ChemComm

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.
ChemComm

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

g;HEm 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 SOCIETY
OF CHEMISTRY WwWW.rsc.org/chemcomm


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 1of4ChemComm

2

2

3

3

4

4

o

o

S

S

=5

by

=

o

Cite this: DOI: 10.1039/c0xx00000x

WWW.I'SC.Org/XXXXXX

ChemComm

Dynamic Article Links »

COMMUNICATION

Formation of fluorescent supramolecular polymeric assemblies via
orthogonal pillar[S]arene-based molecular recognition and metal ion

coordination

Bingbing Shi, Kecheng Jie, Yujuan Zhou, Danyu Xia and Yong Yao*

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

DOI: 10.1039/b000000x

A fluorescent supramolecular polymer was efficiently constructed by pillar[S]arene-based host—

guest molecular recognition and zinc ion coordination.

Fluorescent self-assembled materials are an important class of
smart materials that are widely used in optoelectronics,
fluorescence sensors, memory chips and security inks.! These
materials have attracted considerable interest over the past ten
years. Among various fluorescent self-assembled materials,
fluorescent supramolecular polymers, which can be defined as
polymeric arrays of low molecular weight monomeric units that
are brought together by noncovalent interactions, have found a
wide range of applications in materials science.” Due to the
combined dynamic and reversible nature of noncovalent
interactions and fluorescent property, fluorescent supramolecular
polymers have been expected to hold great promise for
applications in developing luminescence soft materials and their
resulting optoelectronic devices.

Pillararenes, which were firstly found in 2008, are a new class
of supramolecular hosts after crown ethers,4 cyclodextrins,5
calixarenes,’ and cucurbiturils.’ Their syntheses,
functionalizations, conformations, host—guest properties and
applications in different areas have been widely investigated.® Up
to now, thanks to the arduous efforts made by supramolecular
chemists, several good examples of supramolecular polymers
constructed by pillararene-based molecular recognitions have
been reported.” However, recent studies about pillararene-based
supramolecular polymers mainly focus on their external stimuli,
self-healing and sol-gel transition properties. Comparatively,
little effort has been made to investigate their fluorescent
properties.'” Moreover, pillararene-based metal ion responsive
fluorescent supramolecular polymers have not been reported.
This may greatly impede the application of fluorescent
supramolecular polymers. Therefore, it is quite necessary to
design and synthesize novel metal ion responsive fluorescent
supramolecular polymers constructed by pillararene-based
molecular recognitions.

In the previous report, Li’s group and Wang’s group have
demonstrated that the neutral guest bearing a cyano site and a
triazole site at its ends (TAPN) is an effective guest for
pillar[5]arene, with an association constant (K,) of 10* M™" in the
case of an alkylated derivative.'' On the other side, terpyridyl
groups can form stable coordination compounds with zinc ions
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and have interesting fluorescent properties with significant
potential for applications in the fields of self-assembled
molecular devices.'? In view of this and as a part of our research
effort devoted to supramolecular polymers, we report a novel
zinc  ion  responsive  fluorescent  pillar[5]arene-based
supramolecular polymer constructed by a neutral guest
possessing two triazole binding sites for pillar[5]arene cavities
and the coordination between zinc ions and terpyridyl groups. As
such, the component 1,Zn (Scheme 1) may be thought of as an
unusual homoditopic AA-type monomer. A ditopic connector (2,
Scheme 1) containing two triazole binding sites was used as a
BB-type monomer to interact with 1,°Zn, forming a linear
supramolecular ternary polymer (1,°Zne2),, as suggested in
Scheme 1. The phase transitions of the fluorescent
supramolecular polymer could be realized by subsequent
alteration of heating and cooling. Moreover, the fluorescent
supramolecular polymer exhibited base-stimulus responsiveness
and concentration controllable fluorescent emissions.
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Scheme 1 Cartoon representation of the formation of the fluorescent
supramolecular polymer based on orthogonal host—guest association and
metal ion coordination.

