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Optimal Synthesis of Fluorescent Silica Nanoparticles for Bio
Applications
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Abstract Organic dye-doped silica nanoparticles are promising nanomaterials used for bio-imaging and
bio-labeling due to their low toxicity, high bio-compatibility, and high fluorescence properties. In this study,
organic dye-doped silica nanoparticles(NPs) of various sizes were synthesized by applying the Sol-Gel
process as a modified Stober method. The functional material APTES((3-aminopropyl)trimethoxysilane)
was added as an additive during the Sol-Gel process. Organic dyes of FITC and Ru(phen);*" were doped
to the silica NPs. The surface morphology and particle size of the as-synthesized silica NPs were
characterized by field emission scanning electron microscope, and the fluorescent characteristics were
confirmed by UV lamp irradiation of 365 nm wavelength. The photoluminescence(PL) of the
as-synthesized silica NPs with different sizes was analyzed by fluorometry. The results revealed that the
as-synthesized silica NPs with doping of FITC and FITC & Ru(phen);** exhibit the same green and red
fluorescent characteristics, respectively, for all sizes of NPs. A notable observation was the increased
intensity of PL with decreasing size of the silica NPs. Considering our results, we propose that the 20
~ 90 nm size organic dye-doped silica NPs synthesized by the Sol-Gel process can be applied as an agent

of bio-imaging and bio-labeling in molecular diagnosis applications.
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AdjofstolA= Z2U9 A4 5 AY AARE
Ast7] QA |HAE AASH= DNA Hlo]3& of
#lo](micro-array)& °©l83%t EAXHHA} ARSE L
At EAATAAL 37 F DNAS] Yol FES EA
ofal FEAY = STEA AHHRSH(PCR, Polymerase
Chain Reaction) 39, "lo]Q =3 (bio-labeling)
4 Hlo] @ oJu]H(bio-imaging) A 771 & A
H(organic fluorescent dye)7} ¥wtzo=z AREEHIL
ATH1, 21 sHxIRt f7] ¥% dEe B A=t R,
F919] £/t wheste] FRbgdo] "olA= FEAM
(photo-bleaching) @4o] L5, PG &3 £/3°]
-9 ZobA 14T AR 9 AL BYE P FA%
SheH1-4]. ol=gt SAES 55171 fsted 2F 10 nm
=1719] CdSe, ZnS, CdS, ZnSe, CdTe 53 Z2 ¥A
Z(quantum dot) 7|¥te] Hlo] Q@ hly] gl Hlo]Q o]m]
A At FEE w1 ri5]. FAEL f7dEET

10~208) BHe FBENT £ BAHH 5 /L
AeH151. BHIg FREE ZEel EHblinking

effect) 3 A F3lt 772 S4(toxic) V&E A

&3h= Aol ATH1, 2]
B 957t =38 (doping)d AZI7F U= JAte= 771

3% Ano e PP 9 FE £AS AT 5

oL, A WHS FRF S OB vlolo wha

% 5l Ho]Q ofnly 2AE F5 W UrH2,3). £
% 97t 299 A hegat 1o 54, Be

BA| A, =2 B B, w2 A9 4 79 A
B4 21 ItHe-91. B3t f7] 3% =g =9sHA
LUAT A7 e QR sk I ol 7HaAl
241 APTES((3-aminopropyDtriethoxysilane)s &
7HAZ] 3 GA o HA0] FF E/Jo] LELEA] o]
2 i | Hole oju|o] &84 4= S, FF &
3 E/4o] 7] B% dEY 7] B¢ Gt =gE A
27F QA E Y Sgto] HATE Q1L 10,11].
B d=7F =39 A7 YRS olgste] A=

£ ool & A%, WA 2717} Holof BABEA
gl oS @ FUA AE U2 A Sl 5 9

ok A Adold % 47t =uE At e dR
9] 27]% 20 ~ 200 nm 277} FAEslt} 2717 Y&
¥ 7oyt Hlof F4= 1 AF2-8(phagocytosis)©ll
oJaiA EalEH, 2717k UR 2o e g wiE
=7] mzolth. AlE olngE fsiA: Mol HM
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FA@PFLZE 400 ~ 650 nm)2] Ho| HE=+E Ao|
FowH, E5] A W Adolxs HM 7k 39
(600 ~ 700 nm)9] TFo & o] BrEEl= Zlo] A3t
S}, o] FHoA A9 FiHdo] 7] wigeltt. wet
Al HiolQ 2pds] 9 Hlo]Q oju]iof A P d=
7b =39 Ag7t e YR = 2717 20 ~ 200 nmO|
1, 7Fs$ @ % Hmonodisperse) 54 zk1 QoW
b B3 gREY] Hio] @ EAH|= 532 ~ 633 nm
o] oA FsEHER o] FHolA 7HeTt B
B B0l Yt Zo] RS2

