








Figure S5.17. Selected SEM images of a 6SA macroscopic scaffold (2.5 wt.%, 37.8 mM)

prepared by applying a shear-flow assembly method in a CaCl; solution (150 mM).

Figure S5.18. Optical microscope images of a 6SA macroscopic scaffold (2.5 wt.%, 37.8 mM)
after standing for 1 h in the absence of UV-light irradiation. No observable size changes were

observed.
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Good aqueous solubility of co-assembled 6SA:DA (molar ratio = 4:6, 2.5 wt.%, in total
40.9 mM) was found to give a blue color aqueous solution. 6SA:DA nanoribbons was
anticipated to produce less stable macroscopic structures because of observing nanostructures
with lower aspect-ratio in TEM (Figures 5.4c and 5.5b). Unstable 6SA:DA macroscopic
scaffold was produced with the identical shear flow assembly in the 150 mM calcium chloride
solution. To facilitate the stabilizing process during charge screening with calcium cations, a
higher concentration of calcium chloride aqueous solution (1.0 M) was applied and
successfully gave a blue-colored scaffold (Figure 5.7a). Low degree of orientational alignment
in the was suggested by unobservable birefringence under POM (Figure S5.29) and non-
smooth surface of the scaffold revealed by SEM (Figure 5.7b). To observe the photo-induced
supramolecular transformation at macroscopic scale, same 6SA:DA macroscopic scaffold was
irradiated at 625 nm for lh to recognize blue-discoloration instead of shrinkage observed
during UV-light irradiation (Figures 5.7c and 5.7d). The photo-bleaching in the 6SA:DA
macroscopic scaffold contributed from the DA photoisomerization which is similar to the
observation in Figures 5.5. These experiments confirm that supramolecular transformations of
co-assembled 6SA:DA at both micro scale and macro scale are implemented with the improved
visible wavelength precision and narrower bandwidth. Implications of orthogonal photo-
switching in macroscopic structures, especially controlled by red-light stimulation might open

up new advancements on smart functional materials by orthogonal stimulation.
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Figure 5.7. Macroscopic studies of 6SA:DA macroscopic scaffold (molar ratio = 4:6, 2.5 wt.%,
in total 40.9 mM) prepared by shear flow assembly in the 1.0 M CaCl.. (a) Images of the
6SA:DA macroscopic scaffold under (a) OM and (b) SEM. The photo-irradiation process on

6SA:DA macroscopic scaffold (c) before and (d) after irradiation at 625 nm for 1 h.
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Figure S5.19. Optical microscope and polarized optical microscope images of a 6SA:DA
macroscopic scaffold (molar ratio = 4:6, 2.5 wt.%, 40.9 mM in total) prepared by applying a

shear-flow assembly method in a CaCl; solution (1 M). 200 nm scale bars for all panels.
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5.3 Conclusion

A novel stiff-stilbene amphiphile featuring six-membered fused ring, 6SA
functionalized with two alkyl carboxylic end groups is investigated. The photo-chemical
properties and supramolecular assembly characterizations are examined. The UV-light
responsive 6SA helical structures can co-assemble with DA in 4:6 molar ratio to afforded
6SA:DA nanoribbons. The 6SA provides hydrophobic environments to DA to restore red-light
responsiveness in aqueous environment. Under 625 nm irradiation, the red-light responsive O-
DA in aqueous environment can transform into C-DA to access supramolecular co-assembly
transformation from 6SA:DA nanoribbons into vesicular structures. Both 6SA helical
structures and 6SA:DA (in 4:6 molar ratio) nanoribbons are assemble from nanostructure to
macroscopic material by using a shear flow assembly method with calcium chloride solution.
The photo-responsive molecular transformation of both systems is propagated from nanoscale
to macroscopic scale for photo-induced morphological change. The co-assembly strategy
demonstrates the possibility of tuning wavelength precision for stimulation. This approach may
provide insight on orthogonal photo-switching to control macroscopic materials, particularly

red-light for advancing visible-light driven smart functional materials.
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5.4 Experimental session

