Nanoscale

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Nanoscale

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still

apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

ROYAL SOCETY
&cuzmsmv

ROYAL SOCIETY
OF CHEMISTRY www.rsc.org/nanoscale


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page Lot ggurnal Name

Cite this: DOI: 10.1039/c0xx00000x

WWW.ISC. org/xxxxxx

Nanoscale

Dynamic Article Links »

ARTICLE TYPE

Self-assembly and optical properties of porphyrin-based amphiphile

Ruijiao Dong,? Yang Bo,* Gangsheng Tong,” Y ongfeng Zhou,? Xinyuan Zhu*®and Y unfeng L u*?°

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

DOI: 10.1039/b000000x

s A porphyrin-based amphiphile that exhibits various self-
assembled nanostructures in different solvents, has been
successfully prepared. The effect of aggregated structure on
optical properties of this amphiphile has been wel
investigated. Furthermore, this porphyrin-based amphiphile

wand its assemblies show dynamic/reversible variations in
mor phology and optical propertiesin responseto light.

Owing to their attractive photophysical, photocheshi and
electronic properties, the porphyrin-based nanoriadge with
well-defined architecture and excellent opticalfpenance have
1sreceived much attention in a wide range of fieldsluding
photodynamic therapy, molecular electronics, phictoms well

as light-energy conversidnOver the past few decades, a great

number of porphyrin-based nanomaterials with vexidorms
such as nanoparticlésnpanovesicled, nanosheet$, nanorods,

20 nanofiber$, nanobelts and nanotubéshave been designed and
developed via molecular self-assembly by employing
noncovalent interactions including electrostatiaccé metal-
ligand coordinationz-n stacking, hydrogen bonding as well as
host-guest interaction. For example, the group oklutt

2s reported robust porphyrin nanotuffess well as microscale
donor/acceptor biomorphsby ionic self-assembly of two
oppositely charged porphyrins in aqueous solufRarquette and
coworker&® successfully acquired a donor/acceptor nanotub

Well-defined “
Nanoparticles -

Irregular

Nanosheet Nanoparticles

with bicontinuous arrays from the self-assemblyagforphyrin-
o based bola-amphiphile via extensive intermoleculasr

interaction. Jayawickramarajah et®aldeveloped a convenient

approach for the self-assembly of well-defined pgrmn

nanowires in water using robugi-cyclodextrinfadamantane

host/guest interaction. Very recently, Zhang et®akported a
3s novel porphyrin-based supramolecular photosensitizsed on
host/guest interaction, which showed a greatly owpd

antibacterial efficiency. Generally speaking, grpabgress has

been made in porphyrin-based material chemistryg, \@rious
self-assembly strategies for well-defined porphyrased

40 nanostructures have been well established. Howehitherto,
most of these studies have mainly focused on thlsgadeand
construction of various porphyrin-based nanostmestwith well-
defined morphologies, and few studies devoted paating on
the effect of aggregated structure on optical priigee Therefore,

4sto push forward the development of porphyrin chépist is
necessary to explore the relationship of aggregstiettture and
optical behavior of porphyrin-based nanomaterials.

eS(:heme 1. Schematic representation of the chemical structofe
s0 TAzoPyP and the resulting aggregates under diffecemditions: (a)
nanosheet for TAzoPyP in MeOH, (b) irregular namtplas for

TAzoPyP in water and (c) well-defined nanoparti¢tesTAzoPyPé-CD,

complex in water.

Herein, we report a porphyrin-based amphiphile, cWwhi
ss combines a hydrophobic porphyrin core with four toyhilic
quaternary ammonium units and four photosensita@eanzene
(Azo) head groups. As shown in Scheme 1, the ponplopre
unit provides a photoactive and fluorescent fumaliy, the
quaternary ammonium units allow for dispersion iqueous
so medium, and the Azo groups endow with a photoseigit
Owing to its unique chemical structure and amplhiiphiature,
the resulting porphyrin-based amphiphile exhibitariaus
morphologies via self-assembly in different solgenthus
bringing on distinct optical properties. Meanwhilghis
es amphiphile as a multivalent guest is capable ofering with
a-cyclodextrin ¢-CD) to form supramolecular inclusion complex,
and then further self-organizes into well-defineghexical
nanoparticles in aqueous medium accompanied byllerte
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optical properties. In addition, this porphyrin-bedsamphiphile
and its assemblies show dynamic/switchable morgyoland
optical properties in response to light. More intpotly, the
effect of self-assembly behavior on optical propeiar this

