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Chapter One.

Synthesis and Optical Characterization of Triptycene
Metallafluorene and Metallafluorene

Kim, Hee-Cheol
Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Abstract

New functionalized Metallafluorene have been synthesized and their optical
characterizations are investigated. Metallafluorene unit has been
interested, since metallafluorene has a unique optical and electronic
properties. Here we report the synthesis of new type of photoluminescent
metal laf luorene. New metallafluorene have been characterized by NMR, FT-IR,
UV-vis absorption spectroscopy and X-ray single crystallography. Their
optical characteristics have been also investigated using photoluminescence
spectroscopy. These compounds are of interest as light emissive layers, as
they possess relatively low LUMO energy levels while maintaining high
HOMO-LUMO optical gaps. Dierential scanning calorimetry measurements reveal
that these Metallafluorene compounds have advantages of ther—mal stability
above room temperature regions. Organic light-emitting diodes have been
fabricated using thermal evaporation technique which emit blue light with an
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excellent diode behavior under the forward bias. 1,1-Dichlorosilafluorenes
and 1,1-dihydrosilafluorenes have been synthesized and their electronic and
photonic behaviors were investigated. These copolymers were characterized by
'H- and ""C-NMR spectroscopies. Photoluminescence efficiencies of these
copolymers were measured and compared with their precursor.
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2. Experimental Section

2.1. Generals

2 A8 2 standard vacuum line Schlenk technigues AIZ3IUCH stE=2
gd2 o222 JIM  ES2R0I10M A ESRCH. A0 AISst AYE
1,4-dibromobenzene, n—-BuLi, anthracene, iron bromide, bromine,

silicontetrachloride, dichloromethylsilane, dichloromethylsilanes2 Aldrich
2 FlukaOlA F8IH A2 oIl S0 o222 JiA 2|10 A
sodium/benzophenone2t & JH 24A12F Ol& & A2l = 2292 THF2t diethyl

3

ether, hexane, toluene S2 AIESIRUCE. &S SHA AMEBE= S0 THF=

Fisher St&3|AIOIM HPLC gardeE RSt CtE ZHe2l S0l AIZStACH. &

AHEZYE UV-vis spectrometer (UV-2401 PC, Shimazu)E O0I&5t0d LRUCH. FT-IR

AHER= diffuse reflectance (Spectra-Tech diffuse reflectance attachment)

gtAlZ 01&0ot0d Nicolet model 57002 01& ot =& GtULH. &2 =& 2

A2 Bruker AC-300 MHz spectrometer ('H NVR, 300.1 MHz 2t °C NMR 2 75 MHz)E
E

=)

FOd 2AUCH. NMR S0H chloroform-de= ol SO CaH.2 WEHAIA &R =2
MIHGHH AP0l CH. NMR T332 &= 0|S2 part per million (&ppm)2
SHKXAH & Ch.