5.4.1. Materials

All commercial reagents were purchased from Acros Organics, Aladdin, Alfa Aesar,
Bidepharm, Dieckmann, Macklin, Sigma Aldrich and Tokyo Chemical Industry Co. Ltd, and
were used as received unless otherwise specified. Compound 4, methyl 11-bromoundecanoate
and DA are synthesized according to literature procedures. All reactions were performed under
air unless otherwise specified. Analytical thin layer chromatography (TLC) was performed
with Macherey-Nagel Silica gel 60 UV2s4 aluminum plates and visualization was accomplished
by UV light (254 / 365 nm) or staining with phosphomolybdic acid followed by heating. Flash
column chromatography was performed using Macherey-Nagel Silica gel 60 (230-400 mesh).

Deuterated solvents were purchased from Cambridge Isotope Laboratories Inc.

5.4.2. General

"H NMR and '*C NMR spectra were recorded at 25 °C on Bruker Advance III Ultrashield 400
Plus NMR spectrometer (‘H: 400 MHz, '3C: 101 MHz). Chemical shifts (8) are expressed
relative to the resonances of the residual non-deuterated solvent for 'H [tetramethylsilane (TMS)
for CDCls: 'H(8) = 0.00 ppm, CD3;0D: 'H(8) = 3.31 ppm, D,O: 'H(3) = 4.79 ppm, CHCI; for
CDCl3:CD3OD =9:1 : 7.26 ppm, CHCI; for CDCl3:CD30D = 4:1 : 7.26 ppm] and *C [CDCls:
13C(8)="77.16 ppm, CD30D: 3C(3) = 49.00 ppm, CHCI; for CDCl5:CD30OD =9:1 : 77.16 ppm,
CHCI; for CDCl3:CD3OD = 4:1 : 77.16 ppm]. Absolute values of the coupling constants are
given in Hertz (Hz), regardless of their sign. Multiplicities are abbreviated as singlet (s),
doublet (d), doublet of doublets (dd), triplet (t), and multiplet (m). High-resolution mass
spectrometry (HR-MS) was performed on Agilent 6540 UHD Accurate-Mass Q-TOF LC/MS
system with ESI ionization. UV-visible measurements were performed on Agilent 8453 Diode-

array UV-Visible spectrophotometer or Agilent Cary 60 UV-Visible spectrophotometer with a
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1 cm path length quartz cuvette. A Luma 40/8453 temperature-controlled cuvette holder with
four optical ports was mounted in the sample compartment of the Agilent 8453 Diode-array
UV-vis spectrophotometer and the Agilent Cary 60 UV-Visible spectrophotometer. Irradiation
of samples was carried out at 25 °C using Thorlabs model M300F2 LED (370 u4W) and
M365F1 LED (4.1 mW), M365LP1-C1 LED (745 mW), M625L4-C1 LED (630 mW) and
Spectroline EB-280C/FE handheld UV lamp from equipped with BLE-8T312 (800 4W/cm? g
15 cm) positioned at a distance of 1 cm from the samples. Transmission electron microscope
(JEOL Model JEM-2010 and JEM-2100F), scanning electron microscope (Tescan VEGA3)
and optical microscope equipped with polarizer (Leica DM2700-P) were used to characterize

the morphology.

5.4.3. Sample Preparation of 6SA and 6SA:DA Co-assembly in Aqueous Medium. A 3.0
mM stock solution of 6SA was prepared by dissolving 6SA with two equivalents of NaOH.
The solution was then heated at 80 °C for 15 mins and cooled to 25 °C at either 0.5 or 1 °C/min
in a Luma 40/8453 temperature-controlled cuvette holder. For the preparation of 6SA:DA co-
assembly, a 3.0 mM stock solution of DA was prepared by dissolving DA with one equivalent
of NaOH without heating. The stock solutions of 6SA (cooled at 1 °C/min) and DA were then

mixed and aged at room temperature.

