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Abstract

In this study, with the help of reactive monomers, crosslinkers, and photoinitiator that detect H,S in various matrices, an
H,S sensitive fluorescence sensor polymerizes under ultraviolet (UV) light was developed. To this goal, a polymeric mem-
brane was prepared, and the characterization of the membrane was carried out with Fourier transform infrared spectroscopy
(FTIR) and scanning electron microscopy (SEM) methods. Afterward, appropriate conditions were identified, the excitation
wavelength was determined as 370 nm, and the emission wavelength was determined as 425 nm. It was established that
the fluorescence intensity of the prepared polymeric membrane decreased in the presence of H,S. A detailed analysis was
executed to determine the sensor's most suitable pH value and time. It was found that the optimum pH was 8.0, and the opti-
mal duration was 15 s. It has been calculated that the linear range of the developed method is 2.19x 10— 6.25x 10”7 M, and
the detection limit (LOD) is 7.37 x 10~ M. The effect of some possible interfering ions was investigated, and it determined
that the sensor had excellent selectivity. In addition, the sensor used to determine H,S can be used at least 100 times. The
recovery percentages were 102.1%-103.2%, and 104.6%, using tap water samples. In terms of providing reliable, fast results,
high sensitivity, reusable, low cost, and ease of use, the developed fluorimetric sensor, compared to standard methods, has

become more advantageous.
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Introduction

H,S is a highly corrosive and toxic gas. It has harmful effects
on the human nervous system in low concentrations, leading
to death at high concentrations [1, 2]. H,S has been regarded
as an environmentally toxic gas for many years. It is color-
less and flammable, with a rotten egg odor [3, 4]. It can be
produced from the hydrodesulfurization of crude oil con-
taining sulfur compounds and many natural gas fields [5].
Also, H,S can be produced from different sources related to
the petroleum industry, such as the thermochemical reduc-
tion of sulfate to H,S, bacterial reduction of sulfate to H,S,
and thermal decomposition of kerogen and sulfides in oil,
so H,S has been regarded as a potential industrial hazard
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[6]. H,S can cause damage to the human respiratory and
nervous systems, leading to loss of consciousness even at
concentrations as low as 500 ppm [7, 8]. Therefore, it is
important to develop accurate, sensitive, selective, fast H,S
sensors to detect concentrations as low as ppm to prevent
exposure to H,S gas, especially in areas related to the oil
refining industry.

Many analytical methods have been available for the
measurement of H,S, including electrochemical [9], gas
chromatography (GC) [10], inductively coupled plasma
atomic emission spectroscopy (ICP-AES) [11], and electro-
generated chemiluminescence (ECL) [12] methods. How-
ever, the common disadvantage of these methods is that
they require complex instrumentation and are not suitable
for simple and rapid analysis. Among these methods, fluo-
rescent sensors meet the requirements for commercializing
gas sensors due to their high sensitivity, excellent selectivity,
cost-effectiveness, and easy use. Therefore, many H,S fluo-
rescent analysis reagents based on various detection princi-
ples have been developed in the literature. For example, in
addition to the reagents based on the ability of sulfur as a
ligand to exchange with metal complexes in studies reported

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10895-023-03181-8&domain=pdf

Journal of Fluorescence

in the literature in recent years [13—15], fluorogenic reagents
using a sulfur-reducing ability or nucleophilicity have been
reported [16, 17]. However, many of these methods suffer
from using environmentally harmful organic solvents or
toxic metals, the need for complex multiplex or expensive
synthetic procedures for fluorescent probes, and the slow
reaction time with H,S [13, 15, 18-21].

The present study aimed to prepare a practical, fast, sim-
ple, and affordable polymeric membrane for H,S determina-
tion, which does not contain toxic metals, does not require
the use of environmentally harmful organic solvents and
can be cured with UV rays in 3 min. An H,S polymeric
membrane prepared by UV curing has yet to be previously
reported. It was determined that the prepared polymeric
membrane showed high stability and selectivity against H,S
and could be used repeatedly. The prepared fluorimetric sen-
sor provided a practical and realistic method for determining
H,S concentration in samples with its sensitivity, selectivity,
reproducibility, ease of use, and low detection limit.

