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ABSTRACT: Three series of oxyalkylene copolymers containing chloromethyl and meth-
ylthiomethyl side groups were synthesized by reacting the starting chloromethyl poly-
mers with sodium methanethiolate. The methylthiomethyl groups were oxidized to
sulfone groups using m-CPBA to produce oxyalkylene copolymers containing chlo-
romethyl and methylsulfonylmethyl side groups. Tg versus composition for methylthio-
methyl-substituted copolymers followed those calculated from the Fox equation, while
2 of the 3 series of methylsulfonylmethyl-substituted copolymers showed positive devia-
tions from the Fox equation. Tgs of the copolymers calculated using the Johnston equa-
tion showed very good agreement with experimental values in all cases. q 1998 John
Wiley & Sons, Inc. J Appl Polym Sci 69: 2261–2270, 1998

Key words: copolymer; glass transition temperature; melting temperature; thio-
ether; sulfone

INTRODUCTION specific interactions, such as H-bonding.4,5 How-
ever, as all the polymers we synthesized have al-
kylsulfonyl side groups and oxyalkylene back-Alkylsulfonylmethyl-substituted poly(oxyalky-
bones, no specific interaction between the poly-lene)s have been synthesized in our laboratory.1

mers was expected. It is known that polymerMethylsulfonylmethyl-substituted poly(oxyalky-
blends with negative heats of mixing also havelene)s were found to be high gas barrier poly-
negative volume changes.6–12 Both volume con-mers.1,2 Some polymers were miscible, and vol-
traction and negative heats of mixing have beenume shrinkage upon mixing was observed. These
described as the driving forces for polymer misci-blends had better barrier properties than that of
bility. In our miscible blend systems, volume con-any single polymer.2

tractions upon mixing were observed; we postu-Furthermore, many pairs of alkylsulfonyl-
lated that the volume contraction occurred whenmethyl-substituted poly(oxyalkylene)s were mis- the two polymers had different unoccupied vol-cible, and their miscibility behavior has been umes and/or different backbone flexibilities. The

studied.2,3 In some cases, 2 polymers were misci- unoccupied volume differences between the poly-
ble even though their solubility parameter differ- mers were inferred by analyzing their chemical
ences were as large as 1.4 (cal/cm3)1/2 . 3 Nor- structures and permeabilities as a function of the
mally, polymers with this solubility parameter volume shrinkage in blending.
difference are miscible only if they have strong However, the gas barrier properties and misci-

bility behavior of copolymers containing sulfonyl
side groups have not been studied. For this reason,Correspondence to: M. H. Litt.
the synthesis of methylsulfonylmethyl-substitutedJournal of Applied Polymer Science, Vol. 69, 2261–2270 (1998)

q 1998 John Wiley & Sons, Inc. CCC 0021-8995/98/112261-10 copolymers side groups is very important. In this
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2262 LEE, LITT, AND ROGERS

article, such syntheses are described. They were
synthesized by oxidizing copolymers containing
chloro and methylthiomethyl side groups, which
were obtained by the modification of commercial
polymers. The Tg–composition relationship of
these copolymers is also discussed. The syntheses
and nomenclature are given in Schemes 1 to 3.

EXPERIMENTAL

Materials
Scheme 1Poly[oxy(chloromethyl)ethylene] (CE) (Hydrin

Ht, Zeon Chemical Inc., Louisville, KY) and poly-
[ oxy ( chloromethyl ) ethylene- co-oxyethylene ]-

Syntheses of Poly[oxy(methylthiomethyl)ethylene](CEE) (Hydrin Ct, in which the mole ratio of oxy-
(MTE) and Its Chloromethyl Copolymers (CE–MTE)(chloromethyl)ethylene and oxyethylene is 1/1,