ol

HU o
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2.2. Syntheses
2.2.1. Preparation of 1,2,4,5-tetraboromobenzene 1
1,4-dibromobenzene (100 g, 0.42 mol)8 <L&2IJtA 5
tetrachloride (600 mL)OIAM wWEISIH 2&F3| =0 & O3S BS 8Jl= oil bath
g 0180t 252 50-60 T Al SHAELE. 25IF 50-60 CTIH ©H bromineS
dropping funnelS OIE5otH 1-2A12t =t &AS| HOt ot =Ct. brominOl Ct
Bl 252 70-75 THA S T2 12A12F 014k reflux AIAECLH. BISER
S 255 4222 ZFH F LS 20% NaS0; EEH (1000 nL)2 =SSt S A AIE
Ct. SHAZ0| DM Z00F S3t 2222 0/480] 2 WK OB gt
S0t AAIGHECH. w8k 30min & CCly (100 mL) =It wBtE Xt D, HAES
S Zal, Solide 2 226t &=C. CCly = MgS0, AtEotH & === X
HANAZE = RIEM=s 2 St SLAHA HAH AMHAE G Solidet =&t
Toluene (250 mL)E Jtotd 30 min Reflux Al2I TS 0 T LES2UHN &S
S A ot AIHAEO, 2HE white MEES HDUSIKH hexane2=Z M= &t
S 2 SHOIA HZE AIHZECH S4E 1,2,4,5-tetrabromobenzene2 H NMR2F '°C
NMRspectroscopyE OIE56t0 QIS CH. H NMR (300 MHz, CDCLs) & 7.86 (s,
2H), "C NMR (75 MHz, CDCLs) & 137.28, 124.40
2.2.2. Preparation of 2,3-dibromotriptycene 2
1,2,4,5-tetrabromobenzene (30 g, 0.076 mol) 1t anthracene (15 g, 0.084
mol)2 AT Ot 8 OS L2 JtA SHOlA dried toluene (500 mL)S &
OISt WEIAIDIHM 26X otH =sHECH IS A=20lM FAIE 01800 n-BuLi
(45.6 mL 0.084 mol) FGtO dropping funnelOil €1 AES| YHEHECH 8BS
WO M2 E2 MM MASI 2ZMo=x RO ELH. BFSAIZES 12A12¢
SOz WHAIDIHAM 8BS ANAZECH 8BS EF = diethyl ether (100 mL)
1 H0 (1000 mL)= MIESICH. BtS A2l SH0| A ERHE O3
_g-
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HE 2HsS 2 ool SZAAHA MHAIZICH cyclohexanl2 =02l & HIHS0OH
£ cyclohexaneE AME6tD DFAMOZ sillica gel2 AIESIH ZE 22 Fel st
Ct. Z28oz do&A LY 2120 (cyclohexane)E MAHGIH 22 Lgta X
£ H=Ch. acetone(400 mL)S &EItot0d JtZst ChS Y2 AIAKN IS 6HA 22
anthracene2 HMIO16t0! =Ct. anthraceneOl 2t&3HAH MAHEM DX O Bt=
ot Z=Ct. 0] BtS anthraceneS ZEHZ HIsH & FEUH HIE 2LoI0HA S
9b AP GIQrMO| MAZSZ2 w24 UL BAE 2,3-dibromotriptyceneE 'H
NMR2F °C NMRspectroscopyS OIZ5H0d 2QI5HACH. ' NMR (300 MHz, COCLs) &

7.62 (s, 2H), 7.38 (dd, J= 5.3 3.2, 4H), 7.02 (dd, J= 5.4, 3.2, 4H), 5.36 (
s, 2H), °C NMR (75 MHz, CDCLs) & 146.54, 144.32, 128.84, 125.82, 124.04,
120.77, 53.16.

2.2.3. Preparation of 2,2-dibromobitriptycene 3

2,3-dibromotriptycene (10 g, 0.024 mol) &= JtA StUIA dried tetrahydro
furan (150 mL)OIA wWBHGIH 23| =0 & U3 BtS &JIE Dry ice bathE
0lZ3t -78 T 2 =10 Al XE 0/E00 n-BuLi 0
0 AASl &It oIRUCH. BISEHO| M2 2
[ULCH. BrS Al2t2 n-B
ice bathE HMIH&t

_$_
H U, s B2 = LY ANE Z& ofUA SZAIHA HAH & =
=

hexane(100 mL)&DJtotD) GHtAIH FH 22 L2t MHASS ds £ ULt o
Sl 2, 2-dibromobitriptycene 2 'H NMR2F "°C NMRspectroscopy= OI25t0 =H0l5}
A Ch. M NMR (300 MHz, CDCLs) & 7.62 (s, 4H), 7.44-7.32 (m, 8H), 7.06-6.96

(m,84), 5.36 (d, J= 26.1, 4H), °C NMR (75 MHz, CDCLs) & 146.45, 144.56,
138.39, 128.61, 126.62, 125.36, 123.72, 119.34, 54.72, 53.96.

_10_
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2.2.4. Preparation of 1,1-methylhydro-4,5,8,9,-bis(triptycene)silafluorene
2,2-dibromobitriptycene (5 g, 0.008 mol)S 2= JIA StOHIAM dried diethyl

Chosun_University, Department of Chemistry

Hee-Cheol Kim — M.S Thesis

Acetone bathE

s EJIE

oJ

00

9|

al

(]

=

A

o20AM 2A1FH EE O

A

(9.4 mL, 0.016 mol)
& wet
Ch.
0ot -197 T=2=0IA 30

F

2
[

0|3t n-BuLi
L= 4A

=
(=]

= n-Buli

2
[

SAlIZt

]
—

t

tCE.

