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ARTICLE INFO ABSTRACT

Keywords: Silver orthophosphate (AgzPO,4) based semiconductor photocatalysis have been widely investigated for en-
AgsPO4 vironmental purification due to its strong oxidation ability. Yet, its poor photostability and low photoactivity
PDI hamper its extensive applications. Here, an inorganic-organic Z-scheme photocatalytic system for antibiotic
Inorganic-organic composite degradation demonstrated high photoactivity and stability through the use of AgsPO,/Perylene diimide organic
E:jﬁzﬁ;:&ﬁoéiiﬁ;ion supermolecule (PDIsm). The apparent rate constant of tetracycline hydrochloride (TC-H) degradation with
Ags;PO,4/PDIsm was 1.5 times that of Ag;PO,4 and 8 times that of PDIsm. The photocatalytic activity of AgzPO,4/
PDIsm toward TC-H still kept 65 % after four reuses, while pure AgsPO,4 only kept 22 %. We revealed that this
high photoactivity and photostability arisen from the efficient carriers separation and the formation of direct Z-
scheme junction. Importantly, this Z-scheme electron transfer pathway was confirmed by thorough experimental
study and density functional theory (DFT) calculation. This work demonstrated the significant potential of

Ags;P0y4-based inorganic-organic Z-scheme photocatalyst in environmental remediation.

1. Introduction

Semiconductor-based photocatalytic technique has been regarded as
a green and efficient approach to solve energy and environmental
problems [1,2]. The ideal semiconductor material should exhibit: (i)
high redox potentials; (ii) broad light absorption; (iii) excellent carriers
separation efficiency and (iv) good stability [3]. Recently, silver or-
thophosphate (Ag3;P0O4) as an excellent visible light photocatalyst has
attracted wide attentions because of its strong oxidation ability and
high quantum efficiency [4]. It exhibits prominent photocatalytic ac-
tivity in water oxidation and the degradation of organic pollutants
[4,5]. However, three vital problems severely hamper its photocatalytic
applications as: (i) high carrier recombination efficiency [6]; (ii) rela-
tively low reduction potential [7] and (iii) severe photocorrosion
(4AgsPO, + 6H,0 + 12 h* + 12e~ — 12Ag+ 4H;PO, + 30,) [8].

AgsPO, based heterojunction materials such as AgsPO,/graphene

[9], AgX/Ag3PO4 [10], Ag3P04@UMOFNS [11], Ag3P04@N1Fe204
[12], etc. have been studied to address above problems. Photocatalytic
activities of these AgsPO4-based composites were enhanced due to the
improved carriers separation efficiency. Two possible electron transfer
mechanism, namely tape II heterojunction and Z-scheme heterojunc-
tion, have discovered in these composites. Compared with traditional
tape II heterojunction, Z-scheme heterojunction system enable to pre-
serve higher redox potential of photogenerated carriers, which is fa-
vourable to achieve higher photocatalytic reaction efficiency [13].
However, the actual electron transfer mechanism in Ags;PO4-based
composites is still blurred. Additionally, most AgsPO4-based hybrid
system are inorganic-inorganic composite while the inorganic-organic
configuration has been rarely studied. In this regard, designing a
AgsPO4-based inorganic-organic Z-scheme photocatalyst and providing
thorough experimental and theoretical investigation on this Z-scheme
photocatalyst is highly attractive, but seldom studied.
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Organic materials have many merits, such as structural diversity
and excellent optical properties compared with inorganic materials
[14]. Perylene diimide (PDI) and its derivatives as a typical n-type or-
ganic semiconductors have been extensively used in sensors [15], solar
cells [16], and organic field-effect transistors [17] due to its excellent
electronic and optical properties. Recently, Zhu et al. reported an non-
covalent self-assembled PDI supramolecular (PDIsm) which can cata-
lyze phenol degradation with wide visible light response [18]. The
PDIsm with unique one-dimensional s conjugation and polar effects
displayed strong photocatalytic activity. In addition, PDIsm with ne-
gative conduction band (CB) enable electron reacted with oxygen to
produce superoxide radical ('O,~) which can oxidizes most organic
pollutants [19]. Therefore, PDIsm is a promising organic semiconductor
that can combinate with AgzPO, to form Z-scheme photocatalyst. High
reduction potential and wide spectral absorption of PDIsm make up for
the deficiency of AgsPO,. The strong oxidizing ability of AgsPO, also
can be preserved after forming Ag;PO,/PDIsm Z-scheme junction.
However, to the best of our knowledge, the synthesis, application and
catalytic mechanism about Ag;PO4/PDIsm Z-scheme junction have
been largely unexplored.

