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ABSTRACT: A method for the preparation of ultrathin films of poly(2-hydroxyethyl methacrylate) (PHEMA)
by simultaneous condensation and RF plasma deposition of 2-hydroxyethyl methacrylate (HEMA) is described.
Interactions of proteins with plasma-deposited and model PHEMA surfaces (spin-cast PHEMA, radiation-
grafted PHEMA, and bulk PHEMA gels) were examined. Films prepared by conventional plasma deposition
(i.e., without enhancing HEMA condensation by substrate temperature reduction) were also studied. 126-
radiolabeled fibrinogen was used to study the protein adsorption and retention characteristics of these materials.
Kinetic protein adsorption and free iodide uptake studies were performed. In addition, gravimetric analysis,
X-ray photoelectron spectroscopy, static secondary ion mass spectrometry, and water contact angle
mesasurements were made to compare physical and chemical properties of the various hydrogel specimens
and to gain insight into the reasons for their different protein interactions. Results demonstrate that plasma
deposition of HEMA on substrates at low substrate temperatures is a viable method for preparing ultrathin,

hydrogel films for biomedical applications.

Introduction

Interest in the late 1970s in hydrogels for biomedical
applications, especially for contact lens and blood-com-
patible surfaces, stimulated detailed investigation of the
bulk and surface properties of poly(2-hydroxyethyl meth-
acrylate) (PHEMA) gels.'+ Since that time, investigations
of PHEMA for application in a myriad of biomedical
devices has continued. PHEMA’s chemical stability,
swelling, and permeation characteristics have made this
polymer, and various copolymers of 2-hydroxyethyl meth-
acrylate (HEMA), desirable in applications such as drug
release systems,>® membrane dialyzers,® wound dress-
ings,1011 testicular prostheses,!? cell separation systems,3-16
enzyme immobilizations,!” intraocular lenses,!81° implant
electrodes,2® bone tissue substitutes,?! cell micro-
encapsulation,?Z2 and vocal cord prostheses.?? Several
fundamental studies on protein interactions with PHEMA
and its copolymers have also been published.?6-28

Radiation grafting of PHEMA has been used to treat
devices such as vascular prostheses where a surface with
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a hydrophilic, gel-like character is desired on a substrate
with specific mechanical properties.!%?8-32 The disad-
vantages of radiation grafting include (1) difficulty in
control of graft thickness, (2) radiation damage to the
substrate, (3) graft surface roughness, and (4) interpen-
etration of graft polymer into the substrate.

Radio frequency (RF) plasma deposition of PHEMA
films should overcome many of these disadvantages and
offers other advantages inherent in the plasma deposition
technique. For example, the energetic plasma particle
interactions with the substrate are limited to the surface
region of the solid. Hence, substrates may be coated
without change in their bulk mechanical properties.3?
Other advantages include film uniformity and the ability
to coat many types of substrates of different geometry
and chemistry.3

Films deposited from glow discharge plasmas produced
using HEMA vapor have previously been studied in our
laboratory for biomaterial applications, but chemical
analysis and biological assays have shown that resultant
films differ from solution polymerized PHEMA.3435 The
origin of these differences stems from the high degree of
fragmentation of HEMA that can occur during the plasma
deposition process.?® The interaction of neutral, gas-phase
HEMA molecules with energetic plasma species such as
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electrons, ions, and electromagnetic radiation results in
fragmentation of HEMA to form chemically reactive
species that participate in reactions leading to film growth.
The incorporation of these stochastically fragmented
species, together with the molecular disruption that can
occur on the surface of the film by energetic particle
bombardment, results in the highly cross-linked and
complex chemistry observed in the plasma-deposited
films.?7

Our goal has been to understand the processes that lead
to these complex film chemistries and to develop new
methodologies to control the chemical properties of
plasma-deposited films. We have succeeded toward this
end by developing the process of simultaneous conden-
sation and plasma deposition for the control of precursor
fragmentation.®”

