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Abstract

An investigation into the synthesis of three types of material based on poly (vinyl
acetate) was performed using three novel polymerisation techniques. The three
techniques used were: i) the use of chain transfer to solvent; ii) the use of
enzymes to catalyse the synthesis of block copolymers of vinyl acetate and e-
caprolactone; 1ii) the synthesis of hyperbranched polymers of vinyl acetate and n-

vinyl pyrrolidinone, monomers which both propagate through an unstabilised
radical.

The first technique has been widely used in order to synthesise polymers and
oligomers with solvent derived endgroups. In this work polymers have been
synthesised using i1sopropanol, 2-isopropoxy ethanol and 3-methyl-2-butanone as
solvents. All of these have been shown to be active as chain transfer agents in
previous studies.

The second technique builds on previous work, performed in the field of
enzymatic control of polymerisation reactions. Enzymes can be used to both

synthesise monomers and catalyse the polymerisation of monomers. Hydroxy
terminated poly (vinyl acetate) was used to control the polymerisation of €-
caprolactone, leading to the formation of block copolymers.

The third technique involves the synthesis of hyperbranched poly (vinyl acetate)
and poly (n-vinyl pyrrolidinone). This was achieved through the use of a
polymerisable branching agent, also with the ability to act as a chain transfer

agent. Through the use of this as a comonomer a hyperbranched polymer can be
synthesised without the formation of a crosslinked gel.
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Part 1: The synthesis of hydroxy
terminated poly (vinyl acetate)



1.Introduction to the synthesis of
hydroxy terminated poly (vinyl
acetate)

The production of low molecular weight polymers, or oligomers (from the Greek,
oligos - little/few, meros - part), is a goal of many research groups throughout the
polymer community. Such polymers exhibit different properties to relatively high
molecular weight polymers. The difference between an oligomer and a polymer 1s
often defined in terms of their properties: the properties of oligomers are largely
dependent on the end group structures, whereas a polymer’s properties are

regarded as independent of the end group functionality.

Another aspect is the synthesis and use of telechelic oligomers. The term
telechelic 1s a combination of “tele”, Greek for “far” and “chelic”’, which is
derived from “chela” which are claws or pincers (17" Century New Latin from
the Greek khele), and indicating that reactive sites are widely separated. The
Greek letters o and o are also used to denote oligomers that have functionality at
both chain ends. There are many reported methods of producing telechelic
oligomers, a review by Jerome et al''! details many of the methods that can be

used to synthesise these useful compounds.

The methods available to the polymer chemist for the synthesis of telechelic
oligomers can be divided into 6 types of reaction: living anionic; living cationic;
controlled radical; radical transfer; constructive degradation; and stoichiometric

control. Of these, radical transfer can be divided into 3 types: conventional

transfer to a transfer agent; reversible addition fragmentation transfer (RAFT);



and catalytic chain transfer. These reactions are governed by the change 1n
enthalpy when the monomer is converted into polymer. Entropicly the
polymerisation reaction is unfavourable, as large ordered molecules are being
formed from single molecules in a disordered state. Polymerisation reactions have

a ceiling temperature above which they do not occur, because at higher

temperature the entropic term is becoming bigger.

1.1. Living polymerisations

Living polymerisation is often used to synthesise polymers of narrow

polydispersity in order to investigate their properties. They are used in the main to
check the agreement of a theory to the experimental result. In an ideal living
polymerisation, the active chain-end remains able to propagate after all the
monomer is consumed and the polymerisation is free of chain transfer and
termination steps. Addition of more monomer results in further polymerisation,
addition of a chain capping or terminating agent kills the living end. A living
polymerisation can be distinguished by plotting molecular weight against
conversion of monomer; in living polymerisation the molecular weight 1s directly
proportional to the degree of conversion. It was Flory that noted that the degree of
polymerisation in a living system would be equal to the concentration of
monomer divided by the concentration of the initiator. This allows a good deal of
control of the molecular weight produced by such polymerisations. However, for
some monomers, chain-end stabilisers are needed, and polymensations may have
to be performed at low temperatures. A good general review of living

polymerisation techniques was published by Webster'?l.



