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Synopsis

New polythioesters have been obtained by polycondensation of 4,5-di(lmercaptomethyl)-1,2-
dimethylbenzene, 4,6-di(mercaptomethyl)-1,3-dimethylbenzene, and 2,5-di(mercaptomethyl)-
1,4-dimethylbenzene with isophthaloyl and terephthaloyl chlorides. To define the optimal
conditions of polycondensation, polythioester from 2,5-di(mercaptomethyl)-1,4-dimethylben-
zene and isopthaloyl chloride was choosen as a model system. The optimalization of the
polycondensation conditions was carried out by low-temperature and high-temperature so-
lution polycondensation as well as by interfacial polycondensation. To determine the optimal
conditions for polycondensation the following parameters have been studied. The kind of
organic solvent, concentration of reagents, temperature and time of reaction, and, in the case
of interfacial polycondensation additional, the ratio of aqueous to organic phase, kind and
concentration of hydrochloride acceptor, kind and concentration of catalyst and concentration
of emulsifier (Mersolan) were taken into consideration. The synthesis of all described poly-
thioesters obtained by polycondensation di(mercaptomethyl)-dimethylbenzenes with isophthal-
oyl and terephthaloyl chlorides was carried out under the same optimal conditions, established
for the reaction 2,5-di(mercaptomethyl)-1,4-dimethylbenzene with isophthaloyl chloride. The
structure of polythioesters was determined from infrared, X-ray, and elementary analysis.
Some physicochemical, thermal, mechanical, and electrical properties as well as molecular
weight of polythioesters have been determined.

INTRODUCTION

In earlier articles!-* systematic studies on the optimization of the syn-
thesis, structure, and properties of new polythioesters, mainly formed by
interfacial polycondensation of aromatic and aliphatic-aromatic dithiols
with aromatic or aliphatic acid dichlorides, were described. Until now
di(mercaptomethyl) derivatives of benzophenone, naphthalene, tetrame-
thylbenzene, and diphenylether were used. The purpose of this study was
to obtain new polythioesters from easy accesible di(mercaptomethyl) deri-
vaties of isomeric xylenes.

Di(mercaptomethyl)xylenes are formed from suitable di(chloromethyl)
compounds by thiouronic salts.’ It was experimentally stated that in suit-
able conditions chloromethylation reaction of isomeric xylenes leads to
obtaining the following products with the greatest yield56: 4,5-

® For Part X of this series, see J. Appl. Polym. Sci., Vol. 30, 1579 (1985).
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di(chloromethyl)-1,2-dimethylbenzene, from o-xylene, 4,6-di(chloromethyl)-
1,3-dimethylbenzene from m-xylene, and 2,5-di(chloromethyl)-1,4-dimethyl-
benzene from p-xylene. These above-mentioned di(chloromethyl)xylenes
were used to the synthesis responsible di(mercaptomethyl)xylenes. Prepa-
ration of polythioesters from 4,5-di(mercaptomethyl)-1,2-dimethylbenzene
(4,5-DMM-1,2-DMB), 4,6-di(mercaptomethyl)-1,3-dimethylbenzene (4,6-
DMM-1,3-DMB), and 2,5-di(lmercaptomethyl)-1,4-dimethylbenzene (2,5-
DMM-1,4-DMB) and isophthaloyl as well as terephthaloyl chlorides was
carried out by means of low- and high-solution polycondensation and by
interfacial polycondensation.

To determine the optimal conditions required in the all kinds of processes
of polycondensation, the influence of some factors on yield and reduced
viscosity was considered. The reaction of polycondensation of 2,5-
di(mercaptomethyl)-1,4-dimethylbenzene (2,5-DMM-1,4-DMB) with iso-
phthaloyl chloride was chosen as a model system and thoroughly studied.
It was stated that the best results were obtained by using interfacial
polycondensation.

The structure of all polythioesters obtained under model conditions was
determined by elemental analysis, infrared (IR) spectra, and X-ray. Chem-
ical and thermal resistance and mechanical and electrical properties were
determined. The molecular weights. of polythioesters obtained by interfacial
polycondensation were determined by gelchromatography only for polymers
soluble in tetrachloroethane.

