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ABSTRACT

A few new thiodiols and thiocarboxylic acids were obtained by condensation
reaction of bis(4-mercaptophenyl)ether with some halogen alcohols or

halogen acids, respectively, in aqueous sodium hydroxide solution . By melt
polyaddition of one of these alcohols, i .e. 4,4'-bis(2-hydroxy-hexylthio)di-

phenyl ether with hexamethylene diisocyanate (HD!) a new linear polyure-

thane was obtained, and by melt polycondensation of one of these acids, i .e.

diphenyl ether-4,4'-bis(thiovaleric acid) with 1,6-hexanediol, a new polyester
was obtained . The structures of monomers and polymers were confirmed by

elemental analysis, FTIR and 1 H NMR spectroscopies. Some physicochem-
ical, thermal and mechanical properties of the obtained polymers were

described.
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INTRODUCTION

As it is known from literature review bis (4-mercapto-
phenyl)ether (MPE) found many applications, among

others, as intermediate product for preparation of new
thioindigoid dyes [I], as well as in polymer prepare-

tion. A special attention has been paid to make use of

this dithiol as an accelerator of vulcanization process-
es of various kinds of industrial rubbers, especially

butadiene-styrene type, as reported in a British patent
[2] . In comparison with convetional vulcanization

(s) To whom correspondence should be addressed . wdowd@hermes.umcs .lubtin .pl

with the use of sulphur or peroxides, MPE besides of
its cure role was also useful as an antioxidant in

production of diene polymers, especially type of

polyisopropylene, polybutadiene or their copolymers
with styrene, acrylonitrile or isobutylene. Authors of

the above mentioned patent reported about valuable
application of MPE for production of stable elastomer

"Hypalon 40" used in preparation of various kinds of

pipes resistant to strong corrosiable substances as
sulphur or nitric acids.

Thermostable and thermoplastic linear poly-
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thioethers were successfully obtained by Jungblut [3,
4] by polycondensation of MPE with heterocyclic
chloroderivatives, e.g . 2,4- or 3,6-dichloropyrimidine
in N,N'-dimethylformamide (DMF).

Among the polymers obtained from MPE, poly-
sulphone from its compound and bis(4-chloro-
phenyl)sulphone obtained in presence of anhydrous
K2CO 3 in DMF, at 150 'C, proved more stable than its
oxygen analogue (PPO) produced by General Electric
Co . [5] . Polythioethers obtained by Baron and Blank
from MPE, bis(4-bromophenyl)ether were oxidized
by high peroxide number F12 O 2 to thermostable poly-
sulphones [6] . In 1970's the copolymers obtained by
Studinka and Gabbier [7,8] from MPE, bisphenol A
and bis(4-chlorodiphenyl)sulphone came into notice
because of good plastic and mechanical properties of
foils produced from these polymers.

For many years subjective dithiol has attracted
attention in our laboratory for preparation of linear
polythioesters by interfacial polycondensation of this
compound with aliphatic [9] or aromatic [10] diacid
dichlorides, and thioetherglycidyl resins [I I] prepared
from this dithiol and epichlorohydrin by heterophase
alkaline condensation by the use of NaOH in water or
isopropanol medium.

This article deals with synthesis, structure of
some new derivatives of described above dithiol and
alkanediols, and alkanecarboxylic acids useful for
preparing suitable polyurethanes and polyesters.

EXPERIMENTAL

Materials
The starting compound MPE was synthesized by
reduction of bis(4-chlorosulphonylphenyl)ether with
red phosphorus in AcOH in the presence of iodine
following the reported procedure [12].

Reagents including 3-chloro-l-propanol, 6-
chloro-l-hexanol, 10-chloro-l-decanol (Fluka), a-
chloropropionic. acid, 5-bromovaleric acid, [i-bromo-l-
propionic acid (Merck) and 4-chlorobutyric acid,
1-bromoisovaleric acid (Aldrich) were used as
received. Hexamethylene diisocyanate (HDI, bp
127 'C/13 .34 Pa, Merck) was used as received .