1.1.1.  Living anionic polymerisation

In living anionic polymerisation the propagating species is an anion, this anion
remains at the chain end until it is killed by the addition of a proton-containing
terminating agent. The major monomer classes to be polymerised by anionic
methods includes styrenes, dienes, methacrylates, acrylates, ethylene oxide and
lactones, of these styrenic monomers have been studied in depth. For these
polymernsations two initiators in use include butyl lithium and sodium
napthalenide. Butyl lithium gives a polymer with one active chain end, sodium
napthalenide a polymer with two active ends. The use of these initiators with
different monomers can lead to the formation of well defined block copolymers.
Zune et al”! have performed a study of the propagating centre of methacrylic
monomers in anionic polymerisations. In this study the interaction of oligo (tert-
butyl methacrylate) with lithium 2-(2-methoxyethoxy)ethoxide was investigated.
Kobayashi et al'*” have studied the synthesis of poly (N,N-diethylacrylamide)s
with methacrylamide end functional units. This was achieved through the use of

N,N-dialkylmethacrylamides as terminating agents for the anionic polymerisation

of N,N-diethylacrylamide.

Group transfer polymerisation (GTP)), can be used to synthesise telechelic
polymers and oligomers. The use of functional initiators can lead to polymers
with similarly functionalised ends. GTP is of particular use for the polymerisation
of methacrylic monomers, that usually require low polymerisation temperatures.
As with all living polymerisations, the rate of initiation must be greater than the

rate of polymerisation in order to achieve control of molecular weight and

minimise polydispersity.



1.1.2.  Living cationic polymerisation

Living cationic polymerisation is more complex than its anionic counterpart, the

carbenium ion chain ends, which are generated by initiation of electron rich

monomers with strong protic acids, readily transfer B-protons to start new chains.
This results in molecular weights being lower than the predicted values and many
dead chain ends. In 1984, a method of avoiding this problem was reported for the

polymerisation of vinyl ethers, with the chain ends “stored” as stable covalent
1odides. The 10dides were activated by Lewis acid catalysts in order to generate
small amounts of active complexed carbenium ions. The activated ends insert

monomers without chain transfer or termination. More recently a mixture of a

strong protic acid and a Lewis base, which acts to stabilise the chain ends has

been used in the living polymerisation of alkyl vinyl ethers'®’.

Walch et al'’l have produced telechelic polyisobutylene with chlorine end-groups
by the cationic polymerization of isobutylene in dichloromethane using a
difunctional initiator, for example 2,5-dimethoxy-2,5-dimethylhexane and 2,5-
dimethyl-2,5-hexanediol diacetate. Boron trichloride and titanium tetrachloride

were used as catalysts.

Lang and Rimmer®), have reported the synthesis of telechelic oligo(isobutyl vinyl
ether)s using a technique known as ab initio cationic polymerization. In this work
silyl enol ethers are alkylated by the propogating carbocation and this yields
functionalised oligomers. All the reagents are added at the beginning of the

reaction and the method relies on the rate of capping being only slightly less than

the rate of propagation.



1.2. Controlled radical polymerisation

The main feature of conventional radical polymerisation is the simuitaneous
process of initiation, propagation chain transfer and termination reactions that 1t 1s

subject to. Attempts have been made to control these reactions through the use of

compounds that complex with the active radical to decrease its chances of

reacting with anything other than monomer.

One method of controlling radical polymerization is the use of nitroxide to
mediate the polymerization reaction. In 1994 Matyjaszewski’s group published
work on the “living” polymerization of vinyl acetate”). They used

trusobutylaluminium complexed with 2,2°-bipyridyl and TEMPO; as the initiator.

