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A B S T R A C T

Activated carbonates facilitate the preparation of polycarbonates based on monomers that are unsuitable for
traditional melt polymerization at high temperatures. Here, we demonstrate the successful solution poly-
merization of bis(methyl salicyl)carbonate (BMSC) with a range of different diols, including bisphenol-A. It was
shown that the use of BMSC in solution leads to a reduction in the (already low) amounts of by-products when
compared to the use of BMSC in melt polymerization. Furthermore, the benefits of the lower temperature so-
lution carbonation were demonstrated by the successful synthesis of segmented block copolycarbonates, without
suffering from the scrambling caused by trans reactions. Finally, the use of solution polymerization for thermally
unstable monomers was demonstrated by preparing a polycarbonate ionomer.

1. Introduction

Polycarbonate materials serve a broad spectrum of applications in
modern life. Aliphatic polycarbonates find use in for example energy
storage, biomedical applications and as building blocks in other
polymer systems [1,2]. Aromatic (bisphenol-A, BPA, based) poly-
carbonates combine ductility, strength and durability with high trans-
parency and acceptable heat stability. This unique property profile
enables its use as an engineering polymer with applications in auto-
motive, building and construction, electronics and healthcare markets,
reaching a predicted market size of US$19.6 billion by 2020 [3].

This variety in applications has been possible through the diversity
in polymerization processes. CO2 is the most important feedstock for
polycarbonates, either as a precursor for carbonate donors or through
its direct use in combination with epoxides or with diols [4–6]. Each
polycarbonate precursor has its preferred use and disadvantages, lim-
ited by process conditions, reactivity, health and safety considerations
and scale. Finding a process that combines mild conditions, low hazard
and broad applicability has been a continuous driver for synthetic in-
novations up to the current day [7–20].

Activated carbonates, mimicking diphenyl carbonate with electron
withdrawing substituents on the phenol group to activate the carbonate

have drawn attention [21]. We recently reported on the reactivity
benefits of ester-substituted diphenyl carbonate, where bis(methyl sal-
icyl) carbonate (BMSC, 1 in Scheme 1) clearly reacts faster than di-
phenyl carbonate in melt polymerization reactions [22]. This higher
reactivity results in shorter reaction times and thus a reduced heat
exposure during polymerization [23]. Such activated carbonates are not
only interesting for transcarbonation in a melt process, but also have a
potential use in solution polymerization.

Solution polymerization is a more desirable approach when using
thermally sensitive monomers or in specific processes where low visc-
osity or dilute systems have a benefit (e.g., fiber impregnation or
coating processes). In contrast to melt transcarbonation conditions
[22,23], solution polymerization is expected to not suffer from trans-
reactions and thus should enable the synthesis of multi block-(co)
polycarbonates, provided that the temperature can be kept well below
190 °C [24]. Carbonate donors suitable for solution polymerization
such as phosgene, di- and triphosgene, have sufficiently high reactivity,
but also require a complex process design and strict safety measures
(especially on a large scale), making BMSC an attractive alternative.

This article focuses on the use of BMSC in solution polymerization.
First, the use of BMSC is compared to other (more conventional) car-
bonate donors like diphenyl carbonate and diethyl carbonate after
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which the influence of temperature, catalyst and stoichiometric ratio of
reactants is studied. Subsequently, the benefits of BMSC solution
polymerization are illustrated by the preparations of block (co)poly-
carbonates and a polycarbonate ionomer, which is known for its
thermal instability [25].

2. Experimental section

2.1. Materials

Bis(methyl salicyl) carbonate (BMSC, SABIC, 99+%), bisphenol-A
(BPA, SABIC, polymerization grade,> 99%), diphenyl carbonate (DPC,
SABIC, polymerization grade,> 99%), diethyl carbonate (DEC, Sigma
Aldrich, 99%), resorcinol (Acros, 99%), sodium hydroxide (Acros),
PEG200 (Fluka), dichloromethane (Acros, 99.8%, for HPLC), 1,2-di-
chlorobenzene (Acros, 99%), n-hexane (Acros, 99%), diethylether
(Merck, 99+%), chloroform-d (“100%”, 99.96 atom % D, 0.03% (v/v)
TMS), hydroquinonesulfonic acid potassium salt (Sigma Aldrich, tech-
nical grade) were all used as received.