In this paper, we describe the RF plasma deposition of
HEMA at reduced substrate temperatures to obtain
ultrathin films that retain PHEMA-like qualities and are
therefore useful for biomedical applications. Because of
the role of protein adsorption in blood coagulation and in
receptor-mediated cell adhesion phenomena in general,
the biological interactions of films were appraised by
comparing their protein (fibrinogen) adsorption and
retention with that of several types of PHEMA prepared
by conventional methods. These include solvent-soluble
PHEMA spin-cast onto glass; chemically-initiated, bulk
PHEMA cross-linked gels; and PHEMA radiation-grafted
onto polyethylene. In addition, comparison to HEMA
plasma-deposited films prepared without substrate cooling
is made.

Because of the complex nature of these materials, a
multitechnique analysis of the various films and gels is
also presented. This includes comparisons of wettability
and surface chemistry for the various types of gels.
Chemical analyses include X-ray photoelectron spectros-
copy (XPS) and static secondary ion mass spectrometry
(SIMS). Correlation of film properties with protein
interactions is also made.

Experimental Section

Materials. The components of the capacitively coupled,
external electrode, RF plasma reactor used for deposition have
been described elsewhere.?® Modifications of the tubular, glass
deposition chamber to allow cooling of substrates with liquid
nitrogen during the plasma deposition have also been described.””
HEMA was heated to increase its vapor pressure, and its flow
into the reactor was regulated by a Teflon stopcock. Pressure
of the plasma during deposition was maintained at 0.2 Torr, and
20-W RF power was supplied. Polyethylene, pressed between
mirror-finished aluminum plates, was used as the substrate
material. Samples were etched in an argon plasma (40 W, 0.175
Torr, 5 min) immediately before deposition. Samples cooled
with liquid nitrogen during deposition were treated for 5 min.
Deposition time for samples coated without cooling was 15 min.
Ophthalmic-grade HEMA (Polysciences, Inc., Warrington, PA)
was used in all syntheses and depositions.

Chemically-initiated PHEMA gels were prepared with 3.3 mol
% tetra(ethylene glycol) dimethacrylate (Scientific Polymer
Products, Inc.) as a cross-linking agent in a solvent system of
ethylene glycol/water. The exact gel formulation and conditions
of polymerization can be found elsewhere.?® HEMA was radi-
ation-grafted by placing pressed polyethylene in 12% HEMA in
ethanol/water (90.6/9.4 v/v) and irradiating for 18 h (0.25 Mrads)
in a %Co source. Soluble poly(HEMA) (radiation-initiated) was
cast from solution onto glass disks that had been previously coated
with an ethyl methacrylate (Aldrich Chemical Co.)/(v-meth-
acryloxypropyl)trimethoxysilane (PCR Research Chemicals, Inc.)
copolymer (2.5% EMA-silane in ethyl acetate) as a coupling
agent. PHEMA (5% ) in dimethyl formamide solution was spin-
cast at 4500 rpm for 20 s on the EMA-silane treated glass.
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Fibrinogen Adsorption. Fibrinogen was isolated from
baboon blood, labeled with 1251, and characterized as described
previously.# Protein adsorption was performed in a citrate
phosphate-buffered saline buffer (pH 7.4) containing 0.02%
sodium azide as a preservative and 0.01 M Nal to prevent
nonspecific uptake of free 12%] during protein adsorption. Details
of the adsorption and elution procedure are given elsewhere.4!
Briefly, adsorptions were initiated by adding 1 volume of protein
stock solution to 2 volumes of buffer that contained a completely
submerged test specimen at 37 °C. They were terminated by
displacing the protein solution with buffer. The radioactivity
on these samples yielded the initial protein adsorption. Elution
was carried out by immediately submerging the test samples in
a 3% sodium dodecyl sulfate (SDS) solution following adsorption.
After rinsing the samples again, the retained radioactivity yielded
the amount of protein remaining on the samples after elution.
Samples were examined for preferential uptake of unbound 125
by soaking in buffer solution of 2] radioactivity equivalent to
1% of that in the protein solution used for adsorption experi-
ments.