EXPERIMENTAL

Reagents

4,5-Di(mercaptyomethyl)-1,2-dimethylbenzene (4,5-DMM-1,2-DMB), mp
68-69°C (after crystallization from ethanol),” 4,6-di(mercaptomethyl)-1,3-
dimethylbenzene (4,6-DMM-1,3-DMB), mp 48-49°C (after crystallization
from isopropanol),® and 2,5-di(mercaptomethyl)-1,4-dimethylbenzene (2,5-
DMM-1,4-DMB), mp 75-77°C (after crystallization from ethanol)® were ob-
tained from the suitable di(chloromethyl) compounds thorough the thio-
uronic salts.® Isophthaloyl chloride, mp 44°C, and terephthaloyl chloride,
mp 83°C (after crystallization from hexane), were obtained by the reaction
of phosphorous pentachloride with isophthalic or terephthalic acid.

Measurement of Properties

Melting Point

Melting point determinations were made on a Boetius apparatus.

Viscosity

The reduced viscosity (dL/g) of a 1% solution of polythiocesters in tetra-
chloroethane was measured in a Ubbelohde viscometer at 25°C.
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Thermogravimetric Analysis

Measurement of weight loss was taken in a MOM derivatograph (Paulik,
Paulik and Erdey, Budapest) at a heating rate of 10°C/min in air.

X-Ray Analysis

X-ray photographs were obtained by the Debye-Scherer’s powder method
with a camera 64 mm in diameter and an X-ray tube Cu without filters.
Exposure time was 8 h, tube voltage was 32 kV, and anodic intensity was
12 mA. The apparatus was a URS-60 type.

Molecular Weight

The average molecular weight (M,) of polythioesters were calculated on
the basis of gel permeation chromatographic data.'®! The chromatographic
measurements were carried out applying Varian Aerograph liquid chro-
matograph Type 4100 with RI detector and orlite pumpe AF 10-4. As a
mobile phase tetrachloroethane was used. The investigated polythioester
as filtrated solution (0.5-1.0 g of polymer in 100 cm? of tetrachloroethane)
has been injected on the column system consisted of two chromatographic
columns. The columns (300 mm long X 7.8 mm i.d.) were filled with Li-
chrospher Si-100 and Si-500 (Merck, Darmstadt, West Germany). The
measurements were carried out at 18°C.

Glassy Temperature

Measurement of glassy temperature was taken in a DSC-IB Perkin-Elmer
Differential Microcalorimeter, at a heating rate of 32°C/min, a nitrogen
flow rate of 30 cm?/min, sensibility of apparatus 4 mcal/s, and the weight
of the sample 16 mg.

Chemical Resistance

In a flask of 200 cm?® volume, 1 g of polythioester tried to dissolve in a
50 cm? of different several solvents at room temperature.

Infrared Analysis

Infrared (IR) spectra were obtained with a UNICAM SP-200 Spectropho-
tometer.

The Synthesis of Polythioesters

The synthesis of polythioesters from isomeric di(lmercaptomethyl)xylenes
and isophthaloyl or terephthaloyl chlorides were carried out by low-tem-
perature solution polycondensation, high-temperature solution polyconden-
sation, and interfacial polycondensation. For every polycondensation
method as a model system for determining the optimal conditions, 2,5-
di(merecaptomethyl)-1,4-dimethylbenzene and isophthaloyl chloride were
chosen. In the choice of optimal conditions, a yield of the process and value
of the reduced viscosity were considered.
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Determination of Optimal Conditions in Low-Temperature
Solution Polycondensation

The following factors, which influenced the process, were studied: the
kind of organic solvent, concentration of monomers, time, and the temper-
ature of the reaction. The initial reaction conditions were: organic solvent
benzene, concentration of monomers 0.1M, temperature of the reaction
10°C, and time of the reaction 1 h. The applied solvents and physicochemical
values obtained are listed in Table I. From the data presented it follows
that the solvent influences the reduced viscosity and the yield impercep-
tibly. The best yield, highest value of reduced viscosity, and highest of
softening range of polythioesters were obtained with chlorobenzene.

In the optimalization process only this solvent was used. In further in-
vestigations the influence of concentration of reagents, temperature of re-
action and time of reaction on yield and value of reduced viscosity were
studied.

