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Study of Hydrogen-Bonded Complexes Containing Coil-Coil

Diblock Copolymer Donors and Light-Emitting Acceptors

Graduate student : Leng-Long Jou Advisor : Dr. Hong-Cheu Lin

Department of Materials Science and Engineering

National Chiao Tung University

In this study, different well-defined functionlized diblock
copolymers PS-b-PtBUA (polystyrene -b- poly (tert-butyl acrylate)) were
synthesized using anionic polymerization techniques. The PtBuA blocks
can be hydrolyzed into polyacid blocks as supported by 'HNMR and IR
analysis. Hydrogen bonding complexes were obtained from the mixing of
these photoluminescent compounds with different proton donors
containing carboxylic acids groups in THF. The thermal properties of

these materials were measured by TGA. The decomposition temperature
at 5% weight loss (T4) of block copolymers ranged from 150 to 250

The optical properties of these materials were measured by PL
(photoluminescence) spectroscopic studies. The experimental results
implied that the H-bonded interaction of the complexes could cause a
red-shift and further red-shift. The emission peaks of these materials
shifted by using of various acids as proton donors. Moreover, the
emission color is easy to be tuned by H-bonding. Finally, the morphology

of these materials were measured by AFM .
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FrVasilenco [13]); & E # % # > SemenovifrVasilenco ¥ 4 % Jg & 7| 4p 12
% & 714pA (nematic phase and smectic A) > iz A8 e FL 304 (rods)‘f‘;fi X
L8 >0 R K etp & (lamellar) 5 { i - # #7473 08 & 714pC (smectic
C)» HA B0 A (rods) vk e ehp & (lamellar) = - B & & 6 [14]
[15) %>+ p d it 3-8 > SemenovirVasilenco?li& 7 w B8 (1) i”
& cnI® B 4 #% & (ideal gas entropy of mixing ) (2) A £ 2. FF = %

en4p 3 T * 4 (steric interaction among rods) (3) #itfcen® E (coil

14



stretching ) (4 ) $ A B 3 3 g iF * 4 (unfavorable rod-coil
interactions ) o 2 & 3% & & H8¥ & (ideal gas entropy of mixing ) & frix
HEAF R Bz Al M ARZFZHEREOpI T 4
('steric interaction among rods ) &_rZ % $%3& & 4-%| (Flory lattice = /% )
2135 Ak fcE e B (coil stretching) ¥ A B TR BT AR R Ak

DGR RANR AT BT ) AU B Y A B

N

% 3 gkeniv* 4 (unfavorable rod-coil interactions) &_¢ Flory-Huggins
interaction parameter y, #7i&-E_ o FE KAPBE X g ok > & T
S A G R e G AR A N R R
MR DLF Y oy T ARREAK g AR B o

Williams 4v Fredrickson $& R m2 7k ¥ dl fe. 7 * enff . 4z 2. W Rk &
#-3](Hockey puck micelle ) % f# 8 gt oAl BB 38 B 4 + (Rod-coil block
copolymer) e4p 7 5 > HAE B A udhe ffa )= 5 L4 | enFldh

Ao bkt e BE [16] (B 1-10) -

15



@@

®1-10

Williams fv Fredricksoni#gig] % #i sk 5 i~ (£0.9) epFiz > &
B AR TPy & o SAMHIET I B A T H frf A It
d IR A BN % 4 F  (Rod-coil block copolymer ) #hgic B Ak 2 4%
AAE L FMERE R IAAMI AT s STA B E BB
AFhe st &as ha K PIHER RTINS 4 = o
TILE & g~ enp o se 2 B o & Flory-Huggins interaction parameter
Per o WA BB TR A P T OOk SLICR S AR
(coil chain) #R Al B #7235 & g RE b o AR 3 P g R 4 $03)

(micelle puck) ® » A R0 A BB T MUHEB AT 20 BN (%5 2 R IR

mﬁ:im#kg\:—;lj’m_@\ﬁk ﬂ'\%&t]ﬁ;‘r/{q:’\' 'E“LI—"F \E‘f"%’;’ﬂ—i—j‘T‘R

16



A BT A gk P S PR i g e X IR Y R4 h
R o i BHCAlY BB SR (coil chain) fig X ok P £ T E
E LR FE R AN E o 4ok T Dok anE ko B BGK S AR
(coil chain) &_d #k P wimigdt 3 > BRI N5 - Bpd 2ic
R KB > pdap o $30 gkt o 3k ¥ ol RdE 2 Bk 03]
(Hockey puck micelle) &4k 8E-8 4p 44> & ik co4p & (lamellar) % @@
M- BEE et e o TR R A e i e R e g o

e

Williams 4= Fredrickson ﬁ ¥ Semenov {r Vasilenco #77 j% - J§ ¥ d

a.)

ok coE B4 #3] (micelle puck). fo & % ch4p & (lamellar) %
T#ms d ge 4p T b ikuru EF AR g B 4 03] (micelle puck ) =0

A B (B 1-11) -
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v

@/ 1-11

(D) bilayer lamellae,
(IT) monolayer lamellae
(I bitayet hoekey pucks,
(IV).monolayer,hockey pucks, and

(V) incomplete monolayer lamellae.

8 A BN E AL F (Rod-coil block oligomer) 2. 32#

g A B (rod-coil) a5 ¢ ¥ oh - gk R g BOAT B
;& & + (Rod-coil block oligomer ) » feiit & A £ .58 § » + (Rod-coil
block copolymer) =g 3214 2 [& BB 55 00> » Fd S EH BAH R oD
FHA S FR{cEHEB B A F (Coil-coil block copolymer) +* fiz
% ,T*u ¢ ¢ 1% Flory-Huggins interaction parameter y 3 *r ° 3% 3

Flory-Huggins interaction parameter y % % » i & icAp &~ 310 2 p & 2 5%

gt TR HE LI EREIEBF A~ F (Coil-coil block

18



-

copolymer ) o d b f& 4o F o B384 (rigid rod) # H - & 0%

(monodisperse) 1> FIP T el @ A BB A TR T oobd i
BABET Y - i B L3 28R NE S R BN
%+ (Rod-coil block oligomer ) iT# &k F + /T 3 e i I F
* & > d 3 polydispersity .3 £ * B E > Fpr L5 H - LA H
( monodisperse ) =it B A £ Bl % % (Rod-coil block oligomer) &_

j AL e i

SEH B F 4 F (Coil-coil block copolymer ) 2_ 3235
BB § &+ (Coil-coil block copolymer) Hicip 4 HreIZ 34

3 & d Meiser [17]) £ 2 27B 4@ iz B8 3 & F c0dp (7 5 (phase
behavior) # - il B 30 1 &2 S AT Ak A R EH S
% 4 + (Coil-coil block copolymer) #pcip &~ (7 5 2 & 2 = B F|F
(1) %% & & (total degree of polymerization ) N(=N,+Ng)

