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ABSTRACT: An ionic liquid (IL) was introduced into a vapor-
phase free radical polymerization process for the first time. The
deposition of poly(2-hydroxyethyl methacrylate) (PHEMA)
and poly(1H,1H,2H,2H-perfluorodecyl acrylate) (PPFDA)
was studied in the presence of 1-butyl-3-methylimidazolium
hexafluorophosphate ([bmim][PF¢]) droplets. The polymeri-
zation occurred either at the vapor—IL interface or within the IL
depending on reaction conditions such as the duration of
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deposition, the stage temperature, and the monomer solubility. A variety of polymeric architectures such as polymer skins that
completely encapsulated the droplet, free-standing polymer, and polymer films that float freely on the surface of the IL were formed.
The results from this study will facilitate the design of new polymer—IL composite materials for use in fuel cell and battery

applications.

B INTRODUCTION

Ionic liquids (ILs) are salts that are liquids at ambient
temperatures. ILs have attracted significant interest as environ-
mentally friendly alternatives to traditional volatile organic
solvents because they are nonvolatile, nonflammable, and can
be easily recycled.' Ionic liquids are both polar and noncoordi-
nating solvents which can solvate a wide range of organic and
inorganic reagents.”> This unique combination of properties can
be exploited in many ways to improve the selectivity and kinetics
of chemical reactions,* including polymer synthesis.>® For
example, Hong et al. found that the free-radical polymerization of
methyl methacrylate occurred S times faster in 1-butyl-3-methy-
limidazolium hexafluorophosphate ([bmim][PFs]) than in ben-
zene and resulted in polymers with 10 times higher molecular
weights.” They proposed that the high viscosity of the ionic liquid
and the precipitation of polymeric radicals caused a decrease in
the rate of termination. In another example, Mays and co-
workers synthesized block copolymers of poly(styrene) and
poly(methyl methacrylate) (PST-b-PMMA) by synthesizing
PST in 1-butyl-3-methylimidazolium hexafluorophosphate
([bmim][PF¢]) with an initiator, removing excess monomer
and initiator, and then initiating the growth of PMMA chains
from the living PST radicals."

Because of their low volatility, ILs have recently been used in
inorganic vacuum processes. For example, Borra et al.'" fabri-
cated a surface of high reflectivity by sputtering silver onto
1-ethyl-3-methylimidazolium ethylsulfate. They found that sput-
tering silver directly onto the surface of the IL led to a film
consisting of colloidal particles, whereas sputtering a thin layer of
chromium followed by silver led to a smooth film. In another
example, Torimoto et al. found that sputtering gold onto the
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surface of ILs resulted in the formation of gold nanoparticles.'*
They found that the size of the nanoparticles depended on the IL
used and the concentration of the nanoparticles depended on the
duration of the sputtering process.

Although ILs have been used in inorganic vapor-phase deposi-
tion processes, we have not found examples of the use of ILs in
organic vapor-phase deposition processes. In this paper, we
introduce ILs into the initiated chemical vapor deposition
(iCVD) process for the first time. The iCVD technique is a
one-step, solventless process generally used to modify the
surfaces of substrates with polymeric coatings."*~"* The polym-
erization occurs via a free-radical mechanism, and the deposited
polymeric coatings are structurally analogous to solution-phase
polymers.'® A kinetic model has been developed for the iCVD
process that incorporates initiation, propagation, and termina-
tion as well as primary radical termination and recombination."”
The iCVD process can be used to deposit a wide range of
polymers, including  poly(2-hydroxyethyl —methacrylate)
(PHEMA),"®  poly(4-vinylpyridine) (P4VP),"” and poly-
(1H,1H,2H,2H-perfluorodecyl acrylate) (PPFDA).*°