A first order plot of conversion against time, gave straight lines, and this was

taken as an indication of first order kinetics with respect to monomer, thus the
monomer 1s involved in the rate limiting step. These plots also indicate that the
active species concentration is constant. In order to get high a molecular weight
polymer the reaction had to be taken to high conversion ~80%, though the
polydispersity remained low at around 1.3. However attempts to replicate this

work have failed to confirm these results!!°..

Another method of controlling free radical polymerisation is the use of a
technique called atom transfer radical polymerisation (ATRP). In this technique
transition metal catalysts are used to control the polymerisation reaction.
Matyjaszewski and Sawamoto!' ' have both performed much work in the field of
ATRP. The use of ATRP to control the polymerization of vinyl acetate has long

been a goal since the work of Matyjaszewski and Sawamoto ez al''?). More



recently work by Yang et al'®! Meyer et al''*, Haddleton et al'% > 1% and

Armes et al'' " have proved the usefulness of this technique.

1.3. Radical transfer polymerisation

In a radical polymerisation, the highly reactive propagating radical at the polymer
chain end is prone to transfer, thus starting a new chain, whilst leaving a dead
chain as result of the transfer. Unless the transfer is intramolecular, 1.e. a
backbiting reaction, the polymerisation results in low molecular weight polymers.

The different types of transfer reactions that are used in the production of low

molecular weight polymers are: Conventional chain transfer; Reversible addition-

fragmentation transfer; and catalytic chain transfer.

1.3.1. Conventional chain transfer

Radical polymernisations are known to undergo transfer to several species, these

include, transfer to solvent, transfer to polymer, transfer to monomer, and transfer
to a chain transfer agent. There are many transfer agents in use, and these are

often used as additives. Transfer agents are often organic compounds that contain
labile bonds to hydrogen or, less frequently, other atoms. For example
dodecanethiol (DDT) is commonly used"'® and the transfer constants for DDT
and other well-studied agents have been published!'>*'), The transfer of the
propagating radical will lead to a lower molecular weight polymer, if the transfer
occurs to solvent, monomer or chain transfer agent. Branched polymers can occur
when the transfer is to either another polymeric chain, or if the radical is
transferred to a site on the same chain, the latter process is known as “back

biting”. Back biting occurs when the growing polymer chain, bends back on itself



and abstracts a proton from the chain. This terminates the growing radical but

leaves a new radical site on the backbone of the chain. From this site the
polymerisation continues, leaving a short section of polymer as a branch. Vinyl
acetate is known to “back bite” and leads to short chain branching!®*.. This
reaction is increased at increasing temperature. Hence many workers polymerise
vinyl acetate at as low a temperature as possible to minimize the branching,

although it cannot be completely suppressed. For this reason, some workers have

attempted to produce unbranched, syndiotactic PVAc from poly (vinyl
pivalate)!’]. Here the bulky side groups force the polymer into a syndiotactic
conformation. The polymer chain is then acetylated, to give PVAc. In this case

the polymerisation was performed at 0°C, and a photo active initiator was used,

AIBN, which is also used as a temperature activated initiator.

A study by Hill et al'**) has investigated the phenomenon of transfer to solvent, in
polymerizations of N-maleimides in THF. In this work it was discovered that the
initiator, AIBN, fragmented and transferred to the solvent, forming solvent
radicals, which then initiated the polymerisation. The polymers were analysed by
'>C NMR and MALDI-TOF mass spectrometry. It was found in the NMR that
there were no peaks due to AIBN fragments, only THF fragment peaks were
observed, the same also held true for the MALDI-TOF mass spectrometry, the
peaks only showed the presence of THF fragments as the end groups of the
polymer, with a hydrogen atom at the terminal end. This hydrogen was thought to
come from a transfer to solvent, as there were no double bond peaks evident in
the NMR, so termination by bimolecular disproportionation was ruled out, The

molecular weight of the polymers was low and this was also taken as an

indication of transfer to solvent.

