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ABSTRACT: Poly(vinyl acetate) (PVAc) is an inexpensive, high-tonnage bulk commodity polymer which,
unlike most vinyl polymers, is moderately biodegradable. PVAc has been shown to exhibit anomalously high
solubility in CO2 with respect to other vinyl hydrocarbon polymers. Understanding the phase behavior of
PVAc in CO2 and its variation with structure is very important for its potential application as suitable
surfactant, ligand, or phase transfer agent in a CO2 solvent process. In this article, PVAc has been
fractionated using a supercritical fluid extraction method (SCFE) to provide low molecular weight fractions
with narrow polydispersity. The phase behavior of hydroxyl terminated poly(vinyl acetate)s (PVAc-OH)
were determined by a high throughput gravimetric extraction (HTGE) screening method and a cloud-point
pressure method using a variable volume view cell (VVVC). The solubility of PVAc in CO2 strongly depends
on the molecular weight. Oligomer PVAc-OH (Mw<3000 g 3mol-1) is soluble in CO2 at low pressures but
decreases in solubility with increasing molecular weight. End-group modification of oligomer PVAc-OH
alters the phase behavior of the oligomers.

Introduction

Supercritical carbon dioxide (scCO2) has been promoted
recently as a sustainable solvent because it is nontoxic, nonflam-
mable, and naturally abundant.1 In particular, scCO2 has been
shown to be a versatile solvent for polymer synthesis and
processing.2-8

But carbon dioxide is a relatively weak solvent: for example,
important classes ofmaterials which tend to exhibit low solubility
in scCO2 include polar biomolecules, pharmaceutical actives, and
high molecular weight polymers.2-4 This problem is not unique
to CO2; indeed, an enormous variety of surfactants and phase
transfer agents have been developed to disperse poorly soluble
molecules in water. A technical barrier for the use of scCO2 is the
lack of an equivalent range of inexpensive CO2-soluble (and
preferably biodegradable) surfactants, ligands, and phase trans-
fer agents. A number of research groups have synthesized CO2-
philic fluoropolymers or silicone-based materials for use as steric
stabilizers in dispersion polymerization,4,9-11 as phase transfer
agents for liquid-liquid extraction,12 as supports for homo-
geneous catalysis,13,14 and as surfactants for the formation of
water/CO2 emulsions and microemulsions.15,16

Unfortunately, the high cost of fluorinated polymers may
prohibit their use on an industrial scale for most applications.
Fluoropolymers also tend to have poor environmental degrad-
ability, and this could negate the environmental advantages
associated with the use of scCO2. The lack of inexpensive CO2-
soluble polymers and surfactants is a significant barrier to the
future implementation of this solvent technology.

The discovery of inexpensive CO2-soluble materials or CO2-
philes is therefore an important challenge.17 One of the funda-
mental issues that onemust consider when implementing CO2 for
polymer synthesis or processing is polymer solubility. There has

been considerable research effort focused on discovering inex-
pensive biodegradable CO2-soluble polymers from which inex-
pensive CO2-soluble surfactants, ligands, and phase transfer
agents could be developed. However, it is very difficult to predict
which polymer structures would be CO2-soluble, despite recent
attempts to rationalize specific solvent-solute interactions by
using ab initio calculations.18Only a few examples ofCO2-soluble
polymers currently exist and, as such, there are a limited number
of design motifs to draw upon. Moreover, it is clear that polymer
solubility in CO2 is influenced by a large number of interrelated
factors19,24 such as specific solvent-solute interactions,18,20-23

backbone flexibility,20,22,23 topology,20 and the nature of the end
groups.20 Given the current limits of predictive understanding,
the discovery of new CO2-soluble polymers might be accelerated
using parallel or high-throughput (HTP) methodology. The
synthetic approaches for such a strategy are already well in place;
for example, a growing number of methods exist whereby one
may synthesize and characterize polymer libraries.24 By contrast,
there are no examples of techniques for the rapid, parallel
determination of solubility for libraries of materials in scCO2

or other supercritical fluids (SCFs). The conventional method
for evaluating polymer solubility in SCFs is cloud point measure-
ment,19,20,23 which involves the use of a variable-volume view cell.
This technique is not suitable for rapid solubility measurement
and would be impractical for large libraries of materials.