As Figures 1-3 show, polythioesters of the highest yield and reduced
viscosity were received with concentration of reagents 0.1, temperature
of reaction 20°C, and time of reaction 1 h. Polythicester synthesis from 2,5-
DMM-1,4-DMB and isophthaloyl chloride according to the best experimen-
tally defined conditions was carried out as follows:

In a three-necked round-bottomed flask of 250 cm?® volume, equipped with
a mechanical stirrer (1600 rpm), dropper, thermometer, and reflux con-
denser, 1.98 g (0.01 mol) 2,5-DMM-1,4-DMB in 50 cm? chlorobenzene and
2.02 g (0.02 mol) of triethylamine were added. To this solution 2.03 g (0.01
mol) of isophthaloyl chloride in 50 cm?® chlorobenzene was slowly added
with stirring at 10°C. Stirring was continued at 20°C for 1 h, and then 100
cm?® of acetone was added. The isolated product was filtered, washed with
hot water and acetone, and dried under reduced pressure (11 mm Hg) at
60°C. Yield of polythioester 92%, 1.4 0.27 (dL/g), and softening range 195-
230°C.

Determination of Optimal Conditions of High-Temperature
Solution Polycondensation

To determine the optimal conditions for solution polycondensation of 2,5-
DMM-1,4-DMB with isophthaloyl chloride, the influence of the kind of or-
ganic solvent and the temperature reaction on yield and value of reduced

TABLE 1
Effect of Solvent on Properties of Polythioester from 2,5-DMM-1,4-DMB
and Isophthaloyl Chloride=

M red Yield Softening range
Solvent dL/g) (%) C)
Benzene 0.20 84 182-212
Chlorobenzene 0.27 92 195-230
Dioxane 0.24 79 172-231
Dichloromethane 0.25 81 180-235

2 Conditions of the reaction: concentration of reagents 0.1M; temperature 10°C; time of the
reaction 1 h.
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Fig. 1. The influence of concentration on reduced viscosity (—) and yield (-~~) of poly-
thioester from 2,5-DMM-1,4-DMB and isophthaloyl chloride. Conditions of the reaction: chlo-
robenzene, reaction temperature 10°C, reaction time 1 h.

viscosity were studied. The initial reaction conditions were organic solvent
xylene, concentration of monomers 0.5M, reaction temperature 140°C, re-
action time 5 h, and nitrogen atmosphere. Table II shows values of reduced
viscosity, yields, and softening point ranges of obtained polythiocesters in
xylene, o-dichlorobenzene, and a-chloronaphthalene. The highest values of
reduced viscosity and the best yields of polythioesters were obtained with
chlorohydrocarbons. In the further optimization process o-dichlorobenzene
was chosen as a organic solvent. The effect of temperature on yield and
value of reduced viscosity is shown in Table III. The best results of the
polycondensation were achieved at applied highest temperature near boil-
ing point of o-dichlorobenzene. It was Experimentally affirmed that the
best advantageous results of polycondensation were obtained in the way
described below.

In a four-necked round-bottomed flask of 250 cm? volume, equipped with
a mechanical stirrer (1600 rpm), thermometer, reflux condenser, and tube
to introduce of nitrogen 3.98 g (0.02 mol) of 2,5-DMM-1,4-DMB, 4.06 g (0.02
mol) of isophthaloyl chloride were placed and 40 cm? of o-dichlorobenzene
was added. The mixture was stirred vigorously and heated at 175°C for 5
h. Then it was cooled to room temperature. Precipitated polythioester was
separated by filtration, boiled for 15 min in water (100 cm?3), filtered again,
washed with acetone, and dried under reduced pressure (15 mm Hg) at 60°C
to constant weight. Yield 86%, 7,4=0.36 dL/g, and softening range 200-
240°C.
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Fig. 2. The influence of reaction temperature on reduced viscosity (—) and yield (~--) of

polythioester from 2,5-DMM-1,4-DMB and isophthaloyl chloride. Conditions of the reaction:
chlorobenzene, concentration of reagents 0.1M, reaction time 1 h.
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Fig. 3. The influence of reaction time on reduced viscosity (—) and yield (---) of poly-
thioester from 2,5-DMM-1,4-DMB and isophthaloyl chloride. Conditions of the reaction: chlo-
robenzene, concentration of reagents 0.1M, reaction temperature 20°C.

Determination of Optimal Conditions in
Interfacial Polycondensation

In determining the optimal conditions of interfacial polycondensation of
2,5-DMM-1,4-DMB with isophthaloyl chloride, the yield of the process and
reduced viscosity were taken into consideration. The influence of the fol-
lowing factors was studied: the kind of organic phase, the quantitative ratio
of aqueous to organic phase, the kind and concentration of hydrogen chlo-
ride acceptor, the concentration and molar ratio of monomers, the tem-
perature of reaction, and the kind and the contribution of catalysts.

