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Full Paper: The zinc glutaratecatalyzedcopolymeriza-
tion of sulfur dioxide (SO,) andpropyleneoxide (PO)was
investigatedn detail by varyingtemperaturetime, mono-
mer feed ratio, and PO feed per catalystas well as by

usingsolvents,suchasPO and chloroform.An optimized
copolymerizationPO]/[catalyst]= 300, and no solventat

60°C, 40h, [PO]J/[SO] = 1, resultedin poly(propylene
sulfite) (PPS)with high molecular weight M, = 42000

(Mw/M,, = 2.1) neverachievedbefore. PPSwas obtained
in ayield of 66.99 perg of catalyst(namely 12.93kg per
mol of catalyst)anddeterminedo consistof 90.4 mol-%

sulfite-linkage and 9.6 mol-% etherlinkage. A polymer
containinga large amountof etherlinkageswasaddition-
ally formed as a minor componentHowever no forma-

tion of cyclic propylenesulfite asbyproductwasdetected.
In addition, zinc hexacyanoferrate(lllvas preparedand
usedin the copolymerizationas a catalyst, but showed
almostno catalyticactivity.
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TGA thermogramof a PPSprodtct containing90.4 mol-% sul-
fite-linkagesand 9.4 mol-% etherlinkages: M, = 42000 with
My /M, =2.1
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Intr oduction

Sulfur dioxide (SO,) doesnot polymeriz by itself but
undegoesradical copolymeizationswith various olefins
to form polysufones). The radical copolymeizations
havebeeninvestigatedin detals andtheir variousaspects
reviewed in the literature*®. As one resut of these
researchefforts, poly(1-butene sulfone), which is the
represerdtive of sulfur dioxide copolymers is widely
usedin the microelectronc industryasan electon-beam
resistmateriaf.

SO, can also copolymerize ionically with oxirane
monomes, leadingto polysulfites>®, In the late 1960s
the cationic copolymeization of SO, with propylene
oxide (PO) was first repoted by Schaefe and cowor
kers'®. In the cationiccopolymeizationthey usedSrCl,,
SbC, or Zn(C,Hs), asinitiators of the Lewis acid type.
The TiCls - AI(C;Hs)s systemwas also exanined as an

initiator in the copolymeization*®. Therewere,however
oligomeric products obtained to hawe a low molecula
weight of 1000—-2000 andfurthermae to containa rela

tively low content (28-64 mol-%) of sulfite-linkage,

dependingupan the reactionconditionsaswell asthe sort
of comonomer

On the other hard, the anionic copolymeization of
SO, was attemped with oxiranes using organic Lewis

basessuchas pyridine, quinoline, a-picoline, and phos-

phines, as initiators'®*4. The copolymeization prodicts
contained=98 mal-% of sulfite-linkages. The copolymer
composition is known to be indepenént upan the feed

ratio of comonomer&>!?, The copolymes were obtained

with a molecdar weight of 1000-15000, dependiig
upan the sortof oxiranecomonaner®*23), This molecu
lar weightstill is too low for applicatonsin the industrial
field. These copolymers were reported to be very
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unstable becase of the back-bting reactioninitiated by
the sulfite ions at the chainend$?®. In additionto the oli-
gomeric product, cyclic propylene sulfite (CPS was
foundto be alwaysformed:in the copolymeization cata-
lyzed by pyridine, the CPSwas obtaned in 3.5% yield
relativeto the oligomericprodict®.

As descibed above, polysufites of a high molecubr
weight could not be obtained contrary to the polysul-
fones,so that thereis still a big challengeto synthegze
high molecubr weight copolymersfrom SO, andoxirare.
The readivity of oxirane towardsSQO, is knownto be in
theincreasng orderof epichlorohydin < glycidyl acetate
< propyleneoxide< butyl glycidyl ethe < ethyleneoxide
< cyclohexae oxide". Becawse of the relatively high
reactivties, cyclohexeae oxide and ethyleneoxide have
been investigated extensively for the copolymeization
with SG,. In contrast, PO, which is a major downsteam
produd from naphthacrackng, hasbeenrarely studed
for the copolymeization.