In this paper we combine the benefits of IL solvents and the
iCVD process in a new system we call ILICVD. We demonstrate
that we can use the ILICVD system to polymerize free-standing
polymer, polymer skins that completely encapsulate the IL, and
polymer films that float freely on the surface of the IL, depending
on the reaction conditions. These polymer architectures cannot
be formed using ILs or iCVD alone and are unique to our
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Figure 1. Schematic of the ILICVD process. (A) Monomer molecules
(M) and initiator radicals (I°) diffuse to the surface of a silicon substrate
that contains IL droplets. (B) A magnified view showing that polymer-
ization can occur at the vapor—IL interface, within the bulk IL, and at the
vapor—silicon interface, depending on reaction conditions.
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Figure 2. Images of PHEMA deposited onto a [bmim][PF¢] droplet at
a stage temperature of 35 °C after (A) 2, (B) S, and (C) 15 min. (D)
After 1S min of PHEMA deposition, a polymer “skin” completely
encapsulated the drop and a hole could be torn in the film. Scale bars
represent 1 mm.

ILiCVD system. The mechanistic insight gained from our study
will allow researchers to use the ILICVD process to design
polymer—IL composite materials for use as electrolyte mem-
branes in fuel cells,”"** nonvolatile electrolytes in batteries,>>**
and ionic liquid core—polgmer shell particles for use in optical
and chemical applications.***¢

B RESULTS AND DISCUSSION

A schematic representation of the ILiICVD process is shown in
Figure 1. Monomer and initiator vapors are introduced into the
reaction chamber in which the initiator molecules are broken into
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Figure 3. FTIR spectra of PHEMA films deposited using (A) iCVD and
(B) ILiCVD.

radicals by the heated filament array and the reactants diffuse to
the cooled substrate. The substrate consists of IL droplets on the
surface of a silicon wafer. The polymerization can occur at the
vapor—IL interface, within the IL, and at the vapor—silicon
interface, depending on the reaction conditions. We studied the
deposition of poly(2-hydroxyethyl methacrylate) (PHEMA) in
the presence of 1-butyl-3-methylimidazolium hexafluoropho-
sphate ([bmim][PF]) droplets as a function of time. The
progression of the deposition of PHEMA at a stage temperature
of 35 °C is shown in Figure 2. The PHEMA formed a thin
continuous polymer film on top of the [bmim][PF] after 2 min
(Figure 2A). This film was self-standing and could be lifted off of
the [bmim][PFg] droplet using a set of tweezers. The PHEMA
film continued to grow after S min (Figure 2B). After 15 min, the
polymer film completely encapsulated the [bmim][PF¢] droplet,
forming a complete polymer skin (Figure 2C). To illustrate the
continuous nature of this skin, a hole was torn into the skin using
tweezers (Figure 2D).

The [bmim][PF4] droplet spread over the course of the
deposition process. For a 15 min deposition at 35 °C, a set of
S droplets with initial diameters of 4.45 & 0.53 mm spread to an
average diameter of 6.30 £ 0.92 mm. The contact angle of
[bmim][PFs], and a PHEMA film and was found to be 35.7 +
1.0° and 13.5 & 0.7°, respectively. The spreading of the droplet
during PHEMA deposition is therefore likely due to the in-
creased attraction between the [bmim][PF4] droplet and the
PHEMA film formed on the silicon substrate surrounding the
[bmim][PF¢] droplet. This hypothesis is supported by the
presence of a polymer ring on the silicon substrate underneath
the [bmim][PF4] droplet. Furthermore, the inner diameter
of the polymer ring matched the initial diameter of the
[bmim][PF4] droplet.

