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Experimental Section
1. Chemicals.

Yb(NO3);-5H,0, 9,10-diphenylanthracene (DPA), 1,5-dihydroxynaphthalene (1,5-
DHN), Sodium dodecyl sulfate (SDS), methylene blue (MB), biphenyl, chloroform-d,
and Rose Bengal (RB) were purchased from Aladdin (Shanghai, China). Tetrakis(4-
carboxyphenyl) porphyrin (H,TCPP) was obtained from Frontier Scientific (Logan,
Utah, USA). Ethanol, N,N-dimethylacetamide (DMA), dichloromethane (DCM),
sulfuric acid (H,SO,), hydrochloric acid (HCI), ntric acid (HNOs), and tifluoroacetic
acid (TFA) were purchased from Chuandong Chemical Co., Ltd. (Chongqing, China).
Dihydroartemisinic acid was obtained from Staherb Natural Ingredients Co., Ltd.
(Changsha, China). trimethylphosphine oxide (TMPO) was obtained from J&K
scientific Ltd (Beijing, China). All chemicals were used as received without further

purification. Ultrapure water (18.2 MQ) was obtained from the Milli-Q system.
2. Material synthesis.
Synthesis of 2D Yb-TCPP nanosheets: The 2D Yb-TCPP nanosheets were

synthesized according to our previous report with some modification.! Firstly,
Yb(NO3);-5H,0 (0.09 mmol, 40.4 mg) and 0.03 mmol H,TCPP (23.7mg) were
dissolved in 9 mL DMA, respectively. Then, 400 uL. Yb(NOs); solution and 400 pL
H,TCPP solution were added into a 3 mL Pyrex vial, and the mixture was further
diluted to 1 mL with DMA. After that, the capped vials were heated for 10 minutes
under microwave irradiation in a household microwave oven (M1-L213B, Midea Co.,
Ltd., China) with medium low power (about 231W). After cooling down to room

temperature, the resulting nanosheets were washed twice with DMA and ethanol



repectively, and then collected by centrifuge at 15,000 r.p.m for 10 min. Finally, the
obtained 2D Yb-TCPP nanosheets were redispersed in ethanol.

Synthesis of 2D MB/Yb-TCPP-SO, nanosheets: 5 mL 2D Yb-TCPP nanosheets
suspension (Img/mL) was added into a 15 mL EP tube. Then, I mL SDS aqueous
solution (20mg/mL) was rapidly poured into 2D Yb-TCPP nanosheets suspension
under ultrasonication at room temperature. After further ultrasonic reaction for 10
minutes, | mL MB aqueous solution (Img/mL) was rapidly added into the suspension
under ultrasonication. After ultrasonic reaction for another 10 minutes, the suspension
was shaken at 25 °C for 1 hour in an oscillator with the speed of 150 r.p.m. Finally, the
obtained crude product was washed with ethanol until the supernatant becomes
colorless.

Acid treatment: 5 mg as-synthesized 2D MB/Yb-TCPP-SO, nanosheets were
immersed in 5 mL H,SO, with various concentrations (0.001M, 0.002M, 0.005M and
0.01 M) for 24 h. The solution was then removed by freeze-drying, followed by vacuum
drying at 60 °C. For treatment with other acid, such as HNO;, HCI and TFA, the similar
procedure was carried with a constant concentration of 0.01 M.