In this work, we synthesized an Ag;PO,/PDIsm Z-scheme photo-
catalyst by two-step self-assembly strategy successfully. We probe the
photoactivity and stability of as-prepared catalysts by the photo-
catalytic degradation of tetracycline hydrochloride (TC-H). Compared
with pure Ags;PO4, AgsPO,/PDIsm Z-scheme photocatalyst showed
enhanced photoactivity and photostability. The origin of this enhanced
activity and stability was studied by both experimental and theoretical
simulation. We revealed how this direct Z-scheme photocatalyst was
formed and showed how it can improve the photoactivity and photo-
stability of AgsPO,.

2. Experimental section
2.1. Materials

Perylene-3,4,9,10-tetracarboxylic dianhydride, 3-aminopropionic
acid, imidazole, triethylamine were purchased from Aladdin. Nitric acid
(HNO3), silver nitrate (AgNO3), sodium dihydrogen phosphate
(NaH,PO,), benzoquinone (BQ), isopropanol (IPA),
Ethylenediaminetetraacetic acid disodium salt (EDTA) and 5,5-di-
methyl-1-pyrroline Noxide (DMPO) were purchased from Sinopharm
Chemical Reagent Co. Ltd. All reagents were analytically pure and used
without further purification. Ultrapure water was used in whole ex-
periment.

2.2. Synthesis of PDIsm

The synthesis of self-assembled of PDIsm followed the method of the
previous report [14]. 1.376 g of perylene-3,4,9,10-tetracarboxylic dia-
nhydride, 18 g of imidazole and 2.5 g of 3-aminopropionic acid were
added into a flask and heated at 100 °C for 4 h under argon atmosphere.
After cooling to room temperature, this reaction solution was trans-
ferred to 100 mL ethanol with the addition of 300 mL 2 M HCl and keep
stirring overnight, which obtained PDI stock solution (Fig. S1). 834 puL
triethylamine solution was added into 200mL PDI stock solution with
continually stirring, and then 27.3 mL 4.0 M HNO3 was added to obtain
PDIsm (Fig. S2). Thereafter washed with ultrapure water repeatedly
and the obtained sample was dried at 70 °C.

2.3. Synthesis of AgsPO,/PDIsm composites

AgsPO,4/PDIsm were synthesized by an electrostatically driven self-
assembly approach. Firstly, a certain quality of PDIsm was dispersed
into ultrapure water, sonicating to obtain a PDIsm suspension. Then, an
excess 0.3 M AgNO; solution was added into above PDIsm suspension
with continually stirring, followed by the addition of a certain volume
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0.1 M NaH,PO, solution to get the AgsPO,/PDIsm composites. Finally,
the obtained sample was washed and dried at 70 °C.

2.4. Synthesis of AgsPO4

Ag;PO,4 was synthesized by the direct reaction of NaH,PO, and
AgNOj; at room temperature under dark condition. The obtained sample
was washed and dried at 70 °C.

2.5. Characterization

Characterization techniques used in this experiment are as follows:
The scanning electron microscopy (SEM, Hitachi, S-4800), transmission
electron microscopy (TEM, JEOL, JEM-2100 F), X-ray diffraction (XRD,
Rigaku, Smartlab), Fourier infrared spectrometer (FITR, NICOLET,
5700), X ray photoelectron spectroscopy (XPS, Thermo Fisher
Scientific, England), UV-vis diffuse-reflectance spectroscopy (DRS,
Cary 300, Varian), UV-vis spectrophotometer (UV-2600), Electron spin
resonance (ESR, JES FA200), photoluminescence (PL) (Hitachi F-7000)
and electrochemical measurements (CHI 660C electrochemical ana-
lyzer, CHI Inc., USA). The detailed description can be found in the
Supporting Information (Text S1).

