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Abstract:

A novel yolk-shell AgsPOs@MIL-53(Fe) Z-scheme photocatalyst was fabricated via a “bottle-around-ship” like
method. Experiments on the treatment of tetracycline upon visible light irradiation showed that the as-prepared
photocatalyst possessed excellent photocatalytic performance. Experimental results showed that tetracycline
removal efficiency of the yolk-shell AgsPOs@MIL-53(Fe) Z-scheme photocatalyst was almost 3 times higher
than that of MIL-53(Fe). The enhanced photocatalytic performance of AgsPO.@MIL-53(Fe) nanocomposite
could be contributed to its higher surface area, better absorption capability, and greater charge separation
efficiency. In addition, the H,O, concentration detection results for AgsPO,; Q3 /L) and AgsPO,@MIL-
53(Fe) (52 umol/L) indicated that a big part of generated H,O, on O, core would be quickly
decomposed by the MIL-53(Fe) shell and generated more regae species through the photo-Fenton-like
reaction, which is beneficial for the improvement of photo@ rformance. This is a promising approach

to fabricate yolk-shell structure photocatalyst ifg#rent aspect to design multiple semiconductor

composites heterojunction for environment n.
Keywords: AgsPO., MIL-53(Fe), yol@structure, Z-scheme photocatalyst, tetracycline
1. Introduction

With the development of §ge time, the use of antibiotics has increased sharply, which not only damages the
ecosystem, but also poses a threat to human health. It is urgent to remove antibiotic pollutants from the
environment [1-10]. For instance, tetracycline (TC), one of extensively used antibiotics, which is hardly to be
metabolized by human beings or animals, and could accumulate in the natural environment at significant levels.
For example, the maximum concentration of TC in Yangtze River, China was 312 ng/g, while the minimum

detection concentration of TC was 100 ng/g [11]. Owing to its chemical stability and antibacterial nature, it is

difficult to be removed by traditional wastewater treatment. Thus, effective removal of TC in the environment
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is imperative [12]. Various methods were tested to solve this problem in the past, such as membrane filtration

[13], adsorption [14], Fenton-reaction[15], and photocatalysis [16-20]. Among them, photocatalysis has gained

significant attention on account of its low cost, low toxicity, and superb degradation efficiency [21-24].

Metal-organic frameworks (MOFs) was constituted by straightforward self-assembly of metal ions or

clusters with organic linkers [25, 26]. MOF materials offer an ideal platform for rationally combined light-

harvesting components and catalytic activity centers in one system and shows better performance [27]. Hence,

MOF materials could be considered as photocatalysts with unlimited potential. Among numerous MOF

materials, MIL-53(Fe) has gained extensive interests in the fields of hyd neration, catalysis, drug

delivery, and gas storage [28-31]. The Fe-O clusters could be activate ésible light irradiation, which

makes MIL-53(Fe) available for visible light photocatalysis. Hg r, owing to its high recombination rate of

photoinduced carriers, MIL-53(Fe) shows unsatisfied pho erformance.

To solve this problem, constructing a Z-sche e cture seems to be a feasible way. Among various
Ag-based materials, AgsPO. is a type of ph hich possesses superior photo-oxidation capability [32-
35]. However, owing to the limit by its@tion band position (0.45 eV vs. normal hydrogen electrode (NHE),
pH=0), the photogenerate tr IAQsPO. could be absorbed by Ag* released from the lattice of AgsPO4
(4AQ3PO4 + 6H20 + 12h* + 18¢° — 2Ag + 4H3PO4 + 30,), instead of H,O if there were no scavengers being
existed. In addition, it is uneconomical that using pure AgsPO. for the degradation of pollutants or splitting
water for O, due to the existence of noble material silver.

Previous publications demonstrated that nanoparticles could be surrounded by MOFs via “bottle-around-
ship” approach [36]. In addition, plenty of AgsPO.@MOF composites was proven to be efficient photocatalysts

for various applications [37-43]. This enlightened us to introduce a small amount of AgsPO, into MIL-53(Fe)

