynamic window of the OD stretch mode beyond
∼0.5 ps.29 Furthermore, the IR-PP spectra of the OD stretch
were successfully corrected for the heating contribution
following the kinetic model proposed by the Bakker group31

(Supporting Note 9). It can be observed that the vibrational
energy relaxation of the OD stretch becomes slow when HOD
molecules interact with polymer surfaces as compared to those
in bulk water. Interestingly, water absorbed in PPEA shows
even a slower relaxation than that in PMEA.
For the detailed analysis, the OD stretch IR PP eigenspectra

of different HOD species were obtained by performing global
fitting analyses considering all the frequencies.19 The
eigenspectrum refers to the frequency-dependent contribution
of chemical species with the same vibrational lifetime, shown in
Figures 3e−g. The global fitting analysis of the IR PP spectrum
of HOD in water shows one decaying component and another
in-growing heating signal (Figure 3e). The corresponding
kinetic decay traces at 2520 cm−1 are plotted in Figure 3h.
Furthermore, we analyzed the IR PP time-profiles at the red
and blue sides of the isotropic IR PP spectrum of HOD
molecules on the polymer surfaces (Figure S11 of Supporting
Note 10), which shows that the IR PP signal of the HOD
molecule at the red (low-frequency) side of the transient PP
signal decays slowly compared to that at the blue (high-
frequency) side for both the polymers. This frequency
dependence of the OD stretch vibrational lifetime indicates
at least two distinctively different water species in the hydrated
polymer. Therefore, the isotropic IR-PP signal of the OD
stretch mode of HOD was fitted using two exponentially
decaying functions and one in-growing heating component
(Figures 3i,j). The corresponding eigenspectra are plotted in
Figures 3f,g. In addition, the OD stretch IR PP signals at
different delay times before and after the correction of the
thermal component are compared with each other in
Supporting Note 9 (see Figure S10).
The eigenspectra of the OD stretch of HOD for both the

polymers show two distinct water species, among which one
species is blue-shifted and another is red-shifted compared to
the bulk water. Parts i and j of Figure 3 show that the kinetic
trace of the blue-shifted water decays faster, whereas that for
red-shifted water decays slower. In parts b and c of Figure S12,
the vibrational relaxation dynamics of the OD stretch of HOD
at 2520 cm−1 in pure water are directly compared with those of
HOD on biocompatible polymer surfaces. Table 1 shows that
the vibrational lifetime of the OD stretch of HOD in pure
water is 1.76 ps, which is in excellent agreement with the
previously reported value.32 It should be noted that 20 vol %
HOD is used in this study, which shows the same vibrational
relaxation time as 5 vol % HOD usually used for time-resolved
IR experiments for water. The vibrational lifetime of the fast
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component of OD of HOD species in both the hydrated
polymers remains close to 1.8 ps, whereas the slow component
varies drastically. The vibrational lifetime of the slow
component of the OD stretch in PMEA is 5.3 ps, which is
∼3 times slower than that of the bulk-like water (see Table 1).
Interestingly, the slow component becomes even slower in

PPEA with a decay constant of 12.4 ps, which is about ∼7 and
∼2.5 times slower than those of the bulk-like water and water
on the PMEA surface, respectively. It should be noted that the
eigenspectra and the vibrational relaxation processes of two
different HOD species on the polymer surfaces in this study
show quite different behaviors as compared to those of HOD
molecules in polymer and salt solutions in water studied
previously, where it has been shown that the OD stretch
modes of HOD molecules with the blue-shifted eigenspectrum
have a longer lifetime than those with the red-shifted
eigenspectrum in the solution phase.19,26,32,33 Note that the
blue-shifted OD stretch frequency results from a weaker H-
bonding interaction of HOD with H-bonding acceptors. In
stark contrast, the slowly decaying component in this study is
red-shifted, which indicates that the HOD with a strong
interaction with the side chain CO group has a longer
lifetime.
Furthermore, the blue-shifted water in the present study