5.4.4. Photo-isomerization Experiment. Photo-isomerization experiment was performed
using UV-visible absorption spectroscopy and 'H NMR spectroscopy. All solutions were
purged with nitrogen for more than 60 mins prior usage, and samples were prepared by diluting
3.0 mM stock solutions under nitrogen. In the case of UV-visible absorption spectroscopy
measurement, a 1 cm path length quartz cuvette with the sample (50 #M) were placed inside a
Luma 40/8453 temperature-controlled cuvette holder kept at 25 °C. The samples were

irradiated with Thorlabs model M300F2 LED (370 xW), M365F1 LED (4.1 mW) and
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M625L4-C1 LED (630 mW) and the process was monitored by Agilent 8453 Diode-array UV-
vis spectrophotometer or the Agilent Cary 60 UV-Visible spectrophotometer. In the case of 'H
NMR spectroscopy measurement, the NMR tube with the samples (3.0 mM) were irradiated
with Spectroline EB-280C/FE handheld UV lamp from equipped with BLE-8T312 (800
LW/cm? g 15 cm) and Thorlabs model M365F1 LED (4.1 mW), and the process was monitored

by Bruker Advance III Ultrashield 400 Plus NMR spectrometer every hour.

5.4.5. Transmission Electron Microscopy. For analysis by transmission electron microscopy
(TEM), the sample aqueous solutions (3.0 mM, 5.0 pL) were deposited onto a carbon grid
(Micro to Nano, EMR Carbon support film on copper, 400 square mesh) for 15 s. After blotting
the sample solution, UranyLess EM stain solution (Electron Microscopy Science, 5.0 uL) was
directly deposited onto the grid for 15 s and blotted to remove the stain. Grids were observed
in a JEOL Model JEM-2010 Transmission Electron Microscope with hair pin type tungsten
filament operating at 120 kV equipped with Gatan 794 CCD camera or JEM-2100F
multipurpose 200 KeV FE (field emission) analytical electron microscope. In the
photoresponsiveness studies of supramolecular assembly, the samples aqueous solutions were
irradiated with Spectroline EB-280C/FE handheld UV lamp from equipped with BLE-8T312
(800 ©W/cm? g 15 cm), Thorlabs model M365LP1-C1 LED (745 mW) and M625L4-C1 LED
(630 mW) positioned at a distance of 1 cm from the samples, which is placed inside a Luma
40/8453 temperature-controlled cuvette holder set to 25 °C, before deposited onto a carbon

grid.

5.4.6. Optical Microscopy, Polarized Optical Microscopy and Scanning Electron
Microscopy. For analysis by optical microscopy (OM) and polarized optical microscopy
(POM), a 2.5 weight% (2.5 wt.%, 37.8 mM) 6SA sample solution was prepared by dissolving

6SA with two equivalents of NaOH. The solution was then heated at 80 °C for 15 mins and
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cooled to 25 °C at 1 °C/min in a Luma 40/8453 temperature-controlled cuvette holder. The
6SA solution (1.0 L) was then ejected into a shallow pool of 150 mM CaCl; solution on a
glass slide. The CaCl, solution was then removed and washed with MilliQ water three times.
The gel was equilibrated in Milli Q water for one hour before examination and irradiation with
Spectroline EB-280C/FE handheld UV lamp from equipped with BLE-8T312 (800 xW/cm? @
15 cm) and M625L4-C1 LED (630 mW). For analysis by scanning electron microscopy (SEM),
the 2.5 wt.% 6SA solution was ejected into a shallow pool of 150 mM CaCl, solution on a
conductive carbon adhesive tape and dried in air overnight before measurement. The air-dried
sample was subjected to gold sputtering for 30 mins prior to SEM measurement. For 6SA:DA
(4:6) co-assembly, a 2.5 wt.% (47.0 mM) solution of DA was prepared by dissolving DA with
one equivalent of NaOH, then mixed with 6SA in a 4:6 v/v ratio (40.9 mM in total). The
6SA:DA (4:6) solution was then aged overnight before ejecting into a shallow pool of 1.0 M
CaCl on a glass slide for OM and POM analysis, or on a conductive carbon adhesive tape for

