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Abstract. Plasma hydrophilization and subsequent hydrophobic recovery is studied
for ten different polymers of microfabrication interest: polydimethylsiloxane (PDMS),
polymethylmethacrylate (PMMA), polycarbonate (PC), polyethylene (PE),
polypropylene (PP), polystyrene (PS), epoxy polymer SU-8, hybrid polymer
ORMOCOMP, polycaprolactone (PCL), and polycaprolactone/D,L-lactide
(P(CL/DLLA)). All polymers are treated identically with oxygen and nitrogen
plasmas, in order to make comparisons between polymers as easy as possible. The
primary measured parameter is the contact angle, which was measured on all polymers
for more than 100 days in order to determine the kinetics of the hydrophobic recovery
for both dry stored and rewashed samples. Clear differences and trends are observed

both between different polymers and between different plasma parameters.


http://dx.doi.org/10.1063/1.3673251

I. Introduction

Plasma treatments can be used to modify the surface properties of polymers and improve their
performance in various applications. In particular, hydrophilization of polymers by oxygen or nitrogen
plasmas has found wide use. In biomedical applications, plasma hydrophilization can improve the

biocompatibility of polymers ** as well as affect the attachment density of cells *” and the adsorption

10-13 9,14,15 ;

of proteins ®°. Capillary filling of polymer microfluidic channels and structured substrates is
also enhanced by hydrophilization, since most polymers in their native form are either hydrophobic or
only slightly hydrophilic. Furthermore, plasma hydrophilization can be used for improved adhesion

and bonding of polymers ***%,

Typically, polymer surfaces exposed to oxygen or nitrogen plasmas become more hydrophilic due to
formation of high energy surface groups in reactions between the native surface groups of the polymer
and the reactive plasma species ***°. In addition to surface chemistry, plasma treatment also often

affects the surface topography 2%

, Which further enhances the effect of the surface chemistry on the
contact angle. However, the hydrophilization is typically not stable, and either a partial or complete
hydrophobic recovery is usually observed. While the hydrophobic recovery can sometimes be
exploited to produce multiple different contact angles for experiments **'**  typically the
hydrophobic recovery is a significant drawback for most applications. On dry storage, the principal
reasons for the recovery have been identified as being the reorientation of the surface layer, or the
migration of the polymer chains from the bulk of the polymer to the surface or from the surface to the
bulk %3 If the samples are stored or washed in a solvent, polymer fragments can also leave the

surface by dissolving into the solvent **%>3,

The plasma hydrophilization and hydrophobic recovery have been studied for many polymers, in both

mechanistic and application oriented studies. However, while these studies have greatly illuminated



the fundamental physics and chemistry of plasma treatments, as well as provided valuable applications
for plasma treatments, comparisons between different polymers are not always easy, since most
studies focus on only one or a few polymers, and the plasma reactor types, processing parameters and
the surface characterization methods vary greatly between studies. Because of that, we report here the
hydrophilization and hydrophobic recovery, as characterized by the contact angle, for ten different
polymers of microfabrication interest, all treated in the same reactor and under the same experimental
conditions. The purpose of the study is to help other researchers in choosing polymers for their
applications, as well as help future studies of the hydrophilization and recovery mechanisms of various

polymers.

Both oxygen and nitrogen plasmas, with two different treatment times, were tested for all samples, and
the recovery is followed on samples exposed to air ambient as well as for samples that are rewashed
after each measurement. The polymers chosen for the study were: 1) polydimethylsiloxane (PDMS),
2) polymethylmethacrylate (PMMA), 3) polycarbonate (PC), 4) polyethylene (PE), 5) polypropylene
(PP), 6) polystyrene (PS), 7) epoxy polymer SU-8, 8) hybrid polymer ORMOCOMP, 9)
polycaprolactone (PCL) and 10) a branched poly(g-caprolactone/D,L-lactide)copolymer with 70/30

monomer ratio (P(CL/DLLA)).