appears due to its interaction with the −OCH3 and −OPh
groups of the polymer side chain, respectively, for PMEA and
PPEA polymer because of the following reasons. Recent
studies of interfacial water show that the water OH stretching
frequency undergoes a blue-shift for various hydrophobic
surfaces.34−37 Also, vibrational sum-frequency generation
spectroscopy of the water interacting with the acrylate-based
poly(methyl methacrylate) polymer revealed two water species
among which the blue-shifted water interacts with the side
chain −OCH3 group of PMMA.38 Furthermore, IR-PP
spectroscopy of water-polyether binary mixture in the water-
rich region unveiled that the vibrational lifetime of water
associated with the methoxy moiety is ∼2 ps.39 Interestingly,
however, these water molecules close to hydrophobic groups
are dynamically inseparable from the bulk water in this study.
Therefore, based on the present observations, the blue-shifted
water organized around the hydrophobic side chain functional
group like −OCH3 (PMEA) and −OPh (PPEA) is assigned to
the intermediate water layer. The vibrational lifetime of this
intermediate water does not change much in different
biocompatible surfaces. In stark contrast, the vibrational
relaxation dynamics of the red-shifted water, which interacts
with the CO moiety of the polymer, is substantially slower
than that for the blue-shifted water for both PMEA and PPEA
and can be assigned to the nonfreezing water layer.
Interestingly, the vibrational lifetime of this nonfreezing
water (red-shifted water species) changes remarkably based
on the biocompatible polymer surface unlike the intermediate
water layer (blue-shifted water species) where the vibrational

lifetime change is insignificant. Therefore, this result is a clear
implication of the underlying relationship of the structure and
vibrational dynamics of the interfacial water with the polymer’s
biocompatibility; however, further experiments are necessary
to establish such a relationship more reliably.
The 2D-COS analysis and IR-PP experiment showed that

PMEA interacts with water more strongly than PPEA. MIP
microscopy was introduced to confirm the interaction of
polymer films and water spatially. MIP microscopy provides
the chemical sensitivity using mid-IR excitation and submi-
crometer spatial resolution with a visible probe. With this
technique, the spatial distribution of water and polymer can be
studied in submicrometer resolution. To investigate the
hydration effect on the polymer structure, the OH bending
mode of water (1650 cm−1) and CO stretching mode of
polymers (1730 cm−1) are targeted for photothermal
excitation. Here, it should be noted that the broad and strong
absorption band of the water bending mode could contribute
to the photothermal image taken with 1730 cm−1 IR excitation.
Therefore, to obtain the photothermal contrast only for the
hydrated carbonyl, we removed the contribution of the water
bending mode (see Supporting Note 11 for a detailed
description of such correction method).
The CO stretch MIP image (Figure 4, left) of PMEA shows

a higher photothermal signal than PPEA, which means that the

PMEA film has more water-interacting carbonyl moieties than
PPEA film. This is because only hydrated polymer can produce
a strong photothermal signal due to heating of surrounding
water molecules, which leads to a noticeable change in the
refractive index, i.e., photothermal effect. The MIP images of
PMEA and PPEA clearly show that the two polymers have
quite different water environments. Although both polymers
contain carbonyl groups that can be excited by a 1730 cm−1 IR
beam, the PMEA is in a high-level hydration state because its
photothermal signal is much stronger than that of PPEA
(Supporting Note 12). More specifically, the CO stretch MIP
image of PMEA polymer shows a distinct localization feature
of the hydrated polymer. Furthermore, the water bend and the
CO stretch MIP images overlap in lateral space, indicating that

Table 1. Fitting Parameters of Isotropic Decay Signal of the
OD stretch of HOD Species Adsorbed on Various
Polymeric Surfaces and in Bulk Watera

system t1/ps a1 t2/ps a2
water 1.76 1.00
PMEA 1.93 0.54 5.27 0.46
PPEA 1.85 0.71 12.45 0.29

aError not more than ±0.10 ps for t1 and ±0.40 ps for t2.