In the presentstudy the copolymeization of SO, with
PO wasfurtherinvestigatedusingzinc glutarateandzinc
hexacyanterraie(lll) as catalysts, in order to acheve
high molecuar weight poly(propylenesulfite) (PPS).The
copolymeizationwascarriedout by varying temperatue,
time, monometoading,andcatalystioadng. The copoly-
mer products were characteized by nuclear magnetic
resonancespectoscopy infrared spectrecopy viscome-
try, gel permeatiorchromatograpy, differenial scannig
calorimety, andthermogavimetry

Experimental part

Materials

Propyleneoxide (PO) was obtainedfrom SK Oxichemical
Company(Korea)andwaspurified by distillation over CaH,
just beforeuse.Sulfur dioxide (99.5%purity) waspurchased
from Shin-Ahn Gas Company (Korea) and used without
further purification. Pyridine and chloroform, purchased
from Aldrich Chemical Company(USA), were purified in
conventionalmannersrespectively Otherchemicalsusedin
this studyweresuppliedfrom Aldrich, andusedasreceived.

Synthesi®f catalysts

Thezinc glutaratecatalystwaspreparedrom zinc oxide and
glutaric acid, in accordanceo a method® describedpre-
viously, asfollows. Zinc oxide of 8.137g (100mmol) was
addedo tolueneof 150mL in atwo neck,roundbottomflask

of 250mL whichwasequippedvith magneticstirrer, conden-
ser Dean-Starkrap,andheatingmantle.To thisreactionmix-

ture12.95¢g (98 mmol) of glutaricacid, dissolvedn thereac-
tion solventwereadded Thereactantsverestirredvigorously
at 55°C for 2 h, followed by refluxing for additional 4 h.

After cooling downto room temperaturethe white powders
werefiltered off andwashedseveraltimesusingacetoneand
thendried in a vacuumoven at 80°C: the yield was 100%

basedon the glutaric acid used.In addition,zinc hexacyano-
ferrate(lll) waspreparedwith ayield of 100%by a synthetic
schemeeportedpreviouslyin theliterature®).

Copolymerization

The copolymerkation of SO, and PO was conductedin an
autoclave(250 mL capacity Parr InstrumentCompany)by
varying reactiontemperaturetime, monomerfeedratio, and
monomerfeed per catalyst.In particular the reactiontem-
peraturewasin therangeof 40—100°C andthereactiontime
in the rangeof 24—-60h. This copolymerizationsvere car
ried out with andwithout using solvents Here, the zinc glu-
taratesynthesizedisdescribecabovewasusedasa catalyst.
The reactionproductsobtainedfrom eachcopolymerization
weredissolvedin chloroformandtransferredo a separating
funnel. Thenthe catalystresiduewasextractedrom the pro-
duct solution by addingan amountof diluted hydrochloric
acid. The extractionwasrepeatedseveraltimes. The product
solutionwassubsequentlyashedwo timeswith watet The
productsolutionwas concentratedo a propervolume using
a rotary evaporatg and pouredinto an excessof methanol.
The polymerprecipitatewasfiltered off, followed by drying
in a vacuumovenat roomtemperatureln the samemanney
usingthe zinc hexacyanoferrate(llixatalystthe copolymeri-
zationwasalsocarriedout.

Measuements

Fourier transform infrared (FTIR) spectroscopicanalysis
was carried out with a resolutionof 2 cnt® using an ATI

Mattson FTIR spectrometerfModel: ResearchSeries).In

addition,protonnuclearmagneticresonancé'H NMR) spec-
troscopicanalysiswasperformedusinga Bruker NMR spec-
trometer(Model: ASPECT300MHz). In the *H NMR spec-
troscopicmeasurementhemicalshifts were calibratedwith

the chemicalshifts of the chloroformd; solventused.

Thermogravimetrianalysis(TGA) wasconductedisinga
Perkin-Elmerthermogravimete(Model: TGA7). During the
measuremendry nitrogengaswas purged at a flow rate of
100mL/min, and a ramping rate of 10.0K/min was
employed.