Poly(tetramethylene oxide) PTMO-1000 (BASF) was
heated before using at 120 ' C in vacuo for 1 h. 1,6-
Hexanediol (1,6-HD, mp 41-43 'C, Merck) was
distilled before use . Dibutyltin dilaurate (DLDBT,
Merck) was used as purchased.

Monomer Synthesis
Bis(4-hydroxypropylthio)diphenyl Ether (HPPE)

MPE (4 .68 g, 0 .02 mol) was dissolved in 80 mL of 20
% aqueous solution of sodium hydroxide and the
resulting solution was warmed ca . 60 'C, then a
solution of 4 .2543 g (0 .045 mol) of 3-chloro-l-pro-
panol in 15 mL of ethanol was added dropwise under
vigorous stirring . The reaction mixture was heated
and stirred on a boiling water bath for 1 h . After the
reaction was over, the reaction mixture was cooled
and the solidified product was collected by filtration,
washed thoroughly with water and dried in air, yield
6 .5 g (92 .85 %) . The crude compound was recrystall-
ized from benzene (60 mL), giving colourless plates,
mp 63-64 ' C and yield 5 .9 g (84 .29 %) . Elemental
analysis calculated for C18H22O3S2: C, 61 .67 F % ; H,
6 .34 %. Found : C, 62 .01 %; H, 6 .28 %.

FTIR (KBr, cm -l ): 3244 (-CH. . ..O stretching,
s), 2924 (CH2 asymmetric) ; 2878 (CH2 symmetric),
1490 (benzene ring, m) ; 1256 (diphenyl ether, s);
1052 (C-0 stretching, prim . alc.,s)

1H NMR (CDCl 3, ppm) 1 .73-2 .00 (q, 4H,
CH2CH2 CH2 ); 2.17 (s, 2H, OH) ; 2 .92-3 .06 (t, 4H,
SCH 2CH2 , .1 = 7 .0 Hz); 3 .70-3 .82 (t, 4H -CH 2OH,
J = 6 .1 Hz) ; 6.93 and 7 .35 (d.d, 8H, Ar-H, J = 8.8 Hz)

Bis(4-hydroxyhexylthio)diphenyl Ether (HHPE)
The same procedure as for HPPE was employed.
MPE (4 .68 g, 0 .02 mol) and a solution of 6-chloro-
l-hexanol (8 .2197 g, 0.045 mol) in 15 mL of ethanol
were used. The oil product resulting in the upper layer
was solidified after cooling and it was recrystallized
from benzene (80 mL), giving plates, mp 71-72 'C.
Yield 7.8 g (87.12 %). Elemental analysis calculated
for C24H34O3S2 : C, 66 .31 % ; H, 7 .90 % . Found : C,
66 .70 % ; H, 7 .99 %.

FTIR (KBr, cm-t ): 3244 (OH . . . .O stretching, s);
2923 (CH2 -asymmetric) ; 2852 (CH2 symmetric); 1491
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(benzene ring, m) ; 1073 (C-0 stretching, prim . alc .);
1264 (diphenyl ether).

' H NMR (CDCI 3, ppm) : 1 .43-1 .70 (m, 16H
(CH2 ) 4); 2.17 (s, 2H, OH); 2 .8-2 .94 (t, 4H -
SCH 2CH2- J = 7.05 Hz); 3 .57-3 .69 (t, 4H, -CH2 OH,
J = 6 .2 Hz); 6 .93 and 7 .32 (d .d . 81-1, Ar-H, J = 8 .8
Hz).

Bis(4-hydroxydecylthio)diphenyl Ether (HDPE)
The same procedure as for HPPE was employed.
MPE (4 .68 g, 0.02 mol) and 10-chloro-l-decanol
(8.6829 g, 0.045 mol) were used. The crude
condensation product 10 .5 g (96 %) was recrystallized
from 100 mL of benzene, giving colourless plates, mp
94-95 'C. Yield 9 .7 g (88.7 %) . Elemental analysis
calculated for C32 H 50 03 S2 : C, 70 .27 % ; H, 9 .23 %.
Found ; C, 70 .61 % ; H, 9 .25 %.