(2) Flory-Huggins interaction parameter y(d & B % B & 2.7 3

FRIEE Rl A E)
(3) @ B F Bt A 5 (Volume fraction) (fo 2 f» f1=1-fp)

Flory-Huggins interaction parameter y ' % %% & & (total degree of

polymerization ) N en3k ff yN 5 L & ¥4 icAp 2 $LAT R ch %)% > F]pt @

19



VTR BB 8 4+ (Coil-coil block copolymer) & Z sttt

dyNeh2 p > BABFTURALZZBF ki

(I) 334~#% (weak-segregation)  yN=10

() * ~#% (intermediate segregation) 10<yN=50

(1)

5 4 3% (strong segregation) ’ yN— oo

SEF REP > F RN

% 4 + (Coil-coil block copolymer ) =%

% 2 % > H4p @ (phase boundaries) £ -2 & - @ fFd T B O

4 5 (volume fraction) > ¥ 14 ié ficdp & 3] iz 5 *

SRR B

THENE AT Y A #E B 2%tder-disorder transition(ODT) &_

[ e (Bl1-12(2)) » @ 3 doleiblerk & w5 ¢ 410 0 L dp B

T ma 245 » 1i70DTehd

( phase boundaries ) T 2t - [18]) (@B
1-12 (b)) -
a) ardered
oo | hes larn hex | b b
) ) ordered r'r
wl| | ; ® L J
50 L \ | 40 - "1 Il,"il E
H M \ lam /
|| 1 l II".‘_ ."
wh ! - 30 , fR
1 '\ Jllr
| / F Fex ’f Fres K/(
IN b ""-. 9 i K
o 4 Ill 2 r iy S i T — _.-"/
30 I".L ,."l M,_“:q___.‘__:_,-:_:_‘_' - _?/-h-__ph_r"f
N \ ;,f . . . djsprderpd
T NG Y 2 03 04 05 08 07 08
I N K fg
10 ] ]
QDT disordered
rJ.Iz 074 I r:!s u!s 10
fo

B 1-12:lam. ¥_H H.
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oo 2% fufe o Hex 3 » &k enadp o

1-5.3 BB A I P HehFE T 2 %
St &M BB\ B & F (Rod-coil block copolymer )

Ober ¥ Thomas ™MIE#F+ F & > ;8 » & = 41w poly (hexyl
isocyanate) = A £X » polystyrene & K E gt A B4 % 4+ (Rod-coil
block copolymer ) 2 poly (hexyl isocyonate)=iE & & 5 900 > polystyrene
FER G 300 st fg A+ 55 ERAR LK DEE (lyotropic liquid
crystal ) [19)] [20] [21]) -

Scheme A

-n-Bu—['-GH;- >+ﬂl-lf‘ HLi _EEH- L
1 CHYCHa s =W=C=0 “T'n =
—i- (CHglGHy

FLTENT I MAAETRE > BT £ HEGR P B (zgag

morphology ) > & 7 % A& ehk s 4p éhE #24% B (long-range order) ([
1-13)

21



B 1-13

TEM images for (a) zigzag lamellar morphology of rod-coil copolymer with frod = 0.90 and (b)arrowhead
morphology of rod-coil copolymer with frod = 0.98.

olife .= AL B> polystyrene & #ic ek

N = 5:!-?] SaR 2
IR R e SR L B A S S

Jenekhe # % 12 polyphqlg_yléﬁ;i

.

polystyrene 77 ketone metﬁylgﬁé?}'{'li%tﬁg%’];5-acetal-2-amino benzophenone

SNE TS LR ¢5) (23]
Scheme B
O | O

Jenekhe #tiad) KBl L BEHNB 4 F > #7p .9_3%‘« et 7 2L ¥ e

P> Ardn e A 5 ¢ 33k (hollow sphere ) ~ & % (lamellar )

22



# 24k (hollow cylinder) fr# i (vesicle)  igdt p £ o o)k e

F Bt R A enfd dp 2 3 BT g ik B - (1B 1-14)

(a) W

Rod Coil
,L Good solvent for coil

A A
WA Iy

B 1-14

(a) Schematic representation of hierarchical self-organization into ordered microporous structure. (b)
Fluorescence photomicrographs of solution-cast micellar films of PPQ;oPS;(, obtained by ambient air
drying of different diblock solution concentrations in CS2: (A) 0.005 weight %, (B) 0.01 weight %, and (C)

0.5 weight %. Arrows in (B) indicate regions of self-ordering.

S i H KBV & &+ (Rod-coil block oligomer )
Stupp 7 & A E T F R HEALIHE WEGE- &K

( monodisperse ) 77 polyisoprene * =fE# H A BB ;8 & » F (Rod-coil

23



block oligomer) > # £ & B 5 6nm » %%E‘ W h & m RS AR
R A T (frod) > A BB f ~ 5 (frod) = B33 4522 0.19-0. 36
§ 20 e A B MR A 5 (froq) € 32 % 3 I ePA] i i dp [24][25)
[26)- (@l 1-15)

Scheme C

;’"b“r@hwwv@m@mﬁﬂ"ﬁm@w@?

6 nm

mm
n

-
PO e D O G s s )

|
=i

B 1-15

Schematic diagrams of (a) strip morphology of rod-coil copolymer with

froa= 0.36 and (b) hexagonal superlattice of rod-coil copolymer with fros= 0.25.
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Myongsoo Lee » 3% % Al B384 & % do 2& > #cfx & poly(ethylene oxide)
gl A BB & 4 F (Rod-coil block oligomer ) > & 2% % F g f &

B gRBEMERNELFp Plos - 247 ik fipts] [27]

%

[28)[29]) [30])- (@ 1-16 ~ @ 1-17)

Scheme D

-:Har:l-le“c(_('%"

ayn=7 bn=8 cjn=10
din=1Z ejn=1% fin=17
gin=20

(LTINS

a=10-15

(b)

Bl 1-16

Schematic representation of supramolecular structures of rod-coil molecules 10. (a) Smectic A, (b)

bicontinuous cubic, and (c) hexagonal columnar phases.
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ajn=22 Bjn=34

B1-17
Schematic diagram for the honeycomb-like layer formed by the rod segments of rod-coil molecule.

