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Abstract — This study presents fabrication of bi-compartmental particles labeled by multiple fluorescence. To com-
partmentalize fluorescent expression at the particle, two fluorescent dyes with less overlap of the excitation and emission
spectra are selected. To ensure the fluorescence stability, the fluorescent dyes contain acrylate functional groups in the
molecules so that they can be cross-linked together with monomers constituting the particle. Strong fluorescent expres-
sion and compartmentalization were observed at the particle fabricated using the selected fluorescent dyes through con-
focal microscopy. Furthermore, long-term fluorescence stability was verified by measuring fluorescent expression and
intensity for 4 weeks. We anticipate that the bi-compartmental particles labeled by multiple fluorescence can be widely
used for multi-target drug delivery system, analysis of 3 dimensional Brownian motion, and investigation of 3 dimen-
sional complex self-assembled morphologies.

Key words: Fluorescent labeled particle, Bi-compartmental particle, Compartmentalization, Fluorescence stability, Micro-
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2-1. #8 M=

wlAE &= (master mold) A2 el 73] (photoresist) 2 SU-8
30258} &4 9Y (developer, SU-8 developer)= MicroChem Corp. (MA,
USAplA Fofsle] o] 8810tt, rIMlE= A 2% perfluoropolyether
(PFPE, Fluorolink MD 700)+ Solvay (Brussels, Belgium) #| 3% <
T ato] ARgsFATE Y A; Al Zol] AFE-H poly (ethylene glycol)
diacrylate (M,,=700) (PEG-DA), trimethylolpropane triacrylate (TMPTA),
2-carboxyethyl acrylate (CEA), pentaerythritol triacrylate (PETA) %!
2-hydroxy-2-methylpropiophenone (Darocur 1173) 3! ©J| &-E-(ethanol)
< Sigma-Aldrich (MI, USA)ol|A] FFuljle] 71291 g ARlo] A
43} tt. 1, 10-decanediol dimethacrylate (DDDMA):= Polysciences,
Inc. (PA, USA)CIA F-mlisto] o] &al3ivt. 4 A5 = AH8H
fluorescein o-acrylate (FA) (A,,=490nm, A, =514 nm)$} nile blue
acrylamide (NBAM) (A, = 628 nm, A, = 667 nm)’L— Z}7} = Sigma-
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Aldrich (M1, USA) 2! Polysciences, Inc. (PA, USA)ll A -ufjgkod A-&-
sAth A& 5798 A8 Ao AHE-E 3-(trimethoxysilyl)propyl
methacrylate (TPM)3} o}A| E4F(acetic acid)> Sigma-Aldrich (MI,
USA)IA Frafisto] o]8-813itt.
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] -4 (DDDMA (76 vol%), TMPTA (19 vol%) ‘;‘ Darocur 1173
(5 vol%), FA 15 mg/mL)< Sll&HEol 50 vol%Z 3|4 slo] FH]gt
o} F=u)E g8 n A E =] 298k, 13 Eek 1y Agsko]
S 78 FEst). ofjghgoll 8|4 H A o) T g9
vl EE W2 3915 3, 2] 892 njo] I % 3o ]3] (micropipette)
o2 AARCE 1 F, 80 °C 2EolA] 327t of[ehe-S Tkl T L,
A2 el 5,000 mW/em? 9] Wﬂﬂi 45% 5t wFS Y
Ak A 0% 5 WA dAelM = 154 0] A §(PEG-
DA (74 vol%), CEA (20 vol%), PETA (5 vol%), Darocur 1173 (1 vol%),
NBAM 0.05 mg/mL)& v Al B S0l 2931, nrlA &2 15 5
QF XF Hlste] @ BAS Faettt. XA o] whekA] ol

Al EE W' T o, dEke] fole nfo] g2 uto] 3l o AA
Ak A uko 7 A 3 5000 mW/em? ¢ FAI7|E 150%
B3 gS Fste] o]F 3 YAk AlxethFig. 1).
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Fig. 1. Schematics for fabricating of fluorescent labeled bi-compartmental particles via the micromolding method.
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Fig. 2. (a) Chemical structures of fluorescent dyes. (b) Excitation and
emission spectra of fluorescein o-acrylate (FA), nile blue acryl-
amide (NBAM).

