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Statement of Purpose:  Much promise exists for the 
microscale patterning of environmentally-responsive 
hydrogels including applications in drug delivery, lab-on-
a-chip, micro-sensing arrays, and micro total analysis 
systems.  Environmentally-responsive hydrogels 
synthesized by UV-initiated free radical polymerization 
lend themselves naturally to micropatterning by 
photolithography.  Hydrogels exhibited improved 
performance when incorporated as sensing 
microstructures since covalent attachment to substrates 
improve mechanical stability and decreased length scales 
improve response time1.  The incorporation of 
hydrolytically cleavable crosslinks into environmentally-
responsive hydrogel networks should provide a wider 
variety of in vivo applications.  Ultimately, we foresee 
completely biodegradable microsensors that utilize 
hydrogels as their sensing components which work in vivo 
to improve the quality of life of patients. 
Methods: Hydrolytically cleavable crosslinkers were 
synthesized by reacting polycaprolactone diol (Sigma) 
with acryloyl chloride (Alfa) and triethylamine (Sigma) in 
benzene at 40°C for 5 hours.  The reaction mixture was 
filtered to remove the byproduct, triethylammonium 
hydrochloride, then the filtrate was dropped into excess n-
hexane to recover the product, polycaprolactone 
diacrylate (PCLDA)2.  The purity of this product was 
analyzed using 1H NMR spectroscopy.  A monomer 
solution consisting of methacrylic acid, PCLDA, and 2,2-
dimethoxy-2-phenylacetophenone (Acros) was warmed to 
50°C to insure complete dissolution then polymerized 
between two glass slides with UV light of 365nm at 
15mW/cm2 for 2 minutes.  FTIR spectra of the hydrogel 
were analyzed to measure conversion and actual 
incorporation of the biodegradable crosslinker.  Covalent 
attachment of hydrogel microstructures was achieved by 
organosilane treatment of the substrate.  Clean glass slides 
were soaked in 10% by weight 3-
methacryloxypropyltrimethoxysilane in acetone for 2 
hours at room temperature, then rinsed and baked at 
100°C overnight.  Hydrogel microstructures were created 
by UV exposure through a patterned transparency mask.  
Swelling studies were conducted by submerging 
hydrogels in buffers of varying pH but constant ionic 
strength.  Degradation studies performed in PBS at 37°C 
while shaking to mimic biological conditions. 
Results:  PMAA crosslinked with PCLDA showed 
similar pH-responsive swelling as PMAA crosslinked 
with poly(ethylene glycol) (PEG) diacrylate (Figure 1).  
This is a significant result as PEG crosslinked PMAA has 
been previously incorporated into a non-biodegradable, 
ultrasensitive pH sensor3.  Hydrogel degradation was 
measured by change in equilibrium swelling (Figure 2).  
As the PCL crosslinks are degraded by hydrolysis, the 
PMAA hydrogel is able to swell to a greater degree.  The 
PEG crosslinked materials do not exhibit this degradation 

and thus show no increase in equilibrium swelling.  Using 
the Flory-Rehner equation, the number average molecular 
weight between crosslinks was calculated for PMAA 
crosslinked with PCL.  This value increased from 11kDa 
to 14kDa over the first 60 days of the experiment. 
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Figure 1.  Weight swelling ratio of PMAA hydrogels 
crosslinked with either PCL or PEG and swollen in 
buffers of pH 2.9 or 7.4. 
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Figure 2.  Equilibrium swelling increases as crosslinks 
degrade in PMAA crosslinked with PCL.  No significant 
change is seen for PMAA crosslinked with PEG.  
  
Conclusions:  Environmentally-responsive hydrogel 
networks which are degradable by hydrolysis can be 
successfully micropatterned using photolithography and 
perform as sensing microstructures when covalently 
attached to a substrate.  This work shows promise towards 
the incorporation of biodegradable, environmentally 
responsive hydrogels as the sensing elements in 
biodegradable microsensors.   
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