Liu et al'*! note that the use of anionic polymerization, followed by capping the

“hiving polymer” with suitable agents was previously used to synthesize telechelic



oligomers. Their work, however, is centered around the use of free radical

polymerization and chemical modification. Here the authors performed a free
radical polymerization of butyl methacrylate with thioglycolic acid as a chain
transfer agent. The resulting mono-functional oligomer was then subjected to

hydroxide-mediated saponification in order to give a telechelic polymer.

It has been noted that the three methods of introducing end functionality usually

associated with free radical polymerization are: 1) the use of functional initiators,
11) the use of functional termination agents and iii) control of the termination

reaction. The incorporation of initiators into the polymer chain has been studied

by Bevington et al'*®’ by the use of N'> NMR.

1.3.2. Reversible addition-fragmentation transfer

(RAFT)

The pninciple behind RAFT polymerisation is that there are repeated reversible
transfer events taking place throughout the course of the polymerisation, but the
concentration of free radicals 1s constant. This has the effect of inducing
equilibrium between dormant and living chains. Whilst RAFT can produce
polymers of a pseudo living character similar to ATRP, it has been found that the
two methods are complimentary. The techniques can be used to control the
polymerisation of different monomers and in different media. An example would
be the use of RAFT in heterogeneous reactions such as emulsion polymerisation.
Another advantage of RAFT is it can be used to control the polymerisation of
monomers bearing acidic groups. The synthesis of RAFT mediators however is
not facile when compared with the synthesis of their ATRP initiator counterparts.

Recently work by Wager et al''®! has looked into the conversion of ATRP

initiators into RAFT mediators.



1.3.3.  Catalytic chain transfer

Recently Boileau et al'*’! have published work on the synthesis of telechelic
polydimethylsiloxanes, which have terminal acetylenic groups. These oligomers
were synthesized using a phase-transfer catalysis method. The reaction scheme 1s

shown below.

Figure 1-1 Reaction scheme showing synthesis of polydimethylsiloxanes

Gagne and Korn'*®}, have recently patented a method for the production of

telechelic oligomers. Here the authors use a chain transfer agent and a catalytic
amount of a alkali metal alkoxide to break down a polymer chain into smaller
segments. The chain transfer agents used are esters in which the pK, of the
corresponding alcohol is in the same range as the pK, of the primary leaving
group of the polymer being depolymenised or broken down. By selecting a
suitable chain transfer agent it is possible to react the oligomers further to form

block copolymers.

1.4. Condensation reactions

Oligomers can be synthesised via the use of stoichiometric control of a
condensation reaction. This method is used in the pre-polymer method of
producing polyurethanes. A similar method has been followed by Hiltunen et

[29]

al**”, who have synthesized lactic acid telechelic oligomers by the condensation

polymenzation of L-lactic acid and 1,4-butanediol or adipic acid, in the melt

using tin octoate as a catalyst. Reaction with 1,4-butanediol leads to hydroxyl-
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terminated oligomers, whereas reaction with adipic acid leads to carboxy
terminated oliogmers. Prepolymers were synthesized with molecular weights in
the range 2,800-18,000 gmol'l, dependant on the amount of 1,4-butanediol, or

adipic acid added.

1.5. Constructive degradation

Ebdon ez al*>*, have used ozonolysis of internal double bonds in order to create
functionalised oligomers. In this procedure, methyl methacrylate was polymerized
with 1,3-butadiene, to form a polymer containing internal double bonds. These
double bonds are susceptible to cleavage through the use of ozone. The resulting
ozonides were subject to reductive workup by the use of zinc powder 1n acetic
acid at 0°C, to leave hydroxyl or aldehyde terminated methyl methacrylate
oligomers, whereas an oxidative workup using sodium periodate yielded carboxyl

or ketone endgroups.