SEM analysis.
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To a suspension of zinc powder (2.97 g, 45.4 mmol) in THF (30 mL), after cooling to 0 °C, 1
M TiCly in DCM (45.4 mL, 45.4 mmol) was added dropwise. The mixture was refluxed for 2
h. Following with adding 7-methoxy-3,4-dihydronaphthalen-1(2H)-one (2.00 g, 11.4 mmol),
the reaction mixture was refluxed overnight. After quenching with saturated NH4Cl solution
(50 mL), undissolved solid was filtered off and washed with DCM. The aqueous layer was

extracted with CH>Cl» (3 x 30 mL). The organic phase was washed brine and then dried over
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MgSOs. The collected filtrate was concentrated in vacuo to obtain crude product of compound
1 as a brown oil. The crude product was directly without further purification used in next
synthetic step since the high reaction temperature in next step may induce cis-/trans-
geometrical isomerization. Nevertheless, for the purpose of characterization, trans-1 can be
precipitated out by washing the crude with n-hexane to afford as a yellow solid (255 mg, 0.796
mmol, 7% yield).

Note: Figure S5.3 for the stereochemical assignment by NOESY

'"H NMR (400 MHz, CDCl3) 4 = 7.06 (dd, J = 8.3 Hz, 2H), 6.93 (d, J= 2.7 Hz, 2H), 6.78 (dd,
J=18.3,2.7 Hz, 2H), 3.82 (s, 6H), 2.76 (t, J = 6.8 Hz, 4H), 2.62 (t, J = 6.6 Hz, 4H), 1.75 (p, J
= 6.6 Hz, 4H).

BC NMR (101 MHz, CDCl3) 6 = 157.0, 139.2, 133.6, 132.3, 128.6, 115.5, 112.7, 55.5, 29.9,
28.6, 24.6.

HRMS (ESI+): calculated for C22H2502 [M+H]" m/z 321.1849, found 321.1851.

MeMgl

165°C 16 h

Compound 1 (2.00 g, 6.24 mmol) was placed in a two-necked flask. After cooling to 0 °C, a
solution of 3 M methylmagnesium iodide solution in Et;O (12.5 mL, 37.4 mmol) was added.
A needle was inserted onto the septum for ceasing solvent vapor. The reaction mixture was
heated at 165 °C overnight. After cooling to room temperature, the mixture was quenched with
EA then sat. NH4Cl solution, and further diluted with DCM. The organic layer was washed

with water and brine following with dried over MgSOs. The collected filtrate was concentrated
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in vacuo. The crude product was directly used in the next synthetic step without further

purification due to its instability.

BI'C10H2()COOMG
K,COs4

DMF, 80 °C, 16 h
Yield: 11% over 3 steps

To the mixture of compound 2 (943 mg; 3.23 mmol), methyl 1-bromoundecanoate (3.60 g;
12.9 mmol) was heat at 85 °C for 16 h. After cooling to room temperature, the reaction mixture
was diluted with EA. The organic layer was washed with water and brine. After drying over
MgSOs, the collected filtrate was concentrated in vacuo. The residue was purified by silica
column (n-hexane:DCM = 1:2 2 DCM - DCM:EA = 9:1, Ry= 0.6 in n-hexane:DCM = 1:2).
The product fraction was concentrated in vacuo and re-dissolve in 2 mL DCM. Pure trans-3
was recrystallized as white needle crystal (113 mg, 0.164 mmol; 11 % yield over 3 steps) by
adding excess n-hexane to the concentrated DCM solution.

'"H NMR (400 MHz, CDCl3) 6 = 7.03 (d, J = 8.26 Hz, 2H), 6.90 (d, J = 2.69 Hz, 2H), 6.76 (dd,
J=18.26,2.61 Hz, 2H), 3.95 (t, J = 6.57 Hz, 4H), 3.66 (s, 6H), 2.74 (t, J = 6.62 Hz, 4H), 2.60
(t,J=6.61 Hz, 4H), 2.30 (t, J = 7.56 Hz, 4H), 1.83 — 1.70 (m, 8H), 1.65 — 1.58 (m, 8H), 1.49
—1.40 (m, 4H), 1.30 (br, 20H).