It

=
(=]

ol
= Dry ice bath

[¢]

%

al

I

i
<
Kl
=

=
o

ol
0{0

B
K-

m

_

oJ

E

AI2ICH
& Jtotl

=

pS

ot
ol

2

.l

=

b

O

to &

[¢]

=
=

I AW)I N

&=201 2

dichloromethylsilane (1.65 mL, 0.016mol)S &2l X0
FOILA

Ol Y

ol

<+
oI

ol

=ppl

ZAIH KIHE

=
[=)

HOIl A

[e}

0l

()
KEJ
Irs)
ol
o)
E

_

~J

Ck.

=
—

2 AIA

=<

o

HOILA

"H NMR2F ®C NMRspectroscopyZ Ol

hexane (100 mL)Z 3

ot oll A
AL,

9]

ol
ar

o

}

o

=
S

0l

7.43-6.92
145.17,

2H)
145.22,

7.60 (s,
0.35 (d, J= 3.8, 3H),
145.30,

H),

116.69, 54.72, 53.96.

2H),
145.35,

(s,

4.62 (a, J= 8.7,
123.54,

& 7.83
146.57,
125.40,
11

148.14,

CDCL3)
125.49,

)

COCLs)

5.42 (d, J= 9.6, 4H),
128.41,

H-NMR (300 MHz,
133.02,

(m, 16H),
BC-NMR (75 WHz,

144.36,
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2.2.5. Preparation of 1,1-dimethyl-4,5,8,9,-bis(triptycene)silafluorene 5

1,1-dimethy|-4,5,8,9,-bis(triptycene)silafluorenel &4 &g 2.2.4.0
Jl=st Y-l S23t0H dichlorodimethylsilane (2 mL, 0.016 mol)2 &Jt&tC.
MESO =5 LHAA 2.2.4.00 JI=st YHOZ 25 = JUJUCH 4 M
2011, 1-dimethy|-4,5,8,9,-bis(triptycene)silafluorene(siliptycene)2  'H-NM
o C-NMR  spectroscopyS OI23H0 &QIGACH. H- NMR (300 MHz, CDCLs) &
7.80 (s, 2H), 7.53 (s, 2H), 7.44-6.93 (m,16H), 5.42 (d, J= 10.5, 4H), 0.26
(s, 6H) °C NMR (75 MHz, CDCLs) & 147.58, 145.71, 145.41, 145.28, 144.05,
136.20, 127.64, 125.36, 125.29, 123.74, 123.67, 116.41, 54.67, 53.97.

0x

v

2.2.6. Preparation of 1,1-diphenyl-4,5,8,9-bis(triptycene)sillafluorene

1,1=dichloro-4,5,8,9-bis(triptycene)silafluorene (10 g, 0.016mol)S
JtA GHOIA dried tetrahydrofuran (120 mL)Ol wWBHGHH 283 =0 ZECt.
A PhLi (18 mL 0.032 mol)S Al2IXIl #3dt0 dropping funnel Off &It &t
HES T AL EISENO M2 HE2 MM MASI &sh 2
HHOIRACH. BESAIZE2 4A12F SOF WEHAIH =L BISESE § Y4 g8HsS
2 OtUIA SZAIA HMHE = HE=2 (100 mL)S EIIGHH wht AIAE OS
Dtot hexane (50 mL) EIIGHO MIESHCE. hexane 22 33 o MG =Ct.
NMR2} "°C NMRspectroscopyE OIZ5t0i =QIGIACH. H-NMR (300 MHz, CDCLs)
7.84 (s, 2H), 7.65 (s, 2H), 7.41-7.33 (m, 8H), 7.12-6.90 (m, 8H), 5.42 (d,
J= 9.6, 4H), 4.88 (g, J= 3.7, 2H) C NMR (75 MHz, CDCLs) & 147.99, 146.55,
145,14, 144,99, 144.38, 135.54, 132.93, 132.76, 129.93, 128.48, 127.95,
125.15, 123.58, 116.63, 54.67, 53.89