Numberaveragemolecularweight (M) andpolydispersity
of the polymerproductswere estimatedusinga gel permea-
tion chromatography (GPC) system of Polymer Labs
(Model: PL-GPC210)with a setof 4 columns(Alltech Jordi
100A, 1000A, 10000A, and 100000A). The GPCsystem
was calibratedby a seriesof polystyrenestandardswith a
weight averagemolecular weight (M,) of 2000-1260000
and a polydispersity(M,,/M,) of <1.01, that were supplied
from Polysciencesdnc. Tetrahydrofiran (THF, HPLC grade)
was usedas an eluent. In addition, intrinsic viscosity [#]
measurementaere carried out in THF at 25.0°C usingan
Ubbelohde suspendedevel capillary viscometer All the
solutions were filtered through 0.5um Fluoropore filters
(Millipore Co.) before measurementfFor a given polymer
product,the relative and specific viscosities were measured
at four different concentrationsover the range of 0.10-
1.00g/dL, andthe[#] valuewasdeterminedy extrapolation
of thereducedandinherentviscositiesto infinite dilution.
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Resultsand discussion

Copolymertation

In the presentstudy zinc glutarge wasfoundto exhibit a
reasonaly high catalytic activity for the copolymeiza-
tion of SO, and PO. For exanple, the copolymeization
of SG, andPOin anequivalentmolar concentation (0.75
mol) was conduded at 60°C for 40 h, without usingany
solvent.Here,the zinc glutaratecatal/st wasusedin [cat-
alyst])/[PO]= 1/300.Thereacton mixture wassampledn
a small amountandthenexamined by 'H NMR spectre
scopyafter dissolvirg it in CDCl;. In the NMR spectrumn
a cyclic propylenesulfite (CPS byproduct could not be
detecte, indicative of no formation of cyclic propylene
sulfite from the copolymerizaton. This resultis quite dif-
ferent from the copolymerizatons using other catalsts
reported previously*>*% CPSis always formed in the
copolymeizationscatalyzed with pyridine, quinoline, a-
picoline, phosphnes, SnCl,, SbCk, Zn(CHs),, and
TiCls - Al(C,Hs);. Howevwer, there was unreaceéd PO
observedThe formation of propyleneetherlinkageswas
detectel from thereacton prodwct mixture, in addtion to
the formation of propylene sulfite linkages. The total
reactionconvesion wasestimded from the consumgion
of PO loadedin the copolymerizaton to be 70.4 mol-%.
Here, the total PO consumtion was obtainedfrom inte-
grationof the chamcterigic chemical shifts for the propy
leneetherandpropylenesulfite units formedin the copo-
lymerization.

From the copolymerizatbn, the methand soluble pro-
duct, which includesa high contentof propyleneethe
linkage,wasobtainedin ayield of 9.2 g pergramof cata-
lyst. The methand insoluble prodwct was obtainedin a
yield of 66.9g pergramof catalyst (namely 12.93kg per
mol of catalyst).

The methanolinsolubke polyme prodwct was further
charaterized by FTIR and '*H NMR spectroscpy. As
shownin Fig. 1, theprodict exhibits vibrational stretding
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Fig.1. FT-IR spectrunof the methanol insolublepolymerpro-
ductobtainedfrom the copolymeization of SO, andPO

4000

(b) (© W © (f)
CHz—iH—O—S—O CHz—iH—O
Hs n Hs

(@) (CY
(a)

© (b)

"5 a 3 ' 2 1
ppm
Fig.2. 'H NMR spectrumof the methanol insoluble polymer

productobtainedfrom the copolymerizatiorof SO, andPO

frequenciesof S=0, C—0, andS—O bondsin thelR spec-
trum: »(S=0) at 1200 cnt?, v(C—0) at 910 cnt?, and
v(S—0)at866cnT. Thisresut indicatesthatthe polyme

product contains sulfite-linkagesin the backone.Fig. 2

shows a 'H NMR spectrumof the polymer prodict: *H

NMR (CDCly): 6 = 0.07-1.24(3H; CH; of propyleneethe

linkage),1.25-1.48 (3H; CH; of propylene sulfite link-

age) 3.25-3.42(1H; CH,CH of propyleneetherlinkage),
342-3.65 (2H; CH,CH of propylene ether linkage),
3.80-4.30 (2H; CH,CH of propylene sulfite linkage),
4.70-5.00(1H; CH,CH of propylenesulfite linkage). The
H NMR spectrun indicatesthatthe polymerproduct con

tains propylenesulfite linkagesaswell aspropyleneethe

linkages. From the integration of the chemcal shifts
assignedthecontentof propylenesulfite unitsin thepoly-
merprodict wasestimatedto be 90.4mol-%. Thatmears,
poly(propylenesulfite) (PPS)contaning 9.6 mol-% ether

linkages[namely: poly(propylene etha-co-sulfite)] was
obtained. Its intrinsic viscosty [y#] was meauredto be
0.382in THF at25.0°C. Themolecubrweightwasfurther
measuredby GPCanalsis: M, = 42000andM,,/M, = 2.1
(polydispersiy). This molecular weight is maked by a
high value,neverachiewedbefore.

