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N-(1-((1-((3,4-Dihydroxyphenethyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)-4-(pyren-1-
yl)butanamide (Py-F_-F_-DP) has been synthesised using the traditional amide coupling reactions of 1-pyrene butyric acid,
boc-1-phenyl alanine, I-phenyl alanine methyl ester and dopamine. Py-F,-F_-DP shows a pH dependant aggregation between
pH 4 and 10 which can be monitored spectroscopically, resulting in a reversible quinone/hydroquinone oxidation —
reduction transformation of the dopamine moiety. The photoexcitation of Py-F -F -DP at A, 345 nm at higher pH
preferentially results in aggregation induced emission (AIE) photorelaxation mechanism in comparison to thermal relaxation
or intramolecular charge transfer (ICT). SEM micrographs show the formation of fibrillar nanostructure with increasing pH
specially at pH 10. The CD experiment offers deeper insights into the chirality that developed in the nanofiber self-
assemblies at pH levels 7 to 10, which is attributed to the twisted conformations of the pyrene moieties within the self-
assembled structure. The unique pH-dependent self-assembly and redox behavior of Py-F, -F -DP, particularly its reversible
optical and structural changes in response to pH variations, make it a promising candidate for real-time pH monitoring in
biomedical applications, such as intracellular imaging and the design of controlled drug delivery systems targeting pH-
sensitive environments.
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Intracellular pH plays an important role in regulating
various cellular processes, such as pathological and
physiological and the function of different organelles,
enzymes and degradation of proteins™?. Intracellular
pH value in mammalian cells is ranging from 4.7 in
lysosome to 8.0 in mitochondria®*. The variation of
intracellular pH from its ideal value may cause
organelle functional disorder, leading to various
diseases, such as strokes, Alzheimer’s and cancers®”’
The development of organic fluorescence molecular
architecture for measuring intracellular pH from
acidic to alkaline range is in urgent demand. Recent
studies on pH-sensitive amphiphilic molecules have
focused on designing systems that respond to

environmental changes with high sensitivity and
stability, especially across a broad pH spectrum. For
instance, several pyrene-based amphiphilic probes
have shown promise for intracellular pH monitoring
due to their fluorescence properties and structural
adaptability. However, many existing probes are
limited by either a narrow pH response range or
instability in Dbiologically relevant conditions,
which can reduce their applicability in real-time
monitoring of pH fluctuations in diverse cellular
environments.

Here, we developed a simple and effective donor-
linker-acceptor molecular architecture based on
pyrene (Py)-L,L-diphenylalanine (F_F.)-dopamine
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(DP) conjugate to be used as photophysical probe
(Scheme 1). Pyrene® as a donor provides fluorescence
in the visible range, excimer formation, and long-
lived excited states with high quantum yield®. Pyrene
also displays outstanding cell permeability’® and has
been employed in biological live cell imaging*'. The
FLF_ dipeptide undergoes self-assembly leading to
formation of supramolecular nanostructures having
various potential bio-applications'?. Dopamine is a
neurotransmitter with key roles in the central nervous
system, renal systems, hormonal  systems,
cardiovascular systems and Parkinson’s disease®.
Dopamine shows redox properties at different
pH (Ref. 14). The redox behaviour of dopamine in
combination with cationic polymers (CPs) and
malachite green cabinol base can form pH responsive
complex that can be used in sensing applications in
aqueous media®. Recently, dopamine functionalized
donor-acceptor polymer was used to detect pH in
living cell lines and autophagy imaging®.

The Py-F_-F_-DP chromophore developed in this
study offers several advantages over traditional
probes. Its molecular design, combining the redox-
active dopamine with a Py-F -F, framework, not only
provides stability over an extended pH range (3 to 11)
but also exhibits reversible optical changes due to the
redox properties of dopamine. This extended pH
sensitivity, coupled with its enhanced self-assembly
properties driven by the F_F_ dipeptide, enables Py-
F.-F.-DP to maintain functional performance even
under varied pH conditions. Furthermore, the unique
donor-acceptor structure of Py-F_-F -DP supports
both aggregation-induced emission (AIE) and
intramolecular charge transfer (ICT), optimizing it for
dual-mode sensing, which is less common among
currently available pH-sensitive amphiphiles.

