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Unexpected Fluorescent Behavior of Maleimide Based Zwitterionic Molecule:

Aggregation Induced Emission

ABSTRACT: A novel traditional fluorophore free bright blue light emitting small organic
molecule with aqueous solubility consisting N-substituted maleimide with zwitterionic side chain
was explored. The combined experimental and theoretical studies revealed that the fluorescence
originated due to the aggregation of N-substituted maleimide molecules named N-(ethyl
sulfobetaine) maleimide (M) in solution. It was also observed that the aggregation induced
emission (AIE) was originated after certain threshold concentration which was confirmed by both
the experiment and the first principal calculations. The aggregation of the M molecule in solution
happens predominantly due to nonbonded electrostatic interaction. This finding may add a new
dimension to broad sensing application with a feasible molecular strategy.

Keywords: fluorophore, zwitterionic, aggregation induced emission (AIE)

1. INTRODUCTION

The breakthroughs in the understanding and applications of the light-emitting procedures
have unwrapped new opportunities to scientific advancement and social development as
light is the most fundamental constituent of life in universe. Light is emitted from
fluorescent bioprobes in presence or absence of fluorophoric functionality, which typically
contain several combined aromatic groups, or planar or cyclic molecules with several 7-
bonds resulting extended conjugation,® producing expected and unexpected fluorescence
respectively. The development of sensitive and selective fluorescent bioprobes is of great
importance in biological science and technology,? such as bioimaging® and monitoring
biological species,*® bacterial detection,® drug delivery,” labelling of protein or amino
acids, DNA probing® along with several practical sensing applications.® Various inorganic
fluorescent nanoparticles such as semiconductor quantum dots,° lanthanide ion doped
nanomaterials,* fluorescent carbon dots,? metallic nanoclusters and photoluminescent
silicon nanoparticles® are most extensively used in biomedical purposes over the past few

decades. Several disadvantages like difficult synthetic procedure, blinking effect, non-
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biodegradability, potential toxicity due to their accumulation in the reticuloendothelial
system and non-functionalized hydrophobic entities'**® lead to the urgency to generate
novel alternatives. Biocompatible protein substances can overcome the above mentioned
problems and potentially act as an important class of bioprobes, but their limited
applications resulted from much lower cost effectiveness, molar absorptivity and
photobleaching thresholds.'%1” Again, conventional fluorescent organic nanoparticles and
organic dyes containing highly conjugated fluorophores such as perylene, fluorescein and
rhodamine, suffer from quenching phenomena with aggregation at high concentration,
which was demonstrated as aggregation caused quenching (ACQ) effect!®® along with
poor membrane permeability and are easy photobleaching emission.?® ACQ phenomenon
practically inflicted researchers to use only dilute solution with a compromised low
sensitivity for sensing applications, which is not suitable for practical utilization.?! Thus
generation of new fluorescent molecule, free from ACQ effect, along with high fluorescent
efficacy are still in urgent quest and can solve the problems associated with traditional
fluorophores by providing a new platform for developing novel sensors.

Search for efficient luminescent materials lead to explore further the concept of
aggregation induced emission (AIE).?? The compounds possessing AIE characteristics can
emit intense fluorescence in the aggregated state, just opposite to ACQ effect.?® This novel
AIE phenomenon has great practical applications because it permits the use of the solution
consisting fluorescence molecule with any concentration for sensing and lead to develop
““turn-on”’ biosensors through advantageous luminogenic aggregation.?*?® The higher
sensitivity and better accuracy are associated with the ‘‘turn-on’’ feature of AIE biosensors
than the ACQ methods. A number of AIE fluorogens in presence or absence of
conventional  fluorophore, such as siloles, cyano-substituted diarylethelene,
tetraphenylethene, triphenylethene, distyrylanthracene derivatives and other architectures
have been designed, synthesized and extensively studied for potential sensing and
biological applications.*®

Presently, various small or low molecular weight molecules with AIE features
attracted a great attention due to several advantages like high sensitivity and selectivity with
different target molecules, easy synthesis and storage, low cost, low toxicity, excellent

stability toward different experimental conditions with potential biological applications;2®



e.g cyclization induced fluorogenic response from nonfluorophoric small molecule based
on 2-(2-hydroxybenzylidene)-malononitrile with potential capacity to detect nerve agents,
which regulate the central nervous system by stalling the nerve impulse, are reported in
literature.?” Specific functional properties was associated by different substituents of
AlEgens.?° To widen the approach, in this work we demonstrated unexpected fluorescence
behavior in water originating from a novel conventional fluorophore free zwitterionic side
chain bearing N-substituted maleimide based small molecular unit through aggregation,
which may add a new dimension to biosensing application.?® The emission response could

be easily detected by naked eye.

