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Abstract

The surplus of glycerol generation from biodiesel fuel production has stimulated the development of efficient
technology to realize the sustainability of biomass valorization. Herein, we demonstrate the glycerol valorization by
mild photocatalytic and photoelectrocatalytic approaches. Glycerol photo(electro)reforming is realized on the well-
designed Zn,,Cd,S solid solution photocatalysts. By continuously changing the ratio of Zn/Cd, Zn,,Cd,S is endowed
with a regulatable bandgap structure, which finely controls the redox potential and light absorption. The
spontaneous formation of homojunction by hexagonal wurtzite (WZ) and zinc-blende (ZB) facilitates spatial
charge separation. As a result, Zn, Cd,S exhibits the dual ability to simultaneously produce hydrogen and glyceric
acid by the electrons and holes, respectively. The theoretical calculation and in-situ spectroscopy analysis reveal
the prominent features of hydrogen evolution and glycerol oxidation into glyceric acid on the optimized Zn,.Cd,S.
This work provides a good example for glycerol valorization into sustainable fuels and chemicals by rationally
designing dually functional photocatalysts.
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INTRODUCTION

Biomass valorization to produce value-added chemicals or fuels provides a sustainable alternative to release
the pressure from the depletion of traditional fossil energy" . Biodiesel fuel production from biomass
valorization is one of the most mature technologies and its market demand is increasing annually**.
However, the production of biodiesel fuel is always accompanied by the coproduction of crude glycerol
(~10% of glycerol) as a byproduct, and it is predicted that six million tons of glycerol will be produced in
2025 Due to the limited market size of glycerol, the valorization of glycerol to value-added chemicals

11-13]

and gas fuels has been attracting extensive attention!

Steam reforming, pyrolysis and biological processes are the most common strategies for current glycerol
conversion into gaseous and/or liquid products"**¥. However, these processes always suffer from high
energy input and/or low product selectivity. Photocatalytic and photoelectrocatalytic glycerol utilization
with solar energy, as the driving force, holds outstanding features of mild reaction conditions and high
product selectivity*>’. Currently, glycerol valorization by photo(electro)catalysis can be divided into two
processes: photooxidation (with O,) and photoreforming (without O,). The former uses O, or species
derived from O, as oxidants to convert glycerol, while the latter primarily uses glycerol as an electron donor
to produce hydrogen**". By photocatalysis, glycerol can be converted into a vast range of value-added
liquid and gaseous products such as dihydroxyacetone, glyceraldehyde, glyceric acid, glycolic acid, CO and
H, due to its highly functionalized nature from the three hydroxyl groups”**'. Glyceric acid, the important
intermediate for light industries, is commonly produced via selective oxidation of glycerol under alkali
conditions and in presence of noble metals*. Herein, rationally designing photocatalysts to achieve
selective glyceric acid production from glycerol photo(electro)reforming along with sustainable H,
production holds promising perspectives from industrial and academic points of view.

The fundamental process of glycerol photo(electro)reforming is that the photogenerated electrons reduce
protons from glycerol or water to produce hydrogen while the glycerol as an electron donor releases protons
and timely consumes the photogenerated holes”**. Improving the separation efficiency of photogenerated
electrons and holes is apparently one of the approaches to boost glycerol conversion and hydrogen
production. However, the selective glycerol conversion cannot be simultaneously guaranteed during the
photo(electro)reforming process. As the redox ability of photocatalysts can be regulated by changing the
band gap structure, it provides a possibility to selectively convert glycerol along with hydrogen
coproduction by bandgap engineering strategy"”. Fine regulation of the band gap structure of
semiconductors is a kind of challenge. Until now, quantum size effect and doping have been revealed as
strategies to slightly change the band gap structure®”. However, these always involve complicated
procedures and introduction of defects as recombination centers for electrons and holes*.. Solid solutions
stand out because their band gap structure can be continuously regulated by changing the ratio of solute

atoms in the solvent lattice!**

I In particular, the cost-effective Zn, ,Cd,S, a typical solid solution, has been
widely investigated as a photocatalyst due to tunable band structure and compositions of exposed crystal
facets*!. Besides, the well-established homojunction structure by introducing twinning superlattice in
Zn,,Cd,S nanocrystal also realizes efficient charge separation to boost the quantum yield“**”. Glycerol
photoreforming has also been demonstrated over Zn, Cd,S but only with hydrogen production*”. The
liquid or other gaseous products by photo(electro)reforming approach have not been systematically

investigated to reveal the detailed reaction pathway.

