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Synthesis and Characterization of
Poly(fluorenevinylene-co-phenylenevinylene)
with Triptycene Side Chain

Student: Guei Ru Yeh Advisor:Dr.Ching-Fong
Shu

Department of Applied Chemistry
National Chiao-Tung University

Abstract

In this thesis we reportythe synthesis and characterization of two
poly(fluorenevinylene-co-phenylenevinylene) - copolymers, P(FV-PV) and
P(FV-PV-triptycene). We have also studied comparatively their solubility,
optical properties, and thermal properties. The two polymers, which contain
alternating fluorenevinylene and phenylenevinylene units in the main chain,
are synthesized via Wittig-Horner Reaction. In the case of
P(FV-PV-triptycene), the bulky tryptycene groups are introduced as side
chains to the polymer backbone. Attributed to the presence of the rigid bulky
triptycene pendants, P(FV-PV-triptycene) exhibits a improved solubility and
thermal properties, and the degree of aggregation in solid state is
significantly reduced. The results from the photoluminescence
measurements of the isothermally heated two copolymers thin films (100 °C
for 10h) show that P(FV-PV-triptycene) still performs the same color
emission without aggregates or excimers formation.

i



Bty

He @iz g %ﬁ%k&ﬁiwﬁié%
Tr P IRE s BRECAR R 0 LR R T ‘;fi@v it 3
E:u;i\lfa'gﬁ’g*\‘raﬁ*’l—_ %\"iﬁkﬁ
BRI A o RBfrE BREHHm 2 gt 823

é—?,%}"'ﬁé;\ ’ N?étl’f :ﬂ"%ﬁ{ l"——;“ i’__ m%"\l E‘;-,"—J#FI ‘PE@J{‘;"?EI’IF"BTGAfi{‘
‘33 ‘AR ] 48 2> NMRp| £ mﬁpé N _%‘_“{é‘_ -&E*"’Fﬁ“::g ]i“? mﬁmllﬁ #
F o il

B BESPFEFF FE LB F L F 7 T 5L Eugene
Dlet’f‘-"ﬁing—E—%“,?}‘i?i’:'.?,%;_l— 'rﬁ%[:z‘- BRIk > U R ’&*FF’% A E ‘,ﬁ}%mifpj
ﬁﬁﬂf‘ﬂg’t}?’ 2 *41»'};& P RAR o ARG AR ARERTRE Ao §
AR B R R ALER P ?*m#%&?k’ﬁé%W%%~a
Giovhit e FORIRERRET B CE A AL BT RS RHG
PR ETER X o R EF AT Y A s ‘/zJ» TR CER R HEL A R @R
RN 2 e L

RGBT A B AN HE A A0 2 B BAR 0 F oy A DHELFE &
A OEpE s R E R Ao A Sfe R > m B ST G 2 BEaR R %31’?31'

& IFB#“ I‘ —i?-irn*'. e @ % /‘+\. o

\.‘

CRPHRNE LSRRI R NI A G IR - AL MR D]y
SR o SRR F LAk B EAFRA R B AR AL AR
ﬁM%*ﬁ<+&£’m@#mW AT A

hfs P AR PRIEHADTA ST 2 HM I AR L REREOG SR
ﬁ’““ BET EFEFIE NI - BRIFIR -KARELF - FHAT

BBl mFanBB ok LOBRHNn A B Eafye o Ry + pengaes
ﬁ&%’?m“ﬂﬁﬁ$“m‘4g%*%ﬁ’&#ﬁ%pﬁﬁmﬁ%?%,x

B’t’l-"f’lfr{\’}\‘.;}é,fg Pr- g 4\.4?@,»_&549 g g RS 38, ARl o A gt N ey
4 YA BEREERPL R o

BRBNAD A% 51 0 M2 o R AR E A N F N B

Wk g ¥ st RF B G 2 R S e

1il



L iii
= USSR iv
2] 2SS Vi
Bt B B bRttt et ne e viii

BB B 25 oottt b et r et neea et rene e iX

E o S - - T 1
0 O . . ==« | -~ . . . - 1

1.2 PPVE H T3 40 T B ieas st setonnsenssesonflesesesesesesesesesesesesesesesssesssesesssesesesens 3
I 2 S - < 155G 1 5
L - .- 9
2.0 B ettt ne s 9