2. MATERIALS AND METHODS

2.1. Materials. Furan (98 %) was obtained from Spectrochem, India. Maleic anhydride (99%) was
received from Lobachemie, India.1,3-Propane sultone, 2-(dimethylamino)ethyl methacrylate
(DMAEMA) were purchased from Sigma-Aldrich. Triethylamine (TEA, 99%), sodium
chloride (NaCl), tetrahydrofuran (THF), toluene, diethylether, isopropyl alcohol and methanol
(MeOH) were obtained from Merck, India. N,N-Dimethylethylenediamine, HPLC water were
received from Sisco Research Laboratories Pvt. Ltd. (SRL), India. CDCl3 (99.8% D) and D20
(99% D) were purchased from Cambridge Isotope Laboratories, Inc., USA for NMR study.
The solvents such as hexanes (mixture of isomers), ethyl acetate (EA), acetone etc. were
purified by standard procedures.

2.2. Instrumentation. NMR spectra were acquired in a Bruker Avance'"' 500 MHz spectrometer
at 25 °C. Positive mode electrospray ionization mass spectrometry (ESI-MS) was carried out
on a Q-Tof Micro YA263 high resolution (Waters Corporation) mass spectrometer in HPLC
grade water. UV-Vis spectroscopic study was monitored by a Perkin-Elmer Lambda 35
spectrophotometer. Fluorescence emission and excitation spectra were recorded on a Horiba

Jobin Yvon (Fluoromax-3, Xe-150 W, 250—900 nm) fluorescence spectrometer.
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Scheme 1. Synthetic scheme for the preparation of N-(ethyl sulfobetaine) maleimide (M).

2.3. Synthesis of N-(Ethyl Sulfobetaine) Maleimide (M) via Path 1. The molecule (M) was
designed to bear maleimide and zwitterionic moiety. Hence, the desired molecule, M was
synthesized in two different pathways (path 1 and 2) as presented in Scheme 1. Path 1 involved
the production of intermediate compounds: 1, 2 and 3 to generate M.

(a) Synthesis of Compound (1). Furan (6.9 g, 101.9 mmol) and maleic anhydride (10.0 g, 101.9
mmol) were dissolved in 150 mL toluene in a 250 mL round bottom flask and the mixture was
refluxed at 85 °C for 24 h. Then the solution was cooled down to room temperature. White
crystals were obtained after cooling which were washed with diethyl ether (4 x 30 mL). After
drying, compound 1 was obtained as white crystals with a yield of 60%. *H NMR (CDCls, 4,
ppm, Figure S1): 6.55 (t, 2H, CH=CH), 5.44 (t, 2H, CH-O-CH), 3.15 (s, 2H, CH-CH).

(b) Synthesis of Compound (2). Compound 1 (5.0 g, 30.0 mmol) was dissolved in 100 mL
methanol and placed in an ice-water bath under N2 purging condition for 20 min. N,N-
Dimethylethylenediamine (2.7 g, 30.0 mmol) and triethylamine (3.0 g, 30.0 mmol) were added
dropwise under N2 atmosphere. The reaction mixture was then refluxed at 67 °C for 14 h after
which 10 % N,N-dimethylethylenediamine was further added to the mixture and the
temperature was increased to 70 °C. After 2 h, the mixture was cooled to room temperature
and white crystals were precipitated. They were washed with isopropyl alcohol and dried to
obtain compound 2 with 50 % vyield. *H NMR (CDCls, J, ppm, Figure S2): 6.47 (t, 2H,
CH=CH), 5.22 (t, 2H, CH-O-CH), 3.56 (t, 2H, NCH>CH:N(CHa)2), 2.83 (s, 2H, CH-CH),
2.45 (t, 2H, NCH2CH2N(CHs)2), 2.22 (s, 6H, CH2N(CHs)2).

