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ABSTRACT

This study explores the vapochromic and vapoluminescent behaviors of [Pt(tpy)C1]PF4 host molecules (tpy
= 2,2"6',2"-terpyridine) under acetonitrile (CH;CN) vapor guest, challenging the conventional view that
these phenomena arise solely from direct host-guest interactions. Our findings reveal a cooperative
mechanism where mechanochromic surface perturbations prime the Pt(Il) host for guest incorporation,
leading to initial color and luminescence changes prior to significant structural alterations. While the color
transition between the yellow [Pt(tpy)CI]PFs form and the red/orange [Pt(tpy)CI|PFs*CH;CN form is
reversible, repeated vapor cycling induces a loss of crystallinity, as indicated by diffraction peak broadening
and emission shifts. Scanning electron microscopy analyses show mechanical deformations like bending
and surface pitting, emphasizing the role of vapomechanical stress in altering optical properties. These
insights highlight the need for integrated design strategies in developing robust vapochromic materials for
gas sensing applications.

INTRODUCTION

Advancing technology for monitoring airborne contaminants is crucial for accurate measurements and
protecting lives.! Applications include immediate detection of toxic gaseous chemicals, tracking gaseous
plumes, and ensuring air quality in various environments.*> Vapochromic and vapoluminescent materials
undergo rapid color or luminescence changes when exposed to specific chemical vapors due to alterations
in their electronic structure.!° These changes are often reversible upon removal of the vapor.!%-1?

Notably, small-molecule systems with coordinatively unsaturated square-planar platinum(Il) salts are
valued for their rich spectroscopic properties, which are heavily dependent on PtessPt distances.!'3!* When
paired with ligands that provide access to vacant axial sites, these systems can be finely tuned through non-
covalent interactions.!>!® This tunability has been exploited in various stimuli-responsive systems, where
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non-covalent Ptee*Pt interactions are altered by mechanical!” or thermal stimuli,”!®!° confinement within
rigid pores,?’ or exposure to molecular vapors solvents,>'~2* or ionic species.?>2°

Progress in these areas, particularly in vapochromism, has largely stemmed from serendipitous discoveries
or modifications of systems found by chance. Understanding vapochromism and vapoluminescence can
help develop more effective systems for monitoring and detecting gaseous contaminants. A historical
examination of the mechanistic origins of vapochromism in Pt(II) systems has uncovered several
assumptions that had resulted in broad generalizations. This study revisits these assumptions through a
detailed analysis of the well-established vapochromic salt chloride (2,2":6',2"-terpyridine)platinum(II)
hexafluorophosphate, [Pt(tpy)CI1]PFg or 1+PF4 (shown in Figure 1) upon exposure to CH3;CN vapors. The
findings highlight the fallacies and oversimplifications in previous interpretations, demonstrating the need
for a more nuanced understanding of vapochromism. Additionally, this work seeks to distinguish the core
vapochromic responses from other peripheral effects.

Figure 1. Molecular structure of the Pt(I) salt investigated in this work: [Pt(tpy)CI|PF4 (1°PFg).

Firstly, comprehensive structural characterizations of Pt(II)-vapochromic hosts after exposure to specific
guest vapors, as reported in the literature, reveal alterations in PteesPt interactions, primarily due to the
incorporation of structurally complementary vapor guests into the Pt(IT) host lattice.’® This has led to the
prevalent assumption that both the macroscopic spectroscopic changes—such as striking variations in color
and luminescence—and the molecular-level structural modifications are directly triggered by the interaction
between the Pt(II) host and the vapor guest.’'*> However, recent studies, including those from our group
and others, indicate that the origin of vapochromism in Pt(II) salts can be more complex.?!-23:33 Our findings
presented here, suggest that this process may involve a series of intricate steps. Initial spectroscopic or
visible changes upon vapor exposure may result from kinetic effects, where the mechanical interaction of
the vapor with the solid perturbs surface Pt(II) molecules without influencing the bulk material. This is
supported by alterations in emission spectra without corresponding changes in X-ray diffraction patterns.
This study aims to elucidate these mechanisms and assess the role of crystallinity in vapochromic responses.