for the 1/1 inclusion complex of the Azo guest watiCD host in
MeOH/H,O (1/1, v/v) was calculated to be 1.84%1a* (Fig.
S12, see ESIt). Furthermore, the binding stoichiomef
TAzoPyP toa-CD was determined bfH NMR analysis. In Fig.

s amphiphile has been well investigated so as to ggdietter 40 la, the chemical shift of the Azo protons (Ha-e)TézoPyP

understanding on the structure-performance relsliigm

gradually increases with the molar ratiooe€D/TAzoPyP from

The procedures for the synthesis of porphyrin at&l i 0/1 to 32/1, implying the inclusion complexation BAzoPyP

derivatives are depicted in Schemes S1-S3 (see) BSistly, the
porphyrin-based  amphiphile,  5,10,15 2f-a-(4-N-methyl-

10 azobenzene-pyridyl)-porphyrin  tetrabromide (TAzoRyRvas
designed and synthesized via quaternization readietween
5,10,15,20etra-(4-pyridyl)-porphyrin (TPyP) and 4-
bromomethyl azobenzene. As a control, the watarkdel
porphyrin derivative, 5,10,15,2@tra-(4-N-ethylpyridyl)-

15 porphyrin  tetraiodide (TEtPyP) was prepared follogvi a
synthesis route in Scheme S2. The successful atmarof
TAzoPyP and TEtPyP was clearly confirmed'bByNMR, FTIR,
UV-Vis and Q-TOF-MS. The detailed characterizatimta are
described in Figs. S1-S11 (see ESIT).
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Fig. 1. (@) '"H NMR spectra ofa-CD and TAzoPyP at different molar
ratios of 0:1, 0.5:1, 1:1, 2:1, 4:1, 8:1, 16:1, @&l in DMSOds/D,O
(1/1, viv). The concentration of TAzoPyP was 2 mM. (b) Schién

with o-CD. Following a Job’s plot 0AS*yrazopyp VS. Xrazopye I
Fig. 1c, the maximum value is found to be arour®, @hich

ss indicates that the binding stoichiometry of TAzoPgR-CD is

1/4. Therefore, the above results exactly demotestithe
formation of TAzoPyRi{-CD, inclusion complex (Fig. 1b).

180
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Fig. 2. (@) The hydrodynamic diameter of TAzoPyP in défarsolvents

so with the same TAzoPyP concentration of 0.2 mg/mhl-d1) TEM

images and (b2-d2) AFM images of (b) TAzoPyP in MeQ) TAzoPyP
nanopatrticles (TAzoPyP NPs) and (d) TAzoRyED, supramolecular
nanoparticles (TAzoPyB/CD NPs). The insets in (bl, c1, dl1) are
magnified images. Black bars represent the mearesdl = 5). The red

representation of the formation of TAzoPyRID, supramolecular 5 @Tows in (b1, b2)indicate the lamellar structure.

25 complex. (c) Job’s plot ofi-CD and TAZOPYP jytacrye iS the molar
fraction of TAzoPyP iru-CD/TAzoPyP mixture.

As a multivalent guest, this resulting Azo-modifipdrphyrin
amphiphile (TAzoPyP) is exactly capable of multergly
binding to some macrocyclic compounds (egCD) to form

30 supramolecular complex. Thus, the host/guest ptpper

Interestingly, this porphyrin-based amphiphile (BRyP)
presents distinct aggregated morphologies in sashersts due
to its unique chemical structure. The morphologg aize of the
aggregates were investigated by dynamic laserestajt(DLS),