0z e <

|0
2 0¥ H 00 o Y

o

1S

S
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3.Results and Discussion
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3.2. Synthesis of Characterization of Triptycene Metallafluorene

1,2,4,5-tetrabromobenzeneE &AatI| fGH 1,4-dibromobenzenelll Br.& &It
[w]

ot= 2= (Bromination rection)E A2 SIS M

(]
o

, oteh Bt AlZ Scheme 1 O U
=l 1,2,4,5-tetrabromobenzene2 melting point = 178-180 T &

AN

<Compound 1>

. 1,2,4,5-tetrabromo benzene

3 Br Br
Br Br Bl_2

+ Fe™ " Br >
CCl 4

Br Br Br Br
MW : 393.70

1

Scheme 1. Synthesis of Compound 1.

Ol &td= 1,2,4,5-tetrabromobenzene=S Scheme 20 LIEFH HiQF 20|

Anthracene 1€ &1} n-BuLi 1€&= A28l &4 GIYULCEH.

oo = o

_14_
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<Compound 2>
. 2,3-dibromotriptycene

Br Br O
+ n-BuLi Br
Toluene
Br Br
Br

MW : 412,12
2

v

Scheme 2. Synthesis of Compound 2.

—

gt = Copound 22| melting point & 190-192 €T [H =52 50-60%%iCh.
st& =l 2,3,-dibromotriptycenelil n-BuLi 1/2& &= AF=238I0 Compound 3 & A&t
g d

Ct. &d BtsSAI2 Scheme 3.0 LIEFLHRUCE.
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<Compound 3>

. 2,2-dibromobitriptycene

1 n-Buli .
BE Br Br

MW :664.43
Scheme 3. Synthesis of Compound 3.

3

Z gdE 2,2-dibromobitriptycenel melting point = 220-225 T &
E2 50-60%= LIEISCH. A& 2,2-dibromobitriptycene=

2t2F 2 X812 JIKl= 4,5,8,9-bis(triptycene)metal lafluorenes

=}
0P
ol
2

il
0x
_O'j
50
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<Compound 4, 5, 6>
4 : 1,1-methylhydro—4,5,8,9-bis(triptycene)silafluorene (siliptycene)
5 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorene (siliptycene)
6 : 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorene (siliptycene)

- oo

MW : 68691
6
a ! 2 n-BuLi, Ether, -78C
b @ CHCISi, Ether, -178T
¢ CHsCI.SiH, Ether, —-178TC

d : CiHioCl2Si, Ether, —178TC

Scheme 4. Synthesis of Compound 4, 5, 6.
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gtdE 1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorenell &stx S42
202D foh S& AHEYN & AHEYHS =HGIULL. Fig 12 &EES S
ot €2  1,1-methylhydro-4,5,8,9-bis(triptycene)silafluorene? && % &
z ATEHZ LIEHAH 2101 Ct. Fig 1(red)2
1,1-methylhydro—-4,5,8,9-bis(triptycene)silaf luorene2l s AHEHOZ

5,
235nmUl A =0 &4 WEES 2t=CF Fig 1(blue)ll LIEF LHRAS O 235mm0l O

&S M SI-ASE R Anax = 417nm0IA OFLES] ZHZ T E =CIGHALE.

S

0.5 1000
/N
/N
0.4 - / Y -1 800
s \
< - 600 =
8 [
= Z
< s
g 2
§ - 400 &
<
- 200
| | } S 0
300 350 400 450 500

Wavelength(nm)

Figure 1. UV-Vis absorption and fluorescence spectra of Compound 4

—

Fig 1= 1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorenel 2y 4 AH
EdS UEIYH e ZOICH. Fig 2(red)2 UV-vis E=H0lE Apx = 238nmUl A &
OI%CH.  1,1-dimethyl-4,5,8,9-bis(triptycene)silafluorenel &2z ATEH=2

238nm=S )| A2 ol¥S A2 Fig 2(blue) OIA Apx = 421nm2 otLtS] &
2[0S LIEHHALCE.

