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Abstract

The use of organic materials and polymers as active layers in electronic devices
has definitively several advantages such as low weight, large surface, wide color range,
and low production cost. The objective of thesis is to examine new derivatives of
polyacetylene for their potential use in organic light emitting diodes (OLEDs) and
organic photovoltaic cells (OPCs).

The goal of this research is to study the synthesis and application of new
light-emitting polymers. The first part of this study is focused on the synthesis and
electro-optical properties of disubstituted polyacetylenes derivatives. The second part is
to study to the trap state of disubstituted polyacetylenes. The third part is to study the
photovoltaic properties of our polymers.

The first part of the work is devoted to the description of synthesis technique of
disubstituted polyacetylenes with difluorophenyl and pentylcyclohexyl side groups
(PDPA-2F). The organic light emitting diodes were fabricated and their performances
were measured. A ITO/PEDOT/PDPA-2Fcab/Ca/Al using a copolymer of PDPA-2F and
carbazole group, revealed a maximum current efficiency of 3.37 cd/A and a maximum
luminescence of 4230 cd/m®. The result described above revealed the best performance
of polyacetylene derivatives used as light emitting materials so far.

In the second part of the work, trapping processes in OLEDs were examined by
current-voltage characteristic and thermally stimulated current measurements. The trap
parameters were determined and correlated to the electrical processes in diodes.

In the third part, OPCs making use of poly[(9,9-dimethylfluoren-2-yl)acetylene]
(PFA1), et poly[(1-pentyl-2-(9,9-dimethylfluoren-2-yl)acetylene) (PFA2) blended with

PCBM were realized and characterized.

Keywords: polyacetylenes, conducting polymers, light emitting polymer.
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# 1) » 4rradical ~ ionic 2 Ziegler-Natta & %% » A a #ri{8F|ehd d 5 2 43 £
B+ hE RSP [20]° & F| 70 & & ¢ # > tungsten (W )% molybdenum ( Mo )it |
PR G orinit %ﬁm‘z@i 2 HP-he Hprd S HRE AR EF KIS 0 VB
VIB *%:i% & £ & (Nb-Ta~Mo 2 W )~Rhodium (Rh){* & % & 2 i 2. Ziegler-Natta
YA A BB R L m F e T A BB R KT b oo

*ﬁfd PRAA T RBCRTASEG AN A RDRTHT A gt
n)’“ @R At H B &4 2 PL 2 7 s % ( electroluminescence > EL ) {2 F o

Vi 4j_v;§1<m§; " ﬁﬁ:‘.:]?‘ - L TR A k%2 PLE ELRRAEZRE 5 ¢
%B&ﬂ%‘& IR S HEPR R KA P > a st R e B A KB
PL cfl+ 35 m BT Anprag 5 % & PLIE 2 4442 -

,/T» F— &0 a2 e B iE N O gh B Bt vh Sk R VOB 4 R A kb
HPRARe L a 5 a2 o §4 @0 2 E g UV-Vis sz 2 £ B
(2 Table 1-1 ) o @ > 2000 # B. Z. Tang & A cnF S % ¥ B0 > #-E B FHR2 7
do A Fr HPB- R A Fpldav e g 2 it PL s [22-24] 0 “’f ATt
Kag R I7RG FIRA S Bsl BT AR A G Fied o ATy
FoMpe e E AN EF AR mpLAZEBRRR LTS XA D
#-H PL bk £ A8 3 FH LR rERR ZRGMNA &2 ERFH A2 BL
Wk o P BERE kR HB-R R 2 KT A 2 PLoT e R BN A 42 R T K- R
Lo s o AR R FIHERIREE R AR o AUk 2 2TAg A R M0 1By AL R
HTIR o

AERREBC AT 3 m 0 j8£.1996 #4= T. Masuda % % @ B3 4 3F 5 48
Bt [25-30] 0 Hi¥wipdp 2 PL~EL #icdf @ B30T T2 Tablel @ o d &7+
I B % 2L ¥ A ¢ 2( polyalkylphenyl acetylene ) 4 7| B & 4+ 2_ st £ % 450 nm
=% 0 B ERMAL > F 2 naphthyl AR k34 A 4anE R > NP aghl
1‘# % BB F AL ¢ % ( polydiphenylacetylene ) s 71| » P|3céd £ =4 T 500-550 nm »
RESRAZ R AEE AR KA Y o B PL & EL s £ B § 2
g”ﬁf’\ﬂ'méﬂ’I‘ZQJ}?’H’?JL*“;“P%EmiF%-TZ#’i’;ekr? H5 R+ ™1
Zee o pMAFEEY A EL 2R EHFF 557 2 BEFRFEAZRS -:—ﬁi#v» :
poly[1-(p-n-butylphenyl)-2-phenyl acetylene] ( Table 1-1, No. 7 ) it 2 &k~ & 2.5
cd/m* (12 V > 20 mA/cm?® ) [26] -
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Table 1-1. Optical properties of di-substituted polyacetylene derivatives:

—(RiC=CRy)x—.
No. R R, FL EL Cathode Brightnze .
(A, nm) (A, nm) (cd/m”)
1 hexyl Phenyl 450 450 Mg/Al 0.5
2 ethyl Phenyl 460 460 Mg/Al 0.1
3 methyl Phenyl 470 480 Mg/Al 0.1
4 methyl Naphthyl 500 500 Mg/In -
5 Cl Phenyl 500 - - -
6 phenyl -Ph-p-t-Bu 510 510 Mg/In -
7 phenyl -Ph-p-n-Bu 520 520 Mg/Al 2.5
8 phenyl -Ph-p-Si(i-Pr); 520 - - -
9 phenyl -Ph-p-Si(Me); 520 520 Mg/In -
10 phenyl -Ph-m-Si(Me); 520 550 Mg/In -
11 phenyl -Ph-p-Si(Ph); 530 550 Mg/In -
12 phenyl  -Ph-p-adamantyl 530 550 Mg/In -

— AR PR R AT f2 DA A RE e Bt 1By At rE i H A EL
kTR ML &R PRI AT 2 T B TG o b e S
48 ¢ interchain interaction % ¥ & & thib 8 & £ 77 % € B H R 2 ke o

TE K BB E o 2 (disubstituted PA)d 3T A A N ERE S 2z R
K2 Lo SR A AT U E g A PLED } o p A Masuda £ 4 £ 4 £ 2
M 2 carbazole A B2 F o W [27]0 ipAE R e R E G R ETH U T HRA T Bk
B R (28] XA 0 v et BdaRe A AR AR ¢ HA R Tang £ 2 ¥
At ket kAt 3 & F 1% poly[l-phenyl-5-(0-naphthoxy) pentane] 43R
PVK § % £ & - Bathocupronie § T iF FEdg & fr Algs § T = @ﬁ%% [29]° ¢+ *} > Tang
44 345 Silole AMB e LB k2 FFLs kAt L apd 1118
cd/m’ frk % T inreF 145 cd/A[30] -
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L5 A&z o3 %

AT R B B LSRR e AL Ad o d P2 Table 1-1 7 #
AT 0 FIA A TR A oA i H Pk stk e ek o AR
Ef 2 meng 2 PIEER Y F metathesis B H KREFTREF B o FPF AN
IR R S £ R S TR

ARGHRE A BEP > G S DS N Nk P R4 K R K s
AR fo Bo A B G o k2 g H g ks @2 Prof. Masuda 4F #2. %% ApiT o
Pt % g 4 3t Macromolecules f235 b [31]oH ¢ A ms § & SN FF RN R

2 % (PA-PA4) > H P PATHI 2~ RARF -

+c=—=ct t+e=—ct,  fec—c} +o=—c+_

F I
F l C4Hg

CsHyg CsHpy CsHyy

PA, PA, PA; PA,

A kR > TR R R E R TR o Fet o AP s S A Rld )
3 A FE@:& ENpS s m&“?’w*%’& o R E R SRR E S Vb Y
ot s s 74 A B R e A (poly[1-(3,4-difluorophenyl)-2-(4-phenylcyclohexyl
phrnyl)acetylene], PDPA-2F % &_PA;) #4# > 2R 5 5 g ch~ 2 A 3k » fe H AP
s BIHRAE A B amey s Fp i BRI K @ﬁ;‘]ﬁ#ﬂ ( N,N,N’,N’-tertrakis(4-
methylphenylbenzidine, TM-TPD)) & &_¥ &4 * it & £ & & 7 carbazole 7 iF @Qi%]
A B2 F oo 2 H 4 (poly[(1-(3,4-difluorophenyl)-2-(4-pentylcyclo-hexylphenyl)
acetylene)]-co-poly[(1-phenyl-2-(N-propylcarbazole)acetylene)], PDPA-2Fcab) & { ¢
DA R AR AR AR R L A B 02 2 TMETPD B e T Bl A T o
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PDPA—2F

PDPA—-2Fcab

VR R L R pl4aT e H Sk Tt A a5 A (fluorene)
FhRBAE > KX FAFT Y EF XY CE L 28
R z,uyjt?fr FE TR R AR PR P kg > T

g’
A
%”T SRS INED R I SR T
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3
1
iy
b
A
Ti\y
=
%