Zeon Chemical Inc.) were purified by precipitating Typically, CE (1.70 g, 18 mmol) was dissolved in
a 3 wt % chloroform solution into a 10-fold excess 100 mL of DMAc, and a certain amount of sodium
of methanol. Poly[oxy-2,2-bis(chloromethyl)tri- methanethiolate was added (Scheme 1). The
methylene] (BCT) (PENTONt, an old sample amounts of sodium methanethiolate used are
originally obtained from Hercules Inc., Wilming- listed in Table I. The reaction mixture was mag-
ton, DE) was purified by precipitation of a 3 wt netically stirred at room temperature for 2 h and
% cyclohexanone solution into a 10-fold excess of then poured into distilled water. The precipitate
methanol. Sodium methanethiolate was used as was further purified by several precipitations
received. m-Chloroperbenzoic acid (m-CPBA) from THF solution into distilled water, then dried
(Aldrich, Milwaukee, WI, 57–86 wt %) was puri- under vacuum at 807C overnight.
fied by the method in the literature.13 All other
reagents and solvents were used as received. 1H-NMR (CDCl3) chemical shifts: d 2.20 (s, 3H,

{CH3), 2.56–2.86 (m, 2H, {CH2{S{) , 3.54–3.83
(m, 3H, {OCH2{CH{) . 13C-NMR (CDCl3) chemical

Techniques shifts: d 16.7 (s, 1C, {CH3), 35.9 (s, 1C, {CH2{S{) ,
70.3–71.5 (m, 1C, O{CH2{CH{) , 79.2 (s, 1C,Intrinsic viscosities of polymer solutions were mea-
O{CH2{CH{) .sured at 307C using a Cannon–Ubbelohde viscome-

ter. DMAc, tetrahydrofuran (THF), or formic acid
The degree of conversion was calculated by com-were the solvents.14 Molecular weights were ob-
paring the singlet at 2.20 ppm (3H) with the back-tained at 407C with a Waters Model 590 gel perme-
bone peaks at 3.54–3.83 ppm (3H), which in-ation chromatography (GPC) using a differential
cludes the contribution of residual poly[oxy(chlo-refractometer as detector. THF was used as a sol-
romethyl)ethylene]. MTE and CE-MTEs werevent, and polystyrenes were used as standards. 1H
obtained with yields above 90%.nuclear magnetic resonance (1H-NMR) and 13C-

NMR spectra were recorded using a 200-MHz Var-
ian XL-200 spectrometer. The coupling constant, J, Synthesis of Poly[oxy(methylthiomethyl)ethylene-
is given in hertz. Differential scanning calorimetry co-oxyethylenes] (MTEE) and Its Chloromethyl
(DSC) measurements of polymers (10–13 mg) Copolymers (CE–MTEE)
were carried out under nitrogen using a DuPont
921 DSC calorimeter. The samples were annealed The procedure used for MTE and CE-MTE copoly-
at 2007C for 10 min, quenched to below their Tgs, mers was followed, except that CEE (1.70 g, 12.4
and then heated to obtain the thermogram. The mmol) was used in place of CE.
glass transition temperatures (Tgs), the melting
temperatures (Tms), and the crystallization tem- 1H-NMR (CDCl3) chemical shifts: d 2.16 (s, 3H,
peratures (Tcs) of all samples were obtained from {CH3), 2.53–2.87 (m, 2H, {CH2{S{) , 3.45–3.84

(m, 7H, {OCH2CH2{OCH2CH) (Scheme 2).the 2nd run at a heating rate of 207C/min.
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2264 LEE, LITT, AND ROGERS

CE–MTE54, CE–MTE42, or CE–MTE23 was
dissolved in 40 mL of chloroform. The polymer
solution was cooled to 07C, and an excess of m-
CPBA (Table II) was added. The reaction solution
was stirred for 2 h and then poured into methanol.
The precipitated polymer was purified by several
reprecipitations from dimethylformamide (DMF)
solution into methanol until all remaining m-
CPBA and m-chlorobenzoic acid were removed.
The polymer was dried under vacuum at 1007C
for 1 week. MSE and its copolymers were obtained
with yields above 90%.