Experimental Section
Materials and Reagents

Glycidyl methacrylate (GMA), 1-Vinyl-2-pyrrolidone
(NVP), poly(ethylene glycol) diacrylate (PEGDA),
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HaS sensitive polymeric membrane

hydroxyethyl methacrylate (HEMA) and 2,2-dimethoxy-
2-phenyl acetophenone (DMPA) were purchased from
Sigma—Aldrich. Although other chemicals were purchased
from Merck in this study, all chemicals used in all experi-
ments were analytical reagent grade.

Preparation of Polymeric Membrane

The aim was to prepare a fast, practical, easy-to-prepare,
UV-curable polymeric membrane for H,S determination.
Accordingly, GMA (1 wt%), NVP (20 wt%), PEGDA
(30wt%), and HEMA (50wt%) were weighed in a precision
balance and taken into a beaker, and stirred until becoming
homogeneous. The beaker was covered with aluminum
foil, and a photoinitiator (3 wt%) [2,2-dimethoxy-2-
phenylacetophenone] was added in the dark. The prepared
polymeric membrane formulation was poured into a
Teflon® mold with dimensions D=1.2 cm, L=4.0 cm,
and thickness 0.2 cm. The crosslinked polymeric membrane
was obtained by keeping it under UV (OSRAM 300 W,
Amax = 365 nm) light for 3 min. Then, this membrane was
set in a lyophilizer after soaking overnight in distilled water
to remove the starting materials. The obtained polymeric
membrane has a rigid, transparent, homogeneous, crack-
free, fracture-free, and non-porous structure. Scheme 1
demonstrates the chemical structure, fabrication, and
detection of the H,S sensor.
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Scheme 1 The schematic diagram of fabrication, and detection of the sensor
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Characterization of the Polymeric Membrane

A Perkin Elmer Spectrum 100 attenuated total reflectance-
Fourier transform infrared spectroscopy (ATR-FTIR) spec-
trophotometer was used to identify functional groups of the
polymeric membrane. The FTIR spectrum of the polymeric
membrane was recorded in the range of 4000-450 cm™".
The polymeric membrane's surface morphology was
investigated using a Philips XL.30 Environmental Scanning
Electron Microscope with Field Emission Gun (Equipped
with EDAX-Energy Dispersive X-ray Analysis Unit) (ESEM
FEG/EDAX). The specimen was prepared for SEM by freeze
fracturing in liquid nitrogen and applying a platinum coating.

Results and Discussion
Characterization of the Polymeric Membrane

In Fig. 1, the FTIR spectrum is shown as a result of the
carried out in the wavelength ranges of 450-4000 cm™!
belonging to the polymeric membrane. The peaks around
1200-1000 and 1700 cm™" in the spectrum of the polymeric
membrane, respectively, were due to carbon—oxygen ether
bond vibrations and carbonyl stretching in GMA, PEGDA,

%T

and HEMA. The broad band around 1250 and 950 cm™!
was associated with the vibration bands in the epoxy group
found in GMA [22]. Also, the vibration of -CH,- bonds in
PEGDA was seen as a broad peak at 2869 cm™!, and the
vibrations of O-H groups in HEMA were seen at 3331 cm™.
After crosslinking with UV rays, the absence of peaks at
1635 cm™!, attributed to all acrylate groups, in the spectrum
of the polymeric membrane indicates that the crosslinking
has been carried out successfully [23].

The surface morphology of the polymeric membrane was
characterized by SEM, and the resulting image, magnified
10000-fold, is given in Fig. 2. Examining the image, it was
seen that the polymeric membrane has a homogeneous and
non-porous structure and a smooth and unbroken structure.
Therefore, the surface morphology of the polymeric mem-
brane is an important factor for its use as a fluorescence sen-
sor. As can be seen from the SEM image, the sensor provides
the expected surface properties.

Spectral Characterization Studies

In the present study, all fluorescence measurements were
performed using a Varian Carry Eclipse spectrofluorometer
equipped with a Xenon short arc lamp as the light source.
The spectrum given in Fig. 3 was obtained by scanning the
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Fig. 1 FTIR spectrum of H,S polymeric membrane
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Fig.2 SEM micrograph of H,S sensitive polymeric membrane at
10000 X magnification

spectrum in the presence and absence of 1.56x 10~ M H,S
to determine the excitation (A.,.) and emission wavelengths
(Aep-) of the polymeric membrane. Different slit widths and
photomultiplier tube voltages were used during the spec-
trum scanning.