Herein, to fill this gap, we design and fabricate a series of Zn, Cd,S photocatalysts with twinning
superlattice and homojunction structure, which benefit the separation efficiency of photogenerated
electrons and holes. The redox ability and visible light absorption capability can be continuously regulated
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by changing the Cd/Zn ratio. Specifically, increasing the Cd/Zn ratio leads to enhanced visible light
absorption, but the narrow bandgap structure is accompanied by limited redox ability. As a result, Zn, ,Cd,S
photocatalysts exhibit excellent H, production, which strongly depends on the Cd/Zn ratio. Glyceric acid is
selectively produced from glycerol oxidation by the photogenerated holes. Besides, the glycerol
photoelectroreforming test is also performed and Zn,,Cd, S exhibits good photoelectrocatalytic activity.
This work demonstrates a good example for simultaneous production of gas fuels and value-added
chemicals from glycerol photoreforming.

EXPERIMENTAL

Detailed experimental materials and methods were included in Supplementary Materials.

RESULTS AND DISCUSSION

Zn,,Cd,S solid solutions with different Zn/Cd ratios were prepared by a hydrothermal process with zinc
acetate dihydrate, cadmium acetate dihydrate and thioacetamide as precursors. The obtained samples
exhibited different colors from white (ZnS) gradually to orange (CdS), indicating the enhanced visible light
absorbance with the increasing cadmium content [Figure 1A]. The obtained Zn, ,Cd,S solid solutions
exhibited crystalline particles [Figure 1B and Supplementary Figure 1]. The high-angle annular dark-field
scanning transmission electron microscopy (HAADF-STEM) image and corresponding elemental
mappings reveal the uniform distribution of Zn, Cd and S in the crystals [Figure 1C]. High-resolution
transmission electron microscopy (HRTEM) was performed to check the fine crystalline structure at an
atomic scale. The presence of both hexagonal wurtzite (WZ) structure and cubic zinc-blende (ZB) could be
clearly observed in a single crystalline particle [Figure 1D]. The phase boundary could also be clearly
identified. The crystal structures are further confirmed by the fast Fourier transform (FFT) patterns
[Figure 1E and F]. Meanwhile, ZB and WZ crystal phases are also observed in separated crystalline particles
[Figure 1G and H], further indicating the presence of twin crystals inside this material. The twin boundaries
are clearly identified, which benefits efficient charge separation [Figure 1I and Supplementary Figure 2].
Revealed by the energy dispersive X-ray spectroscopy (EDS) elemental mappings, Zn, Cd and S atoms are
homogeneously distributed even on the atomic scale, which is the characteristic feature of solid solution
[inset of Figure 1I and Supplementary Figure 3].

The change in crystal structure with different Zn/Cd ratios was tracked by X-ray diffraction [Figure 2A]. It
is obvious that ZnS exhibits a typical cubic ZB crystal phase (JCPDS Card: 03-065-1691). With the
introduction of Cd to gradually replace Zn in Zn, ,Cd,S solid solutions, the crystal structure changes from
cubic ZB phase to hexagonal WZ phase with a significant shift to a smaller diffraction angle of pristine ZnS
(110) plane. Typical hexagonal WZ diffraction peaks at 24.8°, 26.4° and 28.2° are identified for pure CdS
(100), (002) and (101) planes, respectively. Noticeably, the relative peak intensity of (002) of as-fabricated
CdS is extremely higher than that of the reference pattern (JCPDS Card No. 01-077-2306), which is ascribed
to the presence of cubic ZB crystal phase in CdS. The existence of a cubic phase in CdS could further be
revealed by the diffraction peak at 30.5°, which corresponds to the (200) plane of cubic ZB CdS. The above
results clearly demonstrate the formation of homojunction structure within Zn, ,Cd,S solid solutions by
random cubic ZB phase and hexagonal WZ phase. Another advantage of solid solution photocatalysts is
their continuously adjustable bandgap structure with different constituents. All the photocatalysts exhibit
direct semiconductor properties and pure ZnS shows the ability to only absorb ultraviolet (UV) light with
an absorption edge at 332 nm [Figure 2B]. With the increasing loading of Cd to gradually replace Zn atoms,
Zn, Cd,S solid solutions show redshifts in light absorption edge, and pure CdS exhibits an absorption edge
at 518 nm. According to Kubelka-Munk theory, the corresponding band gaps are 3.73, 3.10, 2.67, 2.53 and
2.39 eV for ZnS, Zn,,.Cd,,.S, Zn,.Cd,.S, Zn,,,Cd, .S and CdS, respectively [Figure 2C].
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Figure 1. (A) Schematic illustration of Zn,Cd,S preparation; (B) a typical TEM image of Zn,.Cd,.S; (C) HAADF-STEM and
corresponding elemental mappings of Zn,Cd,:S; HR-TEM images of (D) WZ phase and ZB phase in a single crystal, (E) and (F) FFT
patterns in the selected areas in (D); (G) ZB phase crystal and (H) WZ phase crystal; (1) HR-TEM image with the labeling of twin
boundaries and elemental mappings at the atomic scale (inset). TEM: Transmission electron microscopy; HAADF-STEM: high-angle
annular dark-field scanning transmission electron microscopy; HR-TEM: high-resolution transmission electron microscopy; WZ:
wurtzite; ZB: zinc-blende; FFT: fast Fourier transform.