1, 1-methylhydro—4,5,8,9-bis(triptycene)silafluorenedt Hln 3dl¥S AFL <
dnm EIESZ 0|Sst ZUZ2 HOl Hl==gh A9 LAAANE =0IsHLCE.
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Chapter One

0.5 1000
/’/ \\
/ \
[ - 800
s/ \\
< \ 600 2
- =
= \ e
= \\ Z
3 \ -1 400 =
2 \ =<
< \
/ \
\. =200
AN
\\
0L—or —
300 350 400 450 500
Wavelength(nm)
Figure 2. UV-Vis absorption and fluorescence spectra of Compound 5

Fig 22 Compound 52| X-ray single crystal lographyE LIEIHCH., 2= HieF 20|

fluorene X2 JIE2 RX2 JHXD USH L=

iptycene0| HE/E =2 ZE

T U=REs & = UL, SHE  BRUKER AXS GMBHALZS] SMART APEX CCD SYSTEM
of ZHIE AIEot0 ZEHoIU2M, 01 A6t A8t ZH2=2 Scheme 40M £
= Ht2tZ0l 2,2-dibromobitriptycenelll dichlorodimethylsilane 1&&= & Jtot
o SHSACH. IS0 e+E8H Compound 5= & =20M HHE =0 SolventE

0

Toluene2 AtEct Z2HF2XE 2ZUA2CH,

Figure 2=

2+2+ Packing Diagramat

Crystal Data and Structure Refinement, 12l Bond lengths [A] and angles [°]

£ LIEtWRUCH. Compound 5=
0] 2FAHOIE = Ul A2 L=IF UL
o SIEEYUS 24 UApTH
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0.5 ; 1000
/N
0.4 - [\ - 800
< 03} 1600 E
7% / \ -
= | £
[ \ o
= \ 2
\ =g
§ \\ - 400 ‘:
< \
\ - 200
AN
\
\\
N
0 L . I B— 0
300 350 400 450 500
Wavelength(nm)

Figure 3. UV-Vis absorption and fluorescence spectra of Compound 6

Fig 3= 1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorenel 2y 4 AH
EdES UEIYH e ZOICH. Fig 5(red)2 UV-vis E=80lE Apx = 290nmOl A &
OI%CH.  1,1-diphenyl-4,5,8,9-bis(triptycene)silafluorenel &z AHEH=2

290nmE 01D ME2=Z GIAS B Fig 5(blue) OIA Apx = 405nm=Z StLtS)
ZME LIEHH AT

ne
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1000 T |
—&—9,10-diphenyl anthracene

—H— Compound 4
—%— Compound 5

800 |- e

600 - .

400 |- -

PL Intensity

200 - -

0 B S =S =
300 350 400 450

Wavelength (nm)

Figure 4. Quantum efficiency of Compound 4 and Compound 5

=dotJl FolA EiHe
=1

Cylohexane=S AIZ0IUCH, SHAl AIEE 299 === 1ppm OIKYCH. 24X &S
=l

2 Otcholl LIEHH A0 2/t A4t T

Quantum yield = [Q (standard%) x absorption(standard) x FL area (sample) x
nD2 (sample)] /labsorption(sample) x FL area (standard) x nD2 (standard)]
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3.3. Metallafluorene 2 481t SN E4 24,

2,2-dibromobipheny| & & 4&dote &Y S LIEFHWWRACE. 1,2-diboromobenzenelil £
OHE THFE AF23dl1d, n-BuLi 1€¥&sS HOIot & 4ASHCH. melting point= 0l

0, =S82 65%= 21

NW
ne
9

Br
2 n-BuLi .
THF, 78 C
Br
BrBr
MW 312
12

Scheme 5. Synthesis of Compound 7.

o
S

st =l 2,2-dibromobenzene= 0|23t 242t CtE X g
Metal laf luorenell & UHIESAZ LIEIUHRULCH. El= 22 Ether2 AFE06HH
2,2-dibromobenzeneil n-BuLi 2 &= HIIotLD 258 -178 C 2 &= US

dichlorodimethylsilane, dichloromethylsilane, silicon tetrachloride,
2

gl

—

tetrachloro germanium2 2& &4 HJIol= A0 20 22 CHE X&DIIE JHXle

=20 gd&t.
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4. Conclusion

ol

= AENME B

— o

e, dIIE el 238 SdE e M=22

J

organicmetal | ic compound®! Triptycene Metallafluorenelt Metallafluorene2 &
Mot CH. M2  compound=  'H-NMR,  C-NMR, FT-IR, X-ray single

crystal lography2 St&fEo £ Triptycene

0x
0
i
P
-J
Iy
f
I
o
ol
m o
a

Metal lafluorenedt Metallafluorene2
ASY0] &2 KI| LEDEEE =F8H MATHIF 2 JASANoZE M2 AP

