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Abstract

As a naturally occurring and stable energy supply, biomass will be the leading renewable energy in the future, and
its high-value application will help promote the realization of carbon neutrality. Glucose, as the basic unit of
lignocellulosic biomass, has been widely investigated as the feedstock to produce various value-added chemicals.
Compared to the traditional glucose valorization platforms, such as thermal catalysis and biological fermentation,
solar-driven photocatalysis holds the advantages in mild reaction conditions and controllable reaction kinetics, and
it is emerging as a sustainable and efficient technology for glucose conversion. With the rational design of the
photocatalysts, glucose could be selectively converted into specified chemicals via oriented bond cleavage along
with the sustainable generation of hydrogen at the same time, which is the so-called glucose photorefinery process.
This present review introduces the general principles and latest progress in glucose photorefinery. The rational
design of bifunctional photocatalysts to achieve extended light absorption, efficient charge separation, and
favorable surface reaction is also introduced. The oriented breakage of the chemical bonds in glucose molecules to
produce different chemicals on different active sites is highlighted. Finally, challenges and perspectives on glucose
photorefinery to achieve further efficiency and more fruitful reaction pathways are proposed. This present review is
believed to provide guidance for the biomass valorization by mild photocatalysis to simultaneously produce
sustainable fuels and chemicals with the rational design of dually functional photocatalysts.
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INTRODUCTION

Biomass is the most abundant natural renewable resource on Earth, and its high-value application plays a
vital role in ensuring the stable development of human civilization". A large amount of agricultural and
forestry waste biomass is produced in the world every year. If converted and utilized in a green and
sustainable way, it can substantially contribute to economic development, facilitate energy structure
adjustment, and aid in reducing carbon dioxide emissions"”. Traditional strategies for biomass valorization
mainly include direct incineration, pyrolysis, biocatalytic conversion, etc.”. These methods always suffer
from high energy consumption, environmental pollution, and low efficiency. Relatively, biomass utilization
by solar-driven photocatalysis holds great advantages in green sustainability, mild reaction conditions,
controllable reaction pathways, and pollution-free properties'*”. Biomass photorefinery is a newly proposed
concept that involves the hydrogen generation and value-added chemicals coproduction. This concept is
refined from the traditional photocatalytic hydrogen production from water, in which additives as the
sacrificial agents are always involved in replacing the oxygen evolution reaction (OER)". Because the OER
process needs huge energy input and is the rate-determining step of photocatalytic water splitting'®.
However, the addition of traditional sacrificial agents, such as methanol and triethanolamine, greatly
increases the process cost of photocatalytic hydrogen production. At the same time, the carbon dioxide
emitted by the over-oxidation of sacrificial agents during the photocatalytic reaction is not environmentally
feasible, making the application of photocatalytic hydrogen production in industrial settings notably
difficult. A large number of reducing groups in biomass components, such as hydroxyl groups, can
theoretically be used as electron donors for photocatalytic hydrogen production reactions to replace
traditional sacrificial agents”""\. It is believed that through the rational design of bifunctional photocatalysts,
realizing the biomass photorefinery process to simultaneously produce sustainable hydrogen and value-
added chemicals is a promising technology for future fuel and chemical production [Figure 1]"".

Natural biomass mainly exists in the form of lignocellulose, and its components are mainly composed of
l. Among them,
cellulose is composed of glucose as a component unit through p-1,4 glycosidic bonds, intramolecular and
intermolecular hydrogen bonds, and it accounts for 40%-60% of lignocellulose by mass. Hemicellulose is
another polysaccharide, which is mainly composed of five-carbon sugars (xylose, arabinose, efc.) and six-

16-18

cellulose, hemicellulose, and lignin. Its basic composition structure is shown in Figure 2!

carbon sugars (glucose, mannose, efc.). The specific components of hemicelluloses are closely related to the
source of lignocellulose, and the mass proportion of hemicellulose in lignocellulose is 20%-25%. Different
from cellulose and hemicellulose, lignin is a polymer formed by three-dimensional crosslinking of aromatic
allyl alcohol. The spatial distribution relationship of the three major components in lignocellulose is that
cellulose is in the core of lignocellulose, hemicellulose covers the surface of cellulose by forming tight
hydrogen bonds, and lignin, such as the resin, fills in the space between the cellulose and hemicellulose. The
lignocellulose constructed through the above interactions has a complex structure and stable physical and
chemical properties. In order to realize the efficient conversion and utilization of lignocellulose, it is
necessary to combine certain pretreatment strategies to destroy its inherent inertia"**".

Glucose is the component unit of cellulose in lignocellulosic biomass and could be easily obtained after the
hydrolysis of cellulose by inorganic acids or enzymes” . Similar to the biomass as the sacrificial agent,
glucose with hydroxyl groups could serve as the electron donor to boost the photocatalytic hydrogen
production. Compared to the complex biomass, glucose as the sacrificial agent could improve the reaction
kinetics. Besides, the reaction thermodynamics is also favorable as the oxidation of glucose requires
negligible energy input (AE° = +0.001 V)", The energy barrier diagram of photocatalytic water splitting and
photocatalytic glucose oxidation reaction process is shown in Figure 3.
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Figure 1. Schematic illustration of photocatalytic water splitting and biomass photorefinery.
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Figure 2. Schematic illustration of the component and spatial distribution of lignocellulosic biomass. Reproduced with permission!”’
Copyright 2021, Springer Nature Ltd.
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Figure 3. Schematic illustration of reaction barriers of photocatalytic water splitting and biomass photorefinery.

Currently, the research on glucose photorefinery is mainly divided into two aspects. One is the non-
selective reaction process, that is, only using glucose as a sacrificial agent for photocatalytic hydrogen
production, in which glucose conversion is not investigated or overoxidized into water and CO,. The
second is the selective reaction process, in which glucose will be selectively converted into value-added
chemicals along with photocatalytic hydrogen production”. The comparison of these two reaction
processes is shown in Figure 4. From the aspect of photocatalyst design, the non-selective glucose
photorefinery process only needs to consider the reaction efficiency of photogenerated electrons, while the
selective glucose photorefinery process puts high demands on the photocatalysts, which could not only
produce hydrogen but also realize the selective oxidation of glucose to produce value-added chemicals
instead of CO,.