Inspired by the importance of Py, F F, and DP in
biological applications, we present the design
strategy, synthesis, and spectroscopic characterization
of Py-F -F -DP chromophore (Scheme 1). Here we
study the experimental pH response in UV-vis
absorbance and fluorescence emission of Py-F -F -
DP, as well as the theoretical molecular modelling of
this chromophore. Thus, this study provides a novel,
pH-responsive chromophore with a broader pH
sensitivity and improved stability, positioning
Py-F_-F_-DP as a versatile candidate for applications
in dynamic pH monitoring, particularly in
intracellular imaging and potential therapeutic
delivery systems.

Experimental Section

Synthesis  of methyl (tert-butoxycarbonyl)
phenylalanylphenylalaninate, 3

In a 25 mL round bottomed flask compound boc-I-
phenyl alanine 1 (0.265 mg, 1mmol), EDC HCI (230
mg, 1.2 mmol) was added to 15 mL dry DMF under
nitrogen atmospheric condition. Stirred the reaction
mixture for half an hour at 0°C. The I-phenyl alanine
methyl ester 2 (215 mg, 1 mmol) and DIPEA (155
mg, 1.2 mmol) were added to the reaction mixture at
RT. The above reaction mixture allowed to stir for a
24 h at RT. After completion of reaction (monitored
by using TLC), solvent was removed with rotary
evaporation. The reaction mixture was eluted using 50
mL of ethyl acetate and sequentially washed with
10% w/v NaHCOs solution (2x30 mL), 0.1 M HCI
(20 mL), followed by rinses with water (20 mL) and
brine (20 mL). The organic phase was then dried over
anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The resulting residue was
purified by flash chromatography on silica gel (SiO,),
using a 1% methanol in chloroform eluent, yielding
compound 3 as a white powder. (395 mg, 80%).
'H NMR (300 MHz, CDCl,): & 7.30-7.27 (m, 2H),
7.24-7.22 (m, 4H), 7.16-7.15 (d, 2H), 6.94-6.93 (d,
2H), 6.41 (s, 1H), 4.95-4.97 (m, 1H), 4.84-4.80 (m,
1H), 4.36 (s, 1H), 3.66 (s, 3H), 3.08-2.92 (m, 4H),
1.38 (s, 9H); **C NMR (CDCl,, 75 MHz): & 171.29,
170.85, 155.19, 136.43, 135.58, 129.26, 129.13,
128.53, 128.44, 127.00, 126.85, 80.18, 55.63, 53.22,
52.15, 38.19, 37.88, 28.14; ESI-MS: m/z Calcd for
CyH3N,O5: 426.50. Found: 427 ['\/H‘H]+

Synthesis of methyl (4-(pyren-1-yl)butanoyl)
phenylalanylphenylalaninate, 5

In a 25 mL round bottomed flask having 8:6 mL
dry DCM: TFA under nitrogen atmospheric condition
methyl (tert-butoxycarbonyl)-L-phenylalanyl-L-
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Scheme 1 — Synthetic route for Py-F,-F_-DP chromophore
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phenylalaninate (3) (223 mg, 0.5 mmol) was added.
The above reaction mixture was allowed to be stirred
for 2 h. After completion of reaction (monitored by
using TLC), solvent was removed with rotary
evaporation. The white solid product was dried under
vacuum. To a 25 mL round-bottom flask containing a
solution of 1-pyrene butyric acid 4 (144 mg, 0.25
mmol) in 10 mL of dry DMF under a nitrogen
atmosphere, EDC-HCI (48 mg, 0.25 mmol) was
added. The above reaction was stirred for half an h at
0°C. The Boc deprotected diphenyl alanine methyl
ester hydrochloride salt (126.50 mg, 0.25 mmol) and
DIPEA (0.33 mg, 0.25 mmol) were added to the
reaction mixture. The above reaction mixture was
stirred for 24 h. After completion of reaction
(monitored by using TLC), the solvent was removed
with rotary evaporation. The reaction mixture was
eluted with 50 mL of ethyl acetate and washed
sequentially with 10% w/v NaHCOs solution (2%10
mL), 0.1 M HCI (2x20 mL), followed by 20 mL of
water and 20 mL of brine. The organic layer was then
dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The residue was
purified by flash silica gel chromatography (SiO,) by
eluting with 1% methanol: chloroform solution to
give 5 as white powder (181 mg, 70%). *H NMR (300
MHz, CDCl5): 5 8.26-8.24 (d, 1H), 8.17-8.15 (m, 2H),
8.11-8.09 (m, 2H), 8.09-8.03 (d, 2H), 8.00-7.97 (m,
1H), 7.80-7.78 (d, 1H), 7.24-7.22 (d, 2H), 7.19-7.09
(m, 6H), 6.97-6.96 (m, 2H), 6.17-6.15 (d, 1H), 5.95-
5.93 (d, 1H), 4.75-4.71 (m, 1H), 4.68-4.64 (m, 1H),
3.66 (s, 3H), 3.31-3.28 (t, 2H), 3.09-2.93 (m, 4H),
2.26-2.23 (m, 2H), 2.15-2.10 (m, 2H): “C NMR
(CDCl3, 75 MHz): & 172.54, 171.37, 170.49, 136.36,
135.39, 131.36, 130.85, 129.91, 129.52, 129.25,
129.09, 128.67, 128.58, 127.44, 127.36, 127.31,
127.17, 127.08, 126.68, 125.80, 125.03, 124.93,
124.87, 124.74, 123.31, 54.23, 53.40, 53.02, 52.29,
38.20, 37.76, 35.80, 32.61, 29.68, 27.13; ESI-MS: m/z
Calcd for CyoH3sN,Os: 596.71. Found: 597 [M+H]".

