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2 9F: o EA: 77} A 8H fluorene H- A 2-ethynylfluorene 2,7-diethynylfluorened 343
BRI ol & AF FAsle whakg A Z390ch EA el X1#H fluorene FEAEL A9 &
de| o3 Asvl 75t DSC 2% A3zl 2-ethynylfluorenee 231 CollA 22lm 2,7-
diethynylfluorene& 198 ClA] A 371 dojuts Aeo) A2t A3H poly(2-ethynylfluor-
ene) 3 poly(2,7-diethynylfluorene)e] #&& 280 2 385 CollAl dolur] A&siged T,
= BEHR oot} Aslg uiulol ubs) EMR kel of & SABIY, W 588 344
108) 8= ZAsoh

ABSTRACT: Acetylene substituted fluorenes guch as 2-ethynylfluorene and 2,7-diethynyl-
fluorene were synthesized and thin films were prepared by the vacuum deposition. Curing of
these fluorene derivatives could be achieved by heat treatment and UV irradiation. The cur-
ing temperature of 2-ethynylfluorene and 2,7-diethynylfluorene were found to be 231 and
198 C, respectively. The cured poly(2-ethynylfluorene) and poly(2,7-diethynylfluorene) start-
ed tordecompose at 280 and 385 C, respectively, Fluorescent characteristics of the cured films
were similar to those of monomers, but fluorescent efficiency of the film was decreased about
3 to 10 fold.

Keywords: vacuum deposition polymerization, acetylene, fluorene, UV curing.
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A FHFHANME ol HasE ¢ loH,
AoV £34A S0 & A gste 54 FAo
t A9 frelstth o2 AFEa ueke A
}1 A AWM wbA Axpe] 27t A
3tz AFE T 3l
FE5 P gAY Hu2 F
uhgo] delA ik Eelom|=f &
2 ¢Hlo},’ Ejoluje]=® T &gt TS: °l%?5}°4
Zgdoly® YLt 5 FUBA FAEH
Yo 2 dEke A2 4 o a2y A &%
3 ¥hgol A= oy HCL B0l —‘?"‘J%i A 5
ZHo|ZgA 3 2o ATHE Badlojof Fr}
T EAlFEo Ut

£ zidAMe 4 v AHez At shed
Nze AF ZEAFH Aladom o Ede] Xgd
fluorene fr=Alo tidle] AFEHTt LFZ oA
AL Ao oJaiN GA Fgol’ 7hs3dl, oju] o]
£ o]4% 943 FAE Bud b Qop0 w@
B8 AFAEIE beAe]l EL  ortho-
diacetyleneo] X|%g #A7|E e FFEL o &
3 AR5 £Ad A A2 2uy FHe] gkl
& AFdA e fluorened] opEA7]7} X3 33
E& B o5 AFselA FTASI dg A
233, o] wutel 4 2 zejd AIAFE FA)
oo, Zg A% uwuto Fetz| & vm A}
3ty 2,4-Hexadiyn-1,6-dicld] Z&ZFjoz
polyacene#| 3lgHEo] ¥ojzlthe HiE o glo
U, B Mg} o] o7t A 8E fluo-
rener| 3FEY Ao} UVAHE hex fAR
wed talME o}d ) 2i1d upy} gle Ao
2 gx v

4

Aot 2! 2o, & Aok &u)E Aldrich Chem-
ical Co.olAl 74i3le] AM3tch 283 7y
°|E, YolazIHopwl, Eddoile URMA<
A Lo s FAsle AMg-sld o

Fluorene FTx| £HA.

2-lodofluorene (1)'%: 243+ Z@k =19  fluorene
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(10g, 0.06 mol), 8.9=(15.23g, 0.06 mol)=}
300 mL oM EAE Wu AA E97| slollA met
stEA A4t 1.2 mLe} 34 12 mLe) EFES A
8 A3} vhg EREE 35 CoAlA 2AI7 B
WA F, 2 Lo FHP Ro] AHMEL do
H, T¥hE- fluorened A3} 7] YA 50 mL.o] 2}
b oMEAdeE Herh @ AWEE 5%
100 mLe] g0 =317+E &9, 5% sodium thiosul-
fate 100 mL. Z18lx FH/FTE €313 02 A3}
ZAAEE petroleum ether2 &£&HY& o] 83le] =
3t &, petroleum etherolA] dojx AXES 2
& Su2 AZAIE =24 uis By 2-
iodofluorene (7.89 g, & 1 45%)& d=r}.
2,7-Dibromofluorene (4)'%: 2t ZalA 4] fluo-
rene (10 g, 0.06 mol), NBS ( N-bromosuccinimide)
(2243 g, 0126 mol)¥ =E2FA FIHYO|E
100mLE €3 A4 E97] 8d 75 C 2= 6
Azt WA %, 500 mL FF5E Wrhgch A4
B A2 oHHRIER 5 4 ol AR 27
dibromofluorene (10.89 g, & :56%)& A=t}
2-(Trimethylsilylethynyl) fluorene (2): A4 Eefx
39 2-iodofluorene (7.89 g, 27 mmol), dichloro-
bis[ triphenylphosphine Jpalladium (II) (379 mg,
0.54mmol), 82=3 T (1) (51mg, 0.27
mmol) &} Egldi"dolnl 150 mLE g3 A4 97|
Blo] mutdtc), whg E3HEd] trimethylsilyvlace-
tylene (4.2 mL, 29.7 mmol)& A3 As}sict. A
2o A 8AIZY gt &, &ujE 7S B4 AAT

