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SYNOPSIS

Aromatic and brominated aromatic homopolycarbonates were synthesized by the two-phase
phase-transfer-catalyzed polycondensation of bisphenols with trichloromethyl chloroformate
at 25” C. The infrared spectra, inherent viscosity, x-ray diffraction, volubility, contact angle,
differential scanning calorimetry, thermogravimetric analysis, and limiting oxygen index
(LOI) of all polycarbonates were measured. Polycarbonates of moderate or large molar
mass with inherent viscosities up to 0.77 dL/g were obtained in high yields with tetra-
butylammonium bromide (TBAB) as a catalyst, sodium hydroxide as a base, and l,2-di-
chloroethane as solvent. The brominated polycarbonates have good flame retardency, as
indicated by LOI values. The x-ray diffraction diagram showed that all polycarbonates
were semicrystalline. The polycarbonate (PC-2) based on bisphenol S has greater crystal-
Iinity than the others because of the sulfonyl group, which has a small van der Waals
radius. The incorporation of the bromine atoms (PC-4–PC-6) on the ring decreased the
crystallinity. Almost all polymers were soluble in DMF, pyridine, and phenol, but insoluble
in acetone and rn-cresol. Volubility increased remarkably with bromine substitution. The
contact angles of polycarbonates (PC-l–PC-3) lie in the of range 82 to 97 degrees greater
than that of brominated polycarbonates (PC-4-PC-6). The nettability of the homopoly -
carbonate based on bisphenol S is greater than that of polycarbonates derived from bisphenol
A and bisphenol AF. T. of polycarbonates lies in the range 141-206”C, although T. of
polycarbonate based on bisphenol S was not detected. T~ of brominated polycarbonates
was remarkably greater than that of unbrominated polycarbonates. These polymers obtained
from aromatic bisphenols lost no mass helow 341”C, but 10% loss of mass was recorded
above 396°C in nitrogen. (C11997 John Wiley & Sons, Inc.

INTRODUCTION

Polycarbonates are important engineering thermo-
plastics with good mechanical and optical properties
and with electrical and heat resistance useful for
many engineering applications.l-s Polycarbonates
are produced commercially by interracial polymer-
ization and melt transesterification. The melt
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transesterification 4-7 is carried out in bulk, with
dihydroxydiaryls and diesters being employed as co-
monomers. A basic catalystU is used, and the equi-
librium becomes shifted to the right on removing
liberated phenol at decreased pressure to obtain
polymers of large molar mass. At these temperatures,
careful control of the reaction conditions is required
to avoid side reactions, which can impart a yellowish
color to the product. Interracial polycondensation
is the most important method to synthesize aromatic
polycarbonates from both academic and practical
points of view. This process has been subject to much
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~e~earch.=n Commercially, this polymerization uti-

lizes phosgene, which is extremely toxic, and this
preparative method is unattractive for polycarbonate
synthesis on a laboratory scale.14

Aromatic polycarbonates are prepared by the
reaction of various bisphenols with various acid
derivatives. The literature contains many experi-
mental results for the polycarbonate synthesized
from bisphenol A and phosgene15-20 but only a few
for polycarbonates based on bisphenol S21-22 and
bisphenol AF.14123The introduction of the sulfonyl
group improves the glass transition temperature
and thermal stability. However, no detailed prop-
erties, except thermal ones, of this polymer were
disclosed. Polymers containing fluorine atoms have
increased thermal stability, volubility, and water
repellency.

Organic bromides are long recognized as effec-
tive flame retardants for polymeric materials, and
there is much data in the literature on the topic.
Many patents describe the preparation of flame-
proofed aromatic polyesters on introducing bro-
mine into the polymer chain,24-25 but only a few
papers have reported flame-retardant polycar-
bonates.2G-31

In this work, brominated and unbrominated ar-
omatic polycarbonates were synthesized via a two-
phase phase-transfer-catalyzed polycondensation of
bisphenol A, bisphenol S, and bisphenol AF with
trichloromethyl chloroformate. The latter carbon-
ylation agent, which is a liquid, is handled more
conveniently than phosgene for laboratory polycar-
bonate syntheses.32 The effect of bromine atoms,
bisphenol A, bisphenol S, and bisphenol AF content
on physical properties of polycarbonates, such as
volubility, surface properties, and thermal behavior,
is discussed in detail.

