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Abstract

Study on the Enhancement of Photoluminescence

Efficiency of Polymetalloles for P-LED Application

Kwon, Hyung-Jun

Advisor : Prof. Sohn, Honglae, Ph.D,
Prof. Cho, Sung-Dong, Ph.D.

Department of Chemistry,

Graduate School of Chosun University

Polysiloles have recently received much attention because of their
unusual electronic properties. ‘These unusual optical and electrical
properties can be useful in electronic devices, such as electron transporting
materials, light-emitting diodes (LEDs), and chemical sensors.
Poly(2,3,4,5-tetraphenyl)siloles (I, so called polysilole,PTPS) shown in
Scheme 1 possess both 2,3,45-tetraphenyl-1-silacyclopenta— 2,4-diene and
Si-Si backbone but the unsaturated five-membered ring of the silole shifts
their optical absorption and emission spectra into the visible spectral
region. Polysilanes are well known as thermally stable polymers and they
exhibit efficient emission in the UV region, high hole mobility, and high
nonlinear optical susceptibility. These novel properties arise from 0-0*
delocalization of electrons along the Si-Si backbones. Siloles (2) has a low
reduction potential and a low-lying LUMO due to 0O*-T* conjugation
arising from the interaction between the 0% orbital of the silicon atom

and the m* orbital of the butadiene moiety of the five membered ring.
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Scheme 1. Molecular structure of polysilole 1 and silole 2

The aggregation of highly emissive organics and polymers into a solid
state causes an emission—quenching effect, since the aggregation of
molecules forms less emissive species such as eximers. Reduction of
emission efficiency in solid state has been a major problem in device
applications of light-emitting organic molecules. Many attempts to prevent
aggregate formation have been done through chemical, physical, and
engineering approaches. In contrast, few results on aggregation-induced
emission (AIE) properties have been recently reported.

Herein, we report an aggregation-induced emission of polysiloles.
Fluorescence emission and excitation spectra were recorded on a
Perkin-Elmer Luminescence Spectrometer LS 50B. The solvents were
determined to be free of emitting impurities prior to use. 2 emits near 380
nm, however polysilole I show emission near 520 nm with 340 nm
excitation wavelength. Polysilole aggregate exhibits nearly identical
emission band. Polysilole nanoaggregates are stronger fluorescent than
polysiloles at the identical concentration.

For silole solution in pure THF, the photoluminescence (PL) intensity is
very weak and the emission peak near 520 nm was observed. As
increasing water fraction, the emission intensity of polysilole aggregates
increases dramatically. There is no shift in the emission wavelength. In

the range of water fraction between 0% and 40%, the emission intensity



of polysilole aggregatesincreases slightly. However, the intensity of
emission band increases about 11 times, when the water fraction is 90%.
Luo et al. reported similar behavior for the silole aggregates. Stability of
polysilole aggregates with 90% water fraction has been investigated. PL
intensity polysilole aggregates has not been changed over a month. This
indicates that polysilole nanoaggregates show neither further aggregation
nor degradation.

We have also developed new type of composite nanoaggregates which
are synthesized from simple blending of two photoluminescence polymers.
These composite nanoaggregates result the energy migration of
polymethylphenylsilane  (PMPS) to polytetraphenylsilole (PTPS) or
polytetraphenylgermole (PTPG). PMPS, PTPS, and PTPG exhibit emission
bands at 360, 520, and 510 nm, respectively. Energy migrations from
PMPS to PTPS or PTPG result increased pholuminescence quantum
efficiency of PTPS or PTPG. However, it is interesting to note that these
energy migrations are not observed in organic solutions where the
polymers are completely dissolved as polymer molecules. The
photoluminescence efficiencies of PTPS or PTPG nanoaggregates increase
with increasing of PMPS and exhibit the greatest when ratio of PMPS
and PTPS is 109 in wt%. In case of PTPG, the ratio of PMPS and
PTPG for the greatest PL efficiency is 10:40. PTPS nanoaggragates
exhibits 13709 better PL efficiency 90% water fraction. In addition
PTPS/PMPS composite nanoaggregates shows about 24.4 times greater PL
efficiency compare to PTPS in THF solution
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II. Experimental Section

1.Sample preparation.