2.2. Solution (co)polymerizations

A mixture of 3.42 g BPA (15.0 mmol), 5.00 g BMSC (15.1 mmol),
targeting a stoichiometric ratio [carbonate]0/[diol]0 = 1.01, and
1.2 mg NaOH (0.03 mmol), targeting a molar ratio of [NaOH]0/
[diol]0 = 0.002, were dissolved in 20 mL o-dichlorobenzene. The so-
lution was heated and stirred at 120 ˚C for 2 h in a three-neck round
bottom flask equipped with a reflux cooler. Afterwards the flask was
removed from the oil bath, cooled down in an ice bath and the solution
was added dropwise to 150 mL of n-hexane via a dropping funnel, while
stirring. The resulting precipitate was a white powder. Subsequently,
the powder was washed with 4 × 20 mL of n-hexane and filtered off
using a Büchner funnel. Finally, the white powder was dried overnight
in a vacuum oven at 80 ˚C.

Variations in stoichiometric ratio, alternative diols, reaction times
and temperatures to optimize the reaction profiles were derived from
this basic recipe as indicated in the results section (see Table 2).

2.3. Preparation of ionic comonomer

250 g of hydroquinonesulfonic acid potassium salt was dissolved in
1 L water. To this solution, 1 L of an aqueous tetrabutylphosphonium
bromide solution (500 g/L) was added dropwise. The formed pre-
cipitate was isolated in a dichloromethane layer, separated, washed
with water and dried. The formation of hydroquinonesulfonic acid
tetrabutyl phosphonium (HQSO3TBP) salt was confirmed by NMR.

2.4. Synthesis of polycarbonate ionomer via melt polymerization

A glass reactor equipped with a mechanical stirrer and a vacuum
system was charged with 13.55 g (0.06 mol) BPA, 0.54 g (0.0012 mol)
HQSO3TBP, and 20 g (0.061 mol) of BMSC, maintaining a stoichio-
metric ratio of [BMSC]0/[sum of diols]0 = 1. After assembly of the
reactor set up, oxygen was removed from the system by repeated va-
cuum/inert gas cycles. The catalyst was added as 100 μL of an aqueous
solution of TBPA (conc. in solution 0.15 mol⋅L−1) and NaOH (conc. in
solution 9.1⋅10−4 mol⋅L−1), resulting in [TBPA]0/[diol]0 = 2.5⋅10−4

and [NaOH]0/[diol]0 = 1.5⋅10−6. The polymerization was carried out
in a three-stage process. Stage-1: 15 min, 180 °C, atmospheric pressure,
stage-2: 15 min, 220 °C, 100 mbar, and stage-3: 10 min, 280 °C,
0.5–1.5 mbar. During transitions, care was taken to prevent excessive
boiling and loss of monomer to the overhead (condenser, vacuum
pump). Subsequently, atmospheric pressure was restored and the
polymer was discharged from the reactor and stranded. Depending on
the experiment, the last stage-3 was carried out for a longer time or at a
higher temperature (as indicated in the main text).

2.5. Characterization

Molecular weight distributions were determined by size exclusion
chromatography (SEC), using an Agilent crosslinked styr-
ene–divinylbenzene column on an Agilent 1100 chromatography set up.
SEC samples were prepared in dichloromethane at a concentration of
about 1 mg/mL, and eluted at flow rates between 0.2 and 1.0 mL/min
using refractive index detection. The system was calibrated by narrow
polystyrene standards supplied by Agilent and all molecular weights
reported in this article are relative to polystyrene.