23 IR I Y 10

2.3 B B R I ittt b et b e bt reebe et et ne b e 12

F 2R R B s 24
B L B B B et a e et re s beareeaaens 24

I 29
3.2, P B B i 29

3.2.2 DSCHETGABI R ot 29

B.2.3 AR IPIEE o 33

R OO 34
3.3.1 PPViim2 3= 2. UV-Viss Tk 3 B PLAT ST L 25 e, 34

v



34 ® i
3.5
3.6

FEAAE TR E s 45
SR = OO 47
361F A3 WHF L EHMA R TE LT HERE 47
3.6.2 P(FV-PV-triptycene) ~ i & g £ [EH o, 48



# 1
® 2
Bl 3
] 4
® 5
[ 6
Bl 7
i) 8
® 9
# 10

® 11

Rl 12

13

®l 14
® 15
] 16
w17
i 18

B P &

G~ F1000 £ A NE R R A+ F L BB AP BER 2
WESSIING & 2 PPV 5137 J2 L 4
7 RAARRE B P R R AP (N T B BPPVATA o, 5
PPVATH dr 2 H 4 3§ Bl oo 6
tryptycenc szt % 7 IF B ik 2k StriptyCenequinones. ..., 8
P(FV-PV- triptycene) 2. DSCRl.......cccoviiiieiieieecesee e 31
P(FV-PV)Z- DSCBL ... esee s esee s 31
P(FV-PV-triptyCene) 2- TGA R i filiifaa coverreereerieerieseeseesieseeseesseseesseessssnessees 32
P(EV-PV)Z TGAR ...ttt e i eese e 32

P(FV-PV-triptycene) siTHFZ it UV-vis¥x {23 2 (sol. UV) ~ F i UV-vis
BTk 3 (film UV) ~ THE G gt =k 2 (sol. PL) ~ & i 6 s sk 2

(FIIM PLY vevtooeeeeeeeeeo e ieees e e et eeeeee e eees s eessse e eneesseseeesseeseeees 37

P(FV-PV)£THF#% i% UV-visex {2 & 3 (sol. UV) B 15 UV-visex Jc % 3

(film UV) ~ THE i% & g0 5k 38 (sol. PL) ~ B4 % % % 3% (film PL).......38
PPV : PMMA =5 : 95 # & 9 crUV-visex iz % 2 (film UV) ~ B i 2 5

SEHE (FIIM PLY ©vooooveeooeeeeeeeee e seseseeeeeeseees e sess e eesesseseeseseeseess s e 38

(a) P(FV-PV-triptycene{eP(FV-PV) i i ¢ e fac s k3% 5 (b)43 R

EPMMAP e jz3csd b 5 (C)F B Wk i ™ e bt R 3 L 39
P(FV-PV-triptycene) Z- CVIBl.....cccii i 44
YA T 46
P(FV-PV-triptycene) i %t ££ T 1Y B o 46
ITOH AL covvvvvvvveeesssssssssssssees s 49
A2 R RR TR R Bl s 50

Vi



B 19 Device I &% F & & T EL

Vil



* B &

PPVATH 47 2. 55 F B oot 29
PPV 4 4 2. DSC2 TGA T ;A 17 & oo 30
N e - 35 =TT 33
PPVii7 4 4 2. UV-VisT T 22 PLAT BT £ Bl & i 34
ABEFE F 2T 41
P(FV-PV-triptycene) & s fi e0% it & & & % HOMO ~ LUMO ................. 43
ITO/PEDOT/P(FV-PV-triptycene)/Mg:Ag & & ix % & 20 mA/cm? and

100 MA/CINZ F70 2 B oo e oo e er e 51

viil



TRl P &r

*+ B 1. 1,4-Dimethylanthraquinone » & 4 19 "H-NMR £ Bl ...ooovvvevoeeeeeen, 57
" §) 2. 1,4-Dimethylanthraquinone » it & # 1:5 *C-NMR¥%? Dept%# R ............... 58
'+ B 3. 1,4-Dimethylanthraquinone > i & # 15HRMSE 3 B .o 59
"+ 8] 4. 1,4-Dimethylanthracene » it &+ 2 'H-NMRE 2 Bl .....oooovvveeeeeeeeeen, 60
'+ 8] 5. 1,4-Dimethylanthracene > it & 4 2:7°C-NMR£* Dept£ 3 Bl .......ooevvvvnennn. 61
"+ 8 6. 1,4-Dimethylanthracene > i* & 2 HRMS X ZF B .....cocvvvvveeccceecee e, 62
"+ ) 7. Benzenoanthracene-1,4-dione > i & $ 35 H-NMR % 2 Bl......ooovvvverrrennnn, 63
"+ B] 8. Benzenoanthracene-1,4-dione 2y it &4~ 3:7°C-NMR¥? Deptsk :# Bl............. 64
'+ B 9. Benzenoanthracene-1,4-dione > & 423 TIHRMS . 2 Bl .......covcviievirnnne, 65

i+ B 10. 5,8-Dimethy-9,10-dihydro-9,10[1',2"]benzendanthracene-1,4-diol > i &
Ho AFTH-NMR % 3 B Gk B it s oo 66