3Ip MAS NMR Characterizations of 2D MB/Yb-TCPP-HSO, nanosheets:
According to previous reports,>> about 100 mg of each 2D MB/Yb-TCPP-HSO,
nanosheets were placed in a heat-resisting glass bottle. Firstly, the sample was activated
under vacuum at 120 °C for 24h, and 3.0 mL of 0.2 M trimethylphosphine oxide
(TMPO) in dichloromethane was then added to the sample cell. After thoroughly

mixing the TMPO solution and the 2D MB/Yb-TCPP-HSO, nanosheets under



ultrasound, the dichloromethane was removed under vacuum, first at room temperature
for 24 h and then at 50 °C for 8 h. The obtained sample was then used for 3'P MAS
NMR Characterizations. The solid-state nuclear magnetic resonance (SSNMR) spectra
were acquired on a Bruker Avance-600MHz NMR spectrometer using a standard

Bruker double resonance magic angle-spinning (MAS) probe.
3. Detection of 10, Generation

Chemical capture: Typically, 1 mL of oxygen saturated acetonitrile/H,O (5:1)
solution containing 9,10-diphenylanthracene (DPA) and different photocatalytic
system (2D Yb-TCPP nanosheets, MB, Yb-TCPP+MB, 2D MB/Yb-TCPP-SO,
nanosheets, and 2D MB/Yb-TCPP-HSO, nanosheets) were irradiated with a 300 W Xe
lamp (CEL-HXF300, Beijing, China Education Au-light Co., Ltd.) equipped with a 400
nm cut-off filter. The absorption spectra of the samples at different reaction time were
performed on UV-vis spectrophotometer.

Detection of 10, by ESR: 2,2,6,6-Tetramethyl-4-piperidone (4-oxo-TMP) was used as
a probe to spin trap 'O, and afford stable 4-0x0-2,2,6,6-tetramethyl-1-piperidinyloxy
(4-oxo-TEMPO), which can be detected via electron spin resonance (ESR)
spectroscopy. The ESR spectra of 2D MB/Yb-TCPP-SO,4 nanosheets and 2D MB/Yb-
TCPP-HSO, nanosheets were obtained with light irradiation. Meanwhile, 2D Yb-TCPP
nanosheets, MB and Yb-TCPP+MB were set as the control group.

Evaluation of the 10, quantum yield by detecting its emission: The 'O, emission
signal around 1270 nm was recorded by Fluorolog-3 (Horiba, Japan) spectrometer
under an excitation of 532 nm. RB was used as the standard photosensitizer (@rp =

0.86, in ethanol). The absorptions of RB and photocatalyst at 532 nm were adjusted to



~0.2 OD. The 'O, quantum yield of photocatalyst were calculated by comparing the
luminescence intensity toward that of RB. In detail, @gpotocatatyst = PrB (Uphotocatalyst /IRB)s
where Ihotocatalyst and Jrg mean the PL peak areas of 10, produced by photocatalyst and

RB, respectively.
4. Photocatalytic oxidation of dihydroartemisinic acid to artemisinin.

The photocatalytic experiment was carried out according to the previous report with
some modification.® 7 Typically, dihydroartemisinic acid (25 mg, 0.106 mmol) and
photocatalyst (1 mg) were dispersed in DCM (7 mL), and slowly bubbled with O, under
the irradiation of 300-W Xe lamp at 0 °C for 3 hours. After removal of DCM via rotary
evaporation, the conversion and yield of artemisinin was measured by 'H-NMR in
CDClI; using biphenyl (16.3 mg, 0.106 mmol) as an internal standard. Moreover, 2D

Yb-TCPP nanosheets, MB and Yb-TCPP+MB were set as the control group.
5. Characterization.

The household microwave oven (M1-L213B, Midea Co., Ltd., China) was used to
prepare 2D Yb-TCPP nanosheets. The nano particle size and zeta potential meter
(ZEN3600, Malvern) was used to measure the change of zeta potential. The
morphology of the as-prepared 2D ALHSs was characterized by an S-4800 scanning
electron microscope (SEM) (Hitachi, Japan). Transmission electron microscopy (TEM)
images were taken on FEI Tecnai G2 F20 TEM instrument (FEI, America). Atomic
force microscopy (AFM) images were obtained on a commercial atomic force
microscope instrument (Dimension ICON, Bruker, USA). Powder X-ray diffraction
(XRD) patterns were recorded on D§ ADVANCE X-ray diffractometer (Bruker, USA),