2.6. Evaluation of photocatalytic performance

The photocatalytic performance of as-prepared catalysts were tested
by the degradation of TC-H solution. The 300 W xenon lamp with a cut
filter (> 420nm) used as the visible light source. The reaction was
carried out in a beaker using 50 mL 20 mg/L TC-H solution and 20 mg
catalyst powder. The suspension solution was firstly stirred in the dark
for 30 min to achieve adsorption-desorption equilibrium. During the
photocatalytic reaction, 1 mL reaction solution was withdraw at a given
time interval, and filtered through a 0.22 pm filter membrane to remove
the catalyst. The concentration of TC-H was measured by the UV-Vis
spectrophotometer at 357 nm.

2.7. Theoretical calculation

The calculations were carried out using Materials Studio (MS) pro-
gram with Cambridge serial total energy package (CASTEP) code based
on the density-functional theory (DFT) [20]. The structure of AgzPO,
and PDI were optimized. GGA-PBEO functional formalism was used
with normconserving pseudopotentials [21]. The Monkhorst-Pack
scheme was used to construct the k-point meshes for Brillouin zone
sampling.

3. Results and discussion
3.1. Morphological structure investigations

PDIsm was first prepared through a self-assembly approach [14].
After hydrogelation and self-assembly, the PDIsm rods were formed by
-1t stacking and hydrogen bonding (Fig. S2). Due to the polar character
of PDI molecule, the intramolecular electric field was formed from
perylene core to carboxyl group (Fig. S3) [18]. Therefore, Ag™ will be
absorbed on carboxyl group of PDIsm rods. After reacting with
NaH,PO,, the Ag3;PO, particles will be loaded on the outside of PDIsm
rods in situ (Fig. 1a). This space structure was favourable for the for-
mation of Z-scheme system, thereby enhancing photoactivity and sta-
bility, which will be discuss detailly in mechanism section. SEM and
TEM images showed the morphology of as-prepared samples
(Fig. 1b-g). As shown in Fig. 1b and e, AgsPO, particles exhibited ir-
regular particle morphology with diameters of 1-4 uym. PDIsm rods with
a diameter of 0.5-1.5um and a length of 3-5um consisted of the ag-
gregates of small nanofibers (10-30nm in diameter and 3-5um in
length) (Fig. 1c and f)). Fig. 1d and g showed that a small amount of
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Fig. 1. Synthesis mechanism and morphology structure of as-prepared samples. (a), Schematic illustration of AgzPO4/PDIsm synthesis. SEM images of (b)
Ag3P0Oy, (c) PDIsm and (d) AgzPO,4/PDIsm composite. TEM images of (e) Ag3POy,, (f) PDIsm and (g) AgsPO4/PDIsm composite.

AgsPO, particles were successfully loaded on the outside of PDIsm rods,
which confirmed above synthesis mechanism. It should point out that
we cannot further provide the high-resolution TEM image (HRTEM) of
AgsPO, because it is belong to the electron beam-sensitive crystalline
materials [22].