Inexpensive poly(ether carbonate) (PEC) copolymers have been
reported to be soluble in CO2 under moderate conditions.22,23

These copolymers were found to be soluble in liquid CO2 at
concentrations of 0.2-1.5% w/v at ambient temperatures and
pressures in the range 120-160 bar, that is, significantly above
the liquid vapor pressure for CO2. These statistical copolymers
were generated from very inexpensive feed-stocks and are thus
appealing as building blocks for cheap surfactants. The enhanced
solubility of these copolymers with respect to poly(propylene
oxide) is speculated to arise, at least in part, from specific Lewis
acid-base interactions that exist between CO2 and the carbonyl
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groups of the carbonate moieties.22,23,25 Step growth polymeri-
zation is a method that can be used to synthesize polymers with
well-defined chemical compositions; indeed, unlike nonideal
statistical chain growth polymerizations, the composition of step
growth polymers exactly mirrors the composition of the mono-
mer feed. We recently developed step-growth polymerization
routes to synthesize PEC and also poly(ether ester) (PEE)
materials as potential inexpensive hydrocarbon CO2-philes.

26

These polymers are soluble in CO2, but only up to moderate
molecular weights (<10,000 g/mol).

Similarly, sugar acetates are highly soluble and have been
proposed as renewable CO2-philes.

18,27 Such materials could, in
principle, function as CO2-philic building blocks for inexpensive
ligands and surfactants, but this potential has not yet been
realized, and numerous practical difficulties remain.

Poly(vinyl acetate) (PVAc) has been shown to exhibit ano-
malously high solubility in CO2 with respect to other vinyl
hydrocarbon polymers,28,29 although the polymer is soluble only
at relatively low molecular weights under conditions of practical
relevance (P<300 bar,T<100 �C). Recently, end-functionalized
poly(vinyl acetate) oligomers (OVAc) were used as CO2-philic
building blocks.30,31

We have also demonstrated a simple and generic method
for producing inexpensive, functional hydrocarbon CO2-philes
for solubilization, emulsification, and related applications.31 A
range of H2O-soluble diblock and triblock architectures were
produced, and it was found that both types of architecture could
stabilize highly concentrated emulsions. Almost at the same time,
OVAc was used to generate CO2-soluble ionic surfactants.30,32

Recently, Howdle’s group successfully conducted dispersion
polymerization in supercritical CO2 by using polyvinylalkylate
hydrocarbon surfactants synthesized and anchored via RAFT.33

It is often considered that the end group on a polymer may
have a significant effect upon the properties of the polymer. The
significance is thought to be greater with lower molecular weight
polymers. Fedors’ work on solubility parameters for SCFs and
polymers suggests that the end group should be considered for all
molecular weights.34 For solubility in poor solvents such as
scCO2, the effect is likely to be important, and therefore, an
investigation of end-group effects is advisible.

PVAc is an inexpensive, high-tonnage bulk commodity polymer
which, unlike most vinyl polymers, is moderately biodegradable
and has been used in pharmaceutical excipient formulations.35

Understanding the phase behavior of PVAc in CO2 and its

variation with structure is very important for its potential
application as suitable surfactant, ligand, or phase transfer
agent in a CO2 solvent process. PVAc has some solubility
in scCO2,

28 and our initial workwithHTP gravimetric extraction
suggested that the end group of PVAc may have an effect
on solubility at lower molecular weights.36 Here, a study
was conducted to test this hypothesis. A library of end-group
modified PVAcs was synthesized (Scheme 1), and these
were tested for solubility using the HTP gravimetric extraction
technique.