The linear supramolecular polymer was first envisioned to be
driven by host—guest interactions and metal coordination in
CH;CN/CHCl; (viv 1/1). Then these linear supramolecular
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polymers self-assembled into bundles, which subsequently self-
organized to form a cross-linked network. Thus three-
dimensional networks were constructed via the entanglement of
the supramolecular bundles (Scheme 1).
s The concentration-dependent 'H NMR spectra of 1,2Zne2 (500
MHz, CD;CN/CDCl; = 1/1, 298 K) provided important insights
into their self-assembly behaviors in solution (Fig. 1). As the
concentration increased, the signals of protons H,, H, and H, on
the terpyridyl groups shifted down field. Furthermore, all the
signals became broad at high concentration, indicating that the
monomers self-assembled into high-molecular-weight aggregates
(Fig. S12 and S13, ESIY).
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Fig. 1 'H NMR spectra (500 MHz, 298 K) of 1,*Zn*2 in CD;CN/CDCl;

15 (v/v = 1/1) at various concentrations: (A) 100 mM; (B) 80 mM; (C) 61.5
mM; (D) 44 mM; (E) 30 mM; (F) 22 mM; (G) 11 mM; (H) 5.5 mM; (1)
2.8 mM; (J) 0.5 mM.

Two-dimensional diffusion-ordered 'H NMR spectroscopy
(DOSY) experiments were performed to investigate the self-
aggregation of 1,°Zn*2 during linear supramolecular
polymerization. We found that different aggregates exchanged on
the DOSY timescale. As the
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Fig. 2 Specific viscosity (298 K) of a 2:1:1 molar mixture of 1, Zn* and
25 2 in CH;CN/CHCL; (v/v = 1/1) solutions versus the concentration of
1,°Zne2.
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concentration of 1,°Zn<2 increased from 2.5 to 100 mM, the
measured weight average diffusion coefficient (D) of 1,°Zn*2 in
CD;CN/CDCl; (v/v = 1/1) solution decreased almost 8 folds,
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from 6.73 x 107" to 8.18 x 107" m’~', suggesting the
concentration dependence of the linear supramolecular
polymerization of the monomers (Fig. S14, ESIf). Based on
previous reports, it is well-known that a high degree of
polymerization for the repeating unit is necessary to observe a
sharp decrease in the diffusion coefficient. Thus, the current
measurements clearly indicate the formation of an extended high-
molecular-weight polymeric structure.

Viscometry is a convenient method to test the propensity of
monomers to self-assemble into large aggregates. Therefore,
viscosity measurements were carried out in CH;CN/CHCl; (v/v =
1/1) using a Cannon Ubbelohde semi-microdilution viscometer.
As presented in Fig. 2, the linear supramolecular polymer
assembled from the monomers exhibited a viscosity transition
that is characterized by a change in slope in the double
logarithmic plots of specific viscosity versus concentration. In the
low concentration range, the slopes approximated unity, which is
characteristic for cyclic oligomers with constant size. When the
concentration exceeded the critical polymerization concentration
(CPC; approximately 55.0 mM), a sharp rise in the viscosity was
observed.

concentration solution of 1,*Zne2 in CH;CN/CHCl; (v/v = 1/1); (B-D)
SEM images of the three-dimensional network of the supramolecular

polymers.

Furthermore, the morphology of the supramolecular polymers
was investigated by scanning electron microscopy (SEM) studies.
As shown in Fig. 3, a three-dimensional network was obtained
from a highly concentrated solution. Moreover, a rod-like fiber
with a regular diameter of 400 nm was drawn from a high
concentration solution and observed by SEM (Fig. 3A). These
images provide
supramolecular polymer with high molecular weight.

direct evidence for the formation of a
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Fig. 4 The glue-sol transitions of the supramolecular polymer triggered by
different stimuli.
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The macroscopic properties of the high concentration
supramolecular polymer were also investigated. Glue-like viscous
liquids were prepared by dissolving the monomers in
CH;CN/CHCI; (v/v = 1/1) at 60 °C followed by cooling to room
temperature. Upon increasing the concentration of the monomers,
the high concentration supramolecular polymers finally formed at
phase-transition temperature of approximately 42 °C ~ 46 °C for
1,°Zn*2 at the concentration of 200 mM. In addition, the high
concentration supramolecular polymers showed reversible glue—
sol phase transitions by heating and cooling. On the other side,
the glue-like supramolecular polymers showed base responsive
property. It is well-known that OH™ ions can bind strongly to Zn**
ions. As shown in Fig. 4, after the addition of several drops of the
CH;CN/CHCI; (v/v = 1/1) solution of TBAOH, the coordination
between terpyridyl groups and znic ions was decomposed and
inorganic zinc hydroxide was formed. In corresponding, the glue-
like supramolecular polymers dissociated into a transparent
solution within a short time.

