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Photocatalytic conversion of polylactic acid (PLA) into high-value-added pyruvic acid (PA) presents a
promising strategy for carbon-efficient resource cycling. However, successive dehydrogenation at the «-C
of lactic acid (the monomer of PLA) remains a critical challenge. In this study, we fabricated an Au-
modified CdS nanosphere photocatalyst (Au-CdS), where the introduction of Au facilitates the activation
of the C,-H bond in lactic acid (LA). Through combined theoretical calculations and in-situ EPR analysis,
Au-CdS reduces the C,-H bond cleavage energy barrier from 1.02 eV to 0.49 eV, substantially elevating the
generation of carbon-centered radical intermediates. In addition, Au-CdS demonstrates enhanced separa-
tion efficiency of photogenerated electron-hole pairs relative to pristine CdS, thus efficiently activating O,
to generate O,'~ radicals and further driving the conversion of O,"~ to ‘OH radicals. The produced ‘OH
radicals facilitate the successive dehydrogenation reactions via interacting with the C,-H and «-OH bonds
on the «-C of LA, thereby promoting the selective conversion of LA to PA. As a result, the Au-CdS catalyst
achieves a PA production rate of 1340+ 25 pwmol g-!' h™!, surpassing that of pristine CdS by 8.9-fold. This

work presents a novel strategy for the value-added upcycling of plastic waste.
© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Plastics, as vital necessities, play an indispensable role in hu-
man societal production and daily life [1,2]. However, the problem
of plastic waste generated thereby has posed a serious threat to
the environment [3,4]. Global plastic production climbed to 413.8
million tons in 2023, while the current situation of plastic waste
treatment is a cause for concern: as much as 95% of plastics are
discarded after only one use [5,6]. Among discarded plastics, post-
consumer plastics that are mechanically recycled accounts for only
8.7%, while the proportion of chemical recycling is even as low
as 0.1% [7,8]. The stability of plastics makes it difficult for them
to degrade in the natural environment [9,10]. This characteristic
causes them to continuously pollute the ecosystem through vari-
ous channels such as land, the atmosphere, and the ocean [11-13].
Conventional methods for treating waste plastics, such as landfill-
ing and incineration, generally suffer from problems of low effi-
ciency and environmental pollution [14-16]. The mechanical recy-
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cling method also has its limitations. It often downgrades waste
plastics into low-quality products, resulting in a serious waste of
carbon resources [17].

Polylactic acid (PLA) is currently the biodegradable plastic with
the highest production volume on an industrial scale and the
largest consumption globally [18]. However, some studies have
shown that PLA cannot be completely degraded under natural wa-
ter and soil conditions [19,20]. Its continuous accumulation in the
environment will also lead to more severe pollution from PLA mi-
croplastics [21]. At present, the products of most of the methods
for degrading PLA contain CO,, and the massive emission of CO,
will exacerbate the greenhouse effect [22,23]. The inefficient recy-
cling of carbon resources will severely restrict the achievement of
carbon peaking and carbon neutrality goals. Consequently, there is
an urgent need to develop greener and more economical technolo-
gies to enable the recycling of PLA and the production of high-
value-added products.

Pyruvic acid (PA) exhibits versatile applications in pharmaceu-
ticals, food, cosmetics, and chemical engineering-particularly in
the synthesis of bio-based materials, preparation of pharmaceuti-
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cal intermediates, and development of green chemical processes
[24,25]. Therefore, exploring a catalytic system that can effectively
achieve the selective conversion of waste PLA into PA is particu-
larly crucial for addressing the pollution caused by waste PLA, re-
alizing efficient resource recycling, and expanding the green prepa-
ration routes of PA. The photocatalytic oxidation strategy harnesses
inexhaustible solar energy as the primary power source, using
waste PLA as the reaction substrate which consumes photogener-
ated holes to be oxidized into small organic molecules. This ap-
proach offers energy-efficient, economical, and sustainable advan-
tages, positioning it as an ideal waste plastic remediation solu-
tion [26,27]. Current PLA pretreatment technologies predominantly
rely on strongly alkaline catalytic hydrolysis systems. However, the
use of highly corrosive reagents brings about issues such as safety
risks and increased costs [28]. Moreover, complex side reactions
are likely to occur during hydrolysis, posing difficulties for the sep-
aration and purification of products [29]. Miao et al. proposed a
strategy for the direct hydrolytic photoreforming of PLA and veri-
fied its feasibility in sustaining the efficient production of LA [30].