FTIR (KBr, cm-' ): 3340 (OH . . . .0 stretching,
s) ; 2923 (CH2 asym .) ; 2850 (CH2 sym .), 1491
(benzene ring, m), 1073 (C-0 stretching, s, primary
alc .) .

'H NMR (CDC13 , ppm): 1 .28-1 .62 (m, 32H,
(CH2 )8) ; 2 .17 (s, 2H, OH); 2.80-2 .94 (t, 4H -
SCH 2CH2-, J = 7.05 Hz) ; 3 .57-3 .69 (t, 4H -CH 2OH,
J = 6 .2 Hz) ; 6 .93 and 7 .32 (d.d. 8H, Ar-H, J = 8.8
Hz).

Diphenyl Ether-4,4 '-bis(thiopropionic acid) (DTPA)
MPE (4 .68 g, 0.02 mol) was dissolved in 100 mL of
20 % aqueous solution of sodium hydroxide, then a
solution of sodium p-bromo-l-propionic acid was
prepared by neutralization with sodium hydrogen
carbonate of 7 .65 g (3-bromo-l-propionic acid. The
resultant solution was refluxed for I h and then cooled
to room temperature . The colourless crystals of the
sodium salt of the condensation product were filtered,
dissolved in 100 mL of water, and that solution was
acidified with dilute (1 :1) hydrochloric acid . The
crude product 5 .8 g (90 %) was purified by dissolving
in acetic acid (80 mL) and was precipitated with
water (10 mL), giving 5 .2 g (77.62 %) formless
product, mp 71-72 ' C . Elemental analysis calculated
for C 18H 1805S2 : C, 57 .12 % ; H, 4.80 %. Found: C,
57 .47% ; H,4.74%.

FTIR (KBr, cm-' ): 2988-2500 (OH . . . .O

stretching, s); 1701 (C=0 stretching of COOH, s);
1579-1485 (benzene ring, m) ; 1436 (C-0 stretching,
s); 1240 (diphenyl ether).

' H NMR (CDCI 3 , ppm) : 2.43-2 .59 (t, 4H, -
SCH- J = 7 .2 Hz), 2.85-2 .99 (t, 4H, -CH2OOOH);
6.94-7 .3 8 (m, 8H, Ar-H); 10.14 (s, 2H, -COOH).

Diphenyl Ether-4,4" -bis(thiobutanoic acid) (DTBA)
The same procedure as for DPPA was employed.
MPE (4 .68 g, 0 .02 mol) and 4-chlorobutyric acid
(5 .49 g, 0 .045 mol) were used . The crude product 7 g
(90 %) was purified by dissolving in benzene (1 g
from 20 mL) and was precipitated with hexane (2
mL), giving formless product, mp 74-76 'C.

Elemental analysis calculated for C25H220sS2:
C, 59 .08 %; H, 4 .47 %. Found: C, 60 .05 %; H,
4 .60 %.

FTIR (KBr, cm-') : 3081-2552 (OH . . .O stretch-
ing, s); 1700 (CO stretching of COOH, s) ; 1586-
1489 (benzene ring, m); 1436 (C-0 stretching, s);
1275 (diphenyl ether, s) ; 1099 (O-H. . .O bending, m).

'H NMR (CDCI3, ppm) : 1 .78-1 .99 (m, 4H, -
CH2 CH2 CH2-) ; 2.43-2 .59 (t, 4H, SCH 2CH 2- J = 7 .2
Hz) ; 2 .85-2.99 (t, 4H -CH2000H) ; 6 .94-7 .38 (m,
8H, Ar-H) ; 10 .14 (s, 2H, COOH).

Diphenyl Ether-4,4'-bis(thiovaleric acid) (DTVA)
The same procedure as for DTPA was employed.
MPE (4.68 g, 0.02 mol) and 5-bromovaleric acid
(10 .035 g, 0.045 mol) gave 7 .82 g (90 %) of crude
product, which was recrystallized from benzene (140
mL), giving colourless compound, mp 145-147 T.
Yield 6 .5 g (74 .7 %). Elemental analysis calculated
for C22H26O5S2 : C, 60 .86 %; H, 6 .04 % . Found: C,
61 .27 %;H,5 .96%.

