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Controlling Morphologies of Molecular Self-Assemblies and Their Photoresponsive Performance
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ABSTRACT : Molecular self-assemblies which are formed by non-covalent interactions such as hydrogen-
bonding and -7 interaction have a great potential for novel functional soft-materials. The properties and
functionalities of the self-assemblies highly depend on their assembling manner including higher-order
structure (topology). but controlling the topology is still challenging due to directional non-covalent
interaction. Here, strategies for the controlling topology and photoresponsive behavior of resulting self-
assemblies are described in two topics. The first topic is about one-dimensional fibrous self-assembly
constructed by template method using a surfactant for application to photocatalyst. The photocatalytic
performance was enhanced by formation of fibers, and mechanism of photocatalytic reaction was clarified
with kinetic analysis. The second one is description about fabrication “topological block copolymer” of self-
assembly by rational molecular design and new approach: post-polymerization structural transformation.
Upon irradiating UV-light to helicoidally folded self-assembly resulted in the formation of topological block
copolymer possessing central folded domain and terminal unfolded domain, which was produced
cooperative unfolding from termini of folded self-assembly. We proposed new approach on the control of

self-assembling.
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Figure 2. Schematic representation of photocatalysis.
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Figure 3. a) Chemical structures of ZnTPyP and CTAB. b—d) Formation mechanism of ZnTPyP fibers by the surfactant-
assisted template method. b) ZnTPyP in the CTAB micelles just after addition of ZnTPyP solvated with CHCls. The ZnTPyP
with CHCl: locates at the hydrophobic center of the CTAB micelles. €) ZnTPyP in the CTAB micelles after stirring to remove
CHCls. The ZnTPyP molecule migrates outwardly in the CTAB micelle to interact with the water molecules which exist in
the hydration layer around the charged head groups of CTAB. d) Interaction between ZnTPyP molecules during the aging
to construct fiber. The fiber was formed through coordination between peripheral N atom and central Zn(ll) ion.

Figure 3al=., (Ffl L7=FL7 ¢V ALEW (Zine(Il)
5,10,15,20-tetrakis(4-pyridyl)porphyrin, ZnTPyP) i ONZ it
fiTEPER] (cetyltrimethylammonium bromide, CTAB) @ {k
R E R L TWS, ZnTPyP® 7 1 iR /L LR %
CTABKIFIRIZIN A, 1 IERIEHE L, 2T 10 A=A
#4719 Z & TZnTPyP7 7 A A—%{ER L7, 2O
PEZnTPyPIZ 43 H CTABD I IELE ([CTAB)/[ZnTPyP]) (%
200 [ZHE— SN TV D, CTABIREESEEI T ZAIRKE (ca.
9.0 x 10* mol dm™) 4 L[ LodWf, 7 11 o AZEE
BEF X472 ZnTPyP (ZnTPyP-CHCL:) [X#iKIETH 5 7=
. CTABDOBEUKHS & M AR LEIR 2 2 IEKT 5
Z & TKIZIAATT % (Figure 3b), ZnTPyP-CHCl: {142 (K
ELTIRITEMZRFE-TE L, bfiﬂ(f't-?ﬁ‘luf‘«' 'CTAB =
TADRLRICALE L TV D, N1 i AN = e By
W ABTEE T NG REENS L Ekﬂ; T B EHERF SR
TWaHOO, BY DAIEN TN 2 FF>ZnTPyPiE I /L
‘T‘all\k'ﬂST*ti REEHE L I B T2 CTAB 2 /L & RO Fii it

~k T%IJJ L. Ao Y 238 Bz oK L O

DT

CTAB® IF LLtﬂ»k MEMAER AT 52 LTk
iﬁftén HEEZ NS (Figure 3c), Z OFEHu
IEPEA O IETE W X —{nE 1-iC & vl s, Z odlifr
MERTASERN S B SR I Er~olaB A5 R 21,
S B Chlix ORI o, 774

N—|IZnTPYPDORLH G2 L TIEK S TED
(Figure 3d), 7 7 A /*—JEkiIZEB T % WS O
THAF—[L748klmol ' THHENBW LML T,
BHNTZnTPYP 7 7 A /3—(X, Hisr 13 L ONRPE
DEIRD S FHRGRLE Y 5 —# 2 /B (RhB) D Yefill
AL /el L TRWVDIEYEZ R L, Zhud, i

B LS G Oz # T %, RhBIXZnTPYyP 7 7 A
AR—DENEIRTE (ZnTPyPu.") (ZIHHERE(LATE X4,

X7 Gl - 1 LTS TS
Bbhmoiz, ZOREZE JCIZRBO AR/ AL, F o
T T LTV B L ET S

o )

”"JH.JL

ZnTPyP,, ~ — ZnTPyP, ° 1,® (1)
ZnTPyPﬂ_ o v ZoTRyP. . ko (2)
ZnTPyP,, *+RhB — ZnTPyP, * +(RhB) k 3)
ZnTPyP,, * +0, — ZnTPyP,, + 0" (4)