We used Fourier transform infrared spectroscopy (FTIR) to
characterize the PHEMA films. Figure 3 compares the FTIR
spectrum of a PHEMA film deposited on a silicon wafer using
traditional iCVD and the spectrum of a PHEMA skin deposited
on the [bmim][PFg] droplet at a stage temperature of 35 °C
using ILICVD. The spectra are nearly identical, demonstrating
that the films have the same composition. Both spectra have the
expected major peaks: O—H stretching from 3600 to 3100 cm ™,
C—H stretching from 3050 to 2800 ecm™ !, C=0 stretching from
1770 to 1700 cm ™~ ', C—H bending from 1520 to 1350 cm ™', and
C—O stretching from 1310 to 1210 cm ™ "."**” The absence of
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Figure 4. Expected reaction events occurring (A) at the vapor—IL
interface and (B) within the IL.

additional peaks in the spectrum of the PHEMA film deposited
by ILICVD indicates the high purity of the polymer film.
PHEMA polymerization takes place simultaneously at both
the vapor—[bmim][PF] interface and within the [bmim][PFs].
The rate of polymerization at the interface is controlled by the
diffusion of monomer molecules to the cooled substrate
surface.”® The temperatures at the vapor—[bmim][PF] inter-
face and the vapor—silicon interface are similar, and therefore we
expect similar deposition rates at both surfaces. Table S-1 in the
Supporting Information shows the thicknesses of the PHEMA
skins. The thickness at the edge of the skin is similar to the
thickness of the PHEMA film on the silicon surface; however, the
thickness at the center of the skin is significantly greater due to
contributions from polymer chains that form within the bulk IL.
Within 90 s of PHEMA deposition, there are polymer pieces
floating at the center of the surface of the [bmim][PF4] droplet.
These polymer pieces form as HEMA monomer absorbs into the
[bmim][PFg] layer, and propagation occurs within the IL. At a
critical molecular weight, the growing PHEMA chains become
insoluble in the [bmim][PF¢] and float to the top because the
density of PHEMA is lower (121 g/mL)* than that of
[bmim][PF4] (1.37 g/mL).30 The increased thickness at the
center of the PHEMA skins accounts for their rough appearance.
We investigated whether we could control the location of the
polymerization by controlling the temperature of the stage.
Figure 4 is a schematic representation of the proposed processes
that occur at the vapor—IL interface (Figure 4A) and in the IL
(Figure 4B). At the vapor—IL interface, the initiator radicals and
monomer molecules can adsorb, desorb, react to form a polymer,
or absorb into the IL. Figure 4B shows the processes that occur in
the IL layer. Monomer and initiator radicals that have absorbed
into the IL can react to form a polymer. Polymer can phase
separate out of the bulk IL and float to the vapor—IL interface if
the density of the polymer is less than that of the IL. Primary
radical recombination can occur at the vapor—IL interface, but it
is unlikely that the recombined species will form radicals in the IL

due to the low temperature of the IL. Figure 4B does not show
primary radical recombination or termination in the IL to
demonstrate the exIpected low termination rates due to the
viscosity of the IL.*"** We hypothesize that the concentration
of the monomer at the vapor—IL interface will affect the location
of the polymerization processes. In the iCVD process, the ratio of
the monomer partial pressure (Py;) to the saturation pressure
(Psa) governs the concentration of monomer at the interface
between the vapor and solid. Increasing the stage temperature
increases the saturation pressure and thereby decreases Py;/Ps,;.
Decreasing Py;/Ps, decreases the concentration of the monomer
at the interface between the vapor and solid which leads to a
decrease in the polymer deposition rate at the interface.”’
Figure S shows a comparison of the PHEMA depositions onto
the [bmim][PF¢] droplets at stage temperatures of 35, 55, and
75 °C after 15 min. At a stage temperature of 35 °C, the
deposition resulted in the formation of a polymer skin that
completely encapsulated the [bmim][PF¢] droplet (Figure SA).
At this stage temperature, the concentration of HEMA monomer
at the vapor—IL interface was high enough (Py;/Ps,. ~ 0.25) to
cause fast polymerization at the interface relative to the IL which
led to the formation of a continuous PHEMA skin.

