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ABSTRACT

In this contribution we report a new family of fluorescent complexes suitable as HoS sensors: their structural common unit is the pyridine group within the Zn-
chelating ligands. Structures containing pyridines with other n-conjugated motifs represent easily accessible fluorescent materials with excellent optical proper-
ties. The successful adsorption of the developed sensors in a biocompatible and biodegradable polymer, such as Poly(butylene succinate) (PBS), provides proof-of-
principle for the application of the new materials in the field of HyS (bio) sensing and more in general of the optical sensing.

1. Introduction

H,S plays key roles in a variety of physiological and pathophysio-
logical conditions within the human body [1-3] and, as a consequence
of the multiplicity of environments in which this molecule is found and
of the multifaceted roles it covers, the interest in probes capable of
detecting and eventually quantifying its amount increased a lot in the
last decades [4-7]. In particular fluorescence-based approaches have
witnessed an upsurge of interest [8-11].

Fluorescence is by far a dominant analytical approach, largely used
in the field of environmental contaminants detection, in the discovery of
new drugs, in advancing the study of biology, pathology, and medicine.
Luminescent probes with high sensitivity and selectivity find application
in automated detection and implementation of sensors [12]. Examples
of compounds with interesting photophysical properties are coumarin
derivatives [13,14], diketopyrrolopyrroles [15], Nile red-type dyes
[16], BODIPYs [17,18], 1,8-naphthalimides [19,20], benzothiadiazoles
[21,22], polycyclic aromatic hydrocarbons [23], styrenes [24,25], and
triarylamines [26-32] but often the complexities of their synthesis and
modification of their structures can inhibit their applications. Therefore,
it remains a challenging task to identify new organic fluorescent mate-
rials possessing distinctive structural features which can be easily pre-
pared [33].

Linking pyridines with other z-conjugated motifs can provide a
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simple and efficient means for preparing highly fluorescent organic
frameworks [33] which can eventually act as metal-chelating ligands.
Drawing upon these considerations, a few years ago, we reported a
family of imidazo-pyridine-zinc complexes which efficiently function as
fluorescent sensors for HyS and provided evidence of their potential to
visualize exogenous HsS in biological environments [34].

Considering that salen-zinc complexes have been widely used as
fluorescent sensors for different applications [35-38] and that in the
course of our studies, we targeted them as probes for HS™ detection by
harnessing a ‘coordinative-based approach’ both in vitro and in vivo
[39-44], our idea for the present work, was to introduce the pyridine
fragment into a ‘salen-like’ ligand structure (with the pyridine exerting
different roles within the ligand framework) and assess the potential of
the resulting zinc complexes as fluorescent HyS sensors.

Indeed with a coordinative-based approach one may, in principle, be
able to remove HjS from the metal center of the sensor and ensure a
reversible HoS binding process. This would be advantageous for prac-
tical sensing applications, allowing reusability of the sensing device.

Fig. 1 displays the family of complexes under investigation in the
current contribution.

Furthermore since we recently reported the successful sorption of
fluorescent salen complexes in NC sulfonated PPO films and the ability
of the related films to function as resistant and reusable solid-state de-
vices for HS™ detection [12], we thought of applying a similar approach

Received 14 February 2025; Received in revised form 25 March 2025; Accepted 25 March 2025

Available online 26 March 2025

0143-7208/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0003-3627-5535
https://orcid.org/0000-0003-3627-5535
https://orcid.org/0000-0002-9118-0048
https://orcid.org/0000-0002-9118-0048
https://orcid.org/0000-0002-6180-872X
https://orcid.org/0000-0002-6180-872X
mailto:prizzo@unisa.it
mailto:mstriane@unisa.it
www.sciencedirect.com/science/journal/01437208
https://www.elsevier.com/locate/dyepig
https://doi.org/10.1016/j.dyepig.2025.112786
https://doi.org/10.1016/j.dyepig.2025.112786
http://creativecommons.org/licenses/by/4.0/

A. Trerotola et al.

in this work but using biocompatible and biodegradable polymer films
based on [Poly(butylene succinate)] PBS for the immobilization of the
sensing complex.