Synthesis of N-(1-((1-((3,4-dihydroxyphenethyl)
amino)-1-oxo-3-phenylpropan-2-yl)amino)-1-oxo-
3-phenylpropan-2-yl)-4-(pyren-1-yl)butanamide
[Py'FLFL'DP]

In a 25 mL round bottomed flask compound 5
(178 mg, 0.3 mmol) was taken in 8:2 mL THF:MeOH
solution. The above reaction mixture was allowed to
stirred for 12 h at r.t. After completion of reaction
(monitored by using TLC), the solvent was removed
with rotary evaporation. The crude products were

acidified with 0.1 N HCI, adjust the pH up to 2 and
eluted with ethyl acetate (50 mL). The resultant
organic solvent was dried over anhydrous sodium
sulphate, filtered and reduced invacuo. The above
acid was used for further reaction without
purification. To the solution of above acid (116 mg,
0.2 mmol) in dry DMF, 10 mL in 25 mL of round
bottom flask under nitrogen atmosphere EDC. HCI
(48 mg, 0.25 mmol) was added. The above reaction
stirred for half an hour at 0°C. The dopamine (23.50
mg, 0.2 mmol) and DIPEA (0.33 mg, 0.25 mmol)
were added to the reaction mixture. The above
reaction mixture was stirred for 24 h. After
completion of the reaction (monitored by using TLC),
the solvent was removed with rotary evaporation. The
reaction mixture was eluted with 50 mL of ethyl
acetate, then washed with 10% w/v NaHCOs solution
(2x10 mL), 0.1 M HCI (2x20 mL), followed by 20
mL each of water and brine. The organic layer was
dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting
residue was purified by flash chromatography on
silica gel (Si02), using 1% methanol in chloroform as
the eluent, yielding Py-FLFL-DP as a white powder.
Yield 112 mg (80%). 'H NMR (300 MHz, CDCls): &
8.27-8.23 ( m,1H), 8.17-8.15 (m, 2H), 8.11-8.07 (m,
2H), 8.11-8.07 (m, 2H), 8.03-8.02 (m, 2H), 7.96-8.00
(m, 1H), 7.81-7.79 (d, 1H), 7.62-7.59 (d, 1H), 7.46-
7.43 (m, 1H), 7.34-7.31 (d, 1H), 7.22-7.08 (m, 10),
6.73-6.69 (m, 1H). 6.64-6.62 (d, 1H), 6.45-6.42 (d,
1H), 4.66-4.54 (m, 2H), 3.37-3.33 (m, 2H), 3.28-3.23
(m, 2H), 3.09-2.94 (m, 4H), 2.59-2.58 (t, 2H), 2.26-
2.21 (m, 2H), 2.07-2.03 (m, 2H); “*C NMR (300
MHz, CDCl): & 172.35, 170.74, 169.98, 169.71,
143.92, 14256, 136.52, 136.42, 135.37, 130.37,
129.91, 128.45, 128.34, 127.39, 126.61, 126.37,
125.69, 125.05, 123.96, 123.87, 122.66, 119.05,
114.71, 53.48, 46.98, 36.73, 34.66, 33.87, 31.80,
28.63, 26.49, 24.61; ESI-MS: m/z Calcd for
CasHsN3Os: 717.85. Found: [M+H] * 718; HRMS
(ESI): m/z Calcd for CusHisN3Os: 718.3275. Found:
718.3282.