213 %
Y7 % 3o Merck ~ Aldrich ~ Lancaster ¢ £ 5 f* s 27 > 3 G 5hit @
B * o 75 3 W REP Merck 2 Fisher & 7 o @-kw &viwy (THF) M £/

452 o I 4c » Benzophenone 7 5 7 A

2.2 Bl 3

L ERAREE Y AR DS EA RS PR R T IR G
BB
PF'

(1) #2& % & £33 & (Nuclear Magnetic Resonance Spectrometer ; NMR )

% * Varian 300 MHz i@ £ Je k3 ik - @ % CDCl; 23% » " 2> HH =
= ppm "BEFHE =L Hzy #uw ? gl (TMS) i p#8A% (6=0.00
ppm)e 5. s & 7+ H 4% (singlet) d % 77 = £ (doublet) t % 7+ = £ (triplet) »
q#72 £% (quartet) > m %7+ % £4% (multiplet) »

(2) iz eb sk ik (Infrared Spectrometer ; IR)
%@ * Nicolet 520 A= P ML R - AWK SL L R ARERY Y
B My AR Es o kHE i oom! o

(3) iz Z # 45 + 3+ (Differential Scanning Calorimeter ; DSC)

% * SEIKO SSC5200 DSC 12 2 Computer/Thermal Analyzer » ¥ i * Liquid
nitrogen cooling accessary /4 #F k%o B R M In fAfe® » P53 10 5 0 4ot
A FrF R F 5 10°C/min - )3 -2 4P #& # (phase transition ) J§ B P~ H & & -
B &P B-H & % & & 2g:(infection point) 7 7 33 4 45 /8 & ( glass transition temperature,
Tg)-

(4) # & & 17 % (Thermogravimetric Analysis ; TGA )
%% * SEIKO TG/DTA200 %] » #: 5B~ 5% 10 F & » 4e & 4 frdfdp id 5 5
10°C/min « 4c#4 ¥ 2ohrtt 2 € R B o

(5) &k ¢ k& » 47 (Thin Layer Chromatography ; TLC)
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% * Merck 5735 DC Silica gel 60 F-254 4|48 % & % > & 12 UV & (UVGL-25
) e

(6) #% %% Kk 47 R (Gel Permeation Chromatography ; GPC)

%1 * Series IIl Pump 2% »cac g LA 47§ o MR % % Viscotek T50A
Differential Viscometer §= Viscotek LR125 Laser Refractometer ° *F‘: 4+ % American
Polymer Standards Corporation *f# & o tk &k & P~ 1.0 mg/mL » ™ R ¥ ¢ %

(polystyrene) % &% > # 3% ;% 5 THF > /i 5 1.0 mL/min -

(7) % ¢b-¥ A ke k ik (UV-Vis Spectrophotometer )

% ¢ * SHIMADZU UV-1601 | e fx k3% ik 3R TR £ > o 5 H
O R e ﬁo@lq\-ﬁr@; BRI RE 2 o ERSRTRE D B
B E P RS 0.5% (W) Bk £ 0ORgE g T N 0 BRI o st
ERB Y Ip 2 > kHHE L nmo

1

(8) % & k## & (Spectrofluorophotometer ; PL )
% * SHIMADZU RE-5301PC %] & % % 23 th « % 5 cifie 22 A00 do b 553t o

K H 5 nmo

9) ﬁ Tk R% 2+ € & (Cyclic Voltammetry ; CV)

%@ % AutolabADC 164 A o B-{Fp|F A~ F B34 T it s 1 'FEFZ%&E’ ¥
éﬁ’é‘»ﬁﬁ\?’fi‘élpkp/ FTREONMY AT RERREHEBETE DfERS 01 M 2
TBAPF¢ / acetonitrile » # 47 :# & 50 mV/sec °

(10) %+ ¢ B3+ (Spectroscan Colorimeter ; PR-650)
fig % PR-650 3] o M-~ 226 7 TRIpEH L {8 o gt k¥ d R ERIF X
WRESEES o A2 HITR 248 -

23 2 &=

PIMASHEMZ AT UTRLLAMLE J0HR > HY Ml 2 & Az 2
2 EFRCNOM2~AMS S EE AR AR A2 FFERL N M6~MIO
LA ABZ e A o Hil2 im b 2 BAE AT 0 R BN E SRR 5
Scheme 2-1 f- Scheme 2-2
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231 “ &% 1~5%2 MLI~M5 2 &=
1-lodo-4-(4-pentylcyclohexyl)benzene (1).

& = 2-iodo-4-(4-pentylcyclohexyl)benzene i £ #_pentylcyclohexyl- benzene #-
i ek & o - pentyleyclohexylbenzene ( 25.00 g, 108.50 mmol ) ~iodine (I;) ( 13.80
g, 54.30 mmol ) ~ iodic acid (HIOs) (4.77 g, 27.10 mmol ) - 80 % acetic acid ¥ ** § #

B 80CHE 4 - FEEiisr éP_LJhJE’_’T%c/\f R L iR
i * TR R EM o T ¢ FHE34.00g A F 88 % ; mp45-47C.

'H NMR (300 MHz, CDCl3) & (ppm): 7.44 (d, J= 8.4Hz, 2H), 7.34 (d, J= 8.4, 2H),
2.44 (t, 12.2Hz, 1H), 1.84 (d, J= 9Hz, 4H), 0.95-1.46 (m, 13H), 0.87 (t, J= 7.2Hz, 3H) -
BC NMR (75 MHz, CDCl3) & (ppm): 149.13 (1C, Ar), 13.59 (1C, Ar), 132.46 (2C, Ar),
130.02 (2C, Ar), 44.10, 37.32, 37.25, 34.12 (2C), 33.45 (2C), 32.2, 26.65, 22.72,
12.38-MS [M+] calcd. for C17H251356.29 found 356 Anal. Calcd. For Ci7Has: C, 57.31;
H, 7.07. Found: C, 57.1; H, 7.05.

1-(3-hydroxy-3-methyl-1-butynyl)-4-pentylcyclohexylbenzene (2).

#- 1-iodo-4-(pentylcyclohexyl)benzene ( 17.70 g, 50.00 mmol ) ~ PdCl,(PPhs),
(0.35 g,OSOmmol) Cul ( 0.48 g, 2.50 mmol ) ~ PPh; ( 0.98 g, 3.75 mmol ) “"K%c >
R RFL P 4~ 3 A triethylamine (200 ml ) 63§ § T ¥4 30 /w\ffﬁ ' i ﬂ by
/% By <L 4v ~ 2-methyl-3-butyn-2-ol ( 5.00 g, 60.00 mmol) WE Y o A80CT A &

PE S R RS RS 0 3 Y F AR S A triethylamine {8 0 * EA X P A H 0 L ¥ Kk
&ﬁ@’@@%ﬁ%§¢ﬁmﬁ&%$@’ﬁﬁﬁﬁkﬁﬁz%mgﬁo;ﬂy
% W"# % (EA ‘Hexane=1:5> H Rf=04 ) 7 g A 4758 (584 ¢ 7248 12.20
goAF 178% -

'H NMR (300 MHz, CDCl3) & (ppm): 7.41 (d, J= 8.4Hz, 2H), 7.16 (d, J= 8.4, 2H),
2.44 (t, 12.2Hz, 1H), 1.87 (d, J= 9Hz, 4H), 1.65 (s, 6H), 1.48-0.93 (m, 13H), 0.88 (t, J=
7.2Hz, 3H) - >C NMR (75 MHz, CDCl3) & (ppm): 149.13 (1C, Ar), 140.0 (1C, Ar),
132.54 (2C, Ar), 128.22 (2C, Ar), 90.4 (C=C), 81.3 (C=C), 66.7, 46.8, 44.09, 37.34,
37.27, 34.09 (2C), 33.45 (2C), 32.19, 31.24, 26.52, 22.75, 12.39 = MS [M] calcd. for
Cx»nH3,0312.5 found 312 » Anal. Calcd. For C»oH3,0: C, 84.56; H, 10.32 - Found: C,
84.95; H, 10.43.

4-(pentylcyclohexyl)phenylacetylene (3)

H#- 1-(3-hydroxy-3-methyl-1-butynyl)-4-pentylcyclohexylbenzene (15.60 g, 50.00
mmol ) v KOH ( 8.44 g, 125.00 mmol ) 4t » ;3 | dioxane ( 300 ml )>* FEFg g ¥ - ¥
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B ERWI20CT F B4 e F SRS A ErE 2E 0 6NHCI(12ml) 73 7% 4
AN E FLY o I EA REFBN AL o L% kB (S > K o B R o
RRdkizok s > R FEAIRAFER 2 A o £ 41% Hexane § #*# i (Rf= 0.55)
R ETHCEEREI RWO40g A F 1 T4%

"H NMR (300 MHz, CDCl3) & (ppm): 7.39 (d, J= 8.1Hz, 2H), 7.14 (d, J= 8.4, 2H), 3.0
(s, 1H), 2.44 (t, 12.2Hz, 1H), 1.84 (d, J= 9Hz, 4H), 0.95-1.46 (m, 13H), 0.87 (t, J=
7.2Hz, 3H) - >C NMR (75 MHz, CDCl3) & (ppm): 148.13 (1C, Ar), 140.2 (1C, Ar),
131.64 (2C, Ar), 127.02 (2C, Ar), 84.4 (C=C), 77.0 (C=C), 44.09, 37.32, 37.25, 34.09
(20), 33.45 (2C), 32.19, 26.62, 22.71, 12.38 = MS [M'] calcd. for Cj9Hzs254.20 found
254 - Anal. Calcd. For Ci9Hye: C, 89.70; H, 10.3. Found: C, 89.5; H, 10.5 -

1-(3-hydroxy-3-methyl-1-butynyl)-4-pentylcyclohexylbenzene (4).

