=cilight

Photochemistry and Spectroscopy

https://www.sciltp.com/journals/ps

Article

Tunable UV Photoexcitation of Carbon Atomic Wires:
Investigating the Roles of Chain Length, Termination
Groups, and Environment

Simone Melesi !, Pietro Marabotti 2, Barbara Rossi 3, Valeria Russo !, Andrea Li Bassi ',
Chiara Bertarelli 4, Carlo E. Bottani ' and Carlo S. Casari "*

1

*

T

Department of Energy, Micro and Nanostructured Materials Laboratory-NanoLab, Energy, Politecnico di Milano,

Via Ponzio 34/3, 20133 Milano, Italy

Institut fiir Physik, Humboldt-Universitdt zu Berlin, Newtonstraf3e 15, 12489 Berlin, Germany

Elettra Sincrotrone Trieste, S.S. 114 km 163.5 Basovizza, 34149 Trieste, Italy

Department of Chemistry, Materials and Chemical Engineering “Giulio Natta”, Politecnico di Milano Piazza Leonardo da
Vinci 32, 20133 Milano, Italy

Correspondence: carlo.casari@polimi.it

This article is dedicated to Prof. Giuseppe Zerbi in recognition of his outstanding scientific contributions to Spectroscopy.

How To Cite: Melesi, S.; Marabotti, P.; Rossi, B.; et al. Tunable UV Photoexcitation of Carbon Atomic Wires: Investigating the Roles of Chain
Length, Termination Groups, and Environment. Photochemistry and Spectroscopy 2026, 2(1), 4. https://doi.org/10.53941/ps.2026.100004

Received: 31 October 2025
Revised: 1 December 2025
Accepted: 2 December 2025
Published: 20 January 2026

Abstract: Carbon atomic wires (CAWSs), linear one-dimensional carbon
nanostructures, are attracting increasing attention in materials science due to their
remarkable electrical, mechanical, optical, and transport properties, which make
them promising candidates for being the next generation supercapacitors, batteries,
hydrogen storage, organic semiconductors, and active optical elements. However,
their intrinsic instability currently hinders their practical implementation. Previous
studies have shown that CAWs mainly degrade through crosslinking interactions,
exposure to high temperatures, hydrogenation and oxidation. Furthermore, a clear
relationship between the wire structure, solvent polarity, and stability has been
observed, with longer wires and more polar solvents reducing CAWs stability,
while terminal groups strongly influence the degradation processes. Despite this,
the photodegradation kinetics has not yet been fully and systematically investigated.
Gaining such understanding is of fundamental importance for the rational design of
CAWs-based materials for optoelectronic applications where light exposure is
inevitable. In this work, we introduce a synchrotron-based approach that enables
precise photoexcitation of CAWs with different chemical structures, tuned in
resonance with their characteristic absorption vibronic peaks in the UV. This UV
resonance Raman approach allows real-time monitoring of photodegradation
directly through the time evolution of Raman spectra of each wire. We compare the
photostability in different environments (i.e., acetonitrile, water, and aqueous
colloidal silver nanoparticle dispersions), focusing on the role of two key structural
parameters—sp-carbon chain length and terminal functional groups—in controlling
the stabilization of these systems.
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. Introduction

Carbynes represent the ideal one-dimensional carbon nanocrystal, defined as an infinite linear chain with a
one-atom cross-section composed exclusively of sp-hybridized carbon atoms [1,2]. Depending on the bond
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arrangement along the sp-carbon chain, carbynes are classified as polyynes (alternating single and triple bonds and
presenting a semiconducting behavior) or cumulenes (consecutive double bonds with a metallic behavior) [1,2].
The finite analogues of carbyne, i.e., carbon atomic wires (CAWs), are linear sp-carbon chains of finite length
terminated by various functional groups. CAWs are attracting growing interest because of their remarkable electrical,
mechanical, and optical properties, which make them appealing candidates for applications in capacitors [3,4],
batteries [5], hydrogen storage [6,7], field-effect transistors (FETs) [8], organic electronics [9], molecular
barcoding [10], and more. A key advantage is their high tunability: both the sp-carbon chain length (i.e., number
of sp-carbon atoms) and the terminal functional groups strongly influence their optoelectronic response [11-16]
and overall properties, opening a broad spectrum of potential applications.

Polyynes (in this context defined as CAWs with alternating structure) can be produced through either chemical
[17-21] or physical methods [22-25]. Among the latter, pulsed laser ablation in liquid (PLAL) is one of the most
widely used techniques, offering a cost-effective route to polyynes of various lengths and terminations [26-36].
However, PLAL yields only low-concentration polydispersions with poor control over chemical structure (i.e., sp-
carbon chain presenting various lengths and termination groups). High-performance liquid chromatography
(HPLC) can then be employed to separate polyynes by size and termination, enabling the isolation of purified
monodispersed samples composed solely of polyynes with the same structure [26,28,32,37-39].

