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a b s t r a c t

Photocatalytic selective transform native lignin into valuable chemicals is an attractive but challenging

task. Herein, we report a mesoporous sulfur-doped carbon nitride (MSCN-0.5) which is prepared by a

facile one-step thermal condensation strategy. It is highly active and selective for the cleavage Cα−Cβ

bond in β−O−4 lignin model compound under visible light radiation at room temperature, achieving

99% substrate conversion and 98% Cα−Cβ bond cleavage selectivity. Mechanistic studies revealed that the

Cβ−H bond of lignin model compounds activated by holes and generate key Cβ radical intermediates,

further induced the Cα−Cβ bond cleavage by superoxide anion radicals (•O2
−) to produce aromatic oxy-

genates. Waste Camellia oleifera shell (WCOS) was taken as a representative to further understand the

reaction mechanisms on native lignin. 33.2mg of monophenolic compounds (Vanillin accounted for 22%

and Syringaldehyde for 34%) can be obtained by each gram of WCOS lignin, which is 2.5 times as that

of the pristine carbon nitride. The present work offers useful guidance for designing metal-free heteroge-

neous photocatalysts for Cα−Cβ bond cleavage to harvest monophenolic compounds.

© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

The depletion of fossil fuels has animated scientists to develop

new technologies for producting fuels and chemicals from lig-

nocellulosic biomass [1,2]. Lignin is the most abundant aromatic

biopolymer in lignocellulosic biomass that can be transformed to

phenolic monomers [3]. However, its complex irregular polymeric

structure renders it challenging to be transformed. The main ob-

stacle of lignin transformation is the selective cleavage of the C−O

or C−C bonds in lignin linkages [4–6]. Some strategies have suc-

ceeded in breaking almost all target C–O bonds, mainly β−O−4

bonds, to produce the aromatic products [7–10]. C−C bonds are

generally left untouched due to its high bond dissociation energy,

which limits theoretical aromatic monomer yield. In addition, C−C

bonds can be survived in most conventional lignin depolymeriza-

tion conditions, even in a high temperture (more than 250 °C) [11].
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Thus, breaking C−C bonds in lignin (especially Cα−Cβ bonds) is

one of the key challenges for the valorization of lignin. Only few

thermocatalytic methods, majorly aerobic oxidation based on metal

complexes was reported that can cleaving the stable Cα−Cβ bonds

[12]. Besides, additional additives such as expensive oxidants are

typically required during the reaction. Therefore, it is challenging

but attractive that developing a green technique for selective cleav-

ing Cα−Cβ bonds in lignin under mild condition to harvest valu-

able chemicals such as vanillin and syringaldehyde.

Photocatalysis has been emerged as a promising technique for

green oxidation, which can produce oxidation species such as pho-

togenerated holes and superoxide anion radicals under light irra-

diation without auxiliary of additional oxidants. Due to the in-

timate contact with lignin macromolecules, several homogeneous

photocatalysts have been reported for Cα−Cβ bonds cleavage with

high conversion and selectivity, such as ruthenium (Ru)-, copper

(Cu)- and vanadium (V)-based photocatalysts [13–15]. But the use

of homogenous photocatalysts makes it difficult to the separation

of aromatic products and recycle of catalysts. Thus, increasing re-

search have been shifted to heterogeneous photocatalysts. How-
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Scheme 1. Fabrication mechanism of mesoporous sulfur-doped carbon nitride.

ever, the lack of intimate contact between heterogeneous pho-

tocatalysts and lignin macromolecules, and the inappropriate en-

ergy band structure of the photocatalyst, creating a barrier for the

cleavage of Cα−Cβ bonds. Although few heterogeneous photocat-

alysts have been fabricated for the effective breaking of Cα−Cβ

bonds [16], it is extremely meaningful to develop high active het-

erogeneous photocatalyst for highly selective cleavage of Cα−Cβ

bonds.

Graphitic carbon nitride (g-C3N4) is a promising metal-free het-

erogeneous photocatalyst for photocatalytic selective cleavage of

Cα−Cβ bonds, based on the π−π stacking interactions between

the triazine rings of g-C3N4 and benzene rings of lignin model

compounds [17]. However, due to the serious photogenerated car-

riers recombination, insufficient active sites and the inappropriate

energy band structure, the photocatalytic activity and selectivity

for the Cα−Cβ bonds cleavage by the pristine g-C3N4 was very low.

In particular, the number of active sites and the energy band struc-

ture also affect the photocatlytic activity and selectivity.