Secondly, reversibility is a critical aspect of the fundamental understanding and practical application of
vapochromic systems. The ability of a system to revert to its original state after exposure to and removal of
a vapor influences its recyclability and practical utility. For platinum(Il)-based vapochromic systems,
reversibility is typically assessed through spectroscopic changes and chemical integrity, the determining
factor being the system returning to its original color after one or more cycles of vapor exposure and
removal. This study investigates the mechanical effects of CH3;CN vapor absorption and desorption by
1+PF¢, shedding light on how these effects influence reversibility and providing insight into the mechanisms
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of vapochromism. By addressing these aspects, we aim to refine the understanding of vapochromic
responses and their implications for practical applications.

METHOD AND MATERIALS

Materials. 1°PF4 was prepared according to published procedures.?!?>?728 In brief, refluxing Pt(COD)Cl,
(0.250 grams) and terpyridine (0.180 grams) in DI water (250 mL) for 2.5 hours yielded a red solution of
1+Cl. The solution was filtered, and NH,PFs was added until yellow powders of unsolvated 1¢PFg
precipitated. The precipitate was filtered and rinsed three times with 20 mL of water. From the unsolvated
1-PF¢ powders, yellow needle-shaped crystals were grown by partial evaporation of a 1.5 mM 1:1
acetone/water solution at room temperature. On the other hand, CH;CN solvated red needles of
1°PF¢CH;CN were grown by partial evaporation of CH;CN solution at room temperature. Both the solvate
and non-solvate crystals were characterized by X-ray Powder Diffraction and X-ray crystallography. The
identity and purity of the product was confirmed by '"H NMR spectroscopy, UV-visible spectroscopy, X-
ray Powder Diffraction, and mass spectrometry. Analytical data were in agreement with previously
published data.?!22:27.28

Characterization and Methods. '"H NMR spectra were recorded at room temperature using a Bruker AC
400 MHz NMR. Thin films used in optical spectroscopy measurements were prepared by dissolving the
target complex in acetone, followed by rapid evaporation on a hot microscope slide. UV-visible absorption
spectra were recorded using a HP8453 diode array spectrometer. Room-temperature steady-state emission
spectra were collected using a SPEX Fluorolog-3 fluorimeter equipped with a double emission
monochromator and a single excitation monochromator.

Scanning electron microscopy measurements were performed with a FEI XL-30 environmental scanning
electron microscope at the Advanced Characteristic Center, University of Cincinnati, Ohio. Samples were
imaged without conductive coatings, using secondary electron detection at a 15 kV accelerating potential
and a 5.6 um spot size.

Optical videos of crystals during vapor exposure and desorption were created from still images captured
with a Keyence Digital Microscope VHX-1000 at 1000X magnification. Images were taken every 15
seconds over a 15-hour period, covering a full vapor absorption/desorption cycle. Videos were assembled
using Windows Live Movie Maker.

X-ray powder diffraction data for freshly prepared samples were collected at the Advanced Photon Source
station 11-BM at Argonne National Laboratory, using 0.458884 A photons, as previously described.?2-28
For vapor cycling experiments, diffraction data were recorded using a Panalytical X-ray powder diffraction
instrument with a Cu Ko (A = 1.54 A) source. Desolvated specimens were exposed to CH;CN vapor in a
sealed ~1 L glass chamber at room temperature for 24 hours, unless otherwise noted. For cycling
experiments, unsolvated 1¢PF crystals were sprinkled onto a microscope slide and immobilized with a thin
layer of grease. After five cycles of vapor absorption/desorption (see Fig. SI 2), non-adhering crystals were
removed by gently shaking the slide. The slide was placed in the fluorimeter chamber, where CH;CN vapor
was introduced via argon flow. Solvate was removed by flowing argon into the chamber for 20-32 hours at
room temperature, followed by flowing argon heated to 140°C for 5 minutes.
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RESULTS AND DISCUSSION

Vapochromic Response of 1PFq.

The vapochromic response of 1°PFy is consistent with previous reports.'®2434 When exposed to acetonitrile
at room temperature, 1°PF¢ changes from yellow to red/orange (Fig. 2). For simplicity, we refer to the
observed color as “red”. As suggested by the color changes in the species generated via CH;CN vapour
sorption/desorption cycles in Figure 2, the response seems reversible. Both yellow and red forms produced
during each cycle are visually indistinguishable. '"H NMR and gravimetric analyses confirmed the uptake
of approximately one equivalent of acetonitrile by 1°PF¢ crystals. This behaviour is consistent with
previous reports on the vapochromic response of 1°PF¢ to CH3CN vapours. The diffraction pattern of the
yellow form closely aligns with the previously reported structure of 1°PF¢CH;CN while that of the

red/orange form corresponds to the structure of 1°PF¢CH;CN.