EXPERIMENTAL

Materials

Bisphenol S (Hailsun Chemical Co., Taiwan) was

purified by recrystallization from a mixture of
methanol and benzene (1 :3 v/v) (1 g with 6 mL
of solvent); m.p. 248° C (m.p. 248-249.5° C in
the literature33). Bisphenol AF was recrystallized
from benzene; m.p. 163-165°C (m.p. 163-164°C
in the literature34). Commercial bisphenol A was
also recrystallized from benzene; m.p. 155-156°C
(m.p. 154-155°C in the literature35). Bromine
(Merck Co.) and trichloromethyl chloroformate
(Janssen Chemical) were purchased from the in-
dicated suppliers. Quaternary ammonium salts,

such as tetra-n-butylammonium bromide (TBAB),
tetra-n-butylammonium chloride (TBAC), benzyl-
triethylammonium bromide (BTEAB), and ben-
zyltriethylammonium chloride (BTEAC) were
used as purchased. All solvents were distilled be-
fore use.

Preparation of Monomers

Preparation of 3,3’,5,5’-Tetrabromobisphenol S36

A spherical flask (1 L) equipped with dropping fun-
nel was charged with bisphenol S (54 g, 0.216 mol)
and distilled water (300 mL). While the suspended
mixture was heated from 30 to 90”C, bromine (139.3
g, 0.872 mol) was added to the reaction flask through
the dropping funnel over 40 min. The flask was
maintained at about 90°C for 4 h. When the reaction
was completed, the crude product was washed with
aqueous sodium sulfite solution and then with dis-
tilled water to remove residual hydrogen bromide.
The final product was dried in vacuum at 60°C for
24 h. A white powder (m.p. 289”C) was obtained
(m.p. 289°C in the literature36); the yield was 91%.
The reaction took place according to eq. (l).

o

‘oemoH+4Br’=
o

Br, o ,Br

‘“awo”+’”’r‘1)\
Br’ o Br

3,3’,5,5’-tetrabromo bisphenol-S (TBS)

(Anal. Calcd. for C12H604SBr4: C, 25.47%; H, 1.06%;
O, 11.31%. Found: C, 25.62’%; H, 1.16%; O, 11.28 %.)

Preparation of 3,3’,5,5’-Tetrabromobisphenol A37

A spherical flask (1 L) equipped with a dropping
funnel was charged with bisphenol A (45 g, 0.216
mol) and distilled water (600 mL). While the sus-
pended mixture was heated from 30 to 60”C, bro-
mine (139.3 g, 0.872 mol) was added to the reaction
flask through the dropping funnel over 40 min. The
flask was maintained about 60–70”C for 5 h. When
the reaction was completed, the crude product was
washed with aqueous sodium sulfite solution and
then with distilled water to remove residual hydro-
gen bromide. The final product was dried in vacuum
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at 60°C for 24 h. A white powder (m.p. 174–176°C)
was obtained; the yield was 93.6T0. The reaction took
place according to eq. (2).

CH,

CH,

‘0%&$0H+4HBr‘2)
Br 3 Br

3,3’,5,5’-tetrabromo bisphenol-A

(Anal. Calcd. for C15Hl,0zBr,: C, 33.09%; H, 2.20%;
O, 5.88%. Found: C, 33.08%; H, 2.21%; O, 5.88%. )

Preparation of 3, Y,5,5-Tetrabromobisphenol AF38

A spherical flask (1 L) equipped with a dropping
funnel was charged with bisphenol AF (33.6 g, 0.1
mol) and distilled water (500 mL). While the mixture
was heated from 30 to 80”C, bromine (65 g, 0.41
mol) was added to the reaction flask through the
dropping funnel over 40 min. The flask was main-
tained about 80”C for 4 h. After the reaction was
completed, the crude product was washed with
aqueous sodium sulfite solution and distilled water
to remove residual hydrogen bromide.