S0l UCH. =8 Triptycene Metallafluorenedt Metallafluorenes 0I=6t0d & Xt

2= g2z 2l LIEZ 29&=E stsF2(Nitrobenzene, DNT, TNT, Picric
acid) S EZEL =2 EXotsll K8 & AUA2Z EHAGHH Polymer MY Al GO
chemosensor 22| 20| Jls & Ho=2 M2 2L LIOIIA S0HE olst

D
>3
D

Triptycene Metallafluorenedt Metallafluorenes 1DEAISH o0 R0 HES =
2= EX0 AN =2 222 EAE & = US A0l M2AEH AR2SH U

Ck.
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and applied current densities
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Chapter Two.

Investigation of Photoluminescence efficiency of n-type porous
silicon by controlling of etching times and applied current

densities

Kim, Hee-Cheol
Advisor : Prof. Sohn, Honglae, Ph.D,
Department of Chemistry,

Graduate School of Chosun University

Abstract

Photoluminescence properties and surface morphologies of porous silicon

were investigated by controlling of etching times and applied current
densities. FE-SEM image of porous silicon surface indicated that the porous
silicon prepared at currents below 200 mA/cm® exhibited very stable and even
surface. However the porous silicon prepared at currents above 300 mA/cm’
displayed the cracked surface of porous silicon. This cracked surface was
collapsed to give cracked domains at currents over 500 mA/cm®.
Photoluminescence of porous silicon was investigated by controlling of
etching times and applied current densities in the range from 50 to 900 s
and from 50 to 800 mA/cm?, respectively. Photoluminescence intensity of
porous silicon increased gradually during etching process, reached maximum,
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and then decreased as the etching time increased. Porous silicon showed the
best photoluminescence efficiency was prepared at currents of 200 mA/cm® and
etching time of 300 s.
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2. Experimental procedure

2.1. Etching set-up for porous silicon surface

fcle 1-10 Qenol XN&S JHA n-type AelZ <O0IH(P-doped, <100> orientation,
Siltronix, Inc.)E HMIISISN KA ESHEOZ(Scheme 6) Iuminescent porous
silicon sample(PSi)2 ZHIGIACEH. HIISEtA 24 S8LUEHES Teflonz ASHA
etching cel 10 A2|2 OIHE 0.2 ore] HO0I2 &t Teflon cel |3t 0-ring seal AROIO

2% etching solutionS HO0IIH H&HOM =& = 3000 tungsten lamp@ LS F=HAM +&
22 0-822 F=2¢ platinum wiretl, -8=2 aluminun foil0il & HOIHE =A
(etching) GtRUCt. Etching 8HE &= ethanol (Fisher Scientific)dt HF (48% by weight;
Fisher Scientific)2 1:12 A0 =AU, MR NIt XHE galvanostat2Z 50 mA/
el 1522 etchingotRALt. Porous silicon chipll &4 F WEH=SZ NME = N gasZ
samples AZAIZl =, flask0l €0 302 A& 2 StOIA PSi2l porelil OIS E==

=

SS MO GtUCH 0le48t pPSiQl ®OISHErA AL gt Y2 (Scheme 6) 0l LIEFLARALE.

