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Abstract

In the first part of this study, we synthesized the peptide fluorescent
amphiphile molecules, PCN1 and PCN2, which contained a peptide as the
hydrophilic head and a hydrophobic carbon chain as the hydrophobic end,
the linkage between them is a chromophore. We dissolved PCN1 and
PCN2 in tetrahydrofuran(THF), and water was added into it gradually, to
study their self-assembly nanostructure. PCN1 has very weak

fluorescence due to it’s short conjugation length, on the other hand, PCN2,



whose conjugated length is longer,emits higher photoluminescent
intensity. As the water ratio of the solvent increased, the maximum
absorption peak of PCN2 blue shifted from 374 to 325 nm, which cause
by the H-aggregates of the molecules. We observed the morphologies of
the self-assembled molecules PCN1 and PCN2 by scanning electron
microscope (SEM). PCN1 and PCN2 form the tubular structure with
left-handed veins, which related to the left-handed peptide Boc-L-valine

building moiety.

In the second part of this research, we synthesized a sugar-containing
liquid crystal disiloxane which containing a hydrophilic galactone chiral
group. This liquid crystal shows a Ty at 53.7°C and a smectic phases
between 137.7°C and 146.7°C. The morphologies of the self-assembled
molecules is micelle or vesicle, however, considering this molecule
contain a  -D-Galacetone hydrophilic part, we believe that it can form

helical structure in the future research.
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Figure 1-1 The primary, secondary, and tertiary structure of
self-assembled morphologies. ..., 2

Figure 1-2 Schematic illustrations of possible morphology of amphiphilic
molecules in aqueous solution. The arrows represent possible
Interconversion pathways, dependent on concentration and other
solution variables (pH, ionic strength, etCc.)............coviiiiiiinnnn, 3

Figure 1-3 Self-organization structures of block copolymers and
surfactants: spherical micelles, cylindrical micelles, vesicles, fcc- and
bcc-packed spheres (FCC, BCC), hexagonally packed cylinders
(HEX), various minimal surfaces (gyroid, F surface, P surface),
simple lamellae (LAM), as well as modulated and perforated lamellae
(MLAM,

Figure 1-4 Model of the hierarchical self-assembly of chiral rodlike
monomers. (a) The monomer with-complementary functionality and
chemically different faces. The local arrangements (c-f) and the
corresponding global equilibrium “conformations (c’-f ") of the
structures formed in solutions rof the monomer with increasing
(010 0 T01=T 11 - L1 o] e 6

Figure 1-5 Impact on supramolecular structures of solvents................ 7

Figure 1-6 Schematic drawing of four levels of chiralities and their
transferring process. The four levels of chiralities are configuration (a),
conformation (b), phase (c), and object (d). The packing mechanism is
the key for the higher-level chirality formation. Parallel packing of the
helical chain could lead to a flat morphology while twist-packing will
lead to a helical morphology. The handedness of the helicity depends
on how the molecules pack together..............cooiiiiii s, 10

Figure 1-7 Schematic illustration that shows chiral molecular assembly,
in which molecules packed at a nonzero angle with respect to the
nearest NeIghbOrS. ......c.i i 11

Figure 1-8 Possible formation mechanism of lipid ribbons based on
chiral molecular self-assembly. The illustration of the spherical
vesicle was provided courtesy of Dr. Yoko Takiguchi of Nagoya
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Figure 1-10 Self-assembly of (4-3,4-3,5)12G2-CH2-Boc-L-Tyr-L-Ala-

OMie into helical pores. (a and b) Top (a) and side (b) views of the
dendritic dipeptide. (c) Top view of the porous column. (d) Tilted
view of the pore without dendron. For simplicity all structures are
shown with —CH3 as alkyl groups.........cccooovii i 14

Figure 1-11 Principles of helical pore assembly from dendritic
AIPEPHIAES. .t 14

Figure 1-12 (a) TEM and (b) AFM images of 1 annealed at 80 C ata
concentration of 7.4 _ 10-4 M in pH 11 water containing NH4OH for
30 min and slowly cooled to 25 C over 90 min followed by
air-drying on the substrate. (¢) TEM image of a quadruple fiber; the
yellow arrow points to the quadruple strand which uncoils into double
helices (blue arrows) and further into single fibers (red arrows).
Additional fibers are seen in the micrograph (black arrows). (d) TEM
image of an air-dried pH 11 water solution of photoirradiated (350 nm,
250 W, 5 min) 1 after annealinguiuic. ..o vveveevveiviiiiiiiiiiiiiiien e 15

Figure 1-13 SFM images -of samples of 2c—e spin-coated onto a
monolayer of octadecylamine on HOPG; only in the case of 2e with
its (3+3) hydrogen-bonding sites, high aspect ratio fibrillar aggregates
with helical superstructures were observed.............ccccccviveneennn. 16

Figurel-14 TEM images of one-dimensional, twisted (top), coiled
(middle), and tubular morphologies (bottom) self-assembled from
glycolipids 1 (middle and bottom) and glycolipids 2

Figurel-15 a) A polarized light microscopy image of nanotubes of
glycolipids 1. b-d) EF-TEM images of nanotubes. e) Schematic
illustrations of the self-assembled morphologies of helical solid
bilayers in  high-axial-ratio  nanostructures. f)  Schematic
representation of interdigitated lamellar layers in the
NANOTUDES. ... e 18