The final product was dried in vacuo at 60”C for
24 h. A white powder (m.p. 256”C) was obtained;
the yield was 94%. The reaction took place according
to eq. (3).

CF,

‘0-we0H+4Br’=

(Anal.

CF3

Bri CF3 ,Br

(0.72 g, 3.15 mmol), and sodium hydroxide (1.14 g,
28.5 mmol) were dissolved in water (30 mL), then
1,2-dichloroethane (DCE, 30 mL) was added. To this
solution, a solution of TCF (1.49 g, 7.5 mmol) in
DCE (7.5 mL) was added dropwise over 10 min under
vigorous agitation at 25°C. The two-phase mixture
was stirred at that temperature for 2 h. The organic
layer was separated, washed repeatedly with water,
and then added dropwise into methanol (300 mL).
The precipitated powdery polymer was collected,
rinsed thoroughly with methanol, and dried; the
yield was 86.5%. The reaction occurred according
to Scheme I.

Copolymerization

Copolymerization of bisphenol S and bisphenol A
with trichloromethyl chloroformate at various feed
ratios in DCE was carried out at 25°C for 2 h. A
typical copolymerization of bisphenol S : bisphenol
A (50 : 50) proceeded as follows. In a flask was
charged bisphenol S (0.625 g, 2.50 mmol), bisphenol
A (0.57 g, 2.50 mmol), BTEAC (0.72 g, 3.15 mmol),
sodium hydroxide (1. 14 g, 28.5 mmol), water (30
mL), and DCE (30 mL). To the vigorously stirred
mixture was added a solution of trichloromethyl

f’
HO-Ar-OH + C~-Ofi<l —

o c1

‘0@H*0H+4HBr‘3) + + +
Br’ GF, \Br

Calcd. for C,SHGOZFG:C, 27.6%; H, 0.9%.
Found: C, 27.6%; H, 1.0%. )

Homopolymerization

A typical homopolymerization proceeded as follows.
In a flask, bisphenol S (1.25 g, 5.00 mmol), BTEAC

4 5 6

Scheme I Synthesis of various polycarbonates.
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Table I Preparation of Polycarbonates by Two-
phaae Phase-transfer-catalyzed Polycondensation
with TCF at 25°C for 2 h’

Yield Vinhb

Polymer (%) (dL/g) Catalyst State

PC-I 87.2 0.77 TBAB solution
PC-2 86.5 0.32 BTEAC ppt.
PC-3 86.9 0.36 TBAB solution
PC-4 91.7 0.26 TBAB solution
PC-5 72.3 0.18 BTEAC ppt.
PC-6 90.2 0.31 TBAB solution

=TCF = 7.5mmolin 7.5mL DCE,blsphenol= 5 mmol;catalyst
= 3.15 mmol; NaOH = 28.5 mmok H20 = 30 mL, DCE = 30 mL.

bMeasured at concentration 0.5 g/dL in DMF at 25°C.

chloroformate (1.49 g, 7.50 mmol) in DCE (7.5 mL)

in portions over 10 min at 25° C. After being stirred
at that temperature for 2 h, the organic phase was
collected and washed well with water. The powdery
polymer was isolated on pouring the solution into
methanol (300 mL) and dried under vacuum at 60°C
for 24 h. The yield was 71Y0.

Measurements

Infrared (IR) spectra in the range 4000-400 cm-’ of
the synthesized monomers and polymers in solid state
were obtained for samples in KBr disks (JASCO IR-
700 spectrometer). The inherent viscosities, ~i.ht were
measured with an Ubbelohde viscomet.er at a concen-
tration 0.5 &/g. Elemental analyses of the monomers
were conducted on a Perkin-Elmer 2400 instrument.
The x-ray &fTraction diagram was recorded with a
powder method with an x-ray diffractometer (Philips

model PW 1710). The LOI was determined on a SUGA
instrument according to ASTM D-2863-77. Contact
angles of polymem were measured with a contact angle

meter (Kernco, GIII). Static contact angles were mea-
sured at 25 “C and 6570 relative humidity through use
of a sessile drop of volume 2 pL.