(c) Synthesis of Compound (3). Compound 3 was synthesized via retro-Diels-Alder reaction. 3.0
g of compound 2 was dissolved in 100 mL toluene in a 250 mL round bottom flask containing



a magnetic stir bar and the mixture was refluxed at 130 °C for 24 h. After evaporating the
solvent, the crude product was purified through liquid chromatography using EA/hexanes (1:1,
v/v) mixture as eluent. The product was obtained as white solid with 50% yield. *H NMR
(CDCls, o, ppm, Figure S3): 6.65 (t, 2H, CH=CH), 3.60 (t, 2H, NCH>CH2N(CH3).), 2.46 (t,
2H, NCH2CH2N(CHa)z2), 2.20 (s, 6H, CH2N(CHa)z).

(d) Synthesis of N-(Ethyl Sulfobetaine Maleimide) (M). Compound 3 (3.0 g, 17.8 mmol) was
dissolved in 20 mL acetone in a 100 mL round-bottomed flask and allowed to stir for 30 min.
Then, 1,3-propane sultone (2.2 g, 17.8 mmol) was added at room temperature under nitrogen
atmosphere. The reaction mixture was kept for 12 h under stirring condition. The solution was
filtered and the white solid precipitate was washed with cold acetone for three times. The solid
was dried under vacuum and the product was obtained as yellowish white solid with 70 %
yield. Pure compound (M) was characterized by *H NMR spectroscopy (integration values are
given in inset). *H NMR (D20, 6, ppm, Figure 1): 6.80 (t, 2H, CH=CH), 4.05 (t, 2H,
NCH2CH2N"*(CHs)2-), 3.55 (m, 4H, NCH2CH2N*(CHj3)2-, N-CH2.CH2CH2SO3), 3.22 (s, 6H,
NCH2CH2N*(CHs)2-), 3.00 (t, 2H, N-CH2CH2CH2S053Y), 2.30 (m, 2H, N-CH2.CH.CH2SO3").

2.4. Synthesis of N-(Ethyl Sulfobetaine Maleimide) (M) via Path 2.

(a) Synthesis of Compound (4). Compound 2 (3.0 g, 12.7 mmol) was dissolved in 20 mL acetone
in a 100 mL round-bottomed flask and allowed to stir for 30 min. Then, 1,3-propane sultone
(1.5 g, 12.7 mmol) was added at room temperature under nitrogen atmosphere. The reaction
mixture was kept for 12 h under stirring condition. The solution was filtered and the white
solid precipitate was washed with cold acetone for three times. The solid product (compound
4) was dried under vacuum and obtained as yellowish white solid with 40 % yield and was
characterized by *H NMR spectroscopy. *H NMR (D20, &, ppm, Figure S4): 6.50 (t, 2H,
CH=CH), 5.22 (t, 2H, CH-O-CH), 3.90 (t, 2H, NCH.CH;N*(CHzs)2-), 3.50 (m, 4H,
NCH2CH2N*(CH3)2-, N-CH2CH2CH2S03), 3.05 (s, 6H, NCH2CHoN*(CH3)2-), 2.84 (m, 4H,
CH-CH, N-CH>CH2CH,S03), 2.09 (m, 2H, N-CH2CH>CH,S03").

(b) Synthesis of N-(Ethyl Sulfobetaine) Maleimide (M). Final compound, M was synthesized
via retro-Diels-Alder reaction. 2.0 g of compound 4 was dissolved in 100 mL toluene in a 250
mL round bottom flask containing a magnetic stir bar and the mixture was refluxed to 130 °C

for 24 h. After evaporating the solvent, the crude product was purified through washing with



methanol, acetone and diethylether. The mother compound 4 was almost gone through
washing. The product was obtained as yellowish white solid with 65% yield and was
characterized by *H NMR study. *H NMR (D20, ¢, ppm, Figure S5): 6.80 (t, 2H, CH=CH),
3.90 (t, 2H, NCH2CH2N*(CH3)2-), 3.45 (m, 4H, NCH2CH2N*(CHs)2-, N-CH2CH2CH2S0y3),
3.06 (s, 6H, NCH.CH:N*(CHa).-), 2.84 (t, 2H, N-CH2CH,CH.SO3), 2.09 (m, 2H, N-
CH2CH>CH>S03’). The product formation was also confirmed by ESI-MS spectrometry
(Figure S6)

(c) Synthesis of Sulfobetaine Methacrylate (SBMA). DMAEMA (3.0 g, 19.0 mmol) was
dissolved in 20 mL acetone in a 100 mL round-bottomed flask and allowed to stir for 30 min.
Then, 1,3-propane sultone (2.3 g, 19.0 mmol) was added at room temperature under nitrogen
atmosphere. The reaction mixture was kept for 12 h under stirring condition. The solution was
filtered and the white solid precipitate was washed with cold acetone for three times. The solid
was dried under vacuum and dissolved in methanol. Then the solution was added to a large
volume of diethyl ether and kept in refrigerator overnight to get purified product. The last step
was repeated two times and pure monomer was characterized by *H NMR spectroscopy (Figure
S7).