Experimental Section

Materials. Vinyl acetate (VAc, Aldrich, 99þ%) was freed
from the inhibitor by passing through an alumina column. 2,20-
Azobis(isobutyronitrile) (AIBN, Fisher, 97%) was recrystal-
lized twice from methanol and dried under vacuum before use.
2-Isopropoxyethanol (IPE, Aldrich, 99%), 1,10-carbonyldiimi-
dazole (CDI), phenylmethanol, 1-hexanol, triethylene glycol
monomethyl ether (95%), methanol, poly(propylene glycol)
monobutyl ether (average Mn ∼340), 2,2-diethylpropane-1,
3-diol, 1,1,1-tris(hydroxoymethyl) propane, pentaerythritol so-
dium sulfate, anhydrous tetrahydrofuran (THF), and dichloro-
methane were all from Aldrich and used as received. Deionized
water was used throughout. High purity carbon dioxide (SFC
grade, 99.9999%) was purchased from BOC Gases.

Synthesis of PVAc-OH. The synthetic strategy presented here
was based on the preparation of monohydroxyl functionalized
PVAc by free-radical polymerization in the presence of a chain-
transfer agent, 2-isopropoxyethanol (IPE).37 Briefly, VAc (64.07 g,
0.745mol) was added to IPE (480mL, 4.16mol) containingAIBN
(9.61 g, 15% w/w based upon monomer). The resulting solution
washeated to 65 �Cwith stirring for 12h. The solventwas removed
under reduced pressure, and the polymer was reprecipitated into
cold n-hexane. The product was then dissolved in acetone and was
reprecipitated into cold n-hexane.Thiswas repeated twice followed
by drying under vacuumat 30 �C to afford the product as a viscous
liquid (59.5 g, 93%).Mn (GPC)=3830 g/mol;Mw=6430 g/mol.

1H NMR data (400 MHz, CDCl3): δ 4.87-5.25, 50H; δ
4.02-4.18, 2H; δ 3.59-3.73, 2H; δ 3.34-3.52, 2H; δ 1.94-2.23,
150H; δ 1.54-1.94, 100H; δ 1.10-1.29, 6H.

End-Group Modification and Topological Modification.

PVAc-OHs with different molecular weights (Mn = 920, 1250,
1430, 1620, and 2200 g mol-1) were synthesized and modified
following the procedure31 used to give a library of 30 polymers
(Scheme 1).

Scheme 1.
a

aPVAc-OHs with different molecular weight (Mn = 920, 1250, 1430, 1620, and 2200).
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Different topological structures of PVAcwith similarmolecular
weights were prepared by combining VAc oligomers of different
molecular weights (2000, 1300 and 1000) with diols, triols, and
tetraols: 2,2-diethylpropane-1,3-diol, 1,1,1-tris(hydroxoymethyl)
propane, and pentaerythritol. These give three shapes: a linear
polymer, a branched polymer, and a star-shaped polymer with
similar molecular weight. (Scheme 2)

Solubility Measurements in CO2. (a). Cloud Point Curve
Determinations38. Cloud points were recorded using a high-
pressure, variable volume view cell (VVVC). An accurately
weighed amount of polymer was added to the view cell along
with amagnetic stirrer bar, and the cell was sealed. CO2was then
passed into the cell using aweighed, high-pressure, stainless steel
bomb. After the addition of CO2, the bomb was reweighed in
order to calculate the exact composition of the polymer/CO2

mixture (recorded in w/w %). The cell was heated to a given
temperature and allowed to equilibrate with stirring. The pres-
sure inside the cell was increased by slowly reducing the volume
of the cell until a single polymer/CO2 homogeneous phase was
observed. The cloud point pressure of the mixture was recorded
by slowly lowering the pressure inside the cell until the polymer
phase separated from solution. The cloud point was taken as the
point at which it was no longer possible to see the back of the cell
through the polymer-CO2 mixture. This process was repeated
three times and an average of the results taken as the cloud point
pressure.We estimate that the cloudpoint pressures estimated in
this way were accurate to at least( 4 bar (∼60 psi). Cloud point
pressures were recorded between 25-65 �C for a given polymer/
CO2 mixture.

