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ABSTRACT

With the rapid developments of organic optoelectronic devices, such as organic
light-emitting diodes(OLED), organic solar cells and organic field-effect transistors(OFET)
and so on, the organié materials with m-conjugated chromophores have attracted more
interest of scientists. Having larger n-conjugated system, perylene derivatives and pyrene
derivatives have potential application value in the new photoelectric materials.

In this thesis, Carboxylate of perylene anhydride, ‘1, 3, 6, 8-pyrenetetra sulfonic acid
tetrasodium salt and cationic surfactants (DOAB and DHAB) were selected as raw
materials to synthesize two new types of perylene derivatives and pyrene derivatives at
room temperature by a ionic self-assembly method. NMR and FT-IR were used to
determine the composition and structure of .the target products. TEM, XRD, SAXS,
UV-Vis spectra and fluorescence spectra were also used to characterize the self-assembled

"morphology of gelation aggregates, gelation mechanism, the arrangement of structure and
fluorescence features, etc. The molecular models of the gel aggregates were built according
to experimental data.

The results show that: (1) Comparing the traditional method, there are several
advantages using the ionic self-assembly method, such as shorter reaction time, higher
yield and non-poliuting. (2) In the appropriate solvent, perylene derivatives and pyrene
derivatives are able to self-assemble into ordered aggregates through the n- stacking of Athe
aromatic ring. (3) Perylene derivative (PTCT-DOAB) and pyrene derivative
(PyATS-DOAB) could form gels in toluene. These gels showed typical layered structures,
perylene ring and pyrene ring formed one-dimensional structures through @- stacking and
alkyl chains twisted through van der Waals force. There was a kind of competition between
gelation and crystallization in the formation of Perylene derivatives PTCT-DOAB gelation.
(4) The mixture of perylene derivatives and pyrene derivatives could also form gelation in
toluene. These two types of derivatives could form gelation separately in the mixture, the
results showed that the recognition of n-x stackin between the perylene and pyrene was
very strong and only could recognise the same type of moleculars. The main driving force
of gelation was the strong m-m stacking between the aromatic rings and van der Waals
forces between the disorder alkyl chains. (5) Perylene derivatives PTCT-DOAB’s and
pyrene derivatives PyATS-DOAB’s ethanol solution or toluene solution had typical
fluorescence under the UV-lamp. PTCT-DOAB distributed yellow-green fluorescence and
‘PyATS-DOARB distributed blue fluorescent.

Key words: self-assembly, perylene derivatives, pyrene derivatives, gelation, n-n stacking
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Fig. 1-5 Molecular structures of compound 3
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19 BEPRBFUEMAHBERMENBERE
(a) L&Y 53; (b) L& SH

Fig. 1-9 TEM images of fibrous aggregates of Au nanoparticles in the presence of different compounds
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A R y

WHGE ZHRNATRIERNEERERRO AT, hF a5 kE
FEMES, FlI-NH MRIESEEK-OH WM, LML ENR—EE
FETREMEMTHT, TAMEAANGRY, BROEHHTREEY 3T,

1233 BRUEAZE '

WL BHEMMFELRE, BRHTATENESETAE, KNRs BT
BLRRRESNETEN. ‘ :

BT EMENFER SRR RENBKEENSFE S, RRAHUEERMM
PVREFNRE NN TR, RRARSYEHMEN—REENE, YERDEHESN
KEMTERE T HE EETRNIEE.,

BT BMBEHEABEAKETEME (SEM). BHBRTRME (TEM). BEFH
BW#E (AFM) FHE#BEEEMSE (STM), SHERETLIAR 02 nm, FHFTLL
SUHFFENEOREROEIUFE. EREOMREET GHES), SEM. TEM.
AFM H1 STM #FZkF b e 2 T ik '

1234 X 5t 53%

X SRR, %X HEEMRPORTFHEIERR, NPt gsmzs)
MESIE, HEXHLES, CTUREE XY RN S FEEES A AHEE.
X SRR LA X SRS (SAXS) RUMAhFEET (SANS), TEMk
BB 4 FHHES BRI e tE . BB F R AR B, LA
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FiFFHE N 154018 3

S FHEBRAR S IR

X B A ONF ARG B — SRR EER d B’JaaﬁJ:HT
KRS FHEARSMUMENLGTE L. | A X HERKRTH (XRD) 3TH
AENBREHY FREREREENZN, HPEEENFEEBIHNNT RiALE
BB KRG d 8. Bt d M TFRAMRE, TTLAHEB
GERME, MREEMH. KEGHESSAHFRNERTURAERER (LAM)
RAKER (HCPC) %08,
1.2.3.5 Hy4&EY
TR R, BTOMRAER SIS BT B . ERANESESR
AL E, WO RS R R A A FARERR. XEFA&ENTHE R
e HFESETERE. EERAMULED, AT CUE i H 8 B A Y
RERS.

1.3 SETEYHARER

RR—MARERILEY, HEMBRKESRAE RN o LR AR F @
g4, BRHTINBELBRA, MAFHMLUIENGTEDIE. ERFILEDRS
WEAFROENRBREMEZ— HTHRRERORREN. e, Bk
Banif. RABRTFERENETHERFHSNA, FHXRLEYEFIHRIRE
MEFENHRBE ZHEN, — B HERSERETEESMRAMRIT, HIE
TERHHFHRE®, BT o A RE r-n BILERT LS BHTEY BRI — 44
WM BTG — R REF RO AR, BTLIIERTAEY N T AP AL B, BALL
Bk, BNINESESHEME. RBURE. BobE%,

EERHAEYS, BRAIIABRZ AR MR IEZBEREGEY, %Xk
AT LR FIRE R LA B E T LRSS T A2 26t g
FIIURB = WK EYP BIEIENFE, TNBERERALE o RN R FH
SFFEARER, FBTFRIK B EMERAKS S, FHEAFRAMKEE, XE
BAEZHMIEN R — UER L ASYHERIERE, BT ESEREHFM ISR
fit— N, EEEE TNt B R AEKRM BiR. BN 1913 4
Friedlander Z N K& AL B RELASR, ©IEA—FEN B BOENLH, 0T
BAKEERBORE, HAERERENIEEE, BATRAER. B/ FEE
BHSMN BAE, B -HE. BEEASHE®.,

BitsF) e MEARHEEBS FREAZBIHEEY TRER (48, ®
B BRE) m—REEFERY. o RRTEYh T EERANRINEE, 4
FZRBSEEEREN on HEER; BACRAREBRAERRN, FHNEd
MEAERHI &It m&&%%%%%%%%m#@%@ﬁwm~A+ﬁéﬁ
KA.

Luca Z NS5 & —F b “BEWREATAY (WED 3D, HBIHEFE KB XIE
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1 W&

ISR RHEARN R (WEMARE. B, A%, =8%) KROEAELM
ZimmtEit. WE 122 P, EATEMEEAERRE L RMAEKERK, MH
CHERHE. ARt LTRSS BT gL R, ZIEZA YA BN A
T&RE. BEUMEREBRSMF L BN, REFEYKHN - HELERNIRE,
DL FEACRE FRSFERE] T FACRE A% (B 1-22a FHEELITR). BFFIE R
R, Bt LRSS RIS . R IR 2R KIEEM e iR
R LA & S MK S MEENL SR ES, ML RRRBEET U ZRAT
prliis Wad P

12 {8931 RATEURRERAARREVRNFERER MR DAER A
(a) BHE, () B, () R () =8
Fig. 1-22 Molecular structures of compound 31 and POM images of compound 31 fibers grown on

different medium
(a) SiOx, (b) glass, (c) graphite and (d) mica

Balakrishnan % \“SBFA T AR TEBU R B AR AL AW, R
ZRERY, HTTEARSGHNNESERRNTEDRNBAREHRR, LEY 32
- (BHEPFNE HEARESAPKRERNKAERRES, MLEY 33 (UEF
— %) KEARBEIARRENRREEE (B 1-23), BRxLaARsEH
FIBES ) b R B nen HEMER, (BRI T ARIKMEZ A EARR, RS
FIKAKEH, BT REFEAMERD, 4FERBDEEHHSERERR, A&
HIBZRMEEK, 2FEKE oo HEERERR—SEMLEH, TIELXH—
Gy KT HAEADSM LONAR, fIuta —REMERBE, i, 27
Ia) Y BEER 0 e A ELAE PR B B PR RO R R A4 0 T LUK B n BB WL i



Tl B A7 1S

(RIHRN AR

B 1-23 L&Y 32, 3 S FEMRBAREHNENERA
(a). (b) F0 (o) 9AALAEY 32 BARGHNPAMBENETFIENRRA:
(@, (&) F1 () SAALEAY 33 BARGHNERBENETHERRRA
Fig. 1-23 Molecular structures and self-assembly structures of compounds 32 and 33
(a), (b) and (c) are SEM and AFM images of self-assembly structure of compound 32 (fibers);
(d), () and (f) are SEM and AFM images of self-assembly structure of compound 33 (sphere)
Wiithner £ A\ BELHAR R, —FHAHBIAENTIR-MERRGED LE
#)34) E—EEHT, BIEIARKE nn HEEHNER—HRENHESEN.
Eid e BT UM I A Y 34 MR BCRIBR 2 (B 124 2), Bz
RIBEMA 115 °C BBIZREHT X HEAHMA, SREVIE_BREBITED S
FRMERGEHWER (B 1-240) , MEEROFTEBNTEHIISIBOEREN T
B EE . SIE BT AW 2 R R P BT LR E AR O
(MIRE, SIFRAKEANE n BEFAMBAFTEENE XL, .
Wiithner % ASSUWERFFT T — L6513 Z BRI B RAT £ D IBRRAT b (L& Y 35a~g),
PRRRI, B I8 L LU R SEFR ] 1938 men AHELAE A 00 LA R iR AT A D7E v
B EARETH, LRERE—ERENSERERE. mRTEDHIERENS
#, WESHR—F H K« BFHES, #MER—FLERE; WRTEYKSH#E
REEDEMENEN, NEASHE—HM T E n B TS, S#MER—MRELRE.