#-1odobenzene ( 10.0 g, 49.0 mmol ) ~ PdCI,(PPh;3), ( 0.34 g, 0.49 mmol ) ~ Cul
( 0.47 g, 2.45 mmol )f= PPhs ( 0.96 g, 3.68 mmol) #%4c » ** k RFL P e ~ AR
tricthylamine (100 ml) 6% § § & #4230 & 45 > F @I HZE F i 303 R 0 F
I * 4o k<L 4 » 6-chlorohexyne ( 6.25 g, 54.00 mmol ) *t & Big? - & 70C T K
B 12 ] BF s F s R {8 0 1 SE F AR A tricthylamine {6 » * EA B4 % » £ #
Kkt (8 0 G fre B fkfrmﬁ-‘rié‘i:",f ki @R FEARMGFE S Mg f o f
FI* % * 4R (EA :Hexane =1:10> # Rf =058 {7 g7 12 84 4 24l
878 g~ A% 193.8% -

'H NMR (300 MHz, CDCl3) & (ppm): 7.39 (m, 2H), 7.28 (m, 3H), 3.61 (t, 7.2Hz,
2H), 2.45 (t, J= 7.2Hz, 2H), 1.96 (m, 2H), 1.75 (m, 2H) - >C NMR (75 MHz, CDCls) &
(ppm): 132.54 (2C, Ar), 128.22 (2C, Ar), 90.4 (C=C), 81.3 (C=C), 66.7, 46.8, 44.09,
37.34,37.27, 34.09 (2C), 33.45 (2C), 32.19, 31.24, 26.52, 22.75, 12.39 - MS [M'] calcd.
for C,H;3C1192.69 found 192 - Anal. Calcd. For C;,H,;Cl: C, 84.56; H, 10.32. Found:
C,74.8; H, 6.8.

1-(3-hydroxy-3-methyl-1-butynyl)-4-pentylcyclohexylbenzene (5).

#-iv & 47 (4) ( 5.00 g, 26.00 mmol ) ~ carbazole ( 5.18 g, 31.2 mmol ) ~ K,COs
( 28.70 g, 208.00 mmol )fr-> £ 7 KI 2384c » 7 7 150 mL dimethylformamide
(DMF ) 3 & chF Big? o F BB R & 110°CHF 24 /| P> F B2 dts » w¥g
G ADMF {5 » * EA P Afe o % oJoktdei (0 il fr @ Bk fopnpitss 4
kts o ﬁ}i?i:%’/}&‘fﬁxgl BenAg oo B A% F % (EA Hexane=1:10> # Rf=
04 EfL T d i 518 d & AR S558g° 25 171 % -
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'H NMR (300 MHz, CDCl3) & (ppm): 8.10 (d, J= 8.1Hz, 2H), 7.44 (m, 5H), 7.22
(m, 6H), 4.37 (t, 7.2Hz, 2H), 2.44 (t, J= 7.2Hz, 2H), 2.08 (m, 2H), 1.67 (m, 2H) - *C
NMR (75 MHz, CDCls) 6 (ppm): 132.54 (2C, Ar), 128.22 (2C, Ar), 90.4 (C=C), 81.3
(C=0), 66.7, 46.8, 44.09, 37.34, 37.27, 34.09 (2C), 33.45 (2C), 32.19, 31.24, 26.52,
22.75,12.39-IR (KBr), v(cm™): 3051, 3020, 2943, 2877, 2231, 1627, 1597, 1573, 1482,
1452, 1348, 1326, 1235, 1152, 1068, 926, 850, 750 - MS [M'] caled. for Co4Hy N 323.44,
found 323 - Anal. Calcd. For C,H3Cl: C, 89.13; H, 6.54 - Found: C, 89.0; H, 6.55.

1-Phenyl-2-(4-(pentylcyclohexyl)phenyl)acetylene (M1).

Iodobenzene ( 5.00 g, 24.50 mmol ), PdCIy(PPh;3), ( 0.17 g, 0.25 mmol ), Cul
(0.24 g, 1.23 mmol ) f= PPh; (0.48 g, 1.84 mmol ) ;%3 **/% | triethylamine ( 50 ml )
EESEFLY O TR R R IRITE F W30 AL U AeipIBEL A2 L E S (3)
(6.86g,27.00 mmol ) >t & BFL? > & BT TOC T sefriw 5 12 o FF o F RER
{8 > 3% Y KA J 4_triethylamine {6 » * EA B~ 5 » £ * -Likdk=x {8 » G4
& ’Ji‘frﬁﬁ-‘rii;‘i% ks R RYEE F BhA o 1% Hexane § i #& ik (Rf
=0.6):EFEi kT H oo ¢ FHE687g A F 1 86 % o mp: 53-55C.

'H NMR (300 MHz, CDCl3) & (ppm): 7.38 (d, J= 7.2Hz, 2H), 7.34 (m, 5H), 7.19 (d,
J=17.2, 2H), 2.40 (t, 12.0Hz, 1H), 1.87 (d, J= 10.5Hz, 4H), 1.47-1.04 (m, 13H), 0.88 (t,
7.2Hz, 3H) - °C NMR (75 MHz, CDCl3) & (ppm): 148.56 (1C, Ar), 131.64 (2C, Ar),
131.55 (2C, Ar), 128.35 (2C, Ar), 127.02 (2C, Ar), 125.60 (1C, Ar), 119.38 (1C, Ar),
90.40 (C=C), 89.50 (C=C), 44.09, 37.32, 37.25, 34.09 (2C), 33.45 (2C), 32.19, 26.63,
22.71, 12.38 - IR (KBr), v(cm™): 3030, 2954, 2924, 2846, 2221, 1597, 1511, 1467, 1442,
1375, 1214, 1069, 966, 896, 828, 754 - MS [M] caled. for CasHzo 330.51, found 330 -
Anal. Calcd. For CysH3p: C, 90.85; H, 9.15 - Found: C, 90.80; H, 9.20.

1-(4-Florophenyl)-2-(4-(pentylcyclohexyl)phenyl)acetylene (M2).

H 4 M2 eh & S FIc s & M1 Apor 0 A KL A ML e F iodobenzene
P~ $& =0 4-fluoroidobenzene » & = A H 4 M2 % v & F4 - &2 5 82 % > mp:
65-67C -

'H NMR (300 MHz, CDCl;) & (ppm): 7.50 (m, 2H), 7.40 (d, J= 7.2Hz, 2H), 7.18 (d,
J=7.2, 2H), 7.01 (m, 2H), 2.41 (t, 12.0Hz, 1H), 1.86 (d, J= 10.5Hz, 4H), 1.47-1.04 (m,
13H), 0.88 (t, 7.2Hz, 3H) - °C NMR (75 MHz, CDCl5) & (ppm): 149.16 (1C, Ar), 143.0
(m, 1C, Ar), 141.96 (m, 1C, Ar), 131.64 (2C, Ar), 127.02 (2C, Ar), 119.38 (1C, Ar),
117.20 (2C, Ar), 115.85 (1C, Ar), 115.69 (1C, Ar), 91.21 (C=C), 85.70 (C=C), 44.09,
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37.32, 37.25, 34.09 (2C), 33.45 (2C), 32.19, 26.63, 22.71, 12.38 = IR (KBr), v(cm™):
3031, 2953, 2922, 2850, 2229, 2220, 1894, 1652, 1598, 1514, 1467, 1445, 1232, 1220,
1155, 1092, 1012, 966, 896, 834 - MS [M ] calcd. for CasHaoF, 348.22 found 348 - Anal.
Calcd. For CysHyoF: C, 86.16; H, 8.39. Found: C, 86.01; H, 8.25 -

1-(3,4-Difloro)phenyl-2-(4-(pentylcyclohexyl)phenyl)acetylene (M3).