Scheme 2 13C-NMR for MSE (DMSO-d6) chemical shifts: d 42.1–
42.8 (m, 1C, {CH3), 55.2–56.3 (m, 1C, {CH2|

SO2{) , 67.9–70.4 (m, 1C, O{CH2{CH{) , 73.6–
74.8 (s, 1C, O{CH2{CH{) .The degree of conversion was calculated by com-

paring the singlet at 2.16 ppm (3H) with the back-
bone peaks at 3.54–3.83 ppm (3H), which in- Syntheses of Poly[oxy(methylsulfonylmethyl)-
cluded the contribution of residual poly[oxy(chl- ethylene-co-oxyethylenes] (MSEE) and Its
oromethyl)ethylene-co-oxyethylene]. The yields Chloromethyl Copolymers (CE–MSEE)
were above 88%.

The procedure for MSE and CE–MSE copolymers
was used, except that MTEE or CE–MTEE82

Syntheses of Poly[oxy-2,2-bis(methylthiomethyl)- (1.00 g) was dissolved in DMAc (35 mL). CE–
trimethylene] (MTT) and Its Chloromethyl MTEE62, CE–MTEE56, CE–MTEE39, or CE–
Copolymers (BCT–MTT) MTEE20 was dissolved in chloroform (35 mL).

The yields were above 90%.BCT (1.70 g, 11.0 mmol) and a certain amount of
sodium methanethiolate were dissolved in 80 mL

13C-NMR (DMSO-d6) chemical shifts: d 41.9–42.7 (m,of DMAc (Scheme 3). The amounts of sodium
1C, {CH3), 54.8–56.3 (m, 1C, {CH2{SO2{) , 67.3–methanethiolate used are listed in Table I. The
70.9 (m, 3C, {OCH2CH2{OCHCH2{) , 73.5–74.1reaction mixture was magnetically stirred at
(m, 1C, {OCHCH2{) .1407C for 0.5 h. After cooling to room temperature,

it was poured into distilled water. The product
was purified and dried using the same procedure Syntheses of Poly[oxy-2,2-bis(methylsulfonyl-
as for MTE and CE-MET (yield 89%). methyl)trimethylene] (MST) and Its Chloromethyl

Copolymers (BCT–MST)
13C-NMR (CDCl3) chemical shifts: d 2.16 (s, 6H,

1.00 g of MTT or BCT–MTT92 was dissolved in
{CH3), 2.67 (s, 4H, {CH2{S{) , 3.37 (s, 4H,

DMAc (30 mL) at 807C. 1.00 g of the other copoly-O{CH2{C{CH2{) .
mers was dissolved in chloroform at 507C. An ex-

The degree of conversion was calculated by com-
paring the singlet at 2.16 ppm (3H) with the back-
bone peak at 3.37 ppm (4H), which included the
contribution of residual poly[oxy(chloromethyl)-
ethylene-co-oxyethylene]. The yields of recovered
polymers were above 88%.

Syntheses of Poly[oxy(methylsulfonylmethyl)-
ethylene] (MSE) and Its Chloromethyl Copolymers
(CE–MSE)

1.00 g of MTE or CE–MTE was dissolved in 40
Scheme 3mL of DMAc at room temperature. CE–MTE66,

8E5C 5445/ 8E5C$$5445 07-07-98 15:42:56 polaa W: Poly Applied



PROPERTIES OF OXYALKYLENE COPOLYMERS 2265

Table II Syntheses and Physical Properties of Copolymers Containing Chloromethyl and
Methylsulfonylmethyl Side Groups

Starting Polymer m-CPBA Tg [h]
(1.00 g) (g, mmol) Product (7C) (dL/g)