In fact, the copolymeization mechaism of SO, and
PO was not investigaed in the presentstudy. However
we may speculatea mechaistic featurefrom the copoly-
merization resultsaswell asthe consterationof the fol-
lowings. First, we shouldthink abaut the active site of the
zinc glutaratecatalyst. This catalystconskts of an elec-
trophilic zinc metalcenterandnudeophilic carboxyates.
Here, the electrophilicity of the zinc metal cente is
known to be weakerthanthe nudeophilicity of the carb
oxylate!”*®. In addiion, the carloxylate group in zinc
carloxylate catalysts was previously repoted to be
detectedat the endof a polycabonatechain producel by
the catalyzd copolymerizaton of CO, andPOY19, Thus,
the copolymerizaton of SO, andPOis anticipatedto pro-
ceedvia an anionic mechanismrather thanvia a cationic
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mechanism. Second the reactvities of SO, and PO
towards the zinc gluataratecatalyst, aswell asthe inser
tion sequene of SO, and PO towardsthe zinc glutarate
catalyst shouldbe consideed. The sulfur atom of SG; is
more electrophilic thanthe methykenecarkon of PO.On
the othe hand,PO hasarelatively high stran in thering.
Thus, it is not easyto judge which oneis the more reac-
tive speciegowards the zinc glutaratecatalyst.Howe\er,
to the zinc glutarate catalystthe first insertion of SG;
leadsto a Zn—0OS(0)QO)C— bord which seemsto be
unstable,whereasthe first insertion of PO resultsin a
Zn—OCH(CH3)CH,O(0O)C— bord which is relatively
stable.Therefore the insertion of PO into the zinc gluta-
rate may occur favorably at the first stepof the copoly
merizaton. Third, it was repoted that zinc conplexes
contaning morethanonezinc(ll) atomincreasehe prob-
ability of the complexto be catalytically active for the
polycabonate formation from CO, and oxirare'’?,

Fourth,the morphobgical structure of the zinc glutarate
hasnot beeninvestigatedin detailyet because®f its insd-
ubility. But our X-ray absorpion nearedgespectroscois
studyof the zinc glutarde indicatesthat the zinc metalis
coordinatedoy four or five oxygenatomsof carboxylate
groupsandthe lengthof Zn—O coordiationis 1.96A%),
In addtion a bimoleailar Zn conmplex, which hasa dis-
tanceof 3.19betweentwo Zn metalions, wasdetected®.
Finally, in aninfrared spectrosopic studythe zinc gluta-
ratewasfoundto exhibit both syn-ant andsyn-syrbridg-
ing bidentatecoordinatel zinc dicarbocylate chalacteris
tics®V. Adapting all theseagectsconsideed, we propose
a structural model of the zinc glutarateand its anionic
mechanigt featue for the copolymeization of SO, and
POaselucidatedn Schemel.

In addiion to zinc glutarate,zinc hexacyanterrate(lll),
which is known asan active catalystfor the copolymeri-
zation of CO, and PO, was preparedand then usedin

Schemel: A propcsedmodel structureof zinc glutarateandits anionic mechanistic
featurein the copolymerizatiorof POandSG,

i
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Tab.1. Effectof time onthecopolymeization of POwith SO in excessausinga zinc glutaratecatalyst)

Time Total Product(g/g of cat.) PPS
h convesiorP
% CP® PPOY PPS 7] P Compodgion?
dL/g (PSIPE)

24 — - — 4.4 0.068 -
40 - 0 - 42.5 0.125 86.4/13.6
50 58.2 0 14.0 52.6 0.149 86.0/14.0
60 53.6 0 13.2 49.9 0.142 84.85.2

3 Polymerizationcondition:[PO], 0.75mol; [SO,], excess;[PO]/[cat.]= 300;60°C.
b Total conversiorof reactionwasestimatedrom the consunption of loadedPOin thereactionby *H NMR spectoscopy

9  Cyclic propylenesulfite.

9 Poly(propyleneetherco-sulfite) solublein methanolithatis, highly etherlinkage contaiing polymet

) Poly(propylenesulfite) insolublein methanol.
D Intrinsic viscositywasmeasuedin THF at25°C.