Figure 1-16 FE-TEM and SEM images of the self-assembled
morphologies from (a) G, (bandc) F,and (dande) E............... 19

Figure 1-17 CD spectra of the self-assembled (a) G, (b) F, (c) E at 25.0
°C, (d) F,and (e) E at 70.0 °C, respectively............ccccooeiiininn. 20

Figure 1-18. (A and B) FE-SEM images of the xerogel prepared from the
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mixed gel of M and N (M/N = 1:1 w/w) in water-methanol (10:1 v/v). (C)
A possible self-assembling model in the bilayered chiral fiber from the
mixed gel of M and N : the powder XRD experiment indicated that
hydrogel M+N maintained an interdigitated bilayer structure with the
alky chain titled. Arrows indicate the double-helical structures (parts A

Figure 1-19. (A and B) FE-SEM and (C and D) TEM images of the
double-helical silica nanotube obtained from the mixed gel of M and N
(1:1 wiw) after calcination, and (E) schematic representation of the
double-helical structure of the silica nanotubes through SEM and TEM
observations. a and b indicate two silica nanotubes from which the
double helixes are constructed (parts B and

Figure 1-20. Schematic representation for the creation of silica structures from
the organogel state of M+N by sol-gel polymerization: (a)gelators; (b)
sol-gel polymerization of TEOS and adsorption onto the gelators; (c and
d) double- helical structure of the silica materials formed after

calcinations.............. 22
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by the corresponding UV absorbance. Inset photograph shows the
fluorescence emission of CN-TFMBE (2x10™ mol L™) in different
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Figure 1-6. Schematic drawing of four levels of chiralities and their
transferring process. The four levels of chiralities are configuration (a),
conformation (b), phase (c), and object (d). The packing mechanism is the key
for the higher-level chirality formation. Parallel packing of the helical chain
could lead to a flat morphology while twist-packing will lead to a helical
morphology. The handedness of the helicity depends on how the molecules
pack together.
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Table 1-1. Four Levels of Chirality in Different Length Scales.
. . 1% Level 2% Level 3 Level 4= Level
Hierarchics Configuration | Conformation Phase Object
Scale (.1-1 nm nm - pm S0nm - 100um > 1 pum
d, /C
Schematic C
Representations SN
pre a b
Examples Atom Sites Polymer Chains Eﬁiﬁﬂ“m”.m 3‘:%51[];%?;;::‘3
Microscopy, Microscopy,
Studying Methods |  Polarimetry... CD, X-ray... X-ray, Light X-ray, Light
Scattering. .. Scattenng...
b FEE T U k3R A 5 3 dp(molecular packing) g5 0 E

(nonzero angle):~ 3t Bﬁr‘ % o

-

=3

{4 1% * 4 (chiral interactions ¢ H R ¥ (2o F B2 H ARiT o 3 2L E & R

FE A EFW n KA
FE-BEuG M AieAkR T e A A4
#  (Figure 1-7)

2

v

L,

=)

neighbors.

Figure 1-7. Schematic illustration that shows chiral molecular assembly, in

which molecules packed at a nonzero angle with respect to the nearest
SEORC

¥ |+ p % % (Chiral self-assembly) ¢ 7} = helically coiled ribbon > @

helical ribbon) & 8253845 = — F % §E(pitch) ¥ & SiF 5 & 7 %

B Figure 1-8(a)) 5 ¥ - 254 5 & %57 1hie 7 %(Figure 1-8
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(b)) > % o o5 ik IR o

T>T,

Width

Figure 1-8. Possible formation mechanism of lipid ribbons based on chiral
molecular self-assembly. The illustration of the spherical vesicle was provided
courtesy of Dr. Yoko Takiguchi of Nagoya University.
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n=1,24,6,8, 10,12, 14, 16
1a: X = OH (4-3,4-3,5)nG2-CH,0OH
DOCH,

1b: X = NH

(4-3,4-3 5)nG2-CH,-Boc-L-Tyr-L-Ala-OMe
Figure 1-10. Self-assembly of (4-3,4-3,5)12G2-CH2-Boc-L-Tyr-L-Ala-OMe
into helical pores. (¢ and b) Top (a) and side (b) views of the dendritic
dipeptide. (c¢) Top view of the porous column. (d) Tilted view of the pore
without dendron. For simplicity. all structures are shown with —CH3 as alkyl
groups
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Figure 1-11. Principles of helical pore assembly from dendritic dipeptides.
(Left) Models of supramolecular column strata self-assembled from
(4-3,4-3,5)6G2-CH20H and (4-3,4-3,5)6G2-CH2-Boc-L-Tyr-L-Ala-OMe. All
models were constructed by molecular modeling of the XRD data together with
experimental density. (Right) The supramolecular pore assembled from
(4-3,4-3,5)6G2-Boc-L-Tyr-1-Ala-OMe. Only its dipeptide part is shown..
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S, StuppBIFR3R+ 7 - Sh A% PRl > ¥ - A K paS (0
Bk BT - kP R A Y frﬂ%gd FLIEPR e

AT~ £ AR R Y e T W E] &R i)