As a result of the study, the excitation wavelength (A, )
was determined to be 370 nm, the fluorescence wavelength
(Aem.) Was found to be 425 nm, the slit width of 5 nm, and the
photomultiplier tube voltage was 600 V. Furthermore, the
fluorescence intensity of the prepared polymeric membrane
decreased in the presence of H,S. The color of the prepared
membrane was colorless before and after the addition of
H,S solution.

Fig.3 Excitation and emission 1000 -
spectra of the polymeric sen-

sor in the a absence and the b 900
presence of 1.56x 10”7 M H,S.

(}\,ex =370 nm, }\em =425 nm, 800
pH: 8.0, t: 30's.)
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Optimization of the Parameters for H,S Detection

To examine the pH effect of the obtained polymeric mem-
brane on the fluorescence intensity, as a result of the studies
carried out with separately prepared solutions containing
1.56x 10~ M H,S in the pH 1.0-10.0 range, the pH value
increased in the range of 1.0-8.0, and it was observed that at
pH higher than pH 8.0. It was also determined that there was
a decrease again, and the most suitable pH was 8.0 (phos-
phate buffer solution). The results obtained are shown in
Fig. 4. It was seen in Fig. 4 that the pH reaches its maximum
fluorescence intensity at pH 8.0.

Determination of Response Time

To assess the changes in fluorescence intensity of the poly-
meric membrane against H,S depending on time, measure-
ments were carried out at 5-s intervals for 5 min, and it was
observed that there were no significant changes in fluores-
cence intensity exceeding 5% until the 30th second, and then
it started to decrease. Figure 5 shows the time-dependent
changes in the fluorescence intensity of the polymeric mem-
brane. From the test results, the response time of the sensor
was decided to be 15 s.

Regeneration and Reusability

The initial fluorescence intensity could be reached with a
2-min wash with distilled water to regenerate the polymeric
membrane. As a result of the regeneration process, it was
determined that the polymeric membrane could be reused

350 360 370
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Fig.4 Effect of pH on fluores- 200 -

cence intensity of the polymeric

membrane
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at least 100 times. The graph showing only 30 regenera-
tion results of regeneration results is in Fig. 6. The standard
deviation of the fluorescence intensities of the polymeric
membrane between the 1st and 100th reading values was
calculated to be + 1.64.

Linear Range, Detection Limit

Using pH 8.0 phosphate buffer solution at concentrations
between 2.19x 108 M — 6.25x 1077 M at an excitation wave-
length (Aex.) of 370 nm and fluorescence wavelength (Aem.)
of 425 nm for 15 s under the conditions determined as a
result of the studies using a pH 8.0 standard solution. The

Fig.5 Effect of time on fluo- 200 -

rescence intensity during 5 min
(C,s=1,56.107 M)

150 A
125 A

100 -

Fluorescence Intensity (a.u.)

50 A

25 4

75

150 175 200 225 250 275 300

Time (s)

100 125

calibration curve obtained using 370 nm excitation wave-
lengths of H,S standard solutions is given in Fig. 7. Fluores-
cence quenching efficiencies (I, —I) for the membrane at ex/
em=370/425 nm are plotted as functions of the logarithm
of the H,S concentration at pH 8.0, where I, and I are the
fluorescence intensities of the sensing polymeric membrane
in the absence and presence of H,S. To determine the devel-
oped method's LOD value, five solutions were completed
to the final volume with a pH 8.0 phosphate buffer solution
system containing 2.19x 10 M H,S, and measurements
were made with these solutions. The detection limit was cal-
culated as 7.37 x 1072 M, three times the standard deviation
value obtained from the measurement results.

10
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Reproducibility, Reversibility, and Stability
of the Polymeric Membrane

The reversibility of the polymeric membrane, which was
kept in the dark environment prepared for H,S determina-
tion, was evaluated by repeatedly examining the fluores-
cence intensity of the polymeric membrane in the presence
of 1.56x 10~ M H,S solution. Before all measurements, the
polymeric membrane was regenerated with distilled water.
As a result of the measurements, it was observed that there
were no changes in the fluorescence intensity of the poly-
meric membrane exceeding + 5% of the first measurement
result for six months. The prepared membrane was stable
for at least six months when kept in a desiccator in the dark.