SEHEH N F A F (Coil-coil block copolymer )

W2 B HY B 4 F (Coil-coil block copolymer) » # R 2 e *
S LA L e Al SRR SRR B A B b
* R AR AR R A F s A fEp & R (Self-assembly )
Stk o

Thomas # * FRFHEPFHERF A F N LED L o

(Self-assembly ) 2 = ¥ #p ek kg » x d 305 - K ¥ A et
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St (refractive index ) » ]t & 5 i}k + 5 #8 (photonic crystal) erf+ B o
Thomas % 4 #- poly(styrene)-b-poly(isoprene)#3 » € & + 2 1:1 #1;8 & &9
poly(styrene) §= poly(isoprene) » #-2_ = 55 > ﬁ}ug A5 5 K sk e
(lamellar morphology ) > @ ¥ ¥ ¢t k& ¥ Ak enX H e adg £ =% > F &
ko ;F—,—g # ¥ poly(styrene) fr poly(isoprene):iitt & i 0-60wt.-% » #7
Fobdd kel £ € & 350nm-600nm © [31] [32]
Stadler & % » * Fgr BB\ F 4 F ki @27 RS B W
H 4% & poly(styrene)-b-poly(butadiene)-b-poly(tert- butyl methacrylate)
e poly(styrene)-b-poly(tert-bufyl ‘methacrylate) o iy R S e

Bz B %4 60nm [33])- (ﬂ118)

B 1-18

75 wt.-% < poly(styrene)-b-poly(butadiene)-b-poly(tert-butyl methacrylate) (SBT)

&7 poly(styrene)-b-poly(tert-butyl methacrylate) EH.:\ % A F BB E0FE N T+ A

fEgrb Bt § &+ (Coil-coil block copolymer) - # 7 % # g% + b

p ik (Self-assembly) s eh > ¥ ¢ — B &€ & chig ﬁk{‘@ifé d

27



2 & 3 F # # - Liu % A 2 poly(tert-butyl
acrylate)-b-poly(2-cinnamoylethyl methacrylate) (PtBA-b-PCEMA) = +%
Foood BB R £ RS 0 PBA § R & PCEMA #73) & cha
e p e Sk P ¢ (cylindrical domain) » # #- tert-buty] A &
RFRH o RIS 2 KTV i 0 T LR F R PIBA (i R k3
FEFY Ik enx o ) A 10-50nm [34]) -

1-6. 771 # 18
Ph. Teyssie 4= S.K. Varshney 1283+ B & e 38 > & 2 0172 b
] poly(styrene)-b- poly(tert butyl acrylate) %iﬁ EH.;4 3 & = (Coil-coil
oAk

block copolymer) » poly(styreneﬁv poly(fert butyl acrylate) s & +

211 pE o H A ing %ﬁc%% E i Jm@;wk | (lamellae

i

morphology) [35]- (# 1-19)

B 1-19 PS-b-PtBUA 2. TEM H]
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Lifeng Zhang §= Adi Eisenberg = £ | * [£&t+ R & a3 580> &
11 % Je vt B poly(styrene)-b- poly(tert-butyl acrylate) gFi#ici st 3 4~ +
(Coil-coil block copolymer ) » i & & R &4 2 # 7 - g2 ifda

oA S N KAk A 252 poly(styrene)-b- poly(acrylic acid) g

BB 8 4 F (Coil-coil block copolymer) » p* BN 3 4 F &

4=

BT o FILBABENHY 2 R - REF RS AIBEAL TN
More 2 AR ER) 0 T2 E AT d 3R BEEAS R A

ik B 2 e s g (e g NaCl, CaCle, HCL, NaOH) #4541

[36] [37)[38])- (@ 1- 20) Rl 10 21)(%\ 1.2) (% 1.3) (% 1.4)

¢

29



Multiple morphologies of the crew cut aggregates from block copolymers of (A) 200-b-21, (B)
200-b-15, (C) 200-b-8, (D) 200-b-4.

Aggregates of various morphologies made from PS (410)-b-PAA (25) copolymers with different
initial concentrations in DMF (A) 2.0, (B) 2.6, (C) 3.0, and (D) 4.0 wt%.

# 1.2. Aggregate morphologies of PS-b-PAA diblock copolymers in

different solvents
DME THF dicxane
PAA e=38.2 e=73 =21
PS-b-PAAT (mole ¥a) d=1438 d=1846 d=120.3
168-b-50 26.0 sphere sphere sphere
490-b-87 151 sphers sphere cylinder
300-b-58 10.4 sphers wvesicle vesicle
420-b-21 4.8 sphere LCM LCM

7 The initial copolymer concentrations in the solutions were 2 wt
%: e: dielectric constant;!” &: solubility parameter ([MPa]l?).12
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# 1.3. Summary of effect of added salt concentration on aggregate

morphology of the PS(410)-b-PAA(13) copolymer. In the table, the
numbers in brackets represent the molar ratio of added salt or acid to
acrylic acid repeat units.

= Dominant Morphology
Added salt Spheres Vesicles LCVs
—  NaCl <23x10° 28~42x10" 56x 10
(0.80) (1.0 - 1.5) (2.0)
CaCl; <8.5x10° 9.0~11x10° 1.3~ 1.7x 10"
(0.03) (0.032 ~ 0.04) (0.045 ~ 0.06)

4. 1.4. Some characteristicsiof the tod-like micelles and the bilayer

aggregqf%"s of th@] Qt:k E&polymers.

-
[r=c]

—

Dimension of A d

PS-b-PAA/PS Morphology ~ PS core (nm) b S ¢ (nm?)
~ 200-b-21 spheres 26 1.41 8
200-b-15 rods 23 1.26 5.8
200-b-8 vesicles 18 0.99 4.2
200-b-8/38 spheres 33 1.79 6.4
(95 : 5)4
410-b-46 spheres 30 1.14 14
410-b-16 vesicles 22 0.84 6.6
410-b-16/180 spheres 37 1.42 12
(90 : 10)

8 The numbers in the brackets indicate the ratio of the copolymer and the homopolymer(w/w).

i b Average diameter of the spherical and cylindrical micelles or wall thickness of the vesicles.

- € Degree of stretching of the PS blocks; for the sphere and rod, it is defined as a ratio of the
radius to the end-to-end distance of the PS block in the unperturbed state; for the vesicle,
half of the wall thickness is used.

