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Investigation of Oxidation of Silicon Nanoparticles Capped with Butyl and
Benzophenone against Its Stabilization

Seunghyun Jang'

Abstract

New synthetic route and characterization of alkyl-capped nanocrystalline silicon (R-n-Si) were achieved from the
reaction of silicon tetrachloride with sodium/benzophenone ketal reducing agent followed by n-butyllithium. Surface of
silicon nanoparticles was derivatized with butyl group. Effect of oxidation of silicon nanoparticle with benzophenone was
investigated for their stabilization. Optical characteristics of silicon nanoparticles were characterized by fourier transform
infrared spectroscopy (FT-IR), ultraviolet-visible spectroscopy (UV-vis), and photoluminescence (PL) spectroscopy. Butyl-
capped silicon nanoparticles exhibited an emission band at 410 nm with excitation wavelength of 360 nm. Average size
of n-butyl-capped silicon nanoparticles was obtained by particle size analyzer (PSA) and transmission electron microscopy
(TEM). Average size of n-butyl-capped Si nanoparticles was about 6.5 nm.
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2.1, L4t

2 AP o] &g F4 7142 standard vacuum
line Schlenk techniques AM8-31 o™ ZE A 59
gk 82 ok2L 1A w971l A A sttt
Sodium (Aldrich, 99%), benzophenone (Aldrich, 99%),
silicon tetrachloride (SiCly, Aldrich, 99,999%), —Z&] 3L
n-butyllithium (Aldrich, 1.6 M in hexane)> 712 74
A BFA] 23l AHE-31S ). Ethylene glycol dimethyl ether
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2.2. Sodium benzophenone2| &4

F< sodium (523.9 mg, 22.8 mmol)< glovebox ©F
ol 4] 250 mL round bottomed Schlenk flask®l argon
717 stollA] WL Schlenk line@ & &71ch. = Fof il
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2.4. Alkyl-terminated A2|2 L=QlXte| &Y

W& 5 benzophenone©] ‘Fof A= A F Y=
Z} 22 E 250 mL round bottomed Schlenk flask ]l
argon 714 slollA €3 FF7E glyme 100 mLE 37}
3k T2 n-butyllithium 8.2 mLE dropping funnel2- ©]
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SHF7F A Gl E A ASHAL hexaneS® &3+ th
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29 500 mgs AL F Slrh

2.5 SMEY
AYE Y= gAe %34 52442 FTIR (Nicolet
5700), UV-vis absorption (Shimadzu, UV-2401 spectro-
photometer)$} photoluminescence spectroscopy (Perkin-
Elmer, LS 55 luminescence spectrophotometer) .2 &
23T}, Particle size analyzer (PSA, Microtrac, UPA-
150)2 ©]-8-3}o] n-butyl-capped 2 2]F = Ake] =
7152 =49t n-butyl-capped A2 Y=Y A2]
TEM ©] v X] = Tecnai F20 transmission electron micro-
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v S Ha 2719 REE 2 100719 A=
45Tk
3. &4yt H 1E
ZR2olE 318} 7|e2 Algkd 22 FV vbse W
HE Bot] vU=a7]9] ddoA & -V v
UAE FEE 5 AT ¥I= 1-VIE] RE=A o] =7
o} RS Alojsle=t] AEet Fxdo] UUA R A2
=i Rke] R siolnt F7] ek B4 3
E214 A tigk A= oFF Bo] BaH vt §l
. 7% silicidesE ©]&3t] fr7]2t=R FHo] B
SRS A2 AEF e gAte] el ATAR o]&
3 At} X3 silicon tetrachlorideS ©]-8-3le] &2
IFoR 4% A8 YAl tdne BaE
v} 2tk 224 magnesium silicides= ] &+ 1) o]
%= THol slom, o]Ao R glste] By
v E Zhe BRSO R Fe o] ey Rte] A7)}
o] BAI7F ErFssltt ol wHHE S5317]
ol silicon tetrachlorideE 215 $3}7] st 8
24 sodium naphthalenideE AH&-3le] A&
A5 A ekE el A AL QLA o] & o] &

s}

T
l—-{H g

iy

A

bropdo By ofh rot I
=

jincs



Benzophenones} €2 152 Z Capping®l A2 =g Ake] g2l gk

11
A
rH

SegiAel 27171 3614 9 nm WAL 2
3k H| A e AgE J=gAE 4T 5 9)
o] =it Jh=g-Algue] = =g ate]
ol capping 2242 tri-n-octylphosphineoxide (TOPO)
so] le theqiabe WA Sulolx gld

714 capping agentZ Al-&-¥ TOPOE L}
AT 7|2 FAeeS FAlske 9E8S

Tas

yg%FEOE_Elr
iﬂ,gg n:io,?,

X}

e T == [ o =i}
it

Sl A ey 24 g
NHE Fote] G ekt Asiolen, A
2] Y=Y A= sodium/benzophenone SUA|E o] &
3t silicon tetrachlorideE SHAAIFI S 24 AT} o
71¢llA benzophenone-> capping agentZ 2835t ¢
7ol B WAEt YiefAte] A7)E Ak o
g S} pbutylZHS AEE Uidrle] xwol
2stEE S WAt 9T stes AAlEo] 2lo
w o]d 7% Zte HEE U=ygAte §d A=
28 190 =AEIE

Silicon tetrachloride-> argon 71| 3] 3lell A 1,2-
dimethoxyethane (glyme) 27 £} sodium/ benzophenone
2 $HA| HE3-& A171H sodium/ benzophenone®] silicon
tetrachloride S $HIAIA A& UY=d2s LT +
A= APE AE REG AEE HAEE 2 1 nm
o|&te] 7124 1 ¥l chlorideZ 2% ¥H S

7L )3 B3 capping agentZ benzophenone®] 7+
AL e F2E skl vk AR E Ad2E e AE
A SAA o} whg-ate] Ao g AidsiAl Hrt.

AR A E Y= AbE 2 ¥Ho| chloride® &
A= 7] Wil Abd 71 e v 9IS
Whg-ate] Aks} Hoh webA o] ok Akskg-S WA

> & I 1o

<

O:
o

N,
=2
01:0_>‘:

flo

CI

00|

benzophenone capped Si Nanoparticles benzophenone/butyl capped Si Nanoparticles

7 1. A2 J=grle] 34 shek.
Fig. 1. Chemical equation for the synthesis of silicon
nanoparticles.
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Fig. 2. TEM Image of silicon nanoparticles.
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Fig. 3. UV-Vis spectrum and fluorescence spectrum of
silicon nanoparticle capped with butyl group.
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Fig. 4. Change of fluorescence intensity of photolu-

minescent silicon nanoparticles capped with butyl group
under the irradiation of 360 nm light source.
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