
New siloxane–ester modified polysulfones by phase transfer catalysis

C. Racles¸* , E. Avram, M. Marcu, V. Cozan, M. Cazacu

“Petru Poni” Institute of Macromolecular Chemistry, Aleea Grigore Ghica Voda˘ 41A, Iasi, Ro 6600, Romania

Received 9 January 2000; received in revised form 17 February 2000; accepted 16 March 2000

Abstract

Chemical modification of a chloromethylated polysulfone was performed by using siloxane-containing aliphatic carboxylic salts as
modification agents and phase transfer catalysis. The obtained substitution degrees ranged between around 0.1 and 0.9, as determined by
1H NMR, IR and elemental analyses. The introduction of siloxane–aliphatic moieties induced a decrease in the glass transition temperature
(Tg) values of the obtained products in comparison to the starting polysulfone. All the modified polysulfones showed phase separation in
optical microscopy.q 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The preparation of polymers carrying various functional
groups has received much attention since they can be used
in a large variety of applications as supports, reagents or
catalysts for various reactions [1].

Modified polysulfones have been prepared [2–7] by
chemical transformations leading to coatings, membranes,
selectively permeable films, ion-exchange fibers and resins
etc.

The polysiloxane–polysulfone reaction systems have
been studied widely in the last decades in order to obtain
block-copolymers with valuable properties derived from
their dual structure [8–18].

It is known that the incompatibility (and mostly the large
difference between the solubility parameters of the organic
and siloxane moieties) favors the biphasic morphology of
the copolymers, which plays an important role in designing
their properties [19,20].

On this subject the interest was mainly focused on poly-
siloxane–polysulfone block copolymers, in which phase
separation was reported to occur at relatively low molecular
weights of the blocks [10,21]. In our previous work [22], we
noticed biphasic morphology at segmented siloxane–aryli-
dene sulfone copolymers.

The present study had at least three purposes:

• to synthesize new modified polysulfones with pendant
siloxane–aliphatic groups and carboxyl functionalities;

• to apply phase transfer catalysis on the polysulfone–disi-
loxane system; and

• to observe the morphology of the obtained products in
order to establish, if possible, a minimum limit of silox-
ane content at which the phase separation occurs.

Phase transfer catalysis (PTC) is a very interesting
approach in organic and polymer synthesis [23–28]. In
order to react 1,3-bis(sebacomethyl)tetramethyldisiloxane
with chloromethylated polysulfone, we used a dipotassium
carboxylic salt which is only water-soluble, so that the most
convenient reaction path seemed to be PTC.

2. Experimental

2.1. Materials

1,3-Bis(sebacomethyl)tetramethyldisiloxane was syn-
thesized from 1,3-bis-(chloromethyl)tetramethyldisiloxane
(ABCR), according to the method described in Ref. [29].
Its potassium salt (DSX1) was prepared by titration with
0.1 N KOH solution. Sebacomethylpentamethyldisiloxane
was synthesized similarly, starting from chloromethylpen-
tamethyldisiloxane (ABCR), which was then titrated to
obtain DSX2. Polysulfone UDEL-P1700 (Union Carbide)
is a commercial product which was chloromethylated
following the procedure described in Ref. [7]. Phase transfer
catalysts: benzyltrimethyl-ammonium chloride (BTMAC)
from Merck was vacuum dried on P2O5 at room
temperature; benzyldimethyl-lauryl-ammonium chloride
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(BDMLAC) (Merck) and dibenzo-18-crown-6 (CE) (Fluka)
were used as received.

2.2. Measurements

The IR spectra were recorded on a Specord M80 Carl
Zeiss Jena spectrophotometer using KBr pellets.1H NMR
spectra were registered on a Jeol 60 spectrometer using
CDCl3 as the solvent, without internal reference for the
modified polysulfones and using TMS as the internal refer-
ence for the unmodified ones. Thermogravimetric curves
were obtained in air with an F. Paulik Derivatograph at a
heating rate of 128C/min. The DSC analyses were
performed on a Mettler TA DSC 12E Instrument. The
phase separation behavior was monitored using an IOR

MC1 type polarized optical microscope equipped with a
heating stage.