Constructing porous microstructure is an effective strategy to

increase the number of the active sites in g-C3N4 [18]. And non-

metallic doping has been widely used to adjust the energy band

structure of g-C3N4 [19–21]. Traditional synthetic method of meso-

porous sulfur-doped carbon nitride (MSCN) usually require hy-

drothermal pretreatment [22], or use SiO2 nanoparticles as hard

templates and following removal of them by etching with HF so-

lution [23]. Different from these methods, the sublimed sulfur is

innovatively used as both pore-forming agent and sulfur doping

substance in this work, and MSCN is initially planned to be pre-

pared via one-step thermal condensation strategy. Interestingly, it

found that the energy band structures of the MSCN can be tuned

by controlling the mass ratio (X) of sublimed sulfur to urea in the

precursor, matching the redox potential required by the cleavage of

Cα−Cβ bonds. The β−O−4 lignin model compound was employed

to study the structure-performance relation of MSCN-X.

Up to now, most studies used lignin model compounds as sub-

strate to study the photocatalytic cleavage mechanisms of lignin

bonds. The transformation of native lignin to value-added chem-

icals and the understanding on the reaction mechanisms about

is very limited. Waste Camellia oleifera shell (WCOS) is a main

byproduct of the Camellia seed oil processing industry. As a typical

waste biomass, it composed of high content of lignin but is usually

discarded or burned directly. In our previous works, it was mainly

used as raw material to study the high value utilization of waste

biomass [24]. In this work, the lignin extracted from the WCOS was

employed as the native lignin to promote the understanding of the

photocatalytic reaction mechanisms.

The MSCN-X were prepared via one-step thermal condensation

(Supporting information Part I). Fabrication mechanism of MSCN-X

is shown in Scheme 1. In the case of high temperatures, part of

melamine produced from urea will undergo a disproportionation

reaction with sublimed sulfur and water vapor, producing trithio-

cyanuric acid and (NH4)2SO3. Typically, trithiocyanuric acid ex-

isted in two isomeric forms, i.e., s-triazine-2,4,6-trithiol and 1,3,5-

triazinane-2,4,6-trithione. The trithione form cannot react with

−NH2 groups so that abundant mesopores was produced in the

framework of CN. The trithiol form can react with melamine to

produce sulfur-dopped tri-s-triazine units and produced MSCN-X

by condensation of −NH2 groups.

The chemical structure of the prepared CN and MSCN-0.5 was

first characterized by X-ray diffraction (XRD) patterns (Fig. 1a). the

XRD patterns of MSCN-0.5 were very similar to that of CN, indicat-

ing the general structure of carbon nitride was preserved after the

sulfur doping. Two distinguish peaks centered at 13.1° and 27.5°
were matched with the in-plane repeated heptazine units and the

stacking inter layer, respectively [25]. Compared with CN, the left

shift of (002) peak of MSCN-0.5 suggested that the increase of in-

terlamellar spacing.

The morphologies and microstructures of the prepared mate-

rials were observed under the transmission electron microscopy

(TEM) images. As shown in Fig. 1b, CN appeared a smooth 2D

sheet-like structure, which was attributed to that the framework

of CN is formed by continuous polycondensation of −NH2 groups

between the tri-s-triazine units. Different from CN, the MSCN-0.5

appeared a layered microstructure with abundant pores (Fig. 1c),

which may attribute to the existence of pore-fabricating units that

hindered the continuous polycondensation of tri-s-triazine units

[26]. The N2 adsorption-desorption isotherm data also confirmed

this result (Figs. S1 and S2 in Supporting information). All sam-

ples have a typical type IV isotherm with a H3-type hysteresis

loop, indicating the mesopores existed in these two solid materials.

The mesopores in CN were attributed to the interspace formed by

the stacking of carbon nitride sheets. And those in MSCN-0.5 were

mainly attributed to the mesopores on carbon nitride sheets sur-

face. Compared to the CN (52.3 m2/g), MSCN-0.5 shows a higher

of specific surface area (105.7 m2/g), which will provide more ac-

tive sites in the reaction.
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Fig. 1. (a) XRD pattern of prepared photocatalysts. (b) TEM image of CN. (c) TEM image of MSCN-0.5. (d−g) EDX elemental mapping of MSCN-0.5. (h) FT-IR spectra of

MSCN-0.5. (i) XPS high-resolution spectra of S 2p of MSCN-0.5.