RESULTS AND DISCUSSION

Polymerization of Trichloromethyl Chloroformate
with Bisphenols

Several polycarbonates (PC-l-PC-6) were synthe-
sized by two-phase polycondensation of bisphenols
and brominated bisphenols with trichloromethyl
chloroformate in a system of an organic solvent
and aqueous alkaline solution with quaternary
ammonium salts, such as TBAB and BTEAC, at
25°C. Dichloroethane served as organic medium.
Aromatic diols such as (1) bis(4-hydroxyphenyl)-

propane (BPA); (2) bis(4-hydroxyphenyl) -sulfone
(BPS); (3) bis(4-hydroxyphenyl) -l,l,l,3,3,3-hexa-
fluoropropane (BPAF); and brominated diols, such
as (4) 3,3’,5,5’-tetrabromobisphenol-A; (5) 3,3’,5,5’-
tetrabromobisphenol S; and (6) 3,3’,5,5’-tetrabro-
mobisphenol AF were used. The polymers from
trichloromethyl chloroformate and various dlols
were characterized by elemental analysis, inherent
viscosity, IR spectra, x-ray diffraction, volubility,
thermogravimetric analysis (TGA), differential
scanning calorimetry (DSC), contact angle, and
limiting oxygen index (LOI).

Table 1 presents inherent viscosity data of poly-

carbonates from two-phase phase-transfer-catalyzed
polycondensation of bisphenols with TCF at 25°C.
The inherent viscosities of all polymers were in
the range of 0.77 to 0.18 dL/g. Bisphenol A (PC-1)
favors the highest inherent viscosit~ the reason may
be that bisphenol A having an electron releasing
group increases the nucleophilicity.37 Bisphenols

such as bisphenol S (PC-2) and bisphenol AF (PC-
3) gave less favorable results. This phenomenon may

Table II Elemental Analysis and IR Data of Various Polycarbonates

Elemental Analysis

c (?6) H% IR (cm-’, in KBr)

Polymer Found (Calcd.) Found (Calcd.) C=o c—o—c CH~ S02 Br

Pc-1 75.50 75.59 5.54 5.51 1769 1226 2958 — —
PC-2 56.51 56.52 2.89 2.90 1779 1219 — 1150, 1291 —
PC-3 52.84 53.03 2.26 2.21 1774 1224 — — —
PC-4 33.63 33.68 1.81 1.75 1788 1228 2960 — 798
PC-5 26.41 26.35 0.67 0.68 1788 1220 — 1150, 1291 794
PC-6 28.41 28.32 0.63 0.59 1793 — — 793
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Table III Synthesis of Bisphenol S-based
Homopolycarbonate by Two-phase
Polycondensation”

Reaction
Condition Polymer

Yield
Run Solventb Catalyst (%) ninhc/dL/~ State

1

2
3
4
5
6
7
8
9

10
11
12
13

DCM

DCM

DCM

DCM

TCM

TCM

DCE

DCE
DCE
DCE
NB
NB
NB

TBAB
TBAC
BTEAC
BTEAB
TBAB
BTEAC
TBAB
TBAC
BTEAC
BTEAB
TBAB
TBAC
BTEAC

76.7 0.21
76.6 0.10
78.7 0.13
79.3 0.20
60.0 0.11
83.4 0.12
88.9 0.28
76.4 0.12
86.5 0.32
89.3 0.21
85.0 0.17
90.6 0.11
92.2 0.19

ppt.

ppt.

ppt.

ppt.

ppt .

ppt.

ppt.

ppt.
ppt.

ppt.

solution

solution

solution

■ Polymerization was carried out with bisphenol S (5.00 mmol)
and TCF (7.50 mmol) in the organic solvent (37.5 mL) and water
(30 mL) in the presence of the catalyst (3.15 mmol) and sodium
hydroxide (28.5 mmol) at room temperature for 2 h.

bAbbreviations: DCM, dichloromethane; TCM, tetrachloro-
methane; DCE, 1,2-dicbloroethane; NB, nitrobenzene.