124 L& 34 M FEH. BRERE
(a) A 34 BREWNRAEBRERR: (b) HEY 34 MERERIRE
' Fig. 1-24 Molecular structures, conformation and model of compound 34
(a) Polarized optical microscopy image of liquid crystalline phase of compouna 34;

(b) Columnar stacking model of compound 34

R=R=RY: BN 353 Marn KA

3b 7,;\)\/\)\ 35¢
35¢

35d R'=R?s \‘\)\/\)\
35¢ L N 3¢

P

125 &M 35a~g BN FHAHUURKERERRERITA
Fig. 1-25 Molecular structures of compounds 35 a~g and their gelation behavior in toluene
i XX LR T R A T, AR S SBATEDN B HEAT A MBI
FFRRERAN, B a. by 2 HBRER, oo d21ERERL, g/ HEMI K
REBENK, HEE-FARENLERA, LAY ¢ EHERPAREAER (B
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PRI E PN TR 175"

1-25). XIFRFAC R A A A R ) R E Z BE RR AT A 4R it T — B iR A nt, @
AT BAERRMARWIRN, X KT BN v] DURSF R T AR

36

37

126 L& 36. 37 N FHEH. BRRZLM
(a) () (0) LAY 36 EPRFCHHMRRNBS AR RLEEIMIME FHRA;
@\ (o). (D) HiLAY 36 ERMHORRNBS RERE RREEMIME THRL,
(@ (s () A 3T ERATHESREES RER A REERIMTRE FHRA
Fig. 1-26 Molecular structures conformation and fluorescence of compounds 36 and 37

(a), (b) and (c) are TEM images of compound 36 aggregates in MCH and photographs of the solution
under a UV lamp

(d), (¢) and (f) are TEM images of compound 36 aggregates in acetone and photographs of the solution
under a UV lamp

(g), (h) and (i) are TEM images of compound 37 aggregates in dioxane and photographs of the solution
under a UV lamp

LiRRH, FEBUREATEYEARRUEE T LY R, T d— D6
 RIEIR I B AR LMW, Withner 25 A I3 BRI AR R ATADBAT T X RS
&Y 36 5UEY 37 WBERSMAER, FRARLEY 36 LA BB
AN EIFER (B 1-26) . FIRKRH, WA 37 WUESHH TP R
EHRREH, M_EAF (B 126 g h. i) , EBEHEE TRERNERRES
E—FAEREN: LAY 36 REDBIEHDTE SR E MRS, MWE (B 1-26
dv e. D , TEES BT UL LR E —MHEXLENEAREH, TS HHEHT
FRERARERK, WMFEHCH (B 1-26a. by o) MKk, BEK, X%, £&
HBE THRZABEMRE —FERE R ARG RERY, XL MTRERGED
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%ﬁ&ﬁ%%%%%%%%%d&%ﬁﬁ%%%W%mﬂﬁﬁﬁﬁﬁﬂuﬁﬁﬁ?z
FIREFMLE &, MR REHIRE MRIREN, MR, aY 36 T IERm
PEIABRBE KR, FBICHZ B2 AR K, I rn MR AW, #
MR RRBK M — S, MRER—MBRENEREEH, EESBNPHEI L
FRIRE BRI .t TR AT DRI LA BRI 3 6, BTLLZS A4 Y a] LU T
HTFE BREAR. BithETRIF Tt B RS 4
14 BEFTEYNTRER

EEHA R PRV TR OA B () 50 SRR, 2 B BT R a2
ERATAEIR I R T 8 IR R A ™), SR AT R — 2 e
ﬁ%ﬁ?%?%ﬁﬂ,HEW%ﬁ%ﬁﬁ&ﬁ%%%&ﬁﬁ%ﬁ%%“ﬁﬁ%ﬁ%%
B, BAERIATEMIESOCSR . AT ST WRETHE. GHTHE
FEFEMERBBRABRNEIECE ZONH. MY TFEHLEE, EHRBTE
BRRGH, BRA MKk R, BRERAS BHRHANE, SRFEERD
BRTAT A SRR ARG EER . dT AT B85 % T
BE, EREMNEBBATANRRED, ZRAXBIHHANE, LTI EBRRT
AR TSR B EENA,

127 {LA# 38, 39 MATEMERMUAWRARE |- B0 (LB AR (FE)
Fig. 1-27 Molecular structures of compounds 38 and 39, their gelation (above) and solution (below) in

1-octanol

Hahma% AUV & B —RIVERTAEY), P AYB85SRI=IIEY (e
39) E1-FWHA IR (E1-27) , NEFAUKI, XFEFEDHERE
WRE, SRRERE 2—MABENNEE, BIEDSC. NSRRI ILSEE
EFBRAREN, HEREENAWNK, HRRITIKENEDE, HRERER
1) - LA I E T RO B 4R P S R R B HE R, B R R 2 F i — B ok
3, MIAMED i) ZRNTEEEN A REBRRINEERE . BRYE
MM S =R S WHIR S BRI EER T, EHEH LR,

Babu S NG BT — RN G R RSEREN AT AW (A4 40~50) FHBI5LT
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RHEBH K1 LSR8 3

HEBATAH (B 1-28) , S5ZAiFREILAY 38 AR, LAY 40~50 o] L5 =F
BYRETCRBEE, AL . AR B R aY (Be. M%)
o] UBIE fe ki BB SRR RS, IR EEER R AR A n-n AH
TR, HEENaT UESFHENGEHD B E g AAfme Rk
B (B1-29) , XEEHTAMERNAF PR BI I & A fRE .

: . Y O
€00 15 40a Y'Y
€00 7 40b 0 CH,
CONH 15 4] N y
CH, 14 42a - . A48
‘ CH, 16 426 ’ - (Sr 48
CH, 0 42 NH ()49
o] 13 43 NH {5y 49

x\H/
O oco 14 44
‘O NHCO 16 45a “
NHCO 10 45b
O NHCO 6. 45 "
NHCOO 15 46a (¢]

NHCOO 11 46b
NHCOO 9 46c , n=18 50
NHCONH 15 47

1-28 k&1 40~50 M5 F 4
Fig. 1-28 Molecular structures of compounds 40~50

129 FREEMARBRRA
(a) WA 452, (b) MTRERH 45b, (c) MTEBEPH 46b, (d) #¥ﬁ'¢ﬁ‘](R)-49
Fig. 1-29 SEM images of the different gelation’

(a) 45a in octanol, (b) 45b in tert-butyl alcohol, (c) 46b in tert-butyl alcohol, (d) (R)-49 in isooctane
REZZEANPIERT —RINEY, XBUEWFELSFRESE-ZAHEER
S RS FIRIERAE R AT LL B AR — RIIEE R, Hp et 51 (B 1-30) A—
FERMERFTEY. XIHEFEYH FRFERSHEARER, ANbTHRMER
B B, TEARIRALE non AHELTER, BrUNIX S THR—FRREMHS, T

21



L&
TR KIEEE S, Bl FiG—-FRRIRIEE TS, I E R R 5

FEBMRIWEN B AT TSR E R, R RSO BT, XA ie4H
KEK, XTI A 56 E R AL L T 5Tk, ‘

~ 0 R= CwHQg 1] 0 N

=3 ﬁ’“ :

RGN NOR

1-30 L& 51 M9 T4
Fig. 1-30 Molecular structures of compound 51

Bhuniya % AP &R T —RIVERTEY (L&Y 52~55), HILRIHE MR KETHE
BAHAE BANBE, REWATEYLEK BT R g, 1 BB R AR IR B AR AR (4L
Y 54 MRICERKEREZMET 0.1 mg mL™), XTEZ BiHRE AIEIRAR < A SCHR
MBI, HHEERENSIA, EREYEKTR BRI DERKEE. AT
HHBNERTUEY, BEREEMEKNZENEN, HRREWH R BEREH
HR QAR REREEM, KR—MH—EEFRRAERREN, TXFHFERD
BIREL R BROTERE. (B 1-31) BTFXRATEY 0T UK RIS 1,
B LU AT IE A Pk R B3 AU B S E R A Al 5%

mem%AWAmT—ﬂéﬁﬁ%H%%lmwmiw(%Amsm,£¢§
 EHBE—MEEZHEDIIRP= . FARR, BRERN_REREZFHAEN
ERP R, ERESHEKREENTRER SRR, E3INEEASE, X
A e /K b B BT T B AR SE R AR 454, TEB ST B T MR o] LUR BLIX kel 2 —Fh
WHEORMAEPPREY (B 1-32), BAERMTE AR 50~100 nm. B 5 XFEATE
I K A KR B S AT A R I, TR RFRRAECRERRE T, K5
B H KR AN FEBRROAMEER, BRREEGRRET, KR A HFE
BRAMMEER, RERBEREHTEANTIANSBERHEIOKEROER, FRTF
Hi#t— B TERINA . _

XuZ NPEUARE T —HIERER, SENEERNENED L& 57,
ZALEMKREAEIN n MEERERILERRINER BAELBR=ER MRS
i, WiTEKEEENEERF R —FEEARNER (B 1-33). THERERK
BT AEAERER L EFEENER, %UzﬂﬁMﬁ&@Aﬂ@—%%&$%E%
MERIF R, F1wEm—FaEH RSB .