using Cu Ka radiation (A= 1.5406 A). The BET surface area was determined by N,



adsorption—desorption isotherms obtained at 77 K on ASAP 2020, USA. The 300E
electron spin resonance (ESR) spectrometer (Bruker, Germany) was employed to
record the ESR spectra at room temperature. Thermogravimetry analysis (TGA) was
conducted on a Q600 (TA Instruments, USA) thermogravimetric analyzer. The infrared
spectra of the materials were recorded by an IR Prestige-21 (Shimadzu, Japan)
instrument in the range of 500—-4000 cm™' using the KBr pellet technique.
LabRAMHRS00 spectrometer excited at 532 nm (Horiba Jobin-Yvon, France) was
used to record Raman spectra. 3'P MAS NMR characterizations was recorded on a
Bruker AVANCE I1I 600MHz NMR spectrometer (Bruker, Germany) using a standard
Bruker double resonance magic angle-spinning (MAS) probe. Uv—Vis spectra and
diffuse reflection spectra were recorded with a U-3010 spectrophotometer (Hitachi,
Japan). The F-4600 (Hitachi, Japan) and Fluorolog-3 (Horiba, Japan) were used to

record the fluorescence spectra and near infrared emission spectra of '0,, respectively.



Figures and Tables.
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Fig. S1. (a) The UV-vis spectra of MB with different concentration; (b) the
corresponding standard curve of MB; and (c) the UV-vis spectra of 2D MB/Yb-TCPP-

SO, after disintegrating by using NaOH (including three groups of parallel samples).
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Fig. S2. The infrared spectra of MB, 2D Yb-TCPP nanosheets and 2D MB/Yb-TCPP-

SO, nanosheet.
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Fig. S3. The Raman spectra of MB, H,TCPP, 2D Yb-TCPP nanosheets and 2D MB/Yb-

TCPP-SO4 nanosheets.
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Fig. S4. The SEM images of as-synthesized 2D Yb-TCPP nanosheets (a) and MB/Yb-

TCPP-SO,4 nanosheets (b).
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Fig. S5. Thickness distribution histogram of 2D MB/Yb-TCPP-SO4 nanosheets

measured by AFM.
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Fig. S6 The AFM image and corresponding thickness distribution histogram of as-

synthesized 2D Yb-TCPP nanosheets.
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Fig. S7. TGA curves of 2D Yb-TCPP nanosheets and 2D MB/Yb-TCPP-SO4

nanosheets measured in air atmosphere with a temperature ramp of 10 °C min'.
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Fig. S8. Pore size distribution profiles of 2D Yb-TCPP nanosheets and 2D MB/Yb-

TCPP-SO,4 nanosheets.
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Fig. S9. 3P MAS solid-state NMR spectra of TMPO loaded on MB/Yb-TCPP-SOy (a),
MB/Yb-TCPP-HSO,4-0.005-H,SO4 (b), MB/Yb-TCPP-HSO4-0.01-HNOs (¢), MB/Yb-
TCPP-HSO,4-0.01-HC1 (d) and MB/Yb-TCPP-HSO,4-0.01-TFA (e). Experimental
spectra are shown in maroon, deconvoluted peaks in navy, and the sum of the
deconvoluted peaks in magenta.

Trimethylphosphine oxide (TMPO) was chosen as probe to interact with Brensted acid
site via the lone pairs on its oxygen atom. The 3'P NMR chemical shift of TMPO
molecules adsorbed on Bronsted acid sites is linear with strength of the acid site, where

a higher 3'P chemical shift corresponds to a stronger acid site.>
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Fig. S10. PXRD patterns of 2D MB/Yb-TCPP-SO, nanosheets after soaking in H,SO,

(0.005M), HNO; (0.01M), HCI (0.01M) and TFA (0.01M), respectively.
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Fig. S11. Tauc plot of 2D Yb-TCPP nanosheets, 2D MB/Yb-TCPP-SO, nanosheets and