2.5. Computational Details. We perform Density Functional Theory (DFT) calculations by using
Gaussian 09 package.?® All the calculations are performed through dispersion corrected
unrestricted Becke’s three parameter hybrid exchange functional®® combined with Lee-Yang-
Parr non-local correlation function,®! abbreviated as B3LYP. We have used 6-311G (d, p) basis
set in all cases with the conductor-like polarizable continuum model (PCM) for the solvent as
implemented in Gaussian 09. In this study we have used water as the solvent. All the structures
are optimized to their minimum energy states without any symmetry constraint and confirmed
by the harmonic vibrational frequency having no imaginary node. The convergence thresholds
for energy optimization are set to 0.000015 Hartree/Bohr for the forces, 0.00006 A for the
displacement and 106 Hartree for the energy change.

3. RESULTS AND DISCUSSION
As mentioned in Scheme 1, each of the intermediates and M were characterized by *H

NMR (Figure S1-S3 and 1). Integration of each peak for desired M matches well and no



impurity was left as shown in Figure 1. Path 2 proceeded through a new intermediate
compound 4, generated from compound 2, which ultimately ended up to our desired
molecule M (Scheme 1). Compound 4 and M formed by path 2 were characterized by *H
NMR spectroscopy (Figure S4 and S5). The logic behind choosing two different pathways
lied to compare the yield and the extent of purification of M. Conversion of M from
intermediate compound 4 could not involve column purification due to attachment of
charged group at 4, only precipitation method was applied which resulted greater loss of
product and lower yield. Also, some extent of compound 4 was left as shown in H NMR
spectrum. Hence, path 1 facilitated over path 2 in terms of compound purity as well as
yield. Hence, we further preceded all our spectroscopic analysis with most pure M obtained
by path 1. The desired molecule, M formation was further confirmed by electrospray
ionization mass spectrometry (ESI-MS) (Figure S6) with [M + H]* = 291.45 m/z, which
matches nicely with the calculated [M + H]* = 291.09 m/z.
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Figure 1. 'H NMR spectrum of M in D,O with integration values (via path 1).

The molecule M was readily water soluble at room temperature due to presence of
zwitterionic group.3? Concentration dependent UV-visible absorbance spectra of M were
represented by Figure S8. Initially the absorption spectrum of M in water with

concentration 4.50 mM was characterized by the peak at 290 nm. The effect of
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concentration on absorbance value demonstrated by measuring UV-visible absorbance
spectra by dilution of 4.50 mM solution to 2.25, 0.90, 0.45, 0.22, 0.15 mM. An additional
peak at 217 nm was appeared on dilution. Decreasing the concentration of the solution from
4.50 mM to 0.15 mM resulted a gradual drop of absorption intensity of those peaks because
of dilution effect according to Lambert Beer Law.3® The peak at 290 nm almost disappeared

for 0.15 mM solution.
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Figure 2. (A) Concentration dependent fluorescence spectra of M in water (all the data at
low concentration are not shown due to lack of clarity). The inset shows fluorescence
images of M solutions upon excitation with UV light at 366 nm, (B) linear plot of

fluorescence dependency with concentration (inset shows the log plot).