Figure 2. Photographs of a ground sample of yellow 1+PF¢ in an aluminum weigh boat (a) pre-CH;CN
exposure and (b-d) for two CH;CN sorption and desorption cycles. (b) Post CH;CN sorption in the first
cycle, (¢) post CH;CN desorption in the first cycle, (d) post CH3;CN sorption in the second cycle, (c) post
CH;CN desorption in the second cycle.

The diffraction pattern of the yellow form closely aligns with the previously reported structure of 1°PFg,
while that of the red/orange form corresponds to the structure of 1*PF4*CH;CN. Examining the structure of
1+PF; as reported by Taylor et al.,?® the Pt(tpy)Cl* cations are arranged in head-to-tail dimers, characterized
by alternating short intradimer and longer interdimer PtesePt distances of 3.35 A and 4.03 A, respectively.
In contrast, the structure of 1°PF4*CH;CN reveals a head-to-tail stacking of Pt(tpy)CI" units with a uniform
PtessPt separation of 3.37 A, leading to the formation of an extended, quasi-one-dimensional chain.2!-** The
exposure to CH;CN results in a cumulative shortening of the PteesPt distances, thereby enhancing the PteePt
interactions. A detailed comparison between the two structures indicates that this shortening in the
red/orange form is driven by the incorporation of CH3;CN molecules into the crystal lattice. These
observations are consistent with the vapochromic response described by Cao et al>* Furthermore, when
yellow 1°PF¢ powder or crystals were exposed to CH;CN vapor for 24 hours, the resulting diffraction
pattern closely matched the structure of 1°PF¢*CH;CN (Figure SI 3-4). Conversely, heating 1°PF¢CH3;CN
at 150°C restored the diffraction peaks corresponding to 1°PF¢ without the formation of intermediates.
Thus, vapor absorption and desorption appear to result in a straightforward A—B conversion of the solvated
crystal form to the desolvated one, without the formation of intermediates. This sorption-desorption
process could be repeated multiple times without any discernible differences in the color changes of the
final products.
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Figure 3 Crystal structures of 1ePF4 (A and B) and 1°PF¢*CH;CN (C and D). (Adapted with permission
from Zhang et al.3* Copyright (2020) Royal Society of Chemistry).

VAPOR-CYCLING EFFECTS

X-Ray Powder Diffraction. The X-ray Powder Diffraction spectrum of 1<PF4 microcrystals (100 mg)
were recorded before exposure to CH;CN, after 24 hours of exposure, and following desorption under
ambient conditions. This cycle was repeated three additional times to assess the reversibility of the
vapochromic response. Consistent emission maxima in the luminescence spectra (discussed in the following
section) and the X-ray diffractograms confirmed the reversible nature of the transformation between the
yellow 1+PF¢ and red/orange 1°PF4*CH;CN forms across cycles. However, a detailed analysis of the
diffractograms revealed subtle but significant changes. Specifically, the resolution and intensity of
diffraction peaks progressively decreased over the three cycles of CH3;CN vapor absorption and desorption.
Representative X-ray Powder Diffraction patterns from these cycles are presented in Figure S5.

In the desolvated yellow 1+PF¢ form, the peak intensity at a 20 value of 9.5°, decreased by 58% after the
first full CH;CN vapor absorption/desorption cycle (Figure 3a). The red/orange form exhibited a 29%
reduction in the peak intensity at 20 of 8.85°, following the first cycle. The reduction rate was less
pronounced while the intensity decreased in subsequent cycles. The yellow and red/orange forms showed
broader peaks with increasing full width at half maximum (FWHM), and the FWHM increments diminished
with each cycle (Figure 4b). The crystal sizes and strains are shown in Figures 4c-d. The decrease in peak
intensity and broadening of the diffraction peaks align with a progressive loss of long-range order in the
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crystal structure with each absorption/desorption cycle. Notably, the most significant disruption to the
crystalline order occurs during the first cycle of vapor absorption and desorption.
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Figure 4. (a) The variation of the representative XRD peak intensities as a function of the CH;CN vapor
absorption/desorption cycle number: At a 28 of 9.5° the non-solvated yellow form 1°PF, (e, (black)) and at
8.85° for the solvated form 1°PF¢CH;CN (e, (red)). (b) The FWHM of the respective peaks in the

diffractograms of the non-solvated form and the solvated form as a function of cycle number. (c) Crystal
KA

size of the respective peaks in the diffractograms calculated using the formula (t=F<e=¢) . (d) Strain of the
B
respective peaks in the diffractograms of the non-solvated form calculated using the formula ( 4tane) .