2D MB/Yb-TCPP-HSO, nanosheets. Tauc plot (ahv)!? vs. (hv), where o is absorbance.
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Fig. S12. UV-vis (a) and fluorescence spectra (b) of DPA (20 pg/mL) upon light
irradiation in the presence of 2D MB/Yb-TCPP-SO,4 nanosheets (2.5pug/mL) with
different MB load amount. All the above reactions were carried out in acetonitrile/H,O

(5:1) solution under a 300-W Xe lamp irradiation for 5 min equipped with a 400 nm

cut-off filter.
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Fig. S13. Time course of absorption spectra of DPA (40 pg/mL) upon visible-light
irradiation in different reaction systems. (a) control, (b) MB+DPA, (c) 2D Yb-TCPP
nanosheets +DPA, (d) MB+Yb-TCPP+DPA, (e) 2D MB/Yb-TCPP-SO, nanosheets
+DPA, (f) 2D MB/Yb-TCPP-HSO, nanosheets+DPA, respectively. All the above
reactions were carried out in acetonitrile/H,O (5:1) solution under a 300 W Xe lamp

irradiation equipped with a 400 nm cut-off filter, and the spectra were recorded every

2 minutes.
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Fig. S16. 'THNMR spectrum of product catalyzed by MB/Yb-TCPP-HSO,4-0.005M¢,
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Fig. S17. 'THNMR spectrum of product catalyzed by MB/Yb-TCPP-HSO,4-0.01M?.
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Fig. S18. 'THNMR spectrum of product catalyzed by MB/Yb-TCPP-HSO,4-0.01M°.
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Fig. S19. 'THNMR spectrum of product catalyzed by MB/Yb-TCPP-HSO,4-0.01M<.
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Fig. S20 The mass spectrum of product under positive ion mode. The m/z at 283.1541,
300.1807, 305.1361 were assigned to [M+H]", [M+NH,4]", [M+Na]*, respectively,

further demonstrating the product is artemisinin (Mw =282.15)).
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Fig. S21. Optimization of reaction time for photocatalytic synthesis of artemisinin.
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Fig. S22. The 'THNMR of intermediate]l and 2 in acetone-ds after photooxidation of

dihydroartemisinic acid for 1 hour.
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Fig. S23. Recyclability of 2D MB/Yb-TCPP-HSO,4-0.005M-H,SO, nanosheets for
photocatalytic synthesis of artemisinin from dihydroartemisinic acid (k: the yield and

conversion were recovered after acid treatment again).
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Fig. S24. PXRD patterns of 2D MB/Yb-TCPP-0.005M-H,SO,4 nanosheets before

(black curve) and after four cycles (blue curve) of catalytic reactions.
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Table S1. The pH of the washing solution of the as-constructed 2D ALHSs before and

after acidification.

Compound pH

MB/Yb-TCPP-SO4 7.86
MB/Yb-TCPP-HSO4? 2.19
MB/Yb-TCPP-HSO,® 2.24
MB/Yb-TCPP-HSO,4* 2.26
MB/Yb-TCPP-HSO,¢ 2.23

 treatment with 0.005M H>SO,; ? treatment with 0.01M HNO;; © treatment with 0.01M HCI; 4 treatment
with 0.01M TFA.

Table S2. The 'O, quantum yield of different photocatalytic system calculated by using

RB as a standard photosensitizer in ethanol.

Compound PL peak areas (I) 10, quantum yield (®)
RB 138408 0.86
MB 88534 0.55
Yb-TCPP 99555 0.62
MB+Yb-TCPP 101609 0.63
MB/Yb-TCPP-SO4 106611 0.66
MB/Yb-TCPP-HSO,4 105234 0.65

Calculation formula: éPhotocalalyst = gzjRB (IPholocatalyst/IRB)
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