At a stage temperature of 55 °C, a continuous polymer film
was deposited onto the top surface of the [bmim][PF¢] droplet
and a ring consisting of floating polymer pieces formed at the
edge of the droplet (Figure SB). At 55 °C, the concentration of
HEMA monomer at the vapor—IL interface was high enough
(Ppi/Psae ~ 0.06) that polymerization was fast enough at the
interface to form a continuous film but not fast enough to
completely encapsulate the [bmim][PF] droplet in 1S min.
The ring of floating polymer at the edge of the droplet is the
result of the removal of low molecular weight polymer chains
from the surface of the silicon. Gleason and co-workers showed
that the molecular weight of polymers deposited by iCVD
decreases with decreasing Py;/Ps,..”* Thus, the polymer depos-
ited on the silicon at 55 °C has a lower molecular weight than the
polymer deposited at 35 °C, and the force caused by the
spreading of the [bmim][PF4] droplet during deposition was
sufficient to remove the low molecular weight polymer from the
surface of the silicon. To test this hypothesis, we placed
[bmim][PFs] droplets onto PHEMA films that were previously
deposited at stage temperatures of 35 and 55 °C. The droplets
placed on the film deposited at 35 °C spread but did not remove
polymer from the surface of the silicon, whereas the droplets
placed on the film deposited at 55 °C spread and removed some
polymer from the surface of the silicon. We also tested our
hypothesis by first placing [bmim][PF4] droplets onto a PHE-
MA film previously deposited at 35 °C and then allowing the
droplets to spread. Next, we conducted a PHEMA deposition
onto the droplet at 55 °C. A continuous PHEMA film was
deposited on the surface of the [bmim][PFg], but there was no
ring present because the drops did not spread further during the
deposition.

Deposition at a stage temperature of 75 °C led to the
formation of polymer pieces floating on the [bmim][PF]
droplets (Figure SC). At this stage temperature, the concentra-
tion of HEMA monomer at the vapor—IL interface was very low
(Pp/Psye ~ 0.02). There was no visible deposition on the silicon
substrate surrounding the IL droplet at a stage temperature of
75 °C, whereas there was PHEMA deposition on the silicon
substrate at stage temperatures of 35 and 55 °C. Since there was
no polymer deposition at the vapor—silicon interface at 75 °C,
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Figure 5. Images of PHEMA deposited onto a [bmim][PFg] droplet after 15 min at stage temperatures of (A) 35, (B) SS, and (C) 75 °C. Scale bars
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Figure 6. Images of PHEMA deposited after saturating the [bmim][PF4] with HEMA monomer and subsequently flowing initiator at a stage

temperature of (A) 35, (B) 55, and (C) 75 °C. Scale bars represent 1 mm.

we do not expect that there will be formation of polymer at the
vapor—IL interface. We therefore hypothesize that the floating
polymer pieces in Figure SC are formed within the [bmim][PF]
and not at the vapor—IL interface. The PHEMA chains float to
the top of the [bmim][PF4] droplet as they grow and become
immiscible, similar to the 90 s PHEMA deposition at a stage
temperature of 35 °C.

In the iCVD process, the monomer and initiator vapors flow
simultaneously and continuously throughout the deposition.
The sequential flow of monomer vapor followed by initiator
vapor does not lead to polymerization because the monomer
molecules will not stay adsorbed to the surface of the substrate
and instead will be pumped out of the system before the
introduction of the initiator vapor. In the ILICVD process,
however, the IL can act as a monomer trap. The IL can hold
the monomer molecules after the flow of monomer vapor has
been stopped and excess monomer vapor has been pumped out
of the reactor. When initiator vapor is flowed into the system,
polymerization can only occur within the IL in which monomer
molecules are trapped. To test our hypothesis, HEMA monomer
and initiator vapors were flowed into the reactor for 15 min at a
stage temperature of 35 °C, without turning on the filament. This
allowed the HEMA molecules to absorb into the [bmim][PFg]
without reacting. The reactor was then pumped down for 15 min
to remove excess monomer vapor. Initiator vapor was then
introduced into the reactor for 15 min with the filament array
turned on but without the introduction of additional monomer.
The sequential flow of HEMA and initiator at a stage temperature
of 35 °C led to the formation of floating PHEMA polymer pieces
(Figure 6). There was no polymerization on the surrounding
silicon. The formation of polymer pieces instead of a continuous
film is to be expected since polymerization can only occur within