Figure 4. MIP images of the hydrated (a) PMEA and (b) PPEA film.
The photothermal effect for water bending (center, green) and CO
stretching of polymer (left, red) was measured by the deflection of the
visible probe. At 1730 cm−1, both the water bending and CO
stretching modes were excited, so the CO stretching MIP image was
corrected. Their merged images (right) show the correlation of the
adsorbed water and hydrated polymer.
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most adsorbed water molecules are close to the CO groups
of PMEA (Figure 4a). Although the OH bend MIP image of
the PPEA film exhibits a broad spatial distribution of water,
water molecules do not specifically interact with the carbonyl
moieties of PPEA (Figure 4b). In PPEA film, the CO stretch
MIP signal is comparatively weak, and there is no strong
correlation in the spatial distributions of the water bending and
CO stretch MIP images. Indeed, our photothermal imaging
studies of two vibrational modes, i.e., water bending and
polymer CO stretch, are consistent with the 2D-COS analysis
results, indicating that the intermolecular interaction between
water and carbonyl group of PMEA is stronger than that of
PPEA.
We found that the surface morphologies of the hydrated

PMEA and PPEA films are notably different. Both the
adsorbed water and the hydrated carbonyl of PMEA usually
make broad lumps (Figure 4a), whereas the adsorbed water on
PPEA has a clot-like structure (Figure 4b). MIP images
measured at different positions show similar patterns (Figure
S17 and Supporting Note 13). It implies that the morphologies
of hydrated polymers appearing from their interaction with
water molecules may be related to the biocompatible behavior
of the respective polymer. In addition, considering that the
distribution and amplitude of the MIP signal do not change
even after multiple measurements (Figure S17), we confirm
that the measurement itself does not damage the hydrated
polymer samples.
Furthermore, position-restrained all-atom MD simulation

and AIM analyses were carried out to understand water
organization around the side chain functional group and the
nature of the H-bonding interaction for the first solvation shell
of PMEA and PPEA monomer and hexamer (see Supporting
Notes 14 and 15 for details). It is observed that more water
molecules prefer to interact with the hydrophilic CO group for
PMEA than PPEA, with strong H-bonding interaction
accounting for the water with red-shifted OD frequency. On
the contrary, a greater number of water molecules organize
themselves around the phenyl group of PPEA rather than the
methyl moiety of PMEA through weak CH···Ow non-
covalent interaction, which disrupts the cooperative water H-
bonding network and gives rise to an OD-frequency blue-shift
as observed in the transient IR PP spectra of both the
polymers. Therefore, MD simulations coupled with AIM
analysis reveal that biocompatible polymer PMEA could have
significantly different hydration structures and noncovalent
interactions with surrounding water molecules than the poorly
biocompatible PPEA polymer, which probably plays a crucial
role in altering the vibrational dynamics of water. Therefore,
substantially longer vibrational dynamics of the nonfreezing
water in PPEA could be related to the reduced vibrational
density of states of water, which steers the relaxation process
predominantly to go through the nonradiative decay channel of
CO···water H-bond over the intramolecular coupling of the
donor OD stretch with the acceptor modes. However,
comparatively faster vibrational dynamics of the nonfreezing
water in PMEA probably relax through both CO···water H-
bonding interaction and intramolecular coupling of donor and
acceptor modes, including low-frequency vibrations or
combination bands.
In summary, two acrylate-based biocompatible polymers

were investigated using polarization-selective mid-IR PP
spectroscopy, 2D-COS analysis, MIP imaging technique
coupled with MD simulations, and AIM analysis to report

the observation of how water molecule interacts with different
biocompatible polymer surface. The vibrational relaxation
dynamics of the OD stretch of HOD unveil the presence of
two distinct water species in the hydrated PMEA and PPEA
polymer films. The water molecules with a short vibrational
lifetime of ∼1.8 ps are blue-shifted in the OD frequency and
can be assigned to the intermediate water, which interacts with
the hydrophobic moiety through weak to moderately strong
noncovalent interactions. However, the vibrational lifetime of
the other water species having a longer vibrational lifetime
varies substantially on different biocompatible surfaces. This
OD frequency-red-shifted water can be assigned to the
nonfreezing water H-bonded to the CO group of the polymer
and exhibits a significantly slow vibrational relaxation for
PPEA. The present work thus reveals that the chemical nature
of the side chain functional group and the extent of cooperative
water H-bonding network control the vibrational dynamics of
the nonfreezing water, which may have some crucial role to
play in the biocompatibility of the acrylate-based polymer.
Furthermore, the MIP imaging study reveals a significant
difference in the surface morphology of the biocompatible
polymers, which could be essential to understand the
interaction of water with the polymer as well. Thus, we hope
that the present study will enrich our understanding of the role
of the specific interaction of water with the side chain
functional group of the biocompatible polymer essential for
developing the next-generation biocompatible materials.
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