Results and Discussion

Synthesis of Py-F_F -DP

The synthetic route for Py-F -F -DP chromophore
is outlined in Scheme 1, boc-I-phenyl alanine 1 was
reacted with I-phenyl alanine methyl ester 2 in the
presence of EDC.HCI to afford F F_ (3). Further,
FLFL (3) was reacted with 1-pyrene butyric acid, Py
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(4), to yield Py-F.F_ (5) via an amide coupling
reaction. Py-F F_ (5) methyl ester was first treated
with lithium hydroxide to vyield Py-F F. (5)
carboxylic acid. The Py-F F_ (5) carboxylic acid is
further conjugated with dopamine in the presence of
EDC.HCI in dimethylformamide at RT to yield Py-
F.-F_-DP.

Photophysical properties of Py-F -F -DP

The photophysical properties of Py-FL-FL-DP
were investigated at various pH’s. Py-F -F -DP was
soluble in a mixture of DMSO: H,0 (40:60, v/v ratio).
Py-F_-F_-DP in DMSO:H,0 (40:60, v/v ratio) at pH 7
exhibited five absorption peaks at 267 nm (¢ = 57000
M*em™?), 278 nm (e = 86300 M cm™), 315 nm (e =
21700 M cm™), 330 nm (¢ = 44900 M * cm™) and
345 nm (¢ = 58700 M* cm?) (Fig. 1a). The pH of the
Py-F_-F.-DP solution in DMSO:H,0 was varied in
the acidic range using 0.1 M HCI from 7 to 4, and in
the basic range from pH 7 to 10 using 0.1 M NaOH.
As we moved from lower pH 4 to higher pH 10, we
observed that all absorbance values were increased,
due to Mie scattering caused by particle formation in
the solution, suggesting that Py-F -F -DP undergoes
aggregation (Fig. 1a). To gain a clearer view of the
sensitivity of Py-F -F_-DP towards pH, we quantified
the relative changes in absorbance and emission
intensities across the pH range. At pH 4,
the absorbance at 345 nm was observed to be
approximately 25% lower than at pH 10, which aligns
with the aggregation behavior indicated by Mie
scattering effects in the higher pH range (Fig. 1a).
Additionally, the absorption intensity increase from
pH 4 to pH 10 was most pronounced for the peak at
278 nm, showing a rise of roughly 40% (Fig. 2a),
further suggesting enhanced aggregate formation with
increasing pH. Thus, the absorption spectroscopy
indicates that the aggregation of Py-F -F -DP with
changing pH (Fig. 2a).

The emission spectroscopy study of Py-F -F -DP
was conducted under the same conditions as the
absorbance experiment, with photoexcitation at 345
nm. The emission spectra of Py-F -F -DP in DMSO:
H,O (40:60, v/v ratio) at pH 7 displayed three
significant peaks at 378, 399 and 419 nm. The
influence of pH on the emission properties were
investigated by varying pH ranging from 4 to 10. In
the emission spectra, the fluorescence intensity at 399
nm was significantly enhanced by over 50% as pH
increased from 4 to 10 (Fig. 1b). At higher pH, the
fluorescence intensity of Py-F -F -DP increases
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Fig.1—(a) UV-Vis absorption spectra of Py-F -F_-DP
(1x107° M) and (b) fluorescence emission spectra of Py-F, -F,-DP
(1x107 M) at various pH in DMSO:H,0 (40:60, v/v ratio) solvent
mixture (Aey = 345 Nm)
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Fig. 2— Py-F -F -DP in its reduced (pH < 7) i.e. hydroquinone
and oxidized (pH > 7) quinone states

predominantly due to the aggregation-induced
emission (AIE) mechanism, which appears to
overshadow the intramolecular charge transfer (ICT)
guenching effects that might otherwise reduce
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emission intensity. Notably, the balance between AIE
and ICT mechanisms shifted visibly around pH 7,
where the emission intensities started to rise more
sharply, suggesting a threshold pH that initiates
prominent AIE behavior. This dominance of AIE at
basic pH can be attributed to enhanced intermolecular
interactions, particularly m-m stacking between the
pyrene moieties, which become more favorable as pH
increases and induces aggregation. These interactions
facilitate the formation of emissive aggregates,
which limit non-radiative decay pathways, thereby
enhancing overall emission intensity.