Figure 1-12. (a) TEM and (b) AFM images of 1 annealed at 80 °C at a
concentration of 7.4 _ 10-4 M in pH 11 water containing NH4OH for 30 min
and slowly cooled to 25 °C over 90 min followed by air-drying on the substrate.
(c) TEM image of a quadruple fiber; the yellow arrow points to the quadruple
strand which uncoils into double helices (blue arrows) and further into single
fibers (red arrows). Additional fibers are seen in the micrograph (black arrows).
(d) TEM image of an air-dried pH 11 water solution of photoirradiated (350 nm,
250 W, 5 min) 1 after annealing.
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Figure 1-13.. SFM images of samples of 2c—e spin-coated onto a monolayer of

octadecylamine on HOPG; only in the case of 2e with its (3+3)

hydrogen-bonding sites, high aspect ratio fibrillar aggregates with helical

superstructures were observed.
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BE*g B ( glycolipids )@ 4 it & 4= capE AL & =+ (4rglucose ~ galactose
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Figure 1-14. TEM images of one-dimensional, twisted (top), coiled (middle),
and tubular morphologies (bottom) self-assembled from glycolipids 1 (middle
and bottom) and glycolipids 2 (top).

(e)

(f)

g
iy

8~15 nm

10~15 nm

Figure 1-15. a) A polarized light microscopy image of nanotubes of
glycolipids 1. b-d) FE-TEM images of nanotubes. ) Schematic illustrations of
the self-assembled morphologies of helical solid bilayers in high-axial-ratio
nanostructures. f) Schematic representation of interdigitated lamellar layers in
the nanotubes.
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Shimizu% * 7 % % £ 7 I #c P 05 5% gt 2 ¥ A fe pE&E (phenyl
glucosides)® it & 41 o d TEM / SEM¥ % ¢ FoR g o
WAoo p ki drd 23 fs ¥ d twisted nanofibers (G) ¥ helical
ribbons (F) I nanotubular iz £(E) (Figure 1-16) = ¢+ *F » 5 d CDEZFF
FRoF P e EBAAREHAPEBHEARP > B R AR JOE R A § R
PRAERESE > LT P 2 A micelles vesicles ¢ X @ 0 #ik]
PF2 {5 » 5L ¥ p 2 < nanotubular % 4 > CD 5L E — = % 5 (Figure

1-17) -

1C0TIm

Figure 1-16. EF-TEM and SEM images of the self-assembled morphologies
from (a) G, (b and ¢) F, and (d and e) E.
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Figure 1-17. CD spectra of the self-assembled (a) G, (b) F, (c) E at 25.0 °C, (d)
F, and (e) E at 70.0 °C, respectively.
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M > H k=8 camino groupH_— B ¥ 12 frtetracthoxysilane (TEOS) * &
SOF At zh 0§ 4v » TEOS* b — p e S8 e iR sg 25 F > 7 10k

F WA R R s e silica nanotubes”! (Figure

1-19,1-20) -
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OH M
o 2z
o N MH.

. O 7] ”"1., '
, y
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) 6@
ﬂN M\\"K\'C‘_‘IH
hydrophilic 6

group

Figure 1-18. (A and B) FE-SEM images of the xerogel prepared from the
mixed gel of M and N (M/N = 1:1 w/w) in water-methanol (10:1 v/v). (C) A
possible self-assembling model in the bilayered chiral fiber from the mixed gel
of M and N : the powder XRD experiment indicated that hydrogel M+N
maintained an interdigitated bilayer structure with the alky chain titled. Arrows
indicate the double-helical structures (parts A and B).
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“m 100nm  T00nm .
Figure 1-19. (A and B) FE-SEM and (C and D) TEM images of the
double-helical silica nanotube obtained from the mixed gel of M and N (1:1
w/w) after calcination, and (E) schematic representation of the double-helical
structure of the silica nanotubes through SEM and TEM observations. a and b
indicate two silica nanotubes from which the double helixes are constructed
(parts B and D).

l-..
1.2-1.5 nm

Figure 1-20. Schematic representation for the creation of silica structures from
the organogel state of M+N by sol-gel polymerization: (a)gelators; (b) sol-gel
polymerization of TEOS and adsorption onto the gelators; (¢ and d) double-
helical structure of the silica materials formed after calcinations.
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Figure 1-25.. Relationship between the excitonic absorption peak
position and the crystal size of microcrystals.

29



FEFBEALF LA A AT B B 0 k5

B % #:S00 Young Park B [§ » i 7 & 2 — % 7[enp #5643 21— 45

‘?:%

FRABMPF LT 24pF - B3 PEFLABMIR AZRY 5 1%
5. 7) ey kst e B g A FL MY A S BRI (T i3 g
Aixh (self-quenching) @ + P33 3 K I % o & F b k7 ]cnh 3 A

LAY

AN
)
o5
¥
hn
14
N
IRy
ng
I,

ks A AT EEIRTOE A S
0 Lipin #1157 PH % o Soo Young Park Bt irl & L5 5

A\:—}P\—‘Iﬁ;#': q_\;fi‘;%\miﬁ@(H —q—\] iﬁ@)mévm‘*%

CN-TFMEE
{b} Wamopactiele

lu:plnmu

Intensity

Abswrbante
L]
T

02 Haneparticle
‘\ EEEpens| s
A = --ﬁ.@---- b
o oM =0 I S W £ S0 T W 0 60 W0 7o
Wavelemgth (nemp Wesrelengthy fnen)

Figure 1-26. (a) UV/vis absorption spectra of CN-TEMBE (2x10™ mol L) in
THF and its nanoparticle suspension (THF/water (1:4) mixture).(b) PL spectra
of CN-TFMBE (2x10” mol L™) in THF and its nanoparticle suspension. The
PL intensities were normalized by the corresponding UV absorbance. Inset
photograph shows the fluorescence emission of CN-TFMBE (2x10° mol L™)
in different solvents and in the solid state (B, benzene; C, chloroform; D,
1,2-dichloroethane; T, THF; A, acetonitrile; N, nanoparticle suspension; P,
powder) under 365 nm UV light illumination.
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¢ * Ziess Axiophot Ak & R st x~ B