(b). High Throughput Gravimetric Extraction (HTGE) Screen-
ing Method. The method has been described in a previous
publication.36 Briefly, polymer samples (ca. 100 mg) were
accurately weighed into 42 mm open borosilicate glass sample
tubes with an i.d. of 6 mm. Each tube was double wrapped with
Milliwrap and loaded into a specially designed sample holder
which will accept up to 72 tubes on this scale. This holder was
then placed into a custom-built (Thar Designs) SCF extractor
(Figure 1) consisting of a vertically mounted 500 cm3 extraction
vessel and computer-controlled syringe pump/back pressure
regulator. CO2 was then passed through the vessel at a con-
trolled pressure, temperature, and flow rate for a predetermined
period of time. Thus, all 72 samples were subjected, in parallel,
to precisely the same extraction conditions. The CO2 was then
slowly vented, controlled by an automated script at 5 bar/min,
the sample holder removed from the vessel, and the samples
reweighed individually to determine the sample mass loss
(if any) under those extraction conditions. The procedure was
then repeated (typically at progressively higher CO2 pressures)
in order to build a cumulative extraction profile for the library of

samples. A low molecular weight material (e.g., AIBN) of
known CO2-solubility was added as an internal standard for
each run.

HTGE Fractionation of PVAc-OH. Fractionation of PVAc-
OH was performed using the same Thar SCF extraction appa-
ratus as described above. Aproximately 100 g of PVAc-OH
(Mn=3830 g/mol; Mw=6430 g/mol) was weighed accurately
into the 500 cm3 stainless steel extraction vessel. Compressed
CO2 was allowed to flow into the bottom of the vessel at a
predetermined pressure and constant flow rate (CO2 flow rate=
10 mL/min for all pressures) as controlled by a syringe pump.

Scheme 2

Figure 1. Schematic of fractionation equipment CO2 (1, cylinder; 2,
solvent reservoir; 3, CO2 pump; 4, mixer; 5, cosolvent pump; 6, 500 mL
pressure vessel; 7, collection vessel; 8, cooling bath; 9, heating bath; 10,
automated back pressure regulator).

Figure 2. Variations of the ratio of MeOH to CO2 in the fractionation
process.
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The extraction pressure was varied over the range 70-300 bar.
The lower molecular weight oligo(vinyl acetate) (OVAc) frac-
tions were extracted using pure CO2. In order to collect higher
Mw fractions, a modifier,MeOH, was coinjected into the system
(MeOH is a good solvent for PVAc). (Figure 2) During the
fractionation process, the MeOH flow rate was increased from
0 to 1.0 mL/min. Extracts were collected after predetermined
time intervals to produce a series of OVAc fractions with
different molecular weights. When Mn of the extract is close to
4000 (determined by gel permeation chromatography (GPC)),
the extraction process was stopped.

Polymer Characterization. 1H NMR spectra were recorded in
CDCl3 on a Bruker Analytic GmbH 400MHz spectrometer using
tetramethylsilane (TMS) as an internal reference. 13C NMR
spectra were recorded at 400MHz in CDCl3 solution on a Bruker
Analytic GmbH 400 MHz spectrometer using solvent carbon
signal as the standard. GPC was performed using a Polymer
Laboratories system equipped with a PL-ELS 1000 evaporative
light scattering detector and a series of PL mix gel columns (5 μm
MIXED C and D). THF was used as the eluent at a flow rate of
1.0 mL/min at 40 �C. Calibration was carried out using EasiCal
polystyrene standards (Polymer Laboratories).