FTIR (KBr, cm-') : 3035-2500 (OH . . .0
stretching, s); 1706 (C-0 stretching of COOH, s);
1590-1491 (benzene ring, m); 14321C-O stretching,
s); 1281 (diphenyl ether); 1199 (OH . . .H bending, m).
'H NMR (DMSO-d6, ppm) : 1 .56-1 .63 (m, 8H, -
CH2 CH2 CH2 CH2-) ; 2 .17-2 .39 (m, 4H, -SCH2CH-);
2 .85-2 .99 (m, 4H, -CH2COOH) ; 7.50 and 7.72 (d .d.
8H, Ar-H, J = 8.8 Hz) ; 12.04 (s, 2H, COOH).

Diphenyl Ether-4, 4'-bis(thiooctanoic acid) (DTOA)
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The same procedure as for DTPA was employed.
MPE (4.68 g, 0 .02 mol) and 10 .04 g (0 .045 mol) of
8-bromo-l-octanoic acid yielded 9 .5 g, (91 .6 %) of
crude product, which was recrystallized from benzene
(40 mL), giving plates, mp 96-97 'C, yield 8 .2 g
(79 %) . Elemental analysis calculated for C 28H3 gO,S2:
C, 64 .82 %; H, 7 .44 %. Found: C, 65 .12 %; H,
7 .43 %.

FTIR (KBr, cm-' ) : 3031-2500 (OH . . .O
stretching, s); 1698 (C=0 stretching limn COON, s);
1582-1438 (benzene ring, in) ; 1281 (diphenyl ether).
'H NMR (DMSO-d 6 , ppm) : 1 .32-1 .68 (in, 20H, -
(CH2)5 ,-); 2 .27-2 .42 (t, 4H, -SCH2CH 2- J = 7 .2 Hz);
2 .78-2 .93 (t, 4H, -CH2COOH, J = 7 .1 Hz) ; 7 .48 and
7 .63, 8H, Ar-H, J = 8 .8 Hz); 11 .26 (s, 2H, -COOH).

Diphenyl Ether-bis(thio(methyl)acetic Acid) (DTMAA)
The same procedure as for DTPA was employed.
MPE (4 .68 g, 0 .02 mol) and 4 .86 g (0 .045 mol) of
a-chloropropionic acid were used . The crude oil
product was solidified after few days and it was
recrystallized from 25 % CH3 COOH (i g from 40
mL), giving yellow-bright plates, mp 64-65 aC, yield

6 .2 g (87.7 %). Elemental analysis calculated for
C lgHl g05 S2: C, 57 .12 %; H, 4 .80 % . Found : C, 57.40
%; H, 4 .68 %.

FTIR (KBr, cm-' ) : 2989-2500 (OH . . .O
stretching, broadband, s) ; 1688 (C=0 stretching from
COON, s) ; 1579-1485 (benzene ring, in) ; 1436 (C-0
stretching, s); 1240 (diphenyl ether, s).

'H NMR (CDCI 3, ppm) : 1 .43-1 .51 (d . 6H, -
CH-CH3 ., J = 7 .1 Hz) ; 3 .58-3 .80 (q, 2H, CH-CH3,
J = 7 .2 Hz); 7.52 and 7 .68 (d .d . 8H, Ar-H, J = 8 .8
Hz); 11 .49 (s, 2H, -COOH)

Diphenyl Ether-bis(thio(propyl)acetic Acid) (DTPAA)
The same procedure as for DTPA was employed.
MPE (4 .68 g, 0.02 mol) and 8 .10 g (0.045 mol) of
1-bromoisovaleric acid gave yellow-brown oil, which
was solidified after few days . Elemental analysis
calculated for C22H260 5S 2 : C, 60 .80 %; H, 6.04 %.
Found : C, 59.89 % ; H, 6.09 %.

FTIR (KBr, cm-' ) : 2967-2575 (OH. . .O
stretching, s); 1708 (C=0 stretching of COOH) ; 1580-
1485 (benzene ring, in) ; 1243 (diphenyl ether, s);

1167 (C-0 bending, m).
'H NMR (CDCL3, ppm): 1 .92-2 .23 (m, 8H,

CH2CH2 CH5 ) ; 1 .92-2 .23 (m, 14H, -CH2CH 2CH 3);
3 .11-3 .81 (m, 2H, CH2CH2CH 2); 11 .04 (s, 2H,
COOH).