The initial reaction conditions were: organic solvent benzene, hydrogen
chloride acceptor 0.2M NaOH, concentration of dithiol 0.1M, concentration
of acid dichloride 0.11M, rate of acid dichloride addition 5 min, and tem-
perature of the reaction 15°C. The applied organic phase and some physi-
cochemical values obtained are listed in Table IV. From the data presented
it follows that the solvent influences the yield and reduced viscosity of the
polycondensation polymers considerably. The best yield and the highest
value of reduced viscosity were obtained with a benzene/hexane mixture
in a volume ratio 1:1.

In the further optimization process only this mixture was used as an
organic phase. The influence of the kind of hydrogen chloride acceptor, that
is, NaOH, KOH, and Na,CQyj, is shown in Table V. From the data presented
it follows that the most useful hydrochloride acceptor is sodium hydroxide.
The amount of sodium hydroxide exerts considerable influence on the re-
sults of polycondensation.

As Figure 4 shows, the use of excess sodium hydroxide in relation to the
amount stoichiometrically necessary (0.2M) causes an increase in the value

TABLE II
Effect of Solvent on Properties of Polythioester from 2,5-DMM-1,4-DMB
and Isophthaloyl Chloride®

N red Yield Softening range
Solvent dL/g) (%) (V)
Xylene 0.09 45 167-226
o-Dichlorobenzene 0.26 76 194-236
a-Chloronaphthalene 0.21 73 185-243

2 Conditions of the reaction: concentration of reagents 0.5M; reaction time 5 h; reaction
temperature 140°C; nitrogen atmosphere.
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TABLE III
Effect of Reaction Temperature on Properties of Polythioester from 2,5-DMM-1,4-DMB
and Isophthaloyl Chloride

Reaction
temp Mred Yield Softening range
%) dL/g) (%) O
140 0.26 76 194-237
160 0.29 81 198-235
175 0.36 86 200-240

a Conditions of the reaction: o-dichlorobenzene, concentration or reagents 0.5M; reaction
time 5 h; nitrogen atmosphere.

of reduced viscosity and a gradual decreases in yield. In further studies of
optimization of the process, 100% excess of hydrogen chloride acceptor was
used, which caused a good yield and simultaneously a good value of reduced
viscosity. The influence of the kind and concentration of catalyst on the
value of reduced viscosity by using benzyltriethylammonium chloride, ben-
zyltriphenylophosphonium chloride, and methyltriphenylarsonium iodide
in the range 0.5-5% by weight in relation to the amount of dithiol was
studied.

Figure 5 shows that the highest value of reduced viscosity was obtained
with contribution 3% benzyltriethylammonium chloride. The effect of
monomer concentration on reduced viscosity and yield of polythioester in
the range 0.01-0.3M at a constant volume of water and organic phases was
determined.

Figure 6 shows that the highest value of reduced viscosity and the best
yield were obtained with a 0.1M solution of monomers. The effect of the
ratio of the aqueous to the organic phase on the value of reduced viscosity
and the yield of the polythioester was studied with different quantities of
water at the constant volume of organic phase. The ratio of aqueous to
organic phase was 0:1-0.1:1, which corresponded to the concentration of
dithiol in the aqueous-basic phase in the range of 0.1-1.0 mol/L.

TABLE IV
Organic Phase Effect on the Yield and Reduced Viscosity of Polythioester from 2,5-DMM-
1,4-DMB and Isophthaloyl Chloride®

M red Yield Softening range
Organic phase (dL/g) (%) (4]
Benzene 0.28 71 166-192
Chlorobenzene 0.23 82 176-203
Hexane 0.28 78 153-180
Dichloromethane 0.14 61 158-188
Chlorophorm 0.14 65 164-186
Tetrachloromethane 0.56 76 170-208
Dichloroethane 0.62 68 160-210
Benzene-hexane (1:1) 0.64 84 176-218

* Conditions of the reaction: phase ratio 1:1; hydrogen chloride acceptor 0.2M NaOH; con-
centration of dithiol 0.1M; concentration of acid chloride 0.11M; rate of acid chloride addition
5 min; temperature 15°C.
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TABLE V
Influence of the Kind of Hydrogen Chloride Acceptor on Properties of Polythioester from
2,5-DMM-1,4-DMB and Isophthaloyl Chloride®