‘ Measured at a concentration of 0.5 g/dL in DMF at 25”C.

and aqueous alkaline solution with various quater-
nary ammonium salts, such as TBAB, TBAC,

BTEAC, and BTEAB at room temperature. Chlo-

t,
>

-1.—
m
c
al

z
‘1

L 1 1

0 20 40 60 Ml
2e

have resulted from the electron withdrawing char-

acteristic of the sulfonyl and trifluoromethyl groups,
which may decrease the nucleophilicity. Inherent
viscosities of brominated bisphenols (PC-4-PC-6)
gave the least favorable result, although yields were
still high. This phenomenon may also have resulted
from the electron withdrawing characteristic of the
bromine atom, as well as increased steric hindrance
due to the bromine substituents.sg

Table II presents results of elemental analysis

and IR data of polycarbonates (PC- l–PC-6). The
assignments of IR spectra of the corresponding
products are listed in Table I. The results of ele-
mental analysis agreed well with theoretical values.
The IR spectrum of PC-1 showed absorption due to
C= Oat1769cm-’andto —C—O—C— at1226
cm-’. The IR spectrum of PC-2 also shows the fol-
lowing characteristic valence vibrations: v,, at 1291
cm-l, and v, at 1150 cm-”’, which correspond to
bending vibrations of the sulfonyl group .37The lines
of a brominated polycarbonate (PC-4) assigned to
bromine appeared at 798 cm-]. I

Bisphenol S-based homopolycarbonate was pre-
pared from the two-phase polycondensation of bis- Figure 1 X-ray diffraction patterns of polycarbonates:
phenol S with TCF in a system of organic solvent (A) PC-l-PC-3; (B) PC-4-PC-6.

B

1 I !

20 Lo a 80
20
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Table IV Bragg Angle Position and X-ray Data of Various Polycarbonatea

Degree of
29 Value d-Spacing Crystallinity

Polymer (deg) (A) (%)

PC-I 17.2, 25.8, 29.7, 42.4, 43.5, 49.2 5.13,3.51, 3.00, 2.12, 2.07, 1.84 33.4
PC-2 17.0, 18.8, 20.8, 25.2, 26.3, 42.5, 43.5, 49.3 5.20,4.70, 4.26,3.53, 3.38, 2.12, 2.07, 1.84 40.3
PC-3 19.9, 28.4, 42.5, 43.5,49.2 4.42,3.14, 2.12, 2.07, 1.84 29.8
PC-4 42.2, 43.5 2.13,2.07 28.8
PC-5 21.9,42.5, 43.5 4.08,2.12, 2.07 31.1
PC-6 42.4, 43.5, 49.2 2.12, 2.07, 1.84 25.4

rinated hydrocarbons, such as dichloromethane
(DCM), tetrachloromethane (TCM), and l,2-di-
chloroethane (DCE), and nitrobenzene (NB) served
as organic media. The reaction conditions and re-
sults are summarized in Table III. According to both
the yield and inherent viscosity of these polymers,
the use of BTEAC as a phase-transfer catalyst, so-
dium hydroxide as a base, and DCE as an organic
medium was suitable to prepare a polycarbonate of
large molar mass in high yield. The optimum reac-
tion conditions involved 7.5 mmol of TCF, 3.15

mmol BTEAC, aqueous sodium hydroxide ( lM, 30
mL, 28.5 mmol), 37.5 mL of DCE, and 5 mmol of
bisphenol S, leading to synthesis of bisphenol S-
based homopolycarbonate having inherent viscosity
0.32 dL/g in high yield at 25°C in 2 h. Although
polymers with a high yield were obtained using NB
as an organic solvent, the inherent viscosities were
low. Polycarbonates (Run No. 1–10, Table 111) were
prepared by a two-phase condensation of TCF with
bisphenol S. They precipitate from chlorinated hy-
drocarbon solvents such as DCM, TCM, and DCE
during the reaction. X-ray diffraction patterns of
various polycarbonates are shown in Figure 1 in
terms of intensity versus 20; 0 is the angle of dif-
fraction (Bragg angle). The x-ray diffraction indi-

