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Full Paper: Batchsolutionterpolymerization®f styrene,
methyl methacrylate and 2-hydroxyethyl methacrylate
werecarriedoutat 70°C in the presencef eitherdodeca-
nethiol or bis[(difluoroboryl)diphenylglyoximato]cobalt-
(I) (COPHBF), to yield polymer productswith a number
averagemolecular weight of about 2500. Conversion,
molecular weight distribution and overall composition
weremonitoredduringthe reaction,andthe final products
were investigatedusing differential scanningcalorimetry
and thermogravimetricanalysis. It was found that the
overall ratesof polymerizationdo not differ significantly
in thetwo systemshut thatthe molecularweightdistribu-
tion of the polymer formed in the presenceof the thiol
becomesncreasinglybroaderduring the polymerization,
whereasthe COPhBF-mediategbolymerizationproduces
arelatively uniform productduringthe courseof thereac-
tion. The polymer product formed with COPhBF was
foundto be slightly lessthermally stablethanthe product
formedby thethiol, which canbe explainedby the forma-
tion of unsaturatecendgroug in the caseof the former
product.
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DSC thermogams showing the glasstrarsition behavour of

the terpolymeroligomersgeneratedn the thiol and COPhBF

medigedreactims.
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Intr oduction

One important aspectof organic coatngs designis the
volatile organcs content (VOC) which is underconsant
review as legislation and industrly bestpractice pushfor
reductobns.ldeally, high solids coatings(60—80% solids)
would also have a sufiiciently low viscosity to permit
easyappication procedires®™ The major limiti ng factor
in high solids coaings formulaton is increasedviscosty
thatcanonly be reducedby moving towards lower mole-

cularweights,i. e. oligomers. This hastwo disadvanages:

firstly, low malecularweights canonly be attainedusing
either high initiator or chain transferagen concenta-
tions, and secondy, the low moalecular weight polymers
display poor resilienceand weak meclanical propertes.
Therefore the oligomers must containreactve function-

ality to allow crosslinkng or chan extensionon applica-
tion. One aim of this studyis to investigatecatalytic chain
transfer(CCT) asa potentally usefil synthetc apprach
to oligomers for high solidscoatingsformulations.A sec-
ondaryaim, is to comparethe CCT polymerization pro-
cessandfinal prodict propetieswith a conventonal thiol
transfer polymerization route. The formulation selected
for studyis a terpolymer of styrene,methyl methacylate
and2-hydrokyethyl methacrylatewhich is a typical basic
coatingsformulaion suitablefor isocyanatecuring.

Chaintransfer

Low molecubr weight polymersare commaly prepaed
by the addtion of a chaintransfe agent X, to which the

Macromol.Chem Phys.200Q 201, No. 18

© WILEY-VCH Verlag GmbH, D-69451 Weinheim2000

1022-1352/20®/1812-2780$17.50+.50



Preparatiorandcharacterizatiorf oligomericterpolymersof styrene...

“radical activity” of the growing polymer chainis trans-
ferred,resulting in adeadpolymerchainandasmal rad-
cal (often) capalte of re-initiation (Eq. (1)).24
Ri+X —2% > p+X 1)
Here, R; is the polymeric radical containingn mono-
merunits, X is the chaintransferagent,andP, is thedead
polymer chain contaning n monomerunits. The transer
of “radical activity” occursgeneraly via the transferof
anatom,suchasa hydrogenatom(e.g., thiols) or a halo-
genatom(e.g., CCl, andCBr,), betweenthe chan trans-
fer agentandthe growing radicalchain,andits efficiency
is expresed in the chain transferconsant, Cx, which is
theratio of the rate coeficient of the chaintransferreac-
tion, ki x, andthe propagtionratecoeficient, k:

ke
Cx = 2)

A guantificaton of the effect of the additionof a chain
transferagenton the numker averagedegreeof polymeri-
zation,DP,, is given by the Mayo equaton:* %

1 1 X]

- C
DP, DP,, +&x [M]

3)

whereDP, o is the number aveagedegreeof polymeriza-
tion which would be obtainedin the absenceof added
chaintransferagent ceterisparibus.In the caseof acopo-
lymerization, the kinetic paramegrs and concentations
shouldbe basedon overal radicalandmonomerconcen-
trations®® Corventiond chain transkr agens, such as
thiols, havechaintranser consantsin therange 102-10;

consequetly high concentationsare requiredto signifi-

cantly reduce the malecular weight of the polymer®

Sincethiols are odorousandtoxic, any residuds require

removalfrom the polymer product.