PBS is a semi-crystalline polyester, soft and flexible with melting
temperature around 110 to 115 °C and with a good thermal resistance
and heat deflection temperature (HDT) of more than 90 °C. It is recog-
nized as one of the most adaptable within compostable polymers due to
the good compromise between mechanical strength, ductility, toughness
and impact resistance [45-47]. PBS as well as PBS-based copolymers are
widely studied and proposed for applications in different fields, such as
for example in the packaging field, for the production of films for food
and cosmetic packaging; in agriculture, for the manufacture of mulching
films, in tissue engineering, with the polymers in the form of films as
well as scaffolds, or as microspheres for realizing drug delivery systems
[48,49].

Recently, PBS-based memory devices have been investigated: a
switching memory was implemented on a biodegradable Ecoflex elas-
tomeric substrate using poly(fluorene)/poly(butylene succinate) (PFN/
PBS) blend films with a high potential in green electronics [50].

Herein we propose the fabrication and optimization of a flexible
sensor based on polybutylene succinate (PBS) as a HaS sensing device,
the material stands out for being low-cost, flexible, biocompatible,
biodegradable and easily recyclable after use. In addition, the present
sensor exploits a coordinative-based approach in combination with an-
easy-to-set-up and commercially available polymer, both advanta-
geous features for practical sensing applications.

2. Results and discussion

Complexes 1-4 were synthesized by literature procedures [39,42,43,
51,52] and characterized by high-resolution MALDI Fourier transform
ion cyclotron resonance mass spectrometry (Figs. S1-S6 in the SI) and
'H NMR spectroscopy (Figs. S7-S10 in the SI). MALDI and NMR ex-
periments provide evidence that all the complexes under investigation
exhibit the expected structures with complexes 1 and 2 forming mainly

Complex 1
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the dimeric species (Figs. S1-S4). The scarce solubility of complex 1 in
most NMR solvents (which causes the low resolution of the 1H NMR
spectrum, see Fig. S7) could be likely due to its tendency to persist in the
dimeric form. Complexes 3 and 4 share the same starting ligand: while
for complex 3 the ligand acts as a planar tetradentate chelating ligand
coordinating the zinc center through the imine and the pyridine nitrogen
atoms, in complex 4, one bis-deprotonated ligand coordinates to two
different zinc metal centers, as already reported in the literature [51].

First, to assess the reactivity of the synthesized complexes with HS ™,
we investigated the reactions via 'H NMR spectroscopy. For complexes
1-3 the analysis of the proton spectra reveals the formation of the HS-
binding adducts: both for complex 1 and for complex 3 the appear-
ance of the characteristic high field-shifted signals of the Zn-SH protons
[53,54] plus the shift of the proton resonances of the ligand moieties
occur (figs S11 and fig S13). However, a close inspection of the spectrum
of complex 1 (Fig. S11) in the presence of HS™, suggests that the for-
mation of different species, together with the HS™ binding adduct, oc-
curs, as evidenced by the appearance of diverse signals around 10 ppm
which are likely ascribable to imine protons of different species. In
addition, for complex 3 (Figs. S13 and S25) the integral of the Zn-HS
signal suggests the substitution of both the chlorines. In the case of
complex 2 the high field resonance of the Zn-SH proton is missing
(Fig. S12) but this finding is not new and was already observed for
spectra of HS™ binding adducts of complexes with OH groups on the
ligand structure [34]: an exchange between the SH groups with the OH,
mediated by the trace amounts of water in deuterated DMSO, occurs. As
for complex 4 de-metalation of the complex occurs (e.g. the 'H NMR
spectrum of complex 4 upon treatment with HS™ closely resembles that
of the free ligand, Fig. S14).

In the case of complexes 1 and 2 MALDI spectra of the complexes
after the treatment with HS™ (Figs. S15 and S16) corroborate the results
drawn by NMR: the peaks at 512.041 and at 444.001 m/z units are
consistent with the mononuclear [complex 1/HS]™ and [complex 2/
HS]™ species. Differently for complex 3, despite several tentatives, we
could not acquire the MALDI spectrum of the HS™ binding adduct.