2
JAT =
—1

* Mettler FP82 A 4r # % frMettler FPO0 Ali7E % -

55033001 > ¥ 12
2-2.3 ¢ k »+7 (Chromatography)
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& ¢ & 4 +7 (Thin Layer Chromatography » TLC) %% i * Merck
105554 Silica gel 60 F254 |45 ¥ o ¢ 4 ¢ & & 47 (Column
Chromatography) % i# * Merck 7734 Kiesel gel 60 (70 » 230 mesh)3] #
W AERIIE A SN AFcE o £ % TLC % > 1% ¢h £ (ENF

—240C )& F 4TS A o

2-24 s RE#H K (NMR)

% @ * Varian Unity-300 MHz i@ &L F &K - & * D-5
(CDCL)Z a4 » “ /8 = Zppm - ® & ¥ 5B =2 Hz» & 10w
" A% = (tetramethylsilane) ©=10.00 ppm &5 38 M o kg F L
Pols A& H% (singlet) ;d A = F#% (doublet) st A& = &
i (triplet) 5 q “ % w £% (quartet) ;m % % £ (multiplet) -

br # & B v T o

2-2.5 ¥ &k # &k (Photoluminescence Spectrophotometer )

i# * ARC SpectraPro-150 2] ¥ & sk 2§ ik o * 12 {f Pk &2 3tk
o RER Y 2B RS 450W 22 Xenon F 0 £ BIFFEE A& IR
[ - AN S E I T TS B S S o/ S-SR S i

(photoluminescence, PL)£ 2 - & 2¥ ¥ i+ 5 nm o
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2-2.6 ¥ $ ¥ 7+ B (Field Emission Scanning Electron

Microscope » SEM)

SEM #_i¢ * JEOL = # 2 7|55 5 ISM-7401F #pr % T 5 Bk

oo BPIREMREF ARBREF Y IV ZEGEE oIV E T TLER

i~

$EPd & Aty oo @ TIR2SKV Spé T S R o

2-2.7 % ¢} k3 &k (Ultraviolet-Visible Spectrum UV-Vis)

i¢ * Hewlett Packard (HP) 2 & 7] 55 % Agilent 8453 z_ ¥ ¢k 3k 5k 2%
R oo HR SR E AT IOmm 2 FE &I 0 TR EF 2k

Koo F Pk ?hpv #1200 nm-800 nm ©

2-2.8 # £ 4 #7 %k (Thermogravimetric Analysis » TGA)

€ & 47 % ¢ * Perkin Elmer = 7 355 5 Pyris | TGA 2. R B -
BIE DN LS I0mg 2 &3t £ 4 3§ F swik 100 mL/min
1 E 4 48200C 2R iE KT A 45°C 2R 3 T750°C BRI £ F2

ez A i2E R
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O
o
H

CyoHosBr
K,COs, K
@)
@Oclezs *
H

2

O

o)

)

3

o
HO

TsOH
0°c

t-BuOH
TBAH

CN

\
OCyoHzs

TsOH

CN

\
OCyoHys

A 2 L on
H @]

EDC, DMAP

7< j\ﬁ( -
o~
o oclezs

PCN1

Scheme 1. ##75% & 4 4 FPCN1z & =&
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O
Br

P(OEt);

~

EtO. /—Q*Br 5
C12"'2504<j>*CHO * PSo

EtO

t-BuOK

6
\ n-BulLi
(@)
L™ -
(o gNe) H O OCiHys 7
t-BuOH
TBAH
8
9
PCN2

Scheme 2. ##75% k@ 4 4 F PCN22 & =

N
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1. it & 4 2-(4-(tetrahydro-2H-pyran-2-yloxy)phenyl) acetonitrile (1)2.

£

#-1 g (7.5 mmol) 7 2-(4-hydroxyphenyl)acetonitrile £ > & e
p-toluenesulfonic acid ¥ *T[FIRFLY - f/kip T % gL FERS >
3,4-dihydro-2H-pyran (6.7 mL) > feikis T #HE3 [ BF o K o fs o
rfod Bokfre phe Fa B TR F K S EORENPLAEICYE 0 B
o RHEIS LA ATIE (N L PRt fig PR 2RSSR HRR)S I .
BPihd 28113 g A F69 % -

it £41 : '"H NMR (CDCls; TMS, 300 MHz): 6 = 1.65-2.00 (m, 6H,
-O-CH,-CH,-CH,-CH,-), 3.57-3.63 (m, 1H, -O-CH,-), 3.68 (s, 2H,
Ph-CH,-CN), 3.83 (m, 1H, -O-CH,-), 5.40-5.42 (t, J = 3.0 Hz, 1H,
Ph-OCH), 7.03-7.07 (d, J= 3.0 Hz, 2H, 2 arom. H), 7.21-7.25 (d, J=3.0
Hz, 2H, 2 arom. H); ">C NMR (CDCl;, TMS, 75 MHz): § = 18.65, 22.87,
25.11, 30.23, 62.01, 96.32, 117.04, 122.61, 128.98, 156.79 ; MS m/z [M']