. d Surface area per corona chain at the core/corona interface,
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PARAFIA A+ FRSanERMEEY 45 44 k3 p AyRe
CREBMRE Y A7 B FAEE Y [39][40] [41][42]) - &+ &
2L PER TR IS faERY X TR ER 0 Fli &7
s+ B R B 2 42545 & 4 = (supramolecule) 77 & o % e & % e

RBFEAF APV T e GBI AT EAL A F 8 Pl

%
(3%
|
ﬁ“

s EA S HE > AR EGd ARAS WAL AL 4t

AR RARY A58 0 345 &4 [45]) (complex) > I F - R £

e

7 e e G RS S 2 AR & o 7 1 (Energy gap)
[46]

KA E sy &4 (47148 5 A%+ <t 5 7 F proton
acceptor - &4 pyridine s+ S 2 TS 47 5 proton
donor » &4 carboxylic acid 2 F it fh » B K 4 i & aaER o (F]

1-22)

O

@]

—OH | N

<:::>__ \ /

H-Bonded Donor H-Bonded Acceptor

B 1225484 H
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E. L.Thomas % * 12 poly(styrene)-b-poly(methacrylic acid)
(PS-b-PMAA) FEHeb g »+ 2 FFA M T2 s+ kg
FHeR B s F g T XM FA s SR EEHNNF A

F Mg [49]) - (8] 1-23) (@) 1-24)

Material Structure MW
(kg ml)
el CH, 500-96
f e By e |0
P(S-B-MAA) VR, T b, [ e
o” %
H

Chiral-racemic

LC mesopen =, 0.504
&/H—C ,,,H,,—G—@—@—G—:l-ﬂcrl,r:,,ﬁ,,
= Al

® 1-24

Transmission electron micrograph from PS-b-MAA/0.6M LC. The dark areas correspond to the
MAA-LC domains.
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SFEM AT AR B ESES R EFERE N ot bR
;% 4 3 PS-b-PtBuA (polystyrene -b- poly (tert-butyl acrylate)) - & if
BB B AT PR AR B S SR R B A
= PS -b- PAA (polystyrene -b- poly (acrylic acid)) % {5+ = 4 » £ &2 7
o P e E vt e e T XM B oo B RLE S R4AT] 2 2 B
Nagg 3 ey Fdr T Faasl 4 fg il L mF ok

BHALE
Proton donor(PS-b-PAA)

n =328, m =33
n=304, m =61
n =210, m =105
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Proton acceptor

NN TN
PBBOXD-0OCgq

il I N NN
PBBOCg-0OCgq 7\
\ s
O\/\/\/\\//
PBT-OCg
_ N P VN

PBBCN-OCq

s B )\ ¢%
% Ojj\—\\—\/N

PBP-OCq
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FoF REHERIA

2-1. RRE &
Fe 2-1. 8 F B ir cni- B &

oA L I
n-Butyllithium 2.5M ACROS
Styrene 1L ACROS
Tert-butyl acrylate 500ml Lancaster
PTSA 500g SHOWA
1-Bromooctane 500ml ACROS
Hydroquinone 500g ACROS
Ethanol 4L TEDIA
Bromine 100ml ACROS
4-Vinylpyridine 250ml ACROS
Palladium( II ) acetate 2g ACROS
Tri-o-tolylphosphine 5g TCI
Magnesium sulfate anhydrous 500¢g SHOWA
Sodium hyiosulfate 500g SHOWA
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Fe 2-2.0718 * g B AR

7% A ¢ K B
Tetrahydrofuran 4L PHARMCO
1,4-dioxane 4L TEDIA
Methyl Alcohol 4L TEDIA
Acetone 4L ACROS
Triethylamine 500ml ACROS
Toluene 4L TEDIA
Ethyl Acetate 20L GRAND
N-Hexane 20L GRAND
Dichloromethane 20L PHARMCO

AR THF 00 & Bapscf - B4 40 1 o

1

.}/f-’ -k e CH,Cl, #_14 CaH, g% fg':‘ P i\‘fg m fE o
22, FEHRE
1.2 % ,% % (Vacuum Line & Schlenk Line) °

2. ¥k £ = £ 3% ik (Nuclear Magnetic Resonance)

A% : Varian 300 )

¥ % = % % Sample 74 ** d-chloform @ » 4% »jp|#§ 2 'H & C

S 23 ) 7 L @#L%—T#fi’é)i o VB HMHEL ppmo B & W BH

=% Hz» %12 CDCl 4 p #+('H 8 = 7.24 ppm » °C & = 77 ppm) © s

% % singlet > d & % doublet » t ¥ % triplet > m ¥ % multiplet °

3.% ¢b kv Bk k¥ ik (Ultraviolet-Visible Spectrophotometer)
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]88, : Perkin-Elmer Lambda 9 4| -
4.% % % (fluorescence spectrometer)
4| %% * Hitachi F-4500 -

& ¥ 4~ 7 (Thermogravimetric Analysis * TGA)

b
e

'

A1 g5 Du Pont TGA 2950 4 o
6.0 £ ¥4 + 2+ (Differential Scanning Calorimetry » DSC)
A% ¢ SEIKO SSC 5200 DSC -

DSC Z A~ {r# e i 4 BPRF2 5508 o 8% RE
BATRERD  BFHERZREAL L 1.5~50ng 2 F > #-3
Lt pELE? 3 2PEA P EF R I AS AN RS
1R B2 BB E 2 A AP R cDSC AR T
BAEPRCZ 30 TRAZETIRLHIPZES (TG Bhip-

SRR > FI R AP TR W I R B Ao R R A
X-bt 2 bt & o
7.6 % Eg pc4. (Polarized optical microscope)
A% ¢ LEICA DMLP
U S BE peA 1 S 5 iRk B e & Mettler FP900 ¥ FP82HT e &
KR O BRBRRE AR L rEARY EFIER G T A

SEL SRS F Y EEN T L b Y EE R T
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(T L% polarizer - f£ % analyzer)ihihk & B L F A 5 907 o i
KBMEL L L R A RIL D AR kA kY e E L
EFopda LEzEE BRETEIH F 2 FRELG ik

Pk RIT B BT TR AER <k AR RS RAIRS)

B b Flpt B g TR o
8.5 #F &% 5k ¥ 1% (Infrared spectrrm » IR)
A1 % : Perkin Elmer 385 7|
9.5% "% % 1% » 17 R (Gel Permeation chromatography > GPC)
A 5% ¢ Waters
GPC 501 & %12 THE & i 34 » % polystyrene 3 &% 4+ o
10.*2 3% % i & (Spin coater)
A5 ¢ PSC-020624
11.42 § & & F & (Ultra sonic)
7] %% ¢ Branson
12,/ & 4 B pcs(AFM)
A% ¢ SPM3100 AFM
Ja + 4 B Mgk (atomic force microscopy, AFM)* - & 45 45 &
kg #csi (scanning probe microscopy, SPM) > H 2 Ji| * FE4-2rE P Ap

FER 4 KB Y A oG A R o F IF 45 1R B LT AR 3R

39



=23

ETIRN
€
L3

-E

Y RSP F -y § S IR S

[

Y

R 2 d NESPLRITI2ERY A6 R T 24

TR BT G b = B4 A3 2 AFM > 4 B] 5 Contact mode

Noncontact mode # Tapping mode °

2-3.& X Ae

\/\/\/\/Br
HO OH > CgH,,0 OCgHy;

(A)
Br

Br,
- CgHy,O OCgH,;

ccly, 70 °C

Br

(®)

OCgH,;

/ T\ ®) y - . :
\\—/ \ PA(OAC), , P(o-tol) \ / \ __
toluenc ,BGN \> Vi \_@N

©

\J

i A% —
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/\/\Li
r n
THF , -78 °C
D)
H
(D)
—0O - - n m
THF , -78 °C MeOH o
(e}