To determine the short-term stability of the polymeric
membrane, the fluorescence intensity was measured every

(A)

300 -
R*=0.9995

250 4

150 _—

Fluorescence Intensity (a.u.)

50 A

y=-132.88x + 1097.4

.

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Number of Regenerations

15 min for 10 h in the presence of 1.56x 10”7 M H,S solu-
tion under the previously determined conditions. It exhibited
good stability with a standard deviation as low as +2.01.

The repeatability of the polymeric membrane was stud-
ied using five different membranes of the same formula-
tion treated with 1.56x 10~" M H,S solution. The standard
deviation value of the prepared membrane was calculated
as+4.22, indicating that the repeatability of the membrane
is satisfactory.

Selectivity Studies

High selectivity is an important requirement for any
sensor. To examine the selectivity and specificity of the
prepared polymeric membrane against H,S, the effect of
S0,;%, S0,%7, S,04%7, S,05*7, Cu**, Zn**, Ni’*, Co**,

700 (B)

600
500
400
300

200

Fluoreescence Intensity (a.u.)

100

-log[H,S]

Fig.7 A Calibration curve for H,S using the fluorescence assay
condition. B Fluorescence emission spectra of the sensing mem-
brane in the presence of different concentrations of H,S at pH 8.0.
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Cd?*, Mn?*, and Fe?* ions, which may interfere dur-
ing the measurement, on the fluorescence intensity was
investigated. Accordingly, the number of foreign ions was
increased starting from 1000 mol times 1.56 x 10~ M H,S
ion in the medium until the concentration with a maxi-
mum + 5% change in initial fluorescence intensity. The
permissible concentration limits of foreign ions are given
in Table 1.

As seen in Table 1, the gas detection potential of the
prepared polymeric membrane did not change even in the
presence of foreign ions of 800 times sulfide (SO,>7), 570
times sulfate (SO,27), 440 times thiosulfate (S,05%7), 650
times metabisulfite (S,05>7), 1500 times Ni**, 1780 times
Mn?** as a mole of H,S together with H,S.

Analytical Applications of the Polymeric Membrane

To evaluate the actual applicability of the prepared pol-
ymeric membrane, Seronorm Trace Elements Serum
Level-1 and Seronorm Trace Elements Serum Level-2
certified reference solutions were used. In addition, refer-
ence solutions were diluted with pH 8.0 buffer solution
and used. It was observed that the results were compatible
with the certificate values of the analyzed solutions. As
seen in Table 2, H,S levels in all samples were measured,
and relative error values were calculated.

Also, upon adding Na,S to tap water as an H,S source,
recovery studies were carried out with tap water samples
with three different concentrations, and the results are
given in Table 3. Recovery values were 102.1%, 103.2%,
and 104.6%, showing that this proposed method is appli-
cable and reliable for the sensitive and accurate deter-
mination of H,S in environmental samples. The results

Table 1 Various potential interferent species effect on the fluores-
cence intensity of 1.56x 10”7 M H,S solution at optimum conditions

Species Concentration of the [Species] /
interferents species (M) [H,S] (mol/

mol)

Sulphite (S0;27) 1.25x 107 800

Sulfate (S0,27) 8.91x107 570

Thiosulfate (S,0;27) 6.88x 107 440

Metabisulfite (5,0s>7)  1.02x 107 650

Cu?* 2.78%107° 50

Zn** 2.48%107° 50

Ni** 3.90x 10710 1500

Co** 2.57%107° 250

cd* 3.90x 1071 100

Mn*+ 3.90x 1071 1780

Fe** 2.57%107° 1600

Table2 The data of the accuracy and precision study of the H,S
determination proposed method

Sample Certificate Value Studied Precision
o) concentration (RSD?)
M) (%)

Seronorm Trace (3.33+£0.03)x1072 (3.47+0.32)x102  4.20
Elements Serum

Level-1

Seronorm Trace
Elements Serum
Level-2

(4.10£0.04)x 1072 (4.25+0.17)x1072  3.65

4 RSD relative standard deviation

supported that the present study's method can be a good
alternative to H,S determination methods.