Luminescence Spectroscopy.

The reversibility of the material’s response to CH3CN exposure was further evaluated using emission
spectroscopy (Aex = 436 nm). The crystals of 1PF¢ exhibit green luminescence, characterized by an
asymmetric emission band with a maximum at 552 nm (FWHM = 3483 cm™). This emission maximum is
notably shifted from the 630 nm maximum reported at room temperature by Bailey and colleagues, instead
aligning more closely with the emission maximum of 565 nm they observed at 77K.'* Previous studies
have demonstrated that the emission spectra of square-planar Pt(II) complexes are highly sensitive to
sample preparation and history®, as noted by Miskowski and Holding, who observed batch-dependent
variations in emission maxima for [Pt(bpy),](ClO,), and different batches of solid [Pt(1,10-
phenanthroline),](Cl,).# These discrepancies have been attributed to the presence of multiple emissive
sites, possible polymorphism, or varying hydration states. Despite their significance, the origins and
implications of these effects in the context of vapochromism remain largely unexplored.

Upon exposure to CH3zCN vapor for 48 hours, the material exhibits red emission peaking at 693 nm with
an FWHM of 3774 cm™ and a shoulder near 600 nm. An additional 2-hour exposure to acetonitrile did not
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show any changes in the emission spectrum. The samples were desorbed under Argon for 24 hours and
had not changed, so the sample was heated for 5 minutes to 100°C while simultaneously exposing it to an
Argon flow. The heating was then stopped, and Argon then flowed for 1 more hour; if the emission spectra
had not changed, heating was applied to the outside of the glass bubbler at 100°C for an additional 5
minutes. This was done until the sample remained unchanged after 2 heating cycles. The yellow species
exhibits an emission maximum at 602 nm with FWHM of 3855 cm™! (Fig. 5a, Fig. SI 6-12). The yellow
species yielded here also had an X-ray powder diffraction that matches that of pristine 1°PFg.

This CH3CN absorption/desorption process was repeated four more times as shown in Figure 5a, and with
each cycle, slight variations were observed in the emission features of both the CH3CN-exposed and
CH3;CN-removed states. For instance, although the emission maximum for the yellow form remained
relatively stable at 602 nm, the blue edge of the emission band lost intensity. In contrast, the red edge gained
intensity with each cycle. A similar trend was noted in the red forms, where the emission maximum
remained around 700 nm, but the shoulder at 602 nm gradually diminished, and a slight increase in intensity
was observed at the red edge. Throughout these cycles, a progressive decrease in overall emission intensity
was noted (Figure SI 6-12). The time required to absorb acetonitrile vapor completely decreased with each
cycle, going from 48 hours for the first cycle to 18 hours for the last cycle (Figure Sb). Thus, the rate at
which the material absorbed acetonitrile appeared to increase with vapor cycling. It was impossible to assess
changes in the desorption rate because heating the air to complete this step was necessary (Figure SI 7).
The sorption and desorption processes might induce physical stresses and morphological changes on the
surface, potentially increasing the surface area and accelerating the response. Repeated cycling could also
create more CH3CN traps, reducing the 550 nm contribution to the blue edge of the emission band. The
most significant effect of cycling was the reduction in time needed to complete the absorption steps, as
determined by the point at which the emission spectrum stabilized. While these observations hint at a
possible vapomechanical behavior, further investigation is needed to confirm the role of physical stresses
and surface morphological changes in enhancing vapochromic responses.

Initial ) ‘ (a)
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Figure 5. (a) Normalized emission spectra of crystals of 1°PF¢ before (—) and during CH;CN uptake and
removal: (-, (yellow) r1) first CH;CN sorption, (—, (blue) y1) first CH;CN removal, (——, (yellow) r2)
second CH;CN sorption, (—, (blue) y2) second CH;CN removal, (—, (orange) r3) third CH;CN sorption,
(—, (aqua) y3) third CH3CN removal, (—, (red) r4) fourth CH;CN sorption, (——, (bright green) y4)
fourth CH;CN removal, (—,(maroon) r5) fifth CH;CN sorption, (—, (Kelly green) y5) fifth CH;CN
removal. (b) Time taken to form fully sorbed species as a function of the cycle number.