Complex 3

Complex 4

Fig. 1. Chemical structures of complexes 1-4 studied in this work.
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To further investigate reactivity of complexes 1-4 with HS™ we
monitored the reactions via Uv-vis and fluorescence spectroscopies.
Fig. 2 displays the optical absorption spectra of complexes 1-4 before
and after interaction with HS™. All the complexes exhibit ligand-
centered (LC) transition bands which experience visible changes upon
reaction with HS™, suggesting the formation of new species.

As already observed via NMR spectroscopy (Fig. S14), only in the
case of complex 4 the presence of HS™ results into the leaching of the
organic ligand (see Fig. S17).

Next, we studied the fluorescence responses of the complexes to HS:
Fig. 3 displays the results.

Upon addition of HS™ an enhancement of the fluorescence intensity
was observed for complex 1 whereas both complex 2 and complex 3
experience a fluorescence-turn-off. Complex 4 was found not fluorescent
in the experimental conditions tested.

Thus, for the next set of experiments, we focused on complex 1
(which turns its fluorescence in the presence of the target analyte: turn-
on sensors are inherently more sensitive than turn-off ones and more
effective for practical measurements).

To assess whether the fluorescence response of complex 1 depends
on the HS™ concentration we monitored the change of the initial fluo-
rescence intensity after the addition of increasing concentrations of
NaSH. The response of the fluorescence switchings for a series of sub-
sequent measurements with increased concentrations of NaSH, increases
accordingly (see Fig. S18 in the SI).

To obtain an indication on the selectivity of complex 1 for HS™
recognition, its fluorescence intensity in the presence of biologically
relevant and potentially competing thiols or in the presence of a range of
anions or of common oxidants was checked. Fig. S19 shows the obtained
results. For all competitor species investigated we observed a quenching
of the initial fluorescence intensity of complex 1 with the exception of
NOy, alanine and cysteine for which a modest raise in the fluorescence
response was observed. This finding suggests a good selectivity of our
probe for HS™ under the experimental conditions tested.

Next, we checked the reversibility of HS™ binding to the systems
under investigation, by analogy with sensing constructs set up by us and
others in the past [55,56]. To test the reversibility of HS™ binding to
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complex 1, we prepared the complex 1-HS species in situ by adding 5
equiv of NaSH to the complex in DMSO followed by an excess of acetic
acid. The initial fluorescence intensity of complex 1, which enhances
upon the addition of HS™ (as already seen in the fluorescence scan
experiment in Fig. 3), was quenched when acetic acid was added (i.e.
HS™ coordination is acid-labile, thus allowing for chemically reversible
coordination of HS™ by the addition of a suitable proton source: see
Scheme 1). Fig. S20 shows a typical time trace of a solution containing
10 pM of complex 1 when excited at 445 nm. This finding provides
evidence of the stability of complex 1 during the time-dependent fluo-
rescence experiment.

The limit of detection (LOD) of complex 1 for HS™ was found to be
0.43 pM (Fig. S21 and Table S1 in the SI).

To further advance our understanding of the coordination properties
of the compounds under investigation with HS™ and their photophysical
properties we performed a computational analysis at the density func-
tional theory (DFT) level (see experimental section for more details).
Minimum energy geometries of the molecules and of their HS ~ adducts
(also considering the possibility of multiple adducts) have been
computed both for the ground state and for the first excited singlet state.
The computed ground state optimum geometries of HS™ complexes are
shown in Fig. 4.

The formation of the single adduct for all the complexes is predicted
to be exoergonic (AE = —0.88 eV for 1, AE = —0.83 eV for 2, AE = —0.20
eV for 3 and AE = —0.30 eV for 4). For complex 3 we have also studied
the possible formation of HS™ adducts through coordination of HS™ to
the Zn atom and the expulsion of the two Cl™ ions. All the adducts are
predicted to be stable, and the most stable one is obtained through the
expulsion of both Cl™ ions (AE = —0.64 eV, reported in Fig. 4). This
finding corroborates what is observed by NMR experiments (Fig. S13).

