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Figure S1. Composition analysis by EDS of NaYF,:Yb, Tm@TiO,.
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Figure S2. XPS spectra of NaYF4:Yb, Tm@TiO, (A), element Ti (B) and element O (C).
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Figure S3. XRD patterns of NaYF;:Yb, Tm (a) and NaYF,:Yb, Tm@TiO, nanoparticles (b).
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Figure S4. Photocatalytic degradation of MC-LR in the presence of different initial concentration
of NaYF4Yb, Tm@TiO, under full spectrum (A), Photocatalytic degradation of MC-LR at
different pH under full spectrum (B), Recyclability of the NaYF4:Yb, Tm@TiO, nanoparticles for

the degradation of MC-LR via centrifugation (C).
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Figure S5. Kinetic curve of UCNP@TiO, with different MC-LR concentration under full
spectrum (A), Pseudo-first-order kinetics of the degradation of MC-LR with different

photocatalysts (B)



-
\

& S
Frrne T |
—

RN AN B B BB S S SN S e B | RTINS poex e Iy Jon o T T T T L e |

5.00 10.00 ' 15.00 20.00

® S
aaalaaaa)
—

LI T | L I ho ot o Do s

500 1000 1500 '20.00

10;% | §

500 1000  15.00 20.00

1

~A

B - AT TR T2 . I, i Lk 7t I it ey o o T

5.00 10,00 = 15.00

® S
L)

'20.00

® S
|

e .
——T T 7T 77— lime
B TOF MS ES+
e e 835.4¢895.541029,6+795.4¢101 l.sol027.601009.50995‘5;2071;;
BIS.ABI5.501029.64795. 40101 1.641027.641009.64995.54781 .4 .
108 9.75¢3
% %
o T y J T T T T 2 Time 0 - A & 7 r . v - b Time
5.00 10.00 15.00 20.00 5.00 10.00 15.00 20,00
L) TOF MS ES+
TOF MS ES¢ o 835.44895.541029.64795.4¢1011.641027.6+41009.6+995.5+781.4
108 835.4¢895.5¢1029.64795.4+1011.6+1027.641009.6+935.5+781.4 100 S.76¢3
8.71e3
o
3
: 8 i
P . J\\ T T T y Time
0 s e v v r r vommrh Time ’ 5.00 3 10.00 15.00 20.00
5.00 10.00 15.00 20.00
TOF MS ES+ TOF MS ES+
B835.4+4895.5¢1029.64795.441011.641027.6+1009.6+4995.5+781.4 835.4+4895.541029.64795.4+1011.6+41027.6+1009.64995.5+781.4
108 8.53¢3 108 1.85¢3
% % I
0 - ko L dvey Tiene dodie \Lj Time

5.00 " 10,00 ; 15.00 g 20,00 5.00 10.00 X 15.00 : 20.00

Figure S6. The total ion chromatogram (TIC) (A) and the selective ion flow diagram (B) of the

MC-LR and intermediates vs. time.



Table S1. Kinetic parameters of photocatalytic degradation of MC-LR at varying concentrations

Co(ng/mL) Pseudo-first-order kinetics k(min™) R?
10 In(Cy/C)=-0.147 t + 0.172 0.147 0.980
20 In(Cy/C)=-0.099 t + 0.060 0.099 0.997
30 In(Co/C)=-0.069 t + 0.019 0.069 0.999

Table S2. Kinetic parameters of degradation of MC-LR with different photocatalysts

Photocatalysis Pseudo-first-order kinetics k(min™) R?
NaYF4.Yb, Tm@TiO, In(Cy/C)=-0.147 t + 0.172 0.147 0.980
P25 In(Cy/C)=-0.046 t - 0.025 0.046 0.991

Table S3. Intermediates detected from the degradation of MC-LR by NaYF;:Yb, Tm@TiO,

No Peak (m/z) Reserve Time (min)
1 995.5 8.676
2 781.4 3.643
3 795.4 3.375
4 835.4 4.083
5 1009.6 9.609
6 1011.6 6.509
7 1027.6 8.814
8 1029.6 6.647




Table S4. The comparison of degradation efficiency of the current methods for MC-LR