H {8 M3 eh & S FIc s & M1 Ap i B E ML A ML e F iodobenzene
B~ i\ 3% & 3 4-difluoroidobenzene ° &£ 24 A H A M3 50 ¢ FHE o A F 80 % o
mp: 78-80°C -

'H NMR (300 MHz, CDCl3) & (ppm): 7.41 (d, J= 7.2Hz, 2H), 7.19 (s, 1H), 7.15 (d,
J=7.2, 2H), 7.09 (m, 2H), 2.47 (t, 12.0Hz, 1H), 1.86 (d, J= 10.5Hz, 4H), 1.47-1.04 (m,
13H), 0.87 (t, 7.2Hz, 3H) - °C NMR (75 MHz, CDCl3) & (ppm): 149.26 (1C, Ar), 143.3
(m, 1C, Ar), 141.96 (m, 1C, Ar), 137.38 (m, 1C, Ar), 131.34 (2C, Ar), 126.82 (2C, Ar),
119.38 (1C, Ar), 116.10 (1C, Ar), 115.85 (1C, Ar), 115.75 (1C, Ar), 91.01 (C=C), 85.65
(C=C), 44.09, 37.32, 37.25, 34.12 (2C), 33.24 (2C), 32.19, 26.63, 22.61, 12.38 - IR
(KBr), v(cm™): 3036, 2957, 2923, 2849, 2219, 1890, 1742, 1596, 1518, 1467, 1445,
1417, 1323, 1267, 1227, 1202, 1119, 1102, 951, 867, 829 - MS [M'] calcd. for CysH,sF,
366.49 found 366 - Anal. Calcd. For CysHasF,: C, 81.93; H, 7.70. Found: C, 81.53; H,
7.37 °

1-(3,4,5-Trifloro)phenyl-2-(4-(pentylcyclohexyl)phenyl)acetylene (M4).

H 4 M4 ch & S FIc s & M1 Apor 0 A KL A ML e F iodobenzene
P~ i $& =0 4-fluoroidobenzene - & = A H 4 M4 % v & F4 - &2 5 83 % > mp:
60-62°C -

'H NMR (300 MHz, CDCl3) & (ppm): 7.42 (d, J= 7.2Hz, 2H), 7.12 (d, J= 7.2, 2H),
7.08 (m, 2H), 2.46 (t, 12.0Hz, 1H), 1.86 (d, J= 10.5Hz, 4H), 1.47-1.04 (m, 13H), 0.87 (t,
7.2Hz, 3H) - °C NMR (75 MHz, CDCl3) & (ppm): 152.3 (m, 1C, Ar), 149.16 (1C, Ar),
143.0 (m, 1C, Ar), 141.96 (m, 1C, Ar), 138.38(m, 1C, Ar), 131.64 (2C, Ar), 127.02 (2C,
Ar), 119.38 (1C, Ar), 115.91(1C, Ar), 115.61(1C, Ar), 91.20 (C=C), 85.61 (C=C), 44.09,
37.32, 37.25, 34.09 (2C), 33.45 (2C), 32.19, 26.63, 22.71, 12.38 = IR (KBr), v(cm™):
3030, 2957, 2922, 2852, 2682, 2217, 1909, 1609, 1529, 1447, 1428, 1379, 1255, 1206,
1202, 1070, 1046, 980, 910, 856, 832 - MS [M ] calcd. for CasH,,F3 384.48 found 384 -
Anal. Calcd. For CysHy7F3: C, 78.1; H, 7.08. Found: C, 77.9; H, 7.12.
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1- Pentaflorophenyl-2-(4-(pentylcyclohexyl)phenyl)acetylene (M5).

H {8 M5 ehé S FIc s & M1 Apie 0 B E ML A ML e $ iodobenzene
P~ L $& =0 4-fluoroidobenzene » & = A H 4 M5 5 v & F4E - &2 5 84 % - mp:
70-75C -

'H NMR (300 MHz, CDCl3) & (ppm): 7.48 (d, J= 7.2Hz, 2H), 7.18 (d, J= 7.2, 2H),
2.48 (t, 12.0Hz, 1H), 1.86 (d, J= 11.5Hz, 4H), 1.48-1.01 (m, 13H), 0.87 (t, 7.2Hz, 3H).
BC NMR (75 MHz, CDCl3) & (ppm): 149.91 (1C, Ar), 148.93 (m, 1C, Ar), 145.17 (m,
1C, Ar), 142.82 (m, 1C, Ar), 139.31 (m, 1C, Ar), 136.1 (m, 1C, Ar), 131.47 (2C, Ar),
126.82 (2C, Ar), 118.80 (1C, Ar), 101.97 (C=C), 100.0 (1C, Ar), 72.36 (C=C), 44.68,
37.33, 37.25, 34.45 (2C), 32.21 (2C), 30.87, 26.64, 22.63, 14.09. IR (KBr), v(cm™):
3030, 2957, 2920, 2854, 2230, 1917, 1622, 1525, 1496, 1445, 1412, 1365, 1109, 1096,
1029, 984, 967, 835. MS [M'] calcd. for CysHysF5420.47 found 420. Anal. Caled. For
CysHysFs: C, 71.41; H, 5.99. Found: C, 71.9; H, 5.82.

232 {“&£$%6~8%2 M6~MI10 2. &=
2-lodofluorene (6)

& = 2-iodofluorene #_#- fluorene 7 it 11k J » #- fluorene ( 30.00 g , 180.00
mmol ) ~ iodine ( 23 g, 91 mmol ) ~ iodic acid (HIO}) (8.00 g, 45.00 mmol )+ 80 %
aceticacid » **§ § T 2 80CHF B4 [P FREREAIFI TR Fhr
AR TS o F BiEp T T RSk rW*” F e 4 FEE 31.60 g0 A F 160 % ;
mp 130-132°C.

"H NMR (300 MHz, CDCl3) & (ppm): 3.81 (d, J= 15.9Hz, 2H), 7.31 (m, 2H), 7.44
(m, 2H), 7.66 (d, J = 7.2 Hz, 1H), 7.73 (d, ] = 7.2 Hz, 1H), 7.85 (s, 1H). *C NMR (75
MHz, CDCl3) & (ppm): 36.6, 92.5, 120.2, 121.7, 122.3, 127.1, 127.8, 132.2, 135.9,
138.0, 138.6, 153.2, 154.9. MS [M] calcd. for C;3HolI 292.12, found 292. Anal. Calcd.
For Ci3Hol: C, 53.45; H, 3.11. Found: C, 53.40; H, 3.18.

9,9-Dimethyl-2-iodofluorene (7).

F Js¥g ¢ #-2-Iodofluorene ( 25.00 g, 85.60 mmol );3 >+ THF I 4c » potassium
tert-butoxid (21.80 g, 0.19 mol ) & F 3|z & ;A% > ¥ ¥ 4r » methyliodine ( 28.15 g,
0. 19mol) WEERETFRERI)DFSF RS RF B g3 BRI EY R

R MRPEFERE TS o MET UEIAR S F 25208 A F 192 %;
mp 63-65C.

'H NMR (300 MHz, CDCls) & (ppm): 1.47 (s, 6H), 7.31 (m, 2H), 7.44 (m, 2H),
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7.66 (d, J = 7.2 Hz, 1H), 7.73 (d, T = 7.2 Hz, 1H), 7.85 (s, 1H). °C NMR (75 MHz,
CDCl3) & (ppm): 26.9, 47.1, 92.5, 120.0, 121.7, 122.5, 127.1, 127.8, 132.0, 135.9, 138.0,
138.6, 153.0, 154.9. MS [M] calcd. for C;sH;sI 320.17, found 320. Anal. Caled. For
CisHsl: C, 56.27; H, 4.09; 1, 39.64. Found: C, 56.21; H, 4.12.

9,9-Dimethyl-2-(3hydroxy-3-methyl-1-butynyl)fluorene (8).

9,9-dimethyl-2-iodofluorene ( 25.00 g, 78.10 mmol ) ~ PdCl,(PPhs), ( 0.56 g, 0.78
mmol ) ~ Cul ( 1.53 g, 5.86 mmol ) ~ PPh; ( 0.74 g, 3.90 mmol ) ‘%’K de AN E RFL P OT
4v ~ 7% A triethylamine ( 250 ml ){8 % § F T 430 248 0 £ I F Seip ikl 4~
2-methyl-3-butyn-2-0l ( 7.88 g,93.70 mmol ) ** & & *® o 2 80C T F & 12 /| FF > F
B R ie o 3 F A 4_triethylamine {6 » % EA B4 » £ * -Kiefie=x (s » 5§
W fr s @ S T S W OREATRNEE A BMeng o £ 1% EA ' Hexane

(1:5) ¥ RpEFFRAITSEEHRI RW13.00g° A5 1 68% -

'H NMR (300 MHz, CDCls) & (ppm): 1.47 (s, 6H), 1.65 (s, 6H), 7.31 (m, 2H), 7.41
(m, 2H), 7.48 (s, 1H), 7.66 (m, 2H). >C NMR (75 MHz, CDCls) & (ppm): 26.9, 31.4,
46.8, 66.7, 81.2, 90.4, 119.8, 120.3, 122.5, 122.6, 126.4, 127.0, 127.8, 131.2, 138.2,
140.0, 153.9, 154.0. MS [M] calcd. for C,0H00 276.38, found 276. Anal. Calcd. For
C20H200: C, 89.92; H, 7.29; O, 5.79. Found: C, 89.94; H, 7.23.

(9,9-Dimethyl-2-fluorene)acetylene (M6).