9 Molar fractionsof propylenesulfite (PS)andpropyleneether(PE) unitsin the PPSproductweredeterminecby *H NMR specto-

scopy

the copolymeization asa catalyst. Howeve, only atrace
amountof methand solubleproductwith alow molecuar
weight was obtaned. In conclusion, the zinc hexacyane
ferratelll) hasavery poorcatalyticactivity for the copo-
lymerizationof SG; of PO.

Usingthe zinc glutaratewhich showed a goad catalytic
activity, the copolymeization wasfurtherinvestigatedoy
changing reacton conditions, including tempeature,
time, monomerfeed per catalyst,comonomeifeed ratio,
and solvent as describedin the following sedions. The
obtainedproducts were chalacterizedby viscomety and
H NMR spectroscpy.

Effectof reactiontime

The copolymerizaton of POwith SO, in excesswvascar
ried out at 60°C by varying the reactiontime over 24—
60h: here, the catalyst was usedin [catalysl/[PO] =
1/300.Theresultsaresummaizedin Tab. 1.

The total reacton converson was =<58.2 mol-%,
dependig upan the reactiontime: a maximum conver
sion was achiewed for the reactiontime of 50h. A CPS
byproduct was not formed regardles of the reaction
time. Howeve, methand soluble prodicts (namely, pro-
ducts containinga large amaunt of etherlinkage) were
obtainedwith a yield of <14.0g per gram of catalyst,
dependig uponthereadion time. On the other hand,the
yield of methand insduble PPSproduct increasedwith
reactiontime andto reacha maxmum at 50 h. Then,the
yield slightly decreaedwith further increasingreaction
time. The intrinsic viscosity [¢] of the produds (namel:
molecublr weight) also increasedinitially with time, to
reacha maximum value at 50 h, andturned to decrease
slightly with further increashg time. However the vis-
cosity was relativdy low even for the PPS prodwct
obtainedfrom the copolymerizaton at 50 h: [#] = 0.068-

0.149, dependiig upon the reactiontime. The content of
sulfite-linkage in the PPSproduct was in the range of
84.8-86.4 mol-%. This indicatesthat the mol-% of sul-
fite-linkage in the PPSis apparently little sensitiveto
readion time. In conclusiona reactiontime of 50 h gave
a PPSprodud of therelative highestyield andmolecula
weight.

Effectof PO feedpercatalyst

The effect of PO feed per catalyston the copolymeiza-
tion wasinvestigded. For the copolymeization, the SG;
wasfed in excessandthe reactiontemperaure andtime
were hold consant at 60°C and 40 h, resgectively. The
[POl/[catalyst] ratio varied over the range of 300-500.
With increasingof PO feedng, the yield of PPSproduct
increasd (seeTab.?2). Theyield of methand soluble pro-
dud alsoincreasedwith increasiy PO feed The [#] of
PPS productsincreasedwith increasng PO feeding to
readr a maximumvalue (0.128)at [PO]/[catalyst] = 400.
Thereafter [#] decreaedwith furtherincreasing?Ofeed
However the content of sulfite-linkagein the PPSpro-
dud decreasedwith increashg PO feeding a maxmum
content of sulfite-linkage (86.4 mol-%) was obtainedat
[POJ/[catalyst]= 300. Corsidering both, madecular
weight andsulfite-linkagecontent, thereis condusively a
recanmenckd ratio [PO]/[catalyst] = 300-400 for the
copolymerizaton of POandSG,.

Effectof comonomefeedratio

The copolymeization of PO and SO, was carried out
with varying their feedratio asillustratedin Tab.3. The
amaunt of zinc glutarate catalyst usedfor all copolymeri-
zation runswas 0.50g. An excesdfeedng of SO, deliv-
ereda PPSproductwith low molecubr weightin arela




B. Lee,J.H. Jung,M. Ree

Tab.2. Effectof monomerfeedpercatalyston the copolymeizationof POwith SO, in excessisinga zinc glutaratecatalys?

[POJ/[Cat.P Total Product(g/g of cat.) PP3
convesiorp
% CcPY PPO9® PP3 7] 9 Compogion™
dL/g (PSIPE)
300 - 0 - 42.5 0.125 86.4/13.6
400 - 0 - 42.9 0.128 83.4/16.6
500 49.8 0 274 63.6 0.062 81.0/19.0

3  Polymerizaion condition:[cat.], 0.5g; [SO,], excess0°C; 40 h.

®  Molar ratio of propyleneoxide (PO)andzinc glutaratecatalyst.