FY d=7F 2gE At e iR 4T dEE
APALE AR Enrichi 52 2EHH(Stéber
method)2 & F=& Alexa Fluor 555, 647, = ol&
9] Z}ES ATt AT miE APt Y dRE
A5, HA(568 nm)T HAA(670 nm)2] BF &
do] Uehd Hustyleh shARt A7t e Ak
271 i Extdste] P&l 27171 400 nm - E=
750 nm¥] °]FE4Hdual dispersion) E42 UEFHRA
tH2]l. Canton 52 AEHHHOZ @7 Alexa Fluor
5558 =35I, APTESY] 5k HotA7|HA A=
7h =9 A7t edAE /g5t oln] APTES
9 =710 ~ 5 %Y Hole 739 Azt HedArt
=GO, 25 % oo HE(25 %, 50 %, 75 %)°l
Ae HegdAEe] 5= sl BEES Basiql
ot 7302 FPE dE/F T At gAYy
371% 9F 250~300 nm9] Z7|E 2k AATH4]. Xu
T2 AEHHOR A7 YL YRE SIAL, BE
FITC(fluorescein5(6)-isothiocyanate)?] ¥ 0.06
mgl 2 TAE9T, 5 Rulphen)s® (dichlorotris
(1,10-phenanthroine) ruthenium(l) hydrate)®] <%
= 0 ~ 0.15 mgl & HIAZ|HA, & d=E Al
SR AY B AR RE EstHA =7t =9
A7t QRS skt FITC AR ==
< o= 525 nm T FF E/o] Yo,
FITC® Ru(phen)s @87} 3 ERHAL wol=
585 nm 3] FFEAgo] YEPth ojnf =7t &
H A7 Y& 271 75 nmo|ATH6]. Wang
52 WgH 2EHHoR A 7] AR(FITC, R6G,
ROx)9| TFHE&Z 2 Esto] =MoARE =7, 39,
WA7A] EFe] wpgo] 2 7hsvhE gRlstit). o]
o 9=7F =99 A7t AR F37]= 70 nmel
tH7]. Bagwe 52 3717} 100 nm ©[5Q1 A&7} L
PAE AR e FUSHA FEE 5= = mhol
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A2 ofEAH(microemulsion method)E ©]-&5}c]
& Rulbby)7t =8E A2i7t U2 s Fdsteit
A A7 Y dRke] 271 50 ~ 178 nmel 3L
), g 542 Jd T 3 (Ama©] 590 nm EE
597 nmO|tH8]. Ow 5= HEH AEHHOZ 107}
A ¥=E 47 gsto] 50f/A(core/shell) #22] 4
27t = Ay e gArt Zojgt 9l wiEo o
4 E4do] 200 ¥-22 BEustgich ofwf Ayt iy
Aol 271= 20~30 nmO]ATHII.

olollA AHE AXNH A7t = YRE F/doke=
HEHQ] AEHHES WAL, 100 nm ©J5kY] Az
7F e Abe B4R T = s Hio]aR o
AR vt mid A7t e dR e ohdet v
Hog eilal, 4749 dert =gE Ag7 Uk
GRtol| ot g E49S Baskoih sHARE =t =
1E A7t YegAe A 2719 gig d4s B

o
=

97 it web vlole 98-8 skl AErt =

" A7t e dzke] 4 3ol digt a4t Zast
t}. o mlo]3Z ofEdHoR d7rt =yH Myt
W JRE ok L 370] Bxote] FAEA
o Z-&st7]el AL QUeH3]. wEkA gt YRt
9] E/dTHo] Teste] FAREAo & 7Hse HEH
2EHHOR Rrt EyH A7t e dxE E45t
< Zlo] vdsitt.

wtA] 2 AoAE WEE ARHHOZ Tkt 3
715 Z+= AYrt Y=gdAE stk £4 340
7} A APTESSF 9= FITCE H7tste], Aegjzt e
249l 7)o wE =4 YF EAS AT B3
7HH o2 ¥R Rulphen)s” & E3sto] A7t e
29l F7]9
FITC® @& Ru(phen);*' <
= AWt gt FoR & = Ao W
S0 fEsitHel. Xu 2 FITCS ¥=
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Z(UV Lamp)E RAsto] gRR15t3iet.
Lo 3710 wE FFELS FFse] 9
T Y  FLH(Fluorometry) 22
Photoluminescence)& FAFsFITH1].