Hydrogen chloride M red Yield Softening range
acceptor dL/g) (%) ()]
NaOH 0.64 84 176-218
KOH 044 71 176-210
Na,CO; 0.32 64 168-186

a Conditions of the reaction: organic phase, benzene/hexane (1:1); phase ratio 1:1; concen-
tration of hydrogen chloride acceptor, stoichiometric; concentration of dithiol 0.134; concen-
tration of acid chloride 0.11M; rate of chloride addition 5 min; temperature 15°C.
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Fig. 4. The influence of concentration of hydrogen chloride acceptor (NaOH) on reduced
viscosity (—) and yield (---) of polythioester from 2,5-DMM-1,4-DMB and isophthaloyl chlo-
ride. Conditions of the reaction: organic phase benzene/hexane (1:1); concentration of dithiol
0.1M; concentration of acid chloride 0.11M; rate of chloride addition 5 min; temperature 15°C.
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Fig. 5. The influence of kind and contribution of catalyst on reduced viscosity of poly-
thioester from 2,5-DMM-1,4-DMB with isophthaloyl chloride: (1) benzyltriethylammonium
chloride (TEBA); (2) benzyltriphenylphosphonium chloride; (3) methyltriphenylarsonium io-
dide. Conditions of the reaction: organic phase, benzene/hexane (1:1); phase ratio 1:1; concen-
tration of dithiol 0.1M; concentration of acid chloride 0.11M; concentration of hydrogen

chloride acceptor 0.4M NaOH; rate of acid chloride addition 5 min; temperature 15°C.
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Fig. 6. The influence of concentration of monomers on reduced viscosity (—) and yield
(——-) of polythioester from 2,5-DMM-1,4-DMB and isophthaloyl chloride. Conditions of the
reaction: organic phase, benzene/hexane (1:1); phase ratio 1:1; 100% excess of NaOH; catalyst
3% TEBA (3% weight in relation to dithiol); rate of acid chloride addition 5 min; temperature

15°C.
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Figure 7 shows that the best results were achieved with a 0.2M solution
of dithiol (phase ratio 1:1). The emulsifier (Mersolan) effect was studied in
a range of 0-1% weight in relation to aqueous phase.

The curve in Figure 8 shows the negative contribution of the emulsifier
on reduced viscosity and insignificant its effect on yield.

Figure 9 shows the effect of the ratio of acid chloride addition on the
value of reduced viscosity and the yield of polythioester. It can be seen that
the optimal time of acid chloride addition is 710 min. The effect of tem-
perature on the value of reduced viscosity and yield was studied in the
range 6-55°C.

As Figure 10 shows the best results were obtained at 15°C. On the basic
above experiments it can be stated, that the best results of polycondensation
process were achieved if the synthesis of polythioester were carried out in
the way described below. In a three-necked, round-bottomed flask of 500
cm?, equipped with a mechanical stirrer (2000 rpm), thermometer, and
dropper, 1.98 g (0.01 mol) 2,5-DMM-1,4-DMB, 50 cm?3 benzene and a sodium
hydroxide solution (1.6 g NaOH in 100 cm? water) were placed. After thor-
ough mixing, 2.233 g (0.011 mol) of an isophthaloyl chloride solution in 50
cm?® hexane was added over a period 8.5 min at 15°C under vigorous stirring.
After the addition of the acid chloride was completed, the stirring was
continued for 30 min and the mixture was then acidified with hydrochloric
acid (Congo Red). The isolated product of polycondensation was filtered and
boiled in 100 cm? water for 10 min. After cooling and filtration the poly-
thioester was washed with hot water (2 X 100 em?) and acetone (30 cm?3)
and dried under reduced pressure (15 mm Hg) at 60°C to a constant weight.