217 -

2. it & $»4-(dodecyloxy)benzaldehyde (2)2. & = o

O
@OCQH%
H
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#-5 g (40.94 mmol) h4-hydroxybenzaldehyde, £ 17.03 g (122.82
mmol) erpotassium carbonate ;% *Tacetone (S0 mL)*® » T4 ~ 1.4 g (8.4
mmol) potassium iodide > #4E4v £ T % S fs o * 44~ 11.88 mL
(49.13 mmol) #1-bromododecane » ¥+ T F i n o K R12 /] PEF o
FRez =i RD 2R T & RFKCO; o 1k ‘ﬂ”ﬁﬁk"‘,’f 25t o
v r L RL g AR E KB REEL n e BokFik R
25 Wh SR KRR CE > B R R TR (e Fhe
fig P e ==l 155 HRR)EM o FNF I AMSTg AF4T% -

it £ 42 : 'TH NMR (CDCl;, TMS;.300 MHz): 6 = 0.86-0.90 (t, 3H, J =
6.3 Hz, -CH,-CHj3), 1.27 (s, 16H, =0O-CH,-CH,-CH,-(CH,)s-CH3),
1.44-1.47 (m, 2H, -O-CH,-CH;-CH,-),-1:81-1.84 (m, 2H, -O-CH,-CH,-),
4.01-4.06 (t, J = 6.6 Hz, 2H, Ph-O-CH,), 6.97-7.00(d, J =8.7 Hz, 2H, 2
arom. H), 7.81-7.84 (d, J = 8.7 Hz, 2H, 2 arom. H), 9.88 (s,1H,
Ph-COH) ; (°C NMR, CDCls, TMS, 300 MHz): § =14.36, 22.92, 26.18,

29.28,29.57, 59.81, 29.87, 32.15, 68.66, 114.975, 129.95, 132.22, 164.51,

191.07 -

3. i+ & 4 (Z2)-3-(4-(dodecyloxy)phenyl)-2-(4-(tetrahydro-2H-pyran-
2-yloxy)phenyl)acrylonitrile (3) » i* & 4 (2Z)-3-(4-(4-(dodecyloxy)
styryl)phenyl)-2-(4-(tetrahydro-2H-pyran-2-yloxy)phenyl)acrylonitrile
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()2 & =& o
ik E ()5 b
i Ve W
#0.51 g (1) > £20.6 g (2)i% f#* tert-butanol ¥ > £50°CT g+~ | p&
{55 % £L 4~ 02 mLeTBAH » #54 .50°CT #4212/ PF « F %
= {8 gk ‘ﬂ”ﬁﬁ‘“,f 3 tert-butanol » ™ F ALK ATE (1L fhe fig 1
=165 R IR)HT o FPF I FW0Tg AFT1 %o
it £ 43 : "H NMR (CDCls;, TMS;:300 MHz): § = 0.87-0.91 (t, 3H, J =
6.3 Hz, -CH,-CHj3), 1.28 (s, 16H, O=(CH,):-(CH,)s-CH3), 1.42-1.47 (m,
2H, -O-(CH,)-CH,-), 1.58-1.72(m, 3H, -O-CH,-CH,-CH,-CH,-CH-),
1.75-1.82 (m, 2H, -O-CH,-CH,- (CH,),-CHj), 1.85-1.90(m, 2H,
-O-(CH,):-CH,-CH,-CH-), 1.98-2.04(m, 1H, -O-(CH,); -CH,-CH-),
3.60-3.64(m, 1H,  -O-CH,-(CH,):-CH-),  3.85-3.92(m, 1H,
-O-CH,-(CH,):-CH-), 3.93-4.02 (t, J = 6.6 Hz, 2H,Ph-O-CH,),
5.45-5.50(t, J = 3.0 Hz, 1H,-O-(CH,)s-CH-), 6.93-6.96(d, J =9.0 Hz, 2H,
2 arom. H), 7.11-7.84 (d, J = 9.0 Hz, 2H, 2 arom. H), 7.34(s, 1H,
Ph-C(CN)=CH-Ph), 7.55-7.58(d, J=8.7 Hz, 2H, 2 arom. H), 7.82-7.85 (d,

J=28.7Hz, 2H, 2 arom. H) °
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4. i & ¥ (Z)-3-(4-(dodecyloxy)phenyl)-2-(4-hydroxyphenyl)
acrylonitrile (4) - (2Z)-3-(4-(4-(dodecyloxy)styryl)phenyl)-2-(4-

hydroxyphenyl)acrylonitrile (9)2. & = -

CN
o)
Moclezs

#-0.3 g (0.6 mmol)=1(3)2 p-TsOH 0.2 g (1.2 mmol);% f%**5 mLh

RS )5 b

tetrahydrofuran/methanol ;3 /% © (tetrahydrofuran: methanol= 9 mL:1
mL) > & F R TR F R o H *@i}éfﬂ*ﬁfi%—i %A