Physical Characterization. Wet and dry weights of the
various types of PHEMA samples were measured using a Cahn
Model G electrobalance (Cahn Instrument Co., Paramount, CA).
Wet samples were blotted with filter paper prior to weighing.
Electron micrographs were obtained using a JEOL JSM-25
scanning electron microscope (JEOL Ltd., Tokyo, Japan).

Chemical Analysis. X-ray photoelectron spectroscopy (XPS)
analyses were done on an SSX-100 surface analysis system
{Surface Science Instruments, Mountain View, CA) using a
monochromatic Al Ka X-ray source and a detection system with
a 30° solid angle acceptance lens, a hemispherical analyzer, and
a position-sensitive detector. Survey scans (0-1000-eV binding
energy) were run at an analyzer pass energy of 150 eV and an
X-ray spot size of 1000 um to determine the elemental composition
of each film sample. High-resolution Oy, and C,, spectra were
obtained at a pass energy of 25 eV and varying spot sizes. A
low-energy electron flood gun set at 5 eV was used to minimize
sample charging. The high-resolution spectra were resolved into
individual Gaussian peaks using a least squares fitting program.
All binding energies (BE’s) were referenced by setting the
maximum of the resolved C,, peak corresponding to carbon in
a hydrocarbon environment (CH,) to 285.0 eV.

SIMS analyses of the various sample surfaces were also done
onthe SSX-100 surface analysis system. The primaryion source
was a 3.5-keV, 1.5-nA Xe* beam produced from a differentially
pumped Leybold-Heraeus ion gun. The sample was bombarded
over a 3-mm-diameter area during data acquisition. The total
ion dose during data acquisition was <1 X 108 ions/cm?, which
ensured that static SIMS conditions were met.42 The secondary
ions were detected by a modified QMG 511 Balzers quadrupole
mass spectrometer equipped with an adjustable energy filter.
The takeoff angle of the detected secondary ions was near normal.
A low-energy electron flood gun set at 32 eV (positive secondary
ions) or 80 eV (negative secondary ions) was used to minimize
sample charging.

Results

Protein Interaction Measurements. The amount of
fibrinogen adsorbed to the various PHEMA samples
exposed to 0.1 mg/mL protein solution for 1 min, 10 min,
and 2 h is shown in Figure 1. HEMA plasma-deposited
at low temperature (HEMA-PDLT) adsorbs approxi-
mately the same amount of fibrinogen as the radiation-
grafted PHEMA and the PHEMA gel over the adsorption
times measured. HEMA deposited without substrate
cooling (HEMA-PDHT), however, adsorbs much higher
levels of fibrinogen, especially at the longer adsorption
times. Another interesting feature of this plot is that the
spin-cast PHEMA samples adsorb less protein than the
other samples at longer adsorption times. Furthermore,
the amount of adsorbed protein does not vary significantly
with adsorption time for the spin-cast samples. These
differences in adsorption amount and kinetics are likely
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Figure 1. Amount of fibrinogen adsorbed from a 0.1 mg/mL
solution in buffer (37 °C) to PHEMA specimens prepared by
various methods. Each data point represents a mean (n = 3) +
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Figure 2. Amount of fibrinogen retained on various PHEMA
specimens after 24-h SDS elution at 37 °C.

to be indicative of differences in surface chemistry,
mobility, or morphology in the various types of samples.