Ao A A 7]« L Schlenk line techiquess Alg3dtgom o= 7pA
shell A sk Aol AFEE BE A9 AE 7] Aldrich®b
Fisherol A4 F+{3stom fujes o222 712~ 3§ oA sodium/benzophenone
I A 2473 ol FF(reflux)Al Il THE®} diethyl ether, hexane,
methanols <  A}43}2tl. Fluorescenece 9}  excitation  spectra:
Perkin-Elmer Luminescenece Spestra LS 50BZ o] &3l At}
spestroscopy& £ ¢l THF, toluene®} H»O+i= Fisheroll /] HPLC gradeE
fstel  wE& A glel  AESFATE. flouorescenceZ Aol AR H
nanoaggregates “JEjol A1 &) PTPSe F%+ 10 pg/Lol A 34 dAHT &
5 FAAHT

2. Synthesis of 1,1-dichloro-2,3,4,56-tetraphenyl-1-silacyclopentadiene.
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Dichlorotetraphenylsilole®] & 2 vacuum-lined o] &
gk Schlenk techniquese AF-&3% 3 of=2 2 712~ Slol A 33514
Dichlorotetraphenylsilole®] A& 3s}7] $siA o= 7l sho] WA
mmole)% 32 lithium (2.76 g, 400 mmole)& %
A 792 Zgdd 923 Azx¥  diethyl ether 130 mLE o= 3}o A
250 mL Fre 3 ZetaAeo] ¥ whk 3 % =@ HdEo] A7|H 30
EALE O wUiAAE Fo] A4 dAihe 59274 AlA AN 4 SiCl
(23 mL, 200 mmol)& 7tskel A3 53t %
7hAl 30 ALE W AIE o etherg T35 B wHRAIZl T 12A A=
WA SHH T 3 HAe ge] FEHEY. o] §45 cannula® ©]
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| & 4 stollA F5 AlATT Z2A] AW 2EE &Y BT
ol ool -20°C ol A ANAa4gs g o] & A A
dichlorotetraphenylsilole> =29 ASHAA Fx2& 2t Z2A

At} (Scheme 3)
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Scheme 2. Synthesis of dichorotetraphenylsilole

of B¢=2 Aol Hag wmpe] s FAEojFon e EFH datart

(H, Sohn, R. R. Huddleston, D. R. powell, R. West, K. oka, X. yonghua,
S Am. Chem. Soc, 1999, 121, 2935-2936 )

3. Synthesis of polytetraphenylsilole (PTPS)

o] Ageol HAHQ  migration®] FFE FAs7IHEH WA Lo ZH<A
PTPS (polytetraphenylsilole)E& %4 3} %t} dichlorotetraphenylsilole®} v} %k
A2 RE A H}AL vacuum-line Schlenk techniquesE A}g&3l1 o=

= 7bs stoll A dek vk PTPSO §4 & 918 Schlenk lines AA& F



250 mLs< Zgt2=aE e el 8w THF (130 mL)9t &=¢E4<
dichlorosilole 3 g (6.6 mmol)¥ lithium 91.2 mg (129 mmol)¥ Z 3Y &9t
st wHk A7l & Aol A liquid nitrogenS AR5l 2~3 mLAE W@

S u A dEEAS FIHAA FHFAZIY. 283 methanol (300~400

mL)% 1LU A6 2 ¥ methanol® W¥etRA FEHE 9 §ojg Aol
2 AWs Wolmew WolA: #3F w@MoR BAAE 3 o 3
T 5 Ak olAe ool AuW F oot sbx HelH mwan

(Scheme 4)

// _NePhe Li, THF Pph“
) 3 days reflux > )

Si Si
CI/ \CI Meok \)n\OMe

Scheme 3. Synthesis of polytetraphenylsilole (PTPS)

of BgtEe Aol B wie] o3 FASIHoN ®E 2P datar)