1.6. Other methods

Sawaguchi et al”>°®!, have used controlled thermal degradation in order to form
telechelic oligomers with isopropenyl end groups from polyproplyene. Here the
polymers are degraded at 370°C for time periods between 30-90 mins. It was
discovered that the functionality of the formed oligomers decreases with
decreasing molecular weight of the parent polymer, to this end work was

performed on measuring any increase in functionality of the oligomers by

Increasing the initial molecular weight of the starting polymers.
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Helminen et al®’" have worked on crosslinked polymers synthesized from
dimethacryl e-caprolactone, L-lactide or D,L-lactide oligomers. These oligomers

were then crosslinked thermally with dibenzoyl peroxide at 120°C.

1.7. Applications to vinyl acetate

It must be noted that none of the above mentioned methods for the production of

oligomers can be applied to vinyl acetate at the present time. Living anionic and
living cationic are of little use as the monomer is unable to support the
propagating ion. It is only recently that Sawamoto!'*] has reported the use of an
iron-based catalyst that is applicable to vinyl acetate polymerisation.

Conventional transfer techniques are also not suitable to use with vinyl acetate.
Transfer agents such as DDT have mismatched transfer rates with respect to those
of vinyl acetate, and therefore need to be fed in to the reaction gradually.
Constructive degradation is of little use owing to its reliance on the
copolymerisation of vinyl acetate with another monomer, usually a diene, which
gives a random distribution of double bonds along the backbone of the polymer.

However, dienes are not suitable comonomers in vinyl acetate copolymerisation.

Similarly stoichiometric control is of little use.

Because of the above reasons, a different method has been employed in an
attempt to synthesise end-functional vinyl acetate oligomers. The method used is
known as chain transfer to solvent. Here a propagating solvent radical initiates a
chain, the solvent is also acting as a transfer agent, but since the rate of transfer is

comparatively low there is no need to feed the transfer agent into the reaction

over time.
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Research 1n the field of end-functionalised poly (vinyl acetate) 1s detailed herein.
Previous work in this area [***?] has focused on the enzyme modification of low

molecular weight polymers. Here the polymers were reacted with various

enzymes 1n order to try and cleave only one or two of the acetate groups from the

polymer chain-end, leaving a polymer functionalised at both ends of the chain. It

1s thought that these polymers could then be further reacted in order to form
amphiphilic networks, although the difficulty in forming block copolymers from

vinyl acetate is reflected by a lack of published work in this area.

A general reaction scheme i1s shown below, with the transfer reactions
highlighted. This shows the basic scheme by which the reaction is thought to

occur, Initiator, I — two primary radicals, R'. A secondary radical S’ can react

with another radical, in which case the reaction does not proceed. The radical
could also react with a monomer unit, M. The addition of monomer continues
until another reaction causes it to end. The three reactions considered in the

scheme below are disproportionation, combination and chain transfer. Of these

three, combination and chain transfer occur with the most frequency.

When combination occurs, two polymer radicals terminate to give a polymer with

mass equal to the sum of the two polymer radical molecules. When chain transfer

occurs, the radical on the polymer chain abstracts a labile atom, Y (in this case
hydrogen) from the chain transfer agent, S-Y, this terminates the polymer chain,

and gives rise to a new transfer agent based radical.

[->2R° R*+S-Y-S*+R-S
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Figure 1-2 General reaction scheme for radical polymerisation

In the case of vinyl acetate, the general scheme is translated into the following

reaction sequence, where the solvent is isopropanol.
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Figure 1-3 Diagram showing reaction pathway during synthesis of PVAc when subject to
chain transfer to isopropanol

In the course of the study, the reaction kinetics of a polymerisation which was

affected by the phenomenon of chain transfer to solvent were examined.

Other studies have also looked at the transfer of propagating radicals to monomer,
Britton et a/'*’] have used 1*C NMR as a tool to look at the carbon center at the

end of the polymer chain because this group has a signal in the NMR spectra that

i1s not hidden by other peaks, unlike the branch point carbons. In this study we
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have attempted to use 'H NMR to justify the transfer to solvent, by looking for
solvent endgroup based signals. Primarily these signals are from the methyl
groups of isopropanol, which have a lower shift, and lower intensity than that of
the methyl group of the acetate. Mass spectrometric methods have also been used

in order to elucidate the end-groups of the polymers produced.