BC NMR (101 MHz, CDCl3) 8 = 174.5, 156.5, 139.2, 133.6, 132.1, 128.5, 116.1, 113.5, 68.3,
51.6,34.2,29.9,29.6,29.7,29.4,29.4,29.3, 28.6,26.2, 25.1, 24.7.

HRMS (ESI+): calculated for C44HesOsNa [M+Na]" m/z 711.4595, found 711.4600.
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To the solution of compound 3 (58 mg; 0.0839 mmol) in THF:MeOH (4 mL, volume ratio =
1:1) was added with 4 M NaOH (0.5 mL). The mixture was heat at reflux for 4 h. After cooling
to room temperature, the mixture was concentrated to ~1 mL. The mixture was neutralized to
pH =5 by addition of 3 M HCI, the precipitate was filtered and successively washed with water
to obtain 6SA (40 mg, 0.0605 mmol, 72% yield).

"H NMR (400 MHz, CDCl15:CDsOD =9:1) § = 7.04 (d, J = 8.27 Hz, 2H), 6.90 (d, J = 2.60 Hz,
2H), 6.76 (dd, J = 8.29, 2.64 Hz, 2H), 3.96 (t, /= 6.58 Hz, 4H), 2.74 (t, J= 6.63 Hz, 4H), 2.61
(t,J=6.58 Hz, 4H), 2.29 (t, J = 7.53 Hz, 4H), 1.84 — 1.67 (m, 8H), 1.65 — 1.55 (m, 4H), 1.49
—1.39 (m, 4H), 1.30 (br, 20H).

BCNMR (101 MHz, CDCl3:CD3OD =9:1) § = 156.3, 139.1, 133.5, 132.0, 128.4, 116.0, 113.5,
68.3,34.2,29.8,29.5,29.4,29.3,29.3,29.1, 28.4, 26.0, 24.9, 24.5.

HRMS (ESI-): calculated for C42Hs0O¢ [M—H]™ m/z 659.4317, found 659.4314.

BFC10H20COOMG

KoCO
S . Meooctho

COOMe
DMF, 80 °C, 16 h

Yield: 42%

To the mixture of compound 6 (448 mg; 1.69 mmol), methyl 1-bromoundecanoate (3.60 g;
12.9 mmol) was heat at 80 °C for 16 h. After cooling to room temperature, the reaction mixture
was diluted with DCM. The organic layer was washed with water and brine. After drying over

MgSOs, the collected filtrate was concentrated in vacuo. The residue was filtered and
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successive washing with EA to afford compound 7 as a yellow solid (466 mg, 0.71 mmol, 42%
yield).

'"H NMR (400 MHz, CDCl3) 6 = 7.19 (d, J= 8.3 Hz, 2H), 7.16 (d, J = 2.4 Hz, 2H), 6.77 (dd, J
=8.2,2.3 Hz, 2H), 3.99 (t, J = 6.5 Hz, 4H), 3.66 (s, 6H), 3.21 — 3.16 (m, 4H), 3.07 — 3.00 (m,
4H), 2.30 (t, J= 7.5 Hz, 4H), 1.86 — 1.74 (m, 4H), 1.61 (dd, J=13.5, 6.4 Hz, 6H), 1.52 — 1.42
(m, 4H), 1.39 — 1.25 (m, 24H).

BCNMR (101 MHz, CDCl3) 8 = 174.4, 158.2, 144.4, 139.3, 135.8, 125.2, 113.5, 111.0, 68.4,

51.5,34.1, 32.5,30.2, 29.5, 29.4, 29.4, 29.3, 29.1, 26.1, 25.0.

X O. NaOH(aq) X O.
MeOOC™400 \ 0. _COOMe HOOC 40 \ 0., _COOH
hvi THF / MeOH, reflux, 2 h hvi
10 Yield: 76% 10

5 5SA

To the solution of compound 7 (43 mg, 0.065 mmol) in THF:MeOH (6 mL, volume ratio = 1:1)
was added with 4 M NaOH (0.3 mL). The mixture was heat at reflux for 2 h. After cooling to
room temperature, the mixture was concentrated in vacuo. The residue was diluted with water
following with neutralization to pH = 7 by addition of 1 M HCI. The precipitate was filtered
and successively washed with water to obtain compound 8 as a white solid (30 mg, 0.049 mmol,
76% yield).