Comparison of the Proposed Method with the
Previously Reported Ones for Monitoring of H,S

Examining the literature is reviewed; due to the vital
importance of H,S, various measurement methods have
been developed for its determination in biological systems
and water. In contrast to chromatographic, ion-selective
electrodes, and colorimetric methods, fluorescence is an
attractive and promising approach given the significant
increase in the number of newly developed fluorescent
in recent years. Colorimetric assays are some of the
oldest and most common methods used for in vitro H,S
detection, but their use for in vivo-H,S measurement
is not yet possible for rapid and accurate detection of
H,S in plasma, even after the incorporation of metal
nanoparticles, which provides a fast route. Separation
techniques such as gas or liquid chromatography offer
higher selectivity than direct spectrophotometric or
fluorescent H,S measurements but cannot be used for
real-time tracking of H,S. Therefore, despite the many
analytical procedures developed for the determination
of H,S, there is a need for highly selective, sensitive,
reusable H,S measurement methods that solve the
unresolved disadvantages of existing methods. The
recently published comparisons of the prepared polymeric
membrane and the H,S gas sensors are given in Table 4.
It was seen that the prepared polymeric membrane was
sensitive and usable for H,S determination.

Table 3 Recovery data of H,S in tap water samples

Added S?~ concentration Found concentration Recovery

(M) ™M) (%)

9.39x1078 (9.59+0.23)x10°°  102.1
1.57x 1077 (1.62+0.16)x 107 103.2
3.13x107 (3.27+0.14)x107  104.6
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Table 4 Comparison of the proposed method with the previously reported ones for measurement of H,S

Method Sensing compound Reaction LOD (uM) Matrix Ref.
time
(min)
Fluorescent chemodosimeter ~ 2-formylphenyl moiety and a benzyl none 0.046 red wine 1 & 2; beer 1 & 2; human  [24]
pyridinium substituted porphyrin serum
fluorophore
Fluorescent assay 6-azido-2-(pyridin-2-ylmethyl)-1H-  0.16 1.2 tap water, lake water, distilled water, [25]
benzo[de]isoquinoline-1,3(2H)- red wine, and beer
dione (NPN-N3)
Fluorescence assay (E)-6-(4-(diphenylamino) 0.5 27.3 living cells [26]
benzylidene)-5-0x0-5,6,7,8-
tetrahydronaphthalen- 2-yl 2,4-
dinitrobenzenesulfonate (BOTD)
Microplate fluorescence 2-(4-hydroxyphenyl)-4,5-di(2- none 0.16 River water [27]
assay pyridyl)imidazole-copper(Il)
complex
HPLC none 4.5 ~0.0002 blood serum and plasma samples [28]
UV-microplate assay ethyl propiolate 15 2.8 wastewater [29]
Fluorescence assay dicyanoisophorone azide 25 0.13 river water [30]
ICP-AES none none 0.16 mineral water [11]
Spectrofluorimetric GMA/NVP/PEGDA/HEMA 0.25 0.00737  tap water This work

polymeric membrane

Conclusion

The present study produced a polymer-based spectrofluori-
metric sensor for H,S determination as a polymeric mem-
brane consisting of GMA, NVP, PEGDA, and HEMA. The
surface properties of the prepared polymeric membrane
were visualized by SEM, and a homogeneous membrane
was obtained without any cracks or breaks. The changes
in fluorescence intensity were investigated by measuring
the membrane's response to H,S, and the excitation and
emission wavelengths were determined as 370 and 425 nm,
respectively, in the presence of H,S. Examining the effect of
pH and time on fluorescence intensity, it was observed that
the polymeric membrane material responded to H,S in 15 s
at pH 8.0. When the regeneration of the polymeric mem-
brane was tested, it was determined that the membrane could
return to its initial state by washing only with pure water and
could be used at least 100 times.

Furthermore, it was observed that the polymeric
membrane could operate in the concentration range of
2.19x 10 M - 6.25% 10”" M, and the LOD value was cal-
culated as 7.37 x 10~ M. Examining the effect of foreign
ions on the polymeric membrane, even in the presence of
foreign ions of 800 times sulfide (SO32_), 570 times sul-
fate (SO42_), 440 times thiosulfate (52032_) and 650 times
metabisulfite (S,05°7) as fold molar excess of H,S, the
method developed in the present study could be analyzed
without any interference. To examine the applicability

@ Springer

of the membrane to real samples, Seronorm Trace Ele-
ments Serum Level-1 and Seronorm Trace Elements Serum
Level-2 certified reference solutions were used, and it was
seen that the method could be successfully applied to real
samples with relative errors of 4.20%, and 3.65%, respec-
tively. In conclusion, the produced polymeric membrane
was very sensitive to low H,S concentrations, highly selec-
tive, exhibited fast response time, was easy to manufacture,
and was reusable for repeatable tests. In this manner, it
can be both an alternative to the existing methods in the
literature and an example for future studies in the field of
H,S determination.