NON-SELECTIVE GLUCOSE PHOTOREFINERY

In the process of non-selective glucose photorefinery process, glucose only acts as electron donors to
consume the photogenerated holes by semiconductor photocatalysts or free radical species induced by holes
so as to improve the survival life of photogenerated electrons and promote the activity of photocatalytic
hydrogen production. Iergvolino et al. reported a series of works about using glucose as the sacrificial agent
to improve the photocatalytic hydrogen production efficiency of modified TiO,, ZnO, and LaFeO,* .
Although it holds the novelty of using glucose to replace the traditional methanol as the sacrificial agent and
considerable hydrogen was also obtained, there are still some intrinsic drawbacks. All the used
photocatalysts have wide bandgap structures, making them only respond to ultraviolet light. Besides, the
modification by noble metals, such as Ru and Pt, greatly increased the cost of the photocatalytic hydrogen
production. Due to the wide bandgap structure and the strong oxidation ability of these semiconductors,
glucose was reported to be totally mineralized into CO, and H,O. Moreover, the absence of labeling
experiments using D,O as the solvent, along with the corresponding mass spectrum, poses a limitation in
revealing the origin of the protons in produced hydrogen.

Considering the large energy ratio of visible light in the whole solar spectrum, some semiconductors
responsible for visible light have been developed as photocatalysts to produce hydrogen from glucose. For
example, flower-like CdS/MoS, composites were designed for photocatalytic hydrogen production from
glucose solution under visible light irradiation [Figure 5A]"”. The bandgap alignment of CdS and MoS,
realized the significant promotion of charge separation efficiency while also achieving enhanced absorption
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Figure 4. Schematic illustration of non-selective and selective glucose photorefinery.
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Figure 5. Schematic illustrations of photocatalytic hydrogen production by (A) CdS/MoS,.Reproduced with permission™®”. Copyright
2017, Elsevier; (B) MoS,/ZnlIn,S, with assistance of cellulase. Reproduced with permission[33].Copyright 2022, Wiley; (C) NiP,/MoS,
/NiS/CdS composite. Reproduced with permission™*. Copyright 2021, American Ceramic Society; (D) CdgaZn,,S/Au/g-CN .

Reproduced with permission®. Copyright 2017, Elsevier.

of visible light. As a result, the optimized composite exhibited excellent photocatalytic hydrogen production
and stability from glucose solution (55.0 mmol-h"-g"), which was even higher than that from Na,S/Na,SO,
as a sacrificial agent. ZnIn,S, is another metal sulfide photocatalyst, and its unique layered structure endows
it with excellent charge separation efficiency, making it one of the popular candidates for different
photocatalytic applications**'. ZnS-coated ZnIn,S, was prepared through a solvothermal process and used
for the photocatalytic hydrogen production from glucose solution. The composition of the photocatalysts
and concentrations of glucose and NaOH were optimized to achieve the highest hydrogen production. As a
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result, the optimized photocatalyst with Pt as the cocatalyst exhibited much better hydrogen production
from glucose compared to the pristine ZnIn,S,. Some cascade reactions were also developed by directly
using cellulose as the initial substrate. With the assistance of hydrolysis enzymes, ZnIn,S, modified by MoS,
was also fabricated and used for the photocatalytic hydrogen production from cellulose™. In the presence
of cellulase, the added cellulose was first converted into glucose, and then, the produced glucose acted as the
sacrificial agent for photocatalytic hydrogen production [Figure 5B].

To improve the photocatalytic hydrogen production from glucose solution by the non-selective reaction
process, it is essential to improve the charge separation by constructing the transfer channels for the
photogenerated electrons. Multiple components were combined to realize the efficient and spatial
immigration of the photogenerated electrons. NiP,/MoS,/NiS/CdS composites in nanorod morphology
were designed and fabricated through solvothermal processes®™. The presence of NiP, and MoS, as the
cocatalyst significantly improved the photocatalytic hydrogen production compared to the pristine NiS/CdS
composite from a glucose solution. The immigration pathway of photogenerated electrons in this NiP,/
MoS,/NiS/CdS composite was also proposed [Figure 5C].

Graphitic carbon nitride (g-C,N,) is another typical photocatalyst with narrow bandgap structures to absorb
visible light. The proper bandgap configuration of g-C,N, makes it suitable for different photocatalytic
applications” . Compared to metal oxides, g-C,N, may suffer from low efficiency in charge transfer due to
its weak conductivity. With different modifications, the modified g-C,N,-based photocatalysts showed
excellent photocatalytic hydrogen production”®. In particular, the introduction of gold nanoparticles and
Cd,Zn, .S to g-C,N, to construct the Z-scheme heterojunction endowed the composite with promising
hydrogen production from a glucose solution [Figure 5D]*. In a similar binary component system of
TiO,-Au-CdS, the presence of gold nanoparticles with the localized surface plasmon resonance (LSPR)
effect played dual roles: light absorption enhancement and charge separation improvement"”. These binary
component systems with the formation of Z-scheme heterojunction could efficiently increase the spatial
separation of photogenerated electrons and holes***'],

Although the presence of glucose as the sacrificial agent could realize the photocatalytic hydrogen
production by the rational design of photocatalysts, the achieved hydrogen generation efficiency is still not
comparable to the state-of-the-art ones from traditional sacrificial agents such as methanol,
triethanolamine, lactic acid, etc. More importantly, the non-selective conversion of glucose into CO, greatly
reduces the sustainability of photocatalytic hydrogen production and has a potential impact on climate
change. Herein, more rational photocatalyst design and/or reaction system optimization are desired to
realize the selective glucose photorefinery process to simultaneously produce hydrogen and value-added
chemicals.

SELECTIVE GLUCOSE PHOTOREFINERY

Biomass photoreforming, including using glucose as the substrate, has been investigated in recent years.
Despite this, the simultaneous coproduction of hydrogen and value-added chemicals in this process remains
challenging'>'"**>**\. For the first time, we propose achieving the goal of “killing two birds with one stone” by
designing photocatalysts with dual functions. These catalysts not only produce hydrogen but also selectively
convert biomass substrates to produce high-value-added chemicals, that is, the selective biomass

[40,43

photorefinery process'“>*!. Particularly noteworthy is the rational design of bifunctional photocatalysts,
enabling the conversion of glucose into numerous chemicals alongside hydrogen production, such as
fructose, gluconic acid, glucaric acid, arabinose, and lactic acid. The basic principle of this process is to use

photocatalysts to generate electrons under light irradiation to produce hydrogen. Additionally, it aims to
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oxidize glucose through photogenerated holes or produce free radicals to generate high-value-added
chemicals. To realize this process, excellent separation efficiency of photogenerated electrons and holes is
first required. At the same time, photocatalysts need to have specific catalytic reaction active sites to realize
the selective conversion of biomass substrates. Besides, the oxidation stability of photocatalysts should be
carefully modulated to avoid the over-oxidation of glucose.

From the molecular structure of glucose, the oriented breakage of different chemical bonds induces the
selective production of different chemicals
glucose has been successfully converted into different chemicals [Figure 6A]*. However, using

[44

l. With various catalysis, fermentation, and pyrolysis methods,

photocatalysis to selectively convert glucose into a specific chemical along with hydrogen production is
rarely reported. In the past few years, our team worked on the rational design of functional photocatalysts to
realize the selective breakage of the chemical bonds in glucose to produce value-added chemicals and gas
fuels, such as H, and CO, at the same time [Figure 6B].