anii—y,

Fluorescent Intensity

Fig. 5 (a) Fluorescence emission data for 1,°Zne2 at different
concentrations. (b) Photos of 1,°Zne2 at different concentrations under
irradiation at 365 nm by a UV lamp: (A) 2.5 mM; (B) 5 mM; (C) 25 mM;
(D) 60 mM.

Next, the fluorescent properties of the supramolecular
polymers were investigated. The absorption spectrum of 1,22 in
CH;CN/CHCI; (v/v = 1/1) solution exhibited one absorption band
at 293 nm. When 0.5 equivalents of Zn** were added to the
CH;CN/CHCI; (v/v = 1/1) solution of 1,°2, the band at 293 nm
was red-shifted to 342 nm, and the solution of 1,°Zn*2 showed a
color change from colorless to yellow. (Fig S15, ESIT). In the
fluorescence spectrum, the emission of 1,2 appeared at the
maximum emission wavelength was 388 nm in CH;CN/CHCI,
(v/v = 1/1) solution when excited at 293 nm. When 0.5
equivalents of Zn*" were added to the CH;CN/CHCl; (v/v = 1/1)
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solution of 1,22, the fluorescence emission band at 388 nm was
red-shifted to 460 nm. The fluorescent color of the solution of
1,°Zne2 indicated a blue emission under UV illumination at 365
nm (Fig S16, ESIt). Moreover, after 1,22 was coordinated with
Zn*" ions, the supramolecular polymer (1,°Zne2), showed
concentration controllable fluorescence. At a concentration of 2.5
mM, one emission band was clearly recognized at 460 nm. Under
UV illumination at 365 nm, this solution indicated a blue
emission. When the concentration was increased from 2.5 mM to
60.0 mM, the fluorescence emission band at 460 nm was red-
shifted to 488 nm, directly leading to a yellow emission (Fig. 5).
In fluorescent polymers, increase repeating  unit
concentrations generally results in the red shift of the emission
band."® Therefore, the red shift from 460 nm to 488 nm was
derived from the increasing degree of polymerization at the high
concentration.

Finally, to investigate the practical application of the
fluorescent supramolecular polymer, a thin film was prepared by
immersing a glass sheet into a high concentration solution of
1,°Zn*2 (100 mM) and then drying it in air. The thin film of the
fluorescent supramolecular polymer was utilized to sense OH™
anions. As shown in Fig. 6, when OH™ anions were added on the
thin film, the coordination between terpyridyl group and znic ions
was decomposed and inorganic zinc hydroxide was formed. Then,
the obvious color change was observed under irradiation at 365
nm by a UV lamp. Therefore, the thin film could be a convenient
test kit for detecting OH™ anions.

an in

Fig. 6 Photos of the thin film utilized to sense OH anions under
irradiation at 365 nm by a UV lamp.

In conclusion, we have constructed a fluorescent
supramolecular polymer driven by pillararene-based molecular
recognition and metal coordination. Various characterization
methods, including 'H NMR, DOESY, UV-Vis spectrum,
fluorescence spectrum and viscosity measurements,
performed to investigate the polymerization process of the
monomers. The phase transitions of the fluorescent
supramolecular polymer can be realized by subsequent alteration
of heating and cooling, and the fluorescent supramolecular
polymer showed base-stimulus responsive property. Furthermore,
the supramolecular polymer has concentration controllable
fluorescent emissions. Moreover, a thin film of the fluorescent
supramolecular polymer was prepared, which was confirmed to
be a convenient test kit for detecting OH™ anions. In the end, this
new type of pillar[5]arene-based fluorescent supramolecular
polymer may be of highly importance for developing novel
functional fluorescent materials and molecular devices in the
future.
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s A fluorescent supramolecular polymer was efficiently constructed
by pillar[5S]arene-based host—guest molecular recognition and
zinc ion coordination.
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