RAEBHINF AL

B 1-31 LA 52~55 Mo FEMREAREMPAMEARRA
Fig. 1-31 Molecular structures of compounds 52~55 and the SEM images of their hydrogelators

T 0 e S \
132 44 56 95 FEHRARIRIBS SRR M

Fig. 1-32 Molecular structures of compounds 56 and TEM images of hydrogelators 56

1-33 &M 57 MO FERKRRR R

Fig. 1-33 Molecular structures of compounds 57 and the image of the hydrogel of 57
15 KiFREARMAEIEN
ABBELR NS H= 5, —RESETBARTEER T HHIETED, A
FRATEE R FRIEEMR, BB R K7L U/ RHIeRTED. b T
K RBERAFLE, MRS R D EmeE, ERIHe AT AEDE R+ K%
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1A

AT A, DRIEEER. —RESHE T AARTESBAMERT LY, R
1, 3,6, 8-TL UMM VU SpEh R BB TR AIE TR, Trkifeist, PREm. HifiEmR
B, FERR T HATEDEREPHRRAT R, URAERR. =25 LT
EPRREIIE. EAEYICARLEIRE, MHRBESEBRRSHETIIRIA.

BEE AR, SHER R AR ARERIMBRERINT M. EHHEK.
LA, WH-RHEMERR: tSThaemsgs, NERMEANERAR R
Be, IR G LRI AL, AN RIGE. EATAMARBRNTENE, B
HERET A URR—EEFMERESH, FRARTHESIRNS S, ARE—
AE S HL U R SR T R iR il ‘
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FARBHE NS0 1200

2 Hﬂ%ﬁﬁ'

{

2.1 FEEH

%21 EEEH
Table 2-1 Mainly materials
R pliE =R
B19.4 i Aldirch
1,3, 6, 8-tL PUR ML DY A £h 85% Across
THE )\ RERILEDOAB) Rt ' Aldirch
B AL (DHAB) 43H4t ' Aldirch
HEALA(KOH) A RETREBLTERAT
Zm Ak KETFRNZ
% 3 Pt FATALERFINT

2.2 LN RMAFE

BiBi3t4R40 ("HNMR): Plus-400, Bruker AV 300, Bruker DPX 250.

B4 4 (FT-IR) i2E7E Bio-Rad FTS-6000 B4 41 Y itk {X L€, KBr Ef,
WX IEFA 400~3500 cm ™ :

HE T B (TEM) B 7ZETecnai-G20 BEN BT BB LIKE, miEd
JEH200kV. HIEEHEINT: BUOBEIKHES, S FIOEAMERRRDEN,
2 eI R 3R A A AR R 2 R R, AN T T #2405 H.

YRR 9 4h-7T B33 (UV-Vis absorption spectra) ZEHITACHI U-3900H%! 45}
A AEERE T EITR, AEF10 mmA A A dhit.

YR P I3 i (Solution fluorescence spectra) ZEHITACHI F7000%! %8453 %
SR 18, {10 mm A I it :

ME X BB R (SAXS) 7 Bruker AXS NANOSTAR B/ X SR U X
L, R E R 1800s, X H&IEA CuKa (4=0.154 nm), FEEMKINAEZ
BIRBE R R 27 mm. BERHIRFE: ERESEREHRK (10mgmL™) EFTHE,
BEREKAKBD R, EEH 6h FIH, B—ERMERR K SRKET HIIHK
BH LR,

X 4146478 (XRD) MRZE Rigaku D/Max-2500 & X SEMRATH M LT, X
BH4EH CuKa (A= 0.154 nm), FHTEME 0.6~40°, FAHEHEER 5 /min. HHHEH
HE5/M X SRR R . ‘
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2 MBSk

23 EVEMAR
AR EERT HMICITEY, SBssmE 2-1 iz,
2.3.1 PTCT-DOAB K& i

FREX 39.2 mg (0.1 mmol) LBF (perylenetetracarboxylic dianhydride, PTCDA)
SLHTIRAE 20 mL KOH /KM (30 mmolL), RMFEAMMHENT (50 C)
AT 2h, HEJERSMBEMAL, XEBRE ST AN MRRE (PTCTK),
WIREREN, BRBRATIZEENA. TN 252.4 mg DOAB (4% 18 AN BH
BRI, 0.4 mmol) AR (F 20 mL Z8%/7K (AL 1:1) MR & 7% (DOAB
RORHRIEAE K R BAK, {B7E ZBAVKIMIRABHPRED, Mk (50 °C) BME, #
MEZREASH . ZEBHETHE PTCTK MK KE 1S NE] DOAB ¥ (3 #/min),
O EARGERITRE, BN REnd 3 h TR EEmEU B8 30ITE,
RERZE/K (1:1) BEFEBRERIORRRE R KT MR EEER. $13
MR EMZERBTEZTHR 240, BEBIRAHARN~Y, FE 02564 g, F%K.

97.71%,

0o 0 0
Ose O " O0-& -0kt *n-o—g o™ R*

KOHMH,0 DOAB

(DHAB)
oo ) 'o—~6 6-0‘ K* 'R '0«3 cg—o* R*
PTCDA ~ PICTK PTCT-DOAB(DHAB)
. (CH,1,CHy (CHylisCHy
K= HyC~N-CHj K= HyC-N-CHy
1CHp)y,CHy (CHyhCHy
DOAB DHAB

2-1 EFTEMHE B
Fig. 2-1 Synthesis process of perylene derivative

2.3.2 PTCT-DHAB B9&

FREX 39.2 mg (0.1 mmol) FEEF (PTCDA) ¥##7E 20 mL KOH MK &S (30
mmolL), RMFEEMMMEHT (50°C) #4T 2h, HIFEFLHAEM ML, X
ME ST ERANRME (PTCTK), BRERBRE, BHREANZESH.
¥ 230.0 mg DHAB (& %4 16 MM Bk EEIP & FREE PR, 0.4 mmol) ¥MRZE 20 mL
ARKD, # (70°C) BRE, AHBEEAR. SEHHETH PTCTK HKRHK
&2 ME| DHAB ¥ T (3 ¥/min), B F=4AFANTIE, BTG EHE3h
- BELR. AEHEUSBEBRNIE, RERFIEKEREIRR £ R
- HMREBEEA BBINEEVERTET TR 24 h, BEEIEGH AR,

26



KRR 18 5C

FEE 02354 g, F=#: 98.08%.
2.4 PTCT-DOAB HyEBAT A

Hy/>& PTCT-DOAB (10 mg) MA/D>EEHRER (1mL) 4, AT 50 THF,
WREERG (8222) . REHLFBBAN-18 CHHETHE, 10minj5, %k
B R RS SO AN B IR (B 2-2b) , ELZIERAE S AMT HOR T R — Bl e
Rk (B 2-2) .

2-2 PTCT-DOAB ABREAR R
(a) PTCT-DOAB IR E B (10 mg/mL);
(b) -18 °C A} PTCT-DOAB ZE R E PR AYERL (10 mg/mL);
(c) ZRIAELIMT (254nm) BETHRE
Fig. 2-2 Photographs of PTCT-DOARB solution and gelation

(a) The solution of PTCT-DOAB (10 mg/mL) in tomene;
(b) The gelation of PTCT-DOAB (10 mg/mL) in toluene formed after cooling at ~18 C;
(c) The PTCT-DOAB (10 mg/mL) gelation in toluene under a UV lamp (254 nm)
2.5 EEATEYMNEK
ARG ES R T BREGEY, SRBEEWE 2-3 Fir.
2.5.1 PyATS-DOAB B9& i

NaO;S \  SONa RO,S
QQ (DHAB)
Na0,S SO;Na ~ ROsS

(CHy)y7CHy (CHalsCHy
/ K= H,c-‘Nf-:c;‘, K= H;C—:N/E’é:)i;
(CHyn/CHy (CHghsCHy
DOAB DHAB

23 BEATEMMNE A E

Fig. 2-3 Synthesis process of pyrene derivative
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2 MBIk

HTHET 1, 3, 6, -HEIUTERR VI EE (1, 3, 6, 8-Pyrenetetrasulfonic acid
tetrasodium salt, PyATS) A/K# P, {H,/2 DOAB /KiEH R 2, Mk Z /K (1:1)
IR S FUTE DB RS R EH . BRI 72.0 mg (0.1 mmol) 1, 3, 6, 8- PURER I
PRET 10mL ZB/K (1) FIREHEAT, BREREA. I 2524 mg DOAB

CHPI% 18 MRBEMIBAE TR MER, 0.4 mmol) ¥MRYE 20 mL ZRE/K (RN
LD BREHHF, Ik (50 C) WG, AHAEEMEH. SESHETH PyATS
KK R Z BN E] DOAB %P (3 #/min), T b=k EMNE, WinsE
BRELHITE 3 h BRERR. HTMEUD BARNE, REHZE/K (1) BOK
BB BUX LABR 2K R BN L R ISR BRI E SR T R4 24
h, BERERREORARNIY, FE0.2661g 7% 97.90%.