@IF S AL £ U Rk - B A0 g0 A
344 % o

it £ #4: '"H NMR (CDCl;, TMS, 300 MHz): § = 0.85-0.90 (t, 3H, J =
6.6 Hz, -CH,-CH,), 1.29 (s, 16H, -O-(CH,):-(CH,)s-CHj3), 1.50 (m, 2H,
-O-(CH,)-CH,-), 1.79-1.83 (m, 2H, -O-CH,-CH,- (CH,);-CH,),
4.07-4.11 (t, J = 6.6 Hz, 2H,Ph-O-CH,), 6.93-6.96 (d, J =8.7 Hz, 2H, 2
arom. H), 7.05-7.08 (d, J = 8.7 Hz, 2H, 2 arom. H), 7.64 (s, 1H,
Ph-C(CN)=CH-Ph), 7.57-7.60(d, J =9.0 Hz, 2H, 2 arom. H), 7.91-7.94 (d,

J=9.0 Hz, 2H, 2 arom. H) °

5. £ 24 PCNI1, it &4 PCN22_ & = o
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v £ #PCNI1 & b ¢

Yo *j/w SO oo

#5205 g (1.2 mmol) enit £ 4 (4) > 04 g (1.9 mmol)
Boc-L-Valine > 0.35 g (1.9 mmol)£n1-ethyl-3- ( 3-dimethylamino propyl )
carbodiimide (EDC) 12 % 0.03 g (0.3 mmol)=4-dimethylaminopyridine
(DMAP) 320 mL cCH,Cl, =10 mL=7THF? - % § T #+10 -
FEis > 1 @%‘ﬂﬁ%}?“’f«i A A~ LR g R A S 8 BORE B Ay
FWE SR OREPETR B R E A E( e B
gtk R=11605 R R)ST LED R ¢ FH031 g A F42%-
it & #PCN1: "H NMR (CDCl, TMS, 300 MHz): 0 = 0.79-0.83 (t, 3H, J
= 6.6 Hz, -CH,-CH;), 0.96-098 (d, 3H, J = 6 H gz
-NH-CHC(CH3),COO- ), 1.02-1.04(d, 3H, J = 6 Hz,
-NH-CHC(CH3),COO- ), 1.20 (s, 16H, -O-(CH,):-(CH,)3-CHj3), 1.40 (s,
9H, -OC(CHs3)3) , 1.71-1.76 (m, 2H, -O-(CH,):-CH,-), 2.26 (m, 1H,
-CH(CH3),), 3.93-3.97 (t, J = 6.6 Hz, 2H,Ph-O-CH,), 4.38-4.42 (m, 1H,
-NH-CH(CH(CH3),)CO), 4.99-502 (d, J =9 Hz, 1H,
-NH-CH(CH(CH3),)CO), 6.01-6.88 (d, 2H, J=9 Hz , 2 arom. H),
7.08-7.11 (d, 2H, J=9 Hz , 2 arom. H) , 7.39(s, 1H, Ph-C(CN)=CH-Ph) ,

7.57-7.60 (d, J =9.0 Hz, 2H, 2 arom. H), 7.78.7.81 (d, J = 9.0 Hz, 2H, 2
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arom. H) °
6. i* & 4 diethyl (4-bromophenyl)methylphosphonate (5)2. & = -

DAL AOENR

EtO. /—Q*Br
P

Eo O
#-5 g (20 mmol) =71 -bromo-4-(bromomethyl)benzene$§ +£ {4 4v £ iw it
71160°C > £ * &% 47 » 4 mL (23 mmol):itriethyl phosphite » % 5 3
i 4 160°Cir in 12 PF o F 22 is > R AW TR > 40 » 0 fho
fnk te & G B-REP > 1F2 4 MR SR -KFFAETTE  BiR 0 *
Ok ﬂﬁliq“’f—i A FIAAEY RAE48 g B FT8% o

it £ 45: '"H NMR (CDCls, TMS, 300 MHz): § = 1.12-1.17 (t, 6H, J
=6.9Hz, -O-CH,-CH;), 2.96(s, 1H, -P-CH,-Ph-), 3.02(s, 1H, P-CH,-Ph-),
3.90-3.94(m, 4H, -O-CH,-CHs), 7.06-7.09(d, J = 8.1 Hz, 2H, 2 arom. H),
7.30-7.33(d, J= 8.1 Hz, 2H, 2 arom. H) ; (°C NMR, CDCl;, TMS, 75

MHz): 6 =16.16, 32.00, 33.84, 61.89, 120.58, 130.56,131.14, 131.30 ; MS

m/z [M'] 307 -

7.1 & $ 1-(4-bromostyryl)-4-(dodecyloxy)benzene (6)2. & = o

)
AN onne

#-10.6 g (34.7 mmol) (5) ¥8.89 g (30.6mmol)=r7 (2)i% f# = 20mL
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FTHF? > AkiE T 4e » 4.7 g (33 mmol)7#-BuOK » ¥ g3 5 o] pF o
FeRH (s 0RO L B A 4 r CHCL R RSB 41
TS E R ICE 0 R Tk 1ﬁx$ PR S o FEIRS
¢ F486.6g A F52% -
L £ 46: 6 = 0.85-0.90 (t, 3H, J = 6.6 Hz, -CH,-CH;), 1.29 (s, 16H,
-O-(CH,):-(CH,)s-CHj3), 1.50 (m, 2H, -O-(CH,)>-CH,-), 1.79-1.83 (m, 2H,
-0-CH,-CH,- (CH,),-CH3), 4.07-4.11 (t, J = 6.6 Hz, 2H,Ph-O-CH,),
6.93-6.96 (d, J =8.7 Hz, 2H, 2 arom. H), 7.05-7.08 (d, J = 8.7 Hz, 2H, 2
arom. H), 7.64 (s, 1H, Ph-C(CN)=CH-Ph), 7.57-7.60(d, J =9.0 Hz, 2H, 2

