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ABSTRACT: Acetylene substituted fluorenes such 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, acetyiene, fluorene, UV curing.
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Zgo|® EAPEA! S A Y
ghg- oz dutg Az F Ao 2HqY A7 FF
3 wgd M= Eoly HCl Fo] RAEE YA
gl e 1A AFAE &l speot )
= ®AIH o] Ut

£ =RMe g Be Adez At shedt
Nz AF TS Aoz ofdddo] A§E
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3 4743 $Ad BHAME A2 LY Ho) Yrp.
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How, 73 AF diupe] FA £4& vl FA
gt 2,4-Hexadiyn-1,6-diole] ZFizgo =
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(10g, 0.06 mol), £9.=(15.23g, 0.06 mol)3}
300 mL oM EAE Wi A E97] 3lejlA mul
SPEA FAF 1.2 mLe} 341 12mLe] EFES AR
3] Halgict, whg EFEE 35 CAA 2417 Bt
WAl F, 2 Lo FRgd ol JAEEL de
o, v¥kg fluoreneg A A2} 7] &4 50 mLej 3}
b oMEAez Merh @& AHMEE 5%
100 mLe] g oc=8dE &9, 5% sodium thiosul-
fate 100 mL 223 FHFZ TAHLZ A XA
HAAEL petroleum etherz &£&¥ & o|g3ld =
2% ¥, petroleum etherolA] doizl HHNEE
< fulz AEAIE =34 vz =YY 2-
iodofluorene (7.89 g, & : 45% )& d=rh
2,7-Dibromofiuorene (4)'%: 47 Zet2 34 fluo-
rene (10 g, 0.06 mol), NBS ( N-bromosuccinimide)
(2243g, 0.126mo)™ ==zHd 7FlRMoE
100 mLE ¥ AA £97] 39 75 C =04 6
At A F, 500 mL FHSE Arrevh A
Eg dd oHHER F W o4 AR 2,7-
dibromoflucrene (10.89 g, & : 56% )& 4t}

2-( Trimethylsilylethynyl) fluorene (2): AF ¢ ZatA
Ad) 2-iodofluorene (7.89 g, 27 mmol), dichloro-
bis[ triphenylphosphine Jpalladium (1I) (379 mg,
0.54mmol), 82=3 F& (1) (5lmg, 0.27
mmol) ¢} Egjddeld] 150 mLE Y3 AA E¢7)
slol] mutgich whg EREY trimethylsilyvlace-
tylene (4.2 mL, 29.7 mmol)& A3} 33} A
2ol A 8AIZE wtet F, o & L dlelA AAS
. ynAE 3 Aoz F2In WA &
MgSO,2 A=A ¥, &9WE AAsE 2-
(trimethylsilylethynyl)fluorene (6.02 g, +& . 85%)
& U o1& o oA BAIFA i thE wkg
AHg-319 T} 'H-NMR & (ppm) : 0.27 (s, 9H), 3.84
(s, 2H), 7.27-7.75 (m, TH).

2,7-Di { trimethylsilylethynyl) fluorene (5): 2+ &
2tA 39 2,7-dibromo fluorene (10.89 g, 33.6 mmol),
dichlorobis[ triphenylphosphine Jpalladium (II) (941
mg, 1.34 mmol), 8 2=3 2] (1) (128 mg, 0.67
mmol) ¢} tolAx el 150 mLE ¥ A4 B
7] ol F2olA T A Ft LRk g E%
£ trimethylsilylacetylene (10.45 mL, 73.9 mmol)
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& HA3 A g 22E B$F 2=A &
g F, 8AIZE B WA E, WYAANA 2-
(trimethylsilylethynyl)fluorenes} & H¥{o 2 X
2} 3}o]  2,7-di(trimethylsilylethynyl)fluorene (3.71
g T&187%)% d%ey ol & o ol FAA
Q3 ohg Wl AMg-slch 'H-NMR & (ppm) :
0.20 (s, 9H), 3.86 (s, 2H), 7.48-7.66 (m, 6H).

2-Ethynylfluerene (3)": 43+ BEaazed 2-
(trimethylsilylethynyl )fluorene (3.02 g, 22.9 mmol)
o} fjeg 100mLE $3 A4 £917] 3o wutgd
ot 43 2F 49 25 mL (1 N)& A3 H3
P} whg EFRES AL2AA 3A7 vhgE F, &
& 7Aetsll A AAF). HFES EF tdE 9
Haz &30, ANz di/dEoHlE
(#3] ¥) 115/1)& A3k dej7t A ez A
A &le] 2-ethynylfluorene (3.71g, & :87%)&
dgjth 'H-NMR 4 (ppm): 3.11(s, H), 3.89
(s, 2H), 7.19-7.66 (m, 7H); *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-Diethynylfluorene (6)'8: 47 ZEetxzd) 2,7-
di(trimethylsilylethynyl)fluorene (10.12 g, 28.2
mmol)3} WErE 100 mLE $1 A £97] 39
aursit), $ak8 ZE 49 60mL (IN)E HF
3 Haig) v ERES A2dA 3417 ¥l
Z1t}. 2-Ethynylflucrenes} #& WHo 2 Xajdle
2,7-diethynylfluorene (4.35 g, & : 72%)& 4
t}. '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, 1337,
144.1, 146.0.