In contrast, ICT effects, which typically lead to
charge separation and reduce fluorescence, are
mitigated at higher pH due to the oxidative state of
the dopamine subunit. The oxidation of dopamine to
quinone at elevated pH levels disrupts the electron-
donating capacity of the dopamine unit, thereby
reducing ICT efficiency. This allows AIE to become
the primary contributor to emission. Studies on
similar pyrene-based systems have shown that AIE
effects are particularly robust in molecules with
donor-acceptor configurations where the acceptor
(here, dopamine) can undergo oxidation, thus
weakening ICT pathways and favouring emission
through aggregate formation®’.

The interplay between AIE and ICT in Py-F -F,-
DP demonstrates the molecule's sensitivity to pH-
induced changes in its electronic structure,
highlighting the potential of pH as a tunable factor for
emission modulation in bioimaging and sensing
applications. The observed dominance of AIE over
ICT at basic pH aligns well with previous findings in
similar amphiphilic systems, where AIE emerges as
the primary emission pathway under conditions
favouring molecular aggregation®®.

Theoretical invacuo density functional theory
(DFT) and time-dependent DFT (TD-DFT)
simulations were carried out using the Gaussian 16
software package®™. The geometry optimization and
frequency calculations of Py-F -F -DP and Py-F -F -
DP have been performed at B3LYP/6-31G* level of
theory to confirm the structure energy minima. The
obtained Py-F_-F -DP and Py-F -F_-DP geometries
were subject to further TD-DFT simulation at
B3LYP/6-31G* level of theory. TD-DFT results were
analysed by employing Gauss-Sum 2.2.5 program
(Table S1)“°. From the TD-DFT results it is seen that
absorption of Py-F -F -DP is at 341.23, 269.44,
269.19 nm and Py-F -F -DQ is at 408.91, 367.00,
341.22 nm. The frontier molecular orbitals (FMO) are

generated by using Avogadro and are given in
Fig. 3%

The DFT calculations reveal significant differences
in the HOMO and LUMO energy levels and energy
gaps (Eg) for Py-F_-F.-DP and its oxidized form, Py-
F.-F.-DQ, which correspond to the redox behaviour
of the molecule. For Py-F -F -DP, the HOMO energy
level is calculated at -5.213 eV, and the LUMO at -
1.444 eV, resulting in an energy gap of 3.769 eV. In
this reduced hydroquinone state, the higher energy
gap suggests limited electron mobility, which
corresponds with the stable fluorescence emission
observed in its reduced form at lower pH levels. Upon
oxidation to Py-F -F -DQ, the HOMO drops slightly
to -5.274 eV, while the LUMO decreases substantially
to -3.415 eV, reducing the energy gap to 1.859 eV.
The narrowing of the energy gap reflects the
molecule's enhanced electron-accepting ability in the
oxidized quinone state, thereby diminishing the
ICT process and reducing non-radiative decay.
Additionally, the localization of the HOMO on the
dopamine moiety in both states supports the role of
dopamine as an electron donor. In the reduced Py-F,-
F.-DP form, electron-rich dopamine facilitates ICT,
leading to partial quenching of fluorescence.
However, in the oxidized Py-F_-F -DQ form, the
reduced electron-donating capacity of dopamine
minimizes ICT effects, allowing AIE to become the
predominant emission pathway. The theoretical
calculations thus provide a clear mechanistic basis for
the observed pH-dependent redox behavior and
fluorescence modulation, reinforcing the suitability of
Py-F_-F_-DP as a pH-sensitive probe.

(a) Py-F, F,-DP

E,=3.769 ¢V
HOMO =-5213 eV

LUMO =-1.444 eV

(b) Py-F F;-DQ

E,=1.859 eV
P S

HOMO =-5274 ¢V

LUMO =-3415¢V

Fig. 3— Frontier molecular orbitals of Py-F -F -DP and Py-F,-
F.-DP energy levels and electron density as calculated at
B3LYP/6-31G* level of theory
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Scanning Electron Microscopy Study

The self-assembly of Py-F -F -DP was studied by
depositing its DMSO-H-O solution (40:60, v/v) at pH
4,7, and 9.2 on silicon wafer substrates. The resulting
morphology and microstructures were visualized
using scanning electron microscopy (SEM).
Microfibrous morphology was observed for Py-F, -F, -
DP at all the studied pH’s, i.e. 4.0, 7.0, and 9.2
(Fig. 4a,b,c). The SEM analysis of Py-F -F -DP self-
assembly across different pH levels provides a clear