(E)

H
PTSA %/
(B > n m

1,4-dioxane

¥

P 3y
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2-4.& % % 3

1,4-Bi-octyloxybenzene » (A)

CgH.7Br
HOOOH > C8H17OOOC8H17
KOH ,EtOH: H,0=9:1

reflux 48 hr

P~ Hydroquinoline(22.80g > 0.207mole)f= 1-Bromoctane(100.00g -
0.518mole) ¥ ** 1000ml [F] &g @ * 4c » & T JITF 4L > ¥ 4 »
675ml ¢ g fo 75ml -k » 4e#5] 80 C & fpit in 48 | BF > * B % Ed
At 2 > 7 2 43 ke CHLCL 58~ B 8 4 4 ~ Fifik
430k 3 F WiRtF AR R SER * toluene £ 55 0 H § B g
o E R L % Hexane w e e SRl s d 2 b -1F0 ¢ 548 24.25
g A% 359%  k#cipio Tl

'H-NMR(ppm’ CDCl;): 0.88(t> 6H > -CHs) > 1.28-1.43(m> 20H » -(CH,)s-) *
1.70-1.79(m > 4H > -CH,-) » 3.89(t » 4H > -OCH,- » J=6.6Hz) > 6.81(s

4H > -C6H4-) °

1,4-Dibromo-2,5-bi-octyloxybenzene » (B)

Br

Br2
C8H17OOOC8H17 o CgHy70 OCgHyy
ccl, 70C

Br
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#-iv & 3= 1,4-Bi-octyloxybenzene (30.78 g » 92.01 mmol)-£ ;% ** 50 ml

2. CHCL*® » £FH % 203

o

#315 > % § F 425 Br, (9.68 ml» 19321
mmol) > £ * CHyCLi# i€ Bry > > 2% FEL P » BfF » » &270C
T 4L overnight - F Rk ‘{ﬁ.é » % CH,Cl, % 4 v NaS,0; 5 B~ » B~
Tk A4~ BRELAE o K $51¢ 14 hexane £ & > #v ¢ FH 39.26
g A% 86.01% > kF BT

'H-NMR (ppm » CDCly): 0.90(t 6H » -CH) » 1.30-1.47(m > 20H » (CH,)s-) »
1.77-1.82(m » 4H » -CH,-) » 3.94(t » 4H » -OCH,- » J=6.6Hz) » 7.08(s »

2H -C6H4-) °

trans,trans-2,5-dioctyloxy-1,4-bis(2-[4]pyridyl-ethenyl) benzene s (C)

(PBP-OCg)
N~
A\ o W,
o o Pd(OAc), , P(o-tol) - \_/ \ —
toluene ,i:’t3N > \ / \ N
" \_/

BB)(5.0 5 > 15 % 5 3)~Pd(OAc), (043 5. > 1.9 £ & B) ~ P(0-tol);
(0597 °19%F 5 8) X BB BRE 7 >4 » Toluene (10 £ = )fr EtsN
(372)> i % % 9544 £ 4 > 4-Vinylpyridine ( 7.98 == > 75

TR R) A HETE I OR ﬂf A8 % 120 CF R A8 /| P w 7% 8 14

43



ARG R gC o N & T RECRE T Ly B R KA R
koo iR Es 0 M LIl Hhs F P Rfel e R iTE e PR g
FRE (1.6 5 0295 FF ) & F 20% o

'H-NMR (ppm> CDCl;): 0.88(t> 6H>-CHs) > 1.26-1.62(m > 20H > -(CH,)s-) »
1.80-1.92(m > 4H » -CH,-) » 4.07(t » 6H > -OCH,- > J=6.6Hz) > 7.10(d >
2H CH=>J=16.0Hz) - 7.13(s>2H -C¢H,-) » 7.43(d > 4H > pyridyl-H >
J=5.7Hz) > 7.79(d » 4H > CH= > J=16.5Hz) > 8.58(d > 4H - pyridyl-H >
J=5.1Hz) -

'C-NMR(ppm * CDCly) : 14.08°%22.654:26.27 » 29.29 » 29.38 » 29.41 >
31.80°69.52-110.99-120.822126.65+126.72 > 127.86>145.08 > 150.17 »
Element analysis : Calculated :"€=79.96.>>H=8.95 > N=5.18 -

Found : C=79.27 > H=8.67 » N=5.16 o
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Diblock copolymer( PS;.s-b-PtBuA;3) & = (E)

H 40 n-Buli 5 4242 F A3+ B & F R oL % THF 50ml 4c »
wrtF - B R hF ALY o KH T T R 30 A 4B (8 0 R
n-BuLi(0.256ml,0.64mmole)4c » F B Fg ¥ MR 30 2480 RisP
styrene(12ml,102.4mmole) 4 » ¥ B FL? - F i % > (¢ # tert-butyl
acrylate(1.5ml,10.24mmole)4c » ¥ BFL ¥ » F B % > {4 % MeOH 4c »
FORBFLY Bk F o e ZIIRAET R LY Gp R R B R F

FEATEREY LUKk U ERPE AW £ Ui § THF 331

>

m

VIAR TR R R UK C SR BT EERAMR P 3T 40CT R E T g
P i 24 ) P o 150 ¢ FAE PSye-b-PtBuA;; 0 A2 5 N5 87% 0 B IE
PS304-b-PtBUA61 ’f\-" PSZlo-b-PtBUA105 % {4} e *}?\ E‘ﬁfit@/@_” /é: °

'H-NMR(ppm  d-pyridine) : 1.58(s > 9H » -C(CH;)3) » 6.78-6.88(broad >

aromatic H) °

Diblock copolymer(PSss-b-PtBuAg;) i+ k 2 (F)

B~ Diblock copolymer(PS;,s-b-PtBuAs;) (1 5 0 0.025 % 2 )= PTSA
(0.06 5. » 0.25 5 B> Fgg#g > 47 » % # 1,4-Dioxane(20ml) s » 4c
#.3 105°C W 5% F fis overnight> * 5 Z|$§4L T %5 BT i3 % L

TN L LS AR NS P L R
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THF i3 f2 & MAR I = 2 AR STl S = > e i #F @ eyl dn 20 40°C T
80% - 32 PS304-b-PAA61 ’f‘-" PSzlo-b-PAA105 » i‘?\'ﬂ e ’}% ‘:"3/"’/i 72 3 /é'" °

'H-NMR(ppm > d-pyridine) : 6.77-6.92(broad > aromatic H) o

H g ensh i

1. Styrene:

#- styrene ¥2 CaH, 2§ F T #4% overnight {8 - J1| * R Z 4 > 54

$= i styrene AR H ok o

2. tert-butyl acrylate:

#- tert-butyl acrylate 22-CaH, &% # * #+= overnight {& » 1] * R
i

FAg > Ve 4 tert-butyl acrylate -z &g 1) &k o
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2-5. 8RB LF A%
FoHLE AL S ERERN AR T BT X

WS TR

Proton Donor

n:m=10:1;, n=328 » m=33

n:m=5:1; n=304 > m=61

n:m=2:1; n=210 > m=105
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Proton Acceptor

_ R N N

“\/\\
L/
W

PBB-OC; jx\j o

N

PBBCN-0OCy R\j
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B~ Poly(styrene-b-acrylic acid) (PSzs-b-PAAg3) (10 % 5. > 0.00026
* ¥ 3)22 PBB-OCg (4.85 5.0 0.0089 T35 B2 111 § £+ Fi3 A

THF ® » @300 p XG0 6 e R4al) £ 428 & 1 -

B~ Poly(styrene-b-acrylic acid) (PSag-b-PAAs3) (20 % 5. » 0.0005
¥ ¥ 3)22 PBBOCs-OCg (12 5.0 0018 T 2 111 § £ £ ki3 &
THF ? » &3 7% p R acfe > T psai|a &4 &4 o

3

B~ Poly(styrene-b-acrylic ‘acid) (PSsze-b-PAA3z3) (20 £ 5. > 0.0005
¥ ¥ 3)22 PBBCN-OCg (10.1 £ 5. °0.018 T3 2 )2 111 § £ Fi3 &
THF ¢ > F73% p REF g » i~ pléaila 8 &5 -

4

B~ Poly(styrene-b-acrylic acid) (PSsps-b-PAA3z3) (20 £ 5. > 0.0005
® % 3)22 PBT-0C5 (9.8 £ 5.00.018 £ 37212 1:1 4 £ £ /% & THF
P FRR D REFICle 0 T RéAT IS ES o

5

B~ Poly(styrene-b-acrylic acid) (PSsps-b-PAA3z3) (20 £ 5. > 0.0005
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¥ A )¢ PBBOXD-OCs (123 £ :0018 3 £2)2 [:1 £ £ ki3

GOTHF ¢ o @ipi p RIDH 00 e % pl4ad) 4 4248 & 3 -

B~ Poly(styrene-b-acrylic acid) (PSsps-b-PAA3z3) (20 £ 5. > 0.0005
¥ 35 0 )2 PBP-OC; (486 £ 5 >0.009 T3 2)1 2:1 £ £ L kBB
Chlorobenzene * > F3% p R4LFacis » The = LA 4 44 & 4 o

72 PSs-b-PAA v PSy-b-PAA » &_* e fenfie @l > 2 o

2-6.3 1 o )

2-6-1UV-vis(abs) f= Photsluminescence-solution 7% /]

1.* THF fie 3 10°-10°M a3 7% o

2.8 5 UVecell ® %5 % B¢ £ ) UV-vis %3 -

3.FER R D ¥ ke kk#Hike £ p Photoluminescence-solution &
2-6-2 Photoluminescence-pure film %] # 27 § jp|

1.4 53 » » £ THF # o

24 R AR E G o AR E T R &
i b fs B Ao w g > £ A P B & i (1500rpm) o

3Rl dd R R BRI A L o depcd sz dd 30 ) -
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4B T MPRIZTT 48wz R o

5.3 %3 kA kkFHiK Y &P Photoluminescence-pure film & 3 -
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3-1-1 £ Rz 3 3
PHIRAY 5 22 2 HHEZ R E P &5 (4 PBB)~ 7 Frtex2

SHEFE L P (AL PBP)Y E R EANF A F (4L PS-b-PBUA) »

w

SRS A BT A S = A4 (DHeck A A& ® & F & o (2)Wittig

reaction - (3)Living anionic polymerization -

OCgH17

— OCgHy7
O - O
Pd(OAc)z

Benzene; EtsN |
CgHy,0 g

N\ / \ O_\

PO(QE),

PPhs*Br-

B 3-1 5 HEerer2 = £ R hs 2 RS
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Br

(1) Heck #

O
Pd(OAc), , P(o-tol)s, \ / \ —
toluene , EtzN \ / \_<:/\N
CgHy;,0 \ /

Wl 3-2 7 BriegZ = K FHRNE SR

A% & K R -

Heck ‘E}bﬁ)@; QK’%‘%"‘W%E’\ %ﬂ%u f#"%/‘rt]'%mi?él%ﬁﬂ

i

8 g

4 A RTanpl -4t [D0])0 el 3-3 0 g @ % % T e Pd(ID)

LA SR ERE Y B RS B B I stk (1 Pd(0)

S AT oHeck 2lji & F RFERHA L FBARFE AR

T E s T A T BRI AR & e (D)o -F

AP FRIOY @553 B-5 3 hdtenk fpbs ¥ BRI & it

7 B-E WA F I F ¢ Y ez o R A 0 ¢ foF A S

Ae(HBr) » &7 i #5% PA(I):E R & PA(0)ed & o gt i3 2 5 ¢ >

i TR kR BT B A0y & F bl o T I>Br>Cl o ¥ #k

B ERE O RFRET DB D e S de
P(o-tol); & PPh; > P(0-tol); » & PPhs i * &3t < Pd(0) > & H
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## 3 fc(turn over number)# 8 o

_ OCgHy7
N o CgH170
7 \ / o
. l
. CgHi,0
EtyNH*I’ OCaHr

L=CH3CN,P(o-tol)3 or PPh3s

EtsN

PdL,

CgH170 CgH170

M\

B 3-3 4 = i+ & $ 2,5-Bi-octyloxy-4-(2-pyridin-4-yl-vinyl)benzaldehyde 2.

Heck & & F &
(2)Wittig reaction

- gFEREY LA - X4 A A e B 2 4 Wittig
reaction » g 4= SdeE S A AR TAPIMEEF B0 B F B
HE - w ¥ (Four-cente)® A8 K & 0 4ol 3-4 Ao o T E A @
PRI E A B > HOES R S Bl R R kg {rih B @

7 F [51]° ¥ *F Horner »+ 1959 & % ) Wittig reaction % it & i - i
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kg d Emmns g 35w 70 L5 Horner-Wadsworth-Emmons(HWE)
reaction » H 845 4c @] 3-5 #7or o &2 Wittig # 5@ # & T o= FABRAP
2.7 o #-Phiti OR S » phphsh @ Fredp< ¥ PRI 2 482> ¢ 2

FRREL B P RIAF AARRBET AR B3 5 o 2 d 30 F RiE

e 2B G i T AR 2B E LA .