CdS, due to its suitable bandgap and excellent visible-light har-
vesting properties, is regarded as one of the most promising pho-
tocatalysts in the field of photocatalytic reactions [31]. However, in
practical applications, CdS photocatalysts are hampered by signifi-
cant photogenerated charge carrier recombination phenomena and
insufficient capability in activating chemical bonds, thereby result-
ing in difficulties in regulating product selectivity [32-34]. These
limitations collectively hinder the enhancement of its photocat-
alytic activity. Efficient adsorption and activation of C-H bonds by
photocatalysts constitute an essential prerequisite for enabling the
formation of value-added chemical compounds [35]. Noble metal
nanoparticles as cocatalysts represent an efficacious strategy for
augmenting the photocatalytic performance of CdS [36]. Among
them, Au nanoparticles can act as photoelectron reservoirs, opti-
mizing the efficiency of charge separation [37,38]. Furthermore, Au
nanoparticles exhibit exceptional ability in activating Cy-H bonds
during the photocatalytic oxidation of methane and ethane, hold-
ing the potential to achieve the selective synthesis of target prod-
ucts [39,40].

Inspired by the above considerations, we developed an Au-
loaded CdS nanosphere catalyst. It was demonstrated that Au-CdS
can selectively promote the continuous dehydrogenation of «-C in
LA, thus enabling its conversion into value-added PA. Au-CdS si-
multaneously enhances the effectiveness of separating photogener-
ated charge carriers, catalyzes the efficient conversion of O,"~ to
*OH radicals, and reduces the C,-H bond homolysis energy barrier
in LA molecules from 1.02eV to 0.49 eV, thereby significantly pro-
moting the generation of carbon-centered radical intermediates. In
the hydrolysis-pretreated PLA system, when the Au loading is op-
timized to 2 wt%, 2 wt% Au-CdS exhibits optimal performance dur-
ing 5h photocatalytic reaction, achieving a PA production rate of
1340+25 pwmol g''h! and showing an 8.9-fold superiority over
pristine CdS. In-situ EPR characterizations reveal the critical role of
*OH radicals in the successive dehydrogenation reactions occurring
at the «-C of LA. This work establishes a green and mild pathway
for resource recovery, enabling the value-added upcycling of plastic
waste.

For the purpose of clarifying the morphology, structure, and Au
distribution in 2 wt% Au-CdS, TEM and SEM analyses were utilised
to explore these characteristics. SEM analysis reveals that 2 wt%
Au-CdS catalyst maintains an identical homogeneous nanospherical
architecture to pristine CdS, with no discernible Au nanoparticles
observed (Fig. 1a and Fig. S1 in Supporting information). TEM im-
ages (Fig. 1b) further reveal that the black spots, averaging 7.96 nm
in particle size, correspond to Au nanoparticles loaded onto CdS
surfaces. Combined with these characterization results, it can be
confirmed that the Au nanoparticles achieve uniform dispersion
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on the CdS substrate. HRTEM images (Fig. 1c¢) of 2 wt% Au-CdS
show two kinds of lattice fringes: Those with an interplanar spac-
ing of 0.24nm point to the (111) plane of cubic Au, while those
at 0.36 nm correspond to the (100) plane of hexagonal CdS [41,42].
EDS elemental mappings further evidence the high dispersion of
Cd, S and Au within 2 wt% Au-CdS (Fig. 1e).

Verification of sample structural composition was achieved
through XRD characterization. The characteristic diffraction peaks
for CdS at 2theta of 25.1°, 26.5°, 28.1°, 43.8°, 47.9° and 52.3° are
indexed as (100), (002), (101), (110), (103), (112) planes of hexag-
onal CdS (PDF No 41-1049) respectively (Fig. 1d) [30]. Further
analysis reveals that with the incremental elevation of Au load-
ing content, the characteristic diffraction peak corresponding to the
(111) crystallographic plane of Au progressively emerges at 2theta
of 38.2°, whereas the peak positions and relative intensities of all
other diffraction profiles remain virtually unaltered in comparison
to pristine CdS.