through “bottle-around-ship” like method to construct a yolk-shell Z-scheme photocatalyst and to consume the
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photogenerated electrons of AgsPO. with the holes generated by MIL-53(Fe), for the boost of photocatalytic
activity and restrain the photocorrosion of AgsPO.. Besides, it was reported that there would be little amount of
H,O, generated during the photoreaction process of AgsPO4 (O + 2H* + 2e- — H,0; (0.68V vs NHE)), which
would consume the photogenerated holes of AgsPO4 (H20; + 2h*(AgsPO4) — O, + 2H*), and are adverse to the
photocatalytic activity [44, 45]. Accordingly, the photogenerated H,O, from AgsPO4 could be utilized by
materials with Fe®* through Fenton reaction [46]. Hence, it is assumed that combining AgsPO4 with MIL-53(Fe)
could take advantage of this H.O, through a photo-Fenton-like reaction, further improved the photocatalytic
performance of this composite. There is no such article available on the prepar&io olk-shell AgsPO,@MIL-
53(Fe) hybrid photocatalyst for the adsorption and removal of TC.

The present work aims to examine the feasibility of yolk-sh 3PO,@MIL-53(Fe) hybrids for enhancing

TC removal. Firstly, the effect of AgsPO, dosage on al was investigated under different TC

concentrations. Quenching experiments and electr &nance (ESR) tests were then used to identify the
dominant reactive species in this system. B@Qz

was further tested. Photocatalytic stabifty ofg\gsPO4 and AgsPO.@MIL-53(Fe) was evaluated after five cycles.

At last, we proposed the poagle Wgchgism of AgsPO,@MIL-53(Fe) hybrids in detail.
2. Experimental

This section was depicted in the Supplementary information (SI).

ncentration determination of H.O- in the photoreaction

3. Results and discussions

By controlling the amount of AgsPO4, AgsPO.@MIL-53(Fe) composites with different mass ratio (MIL-
53(Fe) : AgsPO,=5:1,10:1,20:1,50:1, 100 : 1) were denoted as M:A=5:1, M:A=10:1. M:A=20:1,
M:A=50:1, and M:A=100:1. In this section, M:A=5:1, M:A=10:1, M:A=20:1, MIL-53(Fe) samples were

characterized by X-ray diffraction (XRD) to investigate their crystallographic structure. As depicted in fig 1A,
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the diffraction peaks of bare MIL-53(Fe) (marked with %) were sharp and clear, indicating it possesses high
crystallinity. All the diffraction peaks of bare MIL-53(Fe) sample were in agreement with the previous reports
[47, 48]. Four distinct diffraction peaks of AgsPO. (marked with ¥) at 33.3< 47.8< 55.0< and 57.3<could be
detected in the AgsPO.@MIL-53(Fe) samples, which were related to the (210), (310), (320) and (321) planes
of AgsPO4 [49]. All modified samples displayed the characteristic peaks of AgsPO. and MIL-53(Fe), and no
peaks related to other material were detected, suggesting the successful formation of AgsPO,@MIL-53(Fe)
samples. When the proportion of AgsPOs increased, the diffraction peaks intensities at 20 = 12.5° and 18.5° of
MIL-53(Fe) decreased, which indicated that the bring in of AgsPO. parti®es igmpe MIL-53(Fe) synthesis
procedure may restrain some planes of MIL-53(Fe) growth. Moreover, vation of characteristic peak
position of MIL-53(Fe) shifting in the AgsPO.@MIL-53(Fe) s , suggesting that the crystal structure was

not destroyed by the introduction of AgsPOsin the synthe@

The detailed molecular structure and fungion s information were characterized by Fourier

transformed infrared spectra (FT-IR). As iII@ g 1B, the absorption peaks located at 1690, 1567, 1386,
750, and 545 cm'* could be detected ifthe sgectrum of MIL-53(Fe) sample. The absorption peak at 1690 cm™
was corresponded to C= tc@@de [50]. Peaks at 1567 and 1386 cm™* were assigned to symmetric and
asymmetric vibrations of cargxyl groups, respectively [51]. The peak at 750 cm results from the C—H
bonding vibrations in the benzene rings, while the peak at 545 cm™ could be ascribed to the stretching vibration
of F—O bond [52-54]. For bare AgsPOs, two peaks located at 1072 and 550 cm™ were presented, which could
be allocated to the P—O stretching vibration of POs* and O=P—O flexural vibrations, respectively [55]. For
M:A=10:1 sample, the peak located at 1386 cm™ was not observed, indicating that the symmetric vibrations of
carboxyl groups may be destroyed by the introduction of AgsPO. during the synthesis process. Other

characteristic peaks of MIL-53(Fe) and AgsPO. were clearly displayed in the spectrum of M:A=10:1 sample,
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indicating the successful synthesis of AgsPO.@MIL-53(Fe) composite.

