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MOTIVATION PRIMARY AIM RESULTS
Polymers that experience drastic changes in their physical properties in the Develop a synthetic, thermally reversible gel using responsive graft e The formation of amine-capped PNIPAmM and vinyl-capped PNIPAmM were verified
presence of environmental stimulus (temperature, pH, light, humidity, etc) are copolymers, that can be easily patterned through printing technologies. using IR Spectrum.
called responsive polymers.
Responsive materials hold great potential as sensors and actuators that function 11
autonomously. For example, pumps or stirrers for microfluidic devices in lab-on- al
a-chip applications. APPROACH N
e A procedure from the literature for the synthesis of PNIPAm grafts was -
adopted.? <
o N-isopropylacrylamide (NIPAmM) was polymerized with amine .fsgor
BACKGROUND functionality. The amine was then converted Into a vinyl-capped PNIPAm B oo
using an amide condensation reaction between the amino groups in
» Self-oscillating gels are a class of responsive polymer materials that exhibit PNIPAm and N-acryloxysuccinimide(NAS). T l
autonomous swell and deswell oscillations . These gels are driven by the 041 | ]
Belousov-Zhabontinsky (BZ) reaction and operate by converting chemical
energy to mechanical energy? (like “synthetic metabolism”). EXPERIMENTAL / PROCEDURE TR B e T
e Printing allows for control of chemical and |
mechanical behavior through patterning of BZ & % & _ i _ Procedure Summary — fC_m":e'cappzdPE\I';ZAm
gel patches. Satosciton %@. e NIPAmM was mixed with 2-aminoethanethiol(AESH), N,N’- — "
i Azobisisobutyronitrile(AIBN) in N,N-Dimethylformamide(DMF).

« The average molecular weight of the grafts was determined by the end group

e The solution was freeze-pump-thawed to remove any oxygen that might L . . S
bump y OXy3 J titration with acetic acid/perchloric acid.

prevent the polymerization.

e H * The oxygen-free solution was water-bathed at 75 °C with stirring. :
| Fostoweling o After heating for 15 hours, the product was precipitated in acetone/hexane \
o T solution. ) \
m—— « The precipitated powders were mixed with NAS in DMF solution. Neutrl pt
Westbrook and Qi. J. Intell. Mater. Sys. Struct. 19 2008 Mitsunaga, Okeyoshi, Yoshida, Chem. Commun., 2013, 49, 4935 « After keeping the solution at 4 °C for 2 days, the product was precipitated ; / | | | | . Amine-capped PNIPAM
 Recently a printable BZ gel based on gelatin was developed!. Gelatin, however In acetone/hexane solution. 0 \\ o :PNIPAm
posses some challenges for long term implementation 1 — AcCeticAcid
d It degrades in BZ solution over time (12-24hrs). z \\\
1 Polymer chain composition/properties cannot be easily modified. Chy=¢H A Hz"’-‘-‘"zﬂﬂzs-@"r I‘IJH);H 2 -
e Poly-N-isopropylacrylamide (PNIPAmM) is a well studied thermoresponsive HNCH,CHZSH 4+ n n.-:Fw.. ,CHa . L /CH
polymer known to exhibit lower critical solution temperature (LCST) at 32° C in ﬂ_q':'c“ B 1 0 N—cH 3
water. 2-Aminoehanethiol NIPAM ’ Amine capped PNIPAmM CHs
1 Below 32 ° C, it becomes miscible. 4
1 Above 32 ° C, it becomes immiscible. CH, =CH o
" termally reverstle gel hat could be paterned through prnting. | Sy e 2 P ponons oy *5
y reversible g u ugh printing. / /M3 4C, 20ays
e There are many types of copolymers: random, graft, comb, and di-block. nwn ° H*C\ch uﬁc“ﬂ-n::"ﬂ CONCLUSIONS / FUTURE WORK
« PNIPAm graft type copolymers should be able to be designed to produce 3 CH, | o _
reversible physical crosslinks (leading to gelation). N-acryloxysuccinimide  Amine capped PNIPAM Vinyl capped PNIPAM . \I\ilmyl-csppectl P_NItP_Am_ grafts_W|dthtd|fferfe_nt I(:r?gﬁﬂh w?_s sucI:cessfth;] synthesized .
* More characterization is required to confirm the functional group changes.
e ) B s sy 1o #1901 + Next steps are to polymerize these grafts with a backbone polymer to produce a
PAY #&" i thermally reversible gel and to incorporate ruthenium complex to run the BZ
.'ﬁ? " E i reaction for its autonomous characteristic.
- X Precipitation
e The precipitation procedure in diethyl ether as specified?, ol
s 9. i produced unusable product. L
comb C h,fi" e : ! e  Instead, the product, either amine capped or vinyl capped | _;, ACKNOWLEDGEMENT
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H c,Flt*EH added drop wise into hexane while vigorously stirring.
diblock %@w o - * The optimal ratio of PNIPAm to hexane solution was
S i Y ) PNIPAmM:hexane=1:100.
o Lower ratio resulted In sticky precipitation.

Ruixue Liu et al., Colloid Polym Sci, Vol 287, 2009 Okano et al., Material Matters, 5.3, 56, 2010
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