60 transmission electron microscopy (TEM), and atorficce

microscopy (AFM) measurements. In Fig. 2a, no agmar

TAzoPyP and a-CD was investigated by using UV-Vis 2aggregates can be observed when TAzoPyP is dissdlve
spectroscopy andH NMR analysis. Firstly, the association dimethyl sulfoxide (DMSO), suggesting that TAzoPgi8plays

intensity for the model compounds of Azo awdCD was
evaluated by using UV-Vis spectroscopy. Accordirg the

predominantly unimolecular structures in DMSO. tagtingly,

es TAZOPyP can directly disperse in methanol (MeOHYdom a

s modified Hildebrand-Benesi equatidhthe association constant large amount of aggregates with an average hydeodim

2 | Journal Name, [year], [vol], 00—00
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diameter Dy) of 142.5+1.3 nm. The TEM image in Fig. 2bl the nanosheets could be arranged in an incompattless
shows sheet-like assemblies with an average siapmfoximate e optimal way of H-aggregation. It might be attribditeo the fact
130 nm. Such a lamellar structure is clearly priesbim the inset  that thern-n interaction between TAzoPyP molecules was greatly
of Fig. 2bl. Meanwhile, the AFM image in Fig. 2b@rther suppressed by the intermolecular electrostatic raotmn,
confirms the formation of the lamellar structureecBuse of its  resulting in the formation of the incompact aggtedastructure.
amphiphilic nature, TAzoPyP tends to self-assenmlaqueous Based on these data, we proposed a lamellar saifrdndy
medium via hydrophobic interaction. Both TEM and MF e mechanism for TAzoPyP in MeOH as shown in Scheme la
images in Figs. 2c1-2c2 exhibit irregular sphericahoparticles

3}

with a mean size ofta. 80 nm based on 100 individual (a) " Soret band —— TAZoPyP in DMSO
10 nanoparticles from TEM image, which is consisteithvthe Dy, ~ 101 Etiasckitiivadt
of 93.8+1.1 nm determined by DLS (Fig. 2a). Theetnis Fig. ) 0.1 — OO
2cl presents slightly corrugated spherical surfasea result of g Azo group
disordered stacking of this rigid amphiphile in arat S 064
In addition, TAzoPyRI-CD, supramolecular complex as an 'g 0.4
1s amphiphilic molecule can self-assemble in water foom g
morphologically distinct aggregates. TEM image iig.F2d1 < 02 Qband
evidently demonstrates that the self-assemblieh@mogeneous 001 I3
spherical nanoparticles according to a slight diffiee between " 300 400 500 o0 700 800
the particle skin and the inner pool. Such a wefirted spherical Wavelength (nm)
20 Structure is clearly presen'_[ed in. the in.set of Adl. A large (b) 50 TAzoPyP In DMSO |
number of nanoparticles with uniform size can dlsoobserved 409 | TAzoPyP in MeOH
as shown in the large scale TEM image (Fig. S18, B8It). 30 | T TR NS e
Also, AFM image in Fig. 2d2 confirms the uniformhspical . 204 f(oretband
structures. Both of TEM image (Fig. 2d1) and AFMage (Fig. §
25 2d2) show that the statistical size of the nandges is £
approximate 35 nm, which is consistent with Byeof 46.0+1.4 S .
nm determined by DLS (Fig. 2a). Besides, zeta fiaten
measurement was performed to assess the surfage density
of these two nanoparticles through aqueous sedfralsty of 40 i . i .
30 TAzoPyP and its supramolecular complex. In Fig. &b ESIT), 300 350 400 450 500

TAzoPyP#4-CD, supramolecular nanoparticles (TAzoRy®D Wavelength (nm)

NPs) exhibit relatively lower zeta potential va{le'.4+0.66 mV)  Fiqg 3, (a) Normalized UV-Vis spectra and (b) circularhditism (CD)

than that of TAzoPyP nanoparticles (TAzoPyP NP§)420.69  gpectra of TAZoPyP in DMSO, TAZoPyP in MeOH, TAZBPMPs and
mV), which might be attributed to the shieldingeeff of a-CD. TAZOPyP4-CD NPs.

