
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

2 
N

ov
em

be
r 

20
25

. D
ow

nl
oa

de
d 

on
 1

2/
20

/2
02

5 
7:

30
:1

1 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Phenyl selenoxid
aMultifunctional Materials and Catalysis L

Karunya Institute of Technology and Scien

India. E-mail: madhu@karunya.edu; vmadh
bSchool of Chemical & Biotechnology, SAST

Nadu, India. E-mail: philip@biotech.sastra.
cPG and Research Department of Chemistry

Bharathidasan University), Adirampattinam
dBeamline Department, Pohang Accelerator

gu, Pohang, Gyeongbuk, Korea. E-mail: dmo

Cite this: RSC Adv., 2025, 15, 44205

Received 25th September 2025
Accepted 30th October 2025

DOI: 10.1039/d5ra07283b

rsc.li/rsc-advances

© 2025 The Author(s). Published by
e functionalized TPA/TPE p-
conjugated imidazo[1,2-a]pyridine: a fluorescent
probe for the selective detection of water in
organic solvents

Jerome Issac,a R. Rameshbabu Priyadharsan,b Kamalanathan Chidambaranathan,a

Subramanian Karthikeyan,c Dohyun Moon, *d Savarimuthu Philip Anthony *b

and Vedichi Madhu *a

Phenyl selenoxide functionalized tetraphenylethylene (TPE) and triphenylamine (TPA) electron donors p-

conjugated with the imidazo[1,2-a]pyridine acceptor, namely, N,N-diphenyl-4-(3-(phenylseleninyl)

imidazo[1,2-a]pyridin-2-yl)aniline (SeO-TPA) and 3-(phenylseleninyl)-2-(4-(1,2,2-triphenylvinyl)phenyl)

imidazo[1,2-a]pyridine (SeO-TPE), were synthesized, and the effect of TPA/TPE on their photophysical

properties was explored. SeO-TPA showed emission in both solution and solid states, while SeO-TPE

exhibited emission only in the solid state. SeO-TPA also exhibited solvent polarity-dependent emission

due to a hydrophilic Se]O group. Interestingly, the selenoxide of SeO-TPA reacted with a trace amount

of water present in the organic solvents and produced dihydroxy selenane derivatives. The structural

transformation of selenoxide (SeO-TPA) to dihydroxy selenane (Se(OH)2-TPA) resulted in fluorescence

changes from 448 nm to 420 nm. The reduction of electron-withdrawing character by converting

selenoxide to dihydroxy selenane resulted in a blue shift of the emission. The concentration-dependent

studies of SeO-TPA indicated that the probe can detect water in organic solvents up to 0.429 wt% in

CH3CN, 0.602 wt% in ethanol, 1.108 wt% in DMF, 0.514 wt% in DMSO, and 1.028 wt% in THF. Hence, this

work reported on a naked-eye detectable fluorescence probe for sensing trace amounts of water in

organic solvents, highlighting its potential applications in environmental and analytical chemistry.
Introduction

Water is a transparent, colorless, and odorless liquid with
several unique physicochemical properties, such as a high
dielectric constant, large heat capacity, and high surface
tension. These properties render water essential for a wide
range of applications in various scientic and industrial
domains. Notably, water is a common contaminant in organic
solvents, impacting chemical processes in various industries
such as laboratory chemistry, ne chemicals, food production,
pharmaceuticals and inuences photovoltaic performance.1–4

This contamination can greatly impact chemical reactivity,
product quality, yield, and overall reliability. Even small
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amounts of water in the reaction medium can pose substantial
safety risks, particularly in industries such as pharmaceutical
manufacturing, chemical synthesis, and food production.5–8

Consequently, developing methods for the qualitative and
quantitative detection of water in organic solvents has gained
great importance in various industrial processes. The Karl
Fischer titration is the primary method utilized for the quanti-
tative analysis of water content in organic solvents.9–12 This
method demonstrates reduced sensitivity to aprotic and non-
alcoholic solvents. In addition, several instrumental methods,
including gas chromatography (GC), nuclear magnetic reso-
nance (NMR), UV-visible absorption spectroscopy, Fourier
transform infrared spectroscopy (FT-IR), and electrochemical
techniques, are employed to detect and quantify water content
in organic solvents.13–17 In this context, the development of
optical probes (both colorimetric and uorometric) offers
several advantages. These include simplicity, high sensitivity
and selectivity, fast response times, ease of operation, good
biocompatibility, and visible color changes that can be detected
by the naked eye. Notably, this approach is also non-destructive.
Specically, uorescent sensors designed for detecting trace
amounts of water in organic solvents are highly attractive due to
RSC Adv., 2025, 15, 44205–44212 | 44205
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Scheme 2 The molecular structures of SeO-TPA and SeO-TPE used
in this study.
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their selectivity, high sensitivity, and rapid response.18–25 Several
uorescence probes have already been developed for water
sensing. These uorescence probes are designed based on
various mechanisms, including intramolecular charge transfer
(ICT),26,27 excited-state intramolecular proton transfer (ESIPT),28