Fig. S2a (Supporting information) presents the N, adsorption-
desorption isotherms of CdS photocatalysts with varying Au load-
ings. All synthesized catalysts present type IV isotherms accompa-
nied by H3 hysteresis loops, which confirms that a mesoporous
structure is present [43]. With all catalysts displaying strikingly
similar specific surface areas and average pore sizes (Fig. S2b in
Supporting information), it can be inferred that the photocatalytic
activity of 2 wt% Au-CdS correlates weakly with either specific sur-
face area or pore size distribution.

X-ray photoelectron spectroscopy (XPS) was utilized to ascer-
tain the surface elemental composition and chemical state of the
samples. The survey spectrum of 2 wt% Au-CdS confirms the pres-
ence of constituent elements Cd, S, and Au within the composite
material (Fig. S3 in Supporting information). Through XPS analy-
sis, it is observed that the Cd 3d orbital binding energies in 2 wt%
Au-CdS undergo significant positive shifts relative to pristine CdS,
with the characteristic Cd 3ds;, and Cd 3d3j, peaks positioned at
405.10eV and 411.84 eV, respectively (Fig. 2a). Analogous positive
shifts are observed in relation to the S 2p orbitals, with the S
2p3j; and S 2py), characteristic peaks appearing at 161.37eV and
162.38 eV, respectively (Fig. 2b). The positive shifts in binding ener-
gies serve as evidence that photogenerated electrons are efficiently
transferred from the CdS to Au [44]. Furthermore, the characteristic
peaks corresponding to Au 4f;;, and Au 4fs), are found at 84.17 eV
and 87.85eV, respectively (Fig. 2c), which provide definitive evi-
dence for the existence of AuC.

Photoelectrochemical properties serve as pivotal indicators for
evaluating catalytic performance. Transient photocurrent measure-
ments reveal that all samples exhibit pronounced photoresponse
characteristics, with the 2 wt% Au-CdS demonstrating substantially
enhanced photocurrent density compared to pristine CdS (Fig. 2d).
Detailed analysis of electrochemical impedance spectroscopy (EIS)
Nyquist plots indicates that 2 wt% Au-CdS has a smaller semicircle
radius than CdS (Fig. S4a in Supporting information). This charac-
teristic reflects reduced charge transfer resistance and more effec-
tive facilitation of electron-hole pair separation. These results cor-
roborate that the introduction of Au facilitates the efficient transfer
of charge carriers and simultaneously suppresses the recombina-
tion process of photogenerated carriers to a significant extent [45].

The charge separation and transfer dynamics were further in-
vestigated using photoluminescence (PL) spectra and time-resolved
fluorescence spectroscopy. As illustrated in Fig. 2e, the most pro-
nounced PL intensity quenching is observed in the 2 wt% Au-
CdS. These findings clearly demonstrate the efficient charge trans-
fer from the CdS matrix to Au nanoparticles [46]. The average flu-
orescence lifetime of 2 wt% Au-CdS is 17.30ns, which is longer
than the average lifetime of CdS (Fig. S4b in Supporting informa-
tion). The extended lifetime of photogenerated charges also means
that their probability of recombination is greatly reduced [47]. De-



Y. Chen, X. Liang, D.W. Bahnemann et al.

Chinese Chemical Letters 37 (2026) 112645

o

Intensity (a. u.)

AN vt% Au
e\ N A |

\-——-/\ME_

PDF #41-1049

1l I 11 .

20

30 40 60 60
2 Theta (degree)

Fig. 1. (a) SEM image, (b) TEM image, and (c) HRTEM image of 2 wt% Au-CdS. (d) XRD patterns of CdS, 1 wt% Au-CdS, 2 wt% Au-CdS and 3 wt% Au-CdS. (e) EDS elemental

mappings of Cd, S, and Au elements in 2 wt% Au-CdS.
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Fig. 2. High-resolution XPS spectra of (a) Cd 3d, (b) S 2p and (c) Au 4f for CdS and 2 wt% Au-CdS. (d) Photocurrents, (e) PL spectra, (f) UV-vis DRS spectra of CdS and 2 wt%

Au-CdS.

rived from linear sweep voltammetry (LSV) measurements, a crit-
ical observation unveils that when Au nanoparticles are decorated
onto CdS, the resulting 2 wt% Au-CdS exhibits a distinct positive
shift in its onset oxidation potential (Fig. S4c in Supporting infor-
mation). The cause of this occurrence is the co-catalytic action of
Au [48].