35 By comparison, the supramolecular nanoparticlesrareh more
stable than TAzoPyP NPs, and they can be kept tarwéthout ™ Likewise, the formation of the irregular spherinahoparticles
any changes in morphology and size for at leasthyar. for TAz.oPyP in Wate.r was accompa.n.ied by slight awadrow
Moreover, the molecular packing structures in treggregates ~ plue-shifted peaks (Fig. 3a). Blue-shifting of theo band (324
were investigated by UV-Vis absorption spectroscagiscular ~ NM) and porphyrin Soret band (427 nm) in water daststent
wdichroism (CD) spectroscopy and fluorescence eiwita with the presence of H-typer interaction of both the Azo and
spectroscopy. As depicted in Fig. 3a, TAzoPyP in SIM ™ porphyrin chromophores within the nanoparticles. #sther
exhibits three absorption bandscat 330 nm ascribed to ther* ~ €vidence, the appearance of a new excitation peek 438 nm
transition of Azo group as well as@t 430 nm and from 500 to  (Fig. 4a) demonstrates the formation of a large temof
650 nm corresponding to Soret band and Q band Her t 2dgregates in water. Also, TAzoPyP is found to b®m-planar
45 porphyrin chromophore, whereas TEtPyP in DMSO @xtibits molecule according to the molecular simulation ig. 516 (see
two absorption bands @a. 430 nm and from 500 to 650 nm® ESIT). Therefore, it is incapable of orderly stackin aqueous
corresponding to Soret band and Q band for the hyoip m_ediu_m via hyd_rophobic interactions. In Fig. 3b, u'ocul_ar
chromophore (Fig. S15, see ESIY). In Fig. 4a, thalisshoulder ~ dichroism (CD) signals are present for TAzoPyP M3D, while
at around 433 nm for TAzoPyP in DMSO reflects teewrence ~ ONly the porphyrin Soret band exhibits an excitariaplet ata.
s of a small amount of aggregation, which further feams that ~ 430 nm of the CD spectrum for TAzoPyP in water {raiduces
TAzoPyP in DMSO mainly exists in the form of uniraoular ® irrégular spherical aggregates as observed py TiedVWdeM (Fig.
state. In MeOH, the UV adsorption bands for bothtie n- ~ 2€)- The lack of any Azo related peaks in the Cctpim
conjugated Azo and porphyrin chromophores in TARBgow a indicates that intermolecularr interactions of porphyrin moiety
slight blue shift (< 10 nm) compared with thatliegood solvent ~ Plays an crucial role in driving assembly under tuadition,
ss of DMSO (Fig. 3a), indicating that TAzoPyP adoptdaype resulting in relatively disordered Azo segments himit the
aggregation in the lamellar aggregdfeslowever, since this blue * assembly that does not display CD signals. Thisipmenon is
shift of the UV absorption bands of the Azo and pbyrin in good agreement with the proverbial tendency ofphyrin

- . . 3
chromophores is relatively small, it implies thae (TAzoPyP in ~ Molecules to spontaneously aggregate into discideeterials.
Thus, a model for the aqueous self-assembly of P&Bocan be

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 3
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envisaged in Scheme 1b.

In contrast, the resulting well-defined sphericaiggates
through aqueous  self-assembly of  TAzoRyED,
supramolecular complex exhibit extremely tiny béhéfted

speaks (2 nm around) for both the Azo and porphyrin

chromophores (Fig. 3a), suggesting that #he interaction of
TAzoPyP molecules in the nanoparticles are verykwdde
observation might be attributed to the followingptfacts: First,

the introduction ofa-CD significantly enhances the water-

10 Solubility of TAzoPyP to weaken the intermolecutgdrophobic
interactions; Second, the host-guest interactiotwden Azo
group of TAzoPyP and-CD competes with the-r interaction
of Azo groups to prevent further stacking of TAz&Pip water.
In Fig. 3b, the TAzoPyR/CD NPs in water produce

15 characteristically distinct CD spectrum comparedhwihose
obtained under other conditions. Notably, the CERcsum of
TAzoPyP4-CD NPs in water shows strong positive exciton
couplets centered ah. 325 and 430 nm, corresponding to Azo
n* transition and porphyrin (Soret band) transitioespectively.