I1. Experimental

A. Polymers

PDMS (Sylgard 184, Dow Corning) was prepared by mixing a 10:1 ratio of prepolymer to curing
agent, casting the mixture on a petri dish, and curing the PDMS for 3 hours in an oven in 50°C.
PMMA (Foiltek Oy, Vantaa, Finland) and PC (Arla Plast AB, Borensberg, Sweden) were purchased as
1 mm and 2 mm thick sheets, respectively. PE (PE 300) and PP were purchased as 1 mm and 2 mm
thick sheets, respectively (VINK Finland Oy, Kerava, Finland). The PS surfaces were the bottoms of
plastic petri dishes (Greiner Bio-One GmbH, Kremsminster, Germany). SU-8 (SU-8 50 from
Microresist Technology, Berlin, Germany) films were prepared on top of a silicon wafer by spin
coating for 30 s at 9000 rpm, soft baked on a hot plate for 5 min at 65°C and 8 min at 95°C, exposed
for 10 s (MA 6 mask aligner, Siiss Microtech, Germany) and post exposure baked for 8 min at 95°C.
ORMOCOMP (ORMOCOMP® from Microresist Technology, Berlin, Germany) was prepared on top
of silicon wafer by spin coating for 30 s at 4000rpm, soft baking for 2 min at 95°C, exposed for 5 s
and baked for 5 minutes at 95 °C. Both the SU-8 and the ORMOCOMP layers were also developed
(mr-Dev 600 and Ormodev, respectively, from Microresist) after preparation in order to render the
initial surface properties similar to what would be found in a lithographically fabricated microfluidic
device. PCL was synthesized in house by ring opening polymerization of g-caprolactone (Solvay),
with 1,4-butanediol (Acros Organics) as a co-initiator (0.3 mol-%) and stannous octoate (Sigma) as an
initiator (0.01 mol-%). The polymerization was carried out for 6 h at 160 °C. The weight average
molecular weight of the PCL was 60 000 g/mol. Discoid specimens (thickness 2 mm, diameter 6 mm)
of PCL were then compression moulded (Fontijne TP400) at 80 °C for plasma treatments.
P(CL/DLLA) was prepared as reported previously ** and cast 2 mm thick on a plate and cured in a

Triad 2000 light curing system (350-550 nm, DeguDent) for 30 minutes on both sides.



B. Plasma Treatments

All plasma treatments were carried out by Plasma System 400 batch reactor (PVA Tepla AG,
Kirchheim, Germany), which uses microwave (2.45 GHz) generated plasma to activate the surface.
Both oxygen and nitrogen plasmas were used, with the gas flows being 800 ml / min for both O, and
N, precursors. The microwave power was held constant at 500 W. Two treatment times, 1 min and 10

min were tested for both plasmas.

C. Contact Angle Measurements

Static contact angles of the samples were monitored by sessile droplet contact angle goniometry (Cam-
101, KSV Instruments Ltd, Helsinki, Finland). A water droplet of 1-2 ul was gently brought into
contact with the surface using a precision pipette mounted on a movable stage, and the contact angle
was measured immediately after the droplet stopped spontaneously advancing on the surface. The
reported contact angles are the averages of three repeat measurements. Contact angles near the limit of
complete wetting could not be reliably measured, and an arbitrarily chosen value of 5° was used as the
contact angle in these cases. Pooled standard deviations of the contact angle measurements were

calculated for all polymers and they were less than 4° for all polymers.

The contact angles were measured immediately before and after the plasma treatments to measure the
effect of the treatment, as well as multiple times after the treatment to measure the hydrophobic
recovery. The hydrophobic recovery was monitored under two different conditions, similar to Walther
et al. %°. The first set was measured from previously unused surface to simulate long term storage in a
shelf, while the second set was rewashed after each measurement in order to simulate constant use and
reuse in a laboratory. The washing was done by immersing the sample in isopropanol for 10 seconds,
then immersing the sample in deionized water for 10 seconds, and blowing the sample dry by a

nitrogen pistol.