CE–MTE23 1.24, 7.2 CE–MSE23 16 1.35c

CE–MTE42 2.23, 12.9 CE–MSE42 41 1.45c

CE–MTE54 2.80, 16.2 CE–MSE54 51 1.75c

CE–MTE66 3.35, 19.4 CE–MSE66 59 1.53c

CE–MTE82 4.18, 24.1 CE–MSE82 78 1.46d

MTE 4.97, 28.8 MSE 85 1.63d

CEE–MTEE20 0.74, 4.3 CEE–MSEE20 010 1.67c

CEE–MTEE39 1.43, 8.3 CEE–MSEE39 4 1.31c

CEE–MTEE56 2.02, 11.7 CEE–MSEE56 21 1.46c

CEE–MTEE62 2.23, 12.9 CEE–MSEE62 31 1.21c

CEE–MTEE82 2.90, 16.8 CEE–MSEE82 48 1.72c

MTEE 3.49, 20.2 MSEE 52 1.68d

BCT–MTT34 2.02, 11.7 BCT–MST34 54 (141a, 90b) 1.03c

BCT–MTT46 2.62, 15.0 BCT–MST46 67 1.13c

BCT–MTT63 3.43, 19.9 BCT–MST63 90 0.93c

BCT–MTT72 3.85, 22.3 BCT–MST72 104 0.89c

BCT–MTT92 4.62, 26.8 BCT–MST92 112 0.79d

MTT 4.92, 28.5 MST 127 0.84d

a Tm .
b Tc .
c DMAc at 307C.
d Formic acid at 307C.

cess of m-CPBA (Table II) was added to the reaction methanethiolate in the reaction was increased,
the degree of conversion increased. When 1.8solution very slowly. The DMAc solution or chloro-

form solution was stirred at 80 or 607C, respectively, equivalents of sodium methanethiolate were
used, the degree of conversion was 100%. The de-for 30 min and then poured into methanol. The pre-

cipitated polymer was purified by several reprecipi- gree of conversion was calculated from 1H-NMR.
Figure 1 shows the 1H-NMR spectra of CE, CE-tations from formic acid solution into methanol

until all m-CPBA and m-chlorobenzoic acid were MTEs, and MTE. As the conversion increases, the
intensity of the singlet at 2.20 ppm (3H) in-removed. The product was dried under vacuum at

1207C for 3 days. The yields were above 86%. creases, while the intensity of the backbone peaks
at 3.54–3.83 ppm decreases. When the degree of
the conversion was 100%, the intensity of the sin-13C-NMR (DMSO-d6) chemical shifts: d 30.3 (s, 1C,

{C{) , 43.6 (s, 2C, {CH3), 54.4 (s, 2C, {CH2{ glet and that of the backbone peaks were equal.
SO2{) , 71.2 (s, 2C, {CH2{C{CH2{) . From the conversion versus the amount of

added sodium methanethiolate (Table I) , we can
see that 4 to 10 mmol of sodium methanethiolate
did not react. When 1.8 equivalents of sodiumRESULTS AND DISCUSSION
methanethiolate were added, about 99% conver-
sion was reached within 1 min. This means thatMethylthiomethyl-substituted homopolymers or
the low conversion is due to impurities in the thio-copolymers were synthesized by reacting CE,
late, solvent, and/or polymer. Such impuritiesCEE, or BCT with sodium methanethiolate using
could be acid that would neutralize some thiolate,DMAc as solvent (Schemes 1–3). CE and CEE
or oxidizing agent that would generate disulfidewere reacted at 257C. Due to the limited solubility
groups. If we use carefully purified sodium meth-of BCT at room temperature, it was reacted at
anethiolate, solvent, and polymer, we should be1407C. Table I shows the relationships between
able to get 100% conversion with one equivalentthe amount of sodium methanethiolate used and

the degree of conversion. As the amount of sodium of sodium methanethiolate.

8E5C 5445/ 8E5C$$5445 07-07-98 15:42:56 polaa W: Poly Applied



2266 LEE, LITT, AND ROGERS

Figure 1 1H-NMR spectra of CE, CE-MTEs, and MTE.