#-9,9-Dimethyl-2-(3hydroxy-3-methyl-1-butynyl)fluorene ( 10.00 g, 36.00 mmol )
4 KOH (4.44 g, 79.2 mmol ) “r » /3 #| dioxane ( 300 ml )t S g ® > #pb & >
120CT F g4 pF o F s k84 4r2 28 > ONHCI(12ml) Bigse » 3 F &
FgP o T EA REBD AP o B QR E R > il fr D ﬁ«f:«mﬁéé}é%*
o MR FEARGFE A BehAd f o £ 1% Hexane § ##Ripi&EFE TSI H
#7580 ge AKX 1 74% -

"H NMR (300 MHz, CDCl3) & (ppm): 1.47 (s, 6H), 3.12 (s, 1H), 7.32 (m, 2H), 7.44
(m, 2H), 7.56 (s, 1H), 7.64 (d, J = 7.2 Hz, 1H), 7.67 (d, ] = 7.2 Hz, 1H),. *C NMR (75
MHz, CDCls) & (ppm): 26.9, 46.8, 77.0, 84.4, 119.8, 120.3, 122.5, 122.6, 126.4, 127.0,
127.8, 131.2, 138.2, 140.0, 153.9, 154.0. MS [M'] caled. for C;7H;4218.30 found 218.
Anal. Calcd. For C7H4: C, 93.54; H, 6.46. Found: C, 93.53; H, 6.47.

1-Pentyl-2-(9,9-dimethyl-2-fluorene)acetylene (M7) and 1-decyl-2-(9,9-dimethyl-2-
fluorene)acetylene (M8) and 1-phenyl-2-(9,9-dimethyl-2-fluorene)acetylene (M9)
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and 1-(3,4-diflorophenyl)-2-(9,9-Dimethyl-2-fluorene)acetylene (M10).

HE M7T-MI0 &= E4pfk g S h 3 ot WU HME M7 &24535 6] %
9,9-dimethyl-2-iodofluorene ( 10.00 g, 31.20 mmol ), PdCIy(PPhs), ( 0.22 g, 0.31
mmol ), Cul ( 0.62 g, 2.37 mmol ) = PPh; ( 0.24 g, 1.26 mmol ) /% > 7% |
triethylamine ( 100 ml ) ePBESEHT P » 3 Bt F B R F F 430 ~ 4108 0 I
dei il 4o ~ 1-heptyene ( 3.60 g, 37.5 mmol ) >t & BFL? » & B3 T0C T 4ot
W12 )P e B RS RS 0 1 AR 4 triethylamine {6 0 * EA X B A 4 - |
FokkgE (0 KB e e ROk KE > RORFEHRGE A S DAL -
£ 41" Hexane § ##Hizie A E g5 & 5 F & I AR 476 2o A F 153 %

'H NMR (300 MHz, CDCL3) & (ppm): 0.93 (t, 3H), 1.48 (m, 10H), 1.62 (m, 2H),
2.43 (t, 2H), 7.32 (m, 2H), 7.40 (m, 2H), 7.46 (s, 1H), 7.61 (d, J = 7.2 Hz, 1H), 7.63 (d,
J=7.2 Hz, 1H). °C NMR (75 MHz, CDCl;) & (ppm): 14.0, 19.4, 22.2, 26.9, 28.5, 31.1,
46.7, 81.2, 90.4, 119.7, 120.1, 122.5, 122.6, 125.8, 127.0, 127.3, 130.5, 138.5, 138.6,
153.4, 153.7. MS [M] calcd. for Cy,Ha4 288.43, found 288. Anal. Calcd. For CyHyy: C,
91.61; H, 8.39. Found: C, 91.60; H, 8.40.

M8: & F :51%-

'H NMR (300 MHz, CDCl3) & (ppm): 0.9 (t, 3H), 1.27 (m, 13H), 1.46(m, 7H), 1.62
(m, 2H), 2.43 (t, 2H), 7.32 (m, 2H), 7.39 (m, 2H), 7.46 (s, 1H), 7.61 (d, ] = 7.2 Hz, 1H),
7.64 (d, J = 7.2 Hz, 1H). °C NMR (75 MHz, CDCl;) & (ppm): 14.1, 19.4, 22.6, 26.9,
28.8, 29.0, 29.2, 29.3, 29.5, 29.6, 31.9, 46.7, 81.2, 90.4, 119.7, 120.1, 122.5, 122.6,
125.8, 127.0, 127.3, 130.5, 138.5, 138.6, 153.4, 153.7. MS [M'] calcd. for C,7Hz4
358.57, found 358. Anal. Calcd. For Cy7Hs4: C, 90.44; H, 9.56. Found: C, 90.40; H,
9.60.

M9: 2% 1 70% ;mp 112-114C -

'H NMR (300 MHz, CDCl;) & (ppm): 1.50 (s, 6H), 7.34 (m, 4H), 7.43 (m, 2H),
7.51 (m, 3H), 7.60 (s, 1H), 7.70 (d, ] = 7.8Hz, 2H). °C NMR (75 MHz, CDCls) & (ppm):
26.9, 46.8, 89.5, 90.4, 119.9, 120.3, 121.9, 122.5, 122.6, 123.0, 126.0, 127.0, 127.1,
127.7, 128.1, 128.3, 130.7, 131.6, 138.2, 139.4, 153.9, 154.0. MS [M "] calcd. for Co3H g
294.40, found 294. Anal. Calcd. For CxsHig: C, 93.84; H, 6.16. Found: C, 93.74; H,
6.26.

M10: 2 & : 67 % ;mp : 102-104C -
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'"H NMR (300 MHz, CDCl3) o (ppm): 1.50 (s, 6H), 7.14 (quartet, 1H), 7.35 (m,
3H), 7.49 (d, 1.5Hz, 1H), 7.52 (d, 1.5Hz, 1H), 7.58(d, 1.5Hz, 1H), 7.69 (s, 1H), 7.70 (m,
2H). *C NMR (75 MHz, CDCls) & (ppm): 26.9, 46.8, 87.2, 90.3, 117.5(d), 119.9, 120.3,
120.4(d), 121.0, 122.5, 122.6, 126.0, 127.1, 127.8, 128.0(d), 128.1(d), 130.7, 138.2,
139.8, 148.2(d), 148.5(d), 151.9(d), 152.2(d), 153.6, 153.8. MS [M'] calcd. for 330.38,
found 330. Anal. Calcd. For CxsH¢F»: C, 83.62; H, 4.88. Found: C, 83.60; H, 4.91.

233 REPF2LER

BT REF Y A RGE F TR REHFISETL Scheme 2-2 %
23 BRE e ok g 27 R KREFRBAFRTIR L
R E ML G| BREHHAT o P 25 mL FEEATROKE B Y pRBe
| TaCls ( 0.158 g, 0.4 mmol ) fer% it | n-BusSn ( 0.28 mg, 0.8 mmol ) {5 > B~ 1%
F A TARAT F 10mL St E RALY > 3t 80°C T 4o & 30 min o gL b > § B~
4 M1(09g 4.12mmol )f=» ¥ - 25mL BFFFL? L4 >3 &7 F 10mL 7%
JRERRLE P AR B H MR ORIV F ALY 0 F 24 o &
gk te 14 BB RBBF > BB B > L EE T < & FMT D
(8T BiF Ry TR AF A3 0 3R E FTi0% S PDPA-CHCS § 4 +
0.61 g (A& &:81%) -

'H NMR (300 MHz, CDCL;) & (ppm): 7.38 (d, J= 7.2Hz, 2H), 7.34 (m, 5H), 7.19

(d, J=7.2, 2H), 2.40 (t, 12.0Hz, 1H), 1.87 (d, J= 10.5Hz, 4H), 1.47-1.04 (m, 13H), 0.88
(t, 7.2Hz, 3H). >C NMR (75 MHz, CDCl5) & (ppm): 156.02 (2C, C=C), 148.56 (1C,
Ar), 131.64 (2C, Ar), 131.55 (2C, Ar), 128.35 (2C, Ar), 127.02 (2C, Ar), 125.60 (1C,
Ar), 119.38 (1C, Ar), 44.09, 37.32, 37.25, 34.09 (2C), 33.45 (2C), 32.19, 26.63, 22.71,
12.38 = Anal. Calcd. For CysHso: C, 90.85; H, 9.15 - Found: C, 89.55; H, 8.89 -

PDPA-1F : & & : 92.4% - '"H NMR (300 MHz, CDCls) & (ppm): 7.55 (m, 2H), 7.43 (d,
J=7.2Hz, 2H), 7.17 (d, J= 7.2, 2H), 7.11 (m, 2H), 2.41 (t, 12.0Hz, 1H), 1.85 (d, J=
10.5Hz, 4H), 1.47-1.04 (m, 13H), 0.88 (t, 7.2Hz, 3H) - *C NMR (75 MHz, CDCl3) &
(ppm): 154.52 (2C, C=C), 149.16 (1C, Ar), 143.0 (m, 1C, Ar), 141.96 (m, 1C, Ar),
131.64 (2C, Ar), 127.02 (2C, Ar), 119.38 (1C, Ar), 117.20 (2C, Ar), 115.85 (1C, Ar),
115.69 (1C, Ar), 44.09, 37.32, 37.25, 34.09 (2C), 33.45 (2C), 32.19, 26.63, 22.71,
12.38 - Anal. Calced. For CysHyoF: C, 86.16; H, 8.39. Found: C, 86.01; H, 8.35 -