To clarify the exact positions of the bandgap structure of Zn, ,Cd,S solid solutions, Mott-Schottky plots are
recorded in a typical three-electrode system with photocatalyst on fluorine-doped tin oxide (FTO) as the
working electrode, a Pt plate as the counter electrode and Ag/AgCl as the reference electrode. All the
Zn, Cd,S solid solutions exhibit n-type semiconductor properties and the detected flat potentials are -1.08,
-0.95, -0.90, -0.70 and -0.41 V vs. Ag/AgCl for ZnS, Zn,,.Cd,,.S, Zn,.Cd,.S, Zn,,.Cd,,.S and CdS,
respectively [Figure 2D]. Valence band X-ray photoelectron spectroscopy (VB-XPS) was then performed to
determine the valence band potentials combined with Mott-Schottky results, which are calculated to be
1.01, 0.98, 1.31, 1.21 and 1.47 V vs. normal hydrogen electrode (NHE) for ZnS, Zn,,.Cd,,.S, Zn,.Cd,.S, Zn,,,
Cd,..S and CdS, respectively [Supplementary Figure 4]. Combining the band gaps from UV-visible diffuse
reflectance spectra, the bandgap structures of Zn, Cd,S solid solutions are illustrated accordingly
[Figure 2E]. Increasing the cadmium content in Zn, ,Cd,S solid solutions improves visible light absorbance
but sacrifices redox ability. The chemical state on the Zn, Cd,S surface was investigated by X-ray
photoelectron spectroscopy (XPS) and all the results have been calibrated by C 1s at 284.8 eV. Characteristic
peaks of Zn, Cd and S were shown in XPS survey spectra [Supplementary Figure 5]. Carbon and oxygen
were also observed, which should come from the adventitious hydrocarbon in the equipment. The two
typical peaks with splitting energy of 23.0 eV in high-resolution XPS spectra of Zn 2p indicate that the Zn
element exists as Zn** [Figure 2F]. The binding energies of Zn 2p3/2 and Zn 2p1/2 gradually shift to higher
values with increasing Cd content, which is attributed to the higher electronegativity of Cd (1.7) than that of
Zn (1.6) and the cubic structure of all the Zn-S chemical bonds. In contrast, the binding energies of Cd 3ds/
2 and Cd 3d3/2 first shift to higher values and then lower values with gradually increasing Cd content
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Figure 2. (A) XRD patterns, (B) UV-vis diffuse reflectance spectra, (C) Tauc plots, (D) Mott-Schottky plots and (E) bandgap structures
illustration of Zn,,Cd,S solid solutions; High-resolution XPS spectra of (F) Zn 2p, (G) Cd 3d and (H) S 2p of Zn,,Cd,S solid solutions.
XRD: X-ray diffraction; UV-vis: ultraviolet-visible; XPS: X-ray photoelectron spectroscopy.

[Figure 2G], which is due to the synergistic effect of electronegativity and formation of homojunction by
cubic and hexagonal structures. The crystal structure of Cd-S chemical bonds mainly exists in cubic
structures with low Cd content and hexagonal structure dominants with high Cd content [Figure 2A]. The
two typical S 2p3/2 and S 2p1/2 peaks indicate the $* in Zn, ,Cd,S solid solutions [Figure 2H].