9 Total converson of reactionwasestimatedrom the consumption of loadedPOin thereactionby *H NMR spedroscopy

9 Cyclic propylenesulfite.

®  Poly(propyleeetherco-sulfite) solublein methanolthatis, highly etherlinkage contaning polymer

D Poly(propylanesulfite) insolublein methand
9 Intrinsic viscositywasmeasuedin THF at25°C.

M Molar fractions of propylenesulfite (PS)andpropyleneether(PE) unitsin the PPSproductweredeterminedoy *H NMR spectro-

scopy

Tab.3. Effectof comonomefeedratio onthecopolymeizationof POwith SO, usinga zinc glutaratecatalys?

[POY/[Cat.P Total Product(g/g of cat.) PP3
convasiorf
% CcPY PPO9® PP3 7] 9 Compogion™
dL/g (PSIPE)
<1.0 - 0 — 42.5 0.125 86.4/13.6
(SGyin excess)

1.0 70.4 0 9.2 66.9 0.382 90.4/9.6

1.9 23.3 0 135 40.4 0.204 83.8/16.2

¥  Polymerizaion condition:[cat.], 0.59; 60°C; 40 h.
®  Molar ratio of propyleneoxide (PO)andSQ;.

9 Total converson of reactionwasestimatedrom the consumption of loadedPOin thereactionby *H NMR spedroscopy

9 Cyclic propylenesulfite.

® Poly(propylee etherco-sulfite) solublein methanolthatis, highly etherlinkage contaning polymer

D Poly(propylanesulfite) insolublein methand
9 Intrinsic viscositywasmeasuedin THF at 25°C.

M Molar fractions of propylenesulfite (PS)andpropyleneether(PE) unitsin the PPSproductweredeterminedoy *H NMR spectro-

scopy

tively low yield. A similar resut was obtainedfrom the
copolymeization with an excessof PO feedng. The
excessof PO feedng gavea relatively higher molecubr
weight PPSthanthe excesof SO, feeding However the
content of sulfite-linkage was slightly higherin the PPS
produd prepaed from the excessof SO, feedng than
from the excessof PO feedng. Different from these
cases,an equimolar feeding of comonomersgave the
relativdy highestyield of PPSproductwith the relatively
highestmolecubr weight Further, this PPSprodict con-
tains the relatively largestamountof sulfite-linkagesin

the backbone.Theseresultsinform us that the feed ratio
of comonomergSQ; andPO)is oneof thecritical factors
in this type of copolymeization. This is quite different
from the resultsobservedfor the copolymerizaton cata-
lyzed by amine catalysts®?; the copolymeization cata-
lyzed with aminecompoundsalwaysdeliversoligomeric
alkylene sulfite, having chenical composiion indepen-
dentfrom thefeedratio of comonaners.

Effectof reactiontemperatue

The copolymerizaton of POwith SO, in excessvascar
ried out during 40 h at varioustempeaturesbetweern40—
100°C: here,the PO monomerwas fed with [PO]/[cata-
lyst] = 300. The produd yield increasedvith tempeature
to reach a maximum value at 80°C, and turned to
decreasevith further elevatng tempeature (seeTab.4).
In patticular, a reacton temperatue of 40°C gawe very
low yield of produd. The [#] and sulfite-linkage content
in the PPSproduwcts deceasedwith elevating tempera
ture, respetively. According to theseresults, the most
properreactiontempeanture for this copolymerizaton is
60°C.

In the copolymerizaton, the formation of CPSbypro
ductwasobservedo beresticted below 80°C. However
CPSwasfoundto form with ayield of 4.1 g pergram of
catalystfrom the copolymerizaton at 100°C. This evi-
denceghat CPS canbe formedevenin the zinc glutarate
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Tab.4. Effectof temperaturen the copolymeizationof POwith SG; in excessusingazinc glutaratecatalys?