ZE B&: f29 TE YT dolvE opER
oetgd 2 F 229 AAIE ol&3td AT
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7l AXE %, F37|9) ol 2x107torre] st
o £€3lE, 0.2nm/seco] F& £x2 FA3A
23 $AE= FT-IR 24 A 150nm, UV &+
fluorescence 4% Al 30 nmZ 3gch

= g fE® T2 422 doldd AT FHE
fluorene §%4 utgte] TLC& UV s34 (254 nm)
£ 147 B9 2AEALL A E4]7) delA bot
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Faututel @ 9 AN B3
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o fluorene f-=d o] F&E A3

%24 PERKIN ELMERA} DSC7& o]%3ld
10 ¢/29 &&=z A42dXA 300 T7A FA 3
Aot AslEr] A7 Fo €3 AFE Yoty H
A 300 CAA s&EEA SR, Fez Y
2 &, oAl 300 TN SesEA 2e sdTh
TA InstrumentsA} Model 29508 o] &3l 2 flu-
orene FEA 2 FF =N A £9971 3l 30
Bt Agsin 4oz HF ¥, TGAE F384
o} B3 58 £5& 10 Tl 3 e ded
A 600 T7HA A 3A-

FT-IR, UV &% % Fluorescence AHIEY #Y:
A2 E dolHe F2HE wigte) 2l g FASHEA
FT-IR #3232 #Zsidc)d. 9743 Ffole d22
dlojs AelM ZFsAY feld A F ZE
& Fod H, KBr €& weo FH8Act
Z2 fused silica Tof] Z3g uhte] UV F5 &
dEY ¥3lE 75E W8sHEs GUIDED WAVE
MODEL 260 UV-Vis spectrophotometer 2 =% 3}
@ eom, fluorescence AHEHL 7t Alge HY &
4338  excitation wavelength®  Al-3lo
FluoroMax-2 spectrofluorometer 2 &% 39 c}.

F- g nt-)

ol o] X #H fluorene f 5= trimethyl-
silylacetylene® bromo £-& iodofluorened 4ehE
Zuj2} Cul & slolA dhgAlZl & desilylation
kg0 g A 4¢ 4 Ak lodofluorenes) 734
AedA wEAAR Wgo] F AHEHUY
(Scheme 1) dibromoflucrene?} Z$dl= #F =
Ao At wrgo] AP = Aoz BEE o] (Scheme
2) A7] AZ¥ ¥redA bromoA #7]7} iodoB U}
243} =7} grhe A& € F Ao B4€ 2-
ethynylflucrene®}  2,7-diethynylfluorene- 'H-
NMR &#EgdA Udgt o e AgE 471
oF 3.1 ppm ZWeA 28l fluorenexte]?] CH,
Fa9a7} o 3.8ppm ZHAA YEEE o] F
vz ¥4 vaz P4 AL 4A 8" #
AR
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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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Figure 1. DSC thermograms of 2-ethynyifluorene

and 2,7-diethynylfluroene.

2-Ethynylfluorene®} 2,7-diethynylfluroene®] €
] EAL DSCz %AslAth Figure 19 DSC
thermogramol| 4] z}z} sjuhe] FEwl =9} dhtel
B AE 7= AL & F U, 2-ethynylfluo-
renex 85 ColAl F9ui=, 231 CAlA LE9 =7}
#w&E v, 2,7-diethynylfluorene& 125 CAlA &
93, 198 CollA 2Enzr} A2 7)1 85
9} 125 ‘Co) Fd9AE 7 fluorene FEA Y =
Holx 1987} 231 ‘Col HduaE Fgo] dove
2exg AZEr. =53& 2-ethynylfluoreneo)
2,7-diethynylfluorene 2.t} 288 & 4 )1, 3%
2= 2,7-diethynylfluoreneo] B}&2 & 4 9ith
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Figure 2. TGA thermograms of poly(2-ethynyl-

fluorene) and poly(2,7-diethynylfluroene).

A AR & H4E £ ABE Aeos Yl T
WA AY Adle 9y ddva w5 #&
g4 ¢ ZAog Hel d A AYHY e AL
¢ 5 A

Z4zte] ABE Aa £9971 Sl 3087 DSCol
A A28 TR Fol 4 ¥, TGAE o
&3t A3t Fo 493 APHE FAEAT @ A
3} %9] poly(2-ethynylfluorene)& 280 ‘ColA 22
213 poly(2,7-diethynylfluorene) & 385 ColM &
&7t A=Y 5%9 FARLN dode L5
2z} 3503 481°C 9t} (Figure 2). 600 C74x €
A Fo] BEEHIAME poly(2,7- dlethynylfluor
ene) 7} poly(2-ethynylfluorene)Et} o g&
ge 331E 258 F 2 FHel & F flUO-
rene FEAE 25 43 %’é*éﬂ F7hebe 7tazt
dojvh= poly(2,7-diethynylflucrene) &} &4 <A
Aol 7ot dojuA] @ poly(2-ethynylflucrene)
Bt gohe e 9 4 ok