photo-induced electron transfer (PET),29–31 aggregation-induced
emission (AIE),32 solvatochromism,33,34 and water-induced
proton transfer.35,36 In general, water can act as both a proton
donor and acceptor, inuencing processes such as proton or
charge transfer, aggregation, protonation, and hydrogen
bonding. These processes can signicantly alter the optoelec-
tronic properties of molecules. Specically, for donor–p–
acceptor (D–p–A) structures, the ICT band is notably affected by
solvent polarity.37 The presence of water can alter the polarity,
hydrogen bonding, or viscosity of the solution, which could
affect the optical properties of ICT-type sensors, making it
a valuable strategy for detecting water in organic solvents.38–40

The previous literature reports suggest that selenoxides can
be chemically transformed into dihydroxy selenanes in an
aqueous environment (Scheme 1).41,42 The change in electronic
environments resulting from the conversion of selenides to
selenoxides and dihydroxy selenanes may signicantly inu-
ence the optical band gap and uorescence properties. The
water-sensitive chemical transformation and modulation of
electronic energy levels could be leveraged to develop uores-
cence probes for detecting trace amounts of water in organic
solvents. Although the chemical transformation is known, no
uorescence probes based on water-reactive selenoxides for
water sensing have been reported to date.

In this manuscript, we designed and synthesized selenium
integrated triphenylamine (TPA)/tetraphenylethylene (TPE)
imidazo derivatives (Se-TPA and Se-TPE) and converted them to
the corresponding selenoxide-functionalized uorophores for
the detection or/and sensing of water in various organic
solvents. The selenide uorophore dyads, Se-TPA and Se-TPE,
were converted to their selenoxides, SeO-TPA and SeO-TPE,
using hydrogen peroxide (H2O2) as the oxidizing agent (Scheme
1 and 2).

The selenoxides exhibited distinct uorescence properties.
These selenoxides were subsequently transformed into di-
hydroxy selenanes in the presence of water in organic solvents,
which resulted in signicantly different uorescence charac-
teristics. The formation of dihydroxy selenanes, along with their
uorescence response, was utilized for sensing trace amounts
of water in organic solvents. Specically, SeO-TPA showed the
capability of sensing water in the range from 9.56 to 27.85 mL or
4780 mL L−1 to 13 925 mL L−1 in various organic solvents.
Scheme 1 The catalytic cycle demonstrates the oxidation of selenides
to selenoxides, followed by their reaction with water to produce di-
hydroxy selenanes.

44206 | RSC Adv., 2025, 15, 44205–44212
Experimental
Materials and methods

All solvents and chemicals were sourced from reputable
commercial suppliers, including Aldrich, TCI, Merck, Avra, and
HiMedia, and were used as received. When necessary, solvents
were puried using appropriate drying agents. Fourier-
transform infrared (FT-IR) measurements were conducted
using a Shimadzu IR Affinity-1S spectrophotometer with KBr
pellets. NMR spectra were recorded on a Bruker Avance 400
MHz FT-NMR spectrometer. UV-vis absorption spectra were
obtained with a UV-vis-NIR spectrophotometer (Jasco V-770).
Liquid chromatography-mass spectrometry (LC-MS) was per-
formed on an Agilent 1260 Innity II system, combined with an
InnityLab LC/MSD iQ mass detector (ESI). Single crystals were
coated with paratone-N oil, and diffraction data were measured
using synchrotron radiation on an ADSC Quantum-210 detector
at the 2D SMC facility, employing a silicon (111) double crystal
monochromator (DCM) at the Pohang Accelerator Laboratory in
Korea. Crystallographic data for Se-TPE have been deposited at
the Cambridge Crystallographic Data Centre under supple-
mentary publication numbers CCDC-2491312. These data can
be accessed free of charge from the Cambridge Crystallographic
Data Centre at https://www.ccdc.cam.ac.uk/data_request/cif.
Synthesis of Se-TPA