The introduction of sulfur in the catalysts was revealed by EDX

element mapping (Figs. 1d-g), Fourier transform infrared (FT-IR)

(Fig. 1h) and X-ray photoemission spectroscopy (XPS) analysis (Fig.

1i). The EDX element mapping of MSCN-0.5 shows a uniform dis-

tribution of C, N and S throughout the whole selected area, reflect-

ing the uniform doping of sulfur in MSCN-0.5. According to the

results of FT-IR, the peaks located in 1200−1600 cm−1 belong to

the stretching vibration of the aromatic C−N in heterocyclic tri-

azine ring, and the typical peak centered at 807 cm−1 is ascribed

to the bending vibration of tri-s-triazine subunits [27]. The absorp-

tion band in the range of 3000−3500 cm−1 can be originated from

the −NH2 or −NH functional groups at the edge of carbon nitride

and the adsorbed H2O molecules [28]. Notably, compared with CN,

MSCN-0.5 displayed an additional peak at 1125 cm−1, which at-

tributed to the stretching vibration of C=S bonds, revealing that

the N elements in the tri-s-triazine subunits were replaced by S

elements [29]. The high-resolution XPS S 2p spectra showed that

two peaks located at 168.6 and 163.8 eV, which corresponding to

the S−O bond and C−S bond, respectively [30–32]. The peak at

163.8 eV is originated from the formed C−S bonds in MSCN-0.5.

And that centered at 168.6 eV is ascribed to the S−O bonds of

ammonium sulfite or sulfate, which was produced from the cal-

cination treatment under air atmosphere [33,34]. The content of S

atoms on the surface of the MSCN-0.5 from XPS is 0.17 wt% (Table

S1 in Supporting information). All above results revealed that the

N atoms in the tri-s-triazine subunits were replaced by S atoms.

Besides, solid-state 13C NMR spectra of the CN and MSCN-0.5 were

studied to verify the internal structures (Fig. S3 in Supporting in-

formation). The peaks at 165.4 and 157.1 ppm of CN were assigned

to the CN3 (C1) and CN2(NH2) groups (C2). Similar peaks were also

observed in the MSCN-0.5, where the peak shifts were influenced

by S doping [18,35].

In addition, to further investigate the substitution sites of S

atoms in tri-s-triazine subunits, the high-resolution XPS spectra

of the C 1s region and N 1s region for the CN and MSCN-0.5

were analyzed. As shown in Fig. S4 and Table S2 (Supporting in-

formation), for the CN, the XPS peak of C 1s centered at 284.8

and 288.2 eV were assigned to reference carbon element and sp2-

hybridized carbon bonded to nitrogen (N−C=N) [36]. For MSCN-

0.5, the C 1s peak of N−C=N exhibited a slightly lower movement

(0.10 eV) to 288.09 eV, indicating the improved electron density

around C atom. This was due to the nitrogen atom (strong elec-

tronegativity) in N−C=N being replaced with sulfur atoms (weak

electronegativity). To further confirm this point, the N 1s spectra of

catalysts were studied. For CN, peaks at 398.67, 399.83, 401.18 and

404.52 eV were attributed to the sp2 hybridized N atoms in hetero-

cycle (C−N=C, marked as N2C), tertiary N bonded to C atoms in the

form of (N−(C)3, marked as N3C), amino functional groups (−NHx)

and π-excitations, respectively [37,38]. Compared with the N3C/N2C

atomic ratio of CN and MSCN-0.5, it increased from 0.40 to 0.45 af-

ter the S doping, indicating the decrease in relative content of N2C

atom in the framework. These results were further confirmed that

the N atom in C−N=C was substituted by S atom.

The optical absorption and band structure of the prepared

samples were investigated by Ultraviolet-visible diffuse reflectance

spectrum (UV–vis DRS). As shown in Figs. S5 and S6 (Supporting

information), a red shift in the absorption edge was achieved in

MSCN-X. Sulfur doping could not only enhance the visible light

absorption, but also decrease the band-gap energy of the catalyst.

With an increase in the value of X from 0.1 to 1.0 in MSCN-X, the

band-gap energy gradually decreased from 2.70 eV to 2.55 eV. To

further investigate the energy band structures of catalysts, the CB

potentials (ECB) were roughly determined by Mott-Schottky mea-

surements (Fig. S7 in Supporting information). The flat-band po-

tentials (Efb) of MSCN-X were shifted from −0.84V to −0.94V (vs.