Author Contributions S.C.: Study design, Investigation, Preparation,
Writing—original draft, Supervisor. A.S.U.: Photophysical measure-
ments, Writing—original draft. A.B.C.: Photophysical measurements,
Writing—original draft. M.V.K.: Study design, Investigation, Charac-
terization. All authors reviewed the manuscript.

Data Availability All data generated or analyzed during this study are
included in this published article.

Declarations
Ethics Approval Not applicable.
Consent to Participate Not applicable.

Consent for Publication Not applicable.

Conflicts of Interest There are no conflicts to declare.



Journal of Fluorescence

References

10.

11.

12.

13.

14.

15.

16.

Ayesh Al, Abu-Hani AFS, Mahmoud ST, Haik Y (2016)
Selective H,S sensor based on CuO nanoparticles embedded
in organic membranes. Sens Actuators B Chem 231:593-600.
https://doi.org/10.1016/jsnb201603078

Kimura H (2013) Physiological role of hydrogen sulfide and
polysulfide in the central nervous system. Neurochem Int
63:492-497. https://doi.org/10.1016/j.neuint.2013.09.003
Barczak RJ, Mozaryn J, Fisher RM, Stuetzb RM (2022) Odour
concentrations prediction based on odorants concentrations
from biosolid emissions. Environ Res 214:113871. https://doi.
org/10.1016/j.envres.2022.113871

Taha A, Paton M, Rodriguez J (2022) Model-based design
and operation of biotrickling filters for foul air H,S removal at
wastewater networks. J Environ Chem Eng 10:107372. https://
doi.org/10.1016/j.jece.2022.107372

Spadaro L, Palella A, Frusteri F, Arena F (2015) Valorization
of crude bio-oil to sustainable energy vector for applications in
cars powering and on-board reformers via catalytic hydrogena-
tion. Int J Hydrogen Energy 40:14507-14518. https://doi.org/
10.1016/j.ijhydene.2015.08.010

Yildirim O, Kiss AA, Hiiser N et al (2012) Reactive absorption in
chemical process industry: a review on current activities. Chem
EngJ 213:371-391. https://doi.org/10.1016/j.cej.2012.09.121
Hittini W, Abu-Hani AF, Reddy N, Mahmoud ST (2020) Cellulose-
Copper Oxide hybrid nanocomposites membranes for H,S gas detec-
tion at low temperatures. Nature 10:2940. https://doi.org/10.1038/
541598-020-60069-4

Miyoshi J, Chang EB (2017) The gut microbiota and inflamma-
tory bowel diseases. Transl Res 179:38-48. https://doi.org/10.
1007/s00281-014-0454-4

Cao X, Xu H, Ding S et al (2016) Electrochemical determina-
tion of sulfide in fruits using alizarin-reduced graphene oxide
nanosheets modified electrode. Food Chem 194:1224-1229.
https://doi.org/10.1016/j.foodchem.2015.08.134

Berube PR, Parkinson PD, Hall ER (1999) Measurement of
reduced sulphur compounds contained in aqueous matrices by
direct injection into a gas chromatograph with a flame photo-
metric detector. J Chromatogr A 830:485-489. https://doi.org/
10.1016/S0021-9673(98)00882-6

Colon M, Todoli JL, Hidalgo M et al (2008) Development of
novel and sensitive methods for the determination of sulfide
in aqueous samples by hydrogen sulfide generation-inductively
coupled plasma-atomic emission spectroscopy. Anal Chim Acta
609:160-168. https://doi.org/10.1016/j.aca.2008.01.001
Huang R, Zheng X, Qu Y (2007) Highly selective electrogenerated
chemiluminescence (ECL) for sulfide ion determination at multi-
wall carbon nanotubes-modified graphite electrode. Anal Chim
Acta 582:267-274. https://doi.org/10.1016/j.aca.2006.09.035
Hai Z, Bao Y, Miao Q et al (2015) Pyridine-biquinoline-metal
complexes for sensing pyrophosphate and hydrogen sulfide in
aqueous buffer and in cells. Anal Chem 87:2678-2684. https://
doi.org/10.1021/ac504536q