The polymerisations discussed in this chapter were performed in solvents that are
known to have a tendency for chain transfer with the propagating vinyl acetate
radical. The solvents used in this study were isopropanol, and 2-isopropoxy
ethanol; methyl butanone was also used but the number of polymerisations was
too small to be able to determine any useful kinetic data. It was thought that they

would all act as transfer agents, but with different transfer rates. This was found

to be the case. The advantage of this method of producing PV Ac are that there 1s
no other transfer agent in the reaction mixture, thus ensuring that hydroxy
terminated oligomers are produced, and also by adjusting the ratio of monomer to

solvent the molecular weight of the oligomer can be selected. Polymers made by

this method had number average molecular weights ranging between 1000-23,000

-1

gmol ', and by drawing a graph of molecular weight against solvent

concentration, 1t was possible to select the weight of polymer used approximately

to within a few hundred gmol'l.

Usually, when studying the chain transfer constant of a polymerization, the
concentration of the monomer is kept constant and the amount of the chain
transfer agent is varied'*"), The total volume is kept constant with the use of an
inert solvent. An inert solvent for the polymerisation of vinyl acetate is butyl
acetate. However 1n the case presented here, the solvent was also acting as the

transfer agent, so 1t is not inert. Thus the problem was how to evaluate the

transfer constant, as the ratio of solvent to monomer was changing.
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It was decided that a novel approach would be required in order to deal with this
problem. The usual method used to evaluate chain transfer is by use of the Mayo
equation!*”. However this treatment has the condition of constant monomer
concentration. An alternative approach was to differentiate the Mayo equation

with respect to monomer concentration, this then removes the need for constant

monomer concentration. These differentials can then be used to draw a further
graph 1n order to evaluate the transfer constant. The Mayo equation can be

represented as

Equation 1 The Mayo equation

where X, =number average degree of polymerisation
(1/X4)o = reciprocal number average degree of polymerisation at [S]=0
C; = chain transfer constant
[S] = concentration of solvent
[M] = concentration of monomer

and the chain transfer constant can be obtained from the Mayo equation by
plotting 1/X;, against [S]/[M] for a series of reactions, making the slope of the
graph the chain transfer constant. This is true for conditions of constant monomer
concentration therefore the reactions are only taken to low conversions. However,

this condition cannot hold in these preparations where the solvent is acting as a

chain transfer agent. Therefore in order to allow for the change in the solvent to
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monomer ratio, the Mayo equation can be differentiated. The treatment of the

equation follows.

From the Mayo equation we have
1 N }
X. {X] -Gl

where Cs = ky/k,

now

A I T G

which can therefore be written as

k]
X k, 0k, IVE.)

and following from this

_k,M]
Xk k2 Ok, [

SO wWe can write

/X, (k;z- 2% [IDE//CP[M]] +C.Sa)

this can now be written as
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| 2kt
/X,.=%M]+C’([S){M]) where C'=[k (2k i ))kp

1f this 1s now differentiated with respect to solvent concentration we get

(a(l/ X ")a[S]][M] =0+(. (%M])

using this equation we can evaluate C,, simply by plotting

(5(1/ X ")a[s]}’s( %M])

this treatment gives the gradient = C,, with the intercept at zero.

The chain transfer constants quoted within this thesis were evaluated using the

graph drawing package Microcal Origin6. This was used in order to evaluate the

partial differential (1/X,)/0[S]. A graph of 1/X; against [S] was then plotted, and
then the program was used to differentiate the graph. The resulting differentials,

were then re-plotted against 1/[M] in order to obtain C;.