LD, kB X ULIEENENZ0TPYPhse DA KIH
JEE | ZnTPyPriner" BN I O3 545, RhBIE(L A B
DM ERE R LTS, RBOSHIZIE ST 5 (1)
b (3) 2 TGRS S 7-RhBO 53 R B O il
XA (5) 2R

d[RhB]  2.303kBl,®
= [ZnTPyP].  [RhB]  (5)

dr kU mitial
B, lo, [ZnTPyPlimiii? & NI [RhB)IE, ZALE AL M ESL,
HURHEIRIE . ZnTPyP 7 7 A 73— {EMIE (2N 2 7= ZnTPyP
F/)v—iglE, BLXORBRIETHD, —HT, FE5HBM
[ZfET=RhBOAF ARG O E %2 (6) (o3,

d[RhB]

—— = kly[ZnTPyP]. .. [RhB] (6)

£ (5) & (6) [ TEW—FA s L= LvE . RhBO :fil

WEarfRiEsas (1) 206 (4) IZLizi->TH#EITLTWS

e AHmoT BN, £, Z ORI
[Ru(bpy)s)* 72 £ 00 ¥y — F W il i & fRi 1 2 5 5 B



BREXZPEI®

LT D20, ZnTPyP 7 7 A R— 2GR L LT
P DR E DS, TR — e bt & R e
LTW5Z EWREE ST,

3. UK FESEROAFEHIEEHH
F1HIiTIR~7= k212, - ES ROV CRENE X

RS Iz b KELSEFT 5, LaL, AL eh
L THEAERDIZE A EIE, JEHATHEAIEM AR o

VMBIRHEIZ Lo TZ 7 A 23—« — | « S R/AEOHH
et lc A&, Wkl ERE (hRey—) &4
D FIEGIREZRIRICIEREE S Z L TN Ch - 72,

L LILHE 2 oIz L, GBS i L0 5
O H RSB RO E RS S, #RNIZT
B RT AL N, VT DX W bR a

—F L TFHRGEOMMRER END L) i2/oTE
T 8 ZOL SR TEGKIT, TR FOLD
M AR L, BEMEY 7 b=F VT AL LTET G
<, EREDFO LS ICET AT /=T U T
ELTHAMTHSD, AHTIE. 0L >0 EAK
EBAFR)I—LWEHT D, —h, LEED T
BPNCR RS PR P—D AL e b T ay oo
R=— (hikpPhrrdoysairilv—) OLH574
WA RS, R EL R LTS, Lzh-T, |k
ReyhrTay s ai ) w—fEomgErsifsg R
v —THEHRTENE, gL s Tisn ey 7 b
T UT AR TED WSS, L LAas
b, AR =—TfbhTWd X 5 RS T2
ERMAT v TFRICLS 7u/7:¢)7—mﬁﬂ
ARG TFR)~w—~IEHLTL, 2 TOSFRTry s
AR Y v—&THKT D EERE R, BOaFRY~—%
KT 50 FOIx L A LITA S Z2RET 23w
< WA AV ET S BOGRIZB W T B RIS 72
FCHAERTHEALT Y —F 1 FRMET 5, 85
FRY=—T7 v aRlv—ZMET D000,
W oy - OMERRIMEC E 2 - b i@k~ T o R &
£ O R TLERD D, MRy FiiHcky
B FEHOWER FAT »7FREICLS T a vy 2 3R
V2—OFEMAREENTETEWHL OO 2 Z0
EEALIRE G 7 7 A A& 52 H5DHRT
Ho, bFeChrToy s aR) -—ofERICRE L
Tfilidhizeh TH 2wy, 2

ZOREICH L, FHEDIZ DD 10 bR —%
FroMy 1R ~—%#{EW L, ZO%ZO - ifEg
bE&ED” tWwWHTTe—Fh kRl dInTry s a

R H S Vol.58 No.2(2021.12)
R -—2ElT 5 ECIERICHATIRR W EE LT,
 BIZIEE L T EE bS5 T R ErE

&gy -P-Azo (Figure da) ZHiilizGmk L, XaHw
RS LD F R e YT oy aR ) v—
OERAERBL L 5 LT, 7

AFNvy a~FH oD CORRIRERSIECZLY

P-Azolx 7 & M5 R Y ~— (SPr) ZIEK LT,
35°C CUV#ZSPruiZ

Wi L = A, 19%D ransihieis

Photo-isomerization

of azobenzene
O e O
o S AT

trans cis

Self-Assembly
b)
UV-light UV-light
SProla Topological Block SP SPunfe

Figure 4. a) Chemical structure of P-Azo. b) Schematic
representation of  photo-induced  unfolding  of
supramolecular polymer composed of P-Azo.
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Table 1. Thermodynamic parameters on self-assemblies
into SProis and SPunfo.

AHP AS? 6o ot
(kImol'!)  (Jmol'K™) at 35°C at 50°C
(kJmol!)  (kJmol')
SPyu -114.8 -222.8 -46.2 -36.1
SPue -53.6 -57.6 -359 -333
HRE~D TG DAGD 7 (= AGY(SPuwn) — AG(SPou))
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