A7 HedAts E4 339 AEHYOoRE F7|7}
TLT e JAE vl GA 9 = Qiok £ A
A= AEHHE WISt 7|7 oE =4 d HA
B A7 e JRE FA5HrHL A7 e At
9] 3ol ARBH A|ek2 ofgk&(ethanol, 99.9%,
Samchun), ¥EYoF(ammonium hydroxide, 38%
NH; in H0, 99.99%, Sigma Aldrich, #338818),
TEOS(tetraethyl orthosilicate, 95%, Samchun),
APTES(99%, Sigma Aldrich, #440140), FITC(90%,
Sigma Aldrich, #46950), Ru(phen);**(98%, Sigma
Aldrich, #343714), ©ol2<°Jst DI, Deionized
Water, A& 18.2 M) 5olt}. 2EHHog A7}
Y dAE 9 of TEOS ¥ QFuol=9] oRS 23
ShH A7 HedR el 2718 tgskA 2483 5=
tH1). whA] Table 10 Yehd Zdt o] Aok &
24851 YF&H 02 20 nm, 50 nm & 90 nm Z719]
A7 e QR s s, 4434 Sl 7HaAl
APTESS} §& FITC 2 Ru(phen)s™& #715to] =4
9 AN g B4 YEES stk =4 33 A
7h Ve AAReF A4 &g Azt e dR k9] 3 <A
9] MFEE Fig. 10 Uetigich 43 Foll %
FRE EA7I7] Foto] APt S5 FEe FAR
AR, 2 DACIANE A7t SFAl Al
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Table 1. Summary of the synthesis conditions of fluorescent silica nanoparticles (FSNPs) for different color and
different particle size. Eth: ethanol, AM: Ammonia, DI: DI water. (unit, mL)

Eth ‘ AM ‘ DI ‘ TEOS APTES | FITC | Eth ‘ AM DI TEOS Eth ‘ AM DI TEOS
Particle Type
Silica Core Growth 1* Silica Layer Growth 2% Silica Layer Growth
Green, 20 nm 25 | 0.25 | 0.788 1.05 0.07 1.2 20 0.6 0.35 | 0.925
Green, 50 nm 25 0.5 1.575 1.15 0.07 1.2 20 0.6 0.35 | 0.925
Green, 90 nm 25 | 0.75 | 2.363 1.15 0.07 1.2 20 0.6 0.35 | 0.925
Red, 20 nm 25 1.0 3.15 1.15 0.07 1.2 20 0.6 0.35 0.925 5 0.085 | 0.05 0.06
Red, 90 nm 25 2.0 1.0 2.5 0.04 1.2 25 1.2 0.7 1.85 5 0.17 0.1 0.12
FITC doped SiO, NPs FITC & Ru(phen) > doped SiO, NPs
000, e®® 0,
A A = L4 °
: : )(4' '.: e T}
H [ ) (]
— P — —_ o Yo — o o
: A o A i o o A X o
APTES ¢ Silica M e .. » X : Silica = - A :
. & FITC Layer A X Dopingof ®, + * o Layer '.. X X e
Sio, : Growth Ru(phen),> ®eoe o® Growth ® oo e®
Green FSNPs Red FSNPs

Fig. 1. Schematic diagram of synthesis process for fluorescent silica nanoparticles with green and red

fluorescence color
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T golodrt. 549 AAES FTE £ Y1 60
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2ot =4 g Azt @04 17 silica layer
growth ¥, 9A41E2|(15,000 rpm, 15&, 33)¥ A
ES oJgke 20 mLol B4, ofEHe 1.0 mLojl
Ru(phen);** 0.2 mg& &aiA1Z . &a|HS 1% silica
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silica layer growthE X185t ¢k 4 nm2] A7} &
o] AHFEE 3}t o|F 10,000 rpmolA 15& &
HHERSIAL, rinse 33] XFsiqict. 54 &
B AR YA s =4 g3 A7t UedA
HHog ARSI
B AP he gAY #HEAF 271= FE-SEM

Jo}ﬂ—“

o
) 43
o gl
3

354

(FEIL, Sirion)2® EASIYLh oln 7I&ALL 10.0
kvollal, FE-SEM EA4A] AAA A|5oA LAY sH=
A a8 charging effect)ol] &Jgt o]n]R] f=- B}

371 91141 10 nm $79) BFHplatinum) Wt 31
Ysteie. 3% A7t ool PL S5 9 B4

B33 (Horiba, QM-400)2.82 RAFSHITHI].