The photocatalytic activity of as-prepared Zn, Cd,S solid solutions was evaluated by glycerol
photoreforming. Pristine Zn, Cd,S solid solutions without any cocatalyst were first investigated for H,
evolution. All the samples exhibited almost linear relation of H, amount with reaction time and the Zn/Cd
ratio greatly affected the photocatalytic performance [Figure 3A]. Compared with bare CdS, with addition
of Zn in crystal structure, samples exhibited significantly enhanced H, production. This should be attributed
to the formation of solid solution structure, which facilitates the spontaneously separation of
photogenerated electrons and holes. This could be revealed by the enhanced photocurrent density and
reduced electrochemical impedance of Zn,.Cd,.S compared to pristine CdS [Supplementary Figure 6].
Noticeably, a negligible amount of CO was also detected without any CO, generation [Supplementary
Figure 7]. The H, evolution in the presence of Pt photodeposition still exhibited a linear relation with
reaction time [Figure 3B]. The formation of a Schottky junction through in-situ introduction of Pt as a
cocatalyst further boosted the photocatalytic H, production for all the Zn, Cd,S samples, except for ZnS,
which is a UV-responsible material. Differently, Zn,,.Cd,,.S exhibited the highest H, generation rate
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Figure 3. Photocatalytic H, generation of Zn,,Cd,S solid solutions from glycerol solution (A) without and (B) with Pt as cocatalyst, (C)
corresponding H, generation rates; (D) H, generation of Zn,.Cd, S with Pt from different glycerol concentration; (E) cycling test of
ZnysCdysS; (F) light absorbance spectrum of Zn,Cd, S and calculated AQY values at different monochromatic lights; (G) glycerol
conversion, (H) glyceric acid selectivity and yield of Zn,,Cd,S solid solutions, (1) proposed reaction mechanism. AQY: Apparent
quantum vyield.

(2.94 mmol-h"-g") without Pt while Zn,.Cd,.S showed the best performance (10.0 mmol-h’-g") with Pt as
cocatalyst [Figure 3C]. Three major factors that affect photocatalytic H, production are light absorption
region (bandgap width), charge separation and redox potential. Zn,.Cd,.S with Pt may synergistically
maximize these factors to achieve the best performance for H, production. The Zn,,Cd,.S and Zn,..Cd, .S
were collected after photocatalytic reaction with the deposition of Pt for the determination of Pt loading and
distribution. The inductively coupled plasma-atomic emission spectrometry (ICP-AES) revealed the similar
atomic loading of Pt on Zn,.Cd,.S (0.11%) and Zn,,.Cd,,.S (0.13%), respectively. However, the distribution
of Pt was found to be totally different from TEM images and corresponding elemental mappings
[Supplementary Figure 8]. A significant aggregation of Pt could be found in Zn,,Cd,.S while high
dispersion of Pt was on Zn,,.Cd,,.S with no aggregation of Pt, which probably originates from the stronger
redox ability of Zn,,.Cd,,.S than Zn, ,Cd,.S, inducing the fast deposition of Pt from H,PtCI, precursors. The
effect of glycerol concentration on photocatalytic H, generation was also investigated [Figure 3D]. The
optimized glycerol concentration was found to be 1% in volume. Lower glycerol concentration is inefficient
in consuming the photogenerated holes while higher glycerol concentration would affect the light
penetration due to its high viscosity. The photocatalytic stability of Zn,.Cd, .S was evaluated during the
long-time cycling test [Figure 3E]. A slight decrease in photocatalytic performance was observed but H,
generation rate was almost maintained at 8.00 mmol-h™-g", indicating the relatively good stability of as-
prepared photocatalysts. The apparent quantum yield (AQY) was then investigated on Zn,.Cd,.S samples at
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different monochromatic lights. The AQY values follow well with the UV-visible light absorption profile
and reach around 2.27%, 2.36%, 2.28% at the wavelengths of 365, 400, 450 nm, respectively [Figure 3F]. The
glycerol conversion and liquid phase products were also monitored along with H, production. Glycerol
conversion is not only related to the charge separation efficiency but also attributed to the oxidation
potential of photocatalysts. With increasing Zn content, Zn, ,Cd,S samples exhibited enhanced glycerol
conversion and Zn,,,Cd, .S showed highest performance (~7.40% within 5 h), which is consistent with the
improved oxidation ability [Figure 3G and 2E]. Glyceric acid was the main liquid product determined by
HPLC with some other side products such as dihydroxyacetone [Supplementary Figure 9]. Its selectivity
gradually increased with the Cd ratio [Figure 3H] and pure CdS exhibited the highest glyceric acid
selectivity (~95%). The possible reaction pathway of glycerol photoreforming into glyceric acid was
proposed based on the detected liquid products [Supplementary Figure 10]. Limited by the low glycerol
conversion, the yield of glyceric acid was not significant. However, Zn,.Cd, .S still showed the best
performance for glyceric acid production. The developed Zn,.Cd,.S delivers comparable activity for
photocatalytic glycerol valorization and hydrogen production compared to the literature [Supplementary
Table 1]. The reaction pathway was herein proposed [Figure 3I]. Under the irradiation of visible light,
Zn, Cd,S photocatalysts are activated to produce electrons and holes. The presence of Pt nanoparticles on
the surface traps the photogenerated electrons to reduce protons to produce H, while the photogenerated
holes oxidize the absorbed glycerol into glyceric acid.