Glucose isomerization to fructose

Fructose is another essential chemical in the industry to produce platform chemicals such as
5-hydroxymethylfurfural (HMF) and levulinic acid"“’. Producing fructose from glucose isomerization
processes by catalysts with Lewis acid or Brensted base sites has been extensively documented"”*.
However, reports on photocatalytic glucose isomerization for fructose production are relatively scarce.
Herein, we have, for the first time, realized this process by rationally designing photocatalysts with transient
Lewis acid-base sites. A carbon nitride-based photocatalyst prepared through supramolecular
preorganization-assisted molten-salt methods showed excellent activity for the photocatalytic glucose
isomerization into fructose (> 60% selectivity)*". The material characterizations revealed the presence of
nitrogen vacancies and cyano groups in the as-fabricated photocatalyst, which induced the transient
arrangement of the electron cloud under visible light irradiation, thus resulting in the activation of the
oxygen atoms connected to the C1 and C1 in glucose. The deprotonation of O2-H and the following proton
transfer process finally realized the glucose isomerization into fructose [Figure 7].

To realize the simultaneous generation of hydrogen along with fructose production from photocatalytic
glucose isomerization processes, platinum (Pt) nanoparticles were loaded on the polymeric red carbon
nitride (PRCN) as the cocatalyst to accumulate the residual photogenerated electrons to produce
hydrogen'™.. The as-fabricated photocatalyst exhibited much enhanced visible light absorption and charge
separation efficiency. Besides, the carbon incorporation and potassium insertion induced the transient
charge redistribution under visible light irradiation, which is different from the defect-induced Lewis acid-
base sites. Specifically, the incorporated carbon atoms accumulated the n-n conjugated electrons as the
Lewis base sites while inserted potassium ions attracted positive charges as the Lewis acid sites. The
formation of Lewis acid-base sites under light irradiation synergistically promoted the process of glucose
isomerization to fructose. More importantly, the decorated Pt nanoparticles gathered the residual electrons
to realize photocatalytic hydrogen production at the same time [Figure 8].

Glucose oxidation to gluconic acid

Among the chemicals produced from glucose, gluconic acid has been widely used in the food and
pharmaceutical industries. Gluconic acid is commercially generated from glucose fermentation by fungi,
which suffers from long-time consumption and high costs™”. In order to improve the process of gluconic
acid production, chemical catalysis has been developed®*”. The widely investigated mechanism comes
from the generation of active oxygen species (AOS) by noble metals in the presence of an oxygen
atmosphere. From this aspect, photocatalysis is a potential approach to produce gluconic acid from glucose,
as AOS could be selectively produced by the rational design of photocatalysts. Bai et al. reported the
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synthesis of hierarchically porous CaTiO, coupling Zn,.Cd, .S quantum dots as the dually functional
photocatalyst to realize photocatalytic H, production and glucose oxidation into gluconic acid*”. With the
assistance of the hierarchically porous structure in light harvesting and beneficial mass diffusion and the
Zn,,Cd,,S quantum dots in constructing heterojunction structures for charge separation, the as-fabricated
composite exhibited 2.81 mmol-h™-g" of H, with the AQY at 5.56%. More importantly, considerable yield of
gluconic acid was also achieved at the same time.

Due to the presence of hydroxyl groups at the Cs position, gluconic acid could be further oxidized into
glucaric acid with two carboxylic groups [Figure 9A]*". Each of the oxidation steps involves two electrons.
Notably, g-C,N, is one of the typical photocatalysts with the unique two-electron reaction property, which
could selectively produce AOS for the in-situ glucose oxidation. Herein, g-C.N,-based photocatalysts have
been investigated for selective glucose conversion into gluconic acid. Bai et al. reported the chlorin es
modified carbon nitride (Ce6@BNCN) as the metal-free photocatalyst for glucose oxidation. This process
resulted in the production of both gluconic acid and glucaric acid, achieving a 62.3% glucose conversion rate
[Figure 9B]"*"". However, the detection of other products, such as arabinose, indicated the overoxidation of
the produced gluconic acid and glucaric acid. With the modification of cobalt thioporphyrazine (CoPz)
onto g-C,N, [Figure 9C], the overoxidation of gluconic acid and glucaric acid was inhibited'”. Wang et al.

reported the synthesis of potassium and oxygen co-doped g-C,N, (RCN) as the photocatalyst to selectively
produce gluconic acid from glucose oxidation'™. This process was realized by the intrinsic two-electron
reaction pathway of RCN, which could selectively generate H,O, and +O, as the oxidation species for
gluconic acid production [Figure 9D].

Glucose to arabinose with C1-C2 breakage

The processes of glucose isomerization and glucose oxidation into gluconic acid do not involve the breakage
of the chemical bonds in glucose molecules. The selective cleavage of different C-C bonds will produce
different chemicals. For example, the C1-C2 cleavage will generate arabinose from glucose. Arabinose has
been regarded as a low-caloric aldopentose with a great market in biological and medical industries'*".
Photocatalytic glucose conversion into arabinose has also been investigated in recent years'*’. Chong et al.
demonstrated the selective conversion of glucose to arabinose and other sugar aldose on TiO,-based

[65

photocatalysts [Figure 10A]'*”. The effects of the crystal phase of TiO, and active species on glucose
degradation pathway in water conditions were first revealed. Apart from the liquid phase products, gaseous
H,, CO, and CO, were also detected during the photocatalytic process. Zhao et al. adopted the colloid
template method to prepare 3DOM TiO,-Au as the photocatalyst for glucose conversion into arabinose, and
a similar reaction pathway was also observed in this work [Figure 10B]"*. The detailed reaction mechanism
was investigated by the C18 labeling experiment. The presence of hierarchically porous structures and gold
nanoparticles endowed the photocatalyst with another ability to produce methane. The reaction pathway of
glucose to arabinose seems to follow the Ruff degradation mechanism [Figure 10C]. As glucose and
arabinose have similar functional groups, the used photocatalysts could also further convert arabinose with
the formation of erythrose and formic acid. Herein, in order to obtain higher selectivity and yield of
arabinose from photocatalytic glucose conversion, the minor differences between glucose and arabinose in
the aspects of chemical and physical properties should be fully considered. Apart from TiO,-based
photocatalysts, some other photocatalysts have also been applied for the photocatalytic glucose conversion
into arabinose. For example, Wang et al. reported the synthesis of gold nanoparticle-modified carbon
nitride (ACN), which regulated the two-electron reaction of pristine carbon nitride into a single-electron
reaction pathway to selectively produce +O, as the active species for arabinose production””’. Some other
reduction reactions instead of photocatalytic hydrogen production, along with glucose oxidation into
arabinose, have also been achieved. For example, Zhou et al. designed mesoporous CdS supported with Pd
nanoparticles as the visible light photocatalyst, and it showed excellent performance for photocatalytic
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conversion of glucose. Reproduced with permission'®®. Copyright 2021, Elsevier.
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Photocatalytic glucose conversion to lactic acid on carbon nitride-based materials. Reproduced with permission”’“’. Copyright 2020,
Elsevier.

glucose conversion to arabinose. More importantly, the as-fabricated photocatalyst also exhibited dual
functionality. The photogenerated holes oxidized glucose to arabinose with 70% selectivity, while the
photogenerated electrons reduced nitrosobenzene into azoxybenzene with 92% selectivity'*.