2.5.2 PyATS-DHAB M4 X

FREX 72.0mg (0.1 mmol) 1, 3, 6, 8-EEPUBEREIIPIEAT 10 mL ZEE/K (1:1) 1
BEHENT, BRERIFE. % 230.0 mg DHAB (474 16 MBENHEFREE
e, 0.4 mmol) VAR 20 mL ZMWKF, Mk (70°C) BRE, BHFTESH, -
ZRBHTH PyATS /KB W18 ME| DHAB ¥+ (3 B/min), DLtk
BRUIKE, WNxEESEsH 3 h FHETR. ESHENSBEINNE, RER
REKGEHRBEX URZRR TN BIREEEN . BRANESYERTEST
B’ 240, BERIRGEHARITY, HE02113g F=F: 954%.,

2.6 PyATS -DOAB BY S8BT H

B 244 PTCT-DOAB & R KR K
(a) PyATS-DOAB M ER& (10 mg/mL);
(b) ~18 C R} PyATS-DOAB #ERZE P MM (10 mg/mL);
(o) RAEHRIMT (254 nm) METFHRA
Fig. 24 Phofographs of PyATS-DOAB solution and gelation
(2) The solution of PyATS-DOAB (10 mg/mL) in toluene;
(b) The gelation of PyATS-DOAB (10 mg/mL) in toluene formed after cooling at —18 C;

b4

(c) The PyATS-DOAB (10 mg/mL) gelation in toluene under a UV lamp (254 nm)
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REFHE NS0 g

H{ /> & PyATS-DOAB (10 mg) MADEFEEM| (1 mL) &, AP 50 CTH
B, WRRREA (B2-4a) o BEKLEHBA-18 CHAETHFR, 10minf5,
GAKRT R — i i 1B I (1B 2-4b) , Bi%BURESAMTRE TR —F
BRME AL (B 2-40) .
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3 GRS

3 Z£R5i1E

3.1 FEATEYRRAE
3.1.1 PTCT-DOAB HyRAE

AL TFRIL S YRES S EME YT, KRERMMH R P
ARFEVALADMEMEE. B TEmER, Bl SirEEERLE, TLHEtay
fogh, sFRMBEG, BdERIE. MREE. BRELE. ZRGEULASEY
(TR R S M 15 BT DAHE AL A i 4500 o IRARBSL B BRI A a4 M. |
RIEAAMUBHARR BN — KGR, BLASTEAMBAC AR RHRIL. B
Babig S ramie T S, &aF. WE. BEYRRE. SIRFMLKRERS.
PR AT T TR R, B E EE RERHTFR.

M PTCT-DOAB FI4 4kt e (1 3-1) AT LA M & 2, 7E 2850 cm™ & 2918 cm™

AR BTREIRUE, HERMBREM A RIS, XRREEER - -

 DOAB HiE{EW4 . F#, 7E PTCT-DOAB KIiEHEEET 1469 cm™ WHE
—CH,-10725 thiR%), XtRIREFHER DOAB KIHEEIVIE, 1566 cm™ AbHIR i 2
IEEF EHIR AR, 7E 1600 cm™ BHIERY 2~3 M&, RIEHF C=C BHEKS), X
ik 7E SE R A A B b # A SR A IE(E. PTCT-DOAB & B T i B B #EE1 2
3024 em™ A B9 N*-"0 B F B H M TRz .

DOAB

g

£ |prer-poas

g

g

= [Perylene

4000 3000 2000 1000
wavenumber(cm ')

E3JMM&PKEW%Bﬂ?mMmMH%%%

Fig. 3-1 FTIR spectra of DOAB, PTCT-DOAB and Perylene
BHSHRM T RS BEREN ST RNFR, BTHTHREANDRA BB
M, FEERE. HH. 2HERRSFNATAURERRNTZNA, CENEF
BEIMLE. W, BR. BT URMEEER, ERPREFRIETEXREM.
BRtiRE S Tk, Bk, mANRSHFER, DEGHATTFEAAHE
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Rl FHE N0 2R3

BRI, SuptEegNd Em—4iEE (D) REFWmAM 4% (2D). =4

(3D) HZEN4E (4D) . AUIFIEF—% 1H ZHESAHREE (NMR) fEARIE
FE. .
M PTCT-DOAB HI%HEEE (B 3-2) FealbAEH, fiAWTaSA H 841 X
RRAE, FIRST a kb K e e B R He/R i, BMMIRZE 1. 6, Wil
HHBEMIENEONEET R, AP IASKREEHANERLERL: 4, L
BIE T H AT A RIS 4t .

d
o O
L1 13
RO-C C~OR*
(CHalrCHy
R HyC—N-—CH,
Z € (CHautH,
’m)—s, Cc-OR* €
Q *
*
c
ab “ le
10 8 6 4 2 0
ppm’”

3-2 PTCT-DOAB Ky¥zHiiEE
Fig. 3-2 "H NMR spectra of PTICT-DOAB
1t 4140 S R BB T LUIE B S & B T B ARF=#—PTCT-DOAB.
3.1.2 PTCT-DHAB H9%1E

(5]
9
g [|prcT-DHAB
| Z
2
B
fiet Perylene
4000 3000 2000 1000

Wavenumber (cm ')

. B 3-3DHAB. PTCT-DHAB # Perylene RY£I 5 itk
Fig. 3-3 FTIR spectra of DHAB, PTCT-DHAB and Perylene
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3 BRI

M PTCT-DHAB M4I4ttike (& 3-3) afLUEWES], HETEMEES
PTCT-DOAB %4, ZERXRBERMEL. '

M PTCT-DHAB HI#H ISR (B 3-4) shufLIE W, f4E9FREA H 5585
RIRIR, FIRR a kbR e RHERNERLB Y, BAMENTRZLR 1: 6, @it
HEHRAM B O EN TR, (74Y bR SRS ERMBERIE S 1: 4, X
ik T HATFT & RS H

(CHahsCH3

Re WG N—CHy

a € Nhohecrs
b g d e

8 ppm 4

[ 34 PTCT-DHAB RY4%8# % H'
Fig. 3-4 "H NMR spectra of PTCT-DHAB

BT 5 SR EEE AT LAE B & A T B A3~ #—PTCT-DHAB.
3.2 FENTEMMERRITA

WREM, SRABEFIEN LY, PTCT-DOAB f PTCT-DHAB E 5 HLLHI%R
th: BFETHZETEE. 2B, 8P, &0 & 50 CHEFFHEEMN N,N-
“HERB EECK. B, AR ZRZETERER D NETAOR
Bl MTEDRNBERERESHEWERTHMN: BENEEENRTHEYY T
SRS RGNS, BT AR SR R K AR, s i
¥, M EREEZRMEFROGASMTATEY SRESEAKEEER, Bke
M LIA R R ERIEERS, BTN ZE. THREMTEYRERYE N Bt
RTHEDRERAT A B R AR T 438

BTG B R AR AT LRI, R SR F 5872 [0 7 7E 3R 548
HARRAN, BRI FA R R R ERRBER, HRERLHRRE,
FrLUEHEEEHBEREREE. BRUEARDTURE, SROFEAEDEE LT
FEABER IR G, HPSBEEA LSIAR S AR, Mok IRt k1
AFEFRMR. ZIHERORBL. HRTLUES rx MEERARRREN—5L
13, Mokt SEMBFEREERSD, EhEBROMARE TS Eamg.

32



TR RHE N1 v

SR HL, A& PTCT-DOAB [P K ¥ A BAA N ED, &F 8Kk
WP . FEX BT R BT AR AR AP LK &%) PTCT-DOAB
B IR FE 2 v VAR IR R T CATE R — PR B B RIS, BB R BERISE N, LT ke
BRI BAGE B AW BT SRR, &Y PTCT-DHAB #H R RAEAE (T 5%
B EAREE RS, B R A AL 4% S e S B A AR, NIRRT B 5 PR
FURIGAM AR, BMZIEHASEREPREEALF, 5 PTCT-DHAB 7E F & H
(IRRRBEARRT B, HETANRERE B IR it . AL A TR ERF ST &) PTCT-DOAB
(IBERAT o .

3.2.1 PTCT-DOAB 898 RZ1T A

BB ERRE (Te) RIRBREATANEZESY, BRE—EN, Sl
BT T, RRFREHBRE TR, TISRERT Tubt, ERWTLUERIRER
BE . WG T BRBIRE (cmge) BRMIABBATHH —NEESH, NERE—EHN,
EREE Crnge A TR, 7E e A BERES . ALRFEEL “BIHRER” RYIP
WEZHE. e 3-5 PR, R T ARKER PTCT-DOAB FAERRE-18 CHRE.
R HE T, RKILLBEBIKE A | mg/mL i, RRFEEERER, Bz fg—
B B T ERITIE . SERIRE R 2 mgmL B, KRTTATERGEERS, 3 BREERE R
AW, BIRBHEAW T, HEHARARRETIRERE. Fit, TTURE
PTCT-DOAB HZ#HFE-18 C T U BB G B BIRE (Cmge) A 2 mg/mL. @i
HIRE 5 ERATHR T AREE T PTCT-DOAB 7&K P B AT &y, 1E#H-18 °C. 4
'C. 20 'CLA% 30 'C, BfF PTCT-DOAB FABF B K- EZRE (T, BE
PTCT-DOAB 7£ % il - S AR IR /B X R 22 () 3-6) .