5]

H
|
2Si+6HF+2h"™ —> /S|i\ + H,SiF¢+ 2H"+1/2 H,

Porous Si Surface

Scheme 6. Chemical equation for the synthesis of porous silicon.
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2.2. Instrumentation and data acquisition
PSicl & & =A2 Ocean Optics 2000 spectrometer= ot 2, Ol= Scheme 70IAM 2
Olz 24 Z0l CCORZIIE 01860 PSiQ PLE HEXQ (S HHARH ==+ UCH
Excitation source= blue LED (Amax = 480 nm) 2t UV LED( Amax = 380 nn)E samplel H
Holl 4572 252 HIFN optic probeZ PSi2 DR PLE =SF & &= A otdlt.
Mol AlS2 HIHO BEHN UEHLE AZEHS THE H2IJF 400 nm - 900 nmJtXl OICH.
UV LED( Amax = 380 nm)E excitation sourceZ= AIE0IUZS M= 760 M2 IIES HMAHE
= A= ZHE MESoRUL
2 =20s 2ZaUE [I/1,]2 ot0 22 A0l 400 nm - 900 nm AFOIOIAl ZZBHEl ™
H(area) XtOIZ LIEILHACH. E£5H, Luminescent porous silicon 2 S&E X-ray
diffractometer (XRD, D/MAX-3C, Riguku Co. with 0.15406 nm CuK, 26 range of 2-10")E
INE=TolpviB N
i Reflctiity
N E" detotion: £ oo
hifin o £ 1000
) 0400 600 800 1000
St Computer Havetendthinm
. o 5
e

Photograph for the optical

Scheme 7.
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3.Results and Discussion

3.1. Surface characterization of porous silicon

fcle MM porous silicon? &4 L st HAN HEH XX &2A8HH7,
siliconl pore size?t £4 parametersS A0Sl ZHE &&ot)| H Al
SUE M9 2 ABUAM S==22 FHIISH dopant? &, 2S4Sl ¥, 1e2l1) pore
size2to A2 0 CHSt H25HRULEH
porous silicon2 &4& Al poreQ 2= MIlstet 24 SH & dF2 Lt Ael20

N E=22 ZII8 dopantQ &, 4l & el carrier type (n, p)Oil BIIBHCE.

1-10 Qcme| X&e It& n-type &el2 I0IH (phosphorous doped, <100> orientation,
Siltron Inc.)2 &S AlIZHMl MR MDIBtE el 6t MDIGtetE SAIGHH S4Ee
2 QHSO0I& Luminescent porous silicon sample(PSi)2l & Z&AZS Ocean Optics 2000
spectrometer® E&E8t XNO0ICH Excitation IWMEE 480 AL, etching solution2 ==
eSS HFS 1112 A0 BESUAL, etch Al2t2 522 GHRILCH
S0l I &l=0. 1-10 Qcene Mets

M

J
22 MZ29 MII2 1:1(ethanol : HF) etching 2%
X
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Fig. 5. Surface SEM images of photoluminescence porous silicon prepared at current densities of 50 mA/cm? (A)
100 m&/cm? (B). 200 mAsem? (C), 300 mA/cme (D), 400 mASem? (E), 500 mAseme (F), 600 maA/cm? (G)
and 700 m&/cm? (H)
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200nm™
)

Fig. 5. Continued
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Qo Ct2A A2 HHO FE-SEM imagedl AT 20350l =Hl = 200 mA/cm’
otzHel M U0AE 10 BSHD SHEWIF 4R QHEAQ 22 =2 & QUCH BHAIE,
ZHl = 300 mA/cm® Ol&te] ®2 UM E CIRA A2i20 30| Jte 22 2 £
QUCH. 0|31 30l 2t ESHS 500 mA/er® OIAE 1 SEHDF 2UHE 22 & £+ U
Ct. Doll&E2 B4 AlelE FE-SEM imagellA 2 0I<0| etching 8F& ZIHAl

Apkxol 2 A2lBo B0 URMEE 5 =J0 AZ8 UGB
R U2 HOIE M JHNS I wHol G2 O, Otehl Table 1.0 296k

Tablel. Porosity of luminescent porous silicon,

etch condition porosity (%)
50 mA/cm? for 300 s, 32.1+£0.0
100 mA/cm? for 300 s, 36.5:0.3
200 mA/em? for 300 s. 38.3+0.3
300 mAscm? for 300 s. 47.3£1.6
400 mAscm? for 300 s, 54.4+1.2
SO0 mAfem?’ for 300 s, 63.5+1.0
600 mA/cm? for 300 s. 69.1+0.4
700 mA/em? for 300 s, 73.3+25
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=& =F2 etching 8Dt etching &2 2 X0l & 2= UJUD, UBE

o ot&t™ Zol = Z&HGIRULCE. Etching AlZ2tS 300 s&2
S0l et BdEe gt 32%0 A 78%2 SItot=
g2 200l ThHE = AsLICH