The amount of fibrinogen retained after 24-h elution
with SDS surfactant for the various adsorption times is
shown in Figure 2. Again, HEMA-PDLT exhibited
behavior similar to the PHEMA gel in that the amount
of retained protein is similar for all adsorption times. The
spin-cast PHEMA samples retained comparable amounts
of fibrinogen over the adsorption times studied as well.
Comparison at these low protein levels (<10 ng/cm?) is
suspect, however, because the measured radioactivity was
near background. In contrast to the protein adsorption,
the elutability of the radiation-grafted PHEMA was not
similar to that of the other PHEMA samples in that the
fraction of retained protein was higher for all adsorption
times. In addition, the HEMA-PDHT samples exhibited
elutability different from that of all other samples after
10-min and 2-h fibrinogen adsorptions.

The possibility of artifacts in the protein adsorption
data was examined by considering that uptake of free 1251
might occur during the adsorption experiments. Since
there were large differences in the total mass of PHEMA
in the various types of samples, the potential to retain
widely differing amounts of 1251 in the bulk hydrogel was
a concern. Even though Na'?[ was added to the buffer
solution and the protein solution was dialyzed and tested
for free 1251 before adsorption, investigation of 12T binding
to artifactually skew the results was essential. Figure 3
shows the free iodide uptake for the various samples. As
expected, those samples with a greater amount of hydrogel
absorbed moreiodide. The PHEMA gel and the radiation
graft (which was the thickest graft, 2.0 mg/cm?) retained
the highest amounts of 1%I. By comparison, spin-cast
PHEMA and HEMA-PDLT (0.054 mg/cm?) retained very
low levels of iodide. HEMA-PDHT retained approxi-
mately the same level of %] as the radiation graft, even
though the average graft weight (0.016 mg/cm?) was less
than that of HEMA-PDLT.
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Figure 3. Amount of free %I uptake by PHEMA prepared by
the various methods.
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Figure 4. XPS Cy,spectra of the PHEMA samples prepared by
the various methods: (a) HEMA-HT, (b) HEMA-LT, (c) spin-

cast PHEMA, (d) radiation-grafted PHEMA, and () PHEMA
gel.

Chemical Analysis. Table Isummarizesthe XPS data
for the various types of surfaces. Elemental compositions,
reported here as carbon-to-oxygen ratios (C/0), were
obtained by comparing intensities of core-level photo-
electron emission for different elements. Within the
typical error of the XPS measurement, the spin-cast,
radiation-grafted, and cross-linked gel PHEMA samples
showed C/O’s approximately equal to that expected from
the theoretical PHEMA composition (C/O = 2.0). C/O
ratios were consistently higher than 2.0 (~2.3), however.
This may be due to low levels of hydrocarbon contami-
nation on the polymer surfaces. The PHEMA gel con-
tained another contaminant that was detected as a silicon
signal in the XPS spectrum (~3 atom % Si). We have
had difficulties removing this contaminant from the gels,
and the extent to which it may influence measurement of
protein interactions or wettability is not certain. None of
the other plasma-deposited samples or PHEMA samples
showed peaks from elements other than carbon and oxygen
intheir XPS spectra. The plasma-deposited surfaces also
showed C/O’s higher than the theoretical C/O for PHEMA,
but approximately the same as those for the PHEMA
samples.

High-resolution Cy; and Oy, core-level spectra were also
examined. These spectra reflect the types of carbon and
oxygen functional groups present in the various surfaces.
Figure 4 shows representative C; spectra for the five types
of surfaces. The spectra were resolved into three peaks:
(1) a 285.0-eV peak corresponding to carbon with no bonds
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Table I. XPS Carbon-to-Oxygen Elemental Percentage
Ratios (C/0) and Resolved High-Resolution C;, Area Ratios
for the Various PHEMA Specimens (Based on a
Three-Peak Fit to the Spectra)