D. Samples
Two plasmas, two treatment times and two storage methods produced a total of eight samples for each

of the ten polymers. Table 1 presents the nomenclature used for naming the samples.

Table 1: Sample parameters used in the study.

Sample Plasma Time (min) Storage
O,-long-dry 0, 10 Dry stored
O,-long-wash 0O, 10 Rewashed
O,-short-dry 0O, 1 Dry stored
O,-short-wash 0O, 1 Rewashed
N,-long-dry N, 10 Dry stored
N,-long-wash N, 10 Rewashed
N,-short-dry N, 1 Dry stored
N,-short-wash N, 1 Rewashed




I11. Polymer Contact Angles

A. PDMS
The hydrophilization of PDMS, which has a native contact angle in the 100° - 110° range, by oxygen

d 3192728303335 A near universal finding is that the oxygen plasma

plasma has been widely studie
treatment initially brings the contact angle to very hydrophilic values, after which a rapid and nearly
complete hydrophobic recovery takes place for dry stored samples. The time scale for the recovery

1927 and weeks ***, Storing the PDMS surfaces

varies greatly between studies, from hours * to days
permanently under water *° or solvent extraction of non cross linked low molecular weight species
prior to plasma treatment ™ can help preserve the hydrophilicity for longer times. Hydrophilization of
PDMS by nitrogen plasma is less studied. Williams et al. * report contact angles of 60° after a nitrogen

plasma treatment, with a recovery back to 100° in a month. Owen and Smith 2 report that completely

wetting PDMS could be obtained by nitrogen plasma treatments, but do not elaborate further.

The native contact angle of our PDMS surfaces was 100° and the results of contact angle
measurements of plasma treated samples are shown in Figure 1. Initially, the shorter oxygen plasma
treatment produced the most hydrophilic PDMS (6 ~ 10°), followed by the longer oxygen plasma
treatment (0 = 30°). Nitrogen plasma treated PDMS was not as hydrophilic, but the recovery was
slower than that of oxygen plasma treated PDMS. The shorter treatment time was also preferable in
the case of nitrogen, which supports the conclusion of Owen and Smith® that longer treatment times
cause cracking of PDMS surface, which is a detriment to the hydrophilization effect. Ultimately, by
around day 50, most of the samples had recovered completely their native contact angle, which is a
well known characteristic of plasma based PDMS hydrophilization. There was no consistent
difference between the dry stored and rewashed samples in the recovery behavior. Curiously, two of

the nitrogen plasma treated samples did not recover quite to the same extent as the other samples, but



even in those cases, the hydrophobicity recovered significantly. Overall, PDMS was a polymer that
had some of the lowest contact angle values immediately after the treatment, but also one of the

polymers that had the most complete hydrophobic recoveries.

B. PMMA

The surface modification of PMMA by oxygen plasma treatment has been used in various applications
to improve the surface wettability and adhesion properties ®#924%3  Several studies *?*** have
demonstrated that longer treatment times induce more hydrophilic surfaces. Similar results have been
observed for higher plasma powers as compared to lower ones °, implicating that the higher the plasma
dose the lower the measured contact angle. Some groups have also investigated the aging behaviour of
oxygen plasma treated PMMA surfaces for different periods of times. Both Schmalenberg et al. ® and
Tsougeni et al. °? reported that the hydrophobic recovery begun almost immediately after relatively
short exposure (30s-5min). On the other hand, longer treatments (20min - 60min) were reported to
make the surface superhydrophilic for several days. However, after 120 days the samples with longer
treatment had recovered back to 70° while the samples with shorter treatment stabilized to just under

60°.

The native contact angle of our PMMA surfaces was 77° and the results of contact angle
measurements of plasma treated samples are shown in Figure 1. Initially, the PMMA samples treated
with nitrogen plasma were more hydrophilic (6 =~ 30°) than the samples treated with oxygen (6 = 40°).
Our experimental results do not replicate the result that higher doses lead to better hydrophilization, as
the dose dependency in our case was rather weak and actually favoured shorter treatments. The
hydrophobic recovery of the rewashed samples was greater than the recovery of the dry stored samples
and the contact angles of all rewashed samples recovered to near the original level (6 = 75°) in
approximately 10 days. Slightly less recovery was observed among dry stored samples and the dry

stored nitrogen and oxygen plasma treated surfaces stabilized around 65° and 70°, respectively.



