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INTRODUCTION

PDMS (Polydimethylsiloxane) is widely used as a microflu-
idic chip material for various applications due to its desir-
able properties [1,2]. However PDMS has several drawbacks
that limit its utilization in a number of microfluidic applica-
tions [1-4]. Properties such as the hydrophobic nature, sample
absorption, and low electrokinetic properties (low zeta potential)
are some issues that must be considered before using PDMS for
numerous applications [3]. In many PDMS based chips elec-
troosmotic pumping is used for fluid flow and sample transport
along the microchannel networks. Simplicity of implementation
in microfluidic chips, fast response time, and the plug-like ve-
locity profile are the major advantages of electroosmotic flow
compared to other fluid pumping techniques [2]. This type of
flow utilizes the formation of electric double layer (EDL) in mi-
crochannels and the movement of ions under an applied external
electric field. Thus, the surface properties of the channel mate-
rial and liquid properties (ionic concentration, pH, and viscosity)
play major roles in electroosmotic pumping for different solu-
tions in microchannels.

To overcome the unwanted characteristics of PDMS surface
property alteration received interest in the microfluidics commu-
nity. One approach for changing the surface properties of PDMS
to a desirable state is done by plasma treatment [2,4]. This treat-
ment is a one step procedure that changes PDMS to a hydrophilic
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condition [2,4]. Moreover the zeta potential of plasma treated
PDMS is higher than native PDMS. However, plasma treated
PDMS surfaces regain their hydrophobic nature with time due
to the diffusion of non-cured PDMS molecules to the surface [4].
This phenomenon has a crucial effect on electrokinetic flow since
it changes the pumping stability with time [2]. For this reason
other approaches and protocols for treating PDMS in order to
get stable surface properties are important.

In this work a number of chemical based surface treatments
for PDMS were studied. The major goals of the treatments were:
increase the zeta potential of PDMS microchannels, stabilize the
electrokinetic properties with time, and to maintain a hydrophilic
condition for PDMS surfaces. The surface treatments that were
examined are chemical based surface treatments [1, 2, 5, 6].
The attempted treatments were: grafting of monomers (HEMA-
hydroxyethyl methacrylate and PEG-polyethylene glycol based
monomers) on the PDMS surface [5, 6], pre-doping PDMS with
monomers [1], and extraction of PDMS [2]. Several experimen-
tal studies were done on each attempted protocol in order to fully
understand the effects of the treatments on the PDMS surface.
The characterization of the surface treatments were done with:
static contact angle observations, dry storage analysis, zeta po-
tential measurements, and chemical group identification.
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Figure 1. STATIC CONTACT ANGLE CHANGE WITH TIME FOR PDMS
SAMPLE GRAFTED WITH HEMA.

EXPERIMENTAL FINDINGS

Experimental results from this work show that some of the
attempted surface treatment protocols have improved the stabil-
ity of the hydrophilic state in PDMS. This was observed in differ-
ent monomer grafting and PDMS extraction protocols. Results
from static contact angle observations and dry storage analysis
of treated microchannels confirmed this finding. Typical experi-
mental outcomes from the contact angle and dry is presented in
Fig. 1.

As observed in Fig. 1 the static contact angle changes with
time for HEMA grafting samples. However, the degree of change
is less compared to plasma treated PDMS [7]. This helps im-
prove the stability of the hydrophilic properties for PDMS. Re-
sults from the dry storage analysis for HEMA treated PDMS
showed similar trend. The same analysis was applied for all the
attempted treatments and results changed for some treatments.

Further examination of the attempted surface treatments was
done with ATR-FTIR measurements to find changes in the sur-
face chemistry and indicate the newly formed chemical groups.
For the PDMS extraction and pre-doping there were no ob-
served changes in the surface chemistry compared to PDMS sam-
ples [7]. The samples that were treated with monomer grafting
(PEG and HEMA) showed formation of new chemical groups.
Figure 2 presents the infra read spectra obtained for HEMA and
PEG grafted PDMS samples.

Conclusion

In this work different PDMS surface treatment protocols
were attempted and throughly studied. Characterization of the
outcome of the treatments were done with four experimental
techniques. It was observed that the PDMS extraction protocol
along with plasma treatment gave the most stable surface proper-
ties. Also monomer grafting protocols improved the stability of
the surface properties of PDMS. Moreover, the chemical struc-
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Figure 2. INFRARED TRANSMITTANCE SPECTRA OF PDMS SAM-
PLES TREATED WITH MONOMER GRAFTING PROTOCOLS. (A)
PDMS SAMPLE GRAFTED WITH PEG (UV-INDUCED GRAFTING),
AND (B) PDMS SAMPLE GRAFTED WITH HEMA (PLASMA-INDUCED
GRAFTING).

ture of the PDMS surface changed the monomer grafting.
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