arom. H), 7.91-7.94 (d, /= 9.0 Hz, 2H,2 arom. H) -

8.1 & 4 4-(4-(dodecyloxy)styryl)benzaldehyde (7)2. & = o

O
Hoclezs

G FCE REETERLY &~ 0.5 gen(6) 0 * 20 mLehiE K THFS 1315 > fi%
BET(r e iR F R E)Y B E F A ~09 mL (2.3 mmol)h
n-butyllithium - %ﬂ”",f sRig o wFIE RS £ F L ~0.26 mL (3.4 mmol)
eridimethylformamide « £ = =16 > 5 7 @AM &5 B3 g

AL AT RE()F ko HLE T EFO)
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S
at!
o+
Iy
\4
=
&
=
Ny
-M\
ey
oy
&
4y

PR e 5 PR S &

AcO o
0 /WW
AcO OAC ) o
N:N
OAc

HeC  CHg
HyC-Si-0-Si~H
CH; CHg

Pt Cat. / Toluene

CHy CHy
W§I_O_§I_C

AcO o)
O,
O~ }@70 Hi
N:N
OAc
Scheme 3.5 i &£ = GS1Z & = £ /%

EHGSIZ & &

#-0.4g:pentamethyldisiloxane (2.7 mmol) & % 4 A+ 1t & 1
0.52 g (0.59 mmol) ¥ » FFEFL? & Fwing o 4v > KT F 53 A
3% 2 > %0 F platium divinyltetramethyldisiloxane complex & {*
#ip o @OKT ¥ A FER R KRS TR 025 mLit » £ b
FY 0 e I80°C F R4S e F R 215 0 1 R FRG 2
Ao FR A e gt B = 1ISA R RR)H - F

Ile ¢ TR0 A2F16% -

it & 4 GSI: '"H-NMR (CDCl) : & = -0.02-0.04 (s, d, 9H, -Si-(CH3)3),
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0.48 (m, 2H), 1.24-1.27 (m, 10H), 1.74-1.85 (m, 5H), 1.93-1.97 (s, 3H),
2.03 (s, 3H), 2.17 (s, 3H), 3.92 (m, 2H), 4.09 (m, 2H), 4.16 (m, 2H), 4.31
(m, 1H), 4.46 (d, 1H, J= 8.10), 4.58 (m, 1H), 4.70 (m, 1H), 4.98 (dd, 1H,
J =10.50 Hz, J = 3.30 Hz), 5.24 (m, 1H), 5.40 (d, 1H, J = 3.00 Hz),
6.99 (d, 2H, J = 9.00 Hz, aromatic protons), 7.30 (d, 2H, J = 8.40 Hz,
aromatic protons), 7.68 (d, 4H, J = 8.10 Hz, aromatic protons), 7.92 (s,
1H, -C;N3H-), 7.98 (d, 2H, J = 8.10 Hz, aromatic protons), 8.17 (d, 2H,

J=9.00 Hz, aromatic protons) ,

2-4 A3 p ek

F25~0.5 mg2_ 1t & $# PCN1E2:20mLe# H¥ ¢ > 4e » 4 mLe®
FRis HBP - ek 303 b BB SRE R RFRART R £
RRABANIMY > FT ARSI v EE > T 05mLE
B K RIS MR R FIHF R R FIE T o 1Y £ PON2eA e S 2mLen®

AE{r0. 2 mLenz4g-k > e 2 G

SEMzE R ® & @ g B BF g gy R b o TR N b M
PR EME T RA R RSB E T T RS FPOYR Y

%% 18 ¥ USEMBLE R & ©

48



Jin
s
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i
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s
¥

% R ¢\
¥ — MWip
B W - )\ 2 N
3-1 Ei’_’g‘xg kL F 2 \__A..r,\'
*~F % ¢ PCNI & - BrEPxa o F > — =3 8 9k

Boc-L-Valine® ¥ — sh & -k 3 7 - = Wi pidh P B gk
ARG FR-FE-FROLHE > X A4S &Y - B cyano group

PCN1 ehé & # P % peptide » CN # % ¢ ¥4 £ A B eh 4 -

2

B * > 2-(4-hydroxyphenyl)acetonitrile # ™ § T *
3,4-dihydro-2H-pyran # % %+ #a & A+ e0g B H - 75
2-(4-(tetrahydro-2H-pyran-2=yloxy )phenyl)acetonitrile (1) 4
FU* 2 1 fopg s en% & o 4-hydroxybenzaldehyde¥? 1-bromododecane
. KCOs/KI e 3% B & & 7 Williamson Reaction # 73|
4-(dodecyloxy)benzaldehyde (2) » #ti* & 4 A8 7 AR endg i ™
TBAH % 1% % i+ & {§ 3] # (Z)-3-(4-(dodecyloxy)phenyl)-2-(4-
(tetrahydro-2H-pyran-2-yloxy)phenyl)acrylonitrile (3), & *
TsOH # # % 2% + cpyran tx 4 =~ & 3 &£ # 1 (2)-3-(4-
(dodecyloxy )phenyl)-2-(4-hydroxyphenyl )acrylonitrile (4) » I
24 iz & 5 ARBoc-L-Valine ! EDC 5 .1t &) i fig i & J& {7 3