Comparision of Methods of Polythioester Synthesis

In the Table VI are presented some physicochemical properties of poly-
thioesters showing the greatest value of reduced viscosity, obtained by low-
temperature and high-temperature solution polycondensation as well as
interfacial polycondensation. Comparision of these three methods shows
that suitably chosen conditions of interfacial polycondensation make
polythioesters with the best properties. Polythioester syntheses from 4,5-
DMM-1,2-DMB, 4,6-DMM-1,3-DMB, and 2,5-DMM-1,4-DMB and with iso-
phthaloyl or terephthaloyl chloride were carried out according to these
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Fig. 7. The influence of concentration on reduced viscosity (—) and yield (~-~-) of poly-
thioester from 2,5-DMM-1,4-DMB and isophthaloyl chloride. Conditions of the ratio; organic
phase, benzene/hexane (1:1); 100% excess of NaOH; concentration of acid chloride 0.11M;
catalyst, TEBA (3% weight in relation to dithiol); rate of chloride addition 5 min; temperature
15°C.
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Fig. 8. The influence of concentration of emulsifier (Mersolan) on reduced viscosity (—)
and yield (- --) of polythioester from 2,5-DMM-1,4-DMB and isophthaloyl chloride. Conditions
of the reaction: organic phase, benzene/hexane (1:1); 100% excess of NaOH; concentration of
dithiol 0.1M; concentration of acid chloride 0.11M; catalyst, TEBA (3% weight in relation to
dithiol); rate of chloride addition 5 min; temperature 15°C.
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Fig. 9. The influence of rate of acid chloride addition on reduced viscosity (—) and yield
(——-) of polythioester from 2,5-DMM-1,4-DMB and isophthaloyl chloride. Conditions of the
reaction: organic phase, benzene/hexane (1:1); 100% excess of NaOH; concentration of dithiol
0.1M; concentration of acid chloride 0.11M; catalyst, TEBA (3% weight in relation to dithiol);
temperature 15°C.
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Fig. 10. The influence of the reaction temperature on reduced viscosity (—) and yield
(—=-) of polythioester from 2,5-DMM-1,4-DMB and isophthaloyl chloride. Conditions of the
reaction: organic phase, benzene/hexane (1:1); 100% excess of NaOH; concentration of dithiol
0.1M; concentration of acid chloride 0.11M; catalyst, TEBA (3% weight in relation to dithiol);
rate of acid chloride 5 min.

TABLE VI
Effect of Polycondensation Method on Properties of Polythioester from 2,5-DMM-1,4-DMB
and Isophthaloyl Chloride Obtained in Optimal Conditions for Each Method

Method of Yield N red Softening range
polycondensation (%) dL/g) C)
Interfacial 84 1.89 200-230
Low-temperature 92 027 195-230

High-temperature 86 0.36 200-240
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conditions defined experimentally for 2,5-DMM-1,4-DMB and isophthaloyl
chloride. Table VII shows values of reduced viscosity, yields, and softening
point ranges of all obtained polythioesters.

Structure of Polythioesters

The structure of all polythioesters obtained by interfacial polyconden-
sation under the model conditions was determined by elemental analysis,
infrared spectra, and X-ray analysis. The results of elementary analysis are
given in Table VIII. ‘

IR spectra of polythiocesters showed strong absorptions at 1650-1680
cm, ~! which is characteristic of carbonyl valency bond; at 1420-1450 cm ™!
characteristic of the —CH,—S— group, bands at 900-950 are attributed
to the —CO—S— stretch vibration. On the basis of good agreement of the
calculated and found analytical data (Table VIII) and IR spectra (Fig. 11)
the following reaction scheme (1) for 2,5-DMM-1,4-DMB and isophthaloyl
chloride as an example was assumed:

CH, cocl,
n HS— CHZQ CH,— SH + n C1CO—C§ —
CH,
@
HC CoO—
.y - —SQCHz—S—COO'CO — + 2nHC
CH »

3

Molecular Weight

Molecular weight of polythioesters (M) obtained by interfacial polycon-
densation isomeric di(mercaptomethyl)dimethylbenzenes with isophthaloyl
and terephthaloyl chlorides are presented in Table VII. Molecular weight
was measured only for these polythioesters which were soluble in tetrach-
loroethane. A gel permeation chromatography system was calibrated in the
range 2.1 X 103-3.1 X 10% by means of polystyrene standards (PS) from
Water Associates (U. S.). Eleven PS standards of a known average molecular
weight characterized by ultranarrow distribution of molecular weight were
applied. '

In order to calculate the molecular weights of polythioesters, the universal
callibration curve was used. According to Benoit,2 the elution volume of
macromolecule depends on the hydrodynamic volume of macromolecule

lgnM = AV,)

where [n] = intrinsic viscosity and V, = elution volume.



”.