20 The positive excitonic couplet of Azo groups @t 325 nm
indicates that the Azo moiety of TAzoPyP insertsttie a-CD
cavity with its electronic transition moment paehfto thea-CD
axis!* Thus, the Azo moieties of TAzoPyP could vibrateaiate
along its axis in the nanoparticle. The coupletitesdd to the

25 porphyrin Soret band ag. 430 nm is associated with two quasi-

degenerate transitions being oriented perpenditalaach other,
implying that rotation of the porphyrin is possilaeund its two

long axes?® Accordingly, the multimolecular aggregation model
of amphiphilic TAzoPyRI-CD, supramolecular complex is

30 presented in Scheme 1c. In addition, the X-rayratifion (XRD)
analyses were further performed to confirm the llanstructure
for TAzoPyP in MeOH as well as the disordered stagkn these
spherical nanoparticles in Fig. S17 (see ESIY).
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s Fig. 4. (a) Fluorescence excitation spectra and (b-c) dgtstate
fluorescence spectra of TAzoPyP in DMSO, TAzoPyP MeOH,

deconvolution of the instrument response functiolRF). The
concentration of all sample solutions is1d.

4 Next, we attempted to explore the relationship leetwoptical
properties and aggregated structures of TAzoPyRudifferent
conditions. The steady-state fluorescence spedpysc
experiment was firstly performed to assess the rélscence
performance of TAzoPyP with various aggregated imolgmies.
so In Fig. 4b, the steady-state fluorescence spedtfBAaoPyP in
DMSO and TAzoPyP in MeOH at an excitation wavelangt
360 nm were characterized by four emission bandstle
porphyrin moiety at 650 and 715 nm, along with Aze group at
410 and 470 nm. By comparison, the slight red-sftiftands for
ss porphyrin moiety and slight blue-shifted bandsAao group can
be observed for TAzoPyP in MeOH, which may arisarfrthe
lamellar aggregation of TAzoPyP in MeOH. Inversetpe
steady-state fluorescence spectra of the aqueolusioso of
TAzoPyP and TAzoPyB/CD just exhibit a single fluorescence
60 emission band centered at around 700 nm in Fig.Thk. red-
shifted fluorescence bands for porphyrin moietyerbsd here
are consistent with the aggregation of TAzoPyP atew
In contrast to the fluorescence spectrum of the DMSlution
of TAzoPyP, it is noted that the other three aggred samples
es display weakened or even undetectable fluoresceawds at 410
and 470 nm for Azo chromophore, which can be mainly
attributed to the following fact. As depicted ingFiS18 (see
ESIT), the fluorescence emission peaks of the Aragoverlap
the absorption band of the porphyrin moiety peljeehaking it
70 possible for the porphyrin moiety to absorb theofescence
emitted by the Azo group through fluorescence rasoa energy
transfer (FRET). Also, the aggregation of TAzoPyPMeOH
and water shortens the intermolecular distance AdoPyP to
further enhance intermolecular FRET, resulting igniicant
7s weakening of fluorescence bands of Azo group. Ta ou
knowledge, this is the first report on azobenzem&aining
donor-acceptor pairs for FRET up to now. Meanwhilee
TAzoPyP4-CD NPs exhibit stronger fluorescence than that of
TAzoPyP NPs. In our previous report, we found thath the
s intermolecular aggregation of Azo chromophdfesnd the
CD/Azo host/guest interactibh could greatly enhance the
fluorescence of Azo chromophores. As a result, éhbanced
Azo fluorescence can be effectively absorbed bypbphyrin
moiety via intermolecular FRET process, which leadsan
gs increase in the fluorescence. In addition, the TA#® solutions
with different aggregated morphologies under U\hti¢B65 nm)
irradiation exhibit distinct fluorescent colors:ddiésh-brown for
TAzoPyP in DMSO, bright red for TAzoPyP in MeOHwsll as
dark red for TAzoPyP NPs and TAzoPyRZD NPs (the inset of
% Fig. 4b).
In Fig. 4c, the steady-state fluorescence spectf@roPyP in
DMSO and TAzoPyP in MeOH upon direct excitation thé
porphyrin moiety at 415 nm just present two diadicos

ic

TAzoPyP NPs and TAzoPyrCD NPs at an excitation wavelength of fluorescence emission bands for the porphyrin rgaet650 and
360 nm for (b) or 415 nm for (c). The insets in &g fluorescent images os 715 nm, while only single fluorescence emissionkpean be

of the solutions excited with a 365 nm UV lamp. (H)ne-resolved
40 fluorescence spectra of TAzoPyP in DMSO, TAzoPyP MeOH,

observed for TAzoPyP NPs and TAzoRy@D NPs in water.
By comparison with TAzoPyP in DMSO, TAzoPyP in MeOH