Despite their potential, the main limitation of polyynes is their intrinsic instability. One of the main
degradation pathways is crosslinking, where sp-carbon chains interact with each other to form more stable sp?
carbon networks [1,40]. Other degradation processes include hydrogenation (in the presence of hydrogen
atoms) [41,42], oxidation (favored by oxygen or ozone) [43—45], and thermal degradation [40,43—45]. Longer
chains are generally more prone to degradation [32,42], while termination groups critically influence the likelihood
of degradation [15,32,42]. Polyyne stability is also influenced by the solvent in which they are synthesized or
stored. Organic solvents confer much greater stability than water, due to the high solubility of polyynes in nonpolar
environments, which inhibits aggregation and crosslinking [32]. Several strategies have been proposed to enhance
stability, such as adopting bulky terminal groups to hinder intermolecular interactions, thus reducing the
probability of crosslinking [21,46—50], or encapsulation within solid matrices (e.g., SiO» gel, carbon nanotubes,
polymers) [15,33,51-56]. Stabilization can also be achieved through interactions with other nanostructures, such
as metal nanoparticles [33,55-57].

In contrast, only a few studies have explored the excited states of polyynes [58] and their behavior under
photoexcitation [15,43,59], showing that exposure to UV light induces photolysis and structural degradation.
However, these studies present limitations. Continuous lamps covering 222—-580 nm irradiate different polyynes
with unequal power distributions across wavelengths, leading to non-uniform excitation depending on the
absorption frequencies of different polyynes [43,59]. Monochromatic sources have also been employed [15,43,59],
but in most cases their emission does not match the vibronic absorption peaks of polyynes, leading to inefficient
excitation and making comparisons between different polyyne lengths unreliable, as the excitation efficiency
depends on how close the vibronic peaks are to the source wavelength. In both cases, a systematic comparison
among different carbon atomic wires is not possible, as different polyynes are exposed to non-identical
experimental conditions. Lastly, some of these studies [43,59] investigated non-purified polyyne polydispersions,
where polyynes with different structures and synthesis by-products coexist at varying concentrations, preventing
a direct comparison among them and additionally introducing uncontrolled interactions both between different
polyynes and with synthesis by-products.

In this work, we investigate the time-dependent photodegradation of size- and termination-selected polyynes
produced via PLAL and separated via HPLC, focusing on sp-carbon chains of different lengths (HC,H, n =8, 10,
12) and terminations (HCsX, X = H, Cl) to understand the role of these two structural parameters on their
photostability mechanism. Our systematic approach employs highly tunable (1 nm resolution) monochromatic
synchrotron radiation, enabling precise excitation of each polyyne at its main vibronic absorption peak under
constant irradiation power. This ensures a rigorous comparison of photodegradation across polyynes with different
structures. Moreover, synchrotron excitation in resonance with absorption peaks enables simultaneous
characterization by UV resonance Raman (UVRR) spectroscopy, allowing us to monitor photodegradation directly
through the evolution of the Raman spectra. Finally, to account for environmental effects and to evaluate the
stabilization induced by metal nanoparticles, we investigated the influence of the solvent and nanostructure
interactions by comparing the photostability of polyynes in pristine solutions, when mixed with pure distilled
water, and mixed with aqueous dispersions of silver nanoparticles (AgNPs).
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2. Materials and Methods
2.1. Materials

Acetonitrile (MeCN, HPLC plus gradient grade) and dichloromethane (DCM, HPLC grade, stabilized with
amylene, >99.9% purity) were purchased from Carlo Erba Reagents (Milano (MI), Italy). Silver nitrate (AgNOs,
puriss. p.a., ACS reagent, >99.8%) was obtained from Sigma-Aldrich (Burlington, Massachusetts, MA, USA), and
sodium citrate tribasic dihydrate (puriss. p.a., ACS, >99.0%) from Fluka Analytical (Buchs (SG), Switzerland).
Deionized Milli-Q water (resistivity 0.055 pS) was produced directly in our laboratory.