Table V Volubility of Polycarbonates’

cated that all polycarbonates (PC- l–PC-6) were
semicrystalline. The polycarbonate (PC-2) based on
bisphenol S has greater crystallinity than PC-1 and
PC-3 because of the sulfonyl group. Liaw37 reported
that polyesters containing a sulfonyl group, which
has a small van der Waals radius, have relatively
greater crystallinity. Brominated polycarbonates
(PC-4-PC-6) have less crystallinity. Nagata et al.’”
reported that polyamides incorporating halogen
substituents on the ring led to decreased crystallinity
due to their large van der Waals radius. The relative
crystallinities and Bragg angle of polycarbonates
estimated by x-ray diffraction patterns are presented
in Table IV. The d-spacing was calculated according
to the following equation: 2d sin 8 = A. Table V
shows the qualitative volubility behavior of poly -
carbonates.

Almost all polycarbonates were soluble in NMP,
DMF, pyridine, and phenol but insoluble in organic
solvents such as acetone and rn-cresol. The volubility
of polycarbonate derived from bisphenol S (PC-2)
is less than that of polycarbonate derived from bis-
phenol A or bisphenol AF. This phenomenon may
be ascribed to the sulfonyl group of polycarbonate,
which has a small van der Waals radius resulting in
increased crystallinity. The fluorine-containing

1,1,2,2 -
Polymer DMF DMSO THF m-Cresol Chloroform Pyridhe Nitrobenzene TetrachIoroethane Acetone NMPb Phenol

PC-I + – ++ – + ++ + ++ — ++ +
PC-2 + – – +– +– +– +– +– — +– +
PC-3 + +– ++ +- ++ ++ ++ +– ++ ++ +
PC-4 + + ++ +- ++ ++ ++ ++ + ++ +
PC-5 + +– +- +- +– ++ +– +– — +– +
PC-6 ++ +– ++ +- ++ ++ ++ + ++ ++ +

● Symbols for solvents are as follows: ++, soluble at 25”C; +, soluble at heating (60°C); +–, partially soluble; –, insoluble.
bNMP N-methyl-2-pyrrolidinone.
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Figure 2 TGA curves of PC-1 and PC-4 with a heating rate of 10 °C/min.

polycarbonates were much more soluble than bis-
phenol S- or bisphenol A-based homopolycarbon-
ates. Saegusa et al. 14reported that fluorine-contain-
ing polycarbonates are much more soluble than bis-
phenol A-based homopolycarbonates having no
fluorine atom.14 The volubility of brominated poly -
carbonates (PC-4–PC-6) is greater than that of un-
brominated polycarbonates because the halogen
substituents on the ring led to decreased crystallinity
as shown in Table IV. In general, volubility decreased
with increasing crystallinity. Nagata et al.40 discov-
ered that the volubility of polyamides increased re-
markably on halogen substitution.

The thermal behavior of polymers was evaluated
by means of TGA and DSC. Figure 2 shows an ex-
ample of polycarbonates at a heating rate 10 OC/min

in nitrogen. Examples of TGA curves of polycar-

bonates (PC-1 and PC-4) indicate no loss of mass
below 358°C in nitrogen (Fig. 2). TGA and DSC
results of polycarbonates are summarized in Table
VI. The thermal stability of polycarbonate based on
bisphenol S (PC-2) is less than that of polycarbon-
ates based on bisphenol A (PC-1) and bisphenol AF
(PC-3) because the thermal stability of aromatic
polycarbonates depends on the linking group be-
tween the aromatic rings. This phenomenon may
reflect that bisphenol S has an electron withdrawing
characteristic due to the sulfonyl group, which leads
to decreased reactivity and inherent viscosity of
polycarbonate (Table I, PC-2). The temperatures of
10% loss of mass (7’~0%)of brominated polycarbon-
ates (PC-4-PC-6) are slightly less than those of un -
brominated polycarbonates (PC-l–PC-3). This re-
sult may be explained by the fact that hydrogen bro-