Overall, we find that PMMA was one of the polymers with least stable hydrophilization, which also

agrees well with previous studies.

C. PC

Larsson and Dérand ¥’ studied the hydrophilization of PC with oxygen plasma using different plasma
intensities and observed the stability of the surface wettability for 200 days. Although the contact
angles (0 = 5°) measured immediately after the exposure did not differ remarkably between different
plasma conditions, the aging behaviour varied significantly. The least recovery was observed for the
highest plasma intensities (around 15° after 200 days) and the most recovery was observed for lowest
plasma intensities (around 60° after 200 days). Washing effect was also investigated by immersing the
plasma treated samples in diluted ethanol solution. In this case, the intensity of the plasma had
significant effect and the contact angle varied from 5° to 60° after the washing step, but the recovery
over time was not reported. PC has also been treated with nitrogen plasma '’ and the hydrophobic

recovery was observed up to 12 months, and the contact angle was reported to stabilize around 40°.

The native contact angle of our PC surfaces was 85° and the results of contact angle measurements of
plasma treated samples are shown in Figure 1. The longer oxygen plasma treatment made the surface
most hydrophilic (6 ~ 15°) immediately after the exposure whereas the shorter nitrogen plasma was
the least effective but still produced very hydrophilic PC ( 6 = 25°). These results are in qualitative
agreement with previous studies, which also report very hydrophilic PC surfaces immediately after the
plasma treatment. Very rapid recovery was observed for all rewashed samples and the final level (6 =
75°) was reached in 20 days. Dry stored samples underwent much slower hydrophobic recovery and
the contact angles seemed to still be increasing after 110 days except for the shorter nitrogen plasma

treated sample, which seemed to have stabilized to 55°.

D. PE



Hydrophobic recovery of PE surface after oxygen plasma treatment has been investigated by Behnisch
et al.*®. The PE surface was treated with the plasma and the hydrophobic recovery at room temperature
was followed for several days. The native contact angle of the surface was measured to be 106° and
the contact angle immediately after the treatment was around 40°. In 18 days the contact angles had

recovered to around 60°.

The native contact angle of our PE surfaces was 95° and the results of contact angle measurements of
plasma treated samples are shown in Figure 1. For PE the longer nitrogen plasma treatment produced
the most hydrophilic surface (6 ~ 30°) while 10°-20° higher contact angles were observed for samples
treated with other plasmas. Longer treatment time was beneficial also in the case of oxygen plasma.
There was a clear difference in the intensity of the hydrophobic recovery between the rewashed and
dry stored samples, so that the rewashed samples recovered almost completely to 80° - 90° while the
dry stored samples recovered only partially to 60° - 70°. Overall, our results agree reasonably well

with those of Behnisch et al. ®

10
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Figure 1. Contact angle evolution of the polymers. The dashed line shows the native contact angle.

The error bars have been omitted for clarity.
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E. PP

Hydrophilization of PP surface has been studied by Morra et al. *°. The polymer samples were treated
with oxygen plasma and the contact angles were measured as a function of aging time and
temperature. At room temperature, the contact angles decreased from the native 95° to 24°
immediately after the treatment. However, the recovery was relatively fast and after a day the
measured contact angle was already 60°, and a complete recovery was observed after 16 days. Another
study *® reported somewhat different results: the native contact angle of PP was determined to be 116°
and the contact angle immediately after an oxygen plasma treatment was around 80°. Interestingly, the
surface did not seem to suffer from the hydrophobic recovery at all when stored at room temperature

for 18 days.