Xl&= X-ray diffraction (XRD,
J_’_O

Z = HR-SEM imageOil Al
Oteilel Fig 60IM E0
mA/cm® ,300 sOlA e 2

4500
4000

Intensity(a.u)

oo -
=
th
=
' |

20, degrees

Fig. 6. XRD pattems of photoluminescence porous silicon prepared at

current densities of 200 mA ‘em? for 300 s.
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3.2. Photoluminescence properties of porous silicon

I

o
ol

P 2 spectrall SEEHE2 H420M SEEASOH, 480 nm 2 excitation
wavelengths@ 22 E emission spectraE LASLICH. O34 &2lE samples 2
(100 mA/em?)el MRE DEAIFID etching AIZHS 400 to 900 s 2 &t0 B35S
FASLICH

Oteiiel Fig 70K 2= &b duie O34 a2 2 &2 spectra
= 645 nm 2| emission spectrumdt 480 nm&l excitation wavelengthOll Al maximum
intensityE 20HSUC. O34 &cl2o FstH 2& intensity= etching &
of et Exr&Ecez Sotot=0dl 0l gt == 800 sOlA LIEILELD 1 0I=2l Al

= A8 & 4= USLICH. Emission wavelength = etching AlZ2HOll

et 15 nm
3000 -
— 100mA 400sec
— 100mA S00sec
2500 + .
— 100mA 700sec
— 100mA 800:
- 2000 | PIERERe
= — 100mA 900sec
=
= 1500
wn
=
s
: e
= 1000
500
0 I I I I

560 600 640 680 720 760 800 840
Wavelength(nm)

Fig. 7. Photoluminescence spectra of porous silicon prepared at 100 m
Alem? of current densities with various etching time (from top, 800, 70
0.900. 600, 500. 400 sec.).

_39_



Hee-Cheol Kim — M.S Thesis Chapter Two
Chosun_University, Department of Chemistry

24 4Alg|29 ZSHX 22 etching A2t ¥ MR 20l 50-900 s ot
50-800 mA/cm® Ol Q3 ZEG = A4S 2 & ACH 0feHel Tabl
olof =Hl & O34 &2|lE samplell s%
mA/cm’ O H 24
and 400 mA/cm” @1 A<
500 mA/cm’ Ol Ato] A<

Ol LIEHSLCE.

Table 2. Summarv of photoluminescence intensities of porous silicon prepared from
different etching parameters (A=current, mA/cm?, B=time, sec.).

N 50 100 200 300 400 500 a00 700 g00

S0 - - - - - 179 219 162 188
100 - - 539 056 358 320 564 135 726
200 - - 19082 | 2606 | 2435 | 2636 | 2230 | 2337 | 1201
300 - - 3015 | 1981 | 1802 | 1290 915 131 230

400 G665 | 4467 2803 | 1300 | 204 213 230 202 -

500 1615 | 1133 | 2811 | 476 - - - - -

6oo | 1748 1135 | 2346 . . B, _ N _

700 | 1929 1035 | 823 = i 2 = 2 -

800 928 | 223 479 - - il = 2 5

000 §78 | 1697 - - - - - - -
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Fig. 8. = 34 &2|20] etching &2 HXls St sy &2 20|
Hot=XE 2HEC. O34 Aelz9 288 Y& 582 ZIh= etching Al
O &otetoll et =0 S0 =Eotfd, FIHECZ etching AlZ2te ZA0%
P00l U= Aoz 2 = UCEH. otelel Fig. 9.0M B0z IHE £2 U344
Apl2ol ZstA 2tz 582 200 mA/en” o R0 300 s etching Al2e &
= UCtH.

a0
: ) 13500
)
" as00
o000
L1500

1000

(n'v) Apswyuy

~500

Fig. 8. Comparison of photoluminescence intensities of porous silicon
prepared from different etching parameters
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4. Conclusion
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