3.2. Crystallographic and chemical structure investigations

The body-centered cubic structure AgsPO, (JCPDS NO.06-0505)
was observed in both AgzPO,4 and AgzP0O,4/PDI sample, by XRD analysis
(Fig. 2a). The weak peak at 26 range from 10-30° in the PDIsm can be
attributed to its characteristic diffraction peaks. The P, peak in the XRD
pattern corresponded to the typical d spacing of m-m stacking
(3.44-3.55 A) [23]. Due to the relatively low amount PDIsm, no notable
characteristic diffraction peaks of PDIsm can be detected in the XRD
pattern of AgsPO,/PDIsm composite. The FITR was employed to in-
vestigate the chemical structure of as-prepared samples (Fig. 2b).
AgsPO, and AgsPO,/PDIsm have similar FITR peaks at 550 and
1010 cm ™, which can be attributed to the P—O stretching vibrations of
PO, [24,25]. All PDIsm-based samples had typical characteristic peaks
at 1688 and 1652cm ™!, which were ascribed to C=0 and C=C
stretching vibrations, respectively [14]. The survey XPS of Ags;PO4
showed the presence of Ag, P, O and C (Fig. 2c). Compared with pure
AgsPO,, a significant signal of N1 s were found in the XPS spectrum of
AgsP0O,4/PDIsm (Fig. 2¢ and d), confirming the presence of PDI mole-
cule in composite. Additionally, the high-resolution XPS (HRXPS)
spectra of Cls (Fig. 2e) and O1 s (Fig. 2f) showed the presence of ad-
ditional -CONH- [26], —COOH [27] and C=O0 [28] group in AgzP0,4/
PDIsm compared with AgsPO,, which further confirmed the successful
synthesis of AgsPO,4/PDIsm composite and was consistent with the FITR
result. Fig. S4a and b showed the Ag 3d and P 2p spectrum of Ag;PO,.

Two obvious peaks at 367.66 eV and 373.68 eV were ascribed to the Ag
3ds,» and Ag 3ds,», respectively (Fig. S4a), which can be assigned to
Ag* of AgsPO, [29]. Moreover, P 2p peak at 132.94 eV confirmed the
P>* in AgzPO, (Fig. S4b) [30].

3.3. Photoelectric properties and band structure determination

The optical properties of as-prepared samples were investigated by
UV-vis DRS. It can be seen that the absorption edge of Ag;PO, had
changed after introducing PDIsm (Fig. 3a). The absorption band edge of
AgsPO,4 was about 525 nm while it shifted to 680 nm after introducing
PDIsm and the color of sample also from yellow transformed to brown
(inset in Fig. 3a). It implied that PDIsm as excellent visible light ab-
sorber can expand the photo-absorption of AgsPO,4. The band gap (Eg)
of as-prepared samples could be evaluated by Tauc’s plots (details see
Text S2) [31]. As shown in Fig. 3b, the E, of AgsPO,, PDIsm and
AgsPO,/PDIsm were estimated to be about 2.43 eV, 1.8 eV and 1.88 eV,
respectively. Mott-Schottky plot was employed to further determine the
flat band potential (Ep) of as-prepared samples (details see Text S3)
[32]. All samples exhibited a positive slope, indicating that they are n-
type semiconductors (Fig. 3c). As we known, the conduction band po-
tentials (Ecp) of n-type semiconductor is more negative about 0.2 V than
its Eg [33]. Thus, the band structure of samples can be determined by
following equations:

Ecg = Ep - 0.2 (€]
Eygp = Eg + Ecp ()
ENHE = ESCE + 0.24 (3)

Where Eyp, Escg and Eyygp represents valence band potential, saturated
calomel electrode (SCE) and normal hydrogen electrode (NHE),
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Fig. 2. Crystallographic and chemical structure characterization. (a), XRD patterns of the as-prepared samples. (b), FITR spectra of as-prepared samples. (c),
Survey XPS spectrum of as-prepared samples. (d), High-resolution XPS N1 s spectrum of AgsPO,/PDIsm. High-resolution XPS C 1s (e) and O 1s (f) spectrum of Ag;PO,

and Ags;PO,4/PDIsm.

respectively. Therefore, the Ecg and Eyp of PDIsm were - 0.34 and
1.46 V (NHE), respectively. The Ecp and Eyp of AgsPO,4 were 0.27 V and
2.7 V (NHE), respectively (inset in Fig. 3c).