Our DFT study also allowed rationalizing the experimentally
observed change in fluorescence intensity after the coordination of HS™
for complexes 1 and 2. In particular, our predictions show that emission
from the first excited electronic state (S;) are electric dipole allowed
transitions for all the species under study; therefore, the enhancement of
fluorescence for complex 1 and the quenching of fluorescence observed
for complex 2 after the coordination of HS™ has to be related with the
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Fig. 2. Electronic absorption spectra of complexes 1-4 before and after the addition of 50 uM of NaSH. [Complexes] = 1 x 10~> M, spectra recorded in DMSO for

complexes 1 and 2, in MeOH for 3 and 4.
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Scheme 1. Binding mechanism of HS™ to complex 1.

Fig. 4. Optimized geometry for the adduct with HS™ of 1 (top left), 2 (top right),3 (bottom left) and 4 (bottom right).
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possible existence of non-radiative decay paths. We have thus investi-
gated the energy location of the lowest triplet states, which could be
responsible for the different fluorescence quantum yields of complex 1
and complex 2 and their HS™ adducts (Table 1).

The energies of the four lowest triplet states are reported in Fig. 5; T4
lies always above in energy than S; and therefore it should not be
involved in non-radiative decay paths. Inspection of Fig. 5 shows that
the triplet states closer in energy to S; change significantly after the
coordination with HS™; however, based on the energy gap rule, most
important decay path should involve the triplet states nearest in energy
to S;.

For both complexes, we see that the S;— Ty (Tx being the nearest
triplet states with energy lower than S;) transition is exoergonic both
before and after coordination; however, while for complex 2 that tran-
sition is more favoured after HS™ coordination, as demonstrated by the
lower energy difference between S; and the nearest triplet state (Fig. 5)
and by the significantly higher spin-orbit coupling for S; and the nearest
triplet state (see Table 1), exactly the opposite occurs for complex 1.
Thus, while an enhancement is expected for complex 1 after coordina-
tion of HS™, a quenching of fluorescence is to be expected for complex 2
in the presence of HS™, as was indeed experimentally observed (see
Fig. 3).

With these results in our hands, and inspired by the encouraging
results obtained by immobilizing salen complexes in sulfonated PPO
films [12] we also thought of entrapping complex 1 (the most promising
of the family of complexes under investigation in this work) in a polymer
shell, this time choosing biocompatible polymer films (e.g. PBS). Further
than reusability and stability, biocompatible polymers offer the advan-
tage of applications in biological media which is a key improvement in
practical measurements. PBS films have been prepared by casting pro-
cedures as described in the experimental section and characterized by
X-ray diffraction measurements.

In Fig. 6, X-ray diffraction profile of a PBS film prepared by casting at
60 °C is shown. The strongest diffraction peaks corresponding to the
(020), (110), and (111) planes of the poly(butylene)succinate mono-
clinic crystal lattice, are clearly visible [57,58].

The degree of crystallinity (x.) was calculated using the following
equation:

X, = Ac
(At A)

where A; and A, are the integrated areas calculated under the crystalline

phase and amorphous phase respectively.

The degree of crystallinity (x.) for the reported PBS film is nearly 33
%.

The fluorescence intensity of complex 1 absorbed in PBS film, with
the film immersed in water solution, was monitored as a function of time
during the change from a HS™ rich to a HS™ free environment and vice
versa. Fig. 7 displays the results: a cyclable fluorescence response was
recorded. Cycles were started by adding HS™ (i.e., in considerable excess
over the complex concentration) and completed by adding a few drops
of acetic acid to the solution surrounding the film for the removal of H5S.
A fast enhancement in fluorescence emission was clearly observed upon
each HS™ addition. When adding acetic acid to displace the HS™, the
fluorescence intensity returned to the initial level; the cycle has been
repeated 5 times.