0O=—C— C—c—
o Co J
Ph —P—("—R —_—_— Ph;—P (_|' R -
R’ R
Betaine
74 i
Phy—P r(' Phy—P + (| —
R R

W 3-4 Wittig 7 R84

0O

| I [
R—C—H + R—CH- P—OR  —— _\_Rj O—P—C
OR R

@ 3-5 HWE & &3¢
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(3)Living anionic polymerization

W 3-6 FEREHRAA Fent 450

A RERHNF LT DT E LT EAE U F AT BT
Rl RApgent £ iR - BREF BLBY ) blde

1

ELABELZARTE BIcR A chE M TF o 5 4 A A hH R

4! styrene~diene: H * IAdgF B L2 4T hE A

4
I
b
v
ﬁ\
4

A FEfAFELF RN EAEDEH - 640!

methacrylate ~ acrylate » 2 % [£3g3F B & 2478 g &

4
>
4
|l

foi 3 B A TR g 2 aE E [35) K E WAL F R Ak

B AARALR A E § o e AT F 0 4o 3-6 -
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~F B4 Nn-Buli 5 A4 BB TS B EF BT A HR-THF 4 » g
T BEeRFE BELY 0 BE I MRHE- REF 2 B
N-BuLi 4c » F R¥g ¥ M HE - KPR > 2R {54 styrene 4 » F R ¥g
Pk R R D18 tert-butyl acrylate 4c ~ K ORFLF 0 K B R (8K

MeOH +4r » & BT ® & ik F fio #-F BFLP a3 R IUF ¥ B FF ~ i
B Y LUK M F EpP-v ¢ FHE PS-b-PtBUA H o+ E

%] (Mn)4r4 &+ & & i (PDl)d GPC £ ip| » kit % 404k 3-1-

% 3-1 - )5 7| PS-b-PtBUA BFlt s\ 3 2 F ch 3+ & < [ foi

F E A
Mn(g/mole) PDI
PSazs-b-PtBuAss 38464 1.28
PSau-b-PtBuAs: 39468 1.33
PSz10-b-PtBUAws 35465 1.38

3-1-2 B EE
b o 2 A Froa w0 kb B (FT-IR) 11 3 78 & 3R % 3% (NMR)

i -

kg

-

PR £ 37 % 3% (NMR)
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§

sEERSRITsRALRANAE

R SR L L L
S22y S\
|
f =
| iy
I |
| I
| T
Ay Pl
TA'AN SOV
. \ /I \—/II!I
i ; 0

i \%f
3—7 (b) PS328-b- PAA33
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Y2 R) 3-7(a) & b PSgpa-b-PtBuAs3 ea ]

& 6=1.58ppm %

tert-butyl group =1 proton » % Aok {22 15 » ¢ PSys-b-PAAg 1 2 Bl

B g 4 > v RFERF BBEFR D 0

ot X H(FT-IR)

PS3,8-b-PAA;33/PBBOCs-OCy
PS323-b-PAA33

PBBOCs-0OCs

0.4

013
012 1
(R |
010 | |
ooe
o8 | Bl

I
Al
| I' i S
LAl
o

0.08

0.04 - .l.l | |

ooa

o

i ] |
Ty A |] s 11
"

M

1

Wavenumbers jom-1)

B 3-8 PS32s-b-PtBUA;3 ~ PS3ps-b-PAAs; v PS326PAA3/PBBOC;OCs

¢ FT-IR 3%
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B 3-8 & & o Pngg-b'PtBUAgg L‘g‘_’J\ )?ZFJ—L fs > ﬁ’—/ﬁ»g( 34OOCm
T 5 OH #1248 > @ § PSss-b-PAAs; fv PBBOC-OCg 75 = & 445
é\v j{;" Z_ f; » OH 5}’3‘ ‘,‘iié /}i Z 5 ¥ % jifé‘: '_‘i PS328-b'PAA33 ’f\-”

PBBOC8'0C8 ﬁoé’}éﬁ‘fgg*fa 9 MTI’* a‘??}%’k [52] #El ?:l R

3-2. BILF A A7

A 4w #E A 47 ik (Thermal Gravimetry Analysis » TGA) 2
DSC(Differential Scanning Calorimetry ) % ip| & & #ic R
G s EARERTAEpHESER -
3-2-1. TGA & #7

TGA (Thermogravimetric Analyszer) ¥ 4 17 4 5 4 f2 8 & - - &
AN HFEE R AL S5WRFa s H A f2E & (Td) o 7 %% 5% 4R

3-9 frd 3-2 “i7

Td(C)
(5% EHEHK) 254 198 237 183 215 175

% 3-2 L2 iJﬁ*/n.
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———PS,,-b-PtBUA

100 4

80

60

40

Weight loss (%)

20

T T T T T T T T T T T T T T T
0 100 200 300 400 500 600 700 800

Temperature(°C)

B) 3-9 PSgp-h-PtBUAgs 47 |PSase-h-PAA,; c7%4 %) % )
d % 32 @ 4= PSgeb-PtBuAg - PSyu-b-PtBuAg -
PS210-b-PtBUA s s7% 2 28 R 8 200-250°C » @ S kg2 16 - A&
A f#E R & 150-200°C > Flpt @& kR 18 > B TH L > TEE

% ge e [53] p -

3-2-2DSC * +7

fplR DSC * & » A gk ® 12 10 /min st 58S E % v R R
S S N Y Y R T 1 T L IREE BRIy e T

RIULFZERZ AL 2SN T2 HRFTRIE DR %S5 40F

3-10 £ 3-3 #r7
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PS328'b'ptBUA33 PS328'b'PAA33 P8304'b-PtBUA61 pSgo4'b'PAA61 PSZlo-b'PtBUA105 PSZlo'b'pAA105

Tg(C) 91.9 89.5 94.5 92.3 97.8 95.6

4 33 Lz pEBER

———PS,,-b-PtBUA

Heat flow (mw)

T T T T T T T T T T T T T
40 60 80 100 120 140 160

Temperature(°C)

B] 3-10 Pngg'b-PtBUAgg ‘f‘-" PSggg-b-PAA;gg rﬁﬂl ﬁﬂ:% B

3-2-3 & 44 £ ¥ hip
LR i R

P~jxk g fe e i+ A #8(donor)fr 7 pyridine 5+ <X %8 (acceptor)
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£2-x %30 & A0 v 10ml SR SFL? 0 4 r B en THE # 253

AN

o

30 2 F 2T i MR RUEEE TER THFE p A48 > 51
BEE Z Y B3 FlRa -

fie & g7 * g (donor) -

——0
OH
O
@ O
RO— OHeee N /)—\
\
D%
CgH17O
DONOR ACCEPTOR

F 3-11 & 424 fod 7 &
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Heat flow (a.u.)

——PBB-OC,
L — PS,,,-b-PAA_/PBB-OC,
w PS, -b-PAA_/PBB-OC,
918 === PS, -b-PAA _/PBB-OC,

Heat floe (a.u.)