'"H NMR (400 MHz, CD3CL:CD30D =4:1) = 7.12 (d, J = 8.2 Hz, 2H), 7.08 (d, J = 2.3 Hz,
2H), 6.70 (dd, J = 8.2, 2.3 Hz, 2H), 3.92 (t, J = 6.6 Hz, 4H), 3.14 — 3.06 (m, 4H), 2.97 (dd, J =
8.8,4.4 Hz,4H), 2.21 (t,J = 7.6 Hz, 4H), 1.77 — 1.66 (m, 4H), 1.53 (p, J= 7.2 Hz, 4H), 1.45 —
1.33 (m, 4H), 1.32 — 1.19 (m, 22H).

BCNMR (101 MHz, CD3Cl:CD3OD =4:1) 8 =177.2,157.9, 144.2, 139.3, 135.6, 125.1, 113.5,
110.8, 68.4,49.3,49.1,48.9,48.7,48.5,48.3,48.1,34.4,32.3,30.1,29.4,29.3,29.3,29.2,29.1,

25.9,25.0.
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HRMS (ESI-): calculated for C40HssOs [M—H] m/z 631.4004, found 631.4006.

Chapter 5 NMR Supplementary Figures
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Figure S5.20. 'H NMR spectrum of compound 1 in CDCl3 (400 MHz, 25 °C).
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Figure S5.21. 1*C NMR spectrum of compound 1 in CDCl3 (101 MHz, 25 °C).
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ppm

Figure S5.22. 1H-1H NOESY of compound 1 in CDCl; (400 MHz, 25 °C, mixing time = 1
sec). The assigned proton He and Hq trans-6SA are in proximity, the observation of NOE cross

peaks between He and Hqg suggests the obtained product is trans-6SA.
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Figure S5.23. 'H NMR spectrum of compound 3 in CDCl; (400 MHz, 25 °C).
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Figure S5.24. 1>*C NMR spectrum of compound 3 in CDCl3 (101 MHz, 25 °C).
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Figure S5.25. 'H NMR spectrum of 6SA in 9:1 CDCl3:CD;OD (400 MHz, 25 °C).
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Figure S5.26. 1°C NMR spectrum of 6SA in 9:1 CDCl3:CD3;0D (101 MHz, 25 °C).
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Figure S5.27. 'H NMR spectrum of compound 5 in CDCl3 (400 MHz, 25 °C).
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Chapter 6 Conclusion

In Chapter 1, the concepts of photoswitch and molecular amphiphile were introduced.
By incorporating molecular amphiphile with photo-responsive unit, photo-responsive
molecular amphiphile can control supramolecular assembly behaviors and responsive function
upon light-irradiation induced geometrical changes during photo-induced isomerization.
Although molecular amphiphile can assemble into macroscopic length-scale, limited examples
of photo-responsive molecular amphiphile assembled into macroscopic length-scale were
reported with their decisive photo-controlled functions. The examples of multi-controlled
supramolecular system for fabricating macroscopic materials, other molecular design of
molecular motor amphiphile to construct bio-compatible smart macroscopic materials, visible-
light controlled macroscopic materials based on photo-responsive molecular amphiphiles were

unexplored.

In Chapter 2, a novel stiff-stilbene amphiphile SAmnis featuring multiple stimuli-
controlled properties was produced. The photo-controlled supramolecular assembly
transformations and supramolecular helicity inversion controlled by pH tuning and counterion
effect were investigated by CD and TEM analysis in microscopic length-scale. This multi-
controlled SAmis supramolecular assemblies were employed to produce macroscopic scaffolds
by exploiting a shear-flow assembly method to establish photo-controlled bio-active molecules
release. As the obtained microscopic and macroscopic supramolecular assemblies were
examined with high cyto-compatibility against liver cells and hBM-MSCs, as well as

demonstrated the novel supramolecular-based cell-material interfaces.