2.2. Polyynes and Silver Nanoparticles Production

Monodispersed solutions of polyynes (i.e., size- and termination-selected) with different sp-carbon chain
lengths (HC,H, n =8, 10, 12) and terminations (HCsX, X = H, Cl) were prepared by pulsed laser ablation in liquid
(PLAL), followed by high-performance liquid chromatography (HPLC) separation. Polydisperse polyyne mixtures
were obtained by ablating a graphite target (99.99% purity, Testbourne Ltd., Basingstoke, UK) immersed in 5 mL
of solvent (MeCN for X = H and DCM for X = Cl) for 30 min using the first harmonic (1064 nm) of an ns-pulsed
Nd:YAG laser (Quantel Q-Smart 850). The laser pulse duration was 5—7 ns, with a repetition rate of 10 Hz. The
beam was focused onto the graphite surface with a 200 mm focal length lens, yielding an estimated energy fluence
0f2.71 J cm? and a spot radius of 0.766 mm.

The resulting polydisperse polyyne solutions were separated by sp-carbon chain length and termination using
reverse-phase HPLC (Shimadzu Prominence UFLC), equipped with a photodiode array (DAD) UV-Vis
spectrometer, an FRC-10A fraction collector, and a Luna 3 pm CI18 semi-preparative column. Monodisperse
polyynes were isolated by gradient elution with a mixture of acetonitrile and water as the mobile phase. All the
CAWs investigated in this work elute at an acetonitrile concentration higher than that of water. Residual water is
further removed using MgSO, as a drying agent. As a result, size- and termination-selected CAWs can be
considered dissolved in nearly 100% acetonitrile. Hereafter, the as-prepared size- and termination- HPLC-isolated
solutions are referred to as pristine solutions (concentration of 2.29 x 1075 M, 1.45 x 107 M, 6.41 x 10 M, and
1.83 x 107> M for HCsH, HC,oH, HC,H, and HCsCl, respectively).

An aqueous colloidal dispersion of silver nanoparticles (AgNPs) was synthesized according to the Lee—
Meisel method [60]. From their UV-Vis absorption spectra (see SI), the AgNPs displayed a plasmonic peak
centered at 439 nm, which corresponds to an average diameter of approximately 75 nm, calculated according to
the equation reported by Amirjani et al. [61]. Size- and termination-selected pristine polyynes solutions were
subsequently mixed (1:1 V/V) with either pure distilled water or the AgNPs dispersion.

2.3. UV-Vis Spectroscopy

UV-Vis spectra of polyynes and AgNPs were recorded with a Shimadzu UV-1800 UV/visible scanning
spectrophotometer, operating in the 190—1100 nm range. Measurements were carried out using quartz cuvettes
with a 10 mm optical path and a spectral sampling interval of 0.2 nm. To avoid detector saturation, the AgNPs
dispersion was diluted tenfold with pure distilled water before measurement.

2.4. UV Resonance Raman Spectroscopy and Photodegradation Experiments

UV resonance Raman (UVRR) spectra were acquired at the IUVS beamline of the Elettra Sincrotrone Trieste
(Trieste, Italy) using its dedicated synchrotron-based UVRR setup [62]. Excitation wavelengths were selected to
match the main vibronic peak of each polyyne (226, 251, 272, and 233 nm for HCsH, HC,oH, HC,H, and HCsCl,
respectively; see Figure 1a) by finely adjusting the undulator gap aperture to tune the synchrotron radiation energy.
The emitted light was subsequently monochromatized with a 750 mm focal length monochromator (Acton SP2750,
Princeton Instruments, Trenton, NJ, USA) equipped with a 3600 grooves/mm holographic grating. Excitation
beyond 272 nm or below 200 nm was not possible due to the physical limits of the undulator gap and the optical
elements of the monochromator. The power delivered to the sample was kept constant at 4 pW using appropriate
filters. The UVRR spectra were collected in back-scattering geometry using a 75 cm spectrograph (Trivista 557,
Princeton Instruments) equipped with holographic gratings with 1800 and 3600 grooves/mm and with a UV-

enhanced CCD camera. Calibration was performed with the Raman peaks of cyclohexane. The spectral resolution

spectral range
1340

1.9 cm™'/pixel at 251 nm, 1.6 cm™!/pixel at 272 nm, and 2.3 cm™!/pixel at 233 nm).

was set at cm !/pixel, depending on the excitation wavelength (i.e., 2.5 ¢cm /pixel at 226 nm,
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Photodegradation experiments were carried out exciting the polyynes by using the same synchrotron photon
source, which simultaneously served as the excitation for UVRR acquisition. This hybrid approach enabled direct
monitoring of polyyne photodegradation through the time-dependent evolution of their characteristic Raman peaks.