Probing Vapomechanical Effects via Microscopy

The mechanical effects of vapor absorption and desorption observed in 1¢PF¢ crystals provide further
insight into the changes in luminescence behavior discussed earlier. When exposed to acetonitrile vapor,
these crystals undergo a shift in emission properties and exhibit pronounced physical alterations such as
striations, bending, splitting, and fracturing. In one experiment, a collection of seventeen yellow needle-
like crystals, lightly coated with paratone oil to slow vapor uptake, was photographed under a microscope
while exposed to acetonitrile vapor (Figure SI 13). Over 15 hours, the crystals transitioned to red, with the
first signs of this color change appearing within 45 minutes. The average onset of the color change was
around 2.5 hours, with the full transition completing in approximately 5 hours. A time-lapse video
constructed from these images shows that 10 of the 16 crystals experienced bending, shifting, splitting, or
rotation during vapor(ESI), underscoring the significant mechanical stresses induced by the vapor
interaction. The initial and final images are shown in Figure SI 13.

This mechanical response correlates with the changes observed in the luminescence spectra, where a shift
and broadening of emission peaks were noted after the first absorption/desorption cycle. The physical
movements and deformations of the crystals, particularly the bending and rotation observed just before or
after the complete color change, suggest that these stresses disrupt the emissive states of the material,
contributing to the altered luminescence. Notably, the color change typically began at the edges of the
crystals and propagated toward the center, aligning with the observation that the blue edge of the emission
band loses intensity while the red edge gains intensity with each cycle.

To further understand the impact of these mechanical effects on crystal quality, SEM images were recorded
before and after acetonitrile exposure (Figure 6). These structural changes mirror the progressive loss of
emission intensity observed with repeated cycles, where the vapor-induced mechanical stresses likely alter
the crystallinity and surface morphology, thus affecting the luminescent properties. Additional damage was
evident after subsequent cycles, with increasing surface pits suggesting that the vapor diffusion pathways
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changed after the initial cycles. Initially, the color changes in 1ePF¢*CH;CN crystals originated along the
long edges, but by the second cycle, the color change was more uniformly distributed across the crystal,
indicating a shift in the mechanical response.

These findings suggest that the mechanical stresses induced by vapor absorption and desorption contribute
to the observed changes in crystallinity and play a presumptive role in modulating the vapochromic and
luminescent responses. The inability to maintain single-crystal X-ray diffraction quality during these
processes further underscores the complexity of the vapomechanical effects, which likely enhance the
overall changes in both color and emission.

10 um

Figure 6. Representative scanning electron micrographs: Crystals of 1¢PF4 (a) before exposure to
acetonitrile, (b) after acetonitrile vapor absorption/desorption, and (c) after a second absorption/desorption
cycle. Crystals of 1ePF4*CH;CN (d) before desorption (e) after one cycle of absorption/desorption (f) after
a second absorption/ desorption cycle

Impact of mechanical effects on luminescence

We studied how introducing defects through mechanical means affects the luminescence behavior of 1+PF;
crystals, hypothesizing that it would cause a red shift in the emission spectrum. We subjected a single batch
of 1+PF6 crystals to grinding with a mortar and pestle to test this hypothesis. Initially, the crystals exhibited
an asymmetric emission band centered at 552 nm (FWHM = 3120 cm™) with a shoulder at 580 nm (A, =
436 nm). Grinding the crystals into a fine powder caused the emission band to broaden and introduced a
new shoulder at longer wavelengths, as shown in Figure 7a. Subsequent grinding cycles further broadened
the emission band and intensified the long-wavelength shoulder, eventually becoming pronounced enough
to resemble a peak at 635 nm after six cycles.

These observations underscore mechanical force's significant role in modulating the red shift's extent. The
degree of emission shift correlates with the intensity and duration of the grinding process and physical
parameters such as the sample's history and pedigree. Variations in these factors influence defect formation
and the observed redshift. Additionally, ball mill trials demonstrated even more pronounced effects: the
emission band broadened from a FWHM of 3120 cm™ to 3790 cm™!, and the emission maximum shifted
from 552 nm to 670 nm (Figure 7b). These results confirm that mechanical forces enhance Pt(I1)-Pt(II)
interactions and affect emission properties, although the shift is less pronounced compared to exposure to
CH;CN (as shown in Figure 7c for comparison). The variability in redshift highlights the influence of
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mechanical processing conditions and intrinsic sample properties, supporting our hypothesis that
mechanical effects significantly impact the vapochromic and vapoluminescent behavior of the crystals and
revealing the underlying complexities of vapochromism.