m{)|.

o YA E EX Widlez FEsn WA &
MgSO,2 AzAz %, %UH?— xﬂﬂf‘s}“ﬂ 2-
(trimethylsilylethynyl)fluorene (6.02 g, & : 85%)

& A o F o oy WAISA R The w3
A28t o} 'H-NMR 6 (ppm) : 0.27 (s, 9H), 3.84
(s, 2H), 7.27-7.75 (m, 7TH).

2,7-Di (trimethylsilylethynyl) fluorene (5) : A =
2239 2,7-dibromo fluorene (10.89 g, 33.6 mmol),
dichlorobis{ triphenylphosphine Jpalladium (1I) (941
mg, 1.34 mmol), 8 2=3} 78] (1) (128 mg, 0.67
mmol) ¢} tlo]AZ2doldl 150 mLE ¥Ya 4 &
$17] el Aol A T AIZE FoF ankgkc}, ¥kg- &3}
£ trimethylsilylacetylene (10.45 mL, 73.9 mmol)
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& JH3) H3lzitl g 22 8F 2= &
&, BAT B WA F, WANA 2-
(trimethylsilylethynyl)fluorenes & Wiy o g 3
g sled 2,7-di(trimethylsilylethynyl)fluorene (3.71
g T 187%)& d3er ol& o ol FAEA
21 o wgd Ag-slgdrh 'H-NMR 6 (ppm) ©
0.20 (s, 9H), 3.86 (s, 2H), 7.48-7.66 (m, 6H).

2-Ethynylfluorene (3)": A7 Zalazd] 2-
(trimethylsilylethynyl)fluorene (3.02 g, 22.9 mmol)
o vghg 100mLE ¥ AL £97] 3
th 4ksl ZF 89 25 mL (1 N)-& HH3] Hat
gt} Whe- ERES A2dA A1 e &, £
I& zietstollal AAZCE AFES EF tdd o
H22 F23c. AfEuE Fi/dq o eolE
(59 ¥ 1 15/1) & AMg3le dejgt A Aoz 3
Asle]  2-ethynylfluorene (3.71g, & :87% )&
od9itt. 'H-NMR 6 (ppm): 3.11(s, H), 3.89
(s, 2H), 7.19-7.66 (m, 7TH); “C-NMR & (ppm):
37.1, 77.5, 84.9, 120.2, 125.5, 127.7, 129.1, 131.4,
140.0, 141.3, 142.8, 143.5.

2,7-Diethynylfiuorene (6)'®: &7 Zetx3d 2,7-
28.2
Bld|

A

=]

o}
=
=2
=

di(trimethylsilylethynyl)fluorene (10.12 g,
mmol) 7 WEHe 100 mLE YW1 P4 97|
ARt A8 ZE 89 60mL (1N)E
3 Heteich. W TREE AN AT WA
71t}. 2-Ethynylfluorenes} & ¥ o 2 #2)3slo
2,7-diethynylfluorene (4.35 g, & :72%)< 9%

o). 'H-NMR & (ppm) :3.12 (s, 2H), 3.83 (s,
2H), 7.49-7.69 (m, 6H); C-NMR ¢ (ppm):
39.0, 80.1, 86.8, 122.7, 123.2, 131.3, 133.7,
144.1, 146.0.