3. Results and Discussion

Polyynes have been investigated using a combination of UV-Vis absorption spectroscopy and Raman
spectroscopy. Indeed, UV-Vis absorption spectra of polyynes exhibit a series of characteristic absorption vibronic
peaks, whose positions depend on sp-carbon chain length and termination functional groups [16,32,63-66].
Similarly, polyynes Raman spectra display an intense and characteristic mode, described by the effective
conjugation coordinate (ECC) model, which corresponds to an in-phase stretching of all the CC bonds along the
sp-carbon chain [1,11,67,68]. This ECC mode lies in the 1800-2300 cm™' range, a region free of Raman-active
modes for other carbon allotropes, thus serving as an unambiguous fingerprint of sp-hybridized carbon
nanomaterials [1,2]. The ECC frequency is also sensitive to sp-carbon chain length and termination groups
[15,16,65,67,69]. Consequently, the combined analysis of vibronic peak positions and ECC mode frequency
provides valuable information on the chemical structure of polyynes and can be used to monitor the time evolution
of these species. However, PLAL-produced polyynes often fall below the Raman detection limit. Resonance
enhancement, achieved by tuning the UV excitation to a polyynic vibronic absorption peak, can enhance the
Raman signal up to six orders of magnitude [70,71], enabling the detection of even very low-concentration (in the
order of 107°-10"® M) polyynes samples [36,72,73]

In this work, different solutions of length- and termination-selected polyynes were irradiated with
monochromatic light at the IUVS beamline of the Elettra Sincrotrone Trieste. To enable a reliable comparison
among the various polyynes, each sample was excited at its main vibronic absorption peak (see Materials and
Methods and Figure 1a), while keeping the delivered power (i.e., 4 uW) constant. Under these resonant conditions,
synchrotron radiation was employed to perform UV resonant Raman (UVRR) spectroscopy, yielding strong
Raman signals even from these low-concentrated (<1073 M—10"¢ M, see Materials and Methods) polyyne solutions.
Examples of UVRR spectra for each polyyne are shown in Figures 1b and S1, highlighting the main characteristic
Raman peaks of polyynes (i.e., the ECC mode [1,2,11,67,68] and a secondary weaker mode, called f mode [67,68]
as well as the CN stretching vibration of the solvent (i.e., acetonitrile, MeCN).

Photodegradation was investigated by monitoring the time-dependent decrease of the ECC for each
investigated polyyne. An example of the time evolution of the UVRR spectra of polyynes is shown in Figures 2a
and S2, together with the corresponding time evolution of the area of the ECC and MeCN peaks (Figure 2b),
evaluated by fitting each spectrum using a Lorentzian model and considering the area of each fitted peak. As
previously reported in the literature [36,74—76], correct interpretation of UVRR spectra requires accounting for
self-absorption (SA) phenomena: under resonance, polyyne solutions absorb part of both the incident and the
scattered photons, thereby reducing the measured Raman intensity. Since irradiation progressively degrades
polyynes and decreases their concentration, photon absorption and the associated SA cannot be considered
constant throughout the experiment. The data presented here already take into account these variations in SA, and
the model used for correcting the raw spectra is described in the SI.