Intensity (a.u.)

ission

Normalized Em

500 600 700 800
Wavelength (nm)

Figure 7. (a) Normalized emission spectra of crystals of 1°PF4 before (—) and after grinding with mortar
and pestle: (—, (blue)) after first grinding, (—, (aqua)) after second grinding, (—, (purple)) after third
grinding, ( ) after fourth grinding, (—, (red)) after fifth grinding, (—, (Kelly green)) after sixth
grinding. (b) Normalized emission spectra of crystals of 1°PF¢ before (—) and after ball milling: (solid
orange line) after ball milling at room temperature, (dashed orange line (samples grown on the oven at 60
°C and ball milling) (c) 1°PF¢ before (—, (blue)) and after exposure to CH;CN (—, (red))

Impact of Mechanical Effects on X-ray Powder Diffraction

To investigate whether mechanical perturbations induce structural defects in 1PF¢ crystals, we
systematically examined the impact of mechanical stress on their crystal structure. Yellow needle-shaped
crystals of unsolvated 1°PF¢, grown from an acetone/water solution at room temperature, were selected as
the most pristine form, free from mechanical distortions. X-ray Powder Diffraction patterns of these
pristine crystals were compared to those obtained after extensive mechanical grinding of the crystals into
powder. As illustrated in Figure 8, the diffractograms of the pristine and ground samples reveal no
significant differences, indicating that the crystal structure remains intact post-grinding. These findings
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suggest that mechanical perturbations do not alter the short-range order of the crystal lattice, implying that
any mechanical effects are likely confined to disrupting long-range interactions and order.

Normalized intensity (a.u.)
\
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w

0.8 1.3 18 23
Scattering vector (q)

Figure 8. X-ray Powder Diffraction of 1¢PF; crystals grown from an acetone/water solution at room
temperature: (blue trace) pre-grinding, (orange trace) post-grinding.

CONCLUSIONS

This study offers a nuanced perspective on the vapochromic and vapoluminescent behaviors of
1+PF; in response to CH3;CN vapor. Using this system as a test case, our findings challenge the
prevailing assumption that vapochromism originates solely from direct host-guest interactions at
the molecular level. Instead, the evidence suggests a multifaceted mechanism where initial
colorimetric and luminescent changes are driven by surface perturbations, which precede more
significant structural alterations manifesting with prolonged vapor exposure.

These observations suggest a cooperative mechanism in which the phenomenon of vapochromism
is not solely initiated by the incorporation of a guest molecule. Initial perturbations occur at the
Pt(IT) host surface through mechanochromism, priming the host molecule by orienting it in a
manner conducive to guest incorporation. This is evidenced by color or spectroscopic changes that
occur prior to exposure to CH3CN vapors, without corresponding alterations in the X-ray
diffractogram. Following this preparatory phase, subsequent exposure to the vapors induces more
pronounced structural changes in the bulk material, as reflected in the significant shifts observed
in X-ray diffraction patterns.

The reversible nature of the color transition between yellow 1+PF¢ and red/orange 1°PF¢*CH;CN
forms was confirmed through spectroscopic and diffraction techniques. However, the observed
progressive loss of crystallinity with repeated vapor absorption and desorption cycles indicates
that this reversibility has limitations. The reduction in diffraction peak intensity and broadening,
along with shifts in emission maxima, suggest a gradual disruption of long-range order and
emissive states influenced by both chemical and mechanical stresses.

Microscopic and SEM analyses further reveal the extent of mechanical deformation—bending,
splitting, and surface pitting—during vapor exposure, underscoring the critical role of
vapomechanical effects in modulating the observed optical responses. These mechanical stresses,
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likely induced by vapor absorption, appear to affect both crystallinity and luminescent properties
over successive cycles significantly.

In conclusion, this study deepens our understanding of the intricate processes governing
vapochromism and vapoluminescence in Pt(II) complexes and highlights the importance of
considering mechanical effects when designing future materials for gas sensing and other
applications. The findings advocate for a more integrated approach to developing vapochromic
systems, where both chemical interactions and physical forces are meticulously engineered to
optimize performance and durability.
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