Ag/AgCl) upon increasing the value of X from 0.1 to 1.0, which are

equivalent to from −0.64V to −0.74V (vs. NHE) [39]. Considering

that the conduction band minimum (CBM) of n-type semiconduc-

tor is 0.1V negative than Efb [40], the CBMs of MSCN-X were calcu-

lated to shift from −0.74V to −0.84V (vs. NHE), and the valence-

band maximum (VBM) of MSCN-X was shifted from 1.96V to 1.71V

(vs. NHE) upon increasing the value of X from 0 to 1.0. The energy

band structure of the prepared photocatalysts was shown in Fig. S8

(Supporting information). The VBM is mainly determined by the s-

orbitals and p-orbitals of N atom [41], these results proved that S

2p orbitals of S atoms in MSCN-X could take part in the formation

of VBM and CBM.

In addition to adjusting the band structure, the introduction

of sulfur in MSCN-X can also influence the separation and trans-

fer of photoexcited charge carriers. Firstly, the charge separation

of the prepared catalysts was investigated by the photolumines-

cence (PL) spectra that were measured with an excitation wave-

length at 375nm. As shown in Fig. S9 (Supporting information),

the lowest PL peak intensity of MSCN-0.5 indicated the highest

charge separation efficiency [42,43]. Moreover, the time-resolved

transient PL decay spectra was shown in Fig. S10 (Supporting infor-
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mation) and the corresponding emission lifetime (τ ) were listed in

Table S3 (Supporting information). Both the short-lifetime compo-

nent (τ 1 =1.53ns) and the long-lifetime component (τ 2 =6.84ns)

of MSCN-0.5 are much smaller than that of CN (τ 1 =2.08ns,

τ 2 =8.02ns), indicating that sulfur doping decreased the recom-

bination number of photo-generated electron-hole pairs in MSCN-

0.5 [44]. As a representative of the overall decay behavior, the av-

erage PL lifetime of CN and MSCN-0.5 is 5.49ns and 4.73ns, re-

spectively. Transient photocurrent measures (Fig. S11 in Supporting

information) and electrochemical impedance spectrum (EIS) (Fig.

S12 in Supporting information) were measured to further investi-

gate the transmission of photo-generated charges. Compared with

CN, MSCN-0.5 exhibited a satisfactory photocurrent response and a

representative Nyquist plot with a much smaller arc radius, further

confirming that sulfur doping can accelerate the surface migration

of photogenerated carrier.

To study the photocatalytic Cα−Cβ bond cleavage reaction and

evaluate the photocatalytic activity and selectivity of MSCN-X,

lignin model compound with Cα−OH, Cα−Cβ , and Cβ−O bonds (2-

phenoxy-1-phenylethanol) (1a), was typically used as a substrate

in this work. The photocatalytic reactions in this work were all

carried out in a customized quartz photocatalytic reactor under

425nm LED blue light irritation, and the reactants were continu-

ously stirred by magnetic forces during the whole photocatalytic

reaction (Fig. S13 in Supporting information). Detailed quantitative

methods and calculation formulas were shown in Supporting infor-

mation Part I. Experiments and Results with different catalysts and

reaction conditions are shown in Scheme S1 and Table S4 (Sup-

porting information). As can be seen from these results, the photo-

catalytic reaction did not occur in the absence of photocatalyst or

light illumination (Table S4, entries 1 and 10). The MSCN-0.5 con-

fers remarkably higher photoactivity than CN, achieving a nearly

completed conversion (99%) with a 98% of Cα−Cβ bond cleavage

selectivity (Table S4, entries 2–7). These results attribute to the

higher specific surface area, higher charge separation efficiency,

and smaller resistance of MSCN-0.5 than that of CN. The cleaved

products include benzaldehyde (1), phenyl formate (2), phenol (3),

and 2-phenoxy-1-phenylethanone (4). And the high Cα−Cβ bond

cleavage selectivity of MSCN-0.5 indicated that the energy band

structure of MSCN-0.5 is more suitable for the redox potential re-

quired for Cα−Cβ bonds cleavage. Moreover, reaction solvent ex-

periments revealed that acetonitrile was the most suitable solvent

for this photocatalytic reaction (Table S4, entries 8 and 9). And the

recyclability experiments showed that a substrate conversion of

94% was obtained after four recycles of the MSCN-0.5 (Fig. S14 in

Supporting information). After washing and drying treatment, the

morphology and chemical state of MSCN-0.5 was characterized by

TEM and XPS (Figs. S15 and S16 in Supporting information) analy-

sis, it did not find obvious change of the porous microstructure and

C−S bonds in the framework of MSCN, indicating a high stability

of the structure of catalyst.