Fig. 4 — SEM micrographs of Py-F -F -DP self-assembled in
DMSO:H,0 (40:60, v/v ratio) at pH’s (a) 4.0, (b) 7.0 and (¢) 9.2

view of the pH-dependent fiber morphology changes.
At pH 4.0, the average fiber diameter was measured
at approximately 17+3 nm, while at pH 9.2, this
diameter increased to 21+6 nm, suggesting a
consistent growth in fiber thickness with rising pH
levels (Fig.4d). This trend likely results from
enhanced hydrophobic interactions and n-m stacking
between the pyrene moieties as the dopamine subunit
undergoes oxidation, converting hydroquinone to
quinone and thereby increasing the rigidity and
aggregation propensity of the fibers. At higher pH’s,
the hydroquinone of the dopamine subunit transforms
to quinone. The hydroxyl groups in the hydroquinone
moiety convert to ketone at a higher pH, increasing
the possibility of hydrophobic interactions and
therefore increasing the diameter of the microfibers
self-assembled at higher pH’s.

Circular Dichroism Study

The CD spectra of Py-F -F -DP show distinct
chiral signals at pH 7 and 10, indicative of the self-
assembly's chiral arrangements in basic conditions,
while negligible signals were observed at pH 4, where
the molecule forms microcrystalline deposits (Fig. 5).
At higher pH levels, quantitative analysis of the CD
spectral features reveals an increase in ellipticity,
particularly at wavelengths corresponding to the
pyrene absorption regions. For instance, the ellipticity
at 340 nm, which reflects the stacking interactions of
pyrene units, shows a significant increase from pH 7
to pH 10. This pH-dependent enhancement of CD
signals suggests stronger chiral arrangements and
more defined twisting of the stacked pyrene units
under basic conditions.

20

15

10

5k

0 / mdeg

0

5t

260 280 300 320 340 360 380 400

Wavelength / nm

Fig. 5— CD spectra of Py-F -F_ -DP in DMSO:H,0 (40:60, v/v
ratio) at different pH 4 (black line); pH 7 (blue line) and pH 10
(red line)
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Fig. 6 — Self-assembly ~ model of Py-F -F -DP  forming
nanofibers at high pH, with a characteristic twist that produces the
observed CD signal

Furthermore, environmental factors, particularly
pH, play a significant role in the observed CD signal
variations. At higher pH, the transformation of
dopamine from hydroquinone to quinone increases
hydrophobic interactions and n-n stacking, leading to
a more rigid, chiral self-assembly. In contrast, at pH
4, the molecule's reduced state favors a less ordered
structure with minimal chirality, as evidenced by the
absence of strong CD signals. At high pH, the self-
assembly likely involves hydrophobic interactions
between the central pyrene units, along with
interactions between the F_-F_ peptide moieties
through their aromatic phenyl rings. The quinone
groups are positioned on the periphery, where they
interact with the surrounding solvent. This self-
assembly exhibits a twist around the stacked pyrene
units, which is evidenced by the chirality observed in
the CD spectra (Fig. 6).

Schematic presentation of self-assembly process

Conclusions

In summary, we have successfully designed and
synthesized Py-F -F -DP through standard amide
coupling of pyrene butyric acid, protected
phenylalanine, and dopamine derivatives. The
molecule exhibits distinct redox properties in the
dopamine motif, observed across the pH spectrum
from 4 to 10 in absorption and emission experiments,
and demonstrates aggregation behavior in response
to pH changes. The findings indicate that the
aggregation-induced emission (AIE) mechanism
predominates over intramolecular charge transfer

(ICT), significantly enhancing fluorescence emission
at higher pH levels. The CD study and SEM images
reveal that quinone formation in the dopamine subunit
at higher pH promotes the formation of fibrillar
nanostructures, especially at pH 10, and results in
distinct chiral arrangements, likely due to twisted
pyrene moieties. These pH-sensitive self-assembly
and optical properties suggest that Py-F -F_-DP has
potential applications in biosensing, where it could
serve as a fluorescent probe for monitoring pH
variations in biological systems.

Supplementary Information
Supplementary information is available in the website
http://nopr.niscpr.res.in/handle/123456789/58776.
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