Table VI Thermal Properties of Polycarbonates Based on Various Bisphenols”

T:”% T?% T:o% ~y% RM T,
Polymer (“2)’ (“c)b (“c) (“c) (“c) (%)’ (“C)

PC-I 394 446 473 491 506 27 146d
PC-2 369 403 422 431 447 29
PC-3 397 462 476 491 520 30 164d
PC-4 358 442 480 495 514 33 202d
PC-5 341 396 450 468 511 37 196”
PC-6 402 477 494 505 540 34 206d

‘ The mass loss temperature observed by TGA at a 10 °C/min heating rate in nitrogen.
b T~ ie the temperature at which initial loss of mass was observed.
CResidual mass at 600”C.
dDetermined by DSC at a heating rate of 10°C/min.
‘ Determined by DSC at a heating rate of 5°C/min.
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Table VII The Contact Angle and Limiting
Oxygen Index of Polycarbonatea

Contact Angle Br
Polymer (ow)” LOI (%)

PC-I 88 26 0

PC-2 82 34 0

PC-3 97 34 0

PC-4 67 67 56

PC-5 60 70 54

PC-6 64 93 47

‘ Contact angle by water was measured at 25°C in air.

mide is easily evolved from bromine-containing
polymers during thermal degradation.w’3g The TGA
curves of all polymers exhibited a residual mass of
27-37% at 600”C. According to Table VI, the ther-
mal stability of the polymers was clearly improved
on introducing fluorine (PC-3).14 Inspection of these
TGA curves indicates that brominated aromatic
polycarbonates are less stable than unbrominated
ones, but with a greater char yield. 39 The polycar-
bonates had glass transition temperatures in the
range of 141 to 206”C. TN of brominated polycar-
bonates (PC-4-PC-6) were greater than those of
polycarbonates (PC-1 and PC-3).2326

The contact angles (Ou) of polycarbonates are
listed in Table VII. The contact angles of fluorine-
containing polycarbonates were the greatest. 0. of

a brominated polycarbonate was observed to be less
than that of an unbrominated polycarbonate because
bromination of the polymer increased the overall
hydrophilicity. 38,41 The flame resistance of each

polymer was measured by its LOI value. As shown
in Table VII, these values increase with the presence
of bromine on the polymer backbone. PC-6, having
both bromine and fluorine atoms, has the largest
values (LOI over 90).

Copolymerization of Bisphenol A and Bisphenol S
with Trichloromethyl Chloroformate

Sulfone-containing random copolycarbonates were
also synthesized by reacting the respective mix-
tures of bisphenol S : bisphenol A, with feed
ratios 80: 20, 60:40, 50:50, 40:60, 20:80, and
0:100, with TCF in the DCE-aqueous sodium hy-
droxide two-phase system with BTEAC as catalyst
[eq. (4)].

C“,

CH3

I

)0 3CX)0 2000 1000 400

/

I

cm-l

Figure 3 IR spectra of bisphenol S/bisphenol A copolycarbonates.
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cl

+ cl—c—o—c—cl—
II
0 c1

CH3 1

-@Ha+ ‘4)
CH, n

The formation of polycarbonates was confirmed

by means of IR spectra and/or elemental analysis.
Figure 3 shows IR spectra of three typical polycar-
bonates (bisphenol S : bisphenol A :100:0,50:50,
and O: 100). IR spectra of homopolycarbonates based
on bisphenol S and bisphenol A indicated the char-
acteristic carbonate absorption at 1779 and 1765
cm-l, respectively, due to carbonyl group. The ab-
sorption wave number is increased by the electron
withdrawing characteristic of the sulfonyl group.
The — CHq absorption of homopolycarbonate and
copolycarbonates based on bisphenol A were mea-
sured at 2958 cm “]. The — SOZ — absorption of
homopolymer and copolymers based on bisphenol S

were measured at 1150 and 1291 cm-l. The absorp-
tion attributed to hydroxy groups in the diols almost
disappeared, which implies the formation of poly-
mers of moderate to large molar mass. Results of
elemental analyses of both homopolymers (Table
VIII) were also in excellent agreement with the cal-
culated ones for the proposed structures.