TAzoPyP NPs and TAzoPWRCD NPs with excitation at 415 nm and shows a fluorescence band red-shifting in positiod decreasing

detection at an emission wavelength of 655 nm @& M@ after proper

in intensity, which is mainly due to the lamellaggaegation of
100 TAzOPyP in MeOH (Figs. S19-S20, see ESIT). Besideth of

4 | Journal Name, [year], [vol], 00—00
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the TAzoPyP and its supramolecular nanoparticlésbéxnearly energy over several porphyrin units in the asserably energy
equal fluorescence intensity. Meanwhile, it is Wworoting that ~ migration through the assembly has an importargcefén the
the remarkable fluorescence decrease in intendithhese two lifetime of the assembi§t

water-soluble nanoparticles might be attributeckitber photo- 20 20

sinduced electron transfer from the electronicallycited (a) s Svieiv (b) eyl DR
—— TAzoPyP NPs-Vis —— TAZoPyP/u-CD NPs-Vis

N
»n

porphyrin to an Azo grouf, or aggregation-induced fluorescence
quenching of the porphyrin excited stdterurthermore, the
fluorescence quantum vyields of TAzoPyP under difiier
conditions with excitation of the porphyrin moiety 415 nm
wowere determined as shown in Table 1. When TAzoPyP i
dissolved in DMSO, a solvent in which TAzoPyP islyon S P P P S T R
minimally aggregated, we observe the fluorescenocantym Wavelength (nm) Wavelength (nm)
yield (®g) = 0.069. For TAzoPyP in MeOH, thky is halved to 200 Aoy NP
approximate 0.034 due to aggregation-induced fimeece 160_((:) =
15 quenching of TAzoPyP excited state. Neverthelesgh IDg
values of TAzoPyP NPs and TAzoPyRZD NPs in water
(0.0035 and 0.01, respectively) are significanttyalier than the
@ of TAzoPyP in DMSO, which is consistent with theagly-
state fluorescence measurements in Fig. 4c. Addilip the ]
20 TAzZOPYyP4#-CD NPs exhibit higher®g value than that of ss Initial w vis

TAzoPyP NPs, \_NhiCh might be ascribed to that tfgrqgﬁtion- Fig. 5. UV-Vis spectra of (a) TAzoPyP NPs and (b) TAzoRyED NPs
induced quenching effect has been remarkably cestfiby the (¢ = 109 M) at the initial state, after UV-365 irradiationrf5 min and

Absorbance (a.u.)
°
Absorbance (a.u.)

e
o

o
o

120

80

404

Hydrodynamic Diameter (nm})

host-guest interaction betweesCD and TAzoPyF’ after Vis-450 irradiation for 10 min. (c) The hydsmamic diameter
Table 1 Fluorescence lifetime and quantum yield of TAzoPyP in variation of TAzoPyP NPs and TAzoPyRZD NPs by UV-365 or Vis-
25 different solvents. 60 450 irradiation. (d) AFM image of TAzoPyRCD NPs after irradiation
for several minutes using incandescent light.
Samples Lifetime (1) Quantum yield (Q,)*
[ns] Another potentially useful property of the resuitiporphyrin-
- based amphiphile is their ability to respond medtslly to light
TAzoPyP n DMSO 10.13 0.069 illumination. In Fig. S23 (see ESIT), the unimolieecurAzoPyP
TAzoPyPin MeOH  1.451 (95.9%): 8.261 (4.1%)  0.034 esin DMSO shows reversible photoisomerization for the
TAzoPyP NPs 4.33 0.0035 azobenzene moiety along with irreversible photatiéesy
TAzoPyP/a-CD NPs ~ 4.558 0.01