MaF, Sun M, Zhang K et al (2015) A turn-on fluorescent probe for
selective and sensitive detection of hydrogen sulfide. Anal Chim
Acta 879:104-110. https://doi.org/10.1016/j.aca.2015.03.040
Qian Y, Lin J, Liu T et al (2015) Living cells imaging for cop-
per and hydrogen sulfide by a selective “on-off-on” fluorescent
probe. Talanta 132:727-732. https://doi.org/10.1016/j.talanta.
2014.10.034

Yuan Z-N, Zheng Y-Q, Wang B-H (2020) Prodrugs of hydrogen
sulfide and related sulfur species: recent development. Chin J
Nat Med 18:296-307. https://doi.org/10.1016/S1875-5364(20)
30037-6

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Wang K, Peng H, Ni N et al (2014) 2,6-Dansyl azide as a fluo-
rescent probe for hydrogen sulfide. J Fluoresc 24:1-5. https://
doi.org/10.1007/s10895-013-1296-5

Wang J, Yu H, Li Q et al (2025) A BODIPY-based turn-on fluo-
rescent probe for the selective detection of hydrogen sulfide in
solution and in cells. Talanta 144:763-768. https://doi.org/10.
1016/j.talanta.2015.07.026

Huang K, Liu M, Liu Z et al (2015) Ratiometric and colori-
metric detection of hydrogen sulfide with high selectivity and
sensitivity using a novel FRET-based fluorescence probe. Dyes
Pigm 118:88-94. https://doi.org/10.1016/j.dyepig.2015.03.007
Olk R-M, Dietzsch W, Kahlmeier J et al (1997) Ligand exchange
reactions between metal(Il) chelates of different sulfur and selenium
containing ligands X Exchange behavior of chelates of 1,3-dithiole-
2-thione-4,5-diselenolate (dsit) and 1,1-dichalcogenolates X-ray
structure of Bu,N[Pd(dsit) (Et,dsc)]. Inorganica Chim Acta
254:375-379. https://doi.org/10.1021/ja00980a017

Chen X, Huang Z, Huang L et al (2022) Small-molecule fluorescent
probes based on covalent assembly strategy for chemoselective bioim-
aging. RSC Adv 12:1393-1415. https:/doi.org/10.1039/D1RA08037G
Beyler-Cigil A, Danis O, Sarsar O et al (2021) Optimizing the
immobilization conditions of B-galactosidase on UV-cured
epoxy-based polymeric film using response surface methodology.
J Food Biochem 45:13699. https://doi.org/10.1111/jfbc.13699
Cubuk S, Tasci N, Kahraman MV (2016) Reusable fluorescent
photocrosslinked polymeric sensor for determining lead ions
in aqueous media. Spectrochim Acta A Mol Biomol Spectrosc
159:106-112. https://doi.org/10.1016/j.saa.2016.01.050

Li Z-Q, Zhou Z, Chen D-X et al (2022) Mitochondrial-targeted
red-fluorescent chemodosimeter for hydrogen sulfide signaling
and visualizing. Sens Actuators B Chem 369:132357. https://
doi.org/10.1016/j.snb.2022.132357

Jothi D, Iyer SK (2022) A highly sensitive naphthalimide based
fluorescent “turn-on” sensor for H,S and its bio-imaging appli-
cations. J Photochem Photobiol 427:113802. https://doi.org/10.
1016/j.jphotochem.2022.113802

Wang L, Yang W, Song Y et al (2020) Novel turn-on fluorescence
sensor for detection and imaging of endogenous H,S induced by
sodium nitroprusside. Spectrochim Acta A Mol Biomol Spectrosc
243:118775. https://doi.org/10.1016/j.saa.2020.118775
El-Maghrabey MH, Watanabe R, Kishikawa N et al (2019) Detection
of hydrogen sulfide in water samples with 2-(4-hydroxyphenyl)-4,5-
di(2-pyridyl)imidazole-copper(Il) complex using environmentally
green microplate fluorescence assay method. Anal Chim Acta
1057:123-131. https://doi.org/10.1016/j.aca.2019.01.006