7t e AR 435k ‘:]'[1,6]

PE-SEMO.2 THAE =) ‘;-4 A B3} Az} Uri
PR BHFST 715 BASI o, Fig. 201 1
IE YERHUT Fig. 2 (a, b= B4 34 A7t L}lr_
ARFe] HFolH, Bt 371= 2 20 nm, 90 nm=E
SA= S Fig. 2 (¢, d, o= 54 334 A7t ey
9] Ko, B Z7]= ZH2}, 20 nm, 50 nm, 90
nm% 7=}
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Fig. 2. FE-SEM images of as-synthesized FSNPs for
different average particle size of (a) red 20
nm, (b) red 90 nm (c) green 20 nm, (d) green
50 nm, and (e) green 90 nm, respectively
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Fig. 3. Photographs of as-synthesized FSNPs dispersed
solutions(concentration of 10.0 mg/mL) with
particle size of 90 nm for different
irradiation conditions (a) under daylight, (b)
under UV Lamp of 365 nm wavelength

4 4202 941 271 90 nm] HH g3 A7
7 WedAtet 271 90 nm| =4 FF Y= JAE o
& G0 AT F(EAY s=+= 10.0 mg/ml)
g2 (daylight) oA 9] R&2 A2 ARIE Fig.
3 (@] HERRRL, e oA 2 365 nmo A9
A 27 ofefielM 9] BEE B2 ARdE Fig. 3 (bl W
R F3=2T offldiMe @2 2 Rt g4
E(tone)o|UARt Al £ offold = A =
Aoz FF B4l Uehte Ae I 4 At

(b) 20 nm 50 hm

Fig. 4. Photographs of as-synthesized FSNPs dispersed
solutions with different color and particle size
(a) red fluorescent silica NPs, (b) green

fluorescent silica NPs under UV lamp
irradiation of 365 nm wavelength
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Fig. 5. Photoluminescence(PL) spectra of as-synthesized
FSNPs dispersed solutions for different color
and particle size; (a) red fluorescent silica
NPs, (b) green fluorescent silica NPs. The PL

spectra of FSNPs were measured with quartz
cell by fluorometry

4 FHoE FHE FA 9 =4 g3 At v
A7l 710 wE PL EA4E 4 B4 ez 2
AbeFR L, 11 ATE Fig. 500 YERHRIT Fig. 4004
TS £ Sl AA™, A7 e gRke] 27171 Zof
AE PL =7 245 S ERI% 4= Qirk E35] PL
o] | AT Ayt &) 7|7 FoEsE
g2 iggog 2FH ol5stgrt. 20 nm 3719 &
A G3g Azt g s 38 585 nmellAl PLY]
=7} 7B A3, 20 nm 3719 =4 &35 Ay U9
A= T 525 nmollA PLY Z&rt 7R A3k 3%
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7 Lheglate] 27171 Sl d4E: PL 57 371
L RS At g @4 3N Aet vhe
Al F4A AR FFol S| MRl Aom
th & thegae] 2717t 4248 EHo] 7
42 4% wYEs 9% 99 F
wol PL 7t 378k ot

4, Z8

Aol A= HiolQ zhds] E Hio]Q o]u|F] 59
280 g4 5 Y= Fart =PE A Y= gAt
2EWHOZ 20 ~ 90 nm 7|2 TSR
. B3] 24 33 59 7oA APTES ¥ €& FITC,
Ru(phen)s™" & 7Isto] =4 9 24 g E4Jo| L}e}
UEE sioith. 57t 239 A7t e dA e o8
Sto] AELE o AT FL, PAL] A7)7} Aofol BE
H8 Igo] FFE A FHA AE HE HA S0l
= otk A Ado] 8 AL, YA Ire
SEA EAS Z1= 20 ~ 200 nm A= AEsh 2
717k Y& 39 7ho|y dlojlA A =1 47280 9
A Bali=, 2717 UF ZoH A B4 e
=7] gjgoltt. wEtAd 2 AFolAs SEAe] ¥ o
27 =g Azt YeQdxe dskeled, E9] A
27t e QA 2719 @3 549 /el st
AP, AFATE v 2ol 99Kt 4= Q.

AR, 24 34 Sl 7twA APTES #7keh A=
FITC7} =99 A7 hedis 25 5Ys 429
4 % EAEY PL A% P Amad) 525 nm ~
550 nm)& YERHIITE.

=4, 24 FHo=8 7lwA APTES 37l 2 d=
FITC , Ru(phen);”"& 37 =35to] dAd 95 Az
7} Hefiihs B 949 3% E4E Y PL A=
T Ama 585 nm ~ 590 nm)S e

AR, &4 33P0 7}uAl APTES 271 2 98
FITC®} Ru(phen)y”" 2 =35l 4= @3 A7}
WA= 3717} Zobdes 33 Fert 71t
o, Fdj PL B9 shk 2 s o 254 o
Bt oA A7t EZA &Ko miH FF
RO o] A7t Y= gAe] 2717t ZolE4E FaEHE
HHo] AZ7] dio| FF A8 EyFo| 7]
el Aoz wohHE

oWl AdE AHY 2D 3

Fol 7HaAl
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