PDPA-2F : & % : 96%. 'H NMR (300 MHz, CDCL3) & (ppm): 7.41 (d, J= 7.2Hz, 2H),
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7.16 (s, 1H), 7.13 (d, J= 7.4, 2H), 7.09 (m, 2H), 2.57 (t, 12.0Hz, 1H), 1.87 (d, J= 10.5Hz,
4H), 1.47-1.08 (m, 13H), 0.87 (t, 7.2Hz, 3H) - *C NMR (75 MHz, CDCLs) & (ppm):
155.24 (2C, C=C), 149.26 (1C, Ar), 143.3 (m, 1C, Ar), 141.96 (m, 1C, Ar), 137.38 (m,
1C, Ar), 131.34 (2C, Ar), 126.82 (2C, Ar), 119.38 (1C, Ar), 116.10 (1C, Ar), 115.85 (1C,
Ar), 115.75 (1C, Ar), 44.09, 37.32, 37.25, 34.12 (2C), 33.24 (2C), 32.19, 26.63, 22.61,
12.38 = Anal. Caled. For CysHogF»: C, 81.93; H, 7.70. Found: C, 81.54; H, 7.40.

PDPA-3F : & & : 90% - '"H NMR (300 MHz, CDCls) & (ppm): 7.46 (d, J= 7.1Hz, 2H),
7.14 (d, J= 7.2, 2H), 7.09 (m, 2H), 2.48 (t, 12.0Hz, 1H), 1.92 (d, J= 10.3Hz, 4H),
1.47-1.04 (m, 13H), 0.87 (t, 7.2Hz, 3H) - >C NMR (75 MHz, CDCl3) & (ppm): 154.64
(2C, C=C), 152.5 (m, 1C, Ar), 149.20 (1C, Ar), 143.0 (m, 1C, Ar), 141.96 (m, 1C, Ar),
138.78(m, 1C, Ar), 131.64 (2C, Ar), 127.02 (2C, Ar), 119.38 (1C, Ar), 115.90(1C, Ar),
115.61(1C, Ar), 44.09, 37.32, 37.25, 34.09 (2C), 33.45 (2C), 32.19, 26.63, 22.71,
12.38 - Anal. Calced. For CysHy7F5: C, 78.10; H, 7.08. Found: C, 77.61 H, 6.83 -

PDPA-5F: 2 % : 31%- 'HNMR (300 MHz, CDCls) & (ppm): 7.45 (d, J= 7.2Hz, 2H),
7.16 (d, J= 7.2, 2H), 2.46(t, 12.0Hz, 1H), 1.86 (d, J= 11.5Hz, 4H), 1.48-1.10 (m, 13H),
0.88 (t, 7.2Hz, 3H) - *C NMR (75 MHz, CDCl5) & (ppm): 149.91 (1C, Ar), 148.93 (m,
1C, Ar), 145.17 (m, 1C, Ar), 142.82 (m, 1C, Ar), 139.31 (m, 1C, Ar), 136.1 (m, 1C, Ar),
131.47 (2C, Ar), 126.82 (2C, Ar), 118.80 (1C, Ar), 100.0 (1C, Ar), 44.68, 37.33, 37.25,
34.45 (20), 32.21 (2C), 30.87, 26.64, 22.63, 14.09° Anal. Calcd. For C,sH,sFs: C, 71.41;
H, 5.99. Found: C, 70.94; H, 5.53 -

PDPA-2Fcab: 2 % : 90.3% - '"H NMR (300 MHz, CDCl;) & (ppm): 7.41 (d, J=7.2Hz,
2H), 7.16 (s, 1H), 7.13 (d, J= 7.4, 2H), 7.09 (m, 2H), 2.57 (t, 12.0Hz, 1H), 1.87 (d, J=
10.5Hz, 4H), 1.47-1.08 (m, 13H), 0.87 (t, 7.2Hz, 3H) - *C NMR (75 MHz, CDCl3) &
(ppm): 155.24 (2C, C=C), 149.26 (1C, Ar), 143.3 (m, 1C, Ar), 141.96 (m, 1C, Ar),
137.38 (m, 1C, Ar), 131.34 (2C, Ar), 126.82 (2C, Ar), 119.38 (1C, Ar), 116.10 (1C, Ar),
115.85 (1C, Ar), 115.75 (1C, Ar), 44.09, 37.32, 37.25, 34.12 (2C), 33.24 (2C), 32.19,
26.63,22.61, 12.38 - Anal. Calcd. For Cy40H>73F 1sN: C, 82.53; H, 7.65; N, 0.39. Found:
C, 80.81; H, 7.91; N, 0.78 -

PFAL: # %: 68% - "H NMR (300 MHz, CDCls) 5 (ppm): 1.48 (s, 6H), 7.19 (br, 3H),
7.23 (br, 3H), 7.64 (br, 2H) - *C NMR (75 MHz, CDCls) § (ppm): 26.9, 46.8, 119.8,
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120.3, 122.5, 122.6, 126.4, 127.0, 127.8, 131.2, 138.2, 140.0, 153.9, 154.0. 155.0 - Anal.
Calcd. For Ci7Hy4: C, 93.54; H, 6.46. Found: C, 92.64; H, 6.46 -

PFA2: & %:31% - 'H NMR (300 MHz, CDCls) § (ppm): 0.93 (t, 3H), 1.47 (br, 12H),
2.18 (t, 2H), 7.17 (br, 5H), 7.62 (br, 2H) = *C NMR (75 MHz, CDCls) & (ppm): 14.0,
19.4, 26.9, 28.5, 31.1, 45.7, 119.7, 120.1, 122.5, 122.6, 125.8, 127.0, 127.3, 130.5,
138.5, 138.6, 140.0, 153.4, 153.7> Anal. Calcd. For Co,Hau: C, 91.64; H, 8.39Found: C,
89.00; H, 8.10 -

PFA3: # %: 36% - 'H NMR (300 MHz, CDCl;) & (ppm): 0.93 (t, 3H), 1.27-1.55 (br,
22H), 2.20 (t, 2H), 7.32 (br, 5H), 7.6 (br, 2H) = *C NMR (75 MHz, CDCl;) & (ppm):
14.1, 194, 22.6, 26.9, 28.8, 29.0, 29.2, 29.3, 29.5, 29.6, 31.9, 46.7, 119.7, 120.1, 122.5,
122.6, 125.8, 127.0, 127.3, 130.5, 138.5, 138.6, 146.5, 153.4, 153.7 - Anal. Calcd. For
Cy7Hz4: C, 90.44; H, 9.56. Found: C, 88.54; H, 9.40 -

PFA4: & %:75% - '"H NMR (300 MHz, CDCL3) & (ppm): 1.58 (s, 6H), 7.40 (br, 6H),
7.55 (br, 4H), 7.70 (br, 2H) - °C NMR (75 MHz, CDCl3) & (ppm): 26.9, 46.8, 119.9,
120.3, 121.9, 122.5, 122.6, 123.0, 126.0, 127.0, 127.1, 127.7, 128.1, 128.3, 130.7, 131.6,
138.2, 139.4, 153.9, 153.0. 156.4° Anal. Calcd. For Co3Hs: C, 93.84; H, 6.16Found: C,
92.20; H, 5.89.

PFA5: # % 70% o 'H NMR (300 MHz, CDCl3) & (ppm): 1.58 (s, 6H), 7.15 (br, 1H),
7.35 (br, 3H), 7.50 (br, 3H), 7.68 (br, 3H) - *C NMR (75 MHz, CDCl5) & (ppm): 26.9,
46.8, 117.5(d), 119.9, 120.3, 120.4(d), 121.0, 122.5, 122.6, 126.0, 127.1, 127.8, 128.0(d),
128.1(d), 130.7, 138.2, 139.8, 148.2(d), 148.5(d), 151.9(d), 152.2(d), 153.6, 153.8.
156.2 - Anal. Caled. For Co3H sF»: C, 83.62; H, 4.88 - Found: C, 82.66; H, 5.22.