Catalytic chaintransfer(CCT) polymerizatian provides
an alterndive to the use of conventonal chain transfer
CCTwasoriginally discoveredin the early 1980sby Eni-
kolopyan and co-workerst**-*2 Certain low-spin Co(ll)
complexes,suchasporptyrins andcobaloximes,catalyze
the chain transferto monomerreacton, yielding dead
polymer chains with a vinyl end-fundionality and a
monomeict radical. The mechanisnis generaly assumed
to proceedvia a Co(lll)—H intermediae1°-12

Ry + Co(ll) ——> P,+Co(ll)—H (4a)

Co(lll—H +Mon —> Rj+ Co(ll) (4b)

It is evident from thesetwo reactons that the Co(ll)
catalystis not consumed during the readion. This con
trastswith the convenional chan transfer mectanism,
describedby Eq. (1). The catalytic natureof the reaction
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togetherwith chain transer constantsn the range 10°—
107,12 resultsin very efficient molecuar weight control
in the presenceof only ppm quantitiesof the catalst.
Sincethe mehanismsf conventonal andcatalyticchain
transferprocesssdiffer, it is importart to know how this
varation affectsthe polymerization kineticsandthe final
productpropeties.

Experimental part

Materials

The bis(methanol)complex of bis[(difluoroboryl)diphenyl-
glyoximato]cobalt(ll) (COPhBF),was preparedas described
previously'® 4 Styrene(99%), methyl methacrylate(99%)

and 2-hydroxyethylmethacrjate (99%), all kindly provided
by Orica/Dulux Australia, were passedhrougha column of

activated basic alumina (ACROS, 50-200 micron) and
purged with high purity nitrogen (BOC) for 1.5 h prior to

use.n-Dodecanethio[DDM, Aldrich, 98%) was usedwith-

out further purification and purgedwith high purity nitrogen
gas for about 10 min prior to use. AIBN (DuPont) was
recrystalized twice from methanoland used as initiatior.

The solventsbutyl acetate(Aldrich, 99 + %) and xylene
(BDH, AnalaR)wereusedwithout any purification.
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Polymerizatiorprocedue

A mixture (2:1 v/v) of butyl acetateand xylene was purged
with high purity nitrogen(BOC) for approximatelyl h prior
to use.Approximately33 ml of MMA, 33 ml of S, 33 ml of

HEMA and200ml of the solventmixture werethenchaged
into a two-neck roundbottomflask containinga magnetic
stirrer bar, ~1.4 g of AIBN and the required amount of

COPhBF(0—-9 mg). The roundbottonflask wassubjectedo

three vacuum-nitrogerpurge cycles prior to chaging with

solvent,monomer and,in the caseof the mercaptarexperi-
ments,~7 g of DDM. During the chaging processgarewas
takento excludeoxygenfrom the reactionmixture. Polymer

izationswerecarriedout with continuousstirring (magnetic)
in awaterbaththermostateédt 72°C.

Throughoutthe polymerization, sampleswere taken in
orderto measureconversionby gravimetry andto determine
the molecularweight distribution and cumulative composi-
tion of the terpolymer After 20—24 h, the reactionswere
stopped by addition of hydroquinone and solvent was
removedwith arotary evaporatar

Polymercharacterization

Molecular weight distributions were determinedby size
exclusionchromatographysinga GBC Instrumentd.C1120
HPLC pump, a ShimadzuSIL-10A Autoinjector, a column
set consistingof a PolymerLaboratories3.0 um bead-size
guardcolumn(50 x 7.5mm) followed by four linear PL col-
umns(1C, 1%, 10* and10®) anda VISCOTEK dual detector
Model 250 differential refractiveindex detector Tetrahydro-
furan (BDH, HPLC grade)was usedas eluentat 1 ml/min.
Calibrationof the SEC equipmentwas performedwith nar
row polystyrene (Polymer Laboratores, molecular weight
range:580-3.0- 10°) and poly(methyl methacryate) (Poly-
mer Laboratories,molecular weight range: 200-1.6- 10F)
standards.

Averageterpolymercompositionsvere determinecdoy *H-
NMR analysiswith a 300 MHz (Bruker ACF 300) spectro-
meterusingCDCl; (Aldrich, 99.8atom%D) asa solvent.