2.3. Synthesis method (general procedure)

In a reaction vessel, thermostated at 508C, an aqueous
solution (2.5 wt%) of 1,3-bis(sebacomethyl)tetramethyldi-
siloxane potassium salt (DSX1) was placed. The catalyst
(BTMAC or BDMLAC) was added in a stoichiometric
amount with respect to the chlorine content of polysulfone,
and dissolved. The chloromethylated polysulfone (PSF)
(with 7.40% Cl) in chloroform (2.5 wt%) was then added
dropwise and the reaction mixture was mechanically stirred.
Details of the synthesis conditions and stoichiometry are
given in Table 1. When CE was used, it was dissolved in
the organic phase.
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Table 1
Reaction conditions

Code Time (h) PSF/DSX1a Catalyst Code Time (h) PSF/DSX1a Catalyst

P1 24 1/2.18 – P8 20 1/4 BDMLACb

P2 24 1/3 CE P9 20 1/4 BDMLAC
P3 24 2/1 BTMAC P10 20 1/4 BDMLACc

P4 8 1/3 BTMAC P11 24 1/1d –
P5 24 1/2.18 BTMAC P12 24 1/1d CE
P6 24 1/3 BTMAC P13 24 1/1d BTMAC
P7 24 1/3 BDMLAC P14 24 1/1d BDMLAC

a Molar ratio chloromethyl/DSX (for P1–P7, P9, P11–P14, molar ratio chloromethyl/catalyst� 1/1).
b Molar ratio chloromethyl/catalyst� 1/0.5.
c Molar ratio chloromethyl/catalyst� 1/2.
d DSX 2.

Scheme 1.



After the reaction time expired, the mixture was allowed
to separate, the organic phase was isolated and washed
several times with water, then the product was precipitated
with acetone, filtered and dried in vacuum at room tempera-
ture for 10 h. For optical microscopic observations, films
were cast from chloroform. The analyses (1H NMR, IR)
were done as soon as the samples were prepared, since we
observed crosslinking processes occurring with time due to
the incomplete reaction of CH2Cl and –COOK functional-
ities. In order to allow subsequent utilization in soluble
state, transformation of the carboxylic salt functionalities
into acid (by acidification) were performed.

3. Results and discussion

So far, in the reviewed literature concerning the polysul-
fone–siloxane system, there is no mention about the chemi-
cal modification of polysulfones with pendant siloxane–
aliphatic groups.

New siloxane–ester modified polysulfones were obtained
according to Scheme 1, starting from a chloromethylated
polysulfone with 7.4% Cl, and the potassium salts of two
sebacomethyldisiloxanes, DSX 1 and DSX 2. The initial
polysulfone substitution degree (SD), i.e. the number of func-
tional groups contained in the structural unit, was 1.025.
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Fig. 1. The IR spectra of starting chloromethylated polysulfone (PSF), sebacomethyldisiloxane (DSX1), and modified polysulfone (P5).



The 1H NMR and IR spectrometry, as well as the elemen-
tal analyses (Cl%, Si%) were used to confirm the structure
of the products and to estimate the substitution degree.

As one can see (Fig. 1), the IR spectrum of a reaction
product (P5) shows the specific absorption bands for the
expected structure. The most important evidence for the
formation of new pendant moieties is the occurrence of
the absorption band at 1740 cm21 due to the stretching
vibrations of the –COO– groups. Also, the aliphatic region
from 2980 to 2820 cm21 is modified in comparison with the
starting polysulfone due to the stretching vibrations of the –

CH2– groups introduced. Finally, the presence of a shoulder
at 1050 cm21 was assigned to the stretching vibrations of the
Si–O–Si groups.

The 1H NMR spectrum of P5 (Fig. 2) shows the presence
of all types of protons from the modified polysulfone.1H
NMR spectra were used for SD calculations using the
following formula:

SD� A2

nA1
�1�

where n� 2 for DSX1; n� 2:5 for DSX2; A1 is the
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Fig. 2. The1H NMR spectra of chloromethylated polysulfone (PSF) and modified polysulfone (P5).

Table 2
The substitution degree, catalyst type and chlorine content of the siloxane-ester-modified polysulfones (P1–P14)

Code Catalyst Substitution degree (SD) Cl (%)a

1H NMR IR Elemental analysis TGA

DSX 1
P1 – 0.08 0.10 7.10
P2 CE 0.12 – 7.06
P3 BTMAC Cross-linked – 0.15 0.17 –
P4 BTMAC 0.10 0.10 0.14 6.72
P5 BTMAC 0.20 0.17 5.94
P6 BTMAC 0.22 0.25 5.82
P7 BDMLAC Cross-linked – 0.69 2.75
P8 BDMLAC 0.28 0.30 5.61
P9 BDMLAC 0.52 0.54 3.75
P10 BDMLAC Cross-linked – 0.86 –

DSX 2
P11 – 0.02 0.02 7.18
P12 CE 0.04 0.03 –
P13 BTMAC 0.05 0.06 7.15
P14 BDMLAC 0.32 – 5.07

a The initially chlorine content was 7.4%.



integrated area of the peak corresponding tosC(CH3)2 (6H);
andA2 is the integrated area of the peak corresponding to
sSi–CH3 (12H, DSX1; 15H, DSX2).