Diphenyldiselenide (0.085 g, 0.5 mmol) and a catalytic quantity
of iodine (5 mol%) were added to a solution of 4-(imidazo[1,2-a]
pyridin-2-yl)-N,N-diphenylaniline (0.2 g, 1 mmol) in DMSO (2
mL). The reactionmixture was heated at 90 °C with stirring for 9
hours in a pressure tube under a nitrogen atmosphere. The
completion of the reaction was monitored by TLC. Aer the
reaction was complete, the reaction mixture was cooled to room
temperature and extracted using CH2Cl2 and water. The organic
layer was separated and dried over anhydrous sodium sulfate.
Following the evaporation of the solvent, the crude mixture was
puried by column chromatography using ethyl acetate : hexane
(5 : 95) as the eluent, resulting in the formation of a brown
powder as the nal product. Yield (0.160 g, 55%). FT-IR (KBr): n
(cm−1) = 3547, 2925, 2850, 1575, 1477, 1310, 1269, 827, 732. 1H
NMR (400 MHz, CDCl3): d 8.35–8.33 (d, 1H, J = 6 Hz), 8.06–8.03
(d, 3H, J = 9 Hz), 7.73–7.70 (d, 2H, J = 9 Hz), 7.33–7.31 (d, 2H, J
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 3 The catalytic cycle demonstrates the oxidation of sele-
nides, Se-TPA and Se-TPE, to selenoxides, SeO-TPA and SeO-TPE,
which then react with water to yield the dihydroxy selenanes, Se(OH)2-
TPA and Se(OH)2-TPE.
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= 6 Hz), 7.15–7.13 (t, 11H, J = 6 Hz), 7.05–7.03 (d, 2H, J = 6 Hz),
6.87–6.85 (t, 23H, J = 6 Hz). 13C NMR (100 MHz, CDCl3):
d 151.47, 148.13, 147.66, 147.58, 131.04, 129.71, 129.53, 129.29,
128.07, 127.32, 126.63, 126.51, 125.54, 124.77, 123.14, 122.81,
117.31, 112.96, 102.14. LC-MS (CH3CN) m/z calcd for
C31H23N3Se: 517.105, found: 516.350 [M − H]+.

Synthesis of SeO-TPA

A suspension of N,N-diphenyl-4-(3-(phenylselanyl)imidazo[1,2-
a]pyridin-2-yl)aniline (0.155 g, 3 mmol) in acetonitrile (10 mL)
was treated with a slow addition of aqueous hydrogen peroxide
(4 mL, 35%). The resulting mixture was then heated to 90 °C
with stirring for 3 h, and TLC analysis indicated signicant
conversion. The mixture was allowed to cool to room tempera-
ture and was then partitioned between dichloromethane and
saturated aqueous sodium bicarbonate. The organic phase was
separated, and the aqueous phase was extracted thrice with
dichloromethane. The combined organic extract was dried and
concentrated under vacuum, yielding a crude product that was
puried by column chromatography using ethyl acetate : hexane
(7 : 93) to afford the desired product as a pale yellow powder.
Yield (0.090 g, 58%). FT-IR (KBr): n (cm−1) = 3461, 2920, 2853,
1645, 1436, 1162, 697. 1H NMR (400 MHz, CDCl3): d 8.36–8.33
(d, 1H, J = 9 Hz), 7.76–7.73 (d, 3H, J = 9 Hz), 7.54–7.51 (d, 2H, J
= 9 Hz), 7.30–7.27 (t, 3H, J = 9 Hz), 7.22–7.19 (t, 5H, J = 9 Hz),
7.10–7.07 (t, 3H, J = 9 Hz), 7.00–6.97 (d, 6H, J = 9 Hz). 13C NMR
(100 MHz, CDCl3): d 165.34, 151.91, 151.55, 147.22, 146.69,
138.73, 135.20, 129.60, 128.71, 125.91, 125.76, 124.41, 120.59,
114.52. LC-MS (CH3CN) m/z calcd for C31H23N3OSe: 533.10,
found: 534.1500 [M + H]+.