B agnkel A A5k

(H, Sohn, R. R. Huddleston, D. R. powell, R. West, K. oka, X. yonghua,
S Am. Chem. Soc, 1999, 121, 2935-2936)

4. Synthesis of phenylmethylpolysilane (PMPS)

PMPS (phenylmethylpolysilane)© 7o ®x d Weo] wal 34 83 o)

E $A4HAHL vacuum-line Schlenk techniques® Ab&3ta of2L 7px

ol ekt PMPSe] @498 Schlenk lines AAF F 250 mL

T 2823 E AF4E sk PhMeSiCl; 9.6 g (50 mmol)¥ Na 3 g (100

mmol)& ¥ &l toluene 120 mLE FH7Fste] 39 &<ob 37/ wwkA

t}. oluf PhMeSiCls #H 7} wol+ 39 w<ete] FFuwto] & & 79tA)
&

gl o] A liquid nitrogens AF&3}e] 2~3 mLAE Y& wj7bA] WS

td

of
-
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i i i Na, THF / | \
PhMeSiCl, + dichlrosilole - * \ TI ) *
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3 days reflux

Scheme 4. Synthesis of phenylmethylpolysilane (PMPS)

5. Synthesis of polytetraphenylgermole (PTPG)

.
= A

O_L4

LA 74L& vacuum-line schlenk techniques® AF&3Fal of=2Z 7~
ol Al F3 s tt. PTPG  (polytetraphenylgermole)d] A 13k £nufel
Schlenk lined AXx3% = 250 mlSZ Zg23=2 AFAEH st
dichlorotetraphenylgermole 3 g (6.01 mmol)¥} lithium 83.28 mg (12 mmol)
S Y3 gujel THF (120 m)E H71sle] 39 FoF 3% wukA 7t 39
ekl FF kel & oA Elel Al liquid nitrogens AFE-3FY] 2~3
mAE & W 7AA BgEdS FEAA FFAZH 123l methanol
(300~400 ml)= 1LH] A ¥ % = Sl

& 2Xol=R HAHE] "ol "WojAls #3F =Moo FAA= A
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// _NPha Li, THF / NP
) 3 days reflux > )

Ge

Ge
a” Meo’k \)n\owle

Scheme 5. Syntheses of polytetraphenylgermole (PTPG)
o HgEe Aol mww vlel o8 FAH oM RE BB datar)

(H. Sohn, M. ]J. Sailor, D. Magde, W. C. Trogler, ./ Am. Chem. Soc2003,
3821-3830 )

6. Synthesis of silole-germole copolymer

2E A B AL vacuum-line Schlenk techniquesE Ab&3sta of=2 7}~
sl A 38kt silole-germole copolymere] A4S 93 Schlenk line

S AAS T 260mls < 9= AE I FAE dhel dichlorotetraphenylsilole
3 g (6.6 mmol)¥} 4 F=F lithium 1844 mgg ¥ |vj¢l THF (120 mL)E
A7 elol A2AFdH oA A 7= e WHFA] 7] silole dianiond wWh$stm He

lithiumeo] &=A&A At Fold= lithiumS A 7AE % germole 3 g (6.6

mmol)E #H7}ste] 3Y Fob FF wukA I, 3Y Foke FF o]
T Aol A liquid nitrogens AFE3lY] 2~3 mLAE & w 7-A ub
SEAdS FEAA =ZA 71, 18] 31 metanol (300~400 mL)<S 1L#H] 7l

A% ofstete] AW F ool shx 3

of LteEb .
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J M |
oh oh —_— Ph Ph + 2LiCl

Si THF Si

o0

Cl Cl
Ph Ph Ph Ph
/ \ M 2equiv. Li
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i
Li Li ¢l cl
Ph Ph

Scheme 6. Syntheses of silole-germole copolymer.
o] IFEL Mol By ute] oa) FAHHMoW RE FHEA datart