PODKOSCIELNY AND SZUBINSKA

pa

3288

— 99%-9¥3 16 18 - INA¥ T-IWNG-S'3
- 0£2-003 g'Le 18 - dNA-€'T-IWNA9Y
£01 g961-$91 g¥yo1 6L 80 4oreyjydaisy, dNA-Z T-IWNA-S'?
098 082-003 121 8 68'T TN T-IWNA-S'3
Lp1 00Z-98T 80T LL 331 AGNA-€T-WNA9Y
1§44 g1Z-g81 9Tl €8 LT Koreyyydos] ANA-2 T-IWNA-S'?

0T X" ©.) ©J) (%) @/1p) SPLIOTYO POV Torynq

YoM aguea amjerodwa) Asseln) PISIX Lad /1
IBINOS[ON Butuayog 1se0pklod

uolyesUspuedLjog [e1oBJIa3U] £q SUOTJIPUC)) TBWIdQ UT PauUTeIqQ SI98901qIA[od Jo sartadold

IIA I'T19VL



3289

LINEAR POLYTHIOESTERS. XI

g%'61 SL¥ 0,99 INA-7 T WNG-S3
1361 29’61 8LV 6% £L'99 28’99 NG T-WNA9Y
8161 08y 0L'99 [4orByydatag, ANG-E T-WNA-S'Y
9€'61 18¥ 6999 GNa-' T-NINGSS
0€'6T 2961 a8y 167 0L89 28'99 INa-¢ T-WINa-9'Y
6561 SLY £9'9 T4oreyydos] ANA-Z T NINGSP
punog PorE) punog poreD punog PoTED 3pLIOTYD PRV Tor¥a
S % H% 0% 1338901340

819380901140 jo Slsd[euy [BjuaW[q Jo synsay
A 1YL



3290 PODKOSCIELNY AND SZUBINSKA

Transmittance %
-
(=]

4000 3000 2000 1800 1600 1400 1200 1000 800 650
wave number, cm™

Fig.11. Infrared spectra of polythioester from 2,5-DMM-1,4-DMB and isophthaloyl chloride.

According to a previous paper,'>!3 the hydrodynamic volume of macro-
molecules is a decisive parameter of elution behavior of polymers in GPC
column at a given solvent and is proportional to [n]M.

The [7] values were calculated by extrapolation of 7,/¢ specific ¢ = f(c)
functions. The measurements of (1) were carried out for polythioester so-
lution of 0.2, 0.4, 0.6, 0.8, and 1 g/dL in tetrachloroethane.

X-Ray Analysis

Polythioesters obtained by interfacial polycondensation of isomeric
di(mercapatomethyl)dimethylbenzenes with isophthaloyl and terephthaloyl
chlorides were examined by means of X-ray diffraction analysis. In Figure
12 are presented the diffraction diagrams showing the interplanar spacings
d, and relative intensity I/1; of reflections for polythioesters as well as for
monomers. The diffraction patterns of all monomers show many X-ray
diffraction lines, which indicates the high crystalline degree of these com-
pounds. X-ray diffraction patterns show also many diffraction lines but they
are other values of d. The presence of these lines indicate the high crys-
talline degree of polymers.

Thermal Properties

The polythioesters obtained were examined by differential analysis (DTA)
and thermogravimetric analysis (TGA). The temperature of initial decom-
position, its mass loss in percent, and the temperature of the fastest de-
composition process, mass loss percent for polythioesters at 300, 400, 500,
and 600°C are listed in Table IX. The results of the examination are shown
only for polythioester from 2,5-DMM-1,4-DMB and isophthaloyl chloride as
an example (Fig. 13).

Mechanical and Electrical Properties

Some mechanical and electrical properties of the polythioesters obtained
from 4,5-DMM-1,2-DMB, 4,6-DMM-1,3-DMB, and 2,5-DMM-1,4-DMB with
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Fig. 12. X-Ray diffraction patterns of: (1) 4,5-DMM-1,2-DMB; (2) 4,6-DMM-1,3-DMB; (3) 2,5-
DMM-1,4-DMB; (4) isophthaloyl chloride; (5) terephthaloyl chloride; (6) polythioester from 4,5-
DMM-1,2-DMB and isophthaloyl chloride; (7) polythioester from 4,5-DMM-1,2-DMB and ter-
ephthaloyl chloride; (8) polythioester from 4,6-DMM-1,3-DMB and isophthaloyl chloride; (9)
polythiocester from 4,6-DMM-1,3-DMB and terephtaloyl chloride; (10) polythioester from 2,5-
DMM-1,4-DMB and isophthaloyl chloride; (11) polythioester from 2,5-DMM-1,4-DMB and ter-
ephthaloyl chloride.