Oxidation of methylthiomethyl-substituted poly-
mers was performed using an excess of m-CPBA

Figure 2 13C-NMR spectra of CE, CE-MSEs, and MSE.(Table II) as an oxidation agent and DMAc or
chloroform as solvent, resulting in methylsulfo-
nylmethyl-substituted polymers (Schemes 1–3).

crease the degree of substitution, researchers in-This reaction was confirmed by 13C-NMR for all
creased the reaction time or temperature, but thisthe polymers. Figure 2 shows the 13C-NMR spec-
caused much polymer degradation. In our case,tra of CE, CE-MSEs, and MSE. As the methylsul-
for CE and CEE, which could degrade at highfonylmethyl content in copolymer increases, the
temperatures or long reaction times, a short reac-intensity of the 4 signals (multiplet at 42.1–42.8
tion time (2 h) and a mild reaction temperatureppm, multiplet at 55.2–56.3 ppm, multiplet at
(257C) could be used since the thiolate group is67.9–70.4 ppm, and multiplet at 73.6–74.8 ppm)
a very strong nucleophile. When excess sodiumattributed to the 4 carbons in the MSE structure
methanethiolate (1.8 equivalent) was used, 100%increases, while the intensity of the 3 signals (sin-
conversion was obtained with very little, if any,glet at 44.0 ppm, singlet at 68.2 ppm, and singlet
polymer backbone cleavage. For BCT, which isat 78.1 ppm) attributed to the 3 carbons in the

CE structure decreases. None of them shows any
signals attributable to the MTE structure (Fig. 3).

The high molecular weight of the starting poly-
mer was maintained after the substitution reac-
tion. Molecular weights of methylthiomethyl-sub-
stituted homopolymers calculated using polysty-
rene standards were reasonably high; Mns of
MTE, MTEE, and MTT were 639,000, 367,000,
and 251,000, respectively. The polymer viscosities
also did not change much after the substitution
reaction (Table I) . Previously, when CE was mod-

Figure 3 13C-NMR spectrum of MTE.ified, chain cleavage was a major problem. To in-

8E5C 5445/ 8E5C$$5445 07-07-98 15:42:56 polaa W: Poly Applied



PROPERTIES OF OXYALKYLENE COPOLYMERS 2267

cally different units into a polymer normally de-
creases the rate and degree of crystallization and
also reduces the Tm . 19 Random copolymers usu-
ally crystallize only when one component predom-
inates in the chain repeat. For example, copoly-
mers of vinylidene chloride (VDC) and vinyl chlo-
ride (VC) crystallize only when the VCD content
is more than 70%.20 However, when the 2 differ-
ent monomeric units can cocrystallize, the copoly-
mers can be crystalline over their entire composi-
tion range, and the Tm can change relatively lin-
early with composition (for example, styrene– p -
fluoro styrene and hexamethylene sebacamide–
hexamethylene sebacate copolymers).19,21 For the
BCT-MTTs, Tm decreased as the MTT content
increased, while DHm remained almost constant
or increased slightly (Table I) . This indicates
that the 3 possible monomeric units of BCT-MTT
(Scheme 3) can cocrystallize.

Figure 4 Tm (l ) and Tc (s ) of BCT-MTTs. As the methylsulfonylmethyl side group con-
tent in the copolymers increased, Tg increased.
The sulfonyl group is the most polar of any singlethermally and chemically stable,15 the reaction

took 0.5 h at 1407C; still, the intrinsic viscosity functional group (the dipole moment of methyl-
sulfonylmethyl group is 4.49 Debye18) . The poly-of the products were high enough to retain good

polymer physical properties. mers with 100% methylsulfonylmethyl content,
Little backbone cleavage due to oxidation was

observed (Table II) . The methylsulfonylmethyl-
substituted polymers still had quite high intrinsic
viscosities; they ranged from 0.79 to 1.81 dL/g.
Molecular weights of these polymers were not
measured because they were insoluble in THF.