the [bmim][PF¢] in which monomer molecules are trapped. The
similarity in the polymer architectures between Figure 6A and
Figure SC further validates our hypothesis that the PHEMA
polymerization at a stage temperature of 75 °C occurred within
the [bmim][PF4] and not at the vapor—IL interface. We ran
depositions using the same sequential monomer and initiator
flow conditions at stage temperatures of 55 and 75 °C. PHEMA
polymer pieces were synthesized at a stage temperature of 55 °C
(Figure 6B), but there was no visible polymerization at a stage
temperature of 75 °C (Figure 6C). One possible explanation
for the lack of polymerization at 75 °C is that less HEMA
monomer was absorbed into the [bmim][PF¢] at higher stage
temperatures.

We tested the absorption of HEMA monomer into
[bmim][PFq] droplets as a function of time at stage temperatures
of 35, 55, and 75 °C by flowing monomer and initiator without
turning on the filament array. Figure S-1 in the Supporting
Information shows that at a constant substrate temperature the
contact angle decreased with increasing absorption time before
reaching a minimum contact angle. The minimum contact angle
decreased with decreasing stage temperature and was 20.3 +
1.2°,28.1 £ 1.0° and 31.6 & 0.9° at stage temperatures of 35, 55,
and 75 °C, respectively. In order to verify that the lower contact
angle at 35 °C indicates more absorption of monomer, we made
mixtures of HEMA monomer and [bmim][PF¢] and tested their
contact angles. Pure [bmim][PF¢] had a contact angle of 35.7
1.0° on silicon. The contact angles were 30.6 & 1.1° at 16:1
(volume of [bmim][PF¢]:volume of HEMA), 23.2 &= 1.4° at 8:1,
21.6 = 1.0° at 2:1, 14.8 £ 1.4° at 1:1,and 9.0 & 0.7° at 0:1 (pure
HEMA monomer). We can conclude that the contact angle
decreases with increasing monomer concentration in the
[bmim][PF] and the decreased contact angle at 35 °C indicates
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Figure 7. Images of PPFDA deposited onto a [bmim][PF4] droplet after 15 min at stage temperatures of (A) 35, (B) SS, and (C) 75 °C. Scale bars

represent 1 mm.

higher monomer absorption at lower stage temperatures. To
quantify the amount of HEMA monomer absorbed in 60 min, the
mass of the IL was measured before and after absorption. The
amounts of HEMA absorbed were 34, 19, and S vol % at stage
temperatures of 35, 55, and 75 °C, respectively. The temperature
dependence of absorption was further confirmed by FTIR
analysis. Figure S-2 in the Supporting Information shows the
spectra of the [bmim][PF] after HEMA absorption trials of 60
min. The spectra have peaks at 1710 cm ™' due to the C=0
stretching of the HEMA monomer, the magnitude of which
decreased as the stage temperature increased. We note that the
ability to use the sequential flow of monomer and initiator to
polymerize within the IL layer will only work with monomers
that are soluble within the IL.