Synthesis of Se-TPE

Diphenyldiselenide (0.07 g, 0.5 mmol) and a catalytic quantity
of iodine (5 mol%) were added to a solution of 2-(4-(1,2,2-tri-
phenylvinyl)phenyl)imidazo[1,2-a]pyridine (0.2 g, 1 mmol) in
DMSO (2 mL). The reaction mixture was heated at 90 °C with
stirring for 9 hours in a pressure tube under a nitrogen atmo-
sphere. The completion of the reaction was monitored by TLC.
Aer the reaction was complete, the reaction mixture was
cooled to room temperature and extracted using CH2Cl2 and
water. The organic layer was separated and dried over anhy-
drous sodium sulfate. Following the evaporation of the solvent,
the crude mixture was puried by column chromatography
using ethyl acetate : hexane (4 : 96) as the eluent, affording
a brown coloured powder as the nal product. Yield (0.170 g,
63%). FT-IR (KBr): n (cm−1) = 3430, 3056, 2920, 1631, 1442,
1335, 1022, 749, 695. 1H NMR (400 MHz, CDCl3): d = 8.33–8.31
(d, 1H, J = 6 Hz), 7.94–7.91 (d, 2H, J = 9 Hz), 7.69–7.66 (d, 1H, J
= 9 Hz), 7.32–7.29 (d, 2H, J = 9 Hz), 7.16–7.14 (t, 3H, J = 6 Hz),
7.11–7.10 (t, 5H, J = 3 Hz), 7.09–7.07 (d, 8H, J = 6 Hz) 7.04–7.02
(t, 5H, J = 6 Hz), 6.86–6.83 (t, 1H, J = 9 Hz). 13C NMR (100 MHz,
CDCl3): d = 151.47, 147.69, 143.95, 143.82, 143.69, 143.60,
141.29, 140.66, 131.75, 131.48, 131.38, 130.90, 129.66, 128.32,
128.00, 127.79, 127.67, 127.64, 126.68, 126.54, 126.43, 125.56,
117.41, 112.96, 102.81. LC-MS (CH3CN) m/z calcd for
C39H28N2Se: 604.14, found: 605.130 [M + H]+.
© 2025 The Author(s). Published by the Royal Society of Chemistry
Synthesis of SeO-TPE

A suspension of 3-(phenylseleninyl)-2-(4-(1,2,2-triphenylvinyl)
phenyl)imidazo[1,2-a]pyridine (0.155 g, 0.25 mmol) in 10 mL of
acetonitrile was treated with a slow addition of aqueous
hydrogen peroxide (4 mL, 35%), and the resulting mixture was
heated to 90 °C with stirring for 3 h. TLC analysis indicated
signicant conversion. The mixture was allowed to cool to room
temperature, and was then partitioned between di-
chloromethane and saturated aqueous sodium bicarbonate.
The organic phase was separated, and the aqueous phase was
extracted thrice with dichloromethane. The combined organic
extract was dried and concentrated under vacuum, yielding
a crude product that was puried by column chromatography
using ethyl acetate : hexane (9 : 91) to afford the desired product
as a bright yellow powder. Yield (0.095 g, 62%). FT-IR (KBr): n
(cm−1) = 3447, 2925, 2853, 1678, 1427, 1306, 749, 6 85. 1H NMR
(400 MHz, CDCl3): d = 9.71–9.70 (d, 1H, J = 3 Hz), 8.46–8.43 (d,
1H, J = 9 Hz), 8.27–8.25 (d, 2H, J = 6 Hz), 7.83–7.80 (t, 3H, J = 9
Hz), 7.11–7.10 (d, 11H, J= 3 Hz), 7.06–7.05 (t, 10H, J= 3 Hz). 13C
NMR (100 MHz, CDCl3): d = 151.85, 149.00, 148.17, 146.75,
143.27, 143.14, 142.46, 140.02, 139.85, 139.16, 131.63, 131.29,
129.48, 127.86, 127.72, 127.12, 126.93, 126.74, 119.75, 115. LC-
MS (CH3CN) m/z calcd for C39H28N2OSe: 620.14, found:
620.350 [M + H]+.