Polymer Synthesis
Polyurethane (P U) from HHPE and HDI
The polyurethane was synthesized by melt poly-
addition in the following manner . HHPE (4 .3427 g,
0 .01 mol) and HDI (1 .681g, 0 .01 mol) were gradually
heated with stirring under nitrogen until a clear melt
was formed (at ca. 110 'C), and then under vigorous
stirring two drops of dibutyltin dilaurate were added.
Instantaneously, the polyaddition reaction began
rapidly, leading to rubber-like product. The polymer
obtained in this manner was additionally heated for 1
hat 130 'C . A light-yellow product resulted.

IR (KBr, cm-' ) ; 1700 (bonded C=0 stretching,
s), 1530 (N-H bending of the urethane group, s), 3320
(bonded N-H stretching, s), 1289 (diphenyl ether, s),
1600 (benzene ring, m) . Elemental analysis calculated
for C32H46N2O5S2 : N, 4.64 %. Found : N, 3 .98 %.

Copolyurethane Synthesis
Using the same apparatus as previously described,
(1 .681 g, 0 .001 mol) of (8 g, 8 mmol) PTMO-1000),
(0 .8686 g, 2 mmol) HHPE and two drops of catalyst
were used . Another procedure was described above . A
clear, flexible product was obtained . Colourless thin
films may be cast from the chloroform or tetrachloro-
ethane (CCE) solution.

Polyester (PE) from DTVA and I,6-HD
The polyester was synthesized by melt polycondensa-
tion . DTVA (10 .85 g, 0 .025 mol) and (3 .10 g, 0 .026
mol) 1,6-HD were used . The reaction was carried out
under nitrogen at atmospheric pressure by heating at
150-155 'C for 2 h, then at 160-170 'C for 14 h, and
finally at 170 'C for 4 h under pressure (16 hPa);
condensation water was removed by distillation. The
product, after cooling to room temperature was
colourless powder . The polyester was purified by
dissolving in a minimum volume of chloroform and
precipitation by dropwise addition to a large excess of
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XR'OH	 HOR'S

	

SR'OH

R' =-(CH2 )n- ; n =3, 6, 10

XR2COOH HOOCR2S _ O ® SR2 COOH

HS

R2 --(MA, ; -CH- ; -CH- n=2,3,4,7

CHS	C 3 H,

Scheme I

	n HO(H2C)6 S

	

S(CH2)6 0H + nOCN(CH2) 6NCO

	

Cat.

	

~O(H2C)6S

	

S(CH2)6 00CNH(CH 2 )6NHCO

Scheme II

	

nHOOC(H2 C)4S

	

S(CH2)4COOH + nHO(CH2)60H

OC(H 2 C)4 S S(CH2 )4000(CH 2 )60 + 2n H 2 O
n

Scheme Ill

acetone, yield 12 .35 g (75 %).
IR (KBr cm- '); 1737 (C-0 stretching of ester

group, s), 1485 (C-0 stretching of ester group, s),
1173 (stretching of phenyl ether), 1581 (benzene
ring, m), 3030 and 2925 (C-H stretching of -CH 2
asym. and sym ., respectively, s).

' H NMR (CHCI 3-d,, S in ppm) ; 1 .26-1 .82 (m,
24H, (CH2) 2.22-2 .45 (t, CH2COO, J=5 .9 Hz), 2.84-
2.98 (t, 4H, - SCH 2COO, J=5 .8 Hi ).

Measurement of the Properties
FTIR Spectra were obtained with a Perkin-Elmer
1725x FTIR spectrophotometer using KBr discs or

thin films. ' H NMR spectra were obtained with a
Tesla BS-567-17 spectrometer at 100 MH2 using
tetramethylsilane as an internal reference, using
CDCI3 or DMSO-d6 as solvent . Melting point deter-
minations were carried out by using a BOetius
apparatus.

Reduced viscosities of 1 % wt CCE-phenol
solutions of polymers were measured in an
Ubbelohde viscometer at 250 'C.