X-ray photoelectron spectra (XPS) technique was used to characterize M:A=10:1 sample to further obtain
information about chemical states and surface composition. As depicted in the survey spectra (fig 2A), peaks
corresponding to Fe, O, Ag, C, and P elements were presented, which was in agreement with the composite of
M:A=10:1. In the C 1s XPS spectrum (fig 2B), the peak located at 284.8 eV was belonging to the benzoic rings,
and the peak at 288.6 eV could be assigned to the carboxylate groups of H.BDC [56]. In the Fe 2p (fig 2C)
spectrum, two peaks centered at 712.3 eV and 726.0 eV could be corresponded to Fe 2ps» and Fe 2pip,
respectively, which confirmed the existence of Fe** in the M:A=10:1 compogit{[5Zmor the O 1s XPS spectrum

(fig 2D), the peak located at 532.0 eV could be allocated to the O eleme DC, while the peak located

at 531.2 eV was belonging to the O elements from Fe—O bong AgsPO. crystal [58-60]. As for the Ag 3d

spectrum (fig 2E), the peaks located at 368.1 eV and 374. ®0e corresponded to Ag 3ds;, and Ag 3das,
respectively [61]. This confirmed the existence o Ag A=10:1 composite, while the P 2p spectrum (fig
2F) located at 133.6 eV demonstrated the e C " in M:A=10:1 composite [62].
To analyze the morphology and Qize

transmission electron mic @) characterization methods were carried out. As shown in fig 3A and
a

3B, MIL-53(Fe) exhibited a na§orod morphology, with the average width and average length being 4-5 and 11-

as-prepared samples, scanning electron microscopy (SEM) and

12 um, respectively. After the introduction of AgsPO, (fig 3C and 3D), the morphology of M:A=10:1 sample

was barely changed, except that the average width of this sample was amplified to 5-6 um. The yolk-shell

structure of the as-prepared sample could be illustrated by the TEM images. It can be seen from fig 4 that black

AgsPO. cores were randomly located, and were covered by the MIL-53(Fe) shell. This structure was conducive

to the improvement of stability of AgsPOa, and well protected the AgsPO4 core from dissolution. The d spacing

value of the lattice fringe, 0.268 nm, was clearly observed in fig 4D, which corresponded to the (210)
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crystallographic plane of AgsPO.. In addition, the result of energy-dispersive X-ray spectroscopy (EDS) as
shown in fig 3F further confirmed the existence of Ag, Fe and P elements in M:A=10:1 sample. The weight
percentage of Ag was 8.75 wt.% in this composite, which demonstrated that the speculated amount of AgsPO.
was introduced into the composite.

The nitrogen sorption analysis was used to measure the specific surface area and pore characteristic of
M:A=10:1 sample. As shown in fig 5A, M:A=10:1 sample showed a type IV isothermal with a type Hs hysteresis
loop, which demonstrated that a mesopores material was successfully prepared. The Brunauer-Emmett-Teller

(BET) surface area of M:A=10:1 was calculated to be ca. 397.945 m?/g, whicw. .75 times larger than that

of MIL-53(Fe) (ca. 33.866 m?/g). Such expansion of BET surface area co ibuted to the increase in total
pore volume by the introduction of AgsPO.. According to the nj n sorption analysis, the total pore volume
of MIL-53(Fe) was 0.024 cm®/g, while the total pore volu A% 0:1 sample was 0.341 cm?/g. In addition,

the pore size distribution figure (inset in Fig. 5

u

A) & number of pores less than 20 nm are generated,
which further supports our speculation. Hi@

more surface active sites. Thus it is regonabge to deduce that M:A=10:1 sample possesses better photocatalytic

rface area usually means high adsorption amount and

performance than bare M IﬁEF ngiidition, the pore size distribution of samples and pore volume data was
depicted in Table 1.

UV-vis diffuse reflectance spectra (UV-vis DRS) was applied to evaluate the absorption properties and the
optical bandgap of catalysts. As shown in fig 5B, all the three samples revealed good absorption in the visible
light range (< 500 nm). After the introduction of AgsPOs, the absorption range of M:A=10:1 was expanded,
which was beneficial to the improvement of photocatalytic activity. Besides, the bandgap edge (Eg) of
semiconductors was calculated by the Kubelka-Munk equation (1) [63]:

ahv = A(hv - Eg)n/2 @

7
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Where o represents the absorption coefficient, v represents the light frequency, Eq represents the bandgap energy,
Ais a constant, and n depends on the characteristics of the transition in a semiconductor. MIL-53(Fe) is a direct
band semiconductor, while AgsPOs is an indirect transition semiconductor. As presented in Fig 5C and 5D, the
optical bandgap of MIL-53(Fe) and AgsPO4 was measured as 1.78 eV and 2.35 eV, respectively.