(H. Sohn, M. J. Sailor, D. Magde, W. C. Trogler, ./ Am. Chem. Soc2003,
3821-3830 )

7. Synthesis of PTPS and PTPG/PMPS nanoaggregates

g 58S Fol7] 98 PMPSE &3 PTPS® nanoaggregates®] Alx+
PTPS or PTPSel utlste digstes A#Fn el PMPSE &3 %, tetrahydrof
uran %+ diethylethers ¢ 718 ufo] &A1 A, PTPSY =7} 10 pg/L

7 oAES aRA §A4S ARHR, 47 DA FAL 90 PIule] Bof

of

2
El
rt[',
_O|L
rlr

A7 stA A Ao 3~4A%F & 7210 2 PTPS nanoaggregates
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1} PTPS/PMPS nanoaggregates=

= 3§

= H

A &tl. (Scheme 8)

PMPSE 3% 3 PTPG nanoaggregates®] ¢4 W¥le 9 799 g4 Wy
= A3t} (Scheme 9)© PTPS nanoaggregates paticled SEM image©] t}.
Ph Ph
]\ PMPS
Ph Ph >
Si H,O/THF
MeO’( \)n\OMe

Scheme 7. Synthesis of PTPS/PMPS nanoaggregates

naneo-a 15.0kV 6.1mm x200k SE(M) 8/16/04

Scheme 8. SEM image of PTPS nanoaggregates paticle

M. Results and Discussion

1. PTPSS PMPS®e EAAE 29 energy migration.

Aol FAHo=2 Aol PTPS9Y PMPSE tolueneol =91 F Aol A <]
energy migrations XAtttk WA PTPS® PMPS 7zhzte] w3 sbds

_13_
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=" Bgsu PTPSe A% 520 nmolA ©d 2dwl=2 19 PMPS
o] A% 350 nmoll A @d LFu==S HAY. T3 tolueneol A 2 PTPS

(10 pg/L)9} 2o z7o] 5= PTPS¢ PMPSe H &S 10012 &3

o

2HE G A Hi=nkel o] tolueneo T AAZE sl galEo] §F o]
HA g FAGHOAE T SHAd wHWE=s dojxod ol 7t
Zt PTPS®F PMPSe| iz cof dXsluz F 1A Alololi=  energy

migration®] dojiv}A FS-S A

1000 1
— PTPS 10

800
2 — PMPS 1
2 600 |
(O]
= — PTPS : PMPS
i 400 101

200 r

m
O |

340 440 540 640
Wavelength (nm)

Figure. 1 Photoluminescence spectrafor PTPS, PMPS and
PTPS/PMPS mixture in toluene.

2. Nanoaggregates 7 E]ol A 9] PTPS® PMPSA}ol 9] energy

migration.

2-1. PTPS<¢} PMPS®] F#H] & 0] 10:5%07 99 nanoaggregates.

E 24 H ol = PTPS2F PMPSAFo] ol Al energy migration®o] dojuyx] ¢k

_14_



7] W&o nanoaggregates’ Efoll A energy migration®] HE=49 FHFE W
otolr gkt oA A sl X qF of 7] A] nanoaggregates®@ THFo| =
EAGHE =3 44T vl&ER oA BRI EE Hole 45 D
(Figure 2)% THFS 29 v &o] 1:9 du 7} =2 w388 Yedg
= AL Yekd Aot} o= UV lightS oz EA4E] ¢ nanoaggregates?t
HE 1 Boks W AdHormr FdstA T3 gdel zol7t U&&

o] Ft}.(Schemel0) A7 eloll A PTPSH t nanoaggregates’ Bf 2] PTPS 9]

g asol AN FueAS 2435 Foéto] FA 5 AUY. (Figure 3)

1000
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800
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350 450 550 650
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0O 10 20 30 40 50 60 70 80 90 100
Water Fraction (%9

Figure. 2 Synthesis of PTPS nanoaggregates, changed water fraction
(Water fraction from top;90%, 80%, 70%, 60%, 50%, 40%,

0%).
1000
800

> 600

‘0

je

jo}

£

= 400 F
200

400 450 500 550 600 650
W avelenth

Figure. 3 Polysilole and nanoaggregates photoluminescence spectra.
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M olecules

# 3

Nanoaggr egates

Scheme 9. Image of PTPS molecular state and PTPS nanoaggregates
state under UV light.