Molecular weights were obtained using a
Knauer gel chromatograph equipped with 10 µ, I02 ,
103 , 10', and 10 3 A PL-Gel columns with RJ detector
tetrahydrofuran (THF) as eluent (flow rate 1,0

Iranian Polymer Journal / Volume 11 Number 3 (2002) 18)
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ml/min .), and polystyrene standards.
Measurements of weight loss were conducted

in a MOM Budapest-3427 derivatograph at a heating
rate of 10 'C /min in air.

Hardness was measured by the Shore AID
method at 25 'C . Values were taken after 15 s.

Tensile testing was performed on an Intron
6022 tensile testing machine according to Polish
Standard PN 811C-89034 at 100 mmlmi at 20 'C,
tensile test pieces 1 mm thick and 6 mm wide (for the
section measured) were cut from the pressed sheet.

Diffraction measurements were performed
using the X-ray apparatus DRON-3 (Burieviestnik,
Russia) with a Cu tube and Ni filter . X-Ray patterns
of the investigated samples were obtained by measur-
ing the number of impulses within a given angle over
10 The measurements were taken every 0 .02

RESULTS AND DISCUSSION

Monomer Synthesis
A new polymer forming thiodiols, including bis(4-
hydroxypropylthio)diphenyl ether, bis(4-hydroxy-
hexylthio)diphenyl ether, bis(4hydroxydecylthio)di-
phenyl ether as well as some thiodicarboxylic acids,
including diphenyl ether-4,4'-bis(thiopropionic acid),
diphenyl ether-4,4'-bis(thiovaleric acid), diphenyl
ether-4,4'-octanoic acid), diphenyl ether-4,4'-
bis[thio-(methyl)acetic acid], diphenyl ether-4,4'-
bis[thio-(propyl acetic acid], were successfully
synthesized by condensation reaction of bis(4-
mercaptophenyl)ether with some halogen alcohols or
halogen acids, respectively, in aqueous sodium
hydroxide solution according to Scheme I . The
thiodicarboxylic acids were obtained in above 70 %
yield and some of them (DTPA and DTBA) were
purified by reprecipitation and others by recrystall-
ization from benzene or dil . acetic acid.

Chemical structures of the synthesized
compounds were confirmed by elemental analysis,
FTIR and 1H NMR spectra . The obtained data were
consistent with the proposed structures of these
monomers. Elemental analyses of all these
Compounds agreed with the calculated values.

20

	

15

	

10

	

5
cm'' • 102

Figural . FTIR spectrum of the PU-1.

Polymer Synthesis and Characterization
From the thiodiols the bis(4-hydroxyethylthio)di-
phenyl ether (HETDE) was already prepared and
used for the synthesis of linear methylene bis(4-
phenyl isocyanate) (MDI) or HDI-polyurethanes by
melt or solution methods . The polyurethanes
obtained from aromatic diisocyanate-MDI proved to
be insoluble strong, brittle solids non-fusible up to
300 ' C . They exhibit good chemical and thermal
resistance . Polymers obtained from aliphatic diiso-
cyanate HDI possess similar thermal properties (5 %
weight loss exhibits at 300 ' C) and they were soluble
in few aprotic solvents at elevated temperatures.
Now it seems interesting to obtain non-segmented
PUs derived from thiodiol with longer aliphatic
chain, namely HHPE and HDI in melt according to
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Figure 2. X-ray diffraction of the HHPE.
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Table 1 . Properties of the prepared PU, CPU and PE.

Properties PU CPU PE

lied (MA) 0 .38 0 .44 0 .32

t .t. (C) 102 .72 41 .74 67 .2

90 .06

lot, - 8930 7280

M,. - 23100 18120

M .1M, - 2 .32 2 .49

Hardness (Shore ND) 78142 66133 -

Tensile strength (MPa) e 16.2 12.54 -
Elongation-at-break (%) 24 .42 676 .5 -

Elasticity modulus (MPa) 93 .37 90 .63 -

Ti (C)0 280 260 320

T5(C) 320 320 330

Tio (C) 340 340 400

T,,,,, (C) 420 400 40Q

70 (C) -4.78 -10.54 -14 .3

34.51

(a) Mechanical properties of PU, CPU were studied after pressing at 90-130 'C with a pressure of ca, 10 MPa

(b) T,, Ts. Ti c and T,,,e are temperatures of initial, 5, 10 %and meximumratee df weight lose, respectively.

the synthetic Scheme II. Chemical structure was

	

resistance than non-segmented one, and it had too
confirmed by elemental analysis and FTIR spectrum

	

much higher elongation-at-break (above 600 %) in
(Figure 1) .