Result and discussion

Triphenylamine (TPA) and tetraphenylethylene (TPE) p-conju-
gated imidazo[1,2-a]pyridine based donor–acceptor
compounds, TPA-IP and TPE-IP, were synthesized following the
previously reported procedure from our research group.43 The
reaction of diphenyldiselenide with TPA-IP/TPE-IP in the pres-
ence of iodine as a catalyst in DMSO at 90 °C for 9 h resulted in
the formation of the desired 3-phenylselanylimidazo[1,2-a]
pyridine compounds, Se-TPA and Se-TPE (Scheme 3).

Se-TPA and Se-TPE were characterized using FT-IR spec-
troscopy, 1H and 13C nuclear magnetic resonance (NMR) and
mass spectrophotometry analyses. In order to investigate the
inuence of substituents on the structure–property relation-
ship, efforts were made to grow single crystals of Se-TPA and Se-
TPE using a different crystallization method. However, single
crystals of Se-TPE alone were successfully obtained from
RSC Adv., 2025, 15, 44205–44212 | 44207
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Fig. 2 Solid-state emission spectra of Se-TPE (black), Se-TPA (blue),
SeO-TPA (purple), and SeO-TPE (red). (Inserts) Fluorescence images in
the solid states under UV (365 nm) irradiation.
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a dichloromethane–hexane solvent mixture. Single-crystal
structural analysis of Se-TPE demonstrated that it crystallizes
in themonoclinic space group P21/c. The single-crystal structure
of Se-TPE is presented in Fig. 1a, with relevant crystallographic
information provided in Table S1. The crystal structure analysis
revealed that the TPE unit of Se-TPE exhibited a twisted
molecular conformation, which could hinder close molecular
p/p stacking in the crystal lattice. Furthermore, Se-TPE
formed a supramolecular rectangular structure, facilitated by
intermolecular C–H/N hydrogen bonding interactions
between the imidazo[1,2-a]pyridine and tetraphenylethylene
moieties, as shown in Fig. 1b. The C–H/N hydrogen bonding
interactions (C31–H31/N1) exhibited H/N distances of 2.739
Å and the bond angle is 138.78°. The twisted molecular units of
TPA and TPE are expected to show aggregation induced/
enhanced emission in the solid-state.

Consequently, the solid-state uorescence properties of Se-
TPA and Se-TPE were investigated at room temperature. Se-TPA
exhibited uorescence at 422 nm, while Se-TPE showed uo-
rescence at 436 nm (Fig. 2). Se-TPE displayed stronger uores-
cence than Se-TPA, which may be due to the structural
rigidication caused by the twisted structure of the TPE unit
and intermolecular interactions.

Moreover, the uorescence of both Se-TPA and Se-TPE was
investigated in the solution state. Se-TPA exhibited strong
uorescence in both polar protic and aprotic solvents. The
compound, Se-TPA displayed blue uorescence at ∼426 nm in
solution. In contrast, Se-TPE showed no uorescence in solu-
tion. TPE is a well-known example of an aggregation-induced
emission (AIE) luminophore.44 Additionally, its propeller-like
structure restricts intramolecular rotation (RIR), which
promotes non-radiative energy decay and results in weak or
absent uorescence in the solution state.45 Organo-selenide
compounds are susceptible to oxidation by hydrogen peroxide
Fig. 1 (a) Structure of a single crystal of Se-TPE, supramolecular
rectangular structure mediated by intermolecular C–H/N hydrogen
bonding interactions. (b) Ball and stick. (c) Wireframe representations.

44208 | RSC Adv., 2025, 15, 44205–44212
(H2O2), which results in the formation of the corresponding
selenoxides.41,42 Therefore, in this study, we assessed the
oxidation of both Se-TPA and Se-TPE using hydrogen peroxide
(H2O2) in acetonitrile (CH3CN) at room temperature. The
oxidation of Se-TPA to SeO-TPA was monitored through changes
in uorescence. In CH3CN, Se-TPA displayed blue uorescence
before oxidation, which changed to green uorescence within
ve minutes of reaction with hydrogen peroxide (Fig. 3).

The reaction of Se-TPA with H2O2 was also monitored using
thin-layer chromatography (TLC), which indicated the forma-
tion of a new compound. This new product was then separated
and characterized through 1H and 13C NMR spectroscopy, as
well as mass spectrometry. The NMR spectra of the newly
formed product displayed changes in the chemical shi values
from the original Se-TPA. Additionally, the mass spectrum
showed an [M + H]+ peak at m/z 534.150, conrming the
formation of SeO-TPA. The combined NMR and mass spectro-
metric analyses conrms the formation of SeO-TPA from Se-TPA
during the oxidation process with H2O2.