The native contact angle of our PP surfaces was 101° and the results of contact angle measurements of
plasma treated samples are shown in Figure 1. Initially, the lowest contact angles are measured from
samples treated with the longer nitrogen plasma (6 = 45°). However, it is interesting to note that the
very same longer nitrogen plasmas samples (both rewashed and dry stored) undergo the most
significant hydrophobic recovery and finally they reach the level of native PP surface. The other
samples show initial contact angles of only 60° - 75°, but the recovery is also slower. All rewashed
samples eventually reach levels similar to the native contact angle, but the dry stored oxygen plasma
and lower duration nitrogen plasma samples retained some hydrophilization even after 100 days, but
even there the contact angle recovered to around 85°. Both the initial and final contact angle results of

our oxygen plasma treated sample lie in-between the results reported in the aforementioned studies.

F.PS
Wetting properties of oxygen plasma treated PS surfaces have been studied by several groups '****7*°.

Murakami et al. " report that PS contact angles decreased from native 92° to 7° during oxygen plasma

12



treatment, but these recovered to 64° after a methanol washing step after the treatment, while the
hydrophobic recovery of samples stored in a nitrogen gas atmosphere was more moderate. Larsson et
al. *7 reported completely wetting PS surfaces after oxygen plasma treatment. With higher plasma
intensities, the hydrophobic recovery was moderate and after 200 days the contact angles were still
below 20°, while contact angles of the samples with less intensive plasma treatment recovered to

above 45° during the same time period.

The native contact angle of our PS surfaces was 98° and the results of contact angle measurements of
plasma treated samples are shown in Figure 1. For PS, the oxygen plasma treatment was clearly the
most efficient way to make the surface hydrophilic and complete wetting was observed on those
surfaces for both treatment times. The level of recovery of the dry stored oxygen plasma treated
samples was the least of all the samples in this study and at the end of the experiment the contact
angles of the longer and shorter oxygen plasma treated samples had recovered to around 18° and
around 30°, respectively. These results agree well with previous reports of highly hydrophilic oxygen
plasma treated PS surfaces. The initial contact angles of nitrogen plasma treated surfaces were around
10° and after 100 days the contact angles of dry stored and rewashed samples had recovered to around
42° and 60°, respectively. Overall, PS was the material which kept its hydrophilicity for the longest

time, although most of the samples seem to still be ongoing slow hydrophobic recovery after 100 days.

G. SU-8

Walther et al. ?° studied the hydrophilization of SU-8 by oxygen plasma and the hydrophobic recovery
of both dry stored surfaces and rewashed surfaces. They report a native contact angle of 74° and the
samples became extremely hydrophilic, showing contact angles of less than 5° immediately after the
treatment. For dry stored samples, relatively mild recovery was observed, with the contact angles

recovering to around 10° in a week and to around 20° in ten weeks. On the other hand, samples

13



rewashed after each measurement rapidly recovered to around 35° in a week, after which the recovery

proceeded to around 45° in 61 days.

The native contact angle of our SU-8 surfaces was 72° and the results of contact angle measurements
of plasma treated samples are shown in Figure 1. The initial contact angles ranged from 5° to 25°, with
oxygen precursors and higher plasma doses leading to more hydrophilic surfaces. The contact angles
of dry stored surfaces recovered first to 25°-35° in a week, after which the contact angles further
recovered to final values of around 40° in 100 days. The extent of recovery on the rewashed samples
was greater, and the contact angles recovered to around 50° in a week and to 60° in 100 days. Overall,
our results are in good agreement with those of Walther et al., and show that SU-8 can be made almost

permanently hydrophilic by oxygen and nitrogen plasmas.

H. ORMOCOMP

ORMOCOMP belongs to a class of inorganic-organic hybrid polymers called ORMOCERSs, which
consists of an inorganic silica network backbone, with organic cross linking units and functional
moieties *°. Applications of ORMOCERSs include abrasion resistant transparent coatings “°, barrier
layers for food packaging *°, elements for optical applications *°, microchip capillary electrophoresis
1541 "and surface assisted laser desorption ionization mass spectrometry *2. We have recently studied
the hydrophilization and pore formation process of ORMOCOMP by an oxygen plasma process using
a different oxygen plasma process (reactive ion etching) *. In that study, we found that the contact

angles of all but the most clearly porous samples recovered to around 45 in three weeks, while the

strongly porous samples retained complete wetting during that period.