Table 1
Spin-Orbit coupling elements (cm ™) for complex 1, complex 2 and their ad-
ducts, evaluated at the S; geometry.

SOC T1-S; SOC T»-S; SOC T3-S,
1 7.64 11.96 8.77
1+ HS™ 1.25 6.88 2.77
2 1.68 15.58 7.17
2+ HS™ 98.95 43.44 16.39
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Fig. 7. Fluorescence intensity time trace observed at 550 nm (exc 470 nm) of
PBS doped with complex 1 upon addition and removal of HS™. [HS"] = 3 mM;
[CH3COOH] = 1 wt%. NaSH and CH3COOH dissolved in water.
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These findings showed that the HS™ binding process is reversible
even when the complex is sorbed in PBS films, and that the fluorescence
response is retained also when the sensing device is in the solid state:
both conditions are crucial for practical sensing applications. Upon
storage of the PBS-sorbed films at room temperature the usability/
durability of the sensing films, was found to be at least of one week.

In an effort to assess if there is a dependence of the fluorescence
intensities on the HS™ concentration we performed a series of mea-
surements with increased concentrations of NaSH. Fig. S22 displays the
results: as clearly visible fluorescence intensities depend on [HS™], in
agreement with what we observed for the solution experiments
(Fig. 518).

3. Conclusions

The present study provides evidence that linking pyridines with
other n-conjugated motifs has significant potential for developing a new
class of small-molecule fluorophores which can be successfully applied
in the field of HS sensing. In addition, the sortpion of the fluorescent
sensing molecules in a biocompatible and biodegradable polymer film
offers advantages in terms of reusability and robustness of the imple-
mented device and opens the door to new kinds of applications within
biological environments. We foresee that these findings can trigger new
ideas for applications beyond the field of HyS sensing.

4. Experimental section
4.1. Materials

All chemicals used for the synthetic work were obtained from Sigma-
Aldrich and were of reagent grade. They were used without further
purification. Syntheses of ligands [59-61] and complexes [42,43,51,52]
were performed by following literature procedures.

4.2. General

HR MALDI mass spectra were recorded using a Bruker solariX XR
Fourier transform ion cyclotron resonance (FT-ICR) mass spectrometer
(Bruker Daltonik GmbH, Bremen, Germany) equipped with a 7 T
refrigerated actively-shielded superconducting magnet (Bruker Biospin,
Wissembourg, France). The samples were ionized in positive or negative
ion mode using the MALDI ion source. The mass range was set to m/z
150-2000. The laser power was 15 % and 15 laser shots were used for
each scan. Mass spectra were calibrated externally using a mix of pep-
tide clusters in MALDI ionization positive ion mode. A linear calibration
was applied. NMR spectra were recorded on a Bruker AVANCE 400 NMR
instrument (*H NMR, 400.13 MHz; '3C NMR, 100.62 MHz) or on a 600
MHz spectrometer [600 (*H NMR) and 150 MHz (}3C NMR)] using 5 mm
o.d. NMR tubes. Typically, 5 mg of the complex in 0.5 mL of the solvent
were used for each experiment.

Fourier transform infrared (FTIR) spectra were collected in the range
4000-400 cm™! with a resolution of 2.0 cm ~! by using a Vertex 70
Bruker spectrometer, equipped with a DTGS detector and a Ge/KBr
beam splitter. To increase the signal-to-noise ratio, thirty-two scans
were averaged.