Cy, peak area ratios

gpecimen C/O 2889eV 286.6eV 285.0eV
HEMA-PDHT 2.6 1 2.2 4.1
HEMA-PDLT 2.5 1 2.1 3.3
spin-cast PHEMA 2.3 1 2.3 2.9
radiation-grafted PHEMA 2.4 1 2.4 3.0
PHEMA gel 2.3 1 2.5 3.4
theory 2.0 1 2 3
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Figure 5. XPS Oy, spectra of the PHEMA samples prepared by
the various methods: (a) HEMA-HT, (b) HEMA-LT, (c) spin-
cast PHEMA, (d) radiation-grafted PHEMA, and (e) PHEMA
gel.

to oxygen (CH,, hydrocarbons), (2) a 286.6-eV peak
corresponding to carbon with one oxygen bond (C—O,
ethers and alcohols), and (3) a 288.9-eV peak corresponding
to carbons with three bonds to oxygen (O=C—0, esters).
The spectra in Figure 4 can alternatively be fit with an
additional peak due to a secondary chemical shift induced
by the ester group on the substituted backbone carbon. 4344
For the purposes of comparison, though, the simpler three-
peak fit was used.

The ratios of the resolved peaks are tabulated in Table
I. As expected from the polymer structure, the areas of
the three component peaks, for the PHEMA samples, are
approximately in the ratio of 3:2:1 (CH,:C—0:0=C-—0).
Although differences in the line shape of the spectra are
apparent, especially between the plasma-deposited sam-
ples and the PHEMA samples (prepared without plasma
deposition), the resolved peak area ratios indicate similar
amounts of each type of carbon for all the films. The
plasma-deposited films showed similar spectra, although
the peak resolution indicated HEMA-PDHT had slightly
higher levels of hydrocarbon-type carbons. In addition,
in the plasma-deposited films, the shoulder indicative of
C—O0isless well-resolved from the CH, peak than PHEMA
specimens fabricated without plasma deposition.

Figure 5 compares representative high-resolution Oy,
spectra for the various specimens. Although only one
symmetric peak is present in the PHEMA spectra (spin-
cast, gel, radiation graft), model compound studies have
shown distinct binding energies for the three types of
oxygens in the PHEMA repeat unit.¥% The hydroxyl
oxygen (H—0—C ~532.8 eV), the carbonyl oxygen in the
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ester (O=C—O0 ~532.2 eV), and the ester linkage oxygen
(0=C—0—C ~533.7¢V) are present in the HEMA repeat
unitin theratio 1:1:1 and yield a symmetric O,; envelope.4
The plasma-deposited films yielded O,, spectra that were
slightly asymmetric, with a depletion of high binding
energy components suggesting a reduction in ester-linked
oxygens (0=C—0—C).

Figure 6 shows the positive ion SIMS spectra of the
spin-cast PHEMA, the radiation-grafted PHEMA, and
the plasma-deposited HEMA films. Comparison of the
positive ion spectra for the radiation-grafted PHEMA and
the spin-cast film shows that materials prepared by these
two methods produce similar fingerprint spectra. These
spectra agree well with previously published positive ion
PHEMA spectrain both the mass and the relative intensity
of the ions detected.*47 One notable exception is the
conspicuous m/z = 149 peak in these spectra, which is not
present (or present at very low intensity) in the previously
published spectra. The ion fragment (or fragments)
responsible for this peak may be attributable to a
contaminant on the specimen surfaces. An m/z = 149
peak has been observed when other plasma-deposited films
synthesized in our laboratory have been analyzed. Such
apeak may be due to phthalate cation (CgHzO3"). Studies
to verify this peak assignment using derivatization SIMS
and high mass resolution SIMS are planned.