Aoz F A eh37]. BE X l= TPM £ 9(TPM
(50.0 vol%), “TEFS- (49.9 vol%), SFFIEAL (0.1 vol%))o] AH-t}.
WA, TPM Gl EEfol & FTUAE FRAA A=ollA 20831

HESAIZ] 3, 120 °CollA] 1083F RESA|A ARESi), &fol = &
gk 7] TPMEA(TPM (50.0 vol%), ollEH-2-(49.9 vol%), o}A]
EAH0.1 vol%)) 2.2 H2|sH| =W Sefo|= Sk 7] 9ke] 3 v}
TPM2] 2 EX4F WE-S-(siloxane reaction) .2 HEFTH 0| E 2-8-7]
7t el = Sk 79 Bl ERlE . =4 wela ol E
2870 Al Ax Al AR 78S S ARAA HEL ST
Al AlHo] 7)o 25 | EX] s dlEth TPM A2l &
go| = FEfie) 2573 2] kA 820 DDDMA (76 vol%),
TMPTA (19 vol%) 2 Darocur 1173 (5 vol%), FA 15 (mg/mL)E
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ARESE T, XA o] A £ O 2= PEG-DA (74 vol%),
CEA (20 vol%), PETA (5 vol%), Darocur 1173 (1 vol%), % NBAM
0.05 mg/mL)S 500 uL & 29 3}3L, AW e} (cover glass) S
gol sl 3H =% Gk s EEO = 1800 uWien?d] HA17] 2
4087 B STl W57 2§ ARG Az 457
20 A zH A)HE Ao 27)-E-AH S FAs AAHY
(sessile drop method) .2 3 E T} F 103] S5t B3kt 3
FRAE LA 57 S0 ALE gl Yot T
(optical tensiometer) (Biolin Scientific, Attention Theta, Sweden)©]
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AL 7| v AdE el =2 AR Polydimethylsiloxane
(PDMS) VA== thal PFPE PAIEE=E ARE-8lo] Q1Ake] &7 Bl
Y S SR PDMSE 274 9 thA B EH,
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%7] 1 PDMS A= E8] 7|30 = Wi vt B e it B4
ul &3 2158 of7)$t). 18|y, PFPE: 21 3 8] (omniphobic)
g SR =M, e g ae] 5408 A ZEA] L Sl =, 1A,
274 £39] PFPE MAEERS] kS | 3to] ﬂl%ﬂ 3% t"
T2 A ?JXH B E B s gRE S QT s8]
ofUE}, & ol ko] B3 WskE £ol7] flsto] 3194

& 738k PEG-DA®] 7}l A|(crosslinker) 24, PETAS 3
7Vel L, e HE-S A SHE DDDMAC] 7H Al 24 TMPTAS:
A7Vt Zh2te] ZhAlls WA F9k Aol 7Hl U (crosslinking
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(swelling)Z} % (shrinkage) == & A3AAZE F- AUS Flo]
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u)A 238 WS o] 83 4 BAE o)F £F $irbe] Alx 829
T 8 dAE AP FEY A FRoE SISt Al
HolF 8 k] 11 540 W P89 £ o] Tl Wit
7t §le= 29 AEA 5745 Foto] AFaelh. mHAEE o
7] k2 EEfo|E FEpAE T ]-‘&(substrate)gi ko] JFA A
d AEE AZ3 S ol dAbe] 7F FE AAe} 719 Afo] €]
o] vropA 7)o 25 Bl A7} QUi o) & A