The optical absorption characteristics of both CdS and 2 wt%
Au-CdS were examined using solid-state UV-vis diffuse reflectance
spectroscopy (DRS). The bandgap and absorption edge of these ma-
terials can be estimated by extrapolating the intersection of the
slope and the baseline in the spectrum [49]. As illustrated in Fig.
2f, CdS and 2 wt% Au-CdS exhibit a comparable characteristic ab-
sorption edge at 602 nm, while 2 wt% Au-CdS displays substantially
intensified absorbance across the visible spectrum (500-800nm),
indicative of augmented light-harvesting capacity imparted by Au
incorporation [50]. Furthermore, the bandgap energy of 2 wt% Au-
CdS (2.22eV) remains virtually unchanged relative to pristine CdS
(2.25eV) (Fig. S4d in Supporting information). These optimized op-
toelectronic properties signify an expanded visible-light response
range in 2 wt% Au-CdS catalysts, which facilitates the generation
of electron-hole pairs upon photoexcitation, thereby significantly
improving its photocatalytic activity. Through meticulous analysis

of the intercepts derived from Fig. S4e (Supporting information),
the valence band (Eyg) position of CdS is measured as 1.42eV. Ap-
plying the fundamental relationship of semiconductor band theory,
Ecp =Eyp - Eg, the conduction band (Ecp) potential of CdS is calcu-
lated as —0.83 eV relative to the normal hydrogen electrode (NHE)
[51]. Under this favorable conduction band potential, 2 wt% Au-CdS
endows photogenerated electrons with a robust reductive driving
force to react with O, to form O, radicals, while also facilitating
the further conversion of O,"~into "OH radicals [52,53].

The catalytic activity in the PLA plastics photocatalytic oxidation
can be evaluated by detecting the generation of products of eco-
nomic and application value. In view of environmental friendliness,
the hydrothermal hydrolysis pretreatment was chosen for PLA,
which avoids the use of large amounts of chemical reagents and
reduces the negative impact on the environment while safeguard-
ing the material properties. The liquid products of PLA photocat-
alytic oxidation in pretreated PLA samples were verified via proton
nuclear magnetic resonance ('H NMR) spectroscopy, with 2 mmol/L
maleic acid as an internal standard (Figs. S5a-c in Supporting in-
formation). Spectral analysis reveals that PLA undergoes hydroly-
sis subsequent to pretreatment, yielding LA and trace amounts of
ethyl lactate, with 86% of the PLA being hydrolyzed into LA (Table
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Fig. 3. (a) '"H NMR spectra of the pretreated PLA before and after photocatalytic oxidation. (b) PA evolution rate over Au-CdS with different Au content following 5h of
photocatalytic oxidation. (c) The control experiments with different scavengers over 2 wt% Au-CdS. (d) Different atmospheres on photocatalytic oxidation of PLA over 2 wt%
Au-CdS. (e) Quantum yield values at varied monochromatic wavelengths along with UV-vis DRS of 2 wt% Au-CdS. (f) PA evolution rate for 50 h over 2 wt% Au-CdS.