TZE 3&: feld e A& dolHE oMED
ek 92 F &3 AY7E o] &3l AT
o A5} fElH = AIE dolnE AT F3
719l A& F, Z2719 4Ho] 2x10°torro}d}
d =434, 0.2 nm/sece] F& &2 ZZslg ).
%% SA= FT-IR 4 A 150nm, UV F59)
fluorescence &3 Al= 30 nmz 3t}

£ & 429 E= LT dolnd] 13 22
fluorene #-%A| =tte] TLCE UV 24 (254 nm)
& AR B¢ ZARAY B4 E97) FellA] hot

Ea2l A25d A35 20014 5€

Z
[

e 9 2 A9y A%

plateg o] &3t ztzte] F 2=M 308 71E3
o fluorene F=A9] & dAlsA
2M: PERKIN ELMERA} DSC7& o] &3}

10 'C/#9 &2 4edA 300 C7A FA st
Aot AsEr] A Fo] 93 AFE LotEs] 4
34 300 CAX RN ZHL, FLoz
2 %, Al 300 CAA $LERA 23 e sac,
TA InstrumentsA} Model 29508 o] &3l Z} flu-
orene FEA9] £3 2xoA WA £97] sl 30
B2 hgsln Aoz 43 ¥, TGAE A3
o % o€ £5& 10 Col F3 HAE 42
A 600 C7HA] &8st ot

FT-IR, UV &% 4 Fluorescence AHEZ =X:
A dlolwd F2g whatd] 2o H S Z=ARPEA
FT-IR ¥3& @58t €723 Ade de2
ol B el FA3AY feEld Al F HE
& Fold 7, KBr €& s FA8%t) #g
-2 fused silica #oj Fatg wute] UV 5 ~
HEY WsE 438 JAPsvAM GUIDED WAVE
MODEL 260 UV-Vis spectrophotometer 2 &% 3}
gon, fluorescence AHMEHL zt A5 H &
FHaE wavelengthZ A3l
FluoroMax-2 spectrofluorometer 2 274 3}4t}.

excitation

k-

Zn}

o ddo] X3 fluorene FEH = trimethyl-
silylacetylene®} bromo &-& jodofluorene-& Eets
Zuje} Cul &A) 3ol ¥kEAlZl ¥ desilylation
g0z 44 de 4 Uk lodofluorenes] 74
AgA BEAAL g AP
(Scheme 1) dibromofluorenes] A$d= 3F
Aol Art vhgo] APl Aoz #AEFE o] (Scheme
2) A7) AZ" #2d A bromoX]37]7} iodoR T}
243t A7 b 2AE & & Ak FAE 2-
ethynylfluorene®}  2,7-diethynylfluorene& 'H-
NMR A#EA Het opl|dde & 47}
oF 3.1ppm WA gz fluoreneiizl?] CH,

ghg-o]

=

F409371 o 3.8ppm ZHAAM Yehlrz o] R
e WY vug Y EZS 4A A +
UL
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Scheme 1. Synthesis of 2-ethynylfluorene.
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Scheme 2. Synthesis of 2,7-diethynylfluroene.
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T
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Figure 1. DSC thermograms of 2-ethynylfluorene

and 2,7-diethynylfluroene.

2-Ethynylfluorenes} 2,7-diethynylflurcene2] €
A BAg DSCz FARIATh Figure 129 DSC
thermogramofl Al z}2} 3hu}e] §gu| =9} shte] &
g93E e Ae € 5 U, 2-ethynylfluo-
rene 85 ColA F¥5=, 231 CollA Lg==ms}
H&g 0], 2,7-diethynylfluorene-& 125 CollA &4
¥3, 198 CAA EEvart #ZHrh A4r|A 85
2} 125 €9 §99a = 7 fluorene F=H9 H=
Heoli 1987} 231 ¢ WEHaE FHol dojues
2=z A48EYg. =553 2-ethynylfluoreneo]
2,7-diethynylfluorene ¥t} W¥&-2 & 4 U3, £

L5 &= 2,7-diethynylfluoreneo] ¥&2 & 4 At}
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Figure 2. TGA thermograms of poly(2-ethynyl-
fluorene) and poly(2,7-diethynylfluroene).

A A 52 48 F AEE F2o2 Yl
Ha 43 Ade F9uze Edsa =5 @
HA ¥= Aoz Hol g Ayt AyHUTRE A
& AT

Z42te] A|RE Ax #9417 stdlA 3023k DSCA
A BEE L5 Fo X £, TGAE o
3l A3l Fof 93 ARAHE AR € A
3}l &) poly(2-ethynylfluorene)& 280 ClA =L
2] poly(2,7-diethynylfluorene) & 385 CollA &
a7t AzEY 5%9 FAZRATE dolvs 2EE
242t 3503} 481°C AT (Figure 2). 600 C7p4 @
e %9 ZIFH|AE poly(2,7-diethynylfluor-
ene) 7} poly(2-ethynylfluorene) Bt} oy Be ZH
FS dHE #AEFE 5 U F, Fol @ F fluo-
rene F54= BF 93 Aol Frtste shart
dojub= poly(2,7-diethynylfluorene) o] &7 4
Ao] 7tu7t oA 2= poly(2-ethynylfluorene)
2o} Eope AL ¢ 5 AUk