We also studied the deposition of poly(1H,1H,2H,2H-per-
fluorodecyl acrylate) (PPFDA) in order to determine the effect
of monomer solubility on the ILICVD process. Whereas the
HEMA monomer is soluble in [bmim][PFg], the PEDA monomer
is insoluble in [bmim][PFs]. It has been shown that 1,3-dialkyli-
midazolium ILs have a supramolecular structure based on hydrogen
bonding between the cation and the anion.>*** We believe that the
PFDA monomer does not dissolve in [bmim ][ PF4] because it does
not contain any donor groups for hydrogen bonding and therefore
cannot contribute to the supramolecular structure of the [bmim]
[PF¢). Furthermore, Kubisa et al. showed that acrylate solubility
decreases in [bmim][PFq] as the size of the acrylate increases.*
Since the PFDA monomer cannot absorb into the [bmim][PFg],
the PPFDA polymer cannot form within the [bmim][PF¢] and can
only form at the vapor— [bmim][PFs] interface. We studied the
deposition of PPFDA as a function of time at a stage temperature of
35 °C and found that PPFDA skins that completely encapsulated
the [bmim][PF] droplets formed within 2 min. In order to
determine the effect of stage temperature, we tested the deposition
of PPFDA at stage temperatures of 35, 55, and 75 °C. Figure 7
shows PPFDA deposited onto a [bmim][PFs] droplet after
1S min. At a stage temperature of 35 °C, the concentration of
PFDA monomer at the vapor—IL interface was high enough (Pp/
Ps,c ~ 0.27) that polymerization occurred at the vapor—IL inter-
face and a continuous PPFDA skin formed (Figure 7A). At a stage
temperature of 55 °C (Pyy/Ps,¢ ~ 0.09), a continuous PPFDA skin
also formed (Figure 7B). At a stage temperature of 75 °C, there was
no skin formation because the concentration of PFDA monomer at
the vapor—IL interface was very low (Py;/Ps, ~ 0.03) and there
was no polymerization within the [bmim][PFq] since the PFDA
monomer is insoluble (Figure 7C).

Unlike the PHEMA case, the [bmim][PF¢] droplet slightly
contracted during PPFDA deposition. A set of 5 droplets had an

A.
I
52
£8B.
£2
A

1800 1600 1400

1200 1000

Wavenumber (cm-1)

Figure 8. FTIR spectra of PPFDA films deposited using (A) iCVD and
(B) ILiCVD.

average diameter of 5.16 == 0.38 mm before a 15 min deposition
ata stage temperature of 35 °C and an average diameter 0f4.88 &
0.36 mm after the deposition. The contact angles of [bmim]
[PFs] on silicon and a PPFDA film were found to be 35.7 + 1.0°
and 95.2 £ 0.8°, respectively. The contraction of the droplet
during PPFDA deposition is likely due to the decreased wetting
between the [bmim][PF¢] droplet and the PPFDA film that was
deposited on the surrounding silicon.

We used FTIR spectroscopy to characterize the PPFDA films
deposited at a stage temperature of 35 °C. Figure 8 compares the
FTIR spectra of a PPFDA film deposited onto a silicon wafer using
traditional iCVD and a PPFDA skin deposited onto a [bmim ] [PF]
droplet using ILICVD. The spectra are nearly identical, demonstrat-
ing that the films have the same composition. Both spectra have the
expected major peaks: C=0 stretching at 1741 cm™ ', asymmetric
CE, stretching at 1242 cm™ l, symmetric CF, stretching at
1207 cm Y, and a CF,CF; peak at 1153 cm™ " The absence of
additional peaks in the spectrum of the PPFDA film deposited using
ILiICVD indicates the high purity of the polymer film.

In contrast to the PHEMA skins, the PPFDA skins have a
more uniform thickness as shown in Table S-2 of the Supporting
Information. This suggests that PPFDA polymerization begins
evenly across the vapor—IL interface. The thickness of the skins
is the same as the thickness of the PPFDA film on the silicon
surface, confirming that the deposition rate is the same at the
vapor—IL interface and at the silicon—vapor interface.

