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The Synthesis and Characterization of Mesoporous Microbead
Incorporated with CdSe/ZnS QDs
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Abstract: The spherical mesoporous silica is synthesized and incorporated with CdSe/ZnS quantum
dots(QDs) for preparing micro beads to detect toxic and bio—materials with high sensitivity. The spherical
silica beads with the brunauer—-emmett-telle(BET) average pore size of 15 nm were prepared with a ratio
1, 3, S5-trimethylbenzen, as a swelling agent, to the block-copolymer template surfactant of over 1 and

under vigorous mixing condition. The

surface of spherical

mesoporous silica is modified using

octadecylsilane for incorporating QDs. Based on photoluminescence(PL) spectra, the relative brightness of
mesoporous silica beads incorporated with 10 nM of QDs is 79,000 times brighter than that of Rodamine

6 G.
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Fig. 1. The synthesis of ultrasensitive nanohybride beads

using high efficient CdSe/ZnS quantum dots.
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Fig. 2. HR-TEM images(top) and PL spectra(bottom) of
CdSe quantum dots as a function of reaction time.
Reaction time and particle size are (a) 0.5 min, 2.5 nm,
(b) 1.0 min, 3.1 nm, (¢) 2.5 min, 3.7 nm, (d) 92 min, 3.8
nm, (e) 0.75 min, 25 nm, (f) 1.7 min, 3.3 nm, (g) 3.0

min, 3.7 nm, (h) 95 min, 3.8 nm.
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Fig. 3. The morphology of the mesoporous silica beads

depending on the mixing intensity and the ratio of

oil/surfactant.
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Fig. 4. Change of PL spectra of mesoporous silica beads
incoporated with CdSe/ZnS QDs as a function of molar
concentration of CdSe/ZnS QDs.
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Fig. 5. The fluorescence images of mesoporous silica
beads as a function of molar concentration of CdSe/ZnS
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Fig. 6. The quantum yield of mesoporous silica beads as
a function of molar concentration of CdSe/ZnS QDs.

o #Atd WEzxelx dejgt v ke YAHES F
P 5 A4 Eesks A dF AFHA S
G o] AL Gl AL THsAEE Lol
e del g PL spectra A& AAsIATh 19
4o A B npel o] A5 e PL spectradl A At
A °] emission peak7} ## HA| &= FOoFE Hol,

solngs vpolaz wme  PHEY Y 5t
FAPe R BEe mE vzres 4dd
Ml gy @ng ARelM FgdE e
FE7t 3485 3% 2o AV Sl A
FA% + Ak FAHol nUEHE W2~

olA & 661
Table 1. The number of CdSe/ZnS quantum
dots-incorporated in mesoporous silica beads.

Number
Total Total Number o
number  number o . incorpor
of silica incorporated 1tnecdor5<1)jr§1 —ated
bead QDs per bead QPZ npq):gr
5 nM 2x10° 3x10" 15x10"  2.3x10°
10 oM 2x10° 6x10" 3x107 46x10°
100 nM  2x10° 6x10" 3x10° 4.6x10°
200 nM  2x10° 1.2x10" 6x10° 9.2x10°
one Mesoporous silicalcm®/g) = %4’0-8878 lem®/ 9] =0.9388 [em?/g]

0.143 [mg] < 0.9388 [em?/g]

Total Nmber of mesoporous silica = =2x10°

%X mx(2.5 [/1777])3
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Table 2. The relative brightness of CdSe/ZnS quantum
dots—incorporated in mesoporous silica beads.

Numb
umber The
of . The
. brightness .
Quantum  incorpor ¢ QD relative
o S
Yield ated . ; brightnes
incorporate
(%) QDs rp s based
d silica
per bead' on R6 G
ea
bead
5 nM 5.8 15x10"  3.9x10 35,300
10 nM 6 3x107 8x10° 79,000
100 nM 5.2 3x10° 7x10° 634,000
200 nM 43 6x10° 1.2x10" 1,050,000
1) Brightness = Molar extinction corfficient X Quantumyield
2) Molar extinction coefficient of @Ds at X = 530nm= 292,972cm™ "M~ !

3) Thebrightness of Rodamine6 G= 116,000cm™ M 1% 0.95= 110,200cm™ "M !

4)* Thebrightnessisnormalizedbythe silicabeadof 1 pm® unit volume

ol 3x10”7 0™, 10 nM Fgx7ANAE 6x10°7)
Atk webd um® 9 Ul S S 2331007 ©f
dol ks €8 &

SHH E 20 AAE
molar  extinction coefficient (cm 'M !)xquantum
vield= Aibeth stolBgl= FxA| o] Hr)o figh
AFAQ £1 AdIesE FU1E3A 7E AR
rodamine 6 G ¥ flourescing 7|F o2 3 A3
=2 Aot o™, rodamine 6 G 530 nm I}
219] molar extinction coefficient”} 116,000 cm "M
ot} [15]. wetA, 7]FA#< rodamine 6 G2 1
mole §92] 3% rodamine 6 G2 U$AFE0] 0.95
o] =& 116,000 cm 'M 'x0,95= 110,200 cm "M ‘o] t}.

Tl B oA A Alxzd dwstelBE= A7)
H =9 A, =54 35 vYeds a8 (PL 55
& At 530 nm, FAH ¥A A7) 37 nm)e]
molar extinction coefficient”} 292, 972 cm "M ‘o] 1
1 um® 5§35 2 dzxxes A7 v= ok 10
nMe] FAHE nEEsd A F 12 FE 46x
10°70e] FApdo] £l e A & F glon,
o|ZHEE el vixxels At vEe] T & 9
I=E Aed 292, 972 cm M /(6x107 FAR/ 1
M 9] FAHE)1x[(4.6x10° FA7 /bead)/(6x10% beads/

it

7N

)

Fig. 7. Schematic of DNA assay based on bioconjugate

silica nanohybride particles.
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