The role of sp-carbon chain length in the photodegradation behavior of these systems was assessed by
comparing hydrogen-capped polyynes of different lengths (HC,H, with n = 8, 10, and 12). Figure 3a shows the
time evolution of the ECC Raman mode area for size-selected polyynes obtained with HPLC separation (labeled
as pristine samples). Interestingly, shorter polyynes (HCsH) display lower photostability than the longer ones
(HC,oH and HC,,H). Specifically, the percentages of non-photodegraded polyynes after irradiation (calculated as
the ratio between the final ECC values after 6 h of irradiation and their corresponding initial ones) are 27, 49, and
95% for HCsH, HCoH, and HC,H, respectively. This non-trivial trend is the opposite of what has been previously
reported for polyyne stability in solutions (without photoexcitation), where stability decreases with increasing sp-
carbon chain length [42,77]. Moreover, the literature reports that the molar extinction coefficient of polyynes
increases with the length of the sp-carbon chain [78]. This implies that, if the degradation pathway is mainly photo-
activated, longer chains will absorb more photons and, consequently, undergo greater photodegradation, contrary
to what is observed. One possible explanation for this unexpected trend could be related to the different
concentrations of polyynes with different lengths. Shorter chains are produced in larger amounts by PLAL and,
during HPLC separation, they experience lower dilution [27,37], resulting in monodispersed solutions with
concentrations decreasing as the sp-carbon chain length increases (see Figure S3 and Materials and Methods).
Higher concentrations can favor crosslinking and other secondary photo-induced mechanisms (e.g., excimer
formation or intermolecular excited-state reactions, which can lead to crosslinking [79,80]) that accelerate
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photodegradation, which would make short polyynes less stable under irradiation. To test this hypothesis, the same
experiment was repeated after diluting all pristine monodisperse solutions to 5 x 107° M, close to the value of the
HC2H pristine concentration, the least concentrated sample. The results presented in Figure 3b clearly show that
an unexpected trend persists even at equal concentration, with HCsH remaining the least stable species under
photoirradiation (76% of non-photodegraded polyynes after 6 h of photoirradiation), while HCoH, of intermediate
length, is the most stable (87 and 80%, for HCoH and HC1,H, respectively). The consistently lower photostability
of HCgH rules out concentration-related effects (e.g., crosslinking) as the primary cause of this non-trivial
behavior. Nevertheless, the interplay between concentration and sp-carbon chain length is evident in Figure 3c,
which shows the percentage change of the ECC Raman intensity (after six hours of irradiation) when going from
high concentration (pristine solution) to diluted concentration (5 x 107 M solution) for polyynes of different
lengths. This can be obtained by normalizing the differences in the concentration of polyynes of different lengths
in the pristine and in the diluted solutions over the pristine solution signals. A detailed explanation of the
calculations performed is reported in the SI. The largest percentage variation is observed for HCsH, indicating that
lowering the concentration enhances photostability for the shortest polyyne studied. As the sp-carbon chain length
increases (HCioH), the percentage variation—and thus the stabilizing effect of reduced concentration—decreases.
Finally, for HC;»H an inversion is observed (i.e., a negative percentage variation), meaning that higher
photostability occurs at higher concentration. Figure S4 provides a direct comparison of the photostability of each
polyyne at the two concentrations tested.
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Figure 1. (a) UV-Vis spectra of all polyynes investigated in this work. Dashed lines indicate the synchrotron
excitation wavelengths used to perform UVRR for each polyyne. HCsH, HCi0H, HC12H, and HCsCl were excited
at 226,251,272, and 233 nm, respectively, corresponding to their first vibronic peak. (b) UVRR spectra of polyynes
in solutions. The frequency of the ECC mode for each polyyne is reported, together with their § mode (when visible)
and the CN stretching frequency of the solvent (acetonitrile, MeCN) highlighted in light yellow. The full Raman
spectra are reported in Figure S1.
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Figure 2. (a) Time evolution of the UVRR spectra of HCsH. The ECC, the B mode, and the solvent (MeCN) Raman
peaks are indicated with dashed lines. (b) Corresponding time evolution before the SA-correction of the area of the
ECC and MeCN peaks shown in (a).
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Figure 3. Time-dependent evolution of the SA-corrected Raman ECC area for HC,H polyynes (n =8, 10, and 12)
under monochromatic synchrotron irradiation. Panels (a,b) show the results for pristine and 5 x 107° M samples,
respectively, while panel (c¢) reports the percentage variation in the final ECC values (measured after 6 h of
irradiation) between pristine and 5 x 1076 M samples for each polyyne. The numbers in (a,b) indicate the percentage
of non-photodegraded polyynes after 6 h of irradiation for each species.

The non-trivial photodegradation behavior of polyynes with different lengths can be rationalized by
considering the simultaneous occurrence of two competing phenomena. As previously reported in the literature
[15,81-83], the chemical structure of polyynes can be altered by the nucleophilic attack of species present in
solution or by the solvent itself- i.e., reactions in which electron-rich species chemically attack the electrophilic
carbon atoms of the sp-carbon chain via electron donation. It has been demonstrated that, in their excited states,
polyynes exhibit a higher n-conjugation along the sp-carbon chain, which leads to a reduction of the HOMO-
LUMO gap [84]. Due to the lowered LUMO level of the electrophilic species, the energy barrier associated with
the electron transfer from the HOMO of the electron-rich species to the LUMO of the electrophilic one is reduced,
thereby facilitating this transfer and the related nucleophilic attack [85]. This implies that this chemical attack is
favored when polyynes are excited by photon absorption. Similarly, longer polyynes (i.e., those with higher n-
conjugation and, consequently, a reduced HOMO-LUMO gap [16]) are more susceptible to nucleophilic attack,
which makes them intrinsically less stable than shorter chains [81,82]. On the other hand, when irradiated with
UV light, polyynes can undergo radical formation [86—88]. The stability of the resulting radicals increases with 7t-
conjugation (i.e., with the length of the sp-carbon chain) [89,90]. Consequently, longer polyynes generate more
stable radicals, which reduces their tendency to undergo secondary reactions that would otherwise degrade their
initial structure, thereby increasing their stability against this degradation pathway. Thus, while short polyynes are
more stable against nucleophilic attack, longer ones benefit from the enhanced stability of their radical
intermediates. The results shown in Figure 3 suggest that radical formation dominates over nucleophilic attack, as
shorter chains are less stable than longer ones under photoexcitation. This competition between radical formation
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and nucleophilic attack also explains why no clear monotonic trend of photostability with sp-carbon chain length
is observed. As a result, the intermediate polyyne (HCoH) emerges as the most stable, as it simultaneously benefits
from the relative resistance of shorter polyynes to nucleophilic attack and of longer ones to radical-driven degradation.