The emission studies were conducted for SeO-TPA in various
solvents to further evaluate the impact of structural change on
its emission properties in solution (Fig. 4 and S17). Unlike Se-
TPA, SeO-TPA exhibited tunable emission depending on the
solvent polarity (Fig. 4b). It is noted that Se-TPA exhibited
a consistent emission color across the solvent polarity (Fig. 4a).
Fig. 3 Visual fluorescence color changes of Se-TPA (1× 10−5 M) upon
oxidation to H2O2 under UV (365 nm) irradiation.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Photographic images demonstrating the solvent-dependent
emission behavior of (a) Se-TPA and (b) SeO-TPA in various solvents
(1.0 × 10−5 M).
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The solvent polarity-dependent behavior suggests that SeO-TPA
is more polar in nature than Se-TPA. Similarly, the selenoxide
SeO-TPE was synthesized from Se-TPE through oxidation with
H2O2. The solid-state uorescence spectra for Se-TPA, Se-TPE,
SeO-TPA, and SeO-TPE are presented in Fig. 2. The spectra show
that both SeO-TPA and SeO-TPE displayed red-shied emission
bands, with enhanced intensity at 450 nm for SeO-TPA and
444 nm for SeO-TPE. In comparison, Se-TPA and Se-TPE
exhibited emission bands at 422 nm and 436 nm, respectively.
The observed red shis in the emission of SeO-TPA and SeO-
TPE can be attributed to the increased electron-withdrawing
effect of the Se]O group.

Computational studies were performed to gain insight into
tuning the optical band gap by converting selenides to selen-
oxides. The highest occupied molecular orbital (HOMO) of both
Se-TPE and Se-TPA showed that the electron density was
primarily concentrated in the donor TPE/TPA unit (Fig. 5). In
the lowest unoccupied molecular orbital (LUMO), the electro
density spread the whole structure in Se-TPE. However, it
showed signicant transfer of electron density to the 3-
(phenylselanyl)imidazo[1,2-a]pyridine unit in Se-TPA. The
Fig. 5 The optimized ground-state distributions of the HOMO and
LUMO, along with their corresponding energy values and the optical
band gap, were obtained through density functional theory (DFT)
calculations using the B3PW91/6-31+G(d,p) model for the following
compounds: (a) Se-TPA, (b) SeO-TPE, (c) Se-TPA, and (d) SeO-TPA.

© 2025 The Author(s). Published by the Royal Society of Chemistry
comparison of the HOMO–LUMO energy gaps revealed a rela-
tively low band gap for Se-TPA (3.61 eV) than that for Se-TPE
(3.73 eV). Aer oxidation, SeO-TPE and SeO-TPA exhibited
optical band gaps of 3.71 eV and 3.59 eV, respectively, which are
quite similar to the optical band gaps of Se-TPE and Se-TPA. The
optical band gaps for both compounds were slightly reduced
aer converting the selenides to selenoxides. HOMO–LUMO
revealed a similar electron density transfer from the donor TPE/
TPA into the acceptor imidazo-pyridine unit.

The reduction of optical band gaps supported the red shi-
ing of uorescence while converting from selenide to selenoxide
derivatives. The selenoxide compounds are known to convert to
dihydroxy selenanes when reacting/contacting with water.41,42

This transformation can alter the electronic energy levels and
consequently affect the uorescence properties of the uoro-
phore. Thus, SeO-TPA was chosen to investigate the water-
sensitive uorescence modulation since it also showed strong
uorescence in solution state (Scheme 3). As expected, the p-
conjugated selenoxide uorophore SeO-TPA exhibited uores-
cence modulation upon reacting with water, leading to the
formation of Se(OH)2-TPA.