T Total Product(g/g of cat.) PPS
°C convesiorP
% CP® PPOY PPY 7] P Compogion?
dL/g (PSIPE)
40 - 0 - 0.5 - -
50 23.7 0 6.1 14.7 0.172 87.2/12.8
60 - 0 - 42.5 0.125 86.4/13.6
80 - 0 - 62.7 0.122 82.0/18.0
100 47.0 4.1 9.7 32.9 0.033 73.4/26.6

@ Polymerizationcondition:[PO], 0.75mol; [SO,], excess;[POJ/[cat.]= 300;40 h.
b Total conversiorof reactionwasestimatedrom the consunption of loadedPOin thereactionby *H NMR spectoscopy

9  Cyclic propylenesulfite.

9 Poly(propyleneetherco-sulfite) solublein methanolthatis, highly etherlinkage containing polymet

) Poly(propylenesulfite) insolublein methanol.
O Intrinsic viscositywasmeasuedin THF at25°C.

9 Molar fractionsof propylenesulfite (PS)andpropyleneether(PE) unitsin the PPSproductweredeterminedcby *H NMR specto-

scopy

Tab.5. Effectof temperaturen the copolymeization of equimolarPOandSQ, usinga zinc glutaratecatalys?

T Total Product(g/g of cat.) PPS
°C convesior
% CP® PPOY PPS 7] P Compodgion?
dL/g (PSIPE)
50 62.7 0 2.7 76.8 0.288 89.4/10.6
60 70.4 0 9.2 66.9 0.382 90.4/9.6
80 60.4 0 9.4 46.4 0.179 77.6R2.4

¥ Polymerizationcondition:[PO], 0.75mol; [SO,], 0.75 mol; [PO]/[cat.]= 300;40h.
b Total conversiorof reactionwasestimatedrom the consunption of loadedPOin thereactionby *H NMR spectoscopy

9  Cyclic propylenesulfite.

9 Poly(propyleneetherco-sulfite) solublein methanolthatis, highly etherlinkage containing polymet

) Poly(propylenesulfite) insolublein methanol.
O Intrinsic viscositywasmeasuedin THF at25°C.

9 Molar fractionsof propylenesulfite (PS)andpropyleneether(PE) unitsin the PPSproductweredeterminecby *H NMR specto-

scopy

catalyzd copolymeization. However the formation of
CPS byproductseemsto require relative high tempen-
tures.In condusion, the copolymeization shouldbe con-
ductedat temperatues<80°C in orderto preventthefor-
mationof CPSbyproduct

With theseresults,the effect of readion tempeature
was further studiedfor the copolymeization of PO and
SQ, in an equivalet molar ratio over 50—-80°C. The
resultsare summaizedin Tab.5. The total conversionof
POincreasedvith increasngtemperatureo read amaxi-
mumat 60°C. Thereafter thetotal conversbnwasturned
to decrasewith furtherincreasingemperature Howeve,
the yield of polymer containinga large amaunt of ether
linkagesincreasedcontinwusly with increasimgy tempen-
ture.In contast,theyield of PPSprodict decreasedasthe
reactiontemperaure increased.The copolymerizaton at
60°C gaw the reldtively highestmolecula weight and
sulifite-linkagecontent of PPSprodicts eventhoughits
PPSyield waslower comparedto that of the copolymeri-

zationat50°C. Howeer, thePPSproductyield hereis still

largerthanthatfrom the copolymeization of POwith SO,

in excessat 60°C, describedabove.In conclusion, PPS
productswith a high molecularweightanda high content
of sulfite-linkages can be obtained from the equimolar
comonomerfed coplymerizationat60°C.

Effectof solvent

The solvent effect on the copolymeization was investi-
gatad using chloroformand PO asreactionsolvents. The
resuts aresummaizedin Tab.6. For thecopolymeization
at60°C, theutilization of POasareadion mediumgavea
PPSproductwith a relatively high molecdar weightin a
high yield, comparel to the usag of chloroformasa sol-
vert. Howeer, a PPSprodict with a relativdy high con-
tentof sulfite-linkageswasobtainedfrom the copolymeri-
zation using chloroform asa solvent. The high contentof
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Tab.6. Effectof solventonthe copolymeization of equimolarPOandSG, usinga zinc glutaratecatalys®

T Solvent Total Product(g/g of cat.) PPS
°C conversioR
% CP® PPOY PPS 7] P Compodgion?
dL/g (PS/PE)
60 PO 44.4 0 13.5 40.4 0.204 83.8/13.2
60 CHCl, 14.3 0 1.8 17.0 0.156 92.2/7.8
80 CHCl, 60.6 5.6 4.9 71.5 0.200 93.6/6.4

¥ Polymerizaion condition:[PO], 0.75mol; [SO,], 0.75mol; [PO]/[cat.]= 300;[PO] + [solvent],100mL; 40 h.
b Total converson of reactionwasestimatedrom the consumption of loadedPOin thereactionby *H NMR spedroscopy

9 Cyclic propylenesulfite.

®  Poly(propyleesulfite) insolublein methana
O Intrinsic viscositywasmeasuedin THF at25°C.