Glucose to lactic acid with C3-C4 breakage

Glucose could be artificially synthesized through aldol condensation reactions'®”. Herein, it is reasonable to
decompose glucose via retro-aldol reactions into glyceraldehyde and dihydroxyacetone. It has been widely
reported that glucose could be converted via C3-C4 breakage by photocatalysis and finally produce lactic
acid in an alkaline solution. The most widely acknowledged reaction pathway involves the glucose
isomerization into fructose followed by retro-aldol reactions to produce glyceraldehyde and
dihydroxyacetone. Pyruvaldehyde is then generated through the release of water from dihydroxyacetone.
Finally, the stable lactic acid will be produced after a series of reactions, such as rearrangements and
dehydration reactions [Figure 11A]"7°”". As photocatalysis could produce AOS to boost the retro-aldol
process, a high yield of lactic acid has been achieved via glucose photorefinery. Zhao et al. synthesized a
series of Zn, ,Cd,S solid solutions as the photocatalyst and 1 M of NaOH solution as the media. Besides of
lactic acid production with 87% selectivity, considerable hydrogen was also evolved under the optimized
condition [Figure 11B]. The rationally designed Zn, ,Cd,S solid solution was endowed with homojunction
structures that were constituted by zinc blende and wurtzite twinning superlattice. The formed
homojunction structure benefited the spatial separation of photogenerated electrons and holes and
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facilitated the production of plenty of active species for glucose to lactic acid processes”. Further
investigations by using dual-functional marigold-like Zn, ,Cd,S solid solutions revealed the active sites for
photocatalytic hydrogen generation and lactic acid production”’. Ma et al.reported a series of
photocatalysts, including carbon nitride, copper oxides, and bismuth oxide-based materials, which showed
excellent performance for the photocatalytic lactic acid production from pentoses and hexoses”””. All the
developed photocatalysts seem to produce AOS that are believed to play a vital role in the conversion of
glucose to lactic acid via C3-C4 cleavage [Figure 11C]. However, all the achievements are realized in
alkaline conditions, and it is still challenging to directly generate lactic acid from glucose in neutral
conditions by photocatalysis”. Noticeably, lactic acid may not be the only product from the C3-C4
cleavage of glucose or fructose via the retro-aldol reaction, as the direct liquid products are the
glyceraldehyde and dihydroxyacetone, which may generate glycerol with the hydrogenation reaction. With
the rational design of photocatalyst and solvent optimization, glycerol has been successfully prepared from
glucose photorefinery processes” [Table 1].

The principle for selective glucose photorefinery varies from the production of different value-added
chemicals. In general, Lewis acid-base sites are essential for glucose isomerization into fructose. Active
oxygen radicals play a crucial role in oxidizing glucose into gluconic acid or glucaric acid or breaking C-C
bonds within glucose. Specifically, alkaline conditions, along with AOS, are necessary for the C3-C4
cleavage to produce glycerol or lactic acid.

CONCLUSION AND OUTLOOK

In summary, biomass and biomass derivates have been developed as the sacrificial agent to overcome the
reaction kinetics of photocatalytic water splitting to improve the hydrogen generation efficiency. With the
rational design of photocatalysts, it is feasible to realize both non-selective and selective glucose
photorefinery to produce hydrogen and/or value-added chemicals. Besides, the optimization of the
photocatalyst, reaction solvent, and atmosphere could regulate the selective breakage of the chemical bonds
in glucose molecules to produce different valuable chemicals. Challenges in the selective glucose
photorefinery come from the following aspects. Firstly, highly efficient photocatalysts with bifunctionality
are still desired. Compared to the traditional sacrificial agent, glucose is in more complex and larger
molecular structures. The achieved photocatalytic hydrogen production is still far from state-of-the-art
efficiency in the presence of traditional sacrificial agents, such as methanol, triethanolamine, lactic acid,
etc.!™). Photocatalysts with more favorable bandgap structures and proton activation energy should be
considered for the photocatalytic hydrogen production from biomass or biomass derivates; Secondly, for
the selective glucose photorefinery, the achieved glucose conversion and product yield should also be
further improved. Compared to the traditional platforms for glucose conversion, such as biocatalysis and
thermocatalysis, the photocatalytic activity for selective glucose conversion needs further improvement.
Because most of the products from glucose, such as arabinose, gluconic acid, fructose, etc., have similar
functional groups with glucose, there is a possibility that these compounds could serve as reactants and be
consumed by the photocatalysts, thus reducing the product yields. Herein, apart from the rational
photocatalyst design, the reaction system, including solvents, reactors, atmospheres, etc., should be taken
into consideration to achieve better yield of liquid products"”. Thirdly, some other reaction pathways
should be developed to produce other valuable chemicals. For example, the C2-C3 breakage induces the
selective generation of erythrose™. HMF was also observed to be produced from glucose photorefinery, but
the achieved efficiency needs to be improved®. Finally, beyond the glucose photorefinery, cellulose or
biomass photorefinery to produce sustainable hydrogen and value-added chemicals holds a more promising
perspective for natural biomass valorization, which also puts much higher demands on the photocatalyst
design and reaction system optimization due to the presence of strong intermolecular and intramolecular
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Table 1. Comparison of lactic acid production from glucose photorefinery

H, production

. o e ey o

Entry Photocatalyst Reactant (mmol-g™-h™) Glucose conversion (%) Lactic acid yield (%) Ref.