The photocatalytic performance of the samples was assessed by the removal of TC antibiotics. Fig 6A
represents the decomposition rate of TC by different photocatalysts. In blank experiment (no photocatalysts
were added), the TC concentration was barely changed, suggesting that the self-photolysis effect of TC could
be ignored. After the introduction of AgsPOs, the photocatalytic degradatign St greatly enhanced, which
was in the order of MIL-53(Fe) < M:A=100:1 < M:A=50:1 < M:A=20: AN=5:1 < M:A=10:1. The pure
MIL-53(Fe) showed the lowest TC removal efficiency (ca. 23,8%6) with 1 h visible light irradiation, and

M:A=10:1 sample showed the highest TC removal efficie% .22%) under the same condition, which is

2.98 times than that of pure MIL-53(Fe), and bett: h of BiOl [17], g-CsN4 [64, 65], WOs [66], BiVO4

[67, 68], CdS [69], and ZnO [70] for the d

model, we hypothesized that all the re@fo:lowed the pseudo-first-order model (2):
()n (CO/Ct) = kt X 100% (2)

Where k behalf of the apparen&eaction rate, Co and C; presents the TC concentration at beginning and reaction

T TC. According to the Langmuir-Hinshelwood kinetic

time t, respectively. The k value of MIL-53(Fe), M:A=100:1, M:A=50:1, M:A=20:1, M:A=10:1, and M:A=50:1
were 0.00219, 0.00184, 0.00359, 0.00441, 0.01232, and 0.01019 min, respectively. Accordingly, the k value
of M:A=10:1 was 5.63 times larger than that of MIL-53(Fe), suggesting that the M:A=10:1 possess the highest
photocatalytic removal efficiency of TC in these samples. The improved photocatalytic activity can be ascribed
to improved migration efficiency of photoinduced carriers. Upon visible light irradiation, the photoinduced

electrons in the CB of AgsPO. could be consumed by the photoinduced holes in the VB of MIL-53(Fe), and
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holes remained in the VB of AgsPO, would be used in the degradation of pollutants process. Besides, Fe3* in
MIL-53(Fe) would react with H,O, (generated by AgsPOs) to yield more reactive species to decompose organic
pollutants. Moreover, adsorption-desorption equilibrium between TC and catalysts was improved by the
introduction of AgsPOa, which was consistent with the BET surface area results.

Fig 6B exhibits the TC removal efficiency with different initial concentration of TC using M:A=10:1
sample as photocatalyst, which decreased from 95.18% to 54.61% with the original TC concentration increasing
from 10 to 50 mg/L. Generally, higher initial concentration possesses lower light permeability, which is bad for
the absorption of photons. In addition, intermediates generated from the phofgc is process would show a
competitive behavior for the limited adsorption and catalytic sites compa which is bad for the removal
of TC [71]. Thus, the removal rate at high initial TC concentr is much lower than that at low initial TC
concentration. Furthermore, it is worth mentioning that @ igh adsorption amount at 10 mg/L (ca.

70.37%), 20 mg/L initial TC concentration was selecte baseline in this experiment.

The photostability is of great importa t ctical applications. Fig 6C shows the five time cycling
experiment by using AgsPO. and M:@ as catalysts. It can be seen that the removal efficiency of bare
AgsPO, for TC was greatl re@)m 78.67% to 34.46% after five time run. However, only 6.09% losses
at the three runs were detecte§in the M:A=10:1 sample (from 76.22% to 70.13%), and remain 55.84% after
five runs. This is manifested that the MOF shell play a vital role to protect the AgsPO. core from photocorrosion.
The XRD pattern of M:A=10:1 sample after five runs (Fig 1A) shows almost the same pattern that the original
M:A=10:1 sample, while the peak at 38.1<could ascribed to the Ag® (marked with <) particles that produced
from photocorrosion of AgsPOs. This characterization results also proved that this hybrid has a stable structure.