Results and Discussion

PVAc Fractionation. Fractionation of the bulk PVAc-OH
material has produced a series of end-functionalized PVAc-
OH materials with number average molecular weights, Mn,
ranging from 800-4000 g/mol (Figure 3). The fractionated
PVAc-OH samples exhibited relatively narrow molecular
weight distributions (Mw/Mn) in the range 1.14-1.40
(Table 1). These will be suitable for a range of applications
where the molecular weight of the oligomer is important, for
example, modification into surfactants. The oligomeric frac-
tions were soluble in CO2 up to significant concentrations,
for example, a PVAc-OH fraction with a Mn of 840 g/mol
and aMwof 1048 g/molwas soluble at 10%w/v in liquidCO2

(25 �C) at a pressure of 100 bar.
High Through-put Screening Reproducibility. In order for

themethod to be useful for screening and for solubilitymeasure-
ments, a high level of reproducibility is required. A number of
questionswith aHTP systemmust be faced.Will the presence of
other samples affect the extraction of the samples around them?
Will the position on the sample holder rack affect extraction?

Studies were carried out to test and to maximize reprodu-
cibility. Samples were placed throughout the holder, varying
from top to bottom and from inside to out on the holder.
With the conditions outlined above, good reproducibility
could be achieved. Measurements within 5% were achieved
for a wide range of polymers. Figure 4 provides typical
reproducibility results. Variations in measurements are gen-
erally less than (2 (wt.%) (Figure 4b, error bars). This is
similar for all samples regardless of the level of extraction,
which means that this is the measurement error arising from
weighing uncertainties and so forth. In general, errors in-
creased withmultiple extractions resulting from (a) wear and
tear on the wrap material and (b) cumulative measurement
errors. Standard deviations (SDs) (Table 1) are within a few
percent of the total extraction for reasonably soluble samples
but are much higher for poorly extracted samples. For
samples with a very low of extraction, this represents a high
% SD, but these samples are virtually insoluble in CO2 at
reasonable pressures, and this technique is the only techni-
que that can provide anymeasurement of the variation of the
solubility of these polymers.

These tests suggest that themethod is reproducible enough
to make rapid high, medium, and low solubility judgments
for libraries of materials at various pressures and will

allow quantitative structure-property relationship (QSPR)
approaches to be employed.

In summary, this new technique has broad potential for
the rapid solubility mapping for libraries of new materials in
SCFs. We believe that this method is at least 50 times faster
than other techniques in terms of the rate of useful informa-
tion that is obtained. A powerful combined approach in the
future will be to screen libraries of materials using our new
HTP methodology followed by further validation of CO2

solubility for candidate materials using conventional cloud
point measurements. While our preliminary experiments
have involved polymer libraries, this parallel methodology
is equally applicable to the discovery of novel SCF-soluble
ligands, catalysts, biomolecules, fragrances, dyes, or phar-
maceuticals for a wide range of material applications.

PVAc Phase Behavior. Effect of Molecular Weight on
CO2 Solubility. Our previous research36 has already revealed
that a clear global relationship exists between molecular weight
and solubility, that is, the solubility inCO2drops off sharply as a
function of moleculra weight, and none of the polymers tested
shows significant solubility for moleculra weight > 20000 g
mol-1 (100-300 bar, 35 �C).More detailed examination of this
relationship using HTGE and cloud point measurement con-
firms this. Figure 5a shows the cumulative extraction percentage
inCO2after extractionat100bar (1450psi) and35 �Cfor4hasa
function ofMn for the polymers in the library. Figure 5b shows
the cloud point pressure curves for the same library of polymers.
Extraction of PVAc falls rapidly with increasing molecular
weight so that very little is extracted at 100 barwhenMn exceeds
2000 g mol-1. The more detailed cloud point curves reveal a
similar pattern and also that solubility increases with increasing
temperature. Small increases in molecular weight produce

Figure 3. Representative series of nine OVAc fractions collected by
supercritical fluid extraction ofPVAc-OH.The data on the right refer to
the weight percentage of the total original sample represented by that
fraction.
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significant increases in cloud point pressure across the range of
temperatures.

Effect of End Group and Topology on PVAc Solubility in
CO2. Examination of GPC results (Table 2) shows that
modification of the end groups has been successful with
Mn and Mw increasing proportionally with end-group size.
The increase inMn andMw is greater than theoretical calcula-
tions would predict, but the measurement calibration uses
polystyrene standards, and the end groups will not necessarily
respond in exactly the same way in the GPC column. Never-
theless, the trend observed is what would be expected.