Ditr6i T, Nagy A, Martinelli D et al (2019) Comprehensive analy-
sis of how experimental parameters affect H,S measurements by
the monobromobimane method. Free Radic Biol Med 136:146—
158. https://doi.org/10.1016/j.freeradbiomed.2019.04.006
Coulomb B, Robert-Peillard F, Palacio E et al (2017) Fast
microplate assay for simultaneous determination of thiols and
dissolved sulfides in wastewater. Microchem J 132:205-210.
https://doi.org/10.1016/j.microc.2017.01.022

Xiang K, Liu Y, Li C (2015) A colorimetric and ratiometric
fluorescent probe with a large Stokes shift for detection of
hydrogen sulfide. Dyes Pigm 123:78-84. https://doi.org/10.
1016/j.dyepig.2015.06.037

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1016/jsnb201603078
https://doi.org/10.1016/j.neuint.2013.09.003
https://doi.org/10.1016/j.envres.2022.113871
https://doi.org/10.1016/j.envres.2022.113871
https://doi.org/10.1016/j.jece.2022.107372
https://doi.org/10.1016/j.jece.2022.107372
https://doi.org/10.1016/j.ijhydene.2015.08.010
https://doi.org/10.1016/j.ijhydene.2015.08.010
https://doi.org/10.1016/j.cej.2012.09.121
https://doi.org/10.1038/s41598-020-60069-4
https://doi.org/10.1038/s41598-020-60069-4
https://doi.org/10.1007/s00281-014-0454-4
https://doi.org/10.1007/s00281-014-0454-4
https://doi.org/10.1016/j.foodchem.2015.08.134
https://doi.org/10.1016/S0021-9673(98)00882-6
https://doi.org/10.1016/S0021-9673(98)00882-6
https://doi.org/10.1016/j.aca.2008.01.001
https://doi.org/10.1016/j.aca.2006.09.035
https://doi.org/10.1021/ac504536q
https://doi.org/10.1021/ac504536q
https://doi.org/10.1016/j.aca.2015.03.040
https://doi.org/10.1016/j.talanta.2014.10.034
https://doi.org/10.1016/j.talanta.2014.10.034
https://doi.org/10.1016/S1875-5364(20)30037-6
https://doi.org/10.1016/S1875-5364(20)30037-6
https://doi.org/10.1007/s10895-013-1296-5
https://doi.org/10.1007/s10895-013-1296-5
https://doi.org/10.1016/j.talanta.2015.07.026
https://doi.org/10.1016/j.talanta.2015.07.026
https://doi.org/10.1016/j.dyepig.2015.03.007
https://doi.org/10.1021/ja00980a017
https://doi.org/10.1039/D1RA08037G
https://doi.org/10.1111/jfbc.13699
https://doi.org/10.1016/j.saa.2016.01.050
https://doi.org/10.1016/j.snb.2022.132357
https://doi.org/10.1016/j.snb.2022.132357
https://doi.org/10.1016/j.jphotochem.2022.113802
https://doi.org/10.1016/j.jphotochem.2022.113802
https://doi.org/10.1016/j.saa.2020.118775
https://doi.org/10.1016/j.aca.2019.01.006
https://doi.org/10.1016/j.freeradbiomed.2019.04.006
https://doi.org/10.1016/j.microc.2017.01.022
https://doi.org/10.1016/j.dyepig.2015.06.037
https://doi.org/10.1016/j.dyepig.2015.06.037

	Fluorimetric Reusable Polymeric Sensor for Hydrogen Sulfide Detection
	Abstract
	Introduction
	Experimental Section
	Materials and Reagents
	Preparation of Polymeric Membrane
	Characterization of the Polymeric Membrane

	Results and Discussion
	Characterization of the Polymeric Membrane
	Spectral Characterization Studies
	Optimization of the Parameters for H2S Detection
	Determination of Response Time
	Regeneration and Reusability
	Linear Range, Detection Limit
	Reproducibility, Reversibility, and Stability of the Polymeric Membrane
	Selectivity Studies
	Analytical Applications of the Polymeric Membrane
	Comparison of the Proposed Method with the Previously Reported Ones for Monitoring of H2S

	Conclusion
	References