S1 in Supporting information). After 5 h of photocatalysis, a marked
attenuation in the characteristic peak intensity corresponding to
LA is observed, with its concentration declining from 113 mmol/L
to 101 mmol/L. Concurrently, emerging peaks attributable to PA, its
derivatives and acetate (AA) are observed in the spectrum (Fig. 3a).
High-performance liquid chromatography (HPLC) was used to con-
duct quantitative analysis of liquid products after 5h of PLA pho-
tocatalysis (Figs. S6a-c in Supporting information). As illustrated
in Fig. 3b, 2 wt% Au-CdS catalyst attains a PA production rate of
1340+25 pwmol g' h'l, achieving 80.4% selectivity and 9.9% con-
version. In comparison to pristine CdS, which yields a mere 150+ 4
pwmol g1 h1, this rate is 8.9-fold higher and surpasses all control
samples. AA is generated at a rate of 326+34 pwmol gl h’l, ex-
hibiting selectivity of 19.6%. The calculated carbon balance yields
a value of 91.1 %, whereas TOC analysis gives a value of 90.1%, a dif-
ference that can ascribed to trace side products undetected under
the employed '"H NMR and HPLC (Table S2 in Supporting informa-
tion). These experimental data demonstrate that 2 wt% Au-CdS ex-
hibits superior performance in PLA photocatalytic reactions, show-
casing efficacy superior to previously reported photocatalytic sys-
tems (Table S3 in Supporting information). Findings derived from
control experiments reveal that in the absence of any one of the
critical conditions (illumination, catalyst, or PLA substrate), no for-
mation of PA product is detected (Fig. S7 in Supporting informa-
tion). These observations thus underscore that the photocatalytic
process is indispensable for enabling the conversion of PLA to PA.
To pinpoint active species in PLA photocatalytic oxidation, a suite
of scavengers was systematically introduced into the reaction sys-
tem. These included Na,C,0,4, p-benzoquinone (PBQ), isopropyl al-
cohol (IPA), and furfuryl alcohol (FFA), which were employed to
selectively quench holes, 0,°~radicals, ‘OH radicals, and '0, radi-
cals, respectively. Fig. 3c illustrates that the inclusion of 0.05 mol/L
Na,C,04 and IPA gives rise to a marked decline in PA yield, while
the addition of PBQ scavenger induces a comparatively negligi-
ble effect on PA yield. These results establish that photogenerated
holes and ‘OH radicals constitute the predominant reactive species
dictating the oxidation pathway of LA. Furthermore, by investigat-
ing the differential effects of air and Ar atmospheres on the pho-
tocatalytic activity of PLA, it is observed that the PA yield under
an Ar atmosphere is markedly diminished (Fig. 3d). These compar-
ative experimental findings strongly corroborate that the *OH rad-

icals generated under O,-containing conditions exert a pivotal role
in the formation process of PA.

To elucidate the origin of photocatalytic oxidation performance,
systematic catalytic activity tests were conducted on 2 wt% Au-
CdS under various monochromatic light irradiations. As depicted in
Fig. 3e, the catalytic performance exhibits pronounced wavelength
dependency, demonstrating excellent correspondence with the
ultraviolet-visible diffuse reflectance spectroscopy (UV-vis DRS)
profile of 2 wt% Au-CdS. Under light irradiation at a wavelength
of 420nm, 2 wt% Au-CdS exhibits a quantum yield (QY) of 2.55%,
accompanied by a relatively high PA yield. When the irradiation
wavelength extends beyond 520nm, the QY of PA decreases re-
markably. Under 600nm light irradiation, the PA generation ca-
pability of 2 wt% Au-CdS is extremely limited. This indicates that
photons with energy lower than the band gap of CdS cannot be
effectively absorbed and utilized, resulting in the failure of effec-
tive excitation of photogenerated electron-hole pairs. Consequently,
the insufficient photoinduced electrons fail to activate O, into re-
active species (O,"~ and *OH radicals), ultimately limiting the pho-
tocatalytic oxidation of PLA. These collective findings establish that
the localized surface plasmon resonance (LSPR) characteristics of
Au nanoparticles contribute negligibly to the LA-to-PA oxidation
pathway [54]. Following five consecutive illumination cycles cu-
mulating 25h of photoirradiation, the PA production rate main-
tained remarkable stability (Fig. 3f). ICP-OES analysis indicates that
the Cd2* concentration remains undetectable in post-reaction so-
lutions. Moreover, XRD and TEM analyses collectively demonstrate
that the recycled 2 wt% Au-CdS catalyst undergoes no significant
alterations in either morphology or crystalline structure following
the reaction (Figs. S8a and b in Supporting information). HRTEM
image further reveals that the characteristics of its lattice fringes
remain consistent (Fig. S8c in Supporting information). These find-
ings collectively validate that the 2 wt% Au-CdS catalyst with a
relatively low Au loading exhibits excellent photocatalytic stability
and environmental safety.