The glasstransitiontemperaturesf thefinal polymerpro-
ducts were determinedusing a TA InstrumentsDSC 2010
Differential ScanningCalorimetey at a heatingrate of 10°C
min usingsampleweightsin the range5—-10 mg. Thermal
degradatiorof the final polymerproductswasstudiedunder
nitrogen atmosphereusing a TA InstrumentsTGA 2050
ThermogravimetricAnalyzerat a heatingrate of 20°C min
usingsampleweightsin therange8—15 mg.

Resultsand discussion

Relativechaintransferagentconcentratims

A specificmolecubr weight of 2 500 wastargetedto per
mit a direct compaison of the two transferprocesss.
This valuewaschosenasit is large enoughto sdisfy the
long chainassumptia in the kinetic anaysis. The requi-
site amaunt of chaintransferagentwasevaluatedn pre-
liminary experimems, shown in Fig.1 where the final
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Fig. 1. Datafrom preliminary experimatstargetinga molecu-
lar weight of 2500 usinge DDM ( x 10! M) and A COPhBF
(x10°m).

averagedegreeof polymerizaion of the terpolymer is
given as a function of the initial concentations of
COPhBFandDDM, respetively. It is evidentthatthetar
get M, of ~ 2500 is attainedwhen using [COPhBH =
4.1-10°m or [DDM] = 1.1- 10 M. Thesespecificcon-
centrationsvereusedin all the subsequerdtudies.

Polymerizaion rate

Polymerkzationconversonswere monitoredasa function

of time by gravimetry for both the thiol and COPIBF-

mediatedpolymerizaions. The results,shown in Fig. 2

clearly indicate that there is no significant difference
betweenthe two systemsin both polymerization systems
the gel effectis absentandthe rateof polymerization(R,)

at everysinglepoint in time is given by the classicalrate
equation™
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Fig.2. Replicatetime-convesion plots for the terpolymeiza-
tion reactionwith DDM (e, o) andCOPhBFA4, V¥, A).
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Tab.1. Evolution of molecularweight with convesion in the
thiol-mediaed terpolymerization (where M, refersto the peak
molecularweight).

Tab.2. Evolution of molecularweight with convesionin the
COMBF-mediagd terpolymeriation (where M, refers to the
peakmolecularweight).

Convasion M, M M, PDI Conversbn M, M M. PDI
% %
27.3 2626 1651 2985 1.8 18.2 4674 2758 5708 2.1
51.9 2974 1797 3384 1.9 37.1 4333 2713 5447 2.0
69.0 3194 2011 3971 2.0 525 4763 2814 5561 2.0
76.4 3461 2172 4502 2.1 66.3 4271 2470 5217 2.1
83.0 3292 2254 4955 2.2 78.4 4150 2101 4974 2.4
87.9 3531 2325 5542 2.4 81.5 3973 2273 4934 2.2
93.4 3584 2515 6094 2.4 85.8 3915 2343 5015 2.1
98.2 3638 2387 6076 25 93.7 4070 2361 5045 2.1
99.6 4051 2707 6630 25 95.5 3954 2286 5081 2.2

where(k,» and (k) are the aveiage rate coeficients for

propagdéion and termination, respetively, f the initator

efficiency, kq the initiator decompsition rate coeficient,

and[l] the initiator concentration.The avelagetermina-
tion rate coeficient is diffusion controlled andis depen-
denton the average molecular weight prodwced, and the
overall convesion (which detemines the viscosity)™

Since similar molecula weights are targeted in both
experimens, the convesion-timeplots areexpecedto be
similar. Previous studiesof catalytic chaintransfercopo-
lymerizationhaveindicated that conventonal copolymer

ization propag#éion kinetics are apgicable to catalytic
chain transfer polymerizationi**1 In summay, the
resultsvalidatethe long chan assumfion andare conse

nantwith converional copolymerizaton kinetics.

Molecula weightevolution

As the chaintransfe mechaismin the two systens dif-
fer, it is important to assesghe influence of the chain
stopping processon the devdopment of the molecubr
weightdistributionswith time. The molecula weight dis-
tributions obtained in the thiol and COPHBF-mediaed
terpolymeizations are shown as a function of time in
Tab.1 and 2 respectiely. It is evident from theseresults
that there is a significant drift in the molecula weight
distributions with conversionfor the polymers prepaed
with the thiol, whereaswith COPIBF, aninvariantmole-
cular weight distribution is formed during the courseof
thereacton. Assuming thatthereis no significantcharge
in therelativefractions of the differenttypesof propagat-
ing radicals(seethe following sedion), thenthe drift in
the thiol medated polymerizatio is causedby disparate
ratesof thiol andmonomerconsumption. Thisresuts in a
decreaing ratio of [DDM]/[ monome}, andtherebre an
increasing DP, (see Eqg. (3)). An explanaton for the
invariant molecdar weight distribution obtained with
CCT is more elusive.However thesereslts are conss-
tent with previousfindings in the homaolymerizations
of styrené!”! and methyl methacylatd*” ¢! with catalytic

Tab.3. Final molecuar weight datafor all the terpolymeria-
tion experiments.