The photoelectrocatalytic performance was then investigated for Zn,,Cd, .S as it showed the compromised
activity for both H, production and glycerol oxidation. The film on FTO was endowed with a similar
morphology of Zn,.Cd,.S compared to the powder but with significantly reduced crystal sizes. The
thickness was measured to be around 1.08 pm [Supplementary Figure 11]. The variables of light irradiation
and glycerol were applied for this test. The photocurrent densities were extremely low under dark
conditions even with the addition of glycerol [Figure 4A]. Under the light irradiation, Zn,,Cd, .S exhibited
an enhanced photocurrent density for water splitting and the photocurrent density was boosted to
1.12 mA/cm® at 1.23 V vs. reversible hydrogen electrode (RHE) in the absence of glycerol, which is
attributed to charge separation of the photogenerated electrons and holes. With the addition of glycerol, the
photocurrent density was further increased to 5.90 mA/cm® at 1.23 V vs. RHE, indicating the enhanced H,
generation on the photocathode by coupling glycerol oxidation on the photoanode. The transient response
and durability of Zn,.Cd,,S photoelectrode were then investigated over several on-off irradiation cycles
[Figure 4B]. The photocurrent rapidly increased to a constant value when the light was turned on while it
instantly decreased to almost zero when the light was turned off, indicating the excellent transient response
of the as-fabricated photoelectrode. The high durability of Zn, .Cd,.S photoelectrodes could be revealed by
the stable photocurrent density under light irradiation and the photographs [Figure 4B and C]. After 5 h
reaction, 6.71% glycerol conversion was achieved with 40.3% glyceric acid selectivity, which was enhanced
from 4.97% glycerol conversion and 31.0% glyceric acid selectivity by photocatalysis, indicating the
prominent contribution of photoelectrocatalysis [Figure 4D].

The theoretical calculation revealed that bandgap energies were 2.44, 1.76, 1.38, 1.11 and 1.05 eV for ZnS,
Zn,,,Cd, .S, Zn,.Cd,.S, Zn,,,Cd,,.S and CdS respectively [Figure 5A-E and Supplementary Figure 12]. The
calculated bandgap energies were smaller than those obtained from UV-visible diffuse reflectance spectra
but with a consistent trend of decline compared to the measured results. Subsequently, the hydrogen
evolution reaction (HER) processes of five proportionally corresponding structures under the neutral
condition were simulated [Figure 5F]. The effect of proton adsorption sites on free energy was also
investigated on Zn,,.Cd,..S, Zn,.Cd,.S and Zn,,,Cd,..S. Pristine ZnS (AG = 0.46 eV) delivered smaller HER
free energy than CdS (AG = 0.66 €V). However, the activity of the Cd site (AG = 0.21 V) in Zn,,,Cd,..S
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Figure 4. (A) LSV curves of Zn,Cd, S in 0.1 M KOH solution with and without glycerol under dark and Xenon lamp illumination; (B)
Transient response to the light irradiation at 1.2 V vs. RHE in 0.1 M KOH solution with 0.1 M glycerol; (C) Photocurrent density and
calculated charge with increasing reaction time (insets are the photos of the working electrode before and after reaction; (D) Glycerol
conversion and glyceric acid selectivity. LSV: Linear sweep voltammetry; RHE: reversible hydrogen electrode.