Similarly, the effect of different terminations on the photodegradation of polyynes was assessed by irradiating
sp-carbon chains of the same length (n = 8) but with different terminations: a hydrogen-capped system (HCsH)
and a mono-chlorinated system (HCgCl). The time evolution of the Raman ECC peak for these species is reported
in Figure 4a. Considering the percentage of non-photodegraded polyynes after 6 h of irradiation (5 x 1076 M
solutions, Figure 4a), HCsH and HCsCl retain 76% and 21% of their initial concentrations, respectively. By
comparison, when varying the sp-carbon chain length, the variation in the non-photodegraded polyynes percentage
is smaller, with HCsH, HC;oH, and HC;H retaining 76%, 87%, and 80% of their initial concentrations,
respectively (5 x 107 M solutions, Figure 3b). The final percentages of non-photodegraded polyynes for each
species in the pristine and 5 x 107 M samples are reported in Figure 4b for a better comparison. These results
highlight that termination groups play a more significant role than sp-carbon chain length in affecting polyyne
photodegradation. This is consistent with previous studies showing that polyynes of different lengths but same
terminations exhibit similar photodegradation kinetics [59,91]. Comparing the results for polyynes with different
terminations in both pristine and 5 x 107 M samples (Figure 4a), it is evident that hydrogenated polyynes are
consistently more stable than halogenated ones, regardless of concentration. Specifically, after irradiation of the
pristine solutions, the percentages of non-photodegraded polyynes are 27% and 2% for HCsH and HC;Cl,
respectively. Similarly, for 5 x 107 M samples, the percentages are 76% and 21%, respectively. Therefore, the
concentration has little effect on the photostability considering different terminations, unlike the case for polyynes
of different lengths. As reported in previous work [15], the photostability of polyynes is connected to the bond
dissociation energy (BDE) required to break the C—X functional group (X = H or Cl). According to tabulated
literature data [92-94], the BDEs are approximately 430 kJ/mol for C—H and 350 kJ/mol for C—Cl, even though
small variations are possible depending on the chemical structure of the whole molecule. Since chlorinated
polyynes require less energy to break their terminal bonds, they exhibit lower photostability, which explains the
faster photodegradation of HC3Cl compared to HCgH in all tested samples.

We also investigated the photodegradation behavior of polyynes dispersed in different media and in the
presence of other nanostructures. Specifically, the pristine monodispersed polyyne solutions were mixed 1:1 (V/F)
with either distilled water or a dispersion of silver nanoparticles (AgNPs) in water. Since the AgNPs are dispersed
in water, the polyyne—water mixtures also serve as reference samples to better understand the effect of
nanoparticles on polyyne photostability.

Similarly to the previous discussion, the effects of sp-carbon chain length and termination functional groups
are considered separately. Figure 5 reports the photostability of pristine polyynes solutions of different sp-carbon
chain lengths (HC,H, n = 8, 10, 12) when mixed with distilled water or with AgNPs. In water, the same trend
observed for pristine polyyne solutions (Figure 3a) before mixing with water or AgNPs is maintained, with
photostability increasing with sp-carbon chain length. The percentages of non-photodegraded polyynes after
irradiation for 7440 s (=2 h) are 19, 59, and 86% for HCsH, HCoH, and HC;;H when mixed with water,
respectively. In contrast, in the presence of AgNPs, this trend is completely reversed, with photostability increasing
from HC/,H (0%) to HCoH (5%) to HCsH (34%).

Comparing each polyyne across the three environments—pristine solution before mixing, pristine solution
mixed with water, and pristine solutions mixed with AgNPs—for each sp-carbon chain length, photodegradation
is generally more pronounced in presence of water than in the pristine solution (Figures S5 and 6b). For example,
after 7440 s of irradiation, the percentage of non-photodegraded polyynes for HCsH are 59% and 19% in pristine
and water samples, respectively; for HCioH they are 76% and 59%; and for HC,H they are 99% and 86%. The
reduced photostability in water can be attributed to its poor compatibility with polyynes [32]. Addition of water
can favor degradation pathways such as oxidation [44,45,91], hydrogenation [41,42], and crosslinking due to the
lower solubility of non-polar polyynes in a polar solvent like water [32].