1 ZnCdS 20 g/L glucose, 0.69 90 78 [72]
1M NaOH

2 Ut-OCN 10 g/L fructose, - 98 70 [74]
3 M KOH

3 s-TCS-4 20 g/L glucose, 0.56 96 90 [80]
1M NaOH

4 CuO@CS-H 10 g/L glucose, - 98 54 [76]
5 M KOH

5 CC,@mCN,, 10 g/L glucose, - 100 70 [77]
2 M KOH

6 BiOBr/Zn,,@5Sn0,_, 10 g/L glucose, - 80 61 [81]
1M NaOH

7 g-C3N, 0.5 g/L glucose, - 100 100 [78]
1M NaOH

hydrogen bonding and some inevitable condensation of lignin in lignocellulosic biomass. Apart from
photocatalysis, newly emerging technologies by electrocatalysis and/or photoelectrocatalysis would also be
attributed to the biomass valorization to simultaneously produce sustainable hydrogen and valuable
chemicals. In recent years, explosive reports on biomass or biomass-derived glucose photorefinery to
produce hydrogen and value-added chemicals indicate a bright future for this research direction**. We
hope this present review could stimulate the development of a rational design of photocatalysts and reaction
systems to better valorize biomass into fuels and chemicals.

DECLARATIONS

Authors’ contributions

Prepared the manuscript: Sun Z, Yu X

Performed manuscript corrections: Zhao H, Hu J, Chen Z

Availability of data and materials
Not applicable.

Financial support and sponsorship
This work is finacially supported by the Canada First Research Excellence Fund (CFREF), University of
Calgary, and Eastern Institute of Technology, Ningbo.

Conflicts of interest
All authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2024.



Page 14 of 16 Sun et al. Chem Synth 2024;4:4 | https://dx.doi.org/10.20517/cs.2023.41

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.
23.

24.

25.

26.

217.

28.

29.

30.

Yan P, Xiao C, Xu L, et al. Biomass energy in China’s terrestrial ecosystems: insights into the nation’s sustainable energy supply.
Renew Sust Energy Rev 2020;127:109857. DOI

Balat M, Ayar G. Biomass energy in the world, use of biomass and potential trends. Energy Sources 2005;27:931-40. DOI

Ning P, Yang G, Hu L, et al. Recent advances in the valorization of plant biomass. Biotechnol Biofuels 2021;14:102. DOI PubMed
PMC

LiC, LiJ, Qin L, Yang P, Vlachos DG. Recent advances in the photocatalytic conversion of biomass-derived furanic compounds. ACS
Catal 2021;11:11336-59. DOI

Toe CY, Tsounis C, Zhang J, et al. Advancing photoreforming of organics: highlights on photocatalyst and system designs for
selective oxidation reactions. Energy Environ Sci 2021;14:1140-75. DOI

Huang Z, Luo N, Zhang C, Wang F. Radical generation and fate control for photocatalytic biomass conversion. Nat Rev Chem
2022;6:197-214. DOI PubMed

Xia B, Zhang Y, Shi B, Ran J, Davey K, Qiao S. Photocatalysts for hydrogen evolution coupled with production of value-added
chemicals. Small Methods 2020;4:2000063. DOI

Suen NT, Hung SF, Quan Q, Zhang N, Xu YJ, Chen HM. Electrocatalysis for the oxygen evolution reaction: recent development and
future perspectives. Chem Soc Rev 2017;46:337-65. DOI PubMed

Li C, Naghadeh SB, Guo L, Xu K, Zhang JZ, Wang H. Cellulose as sacrificial biomass for photocatalytic hydrogen evolution over
one-dimensional CdS loaded with NiS, as a cocatalyst. ChemistrySelect 2020;5:1470-7. DOI

Zhong N, Yu X, Zhao H, Hu J, Gates ID. Biomass photoreforming for hydrogen production over hierarchical 3DOM TiO,-Au-CdS.
Catalysts 2022;12:819. DOI

Augustin A, Chuaicham C, Shanmugam M, et al. Recent development of organic-inorganic hybrid photocatalysts for biomass
conversion into hydrogen production. Nanoscale Adv 2022;4:2561-82. DOI PubMed PMC

Nwosu U, Wang A, Palma B, et al. Selective biomass photoreforming for valuable chemicals and fuels: a critical review. Renew Sust
Energy Rev 2021;148:111266. DOI

Shi C, Kang F, Zhu Y, et al. Photoreforming lignocellulosic biomass for hydrogen production: optimized design of photocatalyst and
photocatalytic system. Chem Eng J 2023;452:138980. DOI

Ma J, Liu K, Yang X, et al. Recent advances and challenges in photoreforming of biomass-derived feedstocks into hydrogen, biofuels,
or chemicals by using functional carbon nitride photocatalysts. ChemSusChem 2021;14:4903-22. DOI PubMed

Liu X, Duan X, Wei W, Wang S, Ni B. Photocatalytic conversion of lignocellulosic biomass to valuable products. Green Chem
2019;21:4266-89. DOI

Isikgor FH, Becer CR. Lignocellulosic biomass: a sustainable platform for the production of bio-based chemicals and polymers. Polym
Chem 2015;6:4497-559. DOI

Yuan Y, Jiang B, Chen H, et al. Recent advances in understanding the effects of lignin structural characteristics on enzymatic
hydrolysis. Biotechnol Biofuels 2021;14:205. DOI PubMed PMC

Jensen CU, Rodriguez Guerrero JK, Karatzos S, Olofsson G, Iversen SB. Fundamentals of HydrofactionTM: renewable crude oil from
woody biomass. Biomass Conv Bioref 2017;7:495-509. DOI

Agbor VB, Cicek N, Sparling R, Berlin A, Levin DB. Biomass pretreatment: fundamentals toward application. Biotechnol Adv
2011;29:675-85. DOI PubMed

Tadesse H, Luque R. Advances on biomass pretreatment using ionic liquids: an overview. Energy Environ Sci 2011;4:3913. DOI
Chew J, Doshi V. Recent advances in biomass pretreatment - torrefaction fundamentals and technology. Renew Sust Energy Rev
2011;15:4212-22. DOI

Huang Y, Fu Y. Hydrolysis of cellulose to glucose by solid acid catalysts. Green Chem 2013;15:1095. DOI

Fan LT, Lee YH. Kinetic studies of enzymatic hydrolysis of insoluble cellulose: derivation of a mechanistic kinetic model. Biotechnol
Bioeng 1983;25:2707-33. DOI PubMed

Kuehnel MF, Reisner E. Solar hydrogen generation from lignocellulose. Angew Chem Int Ed Engl 2018;57:3290-6. DOI PubMed
PMC

Tervolino G, Vaiano V, Murcia JJ, et al. Photocatalytic hydrogen production from degradation of glucose over fluorinated and
platinized TiO, catalysts. J Catal 2016;339:47-56. DOI

Vaiano V, lervolino G. Photocatalytic removal of methyl orange Azo Dye with simultaneous hydrogen production using Ru-
modified ZnO photocatalyst. Catalysts 2019;9:964. DOI

Iervolino G, Vaiano V, Sannino D, Rizzo L, Palma V. Enhanced photocatalytic hydrogen production from glucose aqueous matrices
on Ru-doped LaFeO,. Appl Catal B Environ 2017;207:182-94. DOI