Methods and reagents Rea(grﬁg;n(:ﬁ;age Spectra Intzilgxg)LR Deg rrz;(ti:tion tﬁ:i&?g) Reference
(o 15 —_ 50 70% 1 Heng-Feng Miao, et al. !
H,0, 4.0 UV-B (312 nm) 01 ~100% 120 Moon, Bo-Ram, et al. Z
Fenton reagent (Fe( 11 )/H;0;) V0 b and e 02 76.77% 30 Park, Jeong-Amn, etal.
04/ H,0, 0.1X10° 0z and 0.1 X10™ H,0, — 1 95% 1.3 Al Momani, Fares, et al. [
Mn/Ti-doped carbon xerogel 1 Wt% Ti and 0.5 wt% Mn uv 10 88.6% 6 Xin, Qing, etal.
3D interconnected mesoporous TiO, 0.3 UV-C (A =254 nm) 10 100% 17.5 Dong, Weiyang, et al. !
TiO, nano-film 38X51X 1.5 mm UV-A (Amax = 365nm) 0.02 95% 120 Feng, Xiaogang, et al. ["
TiO,—graphene@Fe304 0.5 UV-A (Amax = 365nm) 0.5 ~100% 30 Liang, Yulu, et al.
TiO, coated glass microspheres 58.8 UV-vis (330-450nm) 10 ~100% 8 Pestana, Carlos J., et al. ¥
TiO, (Degussa P-25) 1.0 UV- vis (330-450nm) 1000 100% 45 Liu, lain, et al. X
NF-TiO, 05 UV-vis 05 ~100% 30 Pelaez, Miguel, et al. Y
As-synthesized AgsPO, photocatalyst 26.67 visible light 9.06 99.98% 300 Sui, Xin, etal. 2
atase_trookits o L EopOroLS 05 visible light 05 ~100% 300 El-Sheikh, Said M., et al. [
Graphene oxide-TiO, composite 0.2 solar light 10 97% 60 Fotiou, Theodora, et al. 14!
Nitrogen doped TiO, 0.2 solar light 10 100% 240 Triantis, T. M., et al. %
UCNP@TIO, 0.4 solar light 10 100% 30 This study




HPLC conditions
Separation was achieved on an BEH C18 analytical column (150 mm>2.1 mm, 1.7

um) and under the column temperature of 45 °C. The mobile phase A is acetonitrile,
and methanol is for mobile phase B. The gradient program was 0-15 min from 10% A
to 70% A, 15-18 min from 100% A to 70% A, and 18-18.1 min from 100% A to 10%
flowing at 0.8 mL/min. The UV detector was set at 238 nm.

Mass spectrometer conditions

Quadrupole time-of-flight mass spectrometer was used for detection with an
electro-spray ionization (ESI) source in the positive mode. lon source temperature is
100 <C, capillary voltage 3.5 V, vaporizer temperature 400 <C. The mass range

acquired was from 100 to 2000 m/z.

Comparison of the current degradation methods

The MC-LR degradation rates in other articles compared with our work were listed in
the Table S4. Different types of methods and several nanocomposites based on TiO;
were included. Some chemical reagents were used to degrade MC-LR, mainly
including H,0,, Os. High dose of H,O, or O3was needed in order to high efficiency.
In some reports, synergy of two or three chemical reagents maybe could improve the
efficiency. However, chemical reagents cannot oxidize all MC-LR in water owing to
its poor solubility. In addition, such chemically intensive technology may form
harmful even carcinogenic disinfection by-product. High costs associated with
chemical processes generally make them unaffordable in practical treatments.
Photocatalytic oxidation technology has attracted increasing attention because of its
low energy consumption, simple operation and nontoxicity. In particular, TiO,-based
photocatalysis is one of the most common technologies. Due to the wide band gap of
TiO,, conventional methods of photocatalytic degradation were still restricted by UV
or visible radiation. To achieve high degradation efficiency, these processes required

longer reaction time and more dosage of photocatalysts. Some advanced methods



were used to degrade MC-LR by solar light, because TiO, doped with graphene oxide
or nitrogen extended the light adsorption. In this study, UCNP@TiO, photocatalysts
were used to absorb the NIR energy of solar lights as driving source for photocatalysis
besides the UV light. Compared with the previous methods, this study exhibits a
higher degradation rate, time saving, less dosage usage and environmentally

sustainable.
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