B 3-5 RREKEM PTCT-DOAB RRE ML
. WEBEREWHRA 1.0, 20, 40, 6.0, 8.0, 10, 20 # 50 mg/mL
Fig. 3-5 Photographs of PTCT-DOAB gelation in different concentration

Legend: the concentration is 1.0, 2.0, 4.0, 6.0, 8.0, 10, 20 and 50 mg/mL in toluene from left to right
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3 4R

304
20- solution
104
:‘g, 04 gelation
-10-
-20-
0 10 20 30 40 S

50
c{mgmL")

3-6 PTCT-DOAB BERMRE- B X Ahsk

Fig. 3-6 The relationship between T, and the PTCT-DOAB concentration in toluene

3.2.2 PTCT-DOAB 5t RYEST B4R (TEM) izt

@ 3-7 PTCT-DOAB B 35 51 e g R B
(a) (b) A 2mgmL KRR,

(¢) (d) A 3mgmL ﬂ‘]iﬁﬂfiﬁﬂ:

(e) () /10 mg/mL KIREHS
Fig. 3-7 TEM images of the gelation of PTCT-DOAB with different concentration

(a), (b) 2 mg/mL; (c), (d) 3 mg/mL; (e), (f) 2 mg/mL
BES B E (TEM) 2 — Mt R R 2 T &M 37715 B 3-7 5 PTCT-DOAB
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TR NS0 1A 38 X

ERRT AR B B S B HR A, AT, FEARAKIE (2 mg/mL) R, PTCT-DOAB
WA, BB M RAYELEW, FHTHE DM R D BKE
HEMM (3 mgmL) K, XMEELHWHRIIBK, BR—FHREBRTE, T4
ZIMM T ERE RS HKREEE —EmE (10mymL) i, ARERH—H
TR AR T A R AR, FEAR L NIEE ST L, TR R TEE TR GEF] 200
nm L ).

3.2.3 PTCT-DOAB £z Y X §1£:7i75 (XRD) MMix _

, & 3-7 i PTCT-DOAB 7 K H s HIERS ) X SR FiT 4 B, Hep BiAR bR A4
AR, HABRRAIARERE . NEIR AT R —4IAT 4%, XY d E5 %)% 3.18 nm,
1.54 nm # 1.02 nm, =F 2 BRI HEE T 1:1/2:1/3, fR4E Christian Burger X F X 4t
KRN ELECY (B 3-8) WTUEH, ZERE-FHAENERFFEH, TEHE

RIS 3.18 nm. ZEMIKEERA— 550, HEEEH N ERIKE Y

3.77mm, XE—MARETFERREBOE RGN, WEMBERER) EHIHE. BE

PTCT-DOAB ¥ X SHERTH BT LRI AR (0.40~0.50 nm) FE— I

REEH I, TERERHTOLHI—ANRERARIRE, XN H EMEHE R

0.41 nm, HIEZ TR SCERT 77 Phay DR AL 6 50 A 45 b b 2R 6 0 48 it 55 28

4, T 0.41 nm B PLAISRIE T DUAZS K FERRIR) ) o HERRT 7 801 S g A JEER 6] ) BE

B4 0.41 nm. : '

L=3.18nm

L'=3.77am
77: |' .
g 2 0.41nm
Sl
é w‘
5

|

5 0 15 20 . 25 30
26(°)

B 3-7 PTCT-DOAB Y X S 4751
Fig.3-7 X-ray diffraction pattern of PTCT-DOAB gelation

35



3 BRYR

\l -
LAM i }33:3:4:514647
, L
HOPC ‘w 1:4/%:2: ' HCPS ":z 1
I V& ¥
:‘
e ty‘m bb h ’
g ! [ "/'
v w(; .j,”",* %
/e S 20 0S5 e TR faid G olRVATE RRVY BRV. TRVITI PRV T RRVE:
BCC \Lﬂ{ 1:/2:y YIRS AR . TE) aid \t"ﬁ VEIVID: v
L
-
¥, e
PO \\\W V31208 110 T2:4: V19 Pacin \&%
(o -4

, B 3-8 ARMHBREUREBEENGIELL
Fig. 3-8 Typical nanostructures and their scattering peak position ratios
.3.24 PTCT-DOAB SR8/ A X kst (SAXS) ik
&l 3-9 4 PTCT-DOAB £ B A& P U BRIE IR N X BB, PRl iR hEL

SRE, BEAR d=2n/q ATLLHE HEMEEN MK EE, KPRoRest N KE
64 3.06 nm, HIX=MEREGHRIMER 1:1/2:1/3, ERZREKRE—HEREH,
HIZEPEH 3.06 nm. ALK, PTCT-DOAB KM SAXS 5 XRD $if £ AHITA
), #UERA T PTCT-DOAB B2 —FEREW, HIHZREFE 3.10~3.20nm £ 5.

I [=3.06nm

El
3
2
3
1 2 3 4 5 '8 71

q(m’)

3-9 PTCT-DOAB S8/ X S #51E
Fig. 3-9 Small-angle X-ray scattering (SAXS) pattern of PTCT-DOAB gelation
3.2.5 PTCT-DOAB HISRH B RARBIFR 5%

HF PTCT-DOAB Kt XRD H4f+ LB A7 &, EEWHS PTCT-DOAB
BRIV, HAE THRYIE N PTCT-DOAB ¥y K H), FELEIV/D>E¥A R
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KPR 1A X

PTCT-DOAB ¥ KT X SHAATHIR, & 3-10 H¥I4 MMM PTCT-DOAB ) X 574
SHE, WILT AR AT, WX d 2 5% 3.80 nm. 1.89 nm. 1.24 nm A
0.92 nm, A% 4.22 nm. 2.07 nm. 1.37 nm 1 1.00 nm, HICEITH 1:1/2:1/3:1/4, B
BLi%ks R R R AR ER G 1, SRR 5 3.80 nm f 4.22 nm., 76/ KA
EETESRFMRNE, ARG HHRER RN, RUFEER TR
ST R B %R — A MR A R .

&3t %t PTCT-DOAB %2 ¥ K 1 XRD B AT LU B, 7E PTCT-DOAB B
WK, HEMBEREE/N, XM AERBRGT, bk LS A0 i
MRS, TideR KRB, Sed R — B MR M S . XA AT DUAERI A A
B RE M. WA R P B, B B R X B (— &)
WK, PTCT-DOAB RIFE5F B n-n AHEMEFRE S FiE—EH MRS EHR—
MAGRBER (ZHEH), TR R EENREXMHERH—DRE,
A AR B ESHEES RGN (Z44H). BTLRERPRANEER
{& (~18 °C). T PTCT-DOAB K F A ¥ FE LR & T A i AR A, Rtdekt
RN AL NS, SR EYA MY PTCT-DOAB ¥ K £—F &
ey, HERTRES, RbREESRE -MERNEN, SHRERET RRERT
BEREHS/MIER. 482 57/ XRD L& SAXS 53, B1# 3.10~3.20 nm HE5 4
PTCT-DOAB # KM B R4 WA R, 48 3.70~3.80 nm LLR 420 nm HEAH
 PTCT-DOAB % &I BREHIH R .

L=3.80nm
L'=422nm

Jz'f3'[34'4
W

5 10 15 20 25 30
26(°)

Intensity(a.u.)

& 3-10 PTcr-DOAE HARM X 545758 |
Fig. 3-10 X-ray diffraction pattern of PTCT-DOAB powder
B TIEW LA, T UTFHAMLAR: (1) &% PTCT-DOAB i F 55
(30mgmL™") 43 BI7E-18 CHI25 CTF#HE 24 h, BULMERES B4 T XRD J
#®;  (2) PTCT-DOAB (I ERHE (Smg mL™") 45I#E-18 'CHI2S CTHE 24 h,
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3 GRYit

HY 4 WLE2 2 5 % -4 XRD iR

BIHER LR (1), W 3-11 fiR, PTCT-DOAB HIF A (30mg/mL)
#-18 CHATLUERE— M ARERRE, %R 286, EEMTEER T iBRER
— MBI ); PTCT-DOAB (I A (30mg/mL) 7625 CHER —HMAY— 1%k
G ZRRERE, ERERRTMMENRTLMFERLRER, TEMIEE
TRUKE-HFEFME, EBERS, 3 RREGNE BB AR,

& 3-11 (a) PTCT-DOAB ERFEHMERBE (30 mg/mL)
(@)« (b)F(c)5 51425 CTH-18 CHE 24h MERRE . RWRITAMBHHAR
(k725 C#E 24h, HH-18 CHE 24h)
Fig. 3-11 l"hotographs of PTCT-DOARB gelation (30 mg/mL) in toluene

(a),(b) and (c) are PTCT-DOAB gelation, under UV lamp (254 nm) and partly enlargement photographs
(left: formed at 25 °C for 24 hours, right: formed at ~18 C for 24 hours)
SHXF A 4 RBRLIRE BB S SR, 4 R0 3-12 Fim. ABS R
BATAUEY, ZHHMTHFERBARNEH, —HERRNHREY, —F 2RI
PERERIG RARE I, XBIFH G400 55 B 4R 7E 200~300 nm 22 ] .