As the degree of methylthiomethyl group sub-
stitution increased, the glass transition tempera-
ture (Tg ) decreased. The Tg decreased from0177C
for pure CE to 0387C at 100% conversion. For
CEE, the initial Tg of 0357C dropped to 0467C,
while that for BCT dropped from 13 to067C. Poly-
mers with more polar side groups usually have
higher Tgs than those with less polar side
groups.16,17 In our case, the chloromethyl group is
more polar than the thioether group (the dipole
moments of chloromethyl and methylthio groups
are 1.87 and 1.50 Debye, respectively18) , so the
polymers with chloro groups have higher Tgs than
the corresponding polymers with thiomethyl side
groups.

The melting (Tm ) and crystallization (Tc ) tem-
peratures of the BCT–MTT copolymers decreased
as the methylthiomethyl content of the BCT-MTT
copolymers increased (Fig. 4). DSC thermograms
in Figure 5 show the Tgs, Tms, and Tcs of the BCT-
MTTs. It is unusual for random copolymers to
have crystallization and melting peaks over their Figure 5 DSC thermograms of BCT, BCT-MTTs,

and MTT.entire composition range. Introduction of chemi-

8E5C 5445/ 8E5C$$5445 07-07-98 15:42:56 polaa W: Poly Applied



2268 LEE, LITT, AND ROGERS

Figure 6 Tgs of CE-MTEs (s ) and CE-MSEs (l ) : Fox Figure 7 Tgs of CEE-MTEEs (s) and CEE-MSEEs
equation ( ) and Johnston equation (-----) . (l): Fox equation ( ) and Johnston equation (-----).

Since the reactions were run in homogeneous so-MSE, MSEE, and MST, have much higher Tgs
lution, the methanethiolate, a strong nucleophile,than those of the polymers with chloromethyl or
could attack any chloro group in CE randomly.methylthiomethyl groups. Tgs of MSE, MSEE,
The distribution of the thioether groups and corre-and MST were 85, 52, and 1257C, respectively.
sponding sulfonyl groups in the substituted poly-For BCT-MST34, a very small and broad melting
mer should be random. If there are no specificpeak at 1417C (DHm Å 0.18 KJ/mol per unit) and
interactions of the two comonomer units, only thea crystallization peak at 907C were observed;
chemical structure should affect the Tg .other BCT-MSTs showed no melting and crystalli-

Tg–composition data for the CE-MTEs andzation. This is the usual behavior for random co-
polymers where one homopolymer is crystalline,
while the other is amorphous.19

In Figures 6–8, the experimental Tgs of copoly-
mers (circles) are compared to the Tgs calculated
(solid lines) using the Fox equation, as follows:22

1/Tg , c Å WA /Tg ,A / WB /Tg ,B (1)

where Tg , c is glass transition temperature of co-
polymer containing weight fractions WA and WB of
the monomer units A and B, whose homopolymers
have glass transitions, Tg ,A and Tg ,B , respectively.
The Fox equation is based on the assumption that
certain properties of a copolymer, for example,
specific volume, molar cohesive energy, or chain
stiffness, are linear combinations of the properties
of the corresponding homopolymers. But this is
not the case for many copolymers. Due to se-
quence distribution and (or) structural effects,
Tgs of copolymers can show positive or negative
deviations from the Fox equation.23–28 Figure 8 Tgs of BCT-MTTs (s ) and BCT-MSTs (l ) :

Fox equation ( ) and Johnston equation (-----) .The copolymers in this study are all random.
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CEE-MTEEs show very good agreement with the 1
Tg , c