Comparison of the positive ion spectra of the plasma-
deposited films shows that peak clusters similar to those
of non-plasma-deposited PHEMA specimens are observed,
especially below m/z = 100. Differencesin peak intensities
between the PHEMA films produced with and without
plasma deposition are obvious, but HEMA-PDHT and
HEMA-PDLT generally look similar in thisregion. Above
m/z = 100, a conspicuous difference between the two
plasma-deposited samples is observed. The characteristic
m/z =113 peak (which is prominent in all the non-plasma-
deposited PHEMA samples) is much more intense in the
HEMA-PDLT spectrum than in the HEMA-PDHT spec-
trum. This peak has been assigned to an ion fragment
consisting of the PHEMA repeat unit without the side
chain terminal hydroxyl group (CsHgO;%).46 We believe
that the intensity of this peak is an indication of HEMA
fragmentation occurring during the plasma deposition
procedure. The ratio of this peak to other dominant
positive ion peaks (e.g., m/z = 43) for HEMA-PDLT is
much closer tothat observed in the spin-cast and radiation-
grafted PHEMA than for HEMA-PDHT. This suggests
that HEMA suffers less fragmentation when it is used in
plasma deposition on cooled substrates.

Figure 7 shows the negative ion SIMS spectra for the
plasma-deposited and non-plasma-deposited PHEMA
specimens. Again, the fingerprintspectrafor the radiation-
grafted and the spin-cast film are similar and agree well
with published PHEMA spectra. Substantial differences
are seen in the total intensity of molecular ion peaks for
these samples that may be related to the degree of cross-
linking in the polymer network. We have investigated
the effects of cross-link density on ion yield in SIMS and
have found reduced total ion yield for polymers with higher
cross-link densities.48 In negative ion SIMS, the HEMA-
PDLT spectrum is similar to the PHEMA spectra,
indicating similar chemical structures in these films. The
negative ion spectra of the HEMA-PDHT films were
dramatically different from the PHEMA spectra, however,
with a loss of most molecular information above m/z = 25.
This indicates that these films are of substantially different
nature than the other films analyzed and are consistent
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Figure 7. Negative ion static SIMS spectra of PHEMA samples prepared by the various methods.

with highly cross-linked HEMA polymers examined in
the study cited above.

Discussion

The relative abundance of fibrinogen in blood, its high
surface activity, and its key role in coagulation makes this
protein a central player in early adsorption events after
blood-material contact. The role of fibrinogen in later
events such as platelet adhesion and spreading has also
been explored.35:4950 Both protein adsorption and protein

retention after elution with surfactant have been shown
to depend on a variety of chemical and morphological
properties of polymers.4!

Fibrinogen adsorption measured for the HEMA-PDHT
samples was high (~2800 ng/cm? after 2 h of adsorption)
compared to the other PHEMA types studied. Compa-
rable levels have been measured for fibrinogen adsorption
to other polymers.5! These levels are in the range of
adsorption expected for end-on fibrinogen monolayer
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coverage (2200-4000 ng/cm?).5% We, at present, however,
cannot rule out multilayer adsorption.

Even though the graft level for the HEMA-PDHT
samples was low and similar to that for the HEMA-PDLT
samples, they retained significantly more iodide than the
HEMA-PDLT samples. Thismay be due tospecificiodide
adsorption or interaction of iodide with chemical groups
(not found in PHEMA) produced during the deposition
process. The amount of protein adsorption corresponding
to this 125] retention is small, however (less than 30 ng/cm?
for both 10-min and 2-h adsorptions), compared to the
actual protein adsorption measured at both adsorption
times (see Figure 1). The independence of iodide uptake
with adsorption time suggests that uptake was near
saturation. These results lend credibility to the protein
interaction measurements in that they indicate that
artifacts associated with the retention of 1251 during the
protein adsorption measurements were minimal.

XPS gives quantitative information on the elemental
composition and molecular environment of approximately
the top 100 A of a surface and is therefore ideally suited
for analyzing thin films.5283 Static SIMS is an excellent
complement to surface analysis by XPS because it is rich
ininformation on the chemical structure in the uppermost
10-15 A of a polymer surface.545 Hearn and Briggs have
studied both the positive and negative SIMS spectra of
spin-cast PHEMA and have assigned ion structures to the
major peaks.® Brown and Vickerman have also inde-
pendently published PHEMA SIMS spectra and discussed
peak assignments.t’” These published results provide
fingerprint spectra to which we can compare SIMS spectra
of PHEMA specimens.

