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Abstract

Rapid prototyping of polydimethylsiloxane (PDMS) is frequently used to build microfluidic devices. PDMS is inherently hydrophobic;
however, the surface can be temporarily rendered hydrophilic by exposing the surface to an oxygen plasma. Hydrophilic microchannels ar
sometimes advantageous over hydrophobic microchannels due to increased cell adhesion to hydrophilic surfaces or less air bubble trappil
during filling with agueous solution. However, the hydrophilic surface is unstable and low molecular weight (LMW) chains diffuse from the
bulk of the PDMS and cover up the thermodynamically unstable surface. However, eliminating LMW species through thermal aging allows
the hydrophilic surface to be more permanent.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction thermal aging. A PDMS network without LMW species will
retain its hydrophilicity for a much greater time. This paper

Polydimethylsiloxane (PDMS) is often exposed to an describes experiments to quantify the hydrophobic recovery

oxygen plasma to render its surface hydrophilic and form with time as a function of extended curing. The Sessile drop

permanent bonds between activated surftksn certain method will be used to measure the contact angle of a drop

instances, hydrophilic surfaces promote cell adhesion andof water to quantify the hydrophobic recovery rate of the

facilitate channel filling with aqueous solutions making PDMS specimens with respect to time following oxygen

the hydrophilic surface advantageous. The surface can alsglasma activation.

be selectively activated by masking with glass or a PDMS

stencil creating a precisely defined pattern of hydrophilic

and hydrophobic surfaces on the same substrate. However2- Methods

the thermodynamically unstable hydrophilic surface regains

its hydrophobicity in less than an hojdf, as a result of low

molecular weight (LMW) chains diffusing to the surface

[2,3]. The LMW species are either uncrosslinked linear

PDMS chains or residual crosslinking agent. These LMW

species can be volatilized and removed from the bulk through

2.1. Extended curing

Samples (3in. diameter, 5 and 2.5 mm thick) were pre-
pared from Sylgard 184 kits and cured at°&5for 100 min
on a hotplate. These samples were removed from the hotplate
and thermally aged in an air oven at T@for 2, 4, 7 and
14 days. The samples were hung in the oven to ensure all
* Corresponding author. Tel.: +1 617 324 0610; fax: +1 617 324 0740.  the surfaces of the sample were exposed to the oven environ-
E-mail address: eddingto@mit.edu (D.T. Eddington). ment. Following thermal aging, the samples were exposed to
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oxygen plasma and the contact angle was measured daily fothe PDMS regains its hydrophobicity within minutes. Recent

14 days to monitor the hydrophobic recovery rate. work investigated this phenomen{® 3] and hypothesized
that LMW PDMS chains migrate to the surface to cover
2.2. Hydrophobic recovery analysis up the thermodynamically unstable hydrophilic surface.

Therefore, a polymer with fewer LMW species would
Once the thermal aging was completed, the samples wereremain hydrophilic longer. This hypothesis was tested with
placed in areactive ion etching system and exposed to an oxy4wo thicknesses of PDMS (5 and 2.5 mm) by thermal aging
genplasmaat 70 W for 12 s. The time and energy was choserthe samples for 0, 2, 4, 7 and 14 days and then treating with
based upon standard laboratory practices. Previous experi-oxygen plasma. The contact angle was then analyzed using a
ments report bending the activated surface will increase thegoniometer (Ram@Hart, Inc., Model 200-00) daily as shown
hydrophobic recoverg]; therefore, before plasma activation in Fig. 1
each specimen was mounted on a 3-in. pyrex waferto prevent These results show samples cured under standard condi-
the surface from bending. Upon completion of the plasma ac- tions (85°C for 100 min) without extended thermal aging
tivation the specimen was exposed tol5droplet of water. recover their hydrophobicity in roughly 15 min, while ther-
Each contact angle was measured in three different locationsmally aged samples never fully regain their hydrophobicity
and the droplet was blown off the surface with nitrogen fol- under the times investigated. Plotting the time to reach 45
lowing the measurement. The locations of the measurementswith respect to extended curing time allows a clearer visual-
were marked to ensure the surface analyzed had never beeization of the differences between the two thicknesses of the
exposed to water. The contact angle was analyzed using ssamples. A contact angle of 4Eepresents the midway point
goniometer (Ram-Hart, Inc., Model 200-00) over a period between hydrophilic and hydrophobic. The thinner samples
of 14 days. recovers quicker than the thicker samples as show#igin2
The reason for the difference in recovery rates is most likely
due to a larger depot and longer diffusion times for the LWM
3. Results and discussion species in the thicker samples.
The hydrophobic recovery of a hydrophilic PDMS surface
A hydrophobic PDMS surface can be rendered hy- canbe extended from minutes to days following athermal ag-
drophilic through exposure to an oxygen plasma. However, ing step. In addition, the volume of PDMS also plays in arole
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Fig. 1. Plot of contact angle with respect to time for oxygen plasma exposed PDMS. Each data point is the mean of five measurements taken in different
locations. The inset plot shows the time points up to 14 days for both the 5 mm (solid) and 2.5 mm (dashed) samples.
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Fig. 2. Plot of time when the contact angle reachetdaffer plasma exposure with respect to each samples extended curing time.

in the hydrophobic recovery since larger volumes have larger hydrophilic surface could be further stabilized by storing in

reservoirs of LMW chains. Therefore, the thermal aging can nitrogen. These findings prove promising for applications re-

be tuned to prevent hydrophobic recovery by adjusting the quiring a surface patterned hydrophilicity.

length of the aging based upon the volume of the PDMS.

The thermal aging temperature could also be increased to

achieve the same effect with less time; however, the temper-References
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