Literature studies reports that metal nanoparticles can stabilize polyynes [57,95,96]. Our data partially agrees
with these observations: when mixed with AgNPs, HCsH are more stable than in water alone (non-photodegraded
polyynes: 19% in water vs. 34% with AgNPs). However, HC,ocH and HC,H degrade faster in the presence of
AgNPs (59% vs. 5% for HCioH, and 86% vs. 0% for HCi;H in water and AgNPs, respectively). Differences
between previous works, in which an increase in stability is always observed in the presence of nanoparticles, and
our results arise from the different experimental approaches. Previous studies exploit surface-enhanced Raman
spectroscopy (SERS) using visible excitation sources, where nanoparticles enhance the Raman response of the
polyynes closely interacting with nanoparticles. In contrast, we are not performing SERS, as our excitation photon
source lies in the UV region, far from the plasmonic resonance of nanoparticles, which in our case is located
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around 450 nm (Figure S6). Instead, we are tuned to the absorption peaks of each specific polyyne. However,
interactions between polyynes and nanoparticles can affect the electronic structure of polyynes (e.g., through
charge transfer), thereby shifting their optical gaps and consequently moving them out of the UV resonance
[65,97-100]. This implies that, differently from SERS experiments, with UVRR we are not probing polyynes
directly interacting with AgNPs, but rather those whose electronic properties remain unaffected, i.e., non-
interacting polyynes.
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Figure 4. (a) Time-dependent evolution of the SA-corrected Raman ECC area for HCsX polyynes (X = H, Cl)
under monochromatic synchrotron irradiation. The panels above and below show the results for pristine and 5 %
107° M samples, respectively. The numbers indicate the percentage of non-photodegraded polyynes after 6 h of
irradiation for each species. (b) Percentages of non-photodegraded polyynes (after 6 h of irradiation) for each
species in the pristine and 5 x 107° M samples.

Moreover, the contrasting behavior between shorter (HCsH) and longer (HC,oH and HC;H) polyynes,
together with the enhanced photostability of shorter sp-carbon chains when mixed with AgNPs, can be rationalized
by multiple considerations. First, AgNPs are not fully transparent in the UV region (Figure S6) and absorb part of
the incident photons, thereby reducing the power density reaching polyynes and mitigating the photodegradation
observed in mixtures with pure water. This shielding effect explains the enhanced photostability of HCgH in the
presence of nanoparticles but does not account for the reduced photostability of HC;oH and HC,H compared to
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water. A second factor must therefore be considered: upon photon absorption, AgNPs can undergo local heating
[101-103], exposing nearby polyynes to thermal stresses. Since longer sp-carbon chains are intrinsically less
thermally stable [104], they undergo faster degradation, thus possibly explaining the reduced photostability of
HCioH and HC,H when mixed with AgNPs compared to when they are mixed with pure water. Taken together,
these two effects indicate that when photon shielding prevails (as in HCgH) photostability is enhanced in the
presence of AgNPs, whereas when nanoparticle-mediated degradation such as local heating dominates (HC;oH
and HC,H), photostability is instead reduced.
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Figure 5. Time-dependent evolution of the SA-corrected Raman ECC area for HCyH polyynes (n =8, 10, and 12)
under monochromatic synchrotron irradiation. The panels above and below show the results for pristine polyynes
solutions mixed 1:1 (V/V) with pure distilled water and AgNPs in water, respectively. The numbers indicate the
percentage of non-photodegraded polyynes after 7440 s of irradiation for each species.

Figure 6a reports the effect of hydrogen and halogen (chlorine) terminations when mixed with water and
AgNPs. Both polyynes, whether mixed with distilled water or with AgNPs, exhibit the same trend observed in the
pristine samples before mixing with water or AgNPs (Figure 4a), with the chlorinated species degrading faster
than their hydrogenated counterparts. As previously discussed, this behavior can be rationalized by the higher bond
dissociation energy of the C—H bond compared to C—X (X = halogen; in this case, Cl), which makes hydrogenated
polyynes more resistant to photodegradation. Figure S5 shows the photodegradation of HCsH and HCsCl in
pristine samples and when mixed with distilled water or AgNPs. The same trends discussed earlier for HCgH are
observed: compared to pristine solutions before mixing with water or AgNPs, polyynes exhibit more pronounced
photodegradation in the presence of water due to the low compatibility between polar solvents (water) and
polyynes [32] (the percentages of non-photodegraded polyynes are 22% and 4% for HCsCl before mixing with
water and after mixing, respectively). When AgNPs are added, intermediate photostability is observed (15%), as
partial absorption of incident photons reduces the number of photons interacting with the polyynes, partially
mitigating the detrimental effect of water. A comparison of the percentages of non-photodegraded polyynes after
7440 s of irradiation for all the tested species, in the pristine solution before mixing and after mixing with either
water or AgNPs, is shown in Figure 6b.