The radical quenching tests (Fig. S17 in Supporting informa-

tion) and the electron spin resonance (ESR) (Figs. S18 and S19 in

Supporting information) were carried out to investigate the pho-

tocatalytic reaction mechanism. Considering that the acetonitrile

was employed as solvent for this photocatalytic reaction, and the

VBM of MSCN-0.5 (1.83V) is less positive than the oxidation po-

tential (2.30V) to produce hydroxyl radical (•OH) from H2O, in-

dicating that •OH cannot be produced over MSCN-0.5. Moreover,

Fig. S17 revealed that O2 is indispensable for photocatalytic cleav-

age of Cα−Cβ bonds. The CBM of MSCN-0.5 (−0.8V) is more neg-

ative than the reduction potential (−0.33V) for the conversion of

O2 to the superoxide radical (•O2
−). This suggests that the photo-

generated electrons from MSCN-0.5 can readily drive the genera-

tion of •O2
−. In addition, p-benzoquinone (p-BQ), tert–butanol (t-

BuOH) and triethylamine (TEA) were adopted as the scavengers for

•O2
−, •OH radical and photo-generated holes (h+), respectively. It

found that the h+ and •O2
− are essential active species for the re-

action. In-situ ESR technique was used to further determine the ac-

tive radicals produced in reaction process using DMPO and TEMPO

as trapping agents. The quadruple peaks of DMPO-O2
− emerged

for MSCN-0.5 photocatalyst under visible light illumination, con-

firming the generation of •O2
− radicals (Fig. S18). And in Fig. S19,

triple peak with intensity ratio of 1:1:1 for the TEMPO-h+ adducts

is observed in the MSCN-0.5, indicating h+ participate in the pho-

tocatalytic reaction [45]. The results of ESR further confirmed that

h+ and •O2
− play a vital role in the photocatalytic reaction.

In addition, different from the results reported by Wang et al.

[17], both benzaldehyde and phenyl formate can keep stable in our

photocatalytic conditions (Eqs. 1 and 2 in Scheme S2 in Support-

ing information). This result can be attributed to that MSCN-0.5

has a more negative VB and CB potential than that of CN, which

can prevent the further oxidation of photocatalytic products. Ace-

tophenone was not detected and the formation of phenol in pho-

tocatalytic reaction indicated that the cleavage of Cα−Cβ bonds

in β−O−4 lignin model compounds accompanied with the partial

cleavage of Cβ−O bonds (Fig. S20 in Supporting information).

Lastly, different lignin dimer model compounds were employed

to determine the dehydrogenation sites of 1a. Low conversion of

2-phenoxy-1-phenylethanone (4) indicated that it was not the in-

termediate of the photocatalytic reaction, and H-abstraction from

Cα−H bond is not a major step (Eqs. 4 and 2 in Scheme S2 in

Supporting information). The observation that the 2-phenoxy-1-

phenylethane (1b) could not be converted suggested that the hy-

droxyl group connecting with α-C is necessary for the cleavage of

the Cα−Cβ bonds (Eq. 5 in Scheme S2 in Supporting information).

Furthermore, the production of phenol acetate (6) from the depoly-

merization of 2-phenoxy-1-phenylpropan-1-ol (1c) confirmed that

the dehydrogenation sites of lignin are in β-C (Eq. 6 in Scheme S2

in Supporting information).

Based on all the above analysis, we proposed a tentative reac-

tion mechanism including of three different reaction routes which

taking lignin model compound 1a as an example (Fig. 2). The first

reaction route is that the hydrogen of β-C was abstracted hole to

generate a Cβ -centered radical. The •O2
− radical and H+ then adds

to the Cβ -centered radical (3a), forming an unstable six-membered

ring intermediate (4a). The subsequent electron transfer in inter-

mediate through a six-membered ring transition state would in-

duce the elimination of H2O and the cleavage of Cα−Cβ and O−O

bond, resultant of the benzaldehyde (1) and phenyl formate (2) for-

mation [17,46]. The second reaction route is that the Cα−Cβ bond

and Cβ−O bond in part of the unstable six-membered ring inter-

mediates (4a) break simultaneously and produce the benzaldehyde

(1), formic acid (5) and phenol (3). And the formic acid and phe-

nol produced were further degraded to CO2 and H2O. The third

reaction route is that hydrogen abstraction from the Cα−H bond

by the photo-generated holes gives a Cα-centered radical (2a) that

can undergo a further hydrogen abstraction from the O−H bond to

produce the ketone product (4) [47].

