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Synthetic Progress of Composited Photocatalysts Doped by
Lanthanide Ions and Driven by Near Infrared Light
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Abstract: Traditional semiconductor photocatalysts are not activated by near infrared light but ultraviolet (UV)
light. Owing to 44% of the incoming solar energy for near infrared (NIR) light, it’s one of the hottest research
topics for fabricating the photocatalysts driven by NIR light in the past few decades. In this paper, we have
demonstrated the photocatalytic principle and reviewed the synthetic techniques for the fabrication of the
lanthanide ions doped upconversion nanomaterials/semiconductors composited photocatalysts. The synthetic
techniques including epitaxial growth, electrospinning and chemical assembly have been discussed carefully. We
also have highlighted the important applications in photodegradation of wastewater and photoelectrochemical
(PEC) water splitting for these photocatalysts. Furthermore, the applications of this kind of photocatalysts driven
by NIR light in the future are prospected.
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Fig.1  Photocatyltic principle of lanthanide ions doped

near-infrared light-driven photocatalysts
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Table 1 Major emissions and corresponding energy transitions for making multicolored

upconversion luminescent nanoparticles by using different dopant ions

Activators Major emissions / nm

Energy transitions Ref.

Pr¥* 