The uorescence modulation from reacting with water was
exploited as a probe for the visual detection of trace water in
Fig. 6 (a) The effect of water addition on SeO-TPA (10−5 M) emission
in CH3CN. (b) The limit of water detection in CH3CN.
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various organic solvents. SeO-TPA showed green emission in
CH3CN (Fig. 6a). The uorescence color was changed from
green to light blue upon the addition of water. The change of
emission indicated the conversion of SeO-TPA into Se(OH)2-
TPA. The conversion of Se]O to Se(OH)2 is expected to shi
from a smaller energy gap to a larger energy gap (SeO-TPA) (DE)
> SeOH2-TPA (DE). In this reaction, Se]O reacts with water to
produce Se(OH)2, which can then lose a water molecule to revert
back to Se]O. Hence, both Se]O and Se(OH)2 exist in equi-
librium.41 It is noted that the TPA–Se]O peak uorescence
intensity was reduced with the emergence of a new blue-shied
peak by the addition of water. This further supported the
presence of Se]O and Se(OH)2 in equilibrium. The
concentration-dependent studies revealed that 5 mL water
addition itself showed a signicant decrease of uorescence
intensity at 488 and 533 nm. As the concentration of water
increased, both emission bands gradually decreased. The
emission bands at 488 and 533 nm were almost quenched aer
adding 105 mL of water. The limit of detection (LOD) studies
indicated that SeO-TPA can effectively sense water concentra-
tions as low as 0.429 wt% in CH3CN (Fig. 6b). To broaden the
scope of the water sensing property of the SeO-TPA probe,
uorescence modulation in different organic solvents were
Fig. 7 (a) The effect of water addition on SeO-TPA (10−5 M) emission
in DMF. (b) The limit of water detection in DMF.

44210 | RSC Adv., 2025, 15, 44205–44212
explored. In DMF and DMSO, the SeO-TPA solution changed
color from sky blue to navy blue upon the addition of water. In
pure DMF, SeO-TPA exhibited strong uorescence peaks at
456 nm and 526 nm (Fig. 7a). The intensity of both peaks was
reduced upon adding water. Digital uorescence images also
conrmed the decrease of uorescence intensity with
increasing water percentages. The limit of detection (LOD)
analysis revealed that water can be detected up to 1.108 wt% in
DMF (Fig. 7b).

A similar uorescence variation was also observed in DMSO.
The LOD analysis indicated that the SeO-TPA probe is capable of
detecting water content up to 0.514 wt% in DMSO (Fig. S18).
SeO-TPA in THF exhibited a strong emission at 438 nm,
accompanied by a shoulder peak at a longer wavelength of
530 nm (Fig. S19). The intensity of the emission peaks gradually
decreased with increasing water addition. This demonstrates
that the water-sensitive chemical transformation of uorescent
selenoxide can be successfully used for the selective sensing of
trace amounts of water in organic solvents. In biological
systems, understanding the reduction of Se]O to Se(OH)2 is
essential for comprehending selenium's role in various
biochemical processes. Conjugating a uorophore to the Se]O
moiety offers a viable method for monitoring selenium
metabolism in vivo, thus providing insights into glutathione
peroxidases (GPx) mimetics. Moreover, this type of probe shows
signicant promise for observing oxygen-transfer catalysis
involving Se]O. Additionally, it is particularly advantageous for
both qualitative and quantitative assessments of water content
in diverse organic solvents, which has important implications
for various industrial applications.
Conclusion

In summary, we have synthesized TPE/TPA integrated selenide
derivatives, Se-TPE and Se-TPE, and converted them into the
corresponding selenoxides, SeO-TPE and SeO-TPA. All four
compounds showed donor-dependent tunable solid-state uo-
rescence. Furthermore, Se-TPA and SeO-TPA exhibited strong
uorescence in solution. The selective water reaction of selen-
oxide coupled with the solution uorescence property of SeO-
TPA was utilized for highly selective trace amount water sensing
in organic solvents. SeO-TPA selenoxide was converted to di-
hydroxy selenane Se(OH)2-TPA and disruption of p-conjugation
led to uorescence changes. The modulation of the uores-
cence of SeO-TPA was used for highly selective trace water
sensing in organic solvents. Water-dependent uorescence
studies indicated that SeO-TPA can effectively sense water up to
0.429 wt% in CH3CN, 0.602 wt% in ethanol, 1.108 wt% in DMF,
0.514 wt% in DMSO, and 1.028 wt% in THF. Thus, the present
work demonstrated the development of a water-sensing uo-
rescence probe by making use of its reactivity.
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Data availability

CCDC 2491312 contains the supplementary crystallographic
data for this paper.46

The data supporting this article have been included as part
of the SI. Supplementary information: synthesis, 1H and 13C
NMR spectra, FT-IR spectra, mass spectra, photophysical
studies and crystal data and structural renement details for
the compound Se-TPE. See DOI: https://doi.org/10.1039/
d5ra07283b.
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