Proton NMR spectra of the end-group modified PVAc
(see Supporting Information) reveal little additional infor-
mation but confirm a small amount of contamination from
the imidazole end group, which suggests that end-group
modification has been successful.

Figures 6 and 7, and Table 3 summarize the solubility
results. There are typical declines in polymer solubility,

Figure 4. (a) Reproducibility measurements showing that a variety of polymers and molecular weights can be distinguished by their different
solubilities. (b) Extraction of nine samples, 5 repeats with error bars at both 100 and 300 bar showing good reproducibility.

Table 1. Molecular Weight of Fraction Parts

extraction condition molecular weight

sample name
pressure
(bar)

duration
(min)

amount
(g) Mn Mw PD

orgin sample 134.58 9893 17456 1.7645
EX-1 80 260 0.9768 909 1329 1.462
EX-2 180 0.4551 947 1304 1.377
EX-3 360 1.1365 1074 1524 1.419
EX-4 720 2.3848 1369 1958 1.4302
EX-5 120 480 2.576 2503 3201 1.2789
EX-6 300 4.6617 5059 6345 1.2542
EX-7 150 720 2.5414 4004 4781 1.1941
EX-8 200 435 1.0126 4613 5528 1.1984
EX-9 250 1000 4.4985 5994 7265 1.212
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irrespective of end group, with increasing Mn. End group
modification produces significant changes in solubility. The
effect is most noticeable at the lowest molecular weights but
is still significant whenMn is 2200 g mol-1 with extraction at
100 bar. Surprisingly, PVAc-OH is significantly more solu-
ble at the lower molecular weights than any of the other end
groups. The hydroxyl group is a very polar group which,
would not be expected to interact favorably with CO2. But in
this case, the linker for the end-group modified members of
the library is a carbonate linker. It is often suggested that
carbonate groups will enhance the solubility of a polymer in
CO2,

22,23,26,31,39 although there are other views.40,41 This
study seems to reflect this conflicting evidence. In the two
polymers with the lowest molecular weight, the poorest

solubility is found where the tail of the end group is the
shortest (methyl) (Figures 6 and 7); this is where the effect of
the carbonate linker would be felt most strongly.

With increasingMn, PVAc-PEG shows better solubility at
100 bar. This provides an end group where the carbonate
linker is sufficiently embedded in the chain to eliminate any
deleterious effect by reducing overall polarity and also is long
enough and flexible enough with the inclusion of ether
groups to enhance solubility. With extraction at 300 bar,

Figure 5. (a) Solubility of PVAc which have different molecular
weights. (b) Cloud point pressure curves determined by a variable
volume view cell.

Table 2. GPC Resultsa

1 2 3 4 5

Mn Mw Mn Mw Mn Mw Mn Mw Mn Mw

-OH 920 1170 1250 1570 1430 1780 1620 2030 2230 2740
-Im 1060 1360 1390 1790 1580 2030 1730 2230 2320 3140
a 1130 1410 1580 1970 1840 2270 1980 2460 2640 3270
b 1220 1500 1690 2060 1910 2340 2080 2530 2880 3470
c 1240 1540 1870 2230 2070 2510 2230 2640 2900 3510
d 1314 1600 1700 2090 1910 2370 2190 2620 2930 3520
e 1539 1910 1970 2400 2330 2870 2640 3190

a a = methyl; b = benzyl; c = hexyl; d = polyethylene glycol; and
e = polypropylene glycol end groups.

Figure 6. Solubility determination of PVAc by the HT screening
method: extraction vs Mn and end group at 100 bar. Solubility of
PVAc-methyl is the poorest, and the solubility of PVAc-OH is highest
at lower molecular weights, while at higher molecular weights, PVAc-
PEG, PVac-PPG, and PVAc-Benzyl show enhanced solubility.