Energy migrationf% & <olH 7] #1314 PTPSe PMPSe S #uH]&o] 105
o H&®E A& & 53 THF7} 911 H31]el &0 A nanoaggregatesE T+

St (Figure )= #& %%9 PTPSZ @43 PTPS nanoaggregates®]

photoluminescence spectrum¥ 50% PMPS% #H]E o3 PTPS/PMPS

nanoaggregates?] photoluminescence spectrum< H®l g Aolt}. 43

PMPS nanoaggragates®] 3% spectrum< 360 nmolA 233 WMEZE 7] =5
g oy PTPS/PMPS nanoaggregatesol A+ 360 nmolA Yow PMPS

nanoaggragates®| F g sadol Ao AAFJAI 520 nmolA o

to
s

o

PTPS/PMPS nanoaggragates® 34ul= PTPS nanoaggragates®] Wt
Meop 22 vpgel M of 3w ER F7hE A o= PMPSe PTPS7}
t¥ nanoaggragatesoll A PMPS9 23} energy’} PTPSE Hol¥ o] 44
oM W sl FUHNYE ASE HoFErh

(Scheme 10)2 PTPS/PMPS nanoaggragates®] SEM image©] t}.

et
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700 -
— Pure PTPS 10

—Pue PMPS 5
— PTPS:PMPS 10:5

S 3
S o

400
300

FL Intensity

200
100

0
350 400 450 500 550 600 650

Wavelength (nm)

Figure. 4 Photoluminescence spectra for PTPS, PMPS, and
PTPS/PMPS mixture in nanoaggregates.

(water fractoin is 90%)

PTPM 5.0kV 7.0mm x70.0k SE(M) 8/12/04 500nm

Scheme 10. SEM image PTPS/PMPS nanoaggregates particle
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2-2. PTPS¢ PMPS®9 F=nHl&co] 10:0, 10:10, 10:20, 10:30, 10:40%!

7§ PTPS/PMPS nanoaggregates®] 2334 H|al.

i

9o gz AE B S u] nanoaggregates’ Eioll Al energy migration

g 5 dd=d o7l A= £ THEZF 91 F3u6] 0§

oA ol®  FHFHE&=R  PTPS® PMPSE  &%stel  PTPS/PMPS

nanoaggregates® WENSW 71 £ AFFES AdSA AFS F3o

shelsm ket ¢4 PTPSe $#& 1092 n43sta PMPSY F#& 0, 10,
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Figure. 5 Comparison of photoluminescence spectra PTPS/PMPS
nanoaggregates. (from top, 10:10, 10:20, 10:30, 10:40, 10:0)
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Figure. 6 Comparison of photoluminescence spectra PTPS/PMPS
nanoaggregates. (from top, 10:9, 10:7, 10:5, 10:3, 10:1)
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Figure. 7 Photoluminescence spectra for PTPS, PTPS nanoaggregates and
PTPS/PMPS mixture in nanoaggregates.
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Figure 8. Photoluminescence spectra for PTPS, iptycene polymer, and
PTPS/iptycene polymer mixture in nanoaggregates.
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Scheme 12. Chemical structure of iptycene polymer
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Figure 9. Luminescence spectra for PMPS, PTPG, and PTPG/PMPS(10:5)

in nanoaggregates
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Figure 10. Comparison of photoluminescence spectra PTPG/PMPS

nanoaggregates.

(from top, 10:40, 10:50, 10:20, 10:30, 10:10,10:0)
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Figure 11. Comparison of photoluminescence spectra silole-germole
Copolymer/PMPS nanoaggregates.
(from top, 10:30, 10:40, 10:20, 10:50, 10:10)
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