B CONCLUSIONS

This work demonstrates the vapor-phase deposition of poly-
mers in the presence of ILs for the first time. The ILiICVD process
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is environmentally benign because organic solvents are not used
in the process. The combined ILICVD system can be used to
polymerize free-standing polymer, polymer skins that completely
encapsulate the IL, and polymer films that float freely on the IL
surface. The nature of the deposited polymer depends on the
deposition time, the stage temperature, and the solubility of the
monomer in the IL. This level of control is not possible in
solution-phase processes and can be utilized to develop compo-
site polymer—IL materials with controlled structures. The wide
variety of monomers and ILs will enable us to tailor highly
specific combinations of polymer solubility, functionality, ionic
conductivity, and other properties of composite materials using
the ILiCVD system. These materials could potentially be used as
electrolyte membranes in fuel cells, nonvolatile electrolytes in
batteries, or as ionic liquid core—polymer shell particles in
optical and chemical applications. Polymer—IL composite ma-
terials have attracted interest for use as electrolyte membranes in
fuel cells.** ** Owing to their high thermal stability, these
polymer—IL composite materials could enable the development
of fuel cells that operate above 100 °C, which will improve
electrode kinetics, increase carbon monoxide tolerance in the
catalyst, and reduce the difficulty associated with controlling
water content in current electrolyte systems.”> However, the
conductivity of these materials must be increased in order to
compete with existing technologies.”' One way to increase the
conductivity of these materials is to increase the IL content.*®
The extension of our work to additional polymers and ILs may
enable the development of polymer—IL composite materials
with high IL content for improved conductivity.

B EXPERIMENTAL SECTION

The 1-butyl-3-methylimidazolium hexafluorophosphate
([bmim][PFq]) ionic liquid (97%, Aldrich), 2-hydroxyethyl methacry-
late (HEMA) monomer (98%, Aldrich), 1H,1H,2H,2H-perfluorodecyl
acrylate (PFDA) monomer (97%, Aldrich), and tert-butyl peroxide
(TBPO) initiator (98%, Aldrich) were used without further purification.
Ionic liquid droplets (S L) were dispensed from a micropipet onto 4 in.
silicon wafers which were placed into a custom designed reaction
chamber (250 mm diameter, 48 mm height). A nichrome filament array
(80% Ni, 20% Cr, Omega Engineering) was resistively heated to 200 °C,
and the distance between the filament array and the substrate was kept
constant at 32 mm. The reactor stage was backside cooled to 35, 55, or
75 °C using a recirculating chiller. For poly(2-hydroxyethyl methacrylate)
(PHEMA) depositions, the HEMA monomer was heated to 55 °C in a
jar and flowed into the reactor at a rate of 0.52 sccm. TBPO was kept at
room temperature and flowed into the reactor at a rate of 2.52 sccm, and
the reactor pressure was maintained at 0.50 Torr. For poly(1H,1H,-
2H,2H-perfluorodecyl acrylate) (PPFDA) depositions, the PFDA
monomer was heated to 50 °C and flowed into the reactor at a rate of
0.28 sccm, TBPO was kept at room temperature and flowed into the
reactor at a rate of 3.30 sccm, and the reactor pressure was maintained at
0.35 Torr.

The droplets of [bmim][PF¢] were imaged using a stereo microscope
at 10X total magnification. The thickness of the polymer skins was
determined using a JEOL-6610 low-vacuum scanning electron micro-
scope. Ionic liquid was removed from the droplets by puncturing the
skin near the edge and using compressed air to force the IL though the
hole. The silicon substrate underneath the skin was cracked and
mounted in a substrate holder such that the cross-section could be
visualized. A thin gold coating was sputtered onto the surface of the
sample before imaging. Film thicknesses on silicon were determined
using a profilometer (Ambios Technology XP-2 stylus profilometer).

Fourier transform infrared spectroscopy (FTIR) (Thermo Nicolet iS10)
was used to study the chemical composition of the PHEMA and PPFDA
films. The polymer was removed from the surface of the [bmim][PF]
drops using forceps and rinsed with methanol before analysis. Contact
angle goniometry (ramé-hart Model 290-F1) was used to study surface
interactions. For the absorption trials, the contact angle was measured
immediately after absorption by removing the sample from the reactor
and transferring the IL to a clean silicon substrate. For all contact angle
measurements, drops (S uL) were allowed to equilibrate for S min
before static contact angles were measured.

B ASSOCIATED CONTENT

© Ssupporting Information. Figures S-1 and S-2 and Tables
S-1 and S-2. This material is available free of charge via the
Internet at http://pubs.acs.org.
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