Photoluminescence (PL) spectra was applied to reveal the separation efficiency of photogenerated carriers

in photocatalysts [71, 72]. Fig 7A shows the PL spectra of pure MIL-53(Fe), AgsPO4, and M:A=10:1 samples
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(excitation wavelength: 437 nm). The PL intensities were shown as follows: MIL-53(Fe) > AgsPO, > M:A=10:1.

In general, the higher PL signal, the lower separation efficiency of photogenerated carriers. Thus, both bare

MIL-53(Fe) and AgsPOs presented a relatively high recombination rate of photogenerated carriers, and

M:A=10:1 sample possesses the lowest recombination rate among these three photocatalysts. This agrees well

with the result of TC degradation experiment. The PL results indicated that the import of AgsPO4 into MIL-

53(Fe) could effectively promote the separation efficiency of photoinduced carriers, thus enhancing the

photocatalytic activity. The highest intensity could be attributed to the efficient charge transfer and separation

process, which are contributed to the yolk-shell heterostructure between Ags IL-53(Fe).

Photocurrent response and electrochemical impedance spectra (EIS for further investigation of

charge separation and migration behavior of catalysts. As prese in fig 7B, photocurrent intensity of pure
to M:A=10:1 sample. In fact, photocurrent intengj 10:1 was about 1.53 times and 9.2 times higher
than that of AgsPO, and MIL-53(Fe), resp depicted in fig 7C, the semicircular diameter of these
tested samples was in the sequence 0@3 Fe) > AgsPO, > M:A=10:1. Normally, a smaller arc radius of
the Nyquist plots in EIS te an Iler charge transfer resistance ( or a higher efficiency in charge transfer)
[73]. Hence, M:A=10:1 sampN showed the highest efficiency in charge transfer among these three samples,
which were in consistent with the above-discussed results.

To evidence the H20 generated by AgsPO4 could be decomposed by the introduction of MIL-53(Fe), a
permanganate titration was used to detect the concentration of H,O, for M:A=10:1 and AgsPO. upon visible
light irradiation. As displayed in fig 7D, it can be clearly observed that for pure AgsPO4, the concentration of
H20- could reach to 154 umol/L, while for M:A=10:1 sample, the detected H2O, concentration is 52 pwmol/L.
This results indicated that a big part of generated H,O, on the AgsPO4 core would be quickly decomposed by

10
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the MIL-53(Fe) shell, which reduces the consumption of holes (from AgsPO.) as well as generates more reactive

species (through photo-Fenton-like reaction) to react with target pollutants.

The introduction of AgsPO. as a core into the MIL-53(Fe) shell could effectively suppress the

recombination of photoinduced electron-hole pairs. To explore the dominant reactive species in this reaction,

three types of chemicals, BQ, Na,C>04 and IPA were used to trap ‘O radicals, h* radicals, and OH radicals,

respectively [47, 74, 75]. As depicted in fig 8A, when Na,C,O4 and BQ were added in this system, the

degradation rate decreased from 76.22% to 48.34% and 53.32%, respectively. The addition of IPA also had an

influence on the removal efficiency of TC, but only 10.14% of reduction Was ured. The above results

suggested that the h* and O, were the predominant reactive species for t oval by M:A=10:1 samples.

To further confirm the trapping experiment results, the glagon spin resonance (ESR) technique was

carried out. DMPO was used to capture the O, and OH @' While TEMPO was used to capture the h*

ition were observed in both ESR spectra, whereas

radicals. As displayed in fig 8B and 8C, no signals :&

four characteristic peaks of DMPO- O, and were detected after the light turns on. As the irradiation
time increases, the peak intensity alsogincregsed. This demonstrated the existence of O, and OH radicals in
this system. Furthermore, es@’x fig 8D, three strong characteristic peaks of TEMPO-h* were detected
in both dark and visible light &gndition. In addition, the peak intensity increased with the irradiation time goes
on, which verified that the h* radicals also worked in this system.