1H NMR spectra were measured on a Bruker Avance 400 MHz
Spectrometer at a temperature of 44 °C. For each analysis, a solution of
5% wt/v in CDCl3 99.8% D with 0.03 wt% TMS was prepared. All
spectra were obtained with a spin-rate of 20 Hz.

13C NMR spectra were measured on either a GE NMR Instruments
Omega 500 or Bruker Avance 500 spectrometer operating at
125.75 MHz for 13C. Approximately 200 mg of the polymer sample was
dissolved in 3.5 mL of chloroform-d.

31P NMR data were acquired at 202.5 MHz on a Bruker Avance
500 MHz NMR spectrometer. Acquisition parameters included a 30° flip
angle, 32 K data points with a sweep width of 14.1 kHz (110–180 ppm
chemical shift range), and 4 dummy scans.

Glass transition (Tg) and melting temperatures (Tm) were de-
termined using differential scanning calorimetry (DSC) on a Perkin
Elmer DSC 6, operated between 70 °C and 200 °C, using a heating rate
of 15 °C/min, followed by cooling (-15 °C/min) to 70 °C. This sequence
was repeated for a second run, which was then used for the determi-
nations of Tm and Tg.

Thermal gravimetric analysis (TGA) was carried out on a Pyris-6-
TGA, Perkin-Elmer, between 30 °C and 600 °C.

Gradient polymer elution chromatography (GPEC) was carried out
on a Perkin Elmer HPLC equipped with a quaternary pump and an
Agilent PLRP-S 300 Å column. Samples were prepared by dissolving in
dichloromethane at a concentration of 6 mg/mL. An injection volume
of 5 mL and an eluent flow of 1 mL/min were used with the gradient
settings listed in Table 1. A diode-array detector (Perkin Elmer) was
used at wavelengths 210, 254 and 280 nm. In addition, an evaporative

Scheme 1. Transcarbonation of BPA (2) with BMSC (1) to BPA-PC (3) and the condensation product methyl salicylate (4).

Table 1
Used gradient settings in GPEC analysis.

Time (min) THF (vol %) MeOH (vol %)

0 5 95
15 100 0
20 100 0
20.1 5 95
30 5 95
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light scattering detector (Perkin Elmer) was used: nebulization = 50,
evaporation = 90, gas = 1.2 SLM (standard liter per minute).

3. Results and discussion

3.1. Polymerization process

First, the solution polymerization of BPA and BMSC (see Scheme 1)
was studied. In order to ensure a successful solution polymerization, the
solubilities of monomer and polymer were evaluated in a range of
solvents. o-Dichlorobenzene was identified as a suitable candidate be-
cause of its reasonably high boiling point (180 °C), enabling reactions at
different temperatures, and being a good solvent for reactants and
product. Other suitable alternatives are dichloromethane, chloroform
and tetrahydrofuran (albeit with lower boiling points).

The solution polymerization of BMSC and BPA (120 °C, 1 h) was
compared to polymerizations of DPC and DEC with BPA respectively,
using otherwise identical conditions (Table 2, entries 1–3). It is clearly

seen from this table that whereas the use of BMSC results in polymer
formation with a number-average molecular weight, Mn = 5.7 kg/mol,
DPC and DEC did not show any conversion under these conditions,
confirming the significantly higher reactivity of BMSC. Maintaining a
polymerization time of 1 h, the reaction temperature was lowered to
60 °C. The obtained polymer had an Mn = 3.5 kg/mol (Table 2, entry
4). As expected, the reaction at 120 °C showed a higher rate, but even at
this relatively low temperature a considerable Mn was achieved with
BMSC.

These initial experiments were followed by a study of the effect of
catalyst (Table 2, entries 5–7) at 120 °C. Sodium hydroxide was used as
the catalyst and added to the reactants in solution as a solid. As is clear
from the data in Table 2, an increase in catalyst amount was found to
have an adverse effect on molecular weight, where the lowest amount
tested (0.002 mol NaOH/mol BPA) resulted in the highest Mn. We also
attempted polymerizations without any added catalyst, but these ex-
periments were not reproducible and results ranged from no conversion
at all to polymers with Mn ≈ 3 kg/mol. We therefore decided to use

Table 2
Solution polymerization results of BPA with BMSC.