According to the above photocatalytic mechanism, the Cβ−H

bond of lignin can be activated by the photogenerated holes and

generate key Cβ radical intermediates, further inducing the Cα−Cβ

bond cleavage to produce aromatic aldehydes in the participa-

tion of superoxide anion radicals (•O2
−). Therefore, to further pro-

mote the understanding of the reaction mechanisms, real lignin ex-

tracted from the waste Camellia oleifera shell was employed as the

substrate to conduct the catalytic reactions. The purity of WCOS

lignin was 90.76% (expressed by Klason lignin) (Tables S5 and S6

in Supporting information), and the mole ratio of three basic struc-

tural units in WCOS lignin determined by the alkaline nitrobenzene

oxidation method was G:S:H=52.86:45.28:1.85 (Table S7 in Sup-

porting information).
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Fig. 2. Proposed photocatalytic reaction mechanism of the depolymerization of lignin model compound 1a.

Fig. 3. Reaction process images and GC–MS total ion chromatograms of products

obtained from the photocatalytic depolymerization of WCOS lignin. Reaction condi-

tions: 150mg of WCOS lignin, 75mg of MSCN-0.5, 30mL of CH3CN, air atmosphere,

20W LED (centered at 425nm), room temperature, irradiate 6h.

The photocatalytic depolymerization process is illustrated in

Fig. 3. The brown WCOS lignin solution in CH3CN was decol-

ored after the reaction, indicating the reduced molecular weight of

the lignin molecule [48–50]. And according to the total ion chro-

matogram results of GC–MS for the products analysis, there are 11

monophenolic compounds identified (Part II in Supporting infor-

mation). It is worth mentioning that parts of these monopheno-

lic compounds, especially vanillin and syringaldehyde, belong to

high-value chemicals, which provided direct evidence for lignin

valorization to functionalized aromatics in our work. The produc-

tion of aromatic aldehydes further verified the rationality of the

proposed photocatalytic mechanism.

The products formation in the experimental conditions were

quantified by GC–MS with an external standard method. As shown

in Fig. S21 (Supporting information), it was found that MSCN-0.5

exhibited the best photocatalytic performance for depolymeriza-

tion of lignin, with a total yield of monophenolic compounds of

26.3mg/g lignin. To further improve the yield of monophenolic

compounds, the reaction conditions were optimized. Under opti-

mal conditions (5 g/L of WCOS lignin, 75mg of MSCN-0.5, irradi-

ation time=7h), each gram of WCOS lignin can achieve 33.2mg

of monophenolic compounds (Vanillin accounted for 22% and Sy-

ringaldehyde for 34%), which is 2.5 times higher than that of CN

(13.2mg/g lignin) (Fig. S22 in Supporting information). Further-

more, the G-units/S-units mole ratio of the products under this

condition was calculated to be 1.24 (Table S8 in Supporting in-

formation), close to the composition of real lignin (G-units/S-units

mole ratio in WCOS lignin was 1.17), suggesting that the meso-

porous sulfur-doped carbon nitride could high selectively depoly-

merize WCOS lignin to monophenolic compounds.

In conclusion, a series of mesoporous sulfur-doped carbon

nitrides with controllable energy band structures are success-

fully synthesized via one-step thermal condensation strategy and

applied in the selective photocatalytic conversion of lignin to

monophenolic chemicals. The energy band structure of MSCN-X

can be tuned directly by controlling the mass ratio of sublimed

sulfur to urea in the precursor (X). It found that MSCN-0.5 was

powerful for photocatalytic cleavage of Cα−Cβ bonds in lignin.

Aromatic aldehydes with high yields of 98% were obtained from

the conversion of β−O−4 lignin model compounds under visi-

ble light at room temperature. Mechanisms study for the Cα−Cβ

bond cleavage reaction suggested that the main process starts with

photogenerated hole oxidation to produce Cβ radical intermediate,

which undergoes Cα−Cβ bond cleavage by reacting with •O2
−, fur-

ther inducing the Cα−Cβ bond cleavage to produce aromatic alde-

hydes. For photocatalytic depolymerization of native lignin, each

gram of WCOS lignin can achieve 33.2mg of monophenolic com-

pounds (Vanillin accounted for 22% and Syringaldehyde for 34%).

This study may shed light on designing low cost and nontoxic

metal-free heterogeneous photocatalysts for effectively transform-

ing native lignin to monophenolic compounds.
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