These results indicate that addition of water or AgNPs to the pristine solution can either increase or decrease
the photostability of polyynes, depending on their structure. The likelihood of an increase or decrease is not
strongly influenced by the terminations (polyynes with the same sp-carbon chain length but different terminal
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groups exhibit the same trend when moving from pristine solution to the addition of pure water and then to AgNPs).
Instead, it depends more on the sp-carbon chain length: shorter polyynes are more photostable in the presence of
AgNPs than in pure water, whereas longer species undergo greater photodegradation upon the addition of AgNPs.
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Figure 6. (a) Time-dependent evolution of the SA-corrected Raman ECC area for HCsX polyynes (X = H, Cl)
under monochromatic synchrotron irradiation. The panels above and below show the results for pristine polyynes
solutions mixed 1:1 (V:V) with pure distilled water and AgNPs, respectively. The numbers indicate the percentage
of non-photodegraded polyynes after 7440 s of irradiation for each species. (b) Percentages of non-photodegraded
polyynes (after 7440 s of irradiation) for each species in the pristine solution before mixing, the pristine solution
mixed with water 1:1 (V:V), and the pristine solution mixed with AgNPs 1:1 (V:V).

4. Conclusions

In this work, the photostability of carbon atomic wires with different structures, i.e., sp-carbon chain lengths
and termination groups, has been systematically investigated under UV photoexcitation. Unlike previous studies,
we employed monodispersed solutions of polyynic wires and exploited UV-tunable synchrotron radiation to
selectively photoexcite each species exactly at its main vibronic absorption peak while keeping the delivered power
constant. This approach enabled a direct and reliable comparison of the photodegradation behavior of polyynes
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with different structures. We monitor photodegradation phenomena directly from the time evolution of the Raman
spectra of each sample since the excitation wavelengths were in resonance with polyynes’ absorption peaks.

By following this strategy, we investigated three hydrogen-terminated polyynes with different lengths
(HC:H, n =8, 10, 12), revealing a non-trivial dependence of photostability on sp-carbon chain length. Contrary to
the general trend reported in other conditions, HCsH turned out to be the least stable species, while the
intermediate-length wire (HC;oH) displayed higher photostability. This unexpected behavior can be rationalized
by considering the simultaneous occurrence of two competing mechanisms: (i) nucleophilic attack, which becomes
more favorable for longer sp-carbon chains, and (ii) photoinduced radical formation, generating less stable radicals
in shorter chains. As a result, HCioH represents a balance point, where radical stability is sufficiently high while
susceptibility to nucleophilic attack is still relatively low, making it the most stable system.

The role of termination groups was also addressed by comparing hydrogenated and chlorinated CAWs
(HCsX, X = H, CI). In all cases, hydrogenated species were found to be more stable than their chlorinated
counterparts. This difference is explained by considering the bond dissociation energies of the terminal groups:
C-H bonds are tighter than C—CI bonds, making halogenated CAWs more prone to bond cleavage upon photon
absorption and thus more sensitive to photodegradation.

When comparing the overall extent of photodegradation after six hours of irradiation, the variation among
CAWs of different lengths was relatively small, whereas the difference between hydrogenated and chlorinated
terminations was far more pronounced. This indicates that termination groups play a major role in determining
polyyne photostability, compared to sp-carbon chain length.

Finally, we investigated environmental effects by dispersing pristine polyyne solutions in distilled water or
in aqueous colloidal silver nanoparticles solutions. In water, all polyynes exhibited reduced photostability
compared to the pristine solvent, consistent with the poor compatibility of polyynes with polar environments. In
the presence of AgNPs, photostability was dictated by the interplay of two competing effects: on one hand, AgNPs
absorb UV light, partially shielding polyynes and improving their photostability compared to water alone; on the
other hand, AgNPs can promote photodegradation through processes such as local heating. The overall effect
depended on the sp-carbon chain length, with shorter polyynes benefiting more from the shielding effect and longer
ones being more affected by nanoparticle-induced degradation processes.

In conclusion, these findings provide new insight into the degradation mechanisms of polyynes under light
irradiation, highlighting the interplay between intrinsic molecular parameters and environmental factors. The
synchrotron-based methodology developed here represents a powerful tool for systematically addressing
photostability in sp-carbon systems. The knowledge gained may guide the rational design of polyyne-based
materials with improved durability, a crucial step toward their integration in future optoelectronic devices and
other nanotechnological applications.
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The additional data and information can be downloaded at: https://media.sciltp.com/articles/others/251205100928
7442/PS-25100143-SM-R1.pdf. The supporting information reports additional UV resonance Raman spectra, UV-Vis
spectra, time evolution of polyynes under photoirradiation, and the models used to correct self-absorption and to evaluate
the percentage variation from pristine to diluted solutions for each polyyne.
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