Work by Heuts ef al''®! has compared the Mayo treatment for working out the

chain transfer constant, with an alternate method called the Chain Length
Distnibution (CLD) procedure. The procedure takes the high molecular weight

slope of the number molecular weight distribution, P(M), plotted as In(P(M)) vs
M. The high molecular weight slope of this plot is denoted as Apign, it is related to

the kinetic parameters by the following equation

s>o  dM] M| [M]

Mayo equation /X,, — k? (2kd [1 %[ M]+ C,([S){M]) , and the similarity

between the two 1s clear. Moad and Moadm], have shown that for a chain transfer

Npigr = lim g—l—n—(-}—)-(——-l)- [ ( >[R ]+ C, +C; [S]] . Compare this to the
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dominated system, the Mayo procedure and CLD procedure are in complete
equivalence. They used both methods to calculate the chain transfer for the
polymerization of methyl methacrylate with n-dodecane thiol as the transfer
agent. Their results show that both treatments give good results for the chain
transfer constant and the results are consistent. The equations used by the
different methods are essentially the same, in fact the only difference between the
Mayo treatment and the CLD treatment is that in the latter the termination term of
the equation is not dependant on the fraction of termination by

disproportionation. This work also highlights the problems of the two methods

for the calculation of the chain transfer constant. It is taken that M, calculated
from SEC is the least reliable of the average molecular weights obtained using

this technique, and the authors suggest that a slightly more reliable method of

determining M;, is to halve the value for My. However it is also stated in the
paper that this 1s only valid where the polymerization is dominated by chain

transfer, excepting for very low molecular weight polymers.

However the method of differentiating the Mayo equation means that the absolute
molecular weight is not needed. The differentiation means that it is the change in

molecular weight that is important.
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2.Synthesis of hydroxy-terminated
poly (vinyl acetate)

2.1. Materials

Vinyl acetate (Aldrich) was purified by passing through an inhibitor removal
column (Aldrich) before fractional distillation using a 30x3cm column filled with
Smm glass beads, lagged with glass wool and aluminium foil (the fraction at

73°C collected). Isopropanol (IPA) was dried by reflux over calcium hydnde,
before distillation. 2-isopropoxy ethanol (2IPE)(Aldrich) was used as received.
Azobisisobutyronitrile (AIBN) was recrystallised from diethyl ether. 3-methyl-2-

butanone (MB) was used as received.

2.2. Methods

2.2.1. Method 1

To a 100ml ampoule, fitted with a B10 cone, and with a constriction half way
down the length of the neck, a solution of vinyl acetate, solvent (either IPA or
2IPE), and initiator (AIBN) was added. The reaction mixture was prepared as
follows: using a graduated pipette, solvent was added to a beaker which was
placed on a magnetic stirrer; a PTFE follower was added, followed by a known

mass of the initiator, AIBN; this was left stirring for 5 minutes, after this time a
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known amount of vinyl acetate was added and the stirring continued for anothér
minute. The ampoule was then clamped upright and a syringe and needle were
clamped above the ampoule so that the needle passed the constriction in the neck
of the ampoule. The contents of the beaker were then poured into the barrel of the

syringe and the plunger was inserted in order to force the contents into the

ampoule. This was repeated until all of the solution had been added to the

ampoule. The contents of the ampoule were then degassed using 4 freeze-pump-

thaw cycles, on a vacuum line at 10 mbar, before the ampoule was flame sealed.

The compositions of the reactions are shown in table 1.

The ampoules were then kept in a freezer until a batch of ampoules was ready.

Once a batch was ready, they were polymerised in a thermostatically controlled

water bath set at 60°C. The polymerisations were left to react for 4 hr 15 mins.
Once the ampoules had been left in the water bath to react for the allotted time,
the reactions were quenched by placing the ampoules first into a bowl of ice

water, and stored in a freezer until they could be worked up. The ampoules were

removed from the freezer and allowed to thaw, they were then opened and the
contents poured from the ampoule into a round bottomed flask. The ampoule was

then rinsed with several small aliquots of THF, to ensure that all of the polymer

was removed from the ampoule.

Solvent and excess monomer were removed, firstly on a rotary evaporator, and
finally by connection to a high vacuum line. The polymers were isolated in this

way in order to avoid fractionation of the polym<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>