4.3. Synthesis and characterization of complex 1

To a stirred solution containing the ligand precursor [1,1°-((1E,1'E)-
(pyridine-2,6-diylbis(azaneylylidene))bis(methaneylylidene))bis(naph-
thalen-2-ol)] (0.219 g, 0.5 mmol) in dry benzene (4.0 mL) was added
dropwise a solution of ZnEt, (0.065 g, 0.5 mmol) in dry benzene (1.5
mL) under a nitrogen atmosphere, then the solution was stirred over-
night at room temperature. The solvent was removed under vacuum,
forming an orange solid. The formation of the desired species was
confirmed by NMR analysis. Yield: 90 %.
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MS (MALDI FT-ICR, CHCl3): m/z (%) calculated: 961.1453 experi-
mental: 961.1487 ([complex 1]1),; calculated: 481.5802 experimental:
481.5702 ([complex 11M. 1H NMR (400 MHz, DMSO-dg, 298 K): 9.46
(s, 2H, CH=N), 7.77 (d, J = 8,66 Hz, 2H, Haromatic), 7-48-7.32 (m, 8H,
Haromatic), 6.93 (d, J = 7,97 Hz, 2H, Haromatic), 6.81 (d, J = 9,70 Hz, 2H,
Hammatic)~

Emission (DMSO, Aexe = 440 nm), Amax, Nm (quantum yield, ®g): 500
nm (0.2); A" = 514,02 nm, AJ'** = 449,95 nm, Stokes shift (AL) =
64,06 nm.

4.4. Synthesis and characterization of complex 2

To a stirred solution containing 2,4-dihydroxybenzaldehyde (0.276
g, 0.002 mmol) in absolute ethanol (50.0 mL) was added 2,6-diamino-
pyridine (0.109 g, 0.001 mmol), then the solution was stirred for 1h
at room temperature. After 1 h the reaction mixture was added to a
stirred solution of Zn(CH3COO), (0.219 g, 0.001 mmol) in absolute
ethanol (150.0 mL), then the reaction was stirred overnight under
reflux. The solvent was removed under vacuum, forming a dark-yellow
solid. The formation of the desired species was confirmed by NMR
analysis. Yield: 83 %.

MS (MALDI FT-ICR, solid sample): m/z (%) calculated: 823.0467
experimental: 823.0643 ([complex 2]"; calculated: 845.0287 experi-
mental: 845.0545 ([complex 2]Na*. 'H NMR (400 MHz, DMSO-dg,
298 K): 9.15 (s, 2H, CH=N), 7.11-7.05 (m, 3H, Haomatic), 6.08 (d, J =
2,24 Hz, 4H, Haromatic), 5.56 (d, J = 8,53 Hz, 2H, Haromatic)-

Emission (DMSO, Aexe = 435 nm), Amax, N (quantum yield, ®g): 500
nm (0.3); Af"®* = 484,92 nm, A\J'** = 434,93 nm, Stokes shift (AL) =
49,99 nm.

4.5. Synthesis and characterization of complex 3

To a stirred solution containing the ligand precursor [2,2’-(((2E,3E)-
butane-2,3-diylidene)bis(hydrazin-1-yl-2-ylidene))dipyridine] (0.185 g,
0.689 mmol) in absolute ethanol (20.0 mL) was added dropwise a so-
lution of ZnCly (0.110 g, 0.807 mmol) in absolute ethanol (5.0 mL)
under a nitrogen atmosphere, then the solution was stirred for 3 h under
reflux. Then the mixture was filtered, a dark-yellow solid was obtained
and washed with cold methanol. The formation of the desired species
was confirmed by NMR analysis. Yield: 87 %.

MS (MALDI FT-ICR, MeOH): m/z (%) calculated: 404.0203 experi-
mental: 403.9925 ([complex 31" 1y NMR (400 MHz, DMSO-dg, 298
K): 9.81 (s, 1H, CH=N), 8.16 (s, 1H, Haromatic), 7.67 (t, J = 7,41 Hz, 1H,
Haromatic), 7-24 (d, J = 8,37 Hz, 1H, Haromatic), 6.82 (d, J = 6,13 Hz, 1H,
Haromatic), 2-22 (s, 3H, CH3).

Emission (DMSO, Aexe = 320 nm), Amax, nNm (quantum yield, ®g): 480
nm (0.08); A"®* = 474,00 nm, AJ'®* = 319,01 nm, Stokes shift (AL) =
154,98 nm.