Figure 7. Solubility determination of PVAc by the HTP screening
method at 300 bar: extraction v. Mn and end group at 300 bar. The
poor solubility of PVAc-methyl (red points) suggests that an exposed
carbonate group is very deleterious to solubility. The rapid decline in
extraction betweenmolecular weights 2000-2300 gmol-1 suggests that
this is the location of the cloud point for these conditions.

Table 3. Effect of Topology on PVAc’s Solubility in CO2

molecular weight

Mn Mw PD

A PVAc-DIOL 1678 2137 1.27
B PVAC-3OL 1741 2282 1.31
C PVAc-4OL 1489 2080 1.40
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the polymers are effectively completely soluble except at
Mn=2300. This study again confirms the peculiar solubility
of PVAc among the hydrocarbon polymers.28 The methyl
carbonate end group still provides reduced solubility com-
pared to that of the other end-groups. PVAc-OH provides
the highest overall solubility at all molecular weights when
extracted at 300 bar. PVAc-PEG is also effective except at the
highestMnwhere it begins to show a sharp decline compared
to that of other end groups, although this may be an effect of
the polymer having the highest molecular weight and marks
the point of solubility decline. It equates with the polymer
cloud point. PVAc-benzyl retains solubility to the highest
molecular weights suggesting that this is a relatively favor-
able end group.

Cloud point measurements for these end-group modified
polymers show that the unmodified polymer has a lower
cloud point than the modified polymers (Figure 8). PVAc-
OCOCH3 shows less temperature dependence than the
other end groups and at lower temperatures has a higher
cloud-point pressure in line with the extraction measure-
ments.

The picture (Figures 6-8) presented is a complex one
demonstrating that small changes in the structure of a
polymer can have significant if not dramatic effects on
solubility in a supercritical fluid. The effect of the end group
is still very significant at the highest Mn, and the methyl
carbonate end group still dominates the solubility character-
istics of the polymer. With a poor solvent such as scCO2,
tuning the polymer and the solvent may well change the
solubility characteristics significantly, and this has a bearing
on the development of CO2-compatible surfactants.

The significance of the carbonate linker is also revealed in
the topologically altered PVAc samples. Contrary to expec-
tations, where branching consistently reduces cloud-point
pressures, in this case solubility decreases with increased
branching (Figure 9). With each increase in branching, a
carbonate linker is added to relatively low molecular weight
oligomers so that the diol-PVAc has a lower cloud-point
pressure curve than the triol-PVAc sample, which is lower
than the tetraol-PVAc sample whose cloud-point curve was
above the pressure which could be achieved with our instru-
mentation. This confirms the observations with the end-
group modified PVAcs that a carbonate linker has a deleter-
ious effect upon solubility in scCO2. For PVAc, end groups
connecting the end group with a less polar linker than

carbonate might have a positive effect upon solubility. An
ether linkage with a short chain flexible end group, or better
still an acetate end group, might be advantageous. The effect
of end-group linker may also have a bearing on the perfor-
mance of CO2-philic surfactants with better performance
resulting from CO2-neutral linkers.

Conclusions

It has been possible to fractionate PVAcwith scCO2 in order to
produce a series of low molecular weight monofunctionalized
fractions with narrow polydispersity. These may prove useful for
applications where specific molecular weight CO2 soluble oligo-
mers are necessary.

The solubility of PVAc-OH is chiefly dependent upon mole-
cular weight. End-group modification has an important effect
upon solubility while the carbonate linker used to attach the end
group and to alter topology has an even greater effect. The poor
solubility of themethyl carbonate end group PVAc demonstrates
the importance of using an optimal linker to the end group.Using
an ether linkage with a short chain flexible end group or better
still an acetate end group might be advantageous.

PVAc has the potential to act as the CO2-philic moiety of a
surfactant which will enable the use of CO2 as a solvent, but the
methodof linking to thismoiety should be carefully considered to
ensure maximum CO2 solubility. The solubility with end groups,
discovered in this study, suggest that the nature of the end group
should be carefully examined when seeking to discover CO2-
philic polymers. Certainly, low molecular weight polymers ex-
hibit strong end-group effects.
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