Quantity CTA? B n-Dode@nethiol

9 My M M, PDI
8.45 2399 6663 3036 2.78
6.91 2707 6630 4051 2.45
6.97 3381 7584 4322 2.24

Quantity CTA? _ _ COPhBF

T mg M, M, M, PDI
8.3 2286 5081 3954 2.22
8.5 4140 10252 8937 2.48
8.6 2663 5742 4652 2.16

3 Amountper300ml of monomersolution.

chan transfer As the COPhBF catalystis not incorpo-
rated into the oligomerchains,the [COPhBH/[monomer]
ratio shouldincreaseyesultirg in a decreaing DP, (see
Eqg. (3)). This is cleaty not obsened and a plausible
expanationfor this resulf*®! othe than (fortuitous) cata-
lyst poisoning?®2¥ is not available at presat. A sum-
mary of the final molecular weight parametersobtained
from all the polymerizationsis givenin Tab. 3.

Compositiordrift

In a copolymerizaton of multiple monomes, the conmpo-
sitional homogeneity of the polymeris governedby com
postion drift, originating from a non-proportional con-
sunption of the comonaners.In the caseof a chain-trars-
fer-domnated copolymerizatbn, a large composiion
drift would not only leadto conpositioral heteogeneity
of the product, but coud alsoleadto a significantbroad
ening of the molecublr weight distribution. The potential
impactof drift is significantin this work asthe reactv-
itiesof styreneandmethacryla¢ radicalsin chan transfe
are quite disparate The styreneradicals are abait 20
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Fig.3. NMR spectrdor thethiol mediated A) andthe COPhBFB) mediatederpolymers

times more reactve than the metacrylate radcals
towards thiols P! In contrast,the methacrylateradcals are
about 20 times more reactive towards COPhBE422
(assumig that the HEMA and MMA radicals have a
similar reactivity in chain transfe reactiors). Conse-
guently significantcomposiion drift, leading to different

ratios of the propagting radcals, would resut in alarge
drift in the moleculr weightdistributions.

The conposition drift was analysed by following the
averageerpolymer composiion asa function of conver
sionusing*H NMR.?324 |n Fig. 3a and3b, the*H NMR
spectraat ~70% conversionare shownfor terpolymers
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preparecby COPhBFandDDM, respectively; very simi-
lar spectravere obtainedduring the entirecourseof poly-
merizaton in both systens. It is clearfrom thesespecta
that the avelageterpolymer composiions obtainedin all
the experimens aresimilar. In Tab.4, asummay is given
of the 'H NMR resultsand the correspnding composi
tions of the terpolymers,that were determinedusing the
following expres®ns:

of any significant drift in the molecubr weight distribu-
tionsotherthanthatcausedy thiol consumption.
Theseexperimetal resultswere comparedto theoreti-
cal expecttion by utilising a kinetic model basedon the
Q-e Schemé? 2° Within the Q—e Schemethe monomer
readivity ratio r; can be approxmated as a function of
four parametes Q;, Q;, & and g which refled certain
intrinsic molecularpropertiesof themonomesi andj:®

Fe— Aphenyl/5 (Ga)
Aphenyl/5 + Ahydroxyl + (AH - 3 X (AphenyI/S) - 9 X Ahydroxyl - (DT)/S
FM _ (AH - 3 X (Aphenyl/5) - 9 X Ahydroxyl - (DT)/S (Gb)
Aphenyl/5 + Ahydroxyl + (AH - 3 X (Aphenyl/s) - 9 X Ahydroxyl - (DT)/S
— Ahydroxyl
Fu= (6c)
Aphenyl/5 + Ahydroxyl + (AH - 3 X (AphenyI/S) - 9 X Ahydroxyl - CI)T)/S
whereF; is the mole fraction of monomeri in the copoly- K; Q
mer(i = S,H or M), Agnenyiis the peakareaof the’5 phenyl r= W EGXP{—G(G -§)} (8)

protonsof styrene(d = 7.5-6.5), Anaroxyi IS the peakarea
of the onehydraxyl proton of HEMA (6 = 4.4-4.0), A4 is
the peakwhich containsall aliphatic protonsin theterpo-
lymer (6 = 4.0-0.4), and®+ is anapproximate comrection
for the contibutionto Ay by the aliphatic protonscontrib-
utedby thethiol fragment given by:

O — 0 for polymer preparedwith COPHBF
T71011x (Aghenyl + Anyaroxyt + An) for polymer prepaed with DDM  (7)

Theexpres®n for Oy is derivedassunig thaton aver
agetherewill beonethiol unit (i.e., 26 aliphatic protong
per chainwith an averagye chan lengh of 25 units. It is
assumedin retrospect)that on avelgetherewill be 8
styreneunits (= 8 x 8 = 64 H), 8 MMA units (=8 x 8 =
64 H) and8 HEMA units (= 8 x 10 = 80 H) per chain
Hencethe signalsarisingfrom the protons of theincorpo-
ratedthiol comprise about11% of thetotal sigral.

It is evident from the resultsin Tab.4 that no signifi-
cantcompositon drift occursunder the specifiedreaction
conditions.This providesan expanationfor the absence

Tab.4. Expeimental(NMR) variationof terpolymercomposi-
tion with conversion.

Convesion Apnenyi  Aon Ay Fstvy  Frema  Fuwa
COPhBF
39.2 1 0.2338 4.0584 0.33 0.39 0.28
63.7 1 0.1675 3.8865 0.34 0.28 0.38
70.2 1 0.178 4.3441 0.31 0.28 041
80.6 1 0.2145 3.9004 0.34 0.37 0.29
83.9 1 0.1874 4.1336 0.32 0.30 0.37
DDM
27.3 1 0.2298 4.8846 0.32 0.37 031
69.0 1 0.2736 4.9234 0.32 0.44 0.24
76.4 1 0.2885 4.7003 0.34 0.49 0.18
93.4 1 0.2563 4.7441 0.33 042 0.24
99.6 1 0.2429 4.7283 0.33 0.40 0.27

In this equation, k; andk; are the rate coeficients for
the addtion of a radcal with a terminal unit of typei to
monomersi andj, respetively. Using the conventonal
(terminal) copolymeization kinetics and Eqg. (8) to
expressall involved monomerreactivity ratios, the fol-
lowing expres®n can be deiived for the instantaneous
fraction of a particularmonomerin thetemolymer (F; for
monomeri): 2%

F = 1,Qu{> 7, iQexp—ee)}
S, fiQfiQexp—eeg)

In this expressiorf; denoteghe male fraction of mono-
meri in the monomerfeed Sincethe comonomersmay
not be corsumedwith similar rates,it is importart to take
into accounthow the monomerfeed compositioncharges
with conversbn, and at any given fractional corversion
of x, the monomerfeedcompositionis given by:?

9)

(fio — Xeti.e)
1-%
whereF; is the cumulatve fraction of monomeri in the

oligomer whichis given by

fie = (10)

fi 0= Zg-.zl AXm[:i.m—l
' Xo

and Ax, is the changein conversionbetweentwo conse
cutive “samge points” 2%

(11

AXy = Xy — Xm_1 (12)

Useof Egs.(9)—(12) pemits the calculation of instan-
taneousandcunulative terpolymerconpositiors if the Q
ande paramegrsfor the threemonomes areknown. For
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Fig.4. Terpolymercompogtional drift plotted as cumulaive
mole fraction of STY, MMA andHEMA in the terpolymerver
sus conversion.The solid lines representthe calculateddrift.
The symbolsindicae experimatal measuremes. The filled
charactersindicate thiol-mediatedreactionswhereasthe open
symbols indicate COPhBFmediatedreactiins with A Fyugua,
o Fstv V Fuma.

Tab.5. Q-evaluesusedin thecompodion drift calcuation.

STY MMA HEMA
Q 1 0.78 0.88
e -0.8 0.4 0.2
fo 0.33 0.33 0.33

the current study literature values were selected(see
Tab.5). It shoud be bornein mind that in the caseof
monomes suchas HEMA, the Q and e parametersare
very solventdependent.

A compaison of the theoreticalpredictionswith the
experimemal values for both experimetal systemsis
shownin Fig. 4, andit is clearthatthe kinetic model (Eq.
(9)-(12)) in combination with the pamameterslisted in
Tab.5 adequatly repraducesthe expeimental results.
Combining this theoreical appro&h with previously
reported modeld* ! used to predict chain transer
kinetics in copolymeization exterds the theaetical fra-
mewolk to multi-component polymerizdions in the pre-
senceof chaintransferagers.