material was smaller than that of the Zn site (AG = 1.90 eV). In the comparison of Zn,,.Cd,,.S and
Zn,,Cd,.S, the Zn site was superior to the Cd site, with values of 0.10 and 0.24 eV corresponding to the Zn
site and 0.26 and 0.37 eV corresponding to the Cd site, respectively. The change of HER free energy of
Zn,,.Cd,,.S catalysts was closest to 0 eV, indicating its best hydrogen production performance under neutral
conditions, which was consistent with the experimental result. The selective glycerol oxidation into glyceric
acid revealed that additional energy was required for the dehydrogenation steps on the primary carbon
atom, which were key steps in the whole oxidation reaction [Figure 5G]. The free energy change was up to
0.50 eV for the C-H breakage on Zn,.Cd,.S, while the release of a second hydrogen atom from the carbon
required 0.70 eV on Zn,,.Cd,,.S, which was much higher than that on Zn,,Cd,.S. The theoretical
calculation results supported the experiment that Zn, .Cd, .S delivered the best yield of glyceric acid from
glycerol oxidation.

The density of states was further analyzed to confirm the prominent features of Zn,,Cd,.S in the whole
oxidation process of glycerol into glyceric acid. For the first dehydrogenation step on the primary carbon
atom of glycerol, the O2p orbital was a major part of bonding to the Zn3d orbital in Zn,,.Cd,,.S and

Zn,,Cd,.S, in which the occupation energy in Zn,,.Cd,,.,S was slightly lower than that in Zn,,Cd,.S
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Figure 5. Band structure and atomic illustrations of Zn,,Cd,S: (A) ZnS, (B) Zn,-<Cd,,sS, (C) Zn,Cd, S, (D) Zny,Cd,5sS, (E) CdS, (F)
the HER step-chart of Zn, Cd,S with (111) facet, (G) oxidation of glycerol with Zn,,:Cd,,sS and Zn,sCd, sS and corresponding structure
inset; (H) and (1) Density of states graphs for first and second dehydrogenation step; (J) In situ DRIFTS spectra of glycerol oxidation on
Zn,5Cdy S surface. HER: Hydrogen evolution reaction; DRIFTS: diffuse reflectance infrared Fourier transform spectroscopy.

[Figure 5H]. For the second dehydrogenation step, the emergence of C2p and O2p orbital above the fermi
level region indicates the formation of anti-bonding orbital in C-O linkage, which made the second
dehydrogenation step as the rate-determining step of glycerol oxidation into glyceric acid [Figure 5I].
Noticeably, Zn,,Cd,.S delivered a lower anti-bonding energy than Zn,,.Cd,,.S, making it an ideal
photocatalyst in Zn,_ Cd,S for glycerol conversion into glyceric acid. In situ diffuse reflectance infrared
Fourier transform spectroscopy (DRIFTS) was performed to monitor the reaction pathway of glycerol
oxidation into glyceric acid [Figure 5J]. The Fourier transform spectroscopy (FTIR) spectra in the 1,114-
1,126 cm’' region corresponded to a bridging alkoxy bond formed from one primary alcohol group of
glycerol and two metal surface atoms'*”. The symmetric stretch v(OCO) of twofold carboxylate species
appeared at 1,418 cm ™", The band centered at 1,650 cm™ corresponded to the v(C=0) stretch mode of
adsorbed aldehyde species, indicating the oxidation of hydroxyl group into carboxyl group of glycerol™".

CONCLUSIONS

In summary, Zn, ,Cd,S solid solutions have been successfully synthesized with bandgap engineering for
glycerol photoreforming. The changeable bandgap structure regulates redox potential and light absorption.
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The spontaneous formation of homojunction by hexagonal WZ and ZB facilitates spatial charge separation.
As a result, a considerable amount of H, is produced by photogenerated electrons while glycerol is
selectively oxidized into glyceric acid by the photogenerated holes. The as-fabricated material also exhibits
excellent performance in glycerol photoelectroreforming process. This present work demonstrates an
example for glycerol valorization into sustainable H, along with value-added chemicals coproduction by
mild photo(electro)catalytic technology.
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