“+ @ 11. 5,8-Dimethy-9,10-dihydro-9,10[1',2']Jbenzenoanthracene-1,4-diol > i &
$ 45573C-NMR 22 Dept £ 35 Bl..oooivvciiecsessssessssesss s 67

"t B 12. 5,8-Dimethy-9,10-dihydro-9,10[1',2']benzenoanthracene-1,4-diol > i &
FATHRMSZE FH B oo 68

"+ §1.13.1,4-Bis(2-ethylhexyloxy)-5,8-Dimethyl-9,10-dihydro-9,10[1',2']
benzenoanthracene » 1 & # 5 H-NMRE 2 Bl......oooovveereeeecesesesenons 69
it Bl 14. 1,4-Bis(2-ethylhexyloxy)-5,8-Dimethyl-9,10-dihydro-9,10[1',2"]
benzenoanthracene » 1 & 4551 °C-NMR%? Deptk ## Bl ........cocoevverrvennne. 70
"+ Bl 15. 1,4-Bis(2-ethylhexyloxy)-5,8-Dimethyl-9,10-dihydro-9,10[1',2']
benzenoanthracene » it & #5HRMSE 3 Bl oo, 71
"t 11 16.1,4-Bis(2-ethylhexyloxy)-5,8-bis(bromomethyl-9,10-dihydro-9,10[1',2']

benzenoanthracene i* & F 6 H-NMRE 2 Bl ..o.o.ooveeeeeeeeeeeeeeeeeeeee e 72

X



"t B117.1,4-Bis(2-ethylhexyloxy)-5,8-bis(bromomethyl-9,10-dihydro-9,10[1',2']
benzenoanthracene i & 4 6:77°C-NMR 2! Dept£ 8 Bl .......covvvecreevrerreeeeeienes 73

"+ Bl 18. 1,4-Bis(2-ethylhexyloxy)-5,8-bis(bromomethyl-9,10-dihydro-9,10[1',2']

benzenoanthracene it & # 6HRMSE ZH Bl .....cooviviiiiieececec e 74
] 1978 & 4 TR H-NMRE ZE B oo 75
) 20,1 £ 3 TP C-NMRE? Deptsk 38 Bl....ooovevecveoeceeecseeesessses e 76
HER 21, 1 & T HRMS 3 Bl oo 77

'+ B 22. p-Xylylene-bis-phosphonic acid tetraethyl ester » i+ & # 87'H-NMR

......................................................................................................................................... 78
"+ B] 23. p-Xylylene-bis-phosphonic acid tetraethyl ester > it & 4 8:7°C-NMR

B FE BB oottt ettt b et bbb e et renreris 79
' B 24. p-Xylylene-bis-phosphonic.acid tetraethyl.ester » i & $ 8:HRMS & ¥

-] [ - A £ I | . % W < 80
"+ 8] 25. 9,9’-Dioctyl-9H-fluorene-2,7-dicarbaldehyde:» it & 4 9:'H-NMR 3 ¥

) . - & 1ESG N ~ 81
"+ ] 26. 9,9°-Dioctyl-9H-fluorene-2,7-dicarbaldehyde » it & 4 9:7°C-NMR 3 3

] PSP 82
"t @] 27. 9,9’-Dioctyl-9H-fluorene-2,7-dicarbaldehyde > it & 4 9sHRMS £ 33 ]

........................................................................................................................... 83
"B 28. B A F P(FV-PV-triptycene) e "H-NMR % 2 Bl ........cooovvveieeeeeeeeeseens 84
%t 29. B A F P(FV-PV-triptycene) 7> C-NMRE 2 Bl......oooovvvreeeeeeeeeeensenons 85
B 30, B A F P(EV-PV) S H-NMR B ZE B oovvoovoeeeeeeeeeseeeeee e 85