phenomenon for the porphyrin group upon alternaiiragliation
with UV and Vis light. In comparison, the TAzoPyRnosheets
The time-resolved fluorescence spectra of TAzoPapies in MeOH could hardly respond to UV and Vis ligHurhination

are given in Fig. 4d. TAzoPyP in DMSO with 415 nruigation 7 as shown in Fig. S24 (see ESIT). We note that B&YP in
yields a decay best fit to a single exponentialagiesvith a long ~ water could not respond to light illumination (F8g5, see ESIT),

w lifetime (c) component of 10.13 ns (100%) (Table 1), which is Whereas the TAzoPyP NPs and TAzoRyED NPs in water
very close to the lifetime of tetraphenylporphy(ifPP) in THF exhibit significant variations in size, morpholognd optical
(Figs. S21-S22, see ESIt). In comparison, TAzoRy®IeOH  properties in response to light (Fig. 5). FigsbS#éemonstrate the
gives a long-lived fluorescence component of apipmately 7s absorption bands of TAzoPyP NPs and TAzoByED NPs
8.261 ns (4.1%) and a short-lived component of 1L46(95.9%).  significantly decrease after being irradiated Wil and Vis

s Indeed, the lifetime value (8.261 ns) of the loivgd component  light, which might be attributed to the photobleach of
in MeOH is quite close to that (10.13 ns) of TAz8Fp DMSO,  Porphyrin moleculé? In Fig. 5c, the hydrodynamic diameter of
which indicates that an extremely small amount ézdPyP  TAzoPyP NPs gradually increases from ca. 90 nmatdl65 nm
remains unimolecular state in MeOH. Inversely, igdanumber s upon alternative UV and Vis light illumination. Byomparison,
of lamellar aggregates in MeOH have a very shaiwréscence the TAZOPyFH-CD NPs exhibit much hlgher stability than that of

w lifetime of 1.451 ns, which can be ascribed to flnerescence  TAzoPyP NPs, so that the hydrodynamic diameter ot
quenching from the H-type stacks of TAzoPyP. Furthermore, TAzOPyP4-CD NPs still remains constant at ca. 46 nm ir
TAzoPyP NPs and TAzoPyRCD NPs in water yield response to lightillumination.
monoexponential fluorescence decays, having dnlieeof 4.33 &  Furthermore, the TAzoPy#CD NPs exhibit reversible
ns and 4.558 ns, respectively. In contrast to TABo DMSO,  change in morphology. As depicted in Fig. 5d, iiéidn of

s the significant decrease in the lifetime could based by H-type ~ TAzoPyP4-CD NPs using incandescent light results in the
aggregation of TAzoPyP and spherical nanopartifdesation. ~ formation of concave structures. This response ight | is
On the other hand, the lifetime of these nanopesticis reversible, thus the convex nanoparticles can mefohen left in
considerably longer than that of the lamellar aggtes in MeOH, s the dark for a period of time. The conversion froonvex to
and the difference in the lifetime between these agsemblies ~concave structures suggests a softening of the -stmié

somainly depends on the molecular packing structineshese  nanoparticles and a collapse of the nanoparticlectsire,
aggregates. As a result, the delocalization of eReited-state ~ Probably as a result of photo-initiated intermolacuelectron

2 TPP was used as the reference.

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 5
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transfer that disrupts the charge balance andithidity of the
structur®!® as well as transto-cis photoisomerization of

azobenzene group, leading to molecular rearrangement ogs

TAzoPyP and collapse of the stacked structure. Jdfeening
s effect might be attributed to local heating fronergy relaxation
of the photo-excited porphyrin molecules.

In summary, we have reported a porphyrin-based ghip
that exhibits various self-assembled morphologiesdifferent
solvents. Furthermore, the effect of aggregatedcsire on

10 optical properties of this amphiphile has been welestigated to
get a better understanding on the relationship éatwstructure
and properties. In addition, this porphyrin-basetphiphile and
its assemblies show dynamic/reversible variationsorphology
and optical properties in response to light. lexpected that the

s resulting  water-soluble spherical nanoparticles mfrothis
porphyrin-based amphiphile can be useditro as a potential
photosensitizing agent for photodynamic therapy.
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