Entry Conditions Mn
a (kg/mol) Đ

1 120 °C, 2 h, [NaOH]0/[BPA]0 = 0.002, [BMSC]0/[BPA]0 = 1.01 5.7 2.5
2 120 °C, 2 h, [NaOH]0/[BPA]0 = 0.002, [DPC]0/[BPA]0 = 1.01 no polymer
3 120 °C, 2 h, [NaOH]0/[BPA]0 = 0.002, [DEC]0/[BPA]0 = 1.01 no polymer
4 60 °C, 1 h, [NaOH]0/[BPA]0 = 0.002, [BMSC]0/[BPA]0 = 1.01 3.5 2.4
5 120 °C, 1 h, [NaOH]0/[BPA]0 = 0.2, [BMSC]0/[BPA]0 = 1.01 4.2 2.4
6 120 °C, 1 h, [NaOH]0/[BPA]0 = 0.02, [BMSC]0/[BPA]0 = 1.01 4.7 2.4
7 120 °C, 1 h, [NaOH]0/[BPA]0 = 0.002, [BMSC]0/[BPA]0 = 1.01 5.5 2.5
8 120 °C, 1 h, [NaOH]0/[BPA]0 = 0.002, [BMSC]0/[BPA]0 = 0.92 3.6 2.4
9 120 °C, 1 h, [NaOH]0/[BPA]0 = 0.002, [BMSC]0/[BPA]0 = 1.00 7.0 2.5
10 120 °C, 1 h, [NaOH]0/[BPA]0 = 0.002, [BMSC]0/[BPA]0 = 1.05 4.5 2.4
11 120 °C, 1 h, [NaOH]0/[BPA]0 = 0.002, [BMSC]0/[BPA]0 = 1.10 4.0 2.4
12 120 °C, 2 h, [NaOH]0/[BPA]0 = 0.002, [BMSC]0/[BPA]0 = 1.00 8.0 2.5

a Apparent number-average molecular weight determined by SEC, relative to polystyrene standards.

Scheme 2. Proposed reaction schemes for the formation of by-products: A – formation of salicyl-OH endgroup (5), B –formation of incorporated salicylate (6), C –
formation of methyl-carbonate (7), D – formation of methyl-ether (8).
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[NaOH]/[BPA] = 0.002, for which we observed a good repeatability.
The impact of the stoichiometric ratio of reactants ([BMSC]0/

[BPA]0) followed the expected trend (Table 2, entries 8–11) where a
stoichiometric amount of reactants achieved the highest Mn.

Extending the time of reaction from 1 to 2 h (compare entries 1 and
7, and entries 9 and 12 in Table 2) only increases the Mn slightly and
therefore it was decided to carry out further experiments for only 1 h of
polymerization time.

In summary, based on the results of entries 1–12, the following
standard conditions were used in further experimentation: T = 120 °C,
reaction time = 1 h, [NaOH]0/[BPA]0 = 0.002 and [BMSC]0/
[BPA]0 = 1.00.

Detailed NMR characterization was also conducted to study the
microstructure of the produced BPA-PCs. Potentially, the ester group
present in the condensation product methyl salicylate (Scheme 1, 4)
could be susceptible to trans-reactions involving BPA (Scheme 1, 2) or a
BPA endgroup (Scheme 2, 2′), resulting in a salicyl-OH endgroup (5)
and methanol. These products potentially give rise to a range of further
reactions, which may affect both the polymerization and the polymer
product (see Scheme 2).