We have presented here a brief analysis that compares
SIMS spectral fingerprints to demonstrate the similarity
of the SIMS spectra of the various PHEMA’s to previously
published PHEMA spectra. A more complete analysis of
the spectra of the plasma-deposited HEMA (both HEMA-
PDLT and HEMA-PDHT) and a more detailed inter-
pretation of the consequences of plasma deposition on
monomer scrambling is published elsewhere.%

Briefly, both the positive and negative ion spectra
indicate that the surface chemistry of the spin-cast and
gel PHEMA surfaces are similar, and are similar to the
chemistry of the HEMA-PDLT surface, as well. However,
the SIMS spectra (positive and negative) indicate that
the surface chemistry of the HEMA-PDHT samples is
substantially different. Both positive and negative ion
SIMS spectra provide evidence that the degree of HEMA
fragmentation occurring during plasma depositionis lower
when low substrate temperatures are used.

Additional evidence for the increased fragmentation of
HEMA-PDHT was obtained from underwater, air contact
angle measurements. The spin-cast PHEMA showed a
substantially higher contact angle, indicating lower wet-
tability, while the HEMA-PDHT sample showed the
highest wettability. This may be due to hydroxyl groups
in the HEMA-PDHT sample trapped, because of cross-
linking, in a conformation where they must point outward
to the interface. Unlike the spin-cast PHEMA, HEMA-
PDHT has no conformational possibility to rearrange. This
wettability phenomenon for these plasma-deposited films
will be described in more detail elsewhere.5? Others have
discussed aspects of mobility and contact angles for
plasma-deposited films%8-5 and hydrogel films.50

There are several chemical factors that may influence
protein adsorption and that may be altered as a result of
increased fragmentation of HEMA during plasma depo-
sition. These may include surface energy, the degree of
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steric repulsion of proteins by hydrated polymer chains
(which may be influenced by polymer mobility), and the
presence of molecular-level heterogeneities in surface
chemistry produced as a consequence of the production
of new functional groups during the plasma deposition.
Such new functional groups may give rise to specific
interactions (e.g., ionic) between the protein and the
plasma-deposited film.

Conclusions

Fibrinogen interaction measurements suggest that the
HEMA-PDLT films will interact with biological systems
similarly to other PHEMA grafts. There may be several
advantages of the plasma deposition process over other
film grafting procedures (e.g., radiation grafting) including
ready control of film thickness and the ability to make
ultrathin films. Thus, the simultaneous condensation—
plasma deposition of HEMA may be a desirable surface
treatment for many types of biomaterials applications.

Chemical analyses and contact angle measurements also
showed that the HEMA-PDLT films were similar in nature
to conventional PHEMA grafts and gels. Although XPS
analysis was relatively insensitive to differences in surface
chemistry, especially between the HEMA-PDLT and
HEMA-PDHT films, static SIMS analysis showed clear
differences. However, XPS did provide useful surface
elemental composition information that cannot be ob-
tained by other means.

These experiments also explore the value of protein
interaction studies as a comparative probe for the surface
structure of polymers. The difference in fibrinogen uptake
and retention between the spin-cast samples and the other
PHEMA samples (radiation grafts) may explain earlier
observations on differences in platelet consumption of
PHEMA surfaces prepared by different methods.6! Be-
cause of the sensitivity of protein~polymer interactions to
surface chemistry and macromolecular structure, protein
interaction measurements may be useful in the general
comparison of difficult-to-characterize polymer surfaces.

All analyses performed indicated that by plasma-
depositing HEMA at low temperature, a polymeric graft
similar in nature to conventional PHEMA can be prepared.
HEMA serves as a model system for other useful meth-
acrylate- and acrylate-based thin film systems that may
find application in the fields of biomaterial and material
technology.
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