The native contact angle of our ORMOCOMP surfaces was 72° and the results of contact angle

measurements of plasma treated samples are shown in Figure 1. Oxygen plasma treated ORMOCOMP

surfaces had initially contact angles of 25° - 40°, while the nitrogen plasma surfaces had contact

14



angles around 40° - 60°. A longer plasma treatment produced a more hydrophilic surface for both
plasmas. A salient feature of ORMOCOMP is the slow pace of the hydrophobic recovery. Most of the
samples were still in the process of slowly recovering after 100 days from the measurements.
Interestingly, in the case of ORMOCOMP, the effect of rewashing the surfaces seemed to stabilize the
hydrophilicity instead of hastening the recovery like was observed for most polymers. The oxygen
plasma treated samples had contact angles of around 50° after 100 days, consistent with the less
porous samples of our previous study “*. The nitrogen plasma treated samples had recovered
completely to around 70° during 100 days. Compared to our previous study*®, we do not find as stable
hydrophilization due to the fact that the samples treated in the reactor used for this study are not

strongly porous.

I. PCL
PCL is a biodegradable polymer that is used in biomedical applications such as implants and tissue

engineering scaffolds. Hirotsu et al. *

studied oxygen plasma treatment and hydrophobic recovery of
PCL. They report native contact angles of 70°, which was reduced to 45°-50° after a minute long

plasma treatment. The contact angles recovered to 60°-65° in a few days.

The native contact angle of our PCL surfaces was 80° and the results of contact angle measurements
of plasma treated samples are shown in Figure 1. Initially, the higher plasma dose nitrogen treated
sample had contact angles around 40°, both oxygen plasma treated samples had contact angles around
50°, and the lower plasma dose nitrogen treated sample had contact angles around 60°. From there, the
contact angles of most samples rapidly increased by 20° in a few days. Our results thus agree quite

closely with those of Hirotsu et al.*

Overall, the hydrophobic recovery on all PCL samples was only
partial, but did not follow any easily identifiable pattern along the lines of the experimental parameters

studied.

15



J. P(CL/DLLA)

PCL can be crosslinked with PDLLA in order to tune the mechanical properties of the polymer *, and

45,46

the resulting copolymers have been used as a tissue engineering scaffolds . Plasma surface

modifications of the copolymers have not been studied before.

The native contact angle of our P(CL/DLLA) surfaces was 82° and the results of contact angle
measurements of plasma treated samples are shown in Figure 1. The oxygen plasma treated samples
initially became very hydrophilic, having contact angles in the 15°-30° range. The oxygen plasma
treated samples partially recovered to final values of around 65° in 10 days, without any major
differences between plasma doses or storage method. On the other hand, P(CL/DLLA) had the
strongest plasma composition dependency of all the polymers, and was almost totally unaffected by
nitrogen plasma, and even the initial values of nitrogen plasma treated samples were close to the

native contact angle.

IV. Conclusions and Summary

Clear differences in the contact angles were observed both between different experimental parameters
and between different polymers. Compared to the existing literature, our results are overall in a good
qualitative agreement with the majority of studies, while the exact contact angle values obtained for
various treatments vary greatly between the exact experimental parameters. In our study, all of the
polymers were treated identically, making both quantitative and qualitative comparisons between

various polymers easier. The results of our experiments are summarized in Table 2 and below.

A. Oxygen / nitrogen plasma of dry stored samples

16



The polymers were split between whether oxygen or nitrogen plasma produced a better
hydrophilization (lower initial and final values). Comparing the dry stored samples, oxygen plasma
was superior to nitrogen plasma for PS, ORMOCOMP and P(CL/DLLA), while the opposite was true
for PMMA. For PDMS and SU-8, the initial contact angles of oxygen plasma treated samples were
superior to the nitrogen plasma treated samples, but during the recovery this reversed and the final
values of the nitrogen samples were lower. No major differences between the plasmas were noticed for

PC, PE, PP and PCL.