24 =~ l*ﬁll‘t’

BIE e A e ITO 3 F g g % % v > ;3% 5 & Poly(3,4-ethylene
dioxythiophene/polystyrene sulfonate) (PEDOT/PSS) # i = % H + >3t [50°C T 4c 4t
SO e B ML & hg R H LA CHCL ¢ 0 el 0.6% (wiv) iR 0 el
B ARG A ITORIF F ~ HE 2 FRRTS P % - ,E;gi;t,;a; 1000
pm > R 10 §) 5 % - B 2000rpm’§i§%§ 30 c BRIERMNE FEEED N A
BAFENLG B AERL TR LB 2 A S 63107 torr T ’éy}‘:?m{r@(Ca)i
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FEADTIRE B A % 5 350 A 2 1000 A -

I2/HIO = {
Hq1C 2 H11Ch—<:>—©—l _— H11C.,—<:>—QC C+OH
AcOH PACI,(PPh3)y/

1 PPh3/Cul
KOH Arl or ArBr
—_— H11C@—QCEC—H _ H11CFO—QCEC—AF
Dioxane PACIx(PPh3)y/
PPh3/Cul
3 M1-M5

e @
O~ - Ot e Ot
PdCIo(PPh3)o/

K2CO3/KI / DMF
PPh3/Cul 2C0s/

F R F
F

Scheme 2-1. Synthesis of 5 and Monomers M1-M5.
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|2 I HIO, CH3I /t-BuOK
T acon

HC EC%OH H

7 Cat
E— C= C%OH _— .O C=C-H —— E(E: C}
PdCIx(PPhg)a, Dioxane n

Cul, PPh3/ Et3N
i Mo o

PFAl

, HC=C—R O Q ceor Cat. %
e (LS oo = e

PdCly(PPh3),,

Cul, PPh3/ EtzN O O

M7: R= NN
M8: R=

M9: R= @ PFA 2 PFA3

F

2

Scheme 2-2. Synthesis of Monomers M6-M10 and Polymers PFA1-PFAS.
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- R
polymerization
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Scheme 2-3. Synthesis of Polymers PDPA-CHCS, PDPA-1F, PDPA-2F, PDPA-3F,
PDPA-5F and PDPA-2Fcab.

38



¥R BEREHG

31 $ A2 R BETHFAE
311 R é&F B2
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% Table 3-1 # ° Fig.3-2 % 7 B¢ %3 & F hTGA B2, > 7 U F B & |
PlF g AL B A 5% PR A RER(Td)F RS & 400 T2 B otk
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Table 3-1 Polymerization of Monomers M1-M5" and M2+5

Monomer Yield (%) M, PDI  Tg(C) Td(C)
M1 80.9 306,500  1.39 201.7 415
M2 92.4 761,600  1.67 219.8 401
M3 95.9 890,900  1.59 232.8 410
M4 90.4 725900  1.70 235.7 425
M5 30.7 42,000 1.78 230.7 400

M2+5 90.3 737,600  1.48 228.5 406

* All polymerization took place under nitrogen for 24hr in toluene solution and used
n-BusSn as cocatalyst. [M] = 0.2M, [TaCls] = 20 mM, [n-BusSn] = 40 mM. °
Determined by GPC relative to polystyrene. © Temperature of 5% weight loss measured
by TGA in nitrogen.

PDPA-2F q

1 . 1 . 1 . 1 . 1 . 1 . 1 . 1
3600 3200 2800 2400 2000 1600 1200 800

Wavenumber (cm™)

Fig. 3-1. IR spectra of M3 and PDPA-2F.
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Fig. 3-2. TGA thermograms of PDPA-CHC5 ~ PDPA-2Fcab.
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WORCH IR TR o AR A B 3750430 nm o - F A& J R K
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Fig. 3-3. UV-vis absorption spectra of PA-CHCS5 (), PDPA-1F (O), PDPA-2F (),
PDPA-3F (\/) and PDPA-5F () in thin film state.
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Fig. 3-4. PL spectra of PA-CHCS (), PDPA-1F (O), PDPA-2F (/\), PDPA-3F (V)
and PDPA-5F (©) in thin film state.
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Table 3-2. Optical Properties, Quantum Yields of polymers

Solution® Film"
Abs PL Abs PL PL efficiency®

Polymer Amax (nm)° Amax (nm)’  Amax (nm)° Amax (nm)* Film (%)
PDPA-CHC5 430 492 423 517 54.5

PDPA-1F 430 494 429 519 52.7

PDPA-2F 437 500 433 536 43.7

PDPA-3F 438 533 441 547 30.8

PDPA-5F 480 569 473 568 4.1
PDPA-2Fcab 438 500 431 537 45.6

 Measured in THF. ° Prepared by spin-coating from toluene solution. © Data in the
parentheses are wavelength of shoulders. ¢ Excited at Amax of abs. ¢ Measured by
integral sphere. ' The optical band gap takes as the absorption onset of UV-vis spectrum
of the polymer film. ® HOMO/LUMO values as determined by the onset of CV
measurements and optical band gap.

314 Ref2 T Py
%7 2% & % 2 HOMO 82 LUMO & % & » A foie 77 ik k% £ (Cyclic
voltammetry, CV ) 4 47 o — 4% & + % £ ## HOMO ~ LUMO it # £2 it F# ( Energy
gap, Eg) enff ¥ T 5N 3 &2
HOMO = | 4.4 + Eox onset |

LUMO = | 4.4+ Ered,onset |
Eg = HOMO — LUMO

@ 3lirF Eg @ ¢
Eg (€.V) = 1240 / Aonger (Nm)

2 4]* Eg=HOMO —LUMO B % 5% j2 ¥ LUMO & # @& -
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Fig. 3-5. Cyclic voltammorgrams of (a) PDPA-CHCS5, PDPA-1F and PDPA-2F (b)

PDPA-2Fcab, PDPA-3F and PDPA-5F.
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Table 3-3. Redox properties of polymers
band gap® Eox HOMO LUMO"

polymer (eV) (V) (eV) (eV)
PA-CHCS 2.67 0.90 5.30 2.63
PA-1F 2.67 1.10 5.50 2.83
PA-2F 2.63 1.20 5.60 2.97
PA-3F 2.58 1.30 5.70 3.12
PA-5F 2.29 1.33 5.73 3.44
PA-2Fcab 2.63 1.14 5.54 291

“The optical band gap takes as the absorption onset of UV-vis spectrum of the polymer
film. ® HOMO/LUMO values as determined by the onset of CV measurements and
optical band gap.
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Fig. 3-6. EL spectra of PDPA-CHCS5 (), PDPA-1F (O),
PDPA-2F (/\), PDPA-3F (V) and PDPA-5F (®).

Table 3-4. The PAs EL Device Performances

EL CIE Turn-on Max. current Max.
emission coordinate voltage efficiency  brightness
polymer Amax (nm)* (x,y)"* (V)° (cd/A) cd/m’
PDPA-CHC5 528 (0.36, 0.54) 6.0 0.06 195
PDPA-1F 528 (0.37,0.54) 6.0 0.45 235
PDPA-2F 540 (0.39,0.54) 6.0 0.78 828
PDPA-3F 548 (0.39, 0.52) 7.0 0.02 153
PDPA-5F 620 (0.54, 0.45) 7.0 0.01 17
“ Recorded at 20 mA/cm”.

®Recorded at 1 cd/m>.

¥-26  F%EHOMO B ¢ FHE 5 Rk g » ar
BRI o oy PRI R AT U F S > 2§ %A PDPA-3F {r PDPA-5F
S EERE R ’:—'ﬁ‘?' EEF#EE > FTHOMO = i » & %5 570 = 5.73 eV » frit
L e PEDOT:PSS (~5.00eV ) 2 FFac g~ » @ g/ F ~ 2 P5%H TR » F’
,5@%*@?5%—154 7 Ve igghott > Aig%? PDPA-2F ~ i z\IFLiPUHmu &

T \*Lt 3
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Fig. 3-7. Current density of versus electrical field for PDPA-CHC5 (Il), PDPA-1F
(O), PDPA-2F (/\), PDPA-3F (\/) and PDPA-5F () in electron-only devices.
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3.1.5 PDPA-2F 438 TM-TPD % PDPA-2Fcab &%

Fig. 3-8 # 77 *f PDPA-2F #134% 8 TM-TPD 7 UV-vis ¥ |z k2§ B2 2 PL %
% % 2% ] PL - TM-TPD 5 PL sk g¥ 2543 & §5 B & 374 nm fr 524 nm > &+ 32 d
£ f 418 nm ° F]y* » PDPA-2F 1 UV-vis ¥ Jcfr TPD 1 PL *cit % 3 & &y » 7 1133
= ki & BiE 0 § 2403 2 PDPA-2F 03 ke o

Normalized Intensity (a.u.)

Wavelength (nm)

Fig. 3-8. UV-vis absorption spectrum of PDPA-2F (Q) and the PL spectra of TM-TPD
(A), PDPA-2F (@) and the blend of PDPA-2F and 10 wt% TM-TPD (/).
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B¢ a TM-TPD =25 RF B2 * o &5 ~ 29 Qi chibfgad 5 o ¥ -
% > PDPA-2Fcab + % 4~ # » carbazole £ B ;2 § :x % % > PDPA-2F éhig Py % 4 >
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Fig. 3-9. Energy level diagrams of PDPA-2F,
TM-TPD, and PDPA-2Fcab.

Fig. 3-10 (@) (b) (c) A B Z 7 A ST G R, 2R R iiseF 2 TRF L E A
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PR AFR T IN AR REEI G AT RN B AR R e
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Fig. 3-10. (a) Current density, (b) brightness and (c) current efficiency versus applied
voltage of PDPA-2F (), the blend of PDPA-2F and 5 wt% (@), 10 wt% (A), 20 wt%
() of TM-TPD, and PA-2Fcab (/\) in ITO/PEDOT/polymer/Ca /Al devices.