Despite absence of any classical fluorescent probe, the aqueous solution of M
demonstrated a considerable photoluminescence even at lower threshold concentration
(~0.20 mM) under UV irradiation (Figure 2 and S9A). The higher concentrations were also
chosen to study (2.25, 4.50 mM) which are high enough in terms of biological applications,
only because at those concentrations the UV peak at 290 nm is most prominent. M exhibited
characteristics UV absorption at 217, 290 nm. Additionally, a non-negligible absorbance
between the range of 300-350 nm was observed (molar extension coefficient, e = 17 x 1072
L moltcm™ at 300 nm; 17 x 10° L mol* cm™ at 350 nm). The molecule emits in blue
region only upon excitation above 300 nm. Best emission was observed upon excitation
range from 330 to 400 nm (Figure S10). Comparative fluorescence emission spectra of M
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with several intermediate compounds produced via path 1 and 2 choosing variable
excitation wavelength (330, 400 and 450 nm) revealed in Figure S9B and S10. The
emission intensity of compounds 1 and 2 was recorded in tetrahydrofuran (THF) and much
lower emission was observed compared to aqueous solution of M specifically at lower
concentration (Figure S9B), hence demonstrating nonfluorescent intermediates. The
explanation might be as follows. Introduction of hydrophilic moieties such as quaternary
ammonium, phosphate as well as sulfonate units to the AIEgens can donate high water
solubility, again intensified emission resulting from electrostatic interaction between
cationic and anionic functionality are already reported.®* For example, cationic silole
molecule was nonemissive in agueous solution, but its emission was intensified in the
presence of DNA because of the formation and aggregation of silole-DNA complex.®®
Hence, the presence of zwitterionic part containing a quaternary ammonium and sulfonate
attached to M might play major role to emission enhancement compared to the
intermediates through a particular alignment in solution phase via electrostatic interaction.

Another comparison with nonfluorescent zwitterionic sulfobetainemethacrylate
(SBMA) (characterized by *H NMR spectroscopy as represented in Figure S7) solution
(4.50 mM) was made (Figure S11) to demonstrate that, only zwitterionic part or double
bond was not solely responsible to show unexpected fluorescence, but proper orientation
of M in solution through aggregation might be the possible reason. The effect of
concentration of aqueous solution containing M was highly pronounced as demonstrated
in Figure 2A with an excitation at 330 nm. The emission intensity almost disappeared at
very low concentration (0.11 mM). This phenomenon was another indirect evidence of
small molecular aggregation in aqueous solution to induce unexpected fluorescence
emission, which diminished upon dilution due to lack of driving force responsible for
molecular gathering below a certain concentration level. The inset of Figure 2B shows the
concentration dependency of FL intensity especially at lower concentration range. The plot
shows that insensitivity of the FL emission up to 0.30 mM, is nearly insensitive to the
concentration of the N-substituted maleimide molecules whereas sudden increase in FL
emission intensity was observed at the concentration of 0.30 mM and above this
concentration the emission intensity increases with the concentration. This indicates that

the enhancement of emission intensity may be due to aggregation of N-substituted
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maleimide molecules in solution, which was further verified by theoretical analysis (vide

infra).
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Figure 3. (A) pH dependent fluorescence spectra of M in water, with concentration 4.50
mM, (B) fluorescence emission spectra of M in presence of saturated NaCl solution (6.80

M).

The photoluminescence efficacy of M at 4.50 mM concentration with a constant
excitation at 330 nm was also determined by changing the solution pH (Figure 3A), as pH
is another important factor to dictate biomedical sensing applicability.®® AIE under
selective pH range can be suitable in some biomolecular sensing like proteins or DNA or
drug release.®” Herein, pH could not directly affect to diminish the emission efficacy
completely unlike to the concentration factor. However, some selectivity in acidic pH was
observed. A gradual decrease in emission was resulted with increasing pH 1.6 to 12.0 with
highest efficiency in pH range 2.0 to 4.0. Figure 3B revealed the salting out effect of
photoluminescence efficiency of 4.50 mM solution of M in water with excitation
wavelength 330 nm. The decrease in emission intensity by addition of a saturated solution
of sodium chloride (NaCl) (6.80 M) was resulted from the interaction of zwitterionic part
attached to M with Na* and CI ions. That phenomenon demonstrated the role of

zwitterionic functionality in small molecular aggregation which induced the emission.

11



N
o
N
o

| |—— UV absorbance spectra of M
PL excitation spectra with 151,400 nm

—— UV absorbance spectra of M
PL excitation spectra with g,450 nm

—— Smoothed PL excitation spectra —— Smoothed PL excitation spectra

normalized)
(&)
o

Absorbance (normalized)
o

~ 1.0
o)
[&]
c
®
2
5 0.5 0.5
(]
Q0
< K B
OO T T T T OO ( ) T T T
250 300 350 400 450 250 300 350 400
Wavelength (nm) Wavelength (nm)

Figure 4. Normalized PL excitation spectra of M in water in comparison with UV

absorbance at emission wavelength (1em) (A) 450 nm, (B) 400 nm.