B. Long / short treatment

Whether the ten minutes or the one minute treatment produced better hydrophilization was highly
polymer specific. For PE, PS, SU-8, and ORMOCOMP, the longer treatments were preferable for both
plasmas, while for PDMS the shorter treatments were superior. In the case of PC, PP and PCL, the
longer treatment was better for oxygen and the shorter treatment for nitrogen plasmas. For PMMA, the
shorter treatment time was better for oxygen plasma and there was no big difference for nitrogen. For

P(CL/DLLA) both treatment times produced similar results for both plasmas.

C. The extent of hydrophobic recovery of dry stored samples

There were clear differences in the extent of the hydrophobic recovery between the polymers.
Comparing the dry stored samples, the polymers that exhibited the least hydrophobic recovery were in
order PS, SU-8, PE and PC and the final contact angles for these polymers ranged from 80° (for PS) to
20° (for PC) lower than the native contact angles. PCL and PP for both plasmas and ORMOCOMP
and P(CL/DLLA) treated with oxygen plasma, were intermediary cases that had 10°-20° of the
hydrophilization effect remaining after 100 days. Almost a complete recovery (less than 10° of the
original hydrophilization remaining) after 100 days was observed for PDMS and PMMA as well as

nitrogen plasma treated ORMOCOMP and P(CL/DLLA)samples.

D. Dry stored / rewashed samples

17



For most polymers (PMMA, PC, PE, PP, PS, SU-8), the hydrophobic recovery of the rewashed
samples was more rapid and more complete than the recovery of the dry stored samples. In the case of
PDMS, PCL and P(CL/DLLA), there was not a big effect either way, and for ORMOCOMP, the

rewashed samples actually kept their hydrophilicity better than the dry stored samples.

E. Most hydrophilic polymers initially and after 100 days

The most hydrophilic polymers immediately after the treatment (contact angles below 20° for some
combination of parameters) were: PDMS, PS, PC, SU-8 and P(CL/DLLA). The most hydrophilic
polymers after the 100 days recovery period (contact angles below 50°) were: PS, SU-8 and

ORMOCOMP.
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Table 2. Summary of the contact angle measuremens. The contact angle range shows the lowest and

highest contact angle for that polymer among all the experimental parameters.

Native contact

Contact angle range after plasma process

Notes

Polymer angle ] (preferred parameters for hydrophilicity and
Immediately | 2 Days 100 Days noteworthy trends)
PDMS 100° 8°-78° 42°-102° 78°-104° Shorter treatments; strong recovery.
PMMA 77° 31°-43° 53°-72° 66° - 77° N, plasma; strong recovery.
PC 850 11°-23° 34° - 68° 56° - 73° No clear trend between plasmas; rewashed
samples recover more; moderate recovery.
PE 95° 31° - 48° 54° - 76° 61°-90° | Long treatments; rewashed samples recover
more; dry stored moderate recovery.
PP 101° 46° - 74° 70°-101° | 85°-104° | No clear trend between plasmas; rewashed
samples recover more.
PS 98° 50 _ 120 50 _5(° 18° - 62° 0O, and long treatments; very hydrophilic
after treatment; least recovery.
SU-8 72° 5°-25° 24° - 48° 39°-61° | Long treatments; rewashed samples recover
more; dry stored only moderate recovery.
ORMOCOMP 72° 27°-61° 33°-66° 48° -177° 0O, and long treatments, rewashed samples
recover less; slow pace of recovery.
PCL 80° 41° - 65° 559-74° 58°-77° No clear trend between plasmas.
P(CL/DLLA) 820 15° - 80° 53° . 88° 63°-91° | Very hydrophilic after O, plasma; almost no

effect for N, plasma.
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