	

comparison with the latter. In this article we treat
Non-segmented PU turned out to be strong,

	

also to synthesize the linear polyester (PE) from
hard solids soluble only in the mixture CCE-phenol

	

DTVA and 1,6-HD by melt polycondensation
(3 :1) with good thermal and mechanical properties
(tensile strength 16.2 MPa, ultimate elongation
24 .4 %).

X-Ray diffraction analysis conducted at room
temperature presented in Figure 2 indicates to high
crystallization degree of the obtained PU, which is
confirmed in Figure 3 (high and distinct peak with

	

$
high fusion heat about 25 Jlg). At the next stage, we

	

5
synthesized segmented PU using polyetherdiol-
PTMO-1000 as soft segment . The best results were
obtained using 60 mol % of this polyetherdiol in
relation to HBPE. The obtained results are presented
in Table I and Figures 2 and 3 . PU containing PTMO

	

102 .72 "C

in its structure, was soluble in CH 2CI 2, dimethyl
sulphoxide (DMSO), DMF, and in THF, therefore
determination of its molecular weight was possible .

	

Figure 3 . DSC thermogram of the polymers : (1) PU, (2)
This copolyurethane reveals similar thermal

	

CPU and (3) PE .

Temperature (C)

-52.5 'C

-100 -50 0

	

50 100

	

150 200
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Figure 4. ' H NMR spectrum of the polyester (PE).

according to Scheme III and its structure was
confirmed by elemental analysis, FTIR and 'H NMR
spectra (Figure 4).

The low-melting PE (60-68 'C) was well
soluble in common organic solvents like CHC1 3 ,
CCE, THF and has good thermal stability (5 %
weight loss exhibits at 320 'C. In Figure 3 we
observe one high peak with high fusion heat (about
30 Jig), what indicates to high degree of
crystallization confirmed also by X-ray analysis
(Figure 5). The above-mentioned properties show
possibility for using this PE for modification of
commercial condensation polymers and for synthesis
of PUs in a polyaddition process with diisocyanates.

The monomers obtained by us occurred to be
the promising materials for preparation of thermo-
plastic elastomers and further studies on this subject
are in progress . Segmented thiopoly(ester-urethane)s
as hard segment content-50-60 wt % was prepared
from the newly obtained aliphatic-aromatic thiopoly-
ester diols, MDI or MDI, and HHPE as chain
extender were elastomeric materials with tensile
strength of 10-14 MPa and elongation-at-break of
90-250 % [13, 14].

CONCLUSION

Some new thiodiols and thiocarboxylic acids were
obtained by condensation reaction of MPE with some
halogen alcohols or halogen acids, respectively, in

0

	

20 20 (degree) 40

	

60

Figure 5. X-ray diffraction patterns of the polymers : (1) PU=
1, (2) PU-60p.

aqueous sodium hydroxide solu tion . From one of the
alcohols, i .e . HHPE and HDI, a new linear poly-
urethane was obtained in melt as a strong, hard solid
nonsoluble in common organic solvents with good
thermal and mechanical properties (tensile strength
16 MPa, ultimate elongation 24 %) . From segmented
PUs type HHPE/HDIIPTMO the best results were
obtained using 60 mol % PTMO-1000 in relation to
HHPE with good thermal and mechanical properties
(tensile strength 12 MPa and elongation-at-break
above 600 %), whereas from one of the carboxylic
acids, i .e . DTVA and 1,6-HD the linear polyester
was obtained by melt polycondensation with mp 60-
680 'C, well soluble in CHC1 3 , CCE, THF and with
good thermal stability 320 'C .

	

,
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