Figure 4A presents the normalized photoluminescence (PL) excitation spectra of 4.50
mM solution of M in water with maximum emission wavelength 450 nm in comparison to
UV absorbance value. The spectra expressed a dominant excitation peak at 360 nm,
responsible for the broad fluorescence emission maxima. Interestingly, that particular peak
is absent in optical absorbance spectra. Further, PL excitation spectra was also recorded
with disparity of emission wavelengths 400 (Figure 4B) and 550 nm (Figure S12) and the
new excitation peak was generated at the same position, nearly 360 nm. The peak at 290
nm, as observed in ground state optical absorbance spectra, was also generated in PL
excitation spectra up to 400 nm emission wavelength (Figure 4B), which regulated the
emission of M below visible range. This phenomenon reflected the presence of single
aggregated species generated from proper orientation in solution with an excitation
wavelength 360 nm, which is solely responsible for this broad range unexpected
fluorescence in visible wavelength.

We have computed UV-visible spectra by using time dependent density functional
theory (TDDFT)3 to gain microscopic understanding about the appearance of excitation
peak with an excitation wavelength 360 nm. In all cases, excitation energies and oscillator
strengths are computed for ten lowest singlet excited states by single canonical excitation.
For UV-visible spectra, we use ground state optimized geometry in the TDDFT method
with same functional and basis set used in their geometry optimization. Hence, excitation

12



energies used to compute the UV-visible spectra is adiabatic excitation. We have used up
to six M molecules to determine optimized structures of different aggregated structures. In
the density functional theory study, we have computed UV-visible spectra of a single M
molecules (monomer) as well as aggregation of 2 (dimer), 3 (trimer), 4 (tetramer) and 6
(hexamer) M molecules. The optimized structures of the monomer and their aggregations
are shown in the supporting information (Figure S13-S17). The aggregation occurs mainly
due to strong electrostatic interaction between negative charge on the sulfonate [-SOz37]

group and positive on the nitrogen atom of the alkyl chain.
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Figure 5. UV-visible spectra computed through TDDFT for (a) single M molecule
(monomer), aggregation of (b) 2 (dimer), (c) 3 (trimer), (d) 4 (tetramer) and (e) 6 (hexamer)

M molecules.

The UV-visible spectra obtained from the optimized structure of the monomer and
their aggregations for different number of monomers are shown in Figure 5. The absorption

maxima of M in water for a monomer is observed at 217 nm (Figure 5a), matches very well
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with the experimental UV-spectra at very dilute solution that is at 0.15 mM concentration
(Figure S8). For the dimer, the peak in UV-spectra was observed at 301 nm. The red-shift
of the absorption peak by 84 nm is due to the aggregation of two M molecules. The shortest
distance between two M molecules in the dimer is ~3.67 A which is the distance between
[NMe2R2]" and [SO3]". This suggests that non-bonded electrostatic interaction plays a major
role in the aggregation process. Further, the absorption peak for the trimer was observed at
344 nm (Figure 5c¢) indicating red shift of the peak by 43 nm. For the aggregation of four
monomers (tetramer), a peak at 362 nm was appeared with a red shift of the peak by 18 nm.
The wavelength of the absorption peak matches excellently with the experiment. For
hexamer also, we observed the peak of UV-spectra at 362 nm indicating no shift of the
absorption due to further aggregation. These confirmed that aggregation of M in aqueous
solution is solely responsible for this broad range unexpected fluorescence observed
experimentally in the visible wavelength.

4. CONCLUSIONS

In summary, a completely new and traditional fluorophore free water soluble maleimide
functionalized with zwitterionic side chain, M, was successfully synthesized with its
potential AIE properties. PL spectra suggested that an excitation wavelength 360 nm is
solely responsible for the broad range unexpected fluorescence in visible wavelength. The
particular orientation of the zwitterionic functionality in solution resulted the aggregation
which further confirmed by theoretical TDDFT calculations. This study exhibited a
maximum UV-spectrum at 362 nm up to tetrameric aggregation, after that a saturation was
achieved. The blue light emitting characteristics of M opened a new dimension to modern

biosensing applications.>®
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