Fig. 3d compared the PL spectra of AgsPO, and AgzPO4/PDIsm.
Compared with pure Ag;PO,4, AgsPO,/PDIsm showed distinctly de-
pressed PL emission, indicating the efficient carrier separation. This was
further demonstrated by the photocurrent test (Fig. 3e). Under visible
light irradiation, Ags;PO,/PDIsm exhibited enhanced photocurrent

density compared with AgsPO,4 and PDIsm, suggesting that more pho-
togenerated carriers were transferred to the surface of electrode. Elec-
trochemical impedance spectra (EIS) Nyquist plots in Fig. 3f showed
that AgzPO,4/PDIsm had the smallest charge transfer resistance (see the
equivalent circuit in Fig. S5), indicating improved conductivity and
faster electron transfer after introduction of PDIsm, which was re-
sponsible for the enhanced carrier separation efficiency. Above results
demonstrated that coupling AgzPO, with PDIsm not only can expand
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Fig. 3. Photoelectric properties and band structure characterization. (a), UV-Vis DRS of as-prepared samples. (b), The corresponding Tauc’s plots. (c), Mott-
Schottky plots of as-prepared samples. Inset presents the band structure of AgzPO, and PDIsm. (d), PL spectra of samples. (e), transient photocurrent responses of

samples. (f), EIS Nyquist plots of samples.
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of electron transfer mechanism on AgzPO,/PDIsm composite.

the photo-absorption but also enhance the carrier separation efficiency,
which were favourable for photocatalytic reaction.

3.4. Photocatalytic performance and Z-scheme mechanism

The content of PDIsm in composites was firstly optimized by the
degradation of dye and its optimal contents was 2 wt. % (Fig. S6). The
TC-H was chosen as the target pollutant to investigate the photo-
catalytic activity of as-prepared catalysts. As shown in Fig. 4a, the
control experiment showed that the photodegradation of TC-H under
visible light irradiation was negligible. In addition, pure PDIsm and
AgsPO, displayed poor photocatalytic performance, where only 20 %
and 66.7 % of TC-H were decomposed in 8 min, respectively. Notably,
AgsP0,4/PDIsm presented the highest photodegradation efficiency, and
nearly 82.8 % of TC-H was degraded within 8 min. The apparent rate
constant of TC-H degradation (krcy) was fitted by the pseudo-first-
order equation [34]. We obtained krc.py values of 0.023, 0.123 and
0.188 min ! for PDIsm, AgsPO, and Ag;P0O,/PDIsm, respectively (Fig.
S7). The enhanced photocatalytic performance of AgzPO,/PDIsm
maybe origin from the pronounced carriers separation, increased visible
light absorption and the formation of heterojunction. Additionally, the
photostability of AgsPO,/PDIsm was improved compared with pure
AgsPO,. The photocatalytic performance of AgzPO4/PDIsm still main-
tained 65 % after four reuses, while AgzPO, only maintained 22 %
(Fig. 4b), suggesting enhanced anti-photocorrosion performance.

Additionally, we further extend the cycle times to prove the photo-
stability of AgsPO,/PDIsm. As shown in Fig. S8, a similar conclusion
can be obtained. The photostability of AgsPO,/PDIsm was obviously
improved compared with pure Ag;PO,.

It is needed to ask this question. Why coupling Ag;PO, with PDIsm
can enhance the photocatalytic activities and stability of AgsP0O,4? To
correlate the photocatalytic activities of AgzPO,4/PDIsm with light ab-
sorption, the degradation of TC-H under monochromatic light irradia-
tion was performed. However, the contribution of TC-H degradation
efficiency under long wavelength monochromatic light to total de-
gradation was a very small fraction. (Table S1). Additionally, it also can
be seen from Fig. 4a that the surface adsorption was not the major
factor in improving the catalytic activities in this study. Therefore, the
good photocatalytic performance of Ag;PO,/PDIsm should mainly be
attributed to enhanced carriers separation efficiency and the formation
of heterojunction. The former has been demonstrated by the results of
PL spectra (Fig. 3d), photocurrent test (Fig. 3e) and EIS (Fig. 3f). To
revealed the role of heterojunction, control experiments, XPS analysis,
radical trap experiments and ESR analysis were performed. Compared
with physical mixture, AgsPO,/PDIsm heterojunction displayed im-
proved photocatalytic activities toward TC-H degradation (Fig. 4c),
indicating that heterojunction played a vital role in interface electron
transfer, thereby controlling the catalytic reaction process. Further-
more, in order to prove the heterojunction formed at Ag;PO,4-PDIsm
interface, a comparative experiment was carried out. The physically
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mixed and prepared samples were separately disperse into an aqueous
solution by ultrasonication and vigorous stirring (Fig. S9a). Physically
mixed samples were stratified after stopping stirring (Fig. S9b and c),
indicating that physical mixed samples did not maintain the material in
a uniform and stable state due to the lack of strong interaction between
the interfaces. However, Ag;PO,4/PDIsm composites all sinks to the
bottom layer without stratification (Fig. S9b and c). These results
strongly demonstrated that as-prepared sample formed a heterojunction
with a uniform and stable state.