4.6. Synthesis and characterization of complex 4

To a stirred solution containing the ligand precursor [2,2’-(((2E,3E)-
butane-2,3-diylidene)bis(hydrazin-1-yl-2-ylidene))dipyridine] (0.141 g,
0.5 mmol) in dry THF (5.0 mL) was added dropwise a solution of ZnEty
(0.065 g, 0.5 mmol) in dry THF (5.0 mL) under a nitrogen atmosphere,
then the solution was stirred overnight at room temperature. The solvent
was removed under vacuum, forming a dark-yellow solid. The formation
of the desired species was confirmed by NMR analysis. Yield: 78 %.

MS (MALDI FT-ICR, MeOH): m/z (%) calculated: 661.1215 experi-
mental: 661.1244 ([complex 4]7. 1H NMR (400 MHz, DMSO-dg, 298
K): 7.70 (s, 1H, Haromatic)> 7-13 (m, 1H, Haromatic), 6-43 (m, 1H, Haromatic);
6.09 (m, 1H, Haromatic), 2.06 (s, 3H, CHs).

Absorbance and fluorescence measurements. Absorption spectra
were recorded on a Cary-50 Spectrophotometer, using a 1 cm quartz
cuvette (Hellma Benelux bv, Rijswijk, Netherlands) and a slit-width
equivalent to a bandwidth of 5 nm. Fluorescence spectra were
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measured on a Cary Eclipse Spectrophotometer in a 10 x 10 mm?

airtight quartz fluorescence cuvette (Hellma Benelux bv, Rijswijk,
Netherlands) with an emission band-pass of 10 nm and an excitation
band-pass of 5 nm. Both absorption and fluorescence measurements
were performed either in DMSO or in Milliq water solutions at 25 °C.
Fluorescence emission spectra were registered by exciting the samples at
a specific wavelength (as stated in the figure captions).

Fluorescence quantum yield (®f) values were measured in optically
diluted solutions using as standards the commercial dyes Cy3 NHS (®g
= 0.15 in MilliQ water), according to the equation [62].

(I)% = (D% (Is/Ir)(Ar/As)(ns/nr) [2]

where indexes s and r denote the sample and reference, respectively. I
stands for the integrated emission intensity, A is the absorbance at the
excitation wavelength, and 7 is the refractive index of the solvent. The
optical density of complexes and standards was kept below 0.1. The
uncertainty in the determination of ® is 15 %.

Calculation of the limit of detection (LOD). In agreement with the
IUPAC recommendation [63,64], the limit of detection for HS™ was
calculated from the spectrofluorometric titration data, for complex 1,
using the following equation:

LOD = 3 s/K

where s and K represent, respectively, the standard deviation of the
blank and the absolute value of the slope of the calibration line
(Fig. S21). All data involved in the calculation of LOD are reported in
Fig. 521 and Table S1.

NMR characterization of the complexes upon addition of HS™.
The NMR tube was charged with the free complex solutions in DMSO-dg
then NaSH solid or in solution (to the end concentrations specified in the
figure captions) was added and the spectra registered.

Preparation of PBS films. PBS films were prepared by casting pro-
cedures, dissolving 0.5 g of polymer in 10 mL of chloroform at 120°,
subsequently, the solution was poured into a Petri dish at 60 °C, until
complete solvent evaporation.

Characterization of PBS films. Wide-angle X-ray diffraction
(WAXD) patterns were collected by using a D2 QUEST Bruker diffrac-
tometer with nickel-filtered Cu Ko radiation.

Adsorption of complex 1 in PBS films. PBS films were immersed in
a saturated complex/acetone solution (~1.0 wt%) for 1 min at room
temperature. Then the PBS films were dried by thermal treatment at
60 °C for 30 min.

Computational details. All electronic computations have been
carried out at the density functional level of theory using the range
separated hybrid functional CAM-B3LYP with TZVP basis set as imple-
mented in the Gaussian package (G16) [65]. That combination of
functional and basis set has been chosen because it leads to accurate
predictions, as discussed in previous works [66,67]. Effects due to sol-
vent (DMSO) polarization were included by the polarizable continuum
model (PCM) [68].
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