[ 3-12 PTCT-DOAB B%&# (30 mg/mL) % 25 C FHARBEM B BERE
Fig. 3-12 TEM image of PTCT-DOAB gelation in toluene (30 mg/mL) at25 C
AT ERANMHRAPMGHE R T, BADHZRESBITT X HEAFHIR, HE
RO 3-13 Fim. NEFALUEY, @SSP EERRRRAR %, gt
P9 d {674 3.20 nm. 1.56 nm. 1.03 nm F14.12 nm. 2.02 nm. 1.35 nm, HHERN
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RiBBHERFBI 2083

1:1/2:1/3, XRAZERPEERHEREN, INEREBHOEMNERSE RMA—
B, Hoh 3.20 nm MRAIR T AR EREM, 412 nm MR ASGROERE
Vi X 5 RATZ BT HENTAY 3.10~3.20 nm 4 4 PTCT-DOAB B HI B RE AR,
3.70~3.80 nm LA 4.20 nm 74 4 PTCT-DOAB % & i 2R E W RTH—2. [l
TELE I AR RN — MR A (0.40~0.50 nm), tHIEB] T &%H & PR
ERMARBHS,

Y

‘ L=4.12nm

L'=3.20nm

Intensity (a.u.)

5 1 15 20 25 30

3.13PTCT-DOAB & (30mgmL) 25 CTHAAIER X S 75

Fig. 3-13 X-ray diffraction pattern of PTCT-DOAB gelation (30 mg/mL) which formed in toluene at
25°C '

3-14 PTCT-DOAB BE & (Smgml) %25 CTHANGERNBHERR R
Fig. 3-14 TEM image of PTCT-DOARB crystals in toluene (5 mg/mL) at 25 C
PitieR A% (2), PTCT-DOAB fIF ¥ (Smg/mL) 7E-18 CHIFRET#
B 24 h FUUERBENRK HEFHRES XRD £RE52ZH4R 5
PTCT-DOAB (B % ¥ (SmgmL) 7E25 CHRFET FHE 24 h 5, RERIFRE

RO, TIREMEBIN—HEGERIUE, HIXFERUTIER M i THoE s s
R, GRWE 3-14 Por. NEFTUEY, XHERE-MHRENKAIR, BEE
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3 ZiR'jide

200 nm 2| 800 nm A%,

KX P gt B ECH TR X SHRATH A, 4R WA 3-15 frm. MBI
i, ZHEMPHEERMARR TR, Heh EX N dEH 4.55 nm, 2.26 nm
150 nm BLK% 3.68 nm 1 1.23 nm, HEHAES 8 1:1/2:1/3 F1:1/3, XU EF &
hEHRMEREN, TIXFEHERENER 5% 4.55 nm §13.68 nm. 52§
TATHEM (AR IR 25 R4 R H LR, o] DURBLICRE S P I B IR R~ 4
H, REF4a8s, EXXMEaNERGHTEX.

i L-4 55nm

Intensity (a.u.)

L'=3.68nm

}'
{
5 10

;
{

]

2
4 A

20 25 30

15
26 ()

B 3-15 PTCT-DOAB B E &M (5mg/mL) 25 CTH AL R X H4615E
. Fig. 3-15 X-ray diffraction pattern of PTCT-DOAB crystals (5 mg/mL) which formed in toluene at -
25°C

Bt A EAER, X PTCT-DOAB ZEF X MBIREMMNE REWETTE
EWARBTF, &I PTCT-DOAB EFE+FR—ARKELRHERNTRE: MERE
RIRRAR, SRR, FEEFEN rn MHIELERMR S THR— %77 MR35, WRE
BERIK (n-18 C), SAHSRERERENRE, BURARERABAR TS
BN R A BB A (25 C), ARIBEE, RERNSU—R
FERNTRHT, BEXEREWHRTEEHXNER. 837 FTUEERA
WAL, XBRERSEREZEFNER, ERETRRIIMLEMTER: B
3-13 FEAHFHAE, 4R NERRINSRENR, X5/ 3-12 HEHRRERE
—3; B 3-15 SERBAEHAY, BRXHARERMHARNLERRT, BESEN
BREK, REERNFEAFRORE, UREREEENEREHREHAENE
Ko EFULLRER, BAVEE 3-6 E—F B (B 3-16), B—HEXHR,
EEX PR SARKRNE MRS E SRS, REE T PTCT-DOAB ZEF AP &
ERNERRBEREERMTSFOLE, ERZXED, BRHTHEARI, AT
BHEM LK, B4R AIE XRD M4 R L.
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PRSP R VAT

: .
304 solution/crystal

TI((I
o

¢ (mg mL-1)

B 3-16 PTCT-DOAB FR % K B - FE K R i e
i PERERERSRRABLFNXE
Fig. 3-16 The relationship between T and the PTCT-DOAB concentration in toluene

Legend: The shadowed area is biphase region in which faceted crystals and microstructure are

co-generated

Y 11 staclung
dlretdon

W T-n stacking
——r

direction

| ®@R”
|-—1.3nm -I
a

[ 3-17 PTCT-DOAB i 5% R&HTEE
(a) PTCT-DOAB %F; (b) PTCT-DOAB £ BRE P B RIS B 454
(¢) PTCT-DOAB 7E R P BRI BRI 544
Fig. 3-17 Schematic illustration of the gelation and crystrals structures of PTCT-DOAB

(a) PTCT-DOAB molecule; (b) The molecule arrangement of PTCT-DOAB PTCT-DOAB crystals

formed in toluene; (c) The molecule arrangement of PTCT-DOAB gelation formed in toluene

KT RSB S 4 REMNX A, SHE 3-17 Pt WE 3-17
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3 4R

&, PTCT-DOAB 4 FK 4 6.0 nm, %4 1.3 nm, 7 XRD BB NFLHTF
HIKREE, HTIEAR BT n-n AR, 27N I%AE — % 1 - SRR —Fp {251,
TR K 5 45 A MM X B R e BB MBS 1, AU SCATR, 7RIS, 5
HEU—FH B RSN RTE (B 3-17¢); TR, RN —FE hME
WRTEE (B 3-17).
3.3 ENTEMRIRIE MR

B XA RENEZN, PTCT-DOAB T UL P RIEREH, T
PTCT-DHAB 75 K S R AEJEMUBRIR 449, 05T PTCT-DOAB HI3% etk

-
-0
-
-,

Intensity(a.n.)

350 400 450 500 550 600 650
Wavelength (nm)
3-18 PTCT-DOAB # 20 CT A #3 81 % 50 - 7] BRI T i
L () @ ROENHZE (© ORISR,
(2) (a) M()AZKIM-FAIRBURIE, (b () HREHRAIE,
(3) FiEBRMKENH 1.0x10° mmol/L
Fig. 3-18 UV/Vis and fluorescence spectra of PTCT-DOAB at 20 °C |
Legend: (1) (a) and (b) are in ethanol; (c) and (d) are in toluene
(2) (a) and (c) are UV/Vis spectra; (b) and (d) are fluorescence spectra
(3) All of these solution concentration is 1.0x10”° mmol/L

BT PTCT-DOAB FEAREE AR IR I D 855 —E M RtE, gz mfns
KERBRRAAI R, B 3-18 5 PTCT-DOAB 7E ZBEF AP E RS-
WO RN T — B B B . K fi% a b PTCT-DOAB £ ZBH KK E T

(0.1 mmol/mL) Hy%&5h-2T WIRMKIE, EH B MREMTMIE, KSR 471 nm
M 443 nm, EFHMEFREE, BKXAZE 419 nm F 395nm, 4H5HTF 00,
0-1, 0-2%0-3 BFEKIE (FAMELL 0-0 fERAEMITH—1k). #i%k b 5 PTCT-DOAB
ELEFRKET (0.1 mmol/mL) FIF K, SHES-T Wi 2B EHFER,
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RIPEHE K00 12408 X

7E 504 nm 1 509 nm B FHAEE, XA LURE AR BN F R G, ELERET
TATRME fE HOL RS T AR R M ENRER . #Lk c i PTCT-DOAB & F AP 1K
WETF (0.1 mmol/mL) B%E4h-7T WIRIOEiE, ©HBNREMRIKIE, #KoH2
484 nm F 453 nm, EHFHMRIGHBHFEE, BAKKATE 429 nm 1403 nm, 735154
RiF 0-0, 0-1, 02 A1 0-3 RLFERIE (FANELL 0-0 fREIEHEUSATIA—4). Mk d K
PTCT-DOAB ZE B KA T (0.1 mmol/mL) MIFIeti%, SHEIN-THNER
BT %R, 7529 nm A 504 nm HHFE A KRB0, 7E 566 nm ALHI—NH B
e, BCHETHTLUAE A AT RADEE, FERBUME 476 nm L5 FER A,
(44T (/2 PTCT-DOAB 7E H IS P TR HEAN o, (LR 7 SLRI 45 M T I I %
e
3.4 EEATHEMRYRIE |
3.4.1 PyATS-DOAB HIRIE

MWL ANER (B 3-19) hRATATLAE R MBS, 7E 2850~2960 cm™ HIRTIR AR
g, HEFIBE R AR REBERS), XAREMEEREEAYE. FHF,
1 PyATS-DOAB it RATEE I T 1460 cm™ T H-CH- 1925 #i#%3), XA
FEEEFIEEERYE, 1027~1032 cm™ 8R4 2 8 25 F X 0 R IR 4 3 Rt
i, T S=0 RMRMHERSOZW, L C-H 7 1145 5 1194 cm™ Kbk #3
28, FEREERLE TR R —A TR GE . 1125em™ BHIE ATRI04 R B T
BRI S=0 RMFMERS) T LM. R, 7 1600 cm™ MHEH 2~3 NMER TR
C=C ‘B44R7. PyATS-DOAB &M EBIFRER 3027 em™ EAMI N0 B8
BB 4E IR B4 .