XPS characterization was usually used to study the surface chem-
istry of materials. Generally, the binding energy is negatively correlated
with surface electron density [35]. The HRXPS spectra of P 2p and Ag
3d of AgsPO, and AgsPO,/PDIsm were shown in Fig. 4d and e. Com-
pared with pure Ag;PO,, the P 2p and Ag 3d states of the AgsPO,4/
PDIsm moved to lower-energy position. This result indicated the
transfer of electrons from PDIsm to Ag;PO, at AgzPO,4-PDIsm interface,
increasing the surface electron density of AgsPO,. Combining with the
band structure, we can get such a conclusion that this electron transfer
mechanism will lead to the formation of an internal electric field (IEF)
between the AgzPO, and the PDIsm. Specifically, the Fermi level (Er) of
PDIsm was higher than that of AgsPO4. When Ag;PO,4 coupled with
PDIsm, electrons on the PDIsm will transfer to AgsPO4 to get a Ep
equilibrium. Thereafter, band bending in the opposite direction will
occur near the AgzPO,4-PDIsm interface, forming the corresponding IEF
(Fig. S10). Under the influence of the IEF, photogenerated electrons will
transfer from AgsPO, to PDIsm, which is consistent with the direct Z-
scheme mechanism. To further confirm this Z-scheme mechanism, ra-
dical trap experiment was carried out. The isopropanol (IPA), benzo-
quinone (BQ) and ethylenediaminetetraacetic acid disodium salt
(EDTA) were used as the scavengers for 'OH, ‘O,~ and h™, respec-
tively. The degradation performance was greatly decreased, when
EDTA and BQ were added into reaction system, suggesting that h* and
‘0O, "~ were main active species (Fig. 4f). Additionally, ESR result further
confirmed the production of both ‘O, and "OH. Under visible light
irradiation, the obvious DMPO-'OH and DMPO-'O," signals can be
observed in Fig. 4g. It is known that "OH can be produced by the oxi-
dation of H,O with the h* with an oxidation potential greater than
2.4V vs NHE and 'O, can be produced by the reduction of O, with e™
with an reduction potential less than -0.33 V vs NHE [36]. Therefore,
the results of radical trap experiment and ESR demonstrated that the
photogenerated h™ and e~ on the AgsPO,/PDIsm composite has suf-
ficient oxidation and reduction potential for generating "OH and 'O, .
Therefore, the transfer of photogenerated carriers in the Ag;PO,/PDIsm
followed the Z-scheme mechanism instead of the type-II heterojunction
mechanism (Fig. 4h).