T T T T T T T T T
20 40 60 80 100 120 140 160

Temperature(°C)

®] 3-12 PBB-OCg e} = 3 4245 & 4~ 2. DSC Bl

—— PBBOC,-OC,
778 Wee
PS,,.-b-PAA_/PBBOC -OC,
: PS,,-b-PAA_/PBBOC -OC,
,,,,,,,, PS, b-PAA /PBBOC,-OC,

T T T T T T T T T T
20 40 60 80 100 120 140 160

Temperature(°C)

] 3-13 PBBOCs-OCg 25 = & 445 & 47 2 DSC Bl
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Heat flow (a.u.)

—— PBBCN-OC,

1185 e PS,,.-b-PAA_/PBBCN-OC,

] - PS, -b-PAA_IPBBCN-OC,
-~ PS__PAA _/PBBCN-OC,

T T T T T T T T T T T T T T T
20 40 60 80 100 120 140 160

Temperature(°C)

] 3-14 PBBCN-OCg 47 sv @it 48 & 47 2. DSC B

94.6 — PBT-OC,

—————————— PS,,,-b-PAA_/PBT-OC,
- PS,,,-b-PAA_/PBT-OC,
I | R PS,,-b-PAA /PBT-OC,

Heat flow (a.u.)
1

T T T T T T T T T T
20 40 60 80 100 120 140 160

Temperature(°C)

@] 3-15 PBT-OCg 42 = & 4¢4% & 4+ 2. DSC B
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Heat flow (a.u.)

Heat flow (a.u.)

87.6

—— PBBOXD-OC,

,,,,,,,,,, PS,,,-b-PAA_/PBBOXD-OC,
PS,,,-b-PAA_/PBBOXD-OC,

,,,,,,,, PS, ,-b-PAA /PBBOXD-OC,

T T T T
100 120 140 160

Temperature(°C)

] 3-16 PBBOXD-0OCg4v7) =@ 445 & 47 2. DSC B

——— PBP-OC,
————————— PS,,,-b-PAA_/PBP-OC,

- PS,,-b-PAA_IPBP-OC,
~eenes PS, -b-PAA JPBP-OC

136.1

8

T T T T
100 120 140 160

Temperature(°C)

®] 3-17 PBP-OCg f=) = & 445 & 4~ 2. DSC B
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AR 3-12 3 W 3-17 7 RAT] 0§ % E e B i) R

ETINS

RIZVR &) 2+ v B BRI T BlRERSF AT AL

e

amorphous f » % /] A F & B 4 F RU4ARF > S REF A S
amorphous f& > d PV EM T+ A M- HF L WMmF AL 4L

TR AL AR SRR RSN [49) A -

3-3REHFT2LAY

3-3-1 feddtds &Y LB
Pl 2F U fedF g dgs A

B R H P ARIEE T A O 0 R F PL-film o A o i #

O O =P 2 TR EF AT TN ES 2 ARFELEF AT Op

9,10-Diphenylanthracene ¥ % % % it & 4 o & &F B H &
9,10-Diphenylanthracene 4 %% 2> THF ¥ » B £ & Fz2 & ¢t &s/+
Dok ek X E A SRR Bh 0 (7 L PR okt R 2 s
AR T H stk 2 {4 £ A W3 E 9,10-Diphenylanthracene(DPA)
MR FERIHF R AR R AR E g ff o A N etz

Fiplp kR LR F A F(Dp) ©
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O=Opppy*(Ig/Ippa) *(ODppa/ODg) 3% =

Qp : kRFKEF A F
[DFkELFHmAE

OD : j#% % 2_ Optical density

A ot B R B e & 42 PL 82 O eficdh (72 4 3-4(a) ~ (b) -

Z:t\' 3-4(3)
sample @ (%) @ (%) PL(nm) PL* (nm)
solution film solution film
PBB-OC; 66.8 42.4 451 493
PBBOC;-0C; 77.9 242 456 498
PBBCN-OC; 72.3 32.8 464 502
PBT-OC;, 64.7 159 460 512
PBBOXD-OCj 80.9 39.1 467 522
PBP-OC; 69.5 45.4 457 496
% 3-4(b)
sample @5 (%) film |PL%(m) film| AX (nm) film
PS;10-b-PAA 14s/PBB-OCy 4.1 591 98
PS304-b-PAA¢/PBB-OCy 4.3 585 92
PS3,5-b-PAA;;/PBB-OC; 30.4 496 3
PS;19-b-PAA os/PBBOC3-OCy 4.3 607 109
PS304-b-PAA¢/PBBOC-OCy 5.0 594 96
PS325-b-PAA;;/PBBOC-OCy 15.0 503 5
PS,19-b-PAA 4s/PBBCN-OC; 9.6 605 103
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PS;304-b-PAA/PBBCN-OC; 10.6 595 93
PS;,5-b-PAA;;/PBBCN-OCy 23.8 512 10
PS;10-b-PAAos/PBT-OCy 1.4 604 102
PS;04-b-PAA¢/PBT-OC;5 1.7 599 87
PS;,5-b-PAA;3/PBT-OC5 8.8 566 54
PS;10-b-PAA,os/PBBOXD-O0C;5 10.6 614 92
PS;304-b-PAA¢,/PBBOXD-0Cy 12.0 600 78
PS;,5-b-PAA;:/PBBOXD-0OC;y 23.6 578 56
PS;10-b-PAA,s/PBP-OCjy 11.9 603 107
PS;04-b-PAA¢/PBP-OCy 25.9 590 94
PS;,5-b-PAA;;/PBP-OCy 28.4 502 6

x 2 DPA (9, 10-Diphenylanthrance) % reference
# 1% 2 3 # 5 THF
& Ak 5 398 nm

FHE2ME T M3 a7 7 BT F EREF L
Fec s

1. 3475 = 73l decnie =4 © pyridine fe3k ' 0§ R+ 7 - WH{H R

"_/ ,':5.\—'—— - ,':F,_\'«—_,u, /I-/ \»»/E;Q‘J _
F-oBERAF AT REERAF AT A

A

31 e
BT R TN PRGN TRBE P

+ X R+ R =3 AT pyridine 2 charge transfer o %% &

FFH DTS F  LUMO e s &~ %2 % 4o charge transfer

L

band tF1energy gap -l 0 #Tr4 G F ki f 4 o

69



L
K2
e
N
NV
*?‘
oy
i
&
e
Ai(-\'
[3S
=3
4
4
e
ik
7
e

2. 2 HBRERDE
A OB ROL RS 2 BT BT
%@iﬁﬁ%%ﬁ?iﬁﬁi%ﬁfﬁﬁgﬁiggﬁn;ﬁ
B o Tl Sk RE g 2. B o0 -w interaction AR E B 0 F] AR O

film 2. PL k24 § =45 e 4 o

SRR LSRR FEEE TR SR AT

{809 3 & 4 & 4 complex m aggregation> F]t E 5 2 =4 - B] 3-18 ~
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