DOAB

Transmittance

PyAT

4000 3000 2000 1000
Wavenumbcr(cm"‘)

3-19 DOAB. PyATS-DOAB 1 PyATS HI4L5M #i&
Fig. 3-19 FTIR spectra of DOAB, PyATS-DOAB and PyATS
M PyATS-DOAB fi# ;& E (| 3-20) FATUE L, 4T HEN HEHFEM
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3 £5R 5t
Xﬁil’l‘]ﬂﬂﬁ, FIRE ST a kbR d 4RI JE XL, AAMERERZEE N 1: 6, 8

S HEAMLENEONM TR, AP IEA 5REFEERNNEEEH 1: 4,
RHIEH T HAV & B & DS

c
ROS, SOR (CHp)rCHy
R= HyC——N-—CHy
— b \
—~/ o {CH)CHy
a c

e &0
pro——
= &
==

- s

0 8 6 4 2 0

3-20 PyATS-DOAB MI#%A it E
Fig. 3-20 'H NMR spectra of PyATS-DOAB ' ,
LA S R BAR AT LUE B LT & R T B 457 #)—PyATS-DOAB.
3.4.2 PyATS-DHAB BY&{E

M PyATS-DHAB fIZI4M ki (8 321) RATTUEMES), HAMTEN%E
5 PyATS-DHAB £, #XBEARMER.

Transmittance

PyATS

4000 3000 2000 1000

Wavenumber(cm)

[ 3-21 DOAB. PyATS-DHAB # PyATS BY4I4h i
Fig. 3-21 FTIR spectra of DHAB, PyATS-DHAB and PyATS
M PyATS-DHAB (A% 8 (& 3-22) BA[LIES, f4MFHE, H HEH
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KPR LR X

SRR, FIRS a 4K d sEMEERL S Ex g i, AN ERTRZA 1: 6, &
BB A MR UKL, AP IR SRS RO RIL L 1 4,
XATEH T RAVT & R & VR ZH .

RO, FOR (CHasct
' R= HyCN——CH;
b \
e/ {CH2}4sCHy

S ===/ <+ S0
RO; R c d

- &
=_.°
e

—

S ———
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& 3-22 PyATS-DHAB Hy#%Hi i B
Fig. 3-22 "H NMR spectra of PyATS-DHAB

it I A SRR BAT DUE B & T B #57=#)—PyATS-DHAB.
3.5 EEATEMMBEITA '

BAIE R T HMIERTAY: PyATS-DOAB 1 PyATS-DHAB, AR KM, X
HAEMSHERILAEYAFACKERYE: FETHESETHRE. 8. —FPK.
S5 S50 CHBBETHREMNN-ZREFRBK, FECH. o8, NEAKKNZ
MZBEh M RUN RETKREE, RAMIERLTFRGEY, XEAMEE.

RIE 2 TR AT EDRRRAT A B, b T B3 SR AR 2 R & 5K
B, HAMDIEEIREE AR RETEYRBAT AIER, FEXHRRHETEDRARR
TFRMARGHRSBAIRR: &Y PyATS-DOAB WHEIK & P 37 M ZE (iR T T B
FB—FAE R, BEERBEREM, ERRBRRMERRERAR LS &
) PyATS-DHAB f P A AR BIRET (E-18 CHHY cmgc A 30 mg/mL) A #E
FRER . ZERHZEHNIE. WRAERRHANLEARERKHREEENT
B X, FrUARITE BAUH PyATS-DOAB HIEERAT A#ATHISHit.
3.5.1 PyATS-DOAB KIS BT A

5 PTCT-DOAB 1Y, AR T PyATS-DOAB KIBKATH, EREN:
PyATS-DOAB I F % FHAE-18 CTF cmge (BRFEEBIRE) 4 10 mg/mL, W 3-23
B, BF T A RREH PyATS-DOAB HEHEMAAFRET (-18 C) B MER
fAER, TTLUES, BEREREMN, LEREREEE. ESHRPTERRTA
FIEEE T PyATS-DOAB 7E R MR IAT A, WIELR %M, %F-18T, 4°C, 20
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3 iR

T 30 CHERBIRA S, Bt I Ty GAEIR-HRE AR R Rk
(Cmge) » PATLATRE|— PyATS-DOAB 7E FF K o (¥ - AR Yo FE /4618 o 2 W
2 (W 3-24) .

[ 3-23 RRIRE R PyATS-DOAB B SR HIR K
(a) # (b) PAEBAREEKSRH 10, 20 A 50 mg/mL,
(c) AESMTRETHRE
Fig. 3-23 photographs of PyATS-DOAB gelation in toluene

(a) and (b) are in different concentration: 10, 20 and 50 mg/mL from left to right,

(c) Under a UV lamp (254 nm)

solution

0 10 20 30 40 50 60 70 80 90
¢(mg mL”’)
3-24 PyATS-DOAB BEHRHRE-RE X R MLk .
Fig. 3-24 The relationship between Ty and the PyATS-DOAB concentration in toluene
3.5.2 PyATS-DOAB BFZBYES BEE (TEM) i

B 3-7 4 PyATS-DOAB 7= A BB KB 5 BB R A, NBH RENE R
AL B, PyATS-DOAB BRI D, B—ME MO RIELEN, G427
BB RS, {Eﬁ%ﬁéﬁﬂ%ﬂﬁmﬂ, TRA LT KR 200nm L4,
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[l 3-25 PyATS-DOAB B RS ROiEST B ER A
» Fig. 3-25 TEM images of the gelation of PyATS-DOAB
3.5.3 PyATS-DOAB £tHEHI X §74&%i75F (XRD) il

Intensity (a.u.)
—

5 10 15 20 25 30
26() :

B 3-26 PyATS-DOAB I H X 51457518
Fig. 3-26 X-ray diffraction pattern of PyATS -DOAB gelation
B 3-26 3 PyATS-DOAB 7E F iR BB AS ) X ST4RAT4T B, P BALAR A1
B, DBFAFMRE . WEF R UE B — AT 40, XA d 18754 4.70 nm
#1231 nm, FEMUERET 1:1/2, WTLIEEZERE M RRK RIS,
XA EREMIZEIEA 470 nm. fTRALES AXBHFE A& (0.40~0.50
nm), HRZRIRIAMT, XA TR RIS M R AR i 5484, 7R BB H)
PO EE — MR EHIRIE (0.40 nm), ZIRUEXT N H 2 I B H n-n 4 LAEM .
3.5.4 PyATS-DOAB ERBZ KM X 2R a5 (SAXS) it
[ 3-27  PyATS-DOAB 7E B 25 JE BB () /N R X ST EARAT I, bR AR AR
HEgtk, B AR d=2n/q AT E G EEX N AR EE, HhRRER MK
BE( 4 4.80 nm, HIX=/MEMIRU K EE R 1:1/2:1/3, EHZEK R —FEREH,
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3 HRLE

"HHEEER 4.80 nm. wwm, PyATS-DOAB #t 2} SAXS 5 XRD %4t 2 AT

ficit), #FEBA T PyATS-DOAB Mkt —Fh R4y, HHEREEA 4.70~4.80 nm A
Ao

(au)
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[l 3-27 PyATS-DOAB SR HI/M g X SHEHIS
Fig. 3-27 Small-angle X-ray scattering (SAXS) pattern of PyATS-DOAB gelation
3.5.5 PyATS-DOAB &R 185!

‘. 4.8nm

(% 7~ stacking
& —-

direction

23N
VAN /")/‘"/‘l)/

[ 3-28 PyATS-DOAB BR S HRLHTEE
(a) PyATS-DOAB %F, (b) PyATS-DOAB % FR % h ¥, B SR Bi 454
Fig. 3-28 Schematic illustratiox_l of the gelation and crystrals structures of PTCT-DOAB
(a) PyATS-DOAB molecule; (b) The molecule arrangement of PyATS-DOAB gelation in toluene

M PyATS-DOAB K] XRD 5 SAXS $(#E [ LAE i, 5 PTCT-DOAB 7 FEH AL,
BRI, PyATS-DOAB 76 B K rH T BRI 45 H0 B —, e —F B 2 4.80 nm
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AR R

EAMBEREY, BT TR SRR S % RN G, 4 TR (F 3-28).
ME 3-28 B, @iL i SIHUAE LA PyATS-DOAB 43 FK 4 5.6 nm, % 4 1.3 nm,
T XRD LA K SAXS M M4 RN TFAFHKEME, HFIRFEEFE =-n HILEH,
A TFRAGISE—ANH AL 2%, EERRGE TR - LA R
(18 3-28b), BEdEHEm s e D ERXF— R T RE. FTUEW, kv
BT A RS RETEDAR, CHRERNEHTER—, REFRMERARET,
3.6 EEATEMRIEM R
it BT S RAURRATA S PYATS-DOAB 76 B 2% b ] LU R4 b B (Mt ise, I
W BATEEHR PyATS-DOAB ffDE .

e b d
v A W
s
£
300 350 400 450 500
Wavelength (om)
l 3-29 PyATS-DOAB % 20 ‘C T RIS &5 57 TR A A% e s
. (1) (2) MOBABZE; (o) MAOBRIHBPE.
(2) (a) F(c)HEIM-T IR KL, (b) 0 (D) ARAKE.