The extent of by-product formation was quantified by 1H NMR (for
assignments see Table 3) for BPA-PC prepared from BPA and BMSC via
a solution process (Table 2, entry 6) and a melt process (see SI) [22],
and the results are summarized in Table 4. Although these data show
that in both processes salicyl-OH end-groups (5) are formed, they do
not seem to significantly undergo further reaction (reaction B in
Scheme 2) in the case of the solution process, whereas they clearly do so
in the case of the melt process, and are converted into an internal sal-
icylate unit (6). From the overall amounts of 5 + 6 it is furthermore
clear that reaction A is more prevalent in the melt process (5 + 6 ≈
1.34 mol%) than in the solution process (5 + 6 ≈ 0.03 mol%). Since a
higher amount of 5 directly implies a larger amount of formed me-
thanol, methyl carbonate (7) and methyl ether (8) were also found in
much higher quantities in the melt polycarbonate. Hence, it is safe to
conclude that use of BMSC is not only efficient in solution at 120 °C, but
it also leads to less by-product formation than its use in a melt process.

3.2. Block copolymers

The ability to polymerize at lower temperatures provides the pos-
sibility to produce segmented block copolymers [28], something that is
virtually impossible in melt step growth polymerizations.

In the melt polymerization of polycarbonate, trans-reactions lead to
the randomization of the monomer residue units, limiting the possibi-
lity of producing segmented block copolymers at temperatures above
190 °C [24,29]; complete redistribution of the units was observed
within 80 min for a polycarbonate with Mn = 10 kg/mol [24].

As a proof-of-principle we here demonstrate the formation of seg-
mented block copolymers based on PEG200, which has attracted atten-
tion for the modification of surface properties, biomedical [30,31] and

energy storage applications [32]. First we prepared an α,ω–dihydroxy-
functional oligomeric BPA-PC (Table 5, entry 13) by using a stoichio-
metric ratio of [BMSC]0/[BPA]0 = 0.80, which we then chain extended
using BMSC to demonstrate its suitability as a building block in further
polymerization (Table 5, entry 14). Copolymers of this α,ω–dihydroxy-
functional BPA-PC oligomer and PEG200 of different compositions were
then synthesized using BMSC in solution (Table 5, entries 15, 17, 19),
their thermal properties measured by DSC, their copolymerization de-
monstrated by GPEC and their blockiness determined by 1H NMR. As a
comparison, (random) copolycarbonates of BPA and PEG200 with si-
milar overall compositions as entries 15, 17 and 19 were prepared, now
starting from BPA monomer (Table 5, entries 16, 18, 20). In addition,
the homopolycarbonate of PEG200 was prepared (Table 5, entry 21).

DSC results (see Fig. 1) of the produced materials are listed in
Table 5, and it is immediately clear that those copolymers synthesized
from the BPA oligomer showed two melting points, indicative of the
presence of two different crystalline phases and a blocky structure.

Table 3
NMR peak assignments for various by-products and characterization results of a solution and a melt prepared polycarbonate.

species 1H-NMRa (ppm) 13C-NMRb (ppm) 31P-NMRc (ppm) Solution (mol %) Melt (mol%)

Terminal salicylate (3) 8.03/8.05 (2 J = 7 Hz, d, 1H) 3.85 (methyl ester group) 164.6 52.2 0.57 1.97
Salicyl-OH endgroup (5) 10.48 (CDCl3, OH, s, 1H) 10.38 (TCE, OH, s, 1H) 8.03/8.05 (2 J = 7 Hz, d,

1H)
125.1 0.03 0.01

Incorporated salicylate (6) 8.20/8.22 (2 J = 7 Hz, d, 1H) 162.8 n.d. 1.33
Methyl carbonate (7) 3.87 (CH3O s, 3H) 0.02 0.88
Methyl ether (8) 3.76 (CH3O s, 3H) 0.03 0.42
Free BMSC (1) 8.01/8.03 (2 J = 7 Hz, d) n.d. n.d.
Free methyl salicylate (4) 10.73 (OH, s) 7.80/7.82 (2 J = 7 Hz, d) 127.0 2.58 0.03
BPA-OH (2 or 2′) 6.63/6.65 (2 J = 7 Hz,d) 4–5 (1H) 125.3 11.52 0.03

a H-NMR spectrum shown in Supporting Info, Figure SI-1 for solution polymerization.
b C-NMR spectrum shown in Figure SI-2.
c 31P-NMR spectrum shown in figure SI-3, Figure SI-4 for melt polymerization.