Å WAPAA

Tg ,A
/ WAPAB / WBPBA

Tg ,AB
/ WBPBB

Tg ,B
(4)Fox equation. However, those for CE-MSEs and

CEE-MSEEs show strong positive deviations.
Similar results for other copolymers in this series where Tg ,AB is the Tg of the AB dyad alternating
have been discussed.29 Tg–composition data of copolymer, and the other parameters are same
n -alkylsulfonylmethyl-substituted poly(oxyethy- as in the Fox equation. Tg ,AB values have been
lene) copolymers showed positive deviation from determined by several techniques.25,30,31 In this
the Fox equation. This was explained as being due study, Tg ,AB was calculated using eq. (4). As the
to polar or H-bonding interactions between the data needed for eq. (4) are available from Tables I
side groups, which could reduce the free volume and II; Tg ,AB can be calculated for each copolymer.
of the copolymers and raise the Tg . Polymer den- Average values were obtained for each series of
sities also increased above the expected values. copolymers, and they were028.6,036.4, 6.1, 70.4,
Tg–composition data of poly(oxyethylene) copoly- 33.2, and 67.67C for CE-MTE, CEE-MTEE, BCT-
mers with chloro and n -alkylthioether side groups MTT, CE-MSE, CEE-MSEE, and BCT-MST, re-
followed the Fox equation because there was no spectively.
steric and polar interaction between the side Tg–composition curves of the copolymers calcu-
chains. Using the same rationale, the Tg behav- lated from the Johnston equation [eq. (4)] , using
iors of CE-MTEs, CEE-MTEEs, CE-MSEs, and the best fit Tg ,AB values, are shown in Figures 6–
CEE-MSEEs can be understood. 8. They fit the Tg–composition data quite well.

Tg–composition data for the BCT-MTTs fol- The Tg–composition curves for CE-MTE, CEE-
lowed the Fox equation within experimental er- MTEE, BCT-MTT, and BCT-MST were almost
ror, which can be understood from the rationale identical for both the Fox and Johnston equations.
used above. However, the BCT-MST Tg values However, Tg ,AB for the CEE-MSEE series deviated
also showed a relatively good fit with the Fox from the Fox equation value by 257C (87C versus
equation, although the polymers had the same 337C), while that for CE-MSE system deviated by
side chains as the CE-MSEs and CEE-MSEEs. In 367C (347C versus 707C). This shows that some
BCT-MST, 2 side chains are attached to the same specific interaction (between the chloromethyl
carbon in the backbone, and the methylsulfonyl and sulfone groups) is occurring in these systems.
group is relatively bulky; this can give rise to ste-
ric hindrance, and possible free volume decrease
due to polar or H-bonding interactions in these

SUMMARY AND CONCLUSIONSpoly(oxyalkylene) copolymers may not be possi-
ble. Another possible explanation is that since 2
side groups are attached to the same carbon, the Methylthiomethyl-substituted copolymers, CE-

MTEs, CEE-MTEEs, or BCT-MTTs, were synthe-major polar interactions occurring in the polymer
can be between the side chains on the same repeat sized by reacting CE, CEE, or BST with sodium

methanethiolate. By varying the molar ratio ofunit. This should not lead to positive deviation of
the Tgs. sodium methanethiolate to the starting polymer,

copolymers with different compositions wereJohnston25 rationalized the Tg of many copoly-
mers by considering sequence distributions and made. As the methylthiomethyl content in the co-

polymers increased, the copolymer Tg decreased;the interaction effects between the two mono-
meric units. Copolymers containing A and B mo- the Tg–composition data followed that calculated

using the Fox equation. For BCT-MTT, meltingnomeric units can have AA, AB, BA, and BB dy-
ads. The probabilities of these linkages (PAA , PAB , and crystallization peaks were observed. Their

temperatures decreased as the methylthio con-PBA , and PBB ) can be calculated for a given mono-
mer composition (NA and NB ) because the copoly- tent increased. It is unusual for random copoly-

mers to have crystallization and melting transi-mers are random.
tions. It is probable that the double substitution
forces an extended conformation in all the copoly-PAB Å PBB Å NB / (NA / NB ) (2)
mers that allows them to pack. This conformation

PAA Å PBA Å Na / (NA / NB ) (3) has been found in the BCT homopolymers.32

Methylsulfonylmethyl-substituted copolymers,
CE-MSEs, CEE-MsEEs, or BCT-MSTs, were syn-Using these probabilities, the Tgs of the copoly-

mers are calculated as follows. thesized by oxidation of the corresponding thio-
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