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Synthesis and Properties of Polymers

Bearing Bulky Fluoroalkyl Groups
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Partially fluorinated polymers are widely used industrially because they exhibit various
properties originating from highly electronegative fluorine atoms. Understanding the
correlation between the structure of fluoroalkyl groups incorporated into the main chain of
partially fluorinated polymers and their physical properties is crucial for property control
and holds significant academic interest. Although polymer backbone structures frequently
incorporate linear fluoroalkyl groups, the use of cyclic fluoroalkyl groups remains
comparatively rare, and studies on their effects on physical properties are scarce. In this
study, to achieve both a high glass transition temperature (7,) and a low refractive index
(n), polynorbornenes bearing several types of cyclic fluoroalkyl side groups were
synthesized via ring-opening metathesis polymerization. Most of the synthesized polymers
were soluble in nonfluorinated organic solvents and transparent in the ultraviolet to near-
infrared wavelength region. The T, and n of partially fluorinated polynorbornenes were
found to depend on the steric bulkiness of the side groups. As a result, polymers achieving
both a high 7', and a low n were obtained by introducing bulky cyclic fluoroalkyl groups into
the side groups. Therefore, incorporating cyclic fluoroalkyl side groups is a highly promising
approach for the molecular design of amorphous optical materials that combine high thermal
stability with excellent optical properties.
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Fig. 1 The structures of fluoro alkenes and dienes used for the Diels-Alder reaction
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Fig. 2 The structures and the codes for synthesized (a) monomers and (b) polymers
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Table 1 DFT-calculated activation free energies (AG*) and re-
action free energies (AG) for the Diels-Alder reaction
using CPD as the diene.

+
Entry Alkene Diene Product Isomer (kcaAlﬁol") (kcaﬁrr?ol")

1 endo 25.7 =312
HFP CPD H1

2 exo 253 -314

3 endo 273 -194
OFCP CPD 02

4 exo 271 -186

5 endo 26.7 -39.6
PDD CPD P2

6 exo 281 -44.4



2 F3
F4 F3

F4 w2 2 .
F1 c"'..Fz AL e L

OFCP

Fig. 3 (a) Atom numbering scheme and molecular structures of OFCP, 02 (the exo isomer), PDD, and P2 (the exo isomer), as
used for the structural analysis in Table 2 and Table 3. (b) Side-view representations of the optimized geometries of
02 and P2 (exo isomers), illustrating the direction and magnitude of out-of-plane bending.
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Table 2 DFT-calculated bond lengths before and after Diels—
Alder reaction.

Distance / A Distance / A
Bond Bond
OFCP 02 PDD P2
C2-C3 1.58 1.57 01-C2 142 141
C1-C4 1.33 1.58 C1-C4 1.32 157
Cl1-F1 1.32 1.38 Cl1-F1 1.31 1.37
C2-F2 1.36 1.36 - - -
C3-F3 1.35 1.36 C2-C3 1.56 1.56

Table 3 DFT-calculated dihedral angles before and after Diels—
Alder reaction.

Dihedral angle/® Dihedral angle/®

Bond Bond

OFCP 02 PDD P2

C2-C1-C4-F4 -118 i O1-C1-C4-F3 -118
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Fig. 4 (a) Time course of monomer conversion determined
by GC.
(b) Plots of In ([M,1/[M]) vs time. Slopes correspond
to the propagation rate constant.
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Fig. 5 (a) Structures of ROMP catalysts used in stereoselectivity studies.
(b) Schematic representation of stereochemical preferences for PO4-0.
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Fig. 7 (a) DSC thermograms of PH1, PH3, PO2, PO4, PP2,
and PP4. (b) Relationship between glass transition
temperature (T,) and the number of rings in the mon-
omer unit.
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Fig. 6 Thermogravimetric (TG) curve showing the weight
(%) as a function of temperature for the (a) partially
fluorinated polynorbornenes and (b) their oxygen-sub-

stituted analogs.

Fig. 8 (a) Chemical structures and T, values of previously
reported polynorbornenes with fluoroalkyl side
groups.

(b) Comparison of T, values from the literature and
this study, plotted against the number of rings.
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Fig. 9 (a) DSC thermograms of PH1-O, PH3-O, PO4-0O, PP2-O,
PP4-0, and PP4-02.
(b) Difference in Tg (AT4) between oxygen-substituted
polymers and their CH, analogues plotted against
the number of rings.
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Fig. 10 (a) UV-Vis-NIR spectra for free-standing films of PH1,
PH3, PO4, PP2 and PP4.

(b) UV-Vis-NIR absorption spectra of oxygen-sub-
stituted analogues.
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Fig. 11 The refractive index from 300 to 1600 nm was calcu-
lated using spectroscopic ellipsometry for (a) non-ox-
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Fig. 12 np values for polymers plotted as a function of atomic
ratio of fluorine to the sum of carbon and oxygen in
the monomer unit (F/ (C+0)).
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