3.5. Theoretical exploration

The band structure of AgsPO,4 was further investigated by density
functional theory (DFT) calculated (Fig. 5a and b). The optimized
geometric structures of AgsPO,4 and PDIsm were shown in Fig. S11. As
shown in Fig. 5a, the valence band (VB) top of AgzPO,4 was located at M
point, while the conduction band (CB) bottom was located at G point.
These results suggested that AgzPO, was an indirect gap semi-
conductor. Compared with direct gap semiconductor, the indirect gap
semiconductor leaded to that the photoexcited electron need to transfer
an certain distance in k-space to arrive at the VB, which can reduce the
carriers recombination, thereby enhancing photocatalytic activity [37].
The Eg of AgsPO,4 was 2.33 eV (Fig. 5a), which consistent approximately
with the experimental value 2.43 eV (Fig. 3b). Fig. 5b presented the
total and partial density of states (TDOS and PDOS) of AgsPO,. The
bottom of its CB was mainly constituted by 4 s orbital of Ag and the top
of its VB was consisted of O 2p and Ag 4d orbitals. Additionally, the
dispersion of O 2p was broader than that of Ag 4d orbitals, which will
be conducive to the transfer of electrons from VB to CB [21]. After
coupling with PDIsm, the E, was greatly reduced, which increased light
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absorption region (Fig. 5¢). This results also agreed with the result of
UV-vis DRS (Fig. 3a).

To further investigate the electron transfer behavior at AgsPO,4-
PDIsm interface, we have showed the electron density difference map in
the plane containing C, O, P and Ag. As shown in Fig. 5d, the electron
mainly consumed around the C atom, indicating that electron tend to
transfer from PDIsm to AgsPO, after formation of AgzPO,/PDIsm het-
erojunction, which agreed with the XPS results (Fig. 4d and e). As a
result, after electron diffusion between the PDIsm and the Ag;PO, reach
the equilibrium state, an IEF at the AgzPO,4-PDIsm interface will formed
(Fig. 5e). Therefore, photoexcited carriers will transfer at AgsPO,-
PDIsm interface with the Z-scheme mechanism due to the influence of
IEF (Fig. 5f). These theoretical studies confirmed previous experimental
result, which further demonstrated the formation of Ag;PO,/PDIsm Z-
scheme photocatalyst.

3.6. Photocatalytic mechanism

Fig. 6 illustrated the photocatalytic mechanism of AgzPO,/PDIsm Z-
scheme photocatalyst. Under illumination, the photoexcited electron
prefer to transfer along the direction of quasi-one-dimensional -1t
stacking, whereas holes tend to transport outside due to the polar
character of PDIsm, which enhanced carriers separation efficiency.
Holes in outside of PDIsm recombined with electrons of AgzPO, under
the action of interface IEF. Thus, electrons accumulated at the CB of
PDIsm and holes remained on the VB of Ag;PO,. Electrons on the CB of
PDIsm with strong reduction ability can react with O, to produce "O,~
and holes on the VB of Ag;PO, with strong oxidation ability can directly
oxidize TC-H. Both 'O, and holes were main active species for the
degradation of TC-H. Moreover, because electrons in AgzPO,4 mainly
recombined with holes in PDIsm, the reduction of Ag™ by electrons was
inhibited to a certain degree, thereby delaying photocorrosion of
Ag3PO4.

4. Conclusion

In summary, we have demonstrated that AgzPO4/PDIsm could as a
promising inorganic-organic Z-scheme photocatalyst for photocatalytic
application. AgsPO,/PDIsm Z-scheme photocatalyst showed enhanced
photoactivity and photostability compared with pure AgzPO,4. The ap-
parent rate constant of TC-H degradation with AgsPO,/PDIsm was 1.5
times that of AgzPO,4. The photocatalytic activity of AgsPO,4 lost 78 %
after 4 cycles, while AgsPO,/PDIsm only lost 35 %. The improved
photocatalytic activity and stability origin from: excellent carriers se-
paration efficiency as well as the formation of Z-scheme heterojunction
at AgszPO4-PDIsm interface. Importantly, XPS characterization, super-
oxide radical and hydroxyl radical generation test, and theoretical si-
mulation confirmed that the formation of the IEF was intrinsic cause for
the formation of this Z-scheme mechanism. This study comprehensively
demonstrated the formation of direct Z-scheme junction at inorganic-
organic materials interface, which can enhance photocatalytic perfor-
mance and stability efficiently. It also provided an important under-
standing and a new vista for the development of inorganic-organic Z-
scheme system.
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