In Chapter 3, the second-generation molecular motor bola-type amphiphiles MBA; with

fluorenone stator were investigated. The photo-chemical process involved in THI step could
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be tuned by applying different bulkiness of upper molecular motor fragments of MBAs. The
supramolecular dynamic nanostructures of MBAg originated from the amphiphilic featured
stator could also further assembled into macroscopic length-scale resulting as macroscopic
scaffolds by applying shear-flow assembly method. MBAs macroscopic scaffolds were slowly

g[30,280-282] Apart from

bent phototropically, similar to the reported molecular motor amphiphile
macroscopic motion generated from UV-light irradiation, the high compatibility of MBA,
macroscopic scaffolds against hBM-MSCs were revealed with observing substantial hBM-
MSCs grow and attached along the long axis of the macroscopic scaffolds. Discovering photo-
bending movement and cell-material interfaces behavior in MBAs macroscopic scaffolds

proved the novel molecular design to construct smart functional bio-adaptive materials and

pave for next generation photo-controlled microenvironment for cells and tissues regeneration.

In Chapter 4, a visible-light responsive molecular amphiphile, DA was synthesized by
considering second generation of DASA motif. The photo-switching behaviors of DA was
similar to the reported DASA in THF. Comparing with the contemporary first generation,
[147.148.324] "and second generation DASAs!*7l, of which they behaved irreversible and
spontaneous switching process from open form to cyclized form, the spontaneous isomerization
process of DA was suppressed in aqueous environment due to supramolecular assembly
induced aggregation!'>®, Since the stimulation wavelength was not precise to excite DA, board
band of white-light was applied for the photo-isomerization process from O-DA; to C-DA; and
resulted in prohibited thermodynamically reverse switching back process to O-DA;. With
unprecedented photo-responsive behavior of DA; in aqueous media, DA; assembled into large
aspect-ratio of bundled nanofibers at microscopic length-scale. White-light irradiation on the
bundled nanofibers (O-DA;) partially transformed into a mixture of bundled nanofibers and

vesicular structures (C-DAp) due to large geometrical transformation leading to packing

parameter change. The bundled nanofibers (O-DA1) can further assemble by using a shear-
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flow assembly method to give macroscopic scaffold. With the measurements of structural
morphology on the DA macroscopic scaffold by SEM and XRD, the macroscopic scaffold
composed of dimeric form of DA; was disassembled by white-light irradiation due to
supramolecular transformation of bundled nanofibers (O-DA) to vesicular structures (C-DA).
After entrapping positively charged fluorophores inside DA1 macroscopic scaffold, white-light

irradiation on the resulting scaffold facilitated the fluorophores release process.

In Chapter 5, a novel stiff-stilbene amphiphile, 6SA composed of six-membered fused
ring was studied. Its photo-chemical properties and supramolecular assembly behavior were
investigated. Since the UV-light responsive 6SA assembled as helical structures which could
also co-assemble with DA to give 6SA:DA; nanoribbons, the 6SA rendered hydrophobic
environment to DA so that the red-light responsiveness of DA was re-gained in aqueous
environment. Applying 625 nm irradiation on the 6SA:DA co-assembly system, the red-light
responsive O-DA; could convert into C-DA; to achieve supramolecular co-assembly
transformation from 6SA:DA; nanoribbons into vesicular structures. When a traditional shear-
flow assembly method was exploited to fabricate macroscopic material from the co-assembled
nanostructures of 6SA:DA1, the red-light responsive molecular transformation of DA inside
co-assembled macroscopic scaffold were propagated from nanoscale into macroscopic length-
scale for photo-induced color and morphological change. The opportunity of adjusting

wavelength precision for stimulation could be achieved by the co-assembly strategy.

Though the demonstrated molecular designs and supramolecular approaches could all
allow macroscopic supramolecular assembly from molecules and propagate the molecular
photo-isomerization into functional response, the supramolecular macroscopic systems
constructed by highly visible-light responsive amphiphiles with prominent bioactivity function
for direct signaling have not demonstrated. These demonstrated molecular designs, and
approach can provide significant foundation for constructing highly bioactive and visible-light
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responsive molecular amphiphiles for next generation of visible-light controlled smart

functional bio-adaptive materials.
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