As can be seen in Table VIII, the viscosities of
the copolycarbonates decreased markedly with in-
creasing feed ratio of bisphenol S to bisphenol A,
although the yields were still high. The reason is
probably the decreased nucleophilicity of bisphenol
S induced by strongly electron withdrawing sulfonyl
groups at the para position relative to bisphenol A.
TGA results of copolycarbonates are presented in
Table VIII. Tj””; increased with decreasing feed ratio
of bisphenol S to bisphenol A. However, the residual
mass at 600° C decreased with decreasing feed ratio
of bisphenol S to bisphenol A.

CONCLUSIONS

Aromatic and brominated aromatic polycarbonates
were successfully synthesized on two-phase phase-
transfer-catalyzed polycondensation of various bis-
phenols with trichloromethyl chloroformate at 25°C.
Diols such as bisphenol A, having an electron re-
leasing group, increased the nucleophilic properties
of the phenolate anion, thus increasing the inherent

Table VIII Surface and Thermal Properties of Bisphenol S-based and/or Bisphenol A-based
Homopolycarbonates and Copolycarbonatesa

Polymer Surface and Thermal Properties

Feed Ratio Unit Ratio: Yield ~irih 6 T. T~O’r RM
(Bisphenol S : Bisphenol A)

“,
(Bisphenol S : Bisphenol A)b (’%)’ (dL/g)d (Degrees)e (“c)f (“c)’ (%)’

100:0 100:0 86.5 0.32 82.0 — 403
80:20

37.8
80:20 88.3 0.36 84.0 166.8 424 33.4

60:40 58:42 77.7 0.28 84.5 128.6 427 33.1
50:50 47:53 71.0 0.35 86.0 128.4 429 30.2

40:60 39:61 64.7 0.34 86.0 119.2 433 28.9
20:80 18:82 68.4 0.38 86.5 112.8 435 27.1

0:100 0:100 66.0 0.44 88.0 108.5 445 26.3

“ Polymerization was carried out with the bisphenols (5.00 mmol) and TCF (7.50 mmol) in DCE (37.5 mL) and water (3o mL) in
the presence of BTEAC (3.15 mmol) and sodium hydroxide (28.5 mmol) at 25°C for 2 h.

bThe unit ratio of bisphenol S : bisphenol A in the copolymers was estimated by elemental analysis.
CThe yield was calculated on the basis of the theoretical stmcture.
dMeasured at a concentration of 0.5 g/dL in DMF at 25”C.
‘ Contact angle by water was measured at 25°C in air.
f Determined by DSC at a 10°C/min scan rate.
s A 10?Z mass loss temperature observed by TG at a 10 °C/min heating rate in nitrogen.
bResidual mass at 600”C.
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viscosity of the polymer. Diols such as bisphenol S,

bisphenol AF, and brominated diols, having an elec-
tron withdrawing group, gave less favorable results.

The volubility of polycarbonate derived from bis-
phenol S is lower than that of polycarbonate derived
from bisphenol A or bisphenol AF. Polycarbonates
containing bromine atoms in the polymer chain in-
creased the volubility. Polycarbonates based on bis-
phenol S are more wettable than polycarbonates
based on bisphenol A and bisphenol Al?. Moreover,

brominated polycarbonates are more wettable than
unbrominated ones. Brominated aromatic polycar-

bonates are less stable thermally than unbrominated
ones. Brominated aromatic polycarbonates are more
flame-resistant than unbrominated ones.

We thank the National Science Council of the Republic

of China for support of this work under grant NSC 85-
2216 -EO1l-005.
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