(3) FiBARARENS 1.0x10° mmol/L |
Fig. 3-18 UV/Vis and fluorescence spectra of PyATS-DOAB at 20 C
(a) and (b) are in ethanol; (c) and (d) are in toluene
. (a) and (c) are UV/Vis spectra; (b) and (d) are fluorescence spectra
All of these solution concentration is 1.0x10” mmol/L .
B F PyATS-DOAB ZEARHEIF AR IEA T b #E — e MISARTE, PTRATRAiE
BB R AERIRB R . B 3-29 4 PyATS-DOAB 7E Z &I F
B4 4 AT LIRSk i R S ot I — AL i . Hi %k a J PyATS-DOAB 2,
B ERET (0.1 mmol/mL) HIEAM-TT RO, BHMAMREMBAE, BK

4512 376 nm 1357 nm, EHEFNNRFHEEE, BEKKLAE 340 nm F 326 nm.
%5 b 4 PyATS-DOAB ZEZ B H{EKAEF (0.1 mmol/mL) MIFEEAIE, HHES-
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3 HiRYHE

Wt R RGXFRKR, 1 403 nm Al 388 nm HIFEANE, 7E 429 nm kb H—A
JRIE, X Een] DL 8 F 5 4 T & 416 . PyATS-DOAB ] Z, BB VA WAF 46 4MT 8 %
THREGRHF . 1L ¢ PyATS-DOAB E RGBT (0.1 mmol/mL) fj%
Ghr] WO, EHBNRBHIRBOE, 5K 2502 379 nm 1359 nm, EHFHA
BB B, B K% 343 nm #1329 nm. %% d 5 PyATS-DOAB 7 F' Hh vk
R (0.1 mmol/mL) M5, HHEAN-TT Gk R EMFRER, 7 408 nm F
392 nm HWIRPIANRBIINE, 7F 429 nm A I —ANE R, XA DUHRE T H A4 F
RELi%. PyATS-DOAB (I F S TESEAMT MR T th &R 5 66 1938 ..

3.7 3b. BEATHEYIMR A BRITA ‘

RIEH X RMNEE MG IEAT LW+ I PTCT-DOAB 11 47 4 4 7 1y
PyATS-DOAB #R ] LATE PR 2K b U B AR s R AR » R H AR A W FRER I B B =) 1 3
HRFRF R mn A EAE IR SRR HE 4 ), BRMIRA5 BRI B R A
WREBRETUER—FRERRARE, A THREXANMIE, BRAILENARR Lo
FIPRAT A VIR A VAT R EAT H 3L .

W 3-30 fis, BROVEMAANMESFTHR, TUEH, HHERE-18 CHY
ATFE AR E IR, ELHTERIMTER TRITCREH B RAEDL, HEIEAT LMY
HEEIAREIEK, HBE AT E NN E AR E AT RN E A,

& 3-30 PTCT-DOAB #1 PyATS-DOAB B E P 7R L HIARAEE (10 mgmL) MBE
(PTCT-DOAB #1 PyATS-DOAB HILLBINEBI B A 0:10, 3:7, 5:5, 7:3, 10:0)

Fig. 3-30 Photographs of PTCT-DOAB and PyATS-DOAB mixture gelation in toluene (10 mg/mL) with
different proportions

(PTCT-DOAB: PyATS-DOAB are 0:10, 3:7, 5:5,7:3, 10:0 from left to right)

NEHHBENERTUFS (B3-31) , BHEDR—FBRIENSRES thikd 4%
REK (5 BELEBIMAEDNHMA ), BT —MRKOBREN, XK
WREH S RENBEN T EREFMELEL: LRMRTEWLBHERR (o) , &
RPRHREEAHENE, H XS KBPREBEGH AL, BRENTEREL
HOENBERZ A SIATEDLEE PSRN, KEROSWHE8Mm, A1
FEHEHM, WREMNELESES, BOBETEREREFEMB L,
ABRAMIRTEDN (o) , BRMONZE—FREMHTREN.
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3-31 PTCT-DOAB # PyATS-DOAB 7 B % iy ] tL BB B & AR RIE S B R A
PTCT-DOAB #1 PyATS-DOAB fittfih (a) 0:10, (b) 3:7, (¢) 5:5, (d) 7:3, (e) 10:6
Fig. 3-31 TEM images of PTCT-DOAB and PyATS-DOAB mixture gelation with different proportions
PTCT-DOAB: l"yATS-DOABare 0:10, 3:7, 5:5, 7:3, 10:0 ﬁ'om left to right

| L=4.650m

Intensity (a.u.)

260)

3-32 PTCT-DOAB #1 PyATS-DOAB &8 (3:7) K X $144151@
Fig. 3-32 X-ray diffraction pattem of PTCT-DOAB and PyATS-DOAB mixture gelaﬁon 37
BT HFIRA RS NG HES], BATR =/AMBAHE 7 A X SR EeAT S
i%. [ 3-32 4 PTCT-DOAB 1 PyATS-DOAB iR & HEK (3:7) /) X SHE&ATHE, M
Bl LLRIL, %R S A RANE, Kb {E SRR — AT BN M d E
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3 4R Yug

4.65 nm Ml 1.56 nm, HEU{EH 1:1/3, B—HEREN, FSRBIOFTHIEHNE d
{E4 3.20 nm. &) XA —MERE KK HEE (0.40~0.50 nm), XA 2L
TAHES], T 0.41 nm ALRIIUERT LI K 2K (8l i) nem MAELAER . BTN L2 B BT
H3E TERT AR 2 M mT LA R, d (B A 4.65 nm X FI45 K9 i% 5 PyATS-DOAB
BRmE R, 1 d {HHR 3.20 nm SRR % R PTCT-DOAB B M4 Ky, X ik

BITER GRS, BT LRIV K. '

1 =4 77nm 0.41nm

' L'=3.22nm

Intensity (a.u.)

26()
M 3-33 PTCT-DOAB #1 PyATS-DOAB B SR (5:5) B9 X 1447598
Fig. 3-33 X-ray diffraction pattern of PTCT-DOAB and PyATS-DOAB mixture gelation (5:5)

L=4.77nm
0.41nm

! L'=3.11nm

Intensity (a.u.)

15 20 25 30
260)

o -
-
o

3-34 PTCT-DOAB #1 PyATS-DOAB R &5 (7:3) &9 X $H&515E
Fig. 3-34 X-ray diffraction pattern of PTCT-DOAB and PyATS-DOAB mixture gelation (7:3)
3-33 4 PTCT-DOAB #I PyATS-DOAB B&HHE (5:5) I X HRTHE, M
EIPATLURHR, b S & B A BRI S0, XA d (52500 4.77 om.
1.56 nm A1 3.22 nm\ 1.05 nm, HEEHR 1:13, RBGRPEFGHHIEREN, #&
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K EE —ANTCEB KT (0.40~0.50 nm), W RHEEETHES], T 0.41
nm &b HSR VR R R Tl n MIELAER . B x b Z AR EE. AT
KSR T LAR IR, d 8K 4.77 nm X R LE IR % K PyATS-DOAB &R M4 #, T
d {84 3.22 nm X} REHI4E KR %% PTCT-DOAB BB HIS5 19, XM ARE T,
B R B SL T REE e 4 #a . B 3-34 5 PTCT-DOAB 1 PyATS-DOAB iR &
B (7:3) B X BHEATETE, HEREE3-33 K6, ZREAWER. :
MELE TEM #1 XRD M4 R T UES, HEiRGEDAETEDRREERSD, B
PR R RIS T RS, FERR A FHRANARE, XIRIHE (TR HE#
n-n AR AEF B IR BEE e, RERZEANATHIER, MRl Er—4E45
. {ERM TEM BIEHE AT LR H, B IR AT, R A R R
KRGS, F4ERMESSHERN, XEEHTERREHNRE.
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WICEM PP B 7 RIS (DOAB)AI(DHAB), 43I 53ERFIBMERA 1, 3,
6, -t A TR T, RABTBARFEER T HAHE LA LY B
FR R 3R A BB ARG KT T RAEMSR, 3550 jEhiAL
Y. EATEDRILRE WA R P RRREAT AT TR, S WT:

(1) FRXRANEFaAE% ’34’5%zm’i%‘¥ﬁi7i/ﬂatt ERST, RN
BN, PER, SEEEE, HET @M g 5. ,

(2) FefiT4Y PTCT-DOAB RIEEAT 44 PyATS-DOAB 7E B K b ()5 i ¥y 2 10 s
RIMEIRGH, EIRIFE 4704 3.10~3.20 nm R 4.70~4.80 nm. JE5R 2 [6)FITE R 2 [b) 5
R wn LRSI R —REMEW, RERZRETEEEHINLE—RY
PR - AT 4 Y PTCT-DOAB ZE R R R ORI i FR R 4 R 5 IR I M L 4

(3)PTCT-DOAB & PyATS-DOAB E&I7E B 5 43 I ST T R BRI 254,
HRRESTRANGRE, RRIESEFREN mn MEERKRAEHRR, R5R
REMSFHREEH, NTERBER—SELEH. -

(4 KR ERMIENTEY) PTCT-DOAB MEAT4Y) PyATS-DOAB () Z. B ¥ =R
PRBRBEZI R THAES REKF . 64744 PTCT-DOAB i ZEE R K
HARGEIN, PRIMBNIEESRE. HATEY PyATS-DOAB MZBHFE
BB R KA.

(5) RELRIIEHE T RREMNS FEEL, JEAT4EY PTCT-DOAB kL
MR TFE—EF A ERR—FHEAEFITR, ERRNESEHT, SFPs ,
BN R U P AL BN MR IR e, HATAEY PyATS-DOAB 5 Tt
—ATRLEE-EHS, ERREWTHRERL M ASHREE, RERER
FUE T EE N E R —REWERE. Emi%ﬂﬁﬁﬂsﬁﬁ%mi%ﬁ’l % Hy faj
B, FRELSHH.
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