For a more profound understanding of the reaction mecha-
nism behind the photocatalytic oxidation of PLA, the application
of in situ electron paramagnetic resonance (EPR) spectroscopy and
in situ Fourier-transform infrared spectroscopy (FTIR) for detect-
ing reaction intermediates in pretreated PLA solutions is of signif-
icant importance. As shown in Figs. 4a and b, with DMPO used as
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Fig. 4. In-situ EPR signals of (a) DMPO-0,", and (b) DMPO-"OH in presence of CdS and 2 wt% Au-CdS under visible light irradiation. (c) In-situ EPR signals of 2 wt% Au-CdS
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under dark and irradiated conditions. (h) Optimized models of adsorbed LA on the CdS and 2 wt% Au-CdS. (i) Energy profile of the LA oxidation process.

a spin-trapping agent under light irradiation, the signals of O,
and ‘OH radicals generated by 2 wt% Au-CdS were captured in
methanol and aqueous solutions respectively, confirming the pres-
ence of these two radicals. Further comparison reveals that the sig-
nal intensities of O,'~ and "OH radicals over 2 wt% Au-CdS are
significantly enhanced compared to pristine CdS, implying that 2
wt% Au-CdS more effectively improves the utilization of photogen-
erated electrons to promote photocatalytic reactions. Furthermore,
with TEMP employed as the trapping agent, the characteristic sig-
nal of 10, radicals in both cases of CdS and 2 wt% Au-CdS could
be detected, but the signal intensity for the latter is higher (Fig.
S9a in Supporting information). However, combined with the anal-
ysis of the energy band structure, the valence band potential of 2
wt% Au-CdS measures 1.42V vs. RHE, a value that falls short of the
240V vs. RHE required for “OH generation [55]. This conclusion
is experimentally validated: No "OH signals are detected over 2
wt% Au-CdS during light irradiation under Ar atmosphere, indicat-
ing that holes in 2 wt% Au-CdS cannot directly produce ‘OH, thus
inferring that ‘OH originates from the conversion of 0,°~[56,57].
Notably, as shown in Fig. 4c, in the Ar-pretreated PLA solution, 2
wt% Au-CdS only exhibits a sextet characteristic peak correspond-
ing to carbon-centered radicals (intensity ratio of 1:1:1:1:1:1) (*C
center Ay =15.51G, Ay =22.02G, and g=2.0057), with no "OH sig-
nals detected, suggesting that holes (h*) are involved in PLA ox-
idation. Additionally, in the light irradiation experiment under air
atmosphere, the signal intensity of *OH radicals over 2 wt% Au-CdS
significantly decreases in the presence of PLA compared to that in
pure water, while the signal of carbon-centered radicals increases
remarkably, confirming that ‘OH radicals perform a vital function
in the dehydrogenation of PLA. As shown in Figs. 4d and e and
Fig. S9b (Supporting information), during the photocatalytic reac-
tion of PLA, 2 wt% Au-CdS exhibits stronger carbon-centered radi-
cal signals and weaker *OH signals than CdS, as revealed by spec-

tral fitting, indicating that 2 wt% Au-CdS promotes the attack of
*OH radicals on the Cy-H bond in LA. To investigate O, adsorp-
tion behavior on photocatalyst surfaces, in situ Fourier-transform
infrared spectroscopy (FTIR) was employed. As illustrated in Fig. 4f,
within the vibrational frequency range of 850-1250cm™!, CdS ex-
hibits no distinct absorption bands, whereas 2 wt% Au-CdS displays
more intense characteristic vibrational peaks of O, adsorption at
1022cm™! and 960cm™ [58,59]. The observed spectral enhance-
ment correlates with Au nanoparticle-promoted O, chemisorption
on CdS surfaces, promoting ‘OH production to enhance PLA photo-
catalytic efficiency.