at7] flste] Sefel

(d) -
(methacrylate) 28715

ZatA 73] mde HeladgolE

;_ 400 Qlatainy.
2 300 FAE Sk 7)) sk 2 89 AAE ol 85t
é 200 Az AlE e o] HH2hS SISl W44 o AlHelA
S 0 NBAM= =918k7] A, -9 29 572 247} 50.02+1.92°,
< 51.34+1.24°% HF74] 2po)7h &3} 1.32° vl Apol7h U] b=
g o A< 2RI o] A4 AR A W] 9o uls
g o w2 b0 50 o b 2 45g) AR FAZ BRI A, Fo) 2
o Distance (um) A& ZHZ)F 102.78+1.40°, 109.69+0.43°% 2o z}o] =
Fig. 3. (a) The confocal microscope image of the hydrophilic part 6.91° Bro]] L}x] 9kgkth o] Aul= 833 8 =] AF o] 144
i s b el (VAW GBI ) o il 51l 242606 1
by fluorescein o-acrylate (FA) at 488 nm laser. (c) The merged 71¢] W7t %’i’o—’o— HolFET} Bt o] A= W SA0] A&
images of (a) and (b). (d) Measurement of fluorescence intensity e 0]F0] B3]S 71 QIx1E o] 83}, ¢1x}e] Ao} 217

of bi-compartmental particles along the white dotted line of
the inserted image. Scale bars are 50 pm.

23 Tel F§ 7F5 T QPIH FES HoIFETH730]. A
550] 7Fs 3% Aust B o)F 8 QA
P FR E9 A9 o]F 13 YAt 1 549 A2 ol
NBAME 3 AEE HYSATHFig. 2). ©) F FF WY AT AHHOR NolFh B8, 3 YR EUFS A2

o u e
AR 7] 9 WE AFHEH A wAg & ERIFOEH stobd, of nAlg Afol & S 9 2§ QUthe 2S5
FHAase] gFF FHo] AT AR 4T = U kFig. I ATHFig. 4).
2(b))[41].

27 A S o] g3l Az o)F B3 At 7} BEolA 3-3. S oYY "yt

W E = o] SRl sk A S WEskelh WA, o)F o]F 23 Aol =% 5 G5 FASH NBAM A4} o]l
3 QAR XA Ftell E91E NBAMS #5317] $l8teq o o}=1 2 7| 0] E (acrylate) X‘%ﬂ% SEFSICH(Fig. 1(a)). <5, V1A 43
7] B o= 638 nm oA E AHESIA L, o] F F YAke] W & Wi FFs 2 FollAl, B3 49 ARl ol w9}

g ol Yol B58 S UFIATKFig. 3(a). ©19 PHPH
2 0% 28 Yol 254 ol S FAS B3] 9151]

o]7] B0 2 488 nm o AS AFEEI AL, 01 F ¥ YAk A 180
T4 Feltt Fgol #5HE %o}“’ﬂﬂ}(hg 3(b). 299 F 160
IS BUSA 3 LA J30] T B FIAL 140
%‘v‘i’—i@l/ﬂ wale dgo] FHHA 42 4240w 2] T 10
S15te] G A7) B4 ATk 14 F of 7] B A 2 100 )
sz H2:3j3j9lch 3 WA, A0 e g el 9 2 w0
o) Al7)= b2t 247, 253 au® G343 Hoh 417190 255 awel A2 B - -
sk, 11 x}oh 2.35% olatelt}. o] 5 5o, HAghe] 7] g e
B A2 7h RN FASA FPo] BEBE AFHI S
AR, 7 v‘i—éoﬂﬁ AY B4 T AP RMA 7h £8e 20
A ZHgl0] Gol B8-S SAskgich. w2 Qxlo] 4
9T 9P ARs 9P Rk A0S P, 9B 0
Z Q=3 Hydrophilic Hydrophilic Hydrophobic Hydrophobic
oA film without  film with film without film with FA
NBAM NBAM FA

=35 o|xlo| T EAM =X
32. 0|3 28 eXjel #H Sd 59 ] Fig. 4. Water contact angle measurements of the hydrophilic film
ol 8 YAHE thekel AT okl S835h7] 9 }0% Y oA without nile blue acrylamide (NBAM), the hydrophilic film with
79 120 oJ5lod Qlxle] fHA 0l B8-S A El= nile blue acrylamide (NBAM), the hydrophobic film without

_ _ fluorescein o-acrylate (FA), and the hydrophobic film with
3152 52 ek 443 oot ol 15 $1 3], o] fluorescein o-acrylate (FA).
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