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9} 2-acryloxyethyltrimethyl ammonium chloride(AETMAC)E 3471313t} & A5 S3l 7dsta Y= 3719 A
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Abstract — Polymeric hydrogel particles were fabricated to demonstrate the scale-up possibilities with the Particle
Replication In Non-wetting Templates (PRINT) process. A permanently etched, specifically designed master was made
on a silicon wafer using conventional photolithography, then reactive ion etching. The master and substrate were used
repeatedly to make a large number of identical elastomeric perfluoropolyethers (PFPE) replica molds. The PFPE replica
molds were used to fabricate and harvest individual, monodisperse micron-sized particles using the PRINT process. A
water-soluble polymer adhesive was used as a sacrificial layer for harvesting particles. Particles were composed of bio-
degradable poly (ethylene glycol) diacrylate (PEG-diA), and aminoethylacrylate (AEM) and 2-acryloxyethyltrimethyl
ammonium chloride (AETMAC) were added to them for improving the uptake of the cells. This study suggested PRINT
used to produce the uniformed and shape specific biodegradable polymer is the effective technique for the non viral vec-
tor for the drug and the gene delivery.

Key words: Polymeric Hydrogel Particles, Particle Replication In Non-wetting Templates (PRINT) Process, Photolithography,
Perfluoropolyethers (PFPE)
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Crosslinked PFPE Network
Scheme 1. Synthesis and curing of photocurable PFPEs [11].

Fig. 1. Silicon wafer master of 3 pm X 3 pm X 2 pm cubes (aspect ratio
=0.7).
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A} Fig 2= B9 71A1E YR

2-3-3. YAAR

{PEG-dA(97 mol%) + aminoethyl methacrylate(3 mol%)} &2
U2} 2 g 07 vhEojit), 4.622 g2 PEG-dA, 0.143 g2
aminoethylmethylacrylateE £33+ % aminoethyl methacrylate”} 2}
A5 ZallE =5 olghe 3~4 e Yol EFeltt. PEG-dA°] 3l
= MNAE dFog 2k Bt $ 045 pum filter® Ze] A7
3F % 1%2] photo-initiator(1-hydroxycyclohexyl phenyl ketone)= &

(b)

(d)

Fig. 2. Thin and uniform mold and substrate by the photocuring PFPE;
(a)-(c) The molds made from 3 pm? master, (d) the substrate.
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Fig. 3. llustration of the PRINT process, where isolated particles are
obtained from the confinement of a liquid precursor in between a
PFPE mold and a PFPE substrate.
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Fig. 4. Chemical structures of monomers inside the microparticles and the partial structure of the cationic hydrogel.
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Fig. 5. (A) Scanning electron micrograph of the full mold (B) scanning
electron micrograph of the full mold with one empty cell
(photoresist).
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Fig. 6. PEG/AETMAC/AEM/fluorescein-o-acrylate particles formed by photo polymerization, (a) and (b) the particles into the mold, (c) the particles

on the substrate.

sjerast w453 H5E 20074 108



Particle Replication In Non-Wetting Templates (PRINT) *H8- o]83t ok 1l {3} HeAle] |z 497

W R TR= QAL ZAAE oju 3t A|39) EAE o)gekx] kL 3¢
SH= WRo] 7P v st R o]of et AFE AlEskal 9tk
73719 WO R JRE AlFet - B ZAE AR 5
UE 7HE GRlsl] 91k AS AAlElek 4 A= AR =
=9} 7IAIE olg8te] 13} RS AlFE - AlF 1S AR 2
2} QIARE Alstar tha] AlFske] 33k ks Aldtskdint. Egt
7NA 2] AR YL TRy} 2ok AR BEg) 7RIS SRl ¥
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Fig. 7. The images of PEG/AETMAC/AEM/fluorescein-o-acrylate parti-
cles on the cured PAA film after peeling off the mold.

AT, o] Fig. 8ol ERASITE. o] #8-& S3lA Fig. 914
R A Ao AE 8578 AT Poly(acrylic acid)
Sl Yol 92K= centricons ©]-&3HAL dialysis RS E31 s
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o= HAF el AL in vitro Bz in vivo HIOlEEA] el AF Fig. 9. The PEG/AETMAC/AEM/fluorescein-o-acrylate particles har-
42 otk webd 84 aEAkE oldete] ks Bk vested from the mold.

(a) to (initial time) (b)att; (t; > t) (c)atty (t2>t;>tp)

(datts (> 6>1t>to) (atty(t>6>06>t4>1)
Fig. 8. The images of PEG/AETMAC/AEM/fluorescein-o-acrylate particles being removed from the PAA film into the water phase.
Korean Chem. Eng. Res., Vol. 45, No. 5, October, 2007
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(©)

Fig. 10. The images of PEG/AETMAC/AEM/fluorescein-o-acrylate
particles fabricated by the used mold and the used substrate.
(a) the particles fabricated by the new mold and the substrate, (b)
the particles fabricated by the mold and the substrate after
1* using, (c) the particles fabricated by the mold and the sub-
strate after 5™ using.
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