FT-IRE o]&3ld Add =il wE 2-
ethynylfluorenes} 2,7-diethynylfluorene?] -z
315 BEgc} (Figure 3, 4). e ZA} A=
3283 cmtolA =C-H¢| stretching vibratione] |
2l 38 vlzzt Jelda, 2099 em oA C=C
9] stretching vibrationd] s %38l= %8 ml=7t U
Epdt}. AYHE ZAEE B¢ FH0) APHAEA,
32837 2099 cm™e] AFAYPd Ag3e WAt
Zo]E1, 1600-1700cm™'e] C=C

stretching

Polymer{Korea) Vol. 25, No. 3, May 2001



otz A @E EFA FEANR € 3 A4 A3

SR o
M A S ‘\7 Tugts ey
Ve tov "
e A
[
- ———
< \rvv
=0 min
- -~ =30 ming
------ 60 ming
L L} L)
4000 3000 2000 1000

Wavenumbers (cm™!)
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 27-
diethynylfluorene during UV irradiation.
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22%e IHSHE fluorene FEHE= UV EA
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= AE ¥ F Atk AT T UV =4 2,7-
diethynylfluorene ¥relo|Al 32833} 2099 cm™9]
AEAY Yart AR delle AL UV 24} 9
8 F A o wheEA ga dFUt Hellrl
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Figure 5. Changes of UV absorbance spectrum of
2,7-diethynylfluorene during UV irradiation.
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Scheme 3. The proposed polymerization mechanisms
of acetylene substituted fluorene.

B o5 F5to] Hof E|tlolNEAE ¥4
AW, ohd opdE o] AAH 1,2 Rrhutge] o
slo ¥ EelolHERE FHEE F 71A o
7l ZFo] @] Baso] ¢t} (Scheme 3).20%
FT-IR d7dA RS 337 o] Hg & 4%
Afe) AAFA EoEn 53 2099 cm ' TH
C=C stretching vibrationd] a3l =271 §lo
A o|zAge] A= Aeg Hol dimerd] Y
ot Edo] AAE F Feldokddde EAsl=
€ (path a)Ru+= AH 1,2 Frpekgd] o3 &g
ol Ed Hello| Whg (path b)o] Yot ez
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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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A UVE F5she 990 37k] dELz Al
At

UV7A3 A fluorene §5EA¢ UV &5 29 EH
3} fluorescence ~¥EHL Figure 63 74| Ho|=
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UV #F49aE zbzt 3229} 328 nmelQli, U3
A= 744 4007 386 nmE Kl
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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% UVEH ¥ fluorene f=A<
UV &4 29 e8] fluorescence AHMEZHE e}
A Aotk Fje] © F, UV 59 g Hazs=
W7l glo) 4 BYol Wolxlng gHolF FH
o] o7} AojAg A=A 3w, Hdf wB A
wah= glut A7) 7 UV ZAR ) Hlg] o 0.1
W= 0.3 Fxe A7l #ashs Aol BFZHUT
Z3to] dojrpdA quenchinge] dojuvh= F-EE]
AyE ez F3dEr)

4 £
AlzARE E¥sH=  2-ethynylfluorenedt 2,7-

diethynylfluorene& G4 8I% o|59 Z33Y wet
& Az3Pr. DSCziyH A4Fdges s
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ot " @77t A8 EF oW FAHe] € 4 M A3

fluorene f=A& ol 3 FHo| ol & &
A%leH, 2-ethynylfluorenes} 2,7-diethynylfluor-
ene?] 2% =& 27+ 2313} 198 Coli). 4zt
o F¥ 2xdA gAY AAdE  poly(2-
ethynylfluorene) 3 poly(2,7-diethynylfluorene) 2]
23 &= 2803 385 Colla, poly(2,7-
diethynylfluorene)¢] @3 Aol  poly(2-
ethynylfluorene) 2t} ©] &3iL, 600 C7X 7149 %,
TFHFEFE B3 E ¢ F Uk UV ZAl] ©g FT-
IR3} UV EFulae] stz ie A328s 233
= fluorene #Z=A7} wtet Ao Q¥ oh]g,
UV zAl] M= F@e] dojdd & 4 Uth
UV zAlel] oa)] F3o] doldd wiet UV F&5
3t Jd FFYas A3 gx1, UV 5 99
o] Wolxl= Aol Yelitth. Tl =yl A 2-
ethynylfluorened} 2,7-diethynylfluoreneg 4003}
386 nmol A Ho w@u] a7}t vehta, UV Al
o F@e] @ Fov Ad LFvjas Ak 4
2, % LA =77 o 0.1dA 0.3 R 7
&= ol d&H=HA.

AR 2: 8 d7E 7R AAd FEss o)
S0 SAK] (BAWME 1 00-J02-02-01-A-02) 2] <
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