Table 4
Comparison of by-product formation in solution and melt polymerized BPA-PC
using BMSC.

By-producta solution polymerizedb

(mol %)d
melt polymerizedc (mol
%)d

Salicyl-OH (5) 0.03 0.01
Incorporated salicylate

(6)
0.00e 1.33

Methyl carbonate (7) 0.02 0.88
Methyl ether (8) 0.03 0.42

a As shown in Scheme 2.
b Entry 6 in Table 2.
c Melt polymerized sample, details listed in SI.
d Based on the assignments in Table 3.
e Below detection limit.

Table 5
Characteristics of BPA-PEG200 copolycarbonates.

entry composition Mn (kg/mol)a Đ Tg (°C) Tm (°C)

13 BPA-PC oligomer 5.2 2.2 55 n.d.b

14 BPA-PC polymer 8.0 2.3 110 n.d.
15 25 mol% PEG, block 9.1 2.4 n.d. 59/130
16 25 mol% PEG, random 6.8 2.4 n.d. 53
17 50 mol% PEG, block 7.9 2.4 n.d. 58/116
18 50 mol% PEG, random 9.5 2.4 n.d. 55
19 75 mol% PEG, block 7.0 2.4 n.d. 52/104
20 75 mol% PEG, random 7.0 2.4 n.d. 32/93
21 PEG polymer 5.3 2.4 < 15 n.d

a Apparent number-average molecular weight determined by SEC, relative to
polystyrene standards.

b n.d. = non-detectable.
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Single melting points were found for most random polymerized copo-
lymers, indicating a homogenous phase, whereas the block copolymers
show separated phases, each with its own Tm. Copolymers synthesized
from BPA monomer (except for entry 20, with 75 mol% PEG) showed
only one melting point, indicative of a more random distribution of the
units. Entries 13 and 14 show that the reached molecular weight is not
yet sufficient to achieve the stable Tg plateau for BPA polycarbonate
(> 140 °C). Entries 15 to 20 had non-detectable glass transition tem-
peratures, indicating a range of different compositions, none reaching
sufficient domain size and molecular weight to be identified by a single
Tg.

The formation of copolymers, rather than mixtures of homo-
polymers, was confirmed by Gradient Polymer Elution Chromatography
(GPEC) (Fig. 2), where a gradient of solvent was used (MeOH to THF) to
separate the MeOH-soluble PEG from the THF-soluble polycarbonate.
When homopolymer PEG and homopolymer BPA PC are mixed, GPEC is
able to separate the two polymers based on solubility, as is clearly
shown by the distinct elution times shown below (see Fig. 2 - 2.5 min
for PEG, 15 min for PC). Since the sample elutes at significantly dif-
ferent solvent compositions than the homopolymers, we can conclude
that it consists of a true copolymer.

Finally, 1H NMR was carried out to evaluate whether there is indeed
a significant difference in blockiness of the (random) copolymers syn-
thesized from BPA monomer and the (segmented block) copolymers
synthesized from BPA oligomer. Fig. 3 shows the NMR signals of the

PEG200 protons neighboring the carbonate linkage, allowing differ-
entiation between a PEG200-PEG200 carbonate linkage (4.39–4.40 ppm)
and a PEG200-BPA carbonate linkage (4.42–4.44 ppm). The spectrum of
a random copolymer (Table 5, entry 20, Fig. 3 bottom trace) shows 2.8
times more PEG200-PEG200 linkages than PEG200-BPA linkages, which is
expected based on the 75% PEG200 loading of this sample. The block
copolymer of the same formulation (Table 5, entry 19, Fig. 3 top trace)
shows 9.3 times more PEG200-PEG200 linkages than PEG200-BPA lin-
kages, as is expected for a segmented block copolymer.

