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Control of hydration structure with fluorine
and expression of biocompatibility
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As a biocompatible material, there is poly (2-methoxyethyl acrylate) (PMEA), which does not
adsorb proteins and does not activate cells. Previous studies have revealed that PMEA in the
hydration structure has intermediate water that interacts with the polymer to a moderately and
a high correlation with biocompatibility has been observed. In this report, we designed a poly
(2-hydroxyethyl methacrylate) (PHEMA) and PMEA copolymers for the purpose of proposing a
novel hydration structure control method and developing excellent biocompatible materials.

Copolymerizing hydrophilic 2-(dimethylamino)ethyl methacrylate with HEMA loosened the
strong hydrogen bond network and enhanced the motility of the hydrated water, and
copolymerizing hydrophobic 22,2-trifluoroethyl methacrylate (TFEMA) conversely reduced the
motility of the hydrated water. It was interpreted that these changes in the hydration structure
led to the selective increase in intermediate water and the improvement of biocompatibility.

Next, a macromonomer obtained by polymerizing TFEMA with a low molecular weight was
polymerized with MEA as an initiator to obtain solid F-PMEA. The solid F-PMEA film gradually
formed, an uneven structure, when its interface contained water. The elastic modulus
measurement results indicated that the concave part has changed to PTFEMA and the convex
part has changed to PMEA. It was considered that the reason why solid F-PMEA had a low
effect on inhibiting platelet adhesion even though there was sufficient intermediate water was
that the concave portion composed by hydrophobic PTFEMA became a scaffold for platelets.

From these results, it was found that the hydration structure can be controlled with a small
amount of different monomers, and we concluded that the chains containing sufficient
intermediate water were efficiently oriented at the water interface, in order to have an excellent
biocompatibility interface.
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Fig. 3 Chemical structures of HEMA copolymers.
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Fig. 4 The amount of fibrinogen adsorption onto the sur-

face of N-series (a) and F-series (b) using surfaces
without (white bar) or with priming (red bar). The
data represent the means =+ SD (n = 3) of fibrinogen
adsorption. The significance of the differences be-
tween two samples was determined using an un-
paired Student’ s t-test using Microsoft Excel. Differ-
ences with P values less than 0.05 were statistically
significant. T: P < 0.05, **: P < 0.01 vs. PHEMA with-
out priming and 1: P < 0.05, : P < 0.01 vs. PHEMA wi-
th priming substrate.Reprinted with permission from
[13], Copyright © 2020, American Chemical Society
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Table 1 Water Content of the F-PMEAs, PMEA and PTFEMA
Used in the Investigation

EWC NFw W IW? Wy

Polymers heating  cooling  total
wt%  wt% wt% wt% wt% wt%
Liquid-F PMEA 10.0 3.9 1.8 28 46 1.5
Solid-F PMEA 7.9 2.2 25 00 25 33
PMEA 9.8 33 33 00 33 32
PTFEMA 1.6 1.6 0.0 0.0 0.0 0.0

* Fluorine content was calculated using the theoretical Mn
value. The wt% was calculated from the wt. ratio of the flu-
orine atoms in the polymer. ® Mn 4., was calculated from
the block copolymer composition identified by 'H-NMR.
Reprinted with permission from [15], Copyright © 2019,
American Chemical Society
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Fig. 9 Amount of fibrinogen adsorption (a) and human
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Fig. 10 AFM topographic images of F-PMEAs / PBS inter-
faces in dry and hydration structure (10, 30 and 60
minutes after dropping the PBS).Reprinted with
permission from [13], Copyright © 2019, American
Chemical Society

Table 2 Elastic modulus in PBS onto the F-PMEAs, PMEA
and PTFEMA coated substrates.

Sa (nm) Elastic modulus (MPa)
Polymers Air InPBS  Air In PBS
- - flat convex flat
Liquid F-PMEA 4.6 7.1 1000~ 100~1000 100~1000
Solid F-PMEA 24 529 100~ 1~10 1000~
PMEA 45 69 1000~ 100~1000 100~1000
PTFEMA 4.0 6.1 1000~ 1000~ 1000~
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Fig. 11 The conceptual images of F-PMEAs in dry and hy-
dration structure that suppresses fibrinogen: (a)
Liquid F-PMEA and (b) Solid F-PMEA.Reprinted
with permission from [13], Copyright © 2019, Ameri-
can Chemical Society
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