Poly(propylae etherco-sulfite) solublein methanolthatis, highly etherlinkage contaning polymer

9 Molar fractions of propylenesulfite (PS)andpropyleneether(PE) unitsin the PPSproductweredeterminedoy *H NMR spectro-

scopy
M Estimatedrom the POof 0.75mol which wasfed initially .

sulfite-linkagesin the PPSprodLct furtherincreasedwvith
elevatng reactiontempenturetowards80°C. By elevat
ing the reacton tempeaturetowards80°C, the PPSyield
was also enhanced significantly. And, the methand sol-
uble polymer prodwct wasformedin a much lower yield
thanin the copolymeization using PO asa solvent. This
suggestthattheuseof chlordorm asasolvent contributes
positively to restrict the formation of propylene ether
homomlymerfrom the POmonomercomponenttself.

Onthe other hand,a CPS byproductwasdetectedo be
formedin the reactionin chloroform at 80°C. As at fore-
mentianed,the CPSbyproductwasformedin thereaction
atarelative hightenperatureg.g. 100°C. Thus,thereac-
tion tempeatureto inducethe formation of CPSbypro-
ductis apparetly loweredby usingchloroformasa reac-
tion mediumfor copolymeization. Thatis, the formation
of CPSbyproductin the copolymerizaton is acceleated
by chloroformsolvent.

In conclusia, the copolymeization of PO and SG; is
further dependethupon the readion solvent,in addtion
to the reactiontemperatue, time, monomer feed ratio,
andmonomerfeedpercatalst.

Properties
The obtainedPP Sproductsareamorghous.Theyareopt-

cally transpaent and sticky solids at room temperature.

For the PPSprodict having the highestmolecula weight
(M, = 42000; [#] = 0.382),the glasstransition tempean-
ture (Ty) was measued to be 13.5°C. This T, value is
lower thanthat (38°C) of poly(propylenecartonate}®, in
spite of their similarity in the chemicalbackbor struc-
ture. In fact, the PPSproductcontans 9.6 mal-% of pro-
pylene ether linkagesin the backbor. Thus, the rela-
tively low T, of PPSprodwcts may be attributedto its che-
mical structurecontaining etherlinkages
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Fig.3. TGA thermogam of a PPSprodict contaning 90.4
mol-% sulfite-linkages and 9.4 mol-% etherlinkages: M, =
42000with M,,/M, = 2.1

Fig. 3 showsa TGA thermogam measued from the
PPSprodwct with the highestmolecubr weight In the
TGA run undernitrogenatmosplere,the weightlosswas
startedat 160°C andthenincreasedsharplywith further
increasingtemperature.That is, the therma stabilty of
the PPSproduct is limited up to 160°C. This thermal sta-
bility is alsolower than that (252°C) of poly(propylene
carbonag)*®. The low thermad stability might originate
fromits inherentlylow stabiity.

Conclusions

In the presenceof a zinc glutarate catalyst the copolymer
ization of SO, and PO proceed slower thanthe anionic
copolymeization initiated by amine$*'%. However
when maintainirg appropiate reaction patameters(i. e.,
temperatue, time, comonomerfeed ratio, catalyst load-
ing, and solvent) no cyclization proceses occur and
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copolymer produwcts of much higher molecubr weights
can be obtainedthan in the copolymeization catalyzed
by amines.In this study an optimized copolymeization
resultedin poly(propytenesulfite) (PPS) with high mole-
cular weight, M, = 42000, never achieved before. PO
homopolymerizaton alsoproceed in the systemstuded,
butits rateis much lower thanthat of alterrating copoly
merizatbn. For the zinc glutaratecatalyst,the nucleophi-
licity of the carboxyate oxygen atomsis stronger than
the electrophilicity of the zinc metal center so that we
proposean aniaonic mechanigt featurefor the zinc gluta-
ratecatalyzd copolymeization of SO, andPO.

In addition to the zinc glutarate,zinc hexacyanoferra
te(lll) wasinvestigaed as a catalystfor the copolymeri-
zation,but exhibited almostno catalyticactivity.
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