FT-IRE o]&sl] zAgd Al wE 2-
ethynylfluorene®} 2,7-diethynylfluorenee] 74
sl &3l ) (Figure 3, 4). Aeld A Aodl=
3283 cm oA =C-H9] stretching vibrationel]
Dl st =k Jehda, 2099 eme C=C
9} stretching vibrationd] & %23}l= 2F3 1 =27}
Bhdtl. A8 2AEE B8 Sie) AsiEwA,
32837 2099 cm'e] AFAFH A= A7t
ZolEn, 1600-1700cm™'d] C=C stretching

ot
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Figure 3. Changes of FT-IR spectrum of 2-

ethynylfluorene during UV irradiation.
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Figure 4. Changes of FT-IR spectrum of 2,7-
diethynylfluorene during UV irradiation.
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o8| AEAe] oA ez HAREA F3to] FH
< A& ¢ 7 doh A FA UV 2AH 2,7-
diethynylfluorene ulatol Al 32837 2099 cm'e]
AFAY FJ3Z7t €7 Folle A2 UV ZA] 9
3 F AEE ol o wgEAl ¥ AR} Helalr]
fEoz gz, UV 24 9] FT-IR AHEH
< AU A5e] FT-IRF Ao TdA &2
Ho| dFzet UVAHSE vhgo] Aol v52dt vk |
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Figure 5. Changes of UV absorbance spectrum of
2,7-diethynylfluorene during UV irradiation.

R—CZ=CH

Path a Path b

direct 1,2-polymerization

heator UV
dimerization

R—C=C~CEC—R heator UV

\Z~pnl\n|(nlulmn/ heator UV \.4-pol_\m=nz-lmn

Scheme 3. The proposed polymerization mechanisms
of acetylene substituted fluorene.

Frhgkgel o8] S| Hof FerlopidAE HA
ALY ol o ”e] FF 1,2 Brhkge] o
ste] FEo] EejoEAS FAdste F 7 W
AU ZEo] EHo Buso] gt} (Scheme 3).2%
FT-IR d3dA HeFe A7 @ol A3l + 4%
Agte]l A EoJET 538 2099 cm A 9
C=C stretching vibrationd] &@3l= 3 =27} §lo]
A o]FAo] HAEE Aoz Hol dimerd] T
ol o] AR F ZeErlodd g Fste Bt
< (path a)Rutl= AF 1,2 HEohtgd g &g
ot e @ o] uhg (path b)o] Aol FHo=z
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Figure 6. UV absorbance and fluorescence spectrum
of 2-ethynylfluorene.
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Figure 7. UV absorbance and fluorescence spectrum
of 2,7-diethynylfluorene.
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UV &% 2¥Ee] ¥3lE Figure 59 Hol&d),

g A wet Jd F5gacs aA dst
glar w=z9] Fo] gojxe Aol Yehhar 3l
o) g Fe] BAvt JAHE AL fluorene =
A7t F3o] dolgell wat FH ARe] Zol7t Ao
Z UVE F53le ddo| Z7sh] oz A8
Art

UVA3} A fluorene §xA2] UV F 2HEY
1} fluorescence AFEADL Figure 63 79 Hole
o], 2-ethynylfluorenes® 2,7-diethynylfluorene2]
UV E49as= 4z 3229 328 nmeo|i, Wiy
35 7b2} 4007 386 nmE EATH
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Figure 8. UV absorbance and fluorescence spectrum
of poly(2-ethynylfluorene).
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Figure 9. UV absorbance and fluorescence spectrum
of poly(2-diethynylfluorene).

Figure 83 9& UVZ%¥ % fluorene H%49
UV &% 2987 fluorescence ~HEZE e}
A Aot o] © F, UV 59 AW FHaes
W37l glo] F dYo| WolAnz FHo|F A
9] Zo|7} Ao S A=A 3, Ao H@v A
Wah= gixIgt LgAl 717 UV AR vlg] o 0.1

Wx 0.3 AE M72 7AeE Hol B“EHUTH
Z=3%to] doluyHA quenchinge] doirtes HEEo

AXE Aoz FAHEG
| B
Az=Age ¥33l=  2-ethynylfluorenes 2,7-

diethynylfluorene& A &}t 01—-,] Zzpz8 whot
& Azsigck. DSCERE Axastes sk
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