PCN1 - PCN2 e & = % i» R| H_ & 12 triethyl phosphite i
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1-bromo-4-(bromomethyl )benzene ¥ & > B~ #-bromomethyl } w
8 % 2 diethyl (4-bromophenyl)methylphosphonate (5) » £ # %
#24-(dodecyloxy) benzaldehyde (2)% & » ;= 1-(4-bromostyryl)
~4-(dodecyloxy )benzene (6) > £ 4] * n-BuLif-& -KDMF¥ + i it &
¥ F & 0 A5 % 4-(4-(dodecyloxy)styryl)benzaldehyde (7) » & %

ik i IS EPONIAR o
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3-0 kB g
3-2.1 % ¢t ¥ Rk (UV-vis)=s iz k322 ¥ kst (PL) & 3#

7

Apr g it e PCNI{ePONZ & & 5 & R fLamiisa fbe S o 8 i

EfmiZuan? R LABOLFELRT R F LB AR W2

A
i
)
()
=
[u——
—4
]
v
(!
=
DO
~=de
.
|
e
W
1+
T,
=
\!
P2
=
Ak
Ed!
7~
F_¥
o
<

I water fraction

1.0+ —— 0%
I ——20%
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——80%
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0 O @€
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A A

O
o
I
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1.2

| water fraction
1.0 —— 0%
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o [
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o 04¢t,
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= 800/ o
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é 700 - —o— 80%
g 600 N —— 90%
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water fraction
’-l: | N —o— 0%
'£2000 25 s
=
2
<c1500
N
>
e
»n1000
c
(¢D)
o
£ 500
_I G2y, %
o

O L 1 L ] ) | ) |
400 450 500 550 600
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(d)

Figure 31 ()PCN1(b)PCN2 57UV 5 %3 ] § (PCNI()PCN2 <52 PL % 34

AR G FRESPS R LR L % 23 123 THFY
EWME O~ Fk o R SR AR A2x 107 mol LT - 3 e Ay

K BiR R ¢t G A B 5 0% ~ 20% ~ 60% ~ 80% ~ 90%¢hT A 5 o

“73f hE + 225 (quantum yield, @) o & K F FAT kS ik

LESIEET SR -
® = (number of emitting photons) / (number of absorbed photons)
EFoeF e plc g 5 - B HE F 225 (absolute

quantum yield) » T kL E B g FoeF o 3 N LI AT RE
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ZHBERREE ¥V - 5 ApHE S 2 F (relative quantum yield) >

FTRIET- RIS B SRRSO L ERFRSZ T

1 ek B R R (optical density) 0 T AR B A IE KHEcCF 4P e R

\

SRR TIPS o R R e R e

A AR RO 2N deT > TE LI At 2 JpEE S A o

(I)un = (Ista / Iun)(Aun / Asta)(rlun / rls‘ta)2 (I)sta

@, = quantum yield of sample

@, = quantum yield of standard

I, = the absorbance of standard

I, = the absorbance of sample

A, = the PL area of sample

A, = the PL area of standard

AFHBEY AR REHEEFF 2R () Bk
o AR LGB R2Z UVadciE i 0.95~1 16 > £z UV sfoik & i
PR > BRI AR PEZ PL Bl pew R EFH A G AL 0@
AR R L KRR R T B X R A 6 (A2) Bk

E"J'JD c\‘—}vfé“‘fﬁk\ 7 ﬁ‘(AB) 3t B3N e At o

Ik

F 3k (D) = A3 / (A1—A2)
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30%
25%
20%
15%
10%

5%

quantum efficiency

O%|

20 40

60 80

water fraction (volume %)

Figure 3-2 PCN1%2 PCN2 3 3k § 3 »x &

100

Table 3-1 74754 % A 3 PCNIhk £ {4 F i it 4

No. “;?;:LZ: UVKAbS(‘I’lrIfI;iOH PL A (nm) | Dy (%)
%) -
I 0 340 454~500 5
2 20 340 454~500 7
3 60 342 454~500 7
4 30 356 454~500 7
5 90 358 454~500 7
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Table 3-2 #:rxd sk A 3 PCN2#sk 5 14 1 #ic i %

No. VZ:J:IZEI UVAAbS(‘r’IrrE;ion PL Anax (1) | Dp(%)
%) -
6 0 374 495 6
7 20 381 495 3
8 60 383 515 12
9 30 332, 395 495 21
10 90 325 515 27

3-2.3 L& BTH®

#PCN1 % UV 2% ( Figure 3.1a )} ¥ BRI ¥ F 4k ip
R el B A BE O R ek KOO b A IR % o 2 1T 5
A BB B R g E B R A o 8 T R R B
oo B AP ER YRR S T UFR AIVEEH 2Bkl
ok gt A R R BT F DR Ao R S5 - kT g
(J-aggregates) s yo i ¢ fevt 2% { R K e 2 MR- B A
e > e §_% Figure 3.1at i 5 BLZ 3| 4 o1 J3] 4 fp (J-aggregates)
e T o

“73) J 238 dp (J-aggregates)dp ehd & + Gl fpehnifgfee > e
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