Table 3-5. The EL Device Performances for polyacetylenes
and blends of PA-2F and TM-TPD

EL CIE Turn-on Max. current Max.
emission  coordinate  voltage efficiency brightness
polymer Amax (nm)* (x,y)* (V)° (cd/A) cd/m’
PDPA-2Fcab 536 (0.35,0.55) 4.0 3.37 4230
PDPA-2F+5 wt%
536 (0.35, 0.55) 4.0 3.56 1950
TM-TPD
PDPA-2F+10 wt%
528 (0.35, 0.52) 3.0 0.64 996
TM-TPD
PDPA-2F+20 wt%
524 (0.32,0.52) 3.0 0.21 934

TM-TPD
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Fig. 3-11. Current density of versus electrical field for PDPA-2F (O, @), the blend of
PDPA-2F and TM-TPD (/\, A), PA-2Fcab (], ) in hole-only (hollow) and

electron-only (filled) devices.
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Fig. 3-12 % 5+ PDPA-2F, PDPA-2F %2 TM-TPD {r PDPA-2Fcab 1 4 13 s
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Fig. 3-12. Normalized EL spectra of the devices using PDPA-2F (), the blend of
PDPA-2F and 5 wt% (@), 10 wt% (A), 20 wt% (Ill) of TM-TPD, and PA-2Fcab (/\)

as active layers.
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8KDa fr& 5% ~30%-° ¥ - 26 > &7 FHhfor RIS AHMI v MI0 - 1)
* TaCls/n-BusSn B & Afp ke o m™ » ¥ 1 # 3% o4 F+ £ Mn ~ 300KDa
113 F F K ~T70% e 1t 1 PEA2-PFAS R & & % » Lk pisal v i ¢ 2
PR R A ¥4 0 i@ ¥ PFA2 4o PFA3 B 3| g ] tha 3+ BB & A 5 o

Table 3-6. Polymerization of Fluorene-Containing Monomers M1-M5*

Monomer Cat.  Temp.(C) Yield (%) Mn® PDI Tg(C) Td(C)

Mé6 WCle 30 68.2 40,500 1.88 76.4 372
M6 MoCls 30 57.6 35,000 1.52 76.0 371
M7 TaCls 80 30.9 7500 1.35 75.7 377
M8 TaCls 80 36.0 8900 1.45 76.3 387
M9 TaCls 80 75.3 315,700  3.12 81.5 462
M10 TaCls 80 69.2 285,100  2.88 84.4 503

* All polymerization took place under nitrogen for 24hr in toluene solution and used
n-BuySn as cocatalyst. [M] = 0.2M, [WClg] = [MoCls] = [TaCls] = 20 mM, [n-BuySn] =
40 mM. ° Determined by GPC relative to polystyrene. © Temperature of 5% weight loss

measured by TGA in nitrogen.

3.2.2PFA B EZ

Fig. 3-13 # 7% % A 5 PFAl 4v PFA2 «1 IR Bz > 5 7 v* 2 5 88 M6 fv M7 e
IR B3 87+ B Y o 5 48 M6 o o wofc A £ 2130, 3293 4r 630 ecm™ e A
B i & 5 9 C=C stretching, =C-H stretching f= bending vibrations » 7% PFA1 7 IR
WP o org H AR Mengh ok S0 4 > B 2 R =C-H ¢stretching it
£ 3010 em™ o &7 dUgd ROEF il o HAo Rz g SURE R S Ko K
Hatigh o
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Fig. 3-13. IR spectra for (A) M6, (B) PFA1, (C) M7, and (D) PFA2.

H w M7 in= 4 C=C stretching # 4 2. 5jc > fit £ 2226 4 2185 ecm™ e
& PFA2 B P F i T 2 3R D) M ;,Iﬁ.%ﬁﬁ C=C stretching &% JT & 1650

cm’ 1'i o Simonescus fr Percec § #* 7 & * =C-H ¢ out of plane - in plane
deformation vibration [43-44] > ¥ 12 & F#%] ) %{i z 4% ( polyphenylacetylene, PPA )
® A F A dacis-fr trans-A5 5% o #3% cis-PPA 0 H A4 & Sy & 740 ~ 895 4+ 1380

cm’ » #& @ trans-PPA s i & 922 5 970 4o 1265 cm’ o 1345 ¢ it 2 F&iﬁ'éﬁ; s bt
ﬁ?la M6 4- PFAL hR)3¥ > ﬁ_#ﬂ & F PR T —‘k“‘*r& e dp i o Tt ixEp A IR Bl
> 31 PFAL 3 A~ & %f#v‘ cis-{v trans- ”Lrllhm;\ 5 E o

F1* TGA 4= DSC # 1Bl £ &1 7 * &K F ¢ *A( polyfluoreneacetylenes, PFAs )
BMppF oo F e d ’?f‘;‘l‘]‘a’ﬁ&‘ﬁi%i % table 3-4 ¥ o Fig. 3-14 % 77 PFAs 7 TGA B3 »
PFAs Z IR » A€ 844 5% PR ARER( Td )F R & 370
% 500 Cz B < PFAl # A iieh Td 5 371 °C » & @ PFAS frE 4 % ¢ Td
%503 C - PFAs chpt @& #H B R ( Tg )R w76 2 84 C2 B » - ¥ L ¥4 %
#% ;A P~ (X e PFA4 v PFAS 2 5 # B e Tge £ R #* 4k 720 B A F - 803 & i3 f2
B 3% {%4F > 4o THF ~ chloroform ~ toluene fr xylene -
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Fig. 3-14. TGA thermograms of fluorene-containing
polyacetylenes PFA1-PFAS.
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AN Rl s 4t PFA4 fr PFAS ¢ > Table 3-6 4f & PFAI-PFAS 1 UV-vis
Bofc ke PL ¥ % k3 o

Table 3-6. Optical Properties, Quantum Yields and
Redox properties of PFA polymers

solution® film®
abs PL abs PL PL efficiency®
Amax d . od
polymer (m)® Amax (nm)~ Amax (nm) Amax (nm)” (film, %)
PFAI 313 402 311 402 8
PFA2 312 483 312 486 (482) 79
PFA3 310 483 310 486 85
PFA4 320 (382,465) 541 388,459 546 50
PFAS 330(391,476) 552 392,470 580 42

band gap’  Eox  HOMO/LUMO#

polymer (eV) (V) (eV)
PFA1 2.32 0.64 5.04/2.72
PFA2 2.95 0.7 5.10/2.15
PFA3 2.95 0.69 5.09/2.14
PFA4 2.44 0.72 5.12/2.68
PFAS 2.38 0.75 5.15/2.77

* Measured in chloroform. ° Prepared by spin-coating from toluene solution. © Data in
the parentheses are wavelength of shoulders. 4 Excited at Amax of abs. ©Measured by
integral sphere in thin film state. "The optical band gap takes as the absorption onset of
UV-vis spectrum of the polymer film. # HOMO/LUMO values as determined by the
onset of CV measurements and optical band gap.
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Fig. 3-15. (a) UV-vis absorption spectra of PFA1-PFAS in chloroform.
(b) UV-vis absorption spectra of PFA1-PFAS in thin film state.
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Fig. 3-16. (a) PL spectra of PFA1-PFAS in chloroform.
(b) PL spectra of PFA1-PFAS in thin film state.
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Fig. 3-17. Cyclic voltammorgrams of PFA1-PFAS films.
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Fig. 3-18. Energy level diagram of PFA1-PFAS.
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Fig. 3-19. EL spetra of PFA2, PFA3, PFA4 and PFAS.
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Fig. 3-20. Current density and luminescence intensity vs. bias voltage in ITO/
PEDOT/ Polymer PFA2 or PFA3 /Ca /Al device.
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Fig. 3-21. Current density and Luminescence intensity vs. bias voltage in ITO/ PEDOT/
Polymer PFA4 or PFAS /Ca /Al device.
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Fig. 3-22. Current density and Luminescence vs. bias voltage in ITO/PEDOT/PFA2 (98
wt%)+PFAS (2 wt%)/Ca/Al device.
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Fig. 3-23. Normalized electroluminescent vs. bias voltage in ITO/PEDOT/PFA2 (98
wt%) + PFAS5(2 wt%)/Ca/Al device.
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Table 3-7. The EL Device Performances for PFA2-PFAS

EL CIE Turn-on  Max current Max
emission coordinate voltage efficiency brightness

polymer Amax (nm)* (x,y)" (V)° (cd/A) cd/m’
PFA2 472 (0.18,0.24) 6.0 0.03 100
PFA3 468 (0.17,0.18) 6.3 0.06 77
PFA4 576 (0.49, 0.50) 4.5 0.07 111
PFAS 604 (0.54, 0.45) 2.8 0.44 923
PFA2 (98 wih) 460, 560 (0.33,0.39) 6.0 1.40 450

+ PFAS ( 2 wt%)
 Recorded at 20 mA/cm>.
®Recorded at 1 cd/m’.
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