SD was also estimated from the IR spectra, considering
the ratioACOO=A1250 as a measure of the chemical transfor-
mation. The absorption band at 1250 cm21 (considered as
the reference) is assigned to the stretching vibrations of the
C–O–C group in polysulfone and to deformation vibrations
of the Si–CH3 group in the siloxane units. The absorbances
were calculated according to Ref. [30], taking a base line
from 930 to 1850 cm21, free of any absorption.

As shown in Table 2 good correlations were observed
between the two methods. The higher the reacted amount
of chlorine, the higher the SD values.

For the cross-linked products (P3, P7, P10), the SD was

estimated from Si% determinations, and/or TGA residue
(considering the product as totally cross-linked).

As can be seen from Table 2, the most efficient catalyst
was BDMLAC, since under the same reaction conditions,
the SD for P7 (with BDMLAC) was almost three times
higher than that of P6 (with BTMAC). The higher catalytic
effect is also proved by the fact that P7 is a crosslinked
product, while P6 is soluble. This was somewhat expected
because the lauryl group is compatible with the sebacoyl
one. CE had the weakest catalytic effect, probably due to
its insolubility in the aqueous phase, and hence the difficulty
of forming a catalytic complex with the potassium salt.

The same catalytic activity (BDMLACq BTMAC .
CE) was noticed in the case of samples P11–P14, where
the crosslinking is avoided due to the siloxane structure.
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Fig. 3. The plot of kinetic data: (a) the variation of molar concentration of unreacted (CH2Cl) and reacted (x) groups versus time; and (b) the variation of
logarithmic ratio for unreacted reagents with time.



By increasing the catalyst amount (samples P8–P10), an
increase in SD values was noticed, and so also a higher
tendency for crosslinking.

The molar ratio chloromethyl/DSX is also a very impor-
tant factor, not only from the SD point of view, but also for
preventing the crosslinking reactions. A molar ratio of 1/4
was considered sufficient to obtain soluble products, by
using BDMLAC as the catalyst (molar ratio chloromethyl/
catalyst, 1/1). However, to be sure, in the kinetic experi-
ments a molar ratio of 1/5 was taken.

A kinetic study was run by1H NMR with BDMLAC as
the catalyst and using a chloromethyl/DSX1 molar ratio of
1/5 at 508C. Samples were withdrawn by a syringe, both
from the organic and aqueous phases in corresponding
amounts in order to maintain stoichiometry. A suggestive
plot of the kinetic data is shown in Fig. 3a. All samples were
soluble products.

We considered the reaction between a chloromethylated
polysulfone and the siloxane carboxylic salt as a bimolecu-
lar, second-order one, with different initial concentrations of
the reactants. The kinetic equation for such reactions is
given as [31]

dx
dt
� k�a 2 x��b 2 x� �2�

wherea and b are the initial molar concentrations of the
starting compounds;x is the conversion variable.

The integrated form of the rate expression is

log10
a 2 x
b 2 x

� log10
a
b

1 0:434�a 2 b�kt �3�

By plotting the log10 �a 2 x�=�b 2 x� values versus time
(Fig. 3b), the rate constantk was calculated from the
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Fig. 4. The decrease ofTg with SD: (a) DSX1 series; and (b) DSX2 series.



slope, using the following expression:

k � tga
0:434�a 2 b� ; k � 1:154× 1026 �l mol21 s21�

�4�
The Tg values of the obtained products were determined

by DSC. As can be seen from Fig. 4a and b, the decrease of
Tg reflects the plastification effect of siloxane-aliphatic
segments, even at very small SD values. This effect is
stronger with the increase of siloxane content.

The morphology of the products was evidenced by optical
microscopy (magnification 150× ) on films cast from
chloroform. All the siloxane-modified polysulfones showed
phase separation, irrespective of the SD (Fig. 5). Hence, the
establishment of a “critical” content of siloxane at which
phase separation occurred was not possible. A thorough
study on this issue will be done in the near future by electron
microscopy measurements.
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Fig. 5. Optical microphotographs of samples (magnification 150× ): (a) P1;
and (b) P2.