In-situ diffuse reflectance infrared Fourier transform spec-
troscopy (in-situ DRIFTS) indicates that the characteristic peaks
observed at 1710 and 2900cm™! are respectively ascribed to the
stretching vibrations of COO~ groups and the Cy-H bond in LA
(Fig. 4g). As the photocatalytic reaction progresses, the signal of the
characteristic peak assigned to the Cy-H bond gradually diminishes
and eventually disappears. This observation indicates the cleavage
of the C,-H bond within LA. Concomitantly, a substantial enhance-
ment in absorption intensity emerges at 1670 cm!, corresponding
to the C=0 stretching vibration of PA. These spectral changes over
time clearly demonstrate that 2 wt% Au-CdS facilitates the cleav-
age of the Cy-H bond in LA and the concomitant formation of the
C=0 bond in PA. Furthermore, newly emerged characteristic peaks
at 1385 and 1570cm™! can be respectively assigned to the stretch-
ing vibrations of -CHs groups and COO~ groups in PA [60]. Col-
lectively, these in-situ infrared spectroscopic analyses provide com-
pelling experimental evidence for the progressive consumption of
LA and the formation of PA.

Computational investigations based on density functional the-
ory (DFT) further elucidate the catalytic behavior of 2 wt% Au-CdS
and CdS catalysts during LA conversion reactions (Figs. 4h and i
and Fig. S10). As shown in Fig. 4i, theoretical computations reveal
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that CdS and 2 wt% Au-CdS exhibit substantial discrepancies with
respect to the dissociation energy barriers of the C,-H bond within
lactic acid molecules: 2 wt% Au-CdS (0.49eV) < CdS (1.02eV). This
theoretical prediction aligns remarkably well with electron para-
magnetic resonance (EPR) experimental results, which confirmed
that a greater number of carbon-centered radicals are generated in
the 2 wt% Au-CdS catalyst system. Collectively, these findings sub-
stantiate that the incorporation of Au sites effectively diminishes
the activation energy barrier for C,-H bond cleavage while con-
comitantly promoting the generation of carbon-centered radicals.
From the characterization results presented above, the photo-
catalytic oxidation mechanism of pretreated PLA catalyzed by 2
wt% Au-CdS can be speculated as follows (Fig. 5): Under light ir-
radiation, Au nanoparticles on CdS surfaces act as electron traps to
capture photogenerated conduction band (CB) electrons. There, the
photogenerated electrons react with the dissolved O, in water to
generate O, radicals, and the enhanced reducing ability of these
electrons further drives the conversion of O,*~ into more ‘OH. The
*OH radicals attack the Cy-H bonds of LA, abstracting a hydrogen
atom to form carbon-centered radical intermediates. Subsequently,
the *OH radicals further react with the «-OH bonds of the carbon-
centered radical to generate a C=0 bond, thereby achieving the
continuous dehydrogenation of LA and effectively driving the se-
lective generation of PA. In summary, the proposed mechanism for
photocatalytic oxidation can be possibly inferred as follows:

Oy +e — 0y (1)
0, +H* - *O0H )
“00H — 10, +'OH 3)
C3HgO03 +"OH — *C3H505 + H,0 (4)
“C3H503 + OH — C3H,405 + H,0 (5)

In summary, we fabricated an Au-loaded CdS nanosphere pho-
tocatalyst wherein the incorporation of Au active sites facilitates
the activation of the Cy-H bond in LA, aiming to achieve the pho-
tocatalytic oxidation of waste PLA into high-value-added PA. In-situ
X-ray photoelectron spectroscopy (XPS) and electron paramagnetic
resonance (EPR) characterizations reveal that 2 wt% Au-CdS not
only significantly enhances the separation efficiency of photogen-
erated charge carriers but also efficiently catalyzes the activation of
0, into O,"~ and further drives the conversion of O,"~ to "OH radi-
cals, compared to pristine CdS. Theoretical calculations corroborate
that 2 wt% Au-CdS reduces the C,-H bond cleavage energy bar-
rier from 1.02eV to 0.49eV, markedly boosting the generation of
carbon-centered radical intermediates. The production of ‘OH rad-
icals facilitates the successive dehydrogenation reactions by inter-
acting with the Cy-H and «-OH bonds on the «-C of LA, thereby

Chinese Chemical Letters 37 (2026) 112645

promoting the selective conversion of LA to PA. As a result, 2 wt%
Au-CdS exhibits optimal catalytic performance: the PA production
rate reaches 1340 +25 pwmol g h™!, surpassing that of pristine CdS
by 8.9-fold. In general, this work provides a new solution for the
value-added upcycling of plastic waste.
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