isophthaloyl chloride have been studied after pressing at first at room tem-
perature under a pressure of 600 kg/cm?2 and then at increased temperature
at a pressure of 150 kg/cm? in the upper range of the softening temperature
of every polymer. Samples for electrical tests were additionaly metalized
by silver in vacuum. Pressing temperature and numerical data are given
in Table X. Electric properties of polythioesters were characterized by di-
electric constant e, dielectric loss factor (tan §), and volume resistivity p as
a function of temperature. Samples were examined at a frequency of 0.05
kHz at 20, 40, 60, 80, 100, 120, and 140°C. Values of € and tan § at 20°C
and at frequency of 0.05, 1, 10, and 100 kHz were obtained. The temperature
range was limited by thermal properties of polythioesters. Results are given
in Table XI and in Figures 14-16.

The dependences of tan 8 on temperature show some differences for var-
ious polythioesters which is determined by their chemical structure. Figure
14 shows that polythioesters lose their electrical properties above 100°C,
which is connected with their glassy temperature. Values of dielectric con-
stant and dielectric loss factor in function of frequency in temperature 20°C
show small changes in these conditions (Table XI). Figure 16 shows the

dependence of volume resistivity (p) in function of temperature at frequency
of 50 Hz.
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Fig.13. TGA and DTA of polycondensation product of 2,5-DMM-1,4-DMB with isophthaloyl
chloride. Heating time in air 250 min; heating rate 4°C/min; amount of polythioester 100 mg;
measured relative to Al,O0;.

Chemical Resistance

The obtained polythioesters show good resistance to acetone, benzene,
dioxane, dimethylsulfoxide, 10% and concentrated hydrochloric acid, 10
and 50% sodium hydroxide, and 10% sulfuric and nitric acids. Some of
them are soluble in tetrachloroethane and in mixture of phenol/tetra-
chloroethane (1:1), but all react with conceritrated nitric and sulfuric acids.

CONCLUSION

The synthesis of polythioesters from 4,5-di(mercaptomethyl)-1,2-di-
methylbenzene, 4,6-di(mercaptomethyl)-1,3-dimethylbenzene and 2,5-di-
(mercaptomethyl)-1,4-dimethylbenzene, and isophthaloyl as well as tere-
phthaloyl chlorides were carried out by means of low-temperature, and high-
temperature solution polycondensation, and by interfacial polycondensa-
tion. It was stated that the best results, i.e., the best value of reduced
viscosity and the highest yield were obtained using interfacial polyconden-
sation. About 100% excess of acceptor hydrogen chloride (NaOH) exerts
considerable influence on the results of polycondensation.

Polythiocesters with the best properties were obtained when the ratio of
the aqueous to organic phase was 1:1, when a phase transfer catalyst was
used, when the time required in the reaction mixture was 7-10 min, and
when the process of polycondensation was carried out at 15°C.

Emulsifier decreases the value of reduced viscosity, exerting insignificant
effect on the yield. Considering their good thermal and mechanical prop-
erties as well as good chemical resistance the polythioesters obtained can
be widely applied, particulary as modifiers of commercial polyesters.
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Fig. 14. The dependence of dielectric loss factor (r8) on temperature at frequency 0.05 kHz
of polythioesters from: (1) 4,5-DMM-1,2-DMB and isophthaloyl chloride; (2) 4,6-DMM-1,3-DMB
and isophthaloyl chloride; (3) 2,5-DMM-1,4-DMB and isophthaloy! chloride.

20 & 60 8 100 120 ®0
o
Fig. 15. The dependence of dielectric constant on temperature at frequency 0.05 kHz of
polythioesters from: (1) 4,5-DMM-1,2-DMB and isophthaloyl chloride; (2) 4,6-DMM-1,3-DMB
and isophthaloyl chloride; (3) 2,5-DMM-1,4-DMB and isophthaloyl chloride.
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o
Fig. 16. The dependence of volume resistivity (p) on temperature at frequency 0.05 kHz of
polythioesters from: (1) 4,5-DMM-1,2-DMB and isophthaloyl chloride; (2) 4,6-DMM-1,3-DMB
and isophthaloyl chloride; (3) 2,5-DMM-1,4-DMB and isophthaloyl chloride.
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