Thermalproperties

The thernp-meclhanical propertes of coatings remain
importart design criteria. Therefore it is pertinent to
investigde how the polymerization protowl affects the
thermd properties of the product polymers?® In Fig. 5,
differential scaining calorimety (DSC) curves (above
0°C) are shown for the two different oligomess. Both
thermogams are similar with a Ty around 42°C; the T,
for the thiol-derived polymer was foundto be 39 + 1°C
(averag of two differentpolymea sample} andthe T, for
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Fig.5. DSC thermogamsshowingthe glasstransitionbehav

iour of the terpolymer oligomers generatedin the thiol and
COPhBFmediatedeactims.

the CCT-derived polymer was found to be 45 + 1°C
(averageof two differert polymer sampley Theselow
valuesfor the glasstransition tempenture are consistat
with a moleculr weight dependece of T, reported by
Sanayeiand O’Driscoll.?”) However, the valuesobtained
in this work seem low in comparison; Sanayeiand
O’Driscoll?” reporteda T4 of 70°C for PMMA oligomers
of DP, = 23. The small differencebetweenthe two TS
obtainedin the curent work can be partly attributedto
the smal difference in the molecuar weights and poly-
dispersites of the two polymers. However it is more
likely to be causedby the different end-groupsof the
polymers(See Schemel). The thiol-initiated chairs (2)
shouldcontain a long alkyl chan end-goup that hasthe
potential to act as a plastcizer. In contast, the CCT-
derivedpolymer containsno extran@usfunctionality.

The thermal degradédon behaviair of both oligomers
in nitrogen analysed by thermogavimetric analysis
(TGA) is shown in Fig.6a and 6b. The degradtion of
thethiol-derivedterpolymer stars at a highertempeature
(~305°C) than that of the CCT-derived polymer
(~240°C). It is notewathy that the degradabn process
is deendenton the natue of the diverse end-groys
introducedby the different chain transfer mectanisms
The thiol-derived polymer degradesin a sinde stage
leadingto 100%weightloss.In contrastthe CCT-derived
polymerdegraasin two contiguousstepsjnitially a 66%
weight loss is followed by a 33% weight loss. Both of
theseobservaibns are explicable by consderingthe nat-
ure of the end-grops in the two polymers. The thiol-
derivedtermpolymer contans saturate end-groyps which
are known to be stabk up to 300°C regardles of the
monomerendgroup?®-*4 However the unsatiratedend-
groupsin the CCT-derivedpolymer are significantly less
thermally stable?®3+34 Vinyl-terminated poly(methyl
methacrylag) is known to undergo degradabn reactions
at around250°C %3132 gand it appearsthat unsdurated
HEMA end-gropsaresimilar.®® The unsatuatedstyrene
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Fig.6. TGA Thermogramsshowingthethermaldegradatiorof
the terpdymer oligomersgeneratedn the thiol and COPhBF
mediatedreactims. (a) The onsetdegradatia is highlighted,(b)
shows the differential trace, clealy illustrating the two-step
degradatiorof the polymer synthesisedisingCOPhBFE

end-grops aremorestableanddegadearound 300°C B4

Sinceit wasshown thatin a styrenemethyl methacylate
catalytic chain transfe copolymerizaton the fraction of

unsaturagd styreneendgoupsis proportonal to the mole
fraction of styrenein the monomer feed** 337 it is

expeced that approximately 66% of all unsatiratedend-
groupswill be methacrylicandabout33% styrenic This
assessmerimplies that approximately 2/3 of the chains
shouldstartto degradeat a 65°C lower temperatue than
the remaining 1/3 of the chains. The results shown in

Fig. 6b areindeedconsstentwith this analysis confirm-

ing the potential of TGA asa tool for quantifying oligo-

merend-groys.

Finally, the effect of residual COPIBF on the thermal
stability of the polymer produd was investigated. The
resultscleaty indicatedthatthe COPHBF does not signif-
icantly affect the thermal stablity of the polymer pro-
duct.

Conclusions

Catalytic chain transfer polymerization is a clean and
efficient methodfor synthesisingoligomerssuitable for

coaings applicatbns. The polymerization proceedsto
high cornversionwithoutmoleculr weightdrift. Theglass
transition temperaure of the polymer and the thermel

degadationbehaviarr is dependenbn the oligomerend

groups. Previouswork*+1¢ on utilising CCT to control

endgroup chemisty could be combined with this work
to targetthermally stableoligomess.
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