3.3. Thermally sensitive monomers

The relatively low temperature in this solution polymerization also
allows for the incorporation of thermally sensitive monomers. Here, we
illustrate this by using hydroquinonesulfonate tetrabutyl phosphonium
salt (HQSO3TBP) as a comonomer in the synthesis of a polycarbonate
ionomer (see Fig. 4).

Ionomers are well known and produced on a commercial scale for
various types of polymers. Ionic compounds also find their way into
polycarbonate as additives, e.g., as anti-static agents or flame retardants
[31]. These additives introduce a specific functionality in the plastic,
but sometimes this is accompanied by drawbacks such as plate-out or
segregation [33]. Alternatively, ionic groups have been introduced in
the polycarbonate backbone by sulfonation, but this results in a mole-
cular weight reduction and requires very thorough purification and
neutralization [34]. These drawbacks can be diminished by the in-
troduction of ionomeric building blocks into the polycarbonate back-
bone and has been studied before [35,36].

Solution polymerization was used here to demonstrate that it has
potential for the preparation of polycarbonate ionomers from
HQSO3TBP under mild conditions. The ionic monomer was produced
from the commercially available potassium salt, which was converted
to the tetrabutyl phosphonium salt for improved solubility and thermal
stability (for 1H NMR spectrum see SI). Here, this ionic comonomer
(5 mol%) was used in polymerization with BPA for the preparation of
polycarbonate ionomer, using the standard conditions discussed in the
first paragraph of this paper. A copolymer was obtained with
Mn = 7.5 kg/mol and Tg = 143 °C.

Incorporation of the ionic comomer was confirmed by 31P NMR,
showing the presence of the phosphonium , 1H NMR, showing a shift in
the proton signals of HQSO3 and 13C NMR (for spectra see SI), showing
the presence of the butyl groups of the counter ion (between 12 and
24 ppm).

Previous attempts to produce polycarbonate ionomers by in-
corporating HQSO3TBP via melt transcarbonation [33] resulted in high
amounts of by-products (> 2.5 mol% salicyl-OH, see Fig. SI-8), when
compared to BPA homopolymer (~1.3 mol% salicyl-OH, Table 4),

Fig. 1. DSC trace of 75 mol% PEG200, random polymerized (entry 21) showing
two melting peaks at 32 °C and 93 °C respectively (heat flow: exothermic up).

Fig. 2. GPEC analysis of PEG200-BPA copolycarbonate (entry 17) with eva-
porative light scattering (top) and diode-array (bottom) detection, including
reference peaks for pure PEG200 (red) and BPA polycarbonate (blue). (For in-
terpretation of the references to colour in this figure legend, the reader is re-
ferred to the web version of this article.)

Fig. 3. 1H NMR spectra of a blocky (top, entry 19) and a random copolymer
(bottom, entry 20).
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suggesting that the ionic group catalyzes by-product formation (see SI
for more details).

The absence of salicyl-OH signals in 13C NMR and 1H NMR (see SI)
confirms that the mild conditions utilized in solution polymerization
allowed the production of this polycarbonate ionomer without ex-
cessive presence of by-product.

4. Conclusions

Solution polymerization using bis(methylsalicyl) carbonate (BMSC)
as an activated carbonate is a versatile approach for the synthesis of
functional polycarbonates that are difficult or impossible to produce via
the traditional processes used in polycarbonate synthesis. Solution
polymerization using BMSC clearly shows its usefulness in the synthesis
of block copolymers, preventing trans-reactions that are known to occur
under melt polymerization conditions. Furthermore, the incorporation
of thermally labile monomers was illustrated by the synthesis of a
polycarbonate ionomer. Finally, in all cases it was demonstrated that
the formation of by-products was significanty lower in the solution than
in the melt polymerization.
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