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This study introduces a novel polymerization concept that enables solid-state
polymerization, traditionally thought to require a crystalline phase, to occur in an amorphous
state through the use of fluorinated monomers. A prepolymer, synthesized from bis
(1,1,1,3,3,3-hexafluoro-2-propyl) carbonate and bisphenol A, underwent solid-state
polymerization via stepwise heating without melting. This process yielded high molecular
weight polycarbonate while preserving its amorphous state. We propose that local domains,
formed by the mutual affinity of fluoroalkyl terminal groups, act as reaction fields, replacing
the crystalline phase. These domains facilitate the proximity of reactive sites, allowing the
condensation reaction to proceed in the solid state. Furthermore, this method was shown to
be applicable to amorphous polymers derived from biomass-based diols such as isosorbide
and isomannide, as well as to amorphous polyesters, for which solid-state polymerization has
traditionally been challenging. This research redefines the conventional prerequisites for
solid-state polymerization and demonstrates a new route for amorphous polymer synthesis
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Scheme 1 Polycarbonate synthesis methods: (a) interfacial
polymerization (b) melt polymerization (c) our
fluorine driven amorphous SSP
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Scheme 2. BPA polycondensation with fluorinated carbonate
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Fig. 1. SSP process.
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Fig. 2 '"H NMR spectrum of the reaction mixture of the pre-
polymer synthesis (Table 1, entry 4) after vacuum

drying.
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L7z I—FKA—ME/~—L LTBHFCZ fiW/-3;
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N1.028 X 112128 L 72 (Table 1, entry 4
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Table 2 pKa of liberated alcohol.

Carbonate | Liberate alcohol pKa
BHFC Hexafluoro-2-propanol (HFIP) |9.3
BPFC Pentafluoro-1-propanol 125

BTDFC 1,1, -Pentafluoro-1-heptaanol 125
DPC Phenol 10.0

3.2. BPA-PCOHOEHRESICL B A

R CHRONITLR) v —2HET T3 TrbH
180 C % TERFIIC AR (Fig. 1) L7235 BAMHES
LT SHBPAPCE 15720 —MRICHEMES IR <
— DA T AERIE (Ty) AR TIT ) LED D % 75
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Table 1 Preparation of the prepolymer from BPA and fluorinated carbonate.

Feed molar ratio Prepolymer
Entry Carbonate Amine (Cat.)” Solv. Time (h) Terminal
Carbonate/BPA DP? group
ratio”
1 BTFC 1.05 TBA CH2CI12 2 No polymer
2 BTDFC 1.05 TBA CH2CI2 2 No polymer
3 BPFC 1.05 TBA CH2CI2 2 No polymer
4 BHFC 105 TBA CHyCly 2 4 102
5 BHFC 1.00 TBA CH2CI12 2 44 0.82
6 BHFC 1.07 TBA CH,Cl, 2 4 112
7 BHFC 1.05 TBA CH,Cl, 4 38 1.01
8 BHFC 1.05 DMAP CH,Cl, 2 4 1
9 BHFC 1.05 DBU CH,Cl, 2 38 1.01
“Amine (0.174 mmol, 4.0 mol% BPA) in CH,Cl, at 60° C. “Estimated by the 'H NMR spectra (Fig. 2). “Molar ratio of the hexafluoroisopropyl
group against the phenolic group at the polymer terminals.
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Fig. 3 Polymer molecular weight (filled symbols) and residual
amine content (opened symbols) against the reaction
temperature. Red circle: entry 4 (TBA); Blue square:
entry 8 (DMAP); and Green triangle: entry 9 (DBU) in
Table 1.
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Fig. 4 WAXD chart of the polymer (Table 1, entry 4) after
SSP1 and SSP5 and of commercially available polycar-
bonate.
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Fig. 5 (a)lllustration of (b)SAXS profiles of the polymer
films with three degrees of polymerization values (Ta-
ble 1, entry 4): the intensity was normalized by the

film thickness.

Amorphous Solid-State Po!ymen'zaﬁon

Fig. 6 lllustration on mechanism of amorphous solid-state
polymerization.
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Scheme 3 Synthesis of poly isosorbide carbonate via poly-
condensation of ISB and BHFC and subsequent

g

Scheme 4 Synthesis of IMN-PC and ISB-alt-IMN-PC via
synthesis of IMNBFC, its polycondensation with
IMN, and subsequent SSP.
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Scheme 5 Synthesis pathways for (A) BPA- and (B) ISB-/
IMN-PARs via polycondensation and subsequent
SSP.
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Table 3 Structure and physical properties of each polymer obtained by amorphous solid-state polymerization.

Code Structure M, M.,/M, T,(°C) T, (°C)
BPA-PC ~|:007‘], 83,000 22 158 487
o]
n
10 4
=0
ISB-PC <I) 34000 19 161 334
H et
TU_ n
o]
IMN-PC ] 5300 18 121 290
H O—“”
L Qln
. Q)
H H D
B B S
ISB-alt-IMN-PC ﬁ? m 19,000 19 156 208
H oo H
o n
) (s]
BPA-PAR . o—@—‘—@—o\(c 63,000 31 208 ND.
D n
Lo s
ISB-/IMN-PAR {I? 36,000 / 19,000 22/21 179 / 174 ND.
l:' O [}
O n
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