Iervolino G, Vaiano V, Sannino D, Rizzo L, Ciambelli P. Production of hydrogen from glucose by LaFeO, based photocatalytic
process during water treatment. /nt J Hydrog Energy 2016;41:959-66. DOI

Li C, Wang H, Ming J, Liu M, Fang P. Hydrogen generation by photocatalytic reforming of glucose with heterostructured CdS/MoS,
composites under visible light irradiation. /nt J Hydrog Energy 2017;42:16968-78. DOI

Zhang G, Wu H, Chen D, et al. A mini-review on ZnlIn,S,-based photocatalysts for energy and environmental application. Green
Energy Environ 2022;7:176-204. DOI


https://dx.doi.org/10.1016/j.rser.2020.109857
https://dx.doi.org/10.1080/00908310490449045
https://dx.doi.org/10.1186/s13068-021-01949-3
http://www.ncbi.nlm.nih.gov/pubmed/33892780
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8063360
https://dx.doi.org/10.1021/acscatal.1c02551
https://dx.doi.org/10.1039/d0ee03116j
https://dx.doi.org/10.1038/s41570-022-00359-9
http://www.ncbi.nlm.nih.gov/pubmed/37117437
https://dx.doi.org/10.1002/smtd.202000063
https://dx.doi.org/10.1039/c6cs00328a
http://www.ncbi.nlm.nih.gov/pubmed/28083578
https://dx.doi.org/10.1002/slct.201904840
https://dx.doi.org/10.3390/catal12080819
https://dx.doi.org/10.1039/d2na00119e
http://www.ncbi.nlm.nih.gov/pubmed/36132286
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9417503
https://dx.doi.org/10.1016/j.rser.2021.111266
https://dx.doi.org/10.1016/j.cej.2022.138980
https://dx.doi.org/10.1002/cssc.202101173
http://www.ncbi.nlm.nih.gov/pubmed/34636483
https://dx.doi.org/10.1039/c9gc01728c
https://dx.doi.org/10.1039/c5py00263j
https://dx.doi.org/10.1186/s13068-021-02054-1
http://www.ncbi.nlm.nih.gov/pubmed/34670604
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8527784
https://dx.doi.org/10.1007/s13399-017-0248-8
https://dx.doi.org/10.1016/j.biotechadv.2011.05.005
http://www.ncbi.nlm.nih.gov/pubmed/21624451
https://dx.doi.org/10.1039/c0ee00667j
https://dx.doi.org/10.1016/j.rser.2011.09.017
https://dx.doi.org/10.1039/c3gc40136g
https://dx.doi.org/10.1002/bit.260251115
http://www.ncbi.nlm.nih.gov/pubmed/18548602
https://dx.doi.org/10.1002/anie.201710133
http://www.ncbi.nlm.nih.gov/pubmed/29218824
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5861678
https://dx.doi.org/10.1016/j.jcat.2016.03.032
https://dx.doi.org/10.3390/catal9110964
https://dx.doi.org/10.1016/j.apcatb.2017.02.008
https://dx.doi.org/10.1016/j.ijhydene.2015.10.085
https://dx.doi.org/10.1016/j.ijhydene.2017.05.137
https://dx.doi.org/10.1016/j.gee.2020.12.015

Sun et al. Chem Synth 2024;4:4 | https://dx.doi.org/10.20517/cs.2023.41 Page 15 of 16

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Yang R, Mei L, Fan Y, et al. ZnIn,S,-based photocatalysts for energy and environmental applications. Small Methods
2021;5:¢2100887. DOI PubMed

LiY, Wang J, Peng S, Lu G, Li S. Photocatalytic hydrogen generation in the presence of glucose over ZnS-coated Znln,S, under
visible light irradiation. Int J Hydrog Energy 2010;35:7116-26. DOI

Liu QY, Wang P, Zhang FG, Yuan YJ. Visible-light-driven photocatalytic cellulose-to-H, conversion by MoS,/ZnIn,S, photocatalyst
with cellulase assistance. Chemphyschem 2022;23:¢202200319. DOI PubMed

Zheng X, Wang X, Liu J, et al. Construction of NiP,/MoS,/NiS/CdS composite to promote photocatalytic H, production from glucose
solution. J Am Ceram Soc 2021;104:5307-16. DOI

Zhao Z, Sun Y, Dong F. Graphitic carbon nitride based nanocomposites: a review. Nanoscale 2015;7:15-37. DOI

Cao S, Low J, Yu J, Jaroniec M. Polymeric photocatalysts based on graphitic carbon nitride. Adv Mater 2015;27:2150-76. DOI
PubMed

Wang J, Kumar P, Zhao H, Kibria MG, Hu J. Polymeric carbon nitride-based photocatalysts for photoreforming of biomass
derivatives. Green Chem 2021;23:7435-57. DOI

Rahman MZ, Davey K, Mullins CB. Tuning the intrinsic properties of carbon nitride for high quantum yield photocatalytic hydrogen
production. Adv Sci 2018;5:1800820. DOI PubMed PMC

Zhao H, Ding X, Zhang B, Li Y, Wang C. Enhanced photocatalytic hydrogen evolution along with byproducts suppressing over
Z-scheme CdxZn, xS/Au/g-C;N, photocatalysts under visible light. Sci Bull 2017;62:602-9. DOI

Zhao H, Li C, Yu X, et al. Mechanistic understanding of cellulose B-1,4-glycosidic cleavage via photocatalysis. Appl Catal B Environ
2022;302:120872. DOI

Zhao H, Hu Z, Liu J, et al. Blue-edge slow photons promoting visible-light hydrogen production on gradient ternary 3DOM
TiO,-Au-CdS photonic crystals. Nano Energy 2018;47:266-74. DOI

Luo H, Barrio J, Sunny N, et al. Progress and perspectives in photo- and electrochemical-oxidation of biomass for sustainable
chemicals and hydrogen production. Adv Energy Mater 2021;11:2101180. DOI

Zhao H, Yu X, Li C, et al. Carbon quantum dots modified TiO, composites for hydrogen production and selective glucose
photoreforming. J Energy Chem 2022;64:201-8. DOI

Adeleye AT, Louis H, Akakuru OU, Joseph I, Enudi OC, Michael DP. A review on the conversion of levulinic acid and its esters to
various useful chemicals. AIMS Energy 2019;7:165-85. DOI

Chen H, Wan K, Zheng F, et al. Recent advances in photocatalytic transformation of carbohydrates into valuable platform chemicals.
Front Chem Eng 2021;3:615309. DOI

Asghari FS, Yoshida H. Kinetics of the decomposition of fructose catalyzed by hydrochloric acid in subcritical water: formation of
5-hydroxymethylfurfural, levulinic, and formic acids. /nd Eng Chem Res 2007;46:7703-10. DOI

Liu C, Carraher JM, Swedberg JL, Herndon CR, Fleitman CN, Tessonnier JP. Selective base-catalyzed isomerization of glucose to
fructose. ACS Catal 2014;4:4295-8. DOI

Choudhary V, Pinar AB, Lobo RF, Vlachos DG, Sandler SI. Comparison of homogeneous and heterogeneous catalysts for glucose-to-
fructose isomerization in aqueous media. ChemSusChem 2013;6:2369-76. DOI PubMed

Qi T, He MF, Zhu LF, Lyu YJ, Yang HQ, Hu CW. Cooperative catalytic performance of lewis and brensted acids from AICl, salt in
aqueous solution toward glucose-to-fructose isomerization. J Phys Chem C 2019;123:4879-91. DOI

Chen SS, Tsang DC, Tessonnier J. Comparative investigation of homogeneous and heterogeneous Brensted base catalysts for the
isomerization of glucose to fructose in aqueous media. App! Catal B Environ 2020;261:118126. DOI

Wang J, Zhao H, Zhu B, et al. Solar-driven glucose isomerization into fructose via transient lewis acid-base active sites. ACS Catal
2021;11:12170-8. DOI

Zhang H, Zhao H, Zhai S, et al. Electron-enriched Lewis acid-base sites on red carbon nitride for simultaneous hydrogen production
and glucose isomerization. Appl Catal B Environ 2022;316:121647. DOI

Ramachandran S, Fontanille P, Pandey A, Larroche C. Gluconic acid: properties, applications and microbial production. Food Technol
Biotech 2006;44:185-95. Available from: https://hrcak.srce.hr/file/161891. [Last accessed on 19 Dec 2023]

Zhang Q, Wan Z, Yu IK, Tsang DC. Sustainable production of high-value gluconic acid and glucaric acid through oxidation of
biomass-derived glucose: a critical review. J Clean Prod 2021;312:127745. DOI

Wang Y, Van de Vyver S, Sharma KK, Roman-leshkov Y. Insights into the stability of gold nanoparticles supported on metal oxides
for the base-free oxidation of glucose to gluconic acid. Green Chem 2014;16:719-26. DOI

Qi P, Chen S, Chen J, Zheng J, Zheng X, Yuan Y. Catalysis and reactivation of ordered mesoporous carbon-supported gold
nanoparticles for the base-free oxidation of glucose to gluconic acid. ACS Catal 2015;5:2659-70. DOI

Jin X, Zhao M, Shen J, et al. Exceptional performance of bimetallic Pt1Cu,/TiO, nanocatalysts for oxidation of gluconic acid and
glucose with O, to glucaric acid. J Catal 2015;330:323-9. DOI

Xiong L, Tang J. Strategies and challenges on selectivity of photocatalytic oxidation of organic substances. Adv Energy Mater
2021;11:2003216. DOI

Bai FY, Han JR, Chen J, et al. The three-dimensionally ordered microporous CaTiO; coupling Zn,,Cd, ;S quantum dots for
simultaneously enhanced photocatalytic H, production and glucose conversion. J Colloid Interface Sci 2023;638:173-83. DOI
PubMed

Liu WJ, Xu Z, Zhao D, et al. Efficient electrochemical production of glucaric acid and H, via glucose electrolysis. Nat Commun


https://dx.doi.org/10.1002/smtd.202100887
http://www.ncbi.nlm.nih.gov/pubmed/34927932
https://dx.doi.org/10.1016/j.ijhydene.2010.02.017
https://dx.doi.org/10.1002/cphc.202200319
http://www.ncbi.nlm.nih.gov/pubmed/35817732
https://dx.doi.org/10.1111/jace.17883
https://dx.doi.org/10.1039/c4nr03008g
https://dx.doi.org/10.1002/adma.201500033
http://www.ncbi.nlm.nih.gov/pubmed/25704586
https://dx.doi.org/10.1039/d1gc02307a
https://dx.doi.org/10.1002/advs.201800820
http://www.ncbi.nlm.nih.gov/pubmed/30356987
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6193178
https://dx.doi.org/10.1016/j.scib.2017.03.005
https://dx.doi.org/10.1016/j.apcatb.2021.120872
https://dx.doi.org/10.1016/j.nanoen.2018.02.052
https://dx.doi.org/10.1002/aenm.202101180
https://dx.doi.org/10.1016/j.jechem.2021.04.033
https://dx.doi.org/10.3934/energy.2019.2.165
https://dx.doi.org/10.3389/fceng.2021.615309
https://dx.doi.org/10.1021/ie061673e
https://dx.doi.org/10.1021/cs501197w
https://dx.doi.org/10.1002/cssc.201300328
http://www.ncbi.nlm.nih.gov/pubmed/24106178
https://dx.doi.org/10.1021/acs.jpcc.8b11773
https://dx.doi.org/10.1016/j.apcatb.2019.118126
https://dx.doi.org/10.1021/acscatal.1c03252
https://dx.doi.org/10.1016/j.apcatb.2022.121647
https://hrcak.srce.hr/file/161891
https://dx.doi.org/10.1016/j.jclepro.2021.127745
https://dx.doi.org/10.1039/c3gc41362d
https://dx.doi.org/10.1021/cs502093b
https://dx.doi.org/10.1016/j.jcat.2015.05.018
https://dx.doi.org/10.1002/aenm.202003216
https://dx.doi.org/10.1016/j.jcis.2023.01.123
http://www.ncbi.nlm.nih.gov/pubmed/36736118

Page 16 of 16 Sun et al. Chem Synth 2024;4:4 | https://dx.doi.org/10.20517/cs.2023.41

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

2020;11:265. DOI PubMed PMC

Bai X, Hou Q, Qian H, et al. Selective oxidation of glucose to gluconic acid and glucaric acid with chlorin e6 modified carbon nitride
as metal-free photocatalyst. Appl Catal B Environ 2022;303:120895. DOI

Zhang Q, Xiang X, Ge Y, Yang C, Zhang B, Deng K. Selectivity enhancement in the g-C;N,-catalyzed conversion of glucose to
gluconic acid and glucaric acid by modification of cobalt thioporphyrazine. J Catal 2020;388:11-9. DOI

Wang J, Chen L, Zhao H, et al. In situ photo-fenton-like tandem reaction for selective gluconic acid production from glucose photo-
oxidation. ACS Catal 2023;13:2637-46. DOI

Fehér C. Novel approaches for biotechnological production and application of L-arabinose. J Carbohydr Chem 2018;37:251-84. DOI
Chong R, Li J, Ma Y, Zhang B, Han H, Li C. Selective conversion of aqueous glucose to value-added sugar aldose on TiO,-based
photocatalysts. J Catal 2014;314:101-8. DOI

Zhao H, Liu P, Wu X, et al. Plasmon enhanced glucose photoreforming for arabinose and gas fuel co-production over 3DOM TiO,-Au.
Appl Catal B Environ 2021;291:120055. DOI

Wang J, Zhao H, Liu P, et al. Selective superoxide radical generation for glucose photoreforming into arabinose. J Energy Chem
2022;74:324-31. DOI

Zhou B, Song J, Wu T, et al. Simultaneous and selective transformation of glucose to arabinose and nitrosobenzene to azoxybenzene
driven by visible-light. Green Chem 2016;18:3852-7. DOI

Alajarin R, Garcia-Junceda E, Wong CH. A short enzymic synthesis of L-glucose from dihydroxyacetone phosphate and
L-glyceraldehyde. J Org Chem 1995;60:4294-5. DOI

Wang Y, Deng W, Wang B, et al. Chemical synthesis of lactic acid from cellulose catalysed by lead(Il) ions in water. Nat Commun
2013;4:2141. DOI

Kang F, Shi C, Zhu Y, et al. Dual-functional marigold-like ZnxCd, xS homojunction for selective glucose photoreforming with
remarkable H, coproduction. J Energy Chem 2023;79:158-67. DOI

Zhao H, Li CF, Yong X, et al. Coproduction of hydrogen and lactic acid from glucose photocatalysis on band-engineered Zn, ,Cd,S
homojunction. iScience 2021;24:102109. DOI PubMed PMC

Jin D, Ma J, Sun R. Nitrogen-doped biochar nanosheets facilitate charge separation of a Bi/Bi,O, nanosphere with a Mott-Schottky
heterojunction for efficient photocatalytic reforming of biomass. J Mater Chem C 2022;10:3500-9. DOI

Ma J, Jin D, Li Y, et al. Photocatalytic conversion of biomass-based monosaccharides to lactic acid by ultrathin porous oxygen doped
carbon nitride. App! Catal B Environ 2021;283:119520. DOI

Mal, Li Y, Jin D, et al. Functional B@mCN-assisted photocatalytic oxidation of biomass-derived pentoses and hexoses to lactic acid.
Green Chem 2020;22:6384-92. DOI

Li Y, Ma J, Jin D, et al. Copper oxide functionalized chitosan hybrid hydrogels for highly efficient photocatalytic-reforming of
biomass-based monosaccharides to lactic acid. Appl Catal B Environ 2021;291:120123. DOI

Ma J, Li Y, Jin D, et al. Reasonable regulation of carbon/nitride ratio in carbon nitride for efficient photocatalytic reforming of
biomass-derived feedstocks to lactic acid. Appl Catal B Environ 2021;299:120698. DOI

Zhao H, Wang X, Wu X, et al. Exploration of optimal reaction conditions on lactic acid production from glucose photoreforming over
carbon nitride. Resour Chem Mater 2023;2:111-6. DOI

Wang J, Wang X, Zhao H, et al. Selective C3—C4 cleavage via glucose photoreforming under the effect of nucleophilic dimethyl
sulfoxide. ACS Catal 2022;12:14418-28. DOI

Wang TW, Yin ZW, Guo YH, et al. Highly selective photocatalytic conversion of glucose on holo-symmetrically spherical
three-dimensionally ordered macroporous heterojunction photonic crystal. CCS Chem 2023;5:1773-88. DOI

Zhang Y, Yang S, Wang Z, et al. High selective conversion of fructose to lactic acid by photocatalytic reforming of
BiOBr/Zn,@SnO, , in alkaline condition. J Catal 2022;413:843-57. DOI

Potapenko KO, Gerasimov EY, Cherepanova SV, Saraev AA, Kozlova EA. Efficient photocatalytic hydrogen production over
NiS-modified cadmium and manganese sulfide solid solutions. Materials 2022;15:8026. DOI PubMed PMC

Zhang R, Eronen A, Du X, et al. A catalytic approach via retro-aldol condensation of glucose to furanic compounds. Green Chem
2021;23:5481-6. DOI

Zou J, Zhang G, Xu X. One-pot photoreforming of cellulosic biomass waste to hydrogen by merging photocatalysis with acid
hydrolysis. Appl Catal A Gen 2018;563:73-9. DOI

Djellabi R, Aboagye D, Galloni MG, et al. Combined conversion of lignocellulosic biomass into high-value products with ultrasonic
cavitation and photocatalytic produced reactive oxygen species - a review. Bioresour Technol 2023;368:128333. DOI PubMed
Aboagye D, Djellabi R, Medina F, Contreras S. Radical-mediated photocatalysis for lignocellulosic biomass conversion into value-
added chemicals and hydrogen: facts, opportunities and challenges. Angew Chem Int Ed Engl 2023;135:¢202301909. DOI PubMed


https://dx.doi.org/10.1038/s41467-019-14157-3
http://www.ncbi.nlm.nih.gov/pubmed/31937783
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6959317
https://dx.doi.org/10.1016/j.apcatb.2021.120895
https://dx.doi.org/10.1016/j.jcat.2020.04.027
https://dx.doi.org/10.1021/acscatal.2c05931
https://dx.doi.org/10.1080/07328303.2018.1491049
https://dx.doi.org/10.1016/j.jcat.2014.03.009
https://dx.doi.org/10.1016/j.apcatb.2021.120055
https://dx.doi.org/10.1016/j.jechem.2022.07.028
https://dx.doi.org/10.1039/c6gc00943c
https://dx.doi.org/10.1021/jo00118a058
https://dx.doi.org/10.1038/ncomms3141
https://dx.doi.org/10.1016/j.jechem.2022.11.043
https://dx.doi.org/10.1016/j.isci.2021.102109
http://www.ncbi.nlm.nih.gov/pubmed/33615204
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7881236
https://dx.doi.org/10.1039/d1tc05931a
https://dx.doi.org/10.1016/j.apcatb.2020.119520
https://dx.doi.org/10.1039/d0gc01896a
https://dx.doi.org/10.1016/j.apcatb.2021.120123
https://dx.doi.org/10.1016/j.apcatb.2021.120698
https://dx.doi.org/10.1016/j.recm.2023.01.001
https://dx.doi.org/10.1021/acscatal.2c03618
https://dx.doi.org/10.31635/ccschem.022.202202213
https://dx.doi.org/10.1016/j.jcat.2022.07.042
https://dx.doi.org/10.3390/ma15228026
http://www.ncbi.nlm.nih.gov/pubmed/36431512
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9696279
https://dx.doi.org/10.1039/d1gc01429c
https://dx.doi.org/10.1016/j.apcata.2018.06.030
https://dx.doi.org/10.1016/j.biortech.2022.128333
http://www.ncbi.nlm.nih.gov/pubmed/36403911
https://dx.doi.org/10.1002/anie.202301909
http://www.ncbi.nlm.nih.gov/pubmed/37162030