In general, the high photocatalytic performance of yolk-shell AgsPOs@MIL-53(Fe) catalyst could be
attributed to the high surface area, absorption capability and separation efficiency of photoinduced charge
carriers. Based on the above-experimental results, the possible photocatalytic mechanism in AgsPO.@MIL-
53(Fe) yolk-shell structure composites was depicted in fig 9. AgsPOs particles were randomly located in the

cavities of MIL-53(Fe) shell. As long as visible light irradiation started, both AgsPO4 and MIL-53(Fe) could be

11
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activated to yield electrons and holes, and the photoinduced electrons in the CB of AgsPO4 could be depleted
by the photoinduced h* in the VB of MIL-53(Fe). Hence, the separation efficiency increased. Holes remained
in the VB of AgsPO4 could take part in the degradation of pollutants process. Besides, a small part of the
remained electrons in the CB of AgsPO4 could be transferred into H.O-, which may restrain the photocatalytic
activity of AgsPO. (H20; + 2h*(AgsPO4) — O, + 2H*). Thus, when the AgsPO4 cores were covered by MIL-
53(Fe) shell, the generated H.O- could be consumed via a photo-Fenton-like reaction:

MIL-53(Fe) + hv — e + h*; 3

Fe3* + e (MIL-53(Fe)) — Fe?*; 4

Fe(OH)?* + hv — Fe?* + OH;

Fe*" + H,0, — Fe** + OH + 8%  (6)
Fe* + H,0, — -OOH »@ @)
In addition, the stability of AgsPOa could be incregse protection shell of MIL-53(Fe), which makes a

big step forward for its practice application@
4. Conclusions Q

In this work, we succ Ilg,esized a yolk-shell AgsPO.@MIL-53(Fe) Z-scheme photocatalyst via
a “bottle-around-ship” like m&hod, which exhibited enlarged BET surface area and superior photocatalytic
performance for TC removal upon visible light irradiation. The increased BET surface area is attributed to the
introduction of AgsPO.4 makes the porosity of hybrids greatly improved. The total pore volume of MIL-53(Fe)
is 0.024 cm®/g, while after the introduction of AgsPOs cores, the total pore volume was enlarged to 0.341 cm?/g,
both the BET surface area and total pore volume are far more than the AgsPO4/MIL-53(Fe) composite that Xie

et al. reported [39]. As is well-known, high specific surface area usually means high adsorption amount and

more surface active sites, which is conducive to improve the photocatalytic performance. In addition, the

12
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boosted photocatalytic performance was mainly ascribed to the Z-scheme structure which consumed the
photogenerated e (AgsPO4) and h*(MIL-53(Fe)), leading to more h*(AgsPO.) and e (MIL-53(Fe)) participate
in the photocatalytic procedure. Moreover, this hybrid composites subtly took advantage of MIL-53(Fe) for a
photo-Fenton-like reaction to decompose the unwanted H,O; (generated by AgsPO.), which not only restrained
the meaningless consumption of h*(AgsPOs,), but also generated more reactive species (h* and -OH) to take part
in the photocatalytic reaction. Besides, the yolk-shell structure was conducive to inhibit the dissolution of
AgsPO., thereby improving its stability. This study offers a simple way to design and fabricate yolk-shell
structure photocatalysts with large surface area and excellent photocatalyti ance for environmental

remediation.
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495 the pore size distribution curves; B. UV-vis DRS spectra of M ), AgsPOs, and M:A=10:1 sample; C.

496 band gap energy of MIL-53(Fe)qufid gap energy of AgsPOa.
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Fig 6. A. photocatalytic degradation of 20 mg/L TC by different samples; B. effects of the initial

concentration of TC on the photocatalytic activities of M:A=10:1 sample; C. cycling photocatalytic tests of

M:A=10:1 and AgsPO, for degradation of 20 mg/L TC.
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501

502 Fig 7. A. PL spectra, B. photocurrent responses, and C. EIS sp

503 D. H20; concentration detection of M:A=10:1 and A @ der visible light irradiation.
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504

505 Fig 8. A. photocatalytic curves of M:A=10:1 sample with different scavengers for the degradation of TC; B.
506  Spin-trapping ESR spectra for M:A=10:1 in methanol dispersion for DMPO- Q,; C. in aqueous dispersion for

507 DMPO- OH; and D. in aqueous dispersion for TEMPO-h* under both dark and visible light irradiation.
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508

509 Fig 9. Proposed photocatalytic mechanism in AgsPO.@MI (Fe) yolk-shell structure composites.
510 Table @

511 Table 1. Surface area, pore size, and gare data for MIL-53(Fe) and M:A=10:1

Samples Surface are, Pore size (nm) V: (cm®/g)

MIL-53(Fe) .86 3.919 0.024

M:A=10:1 07.945 4.896 0.341

512  Note: the pore size distributio® of samples were calculated by Barrett-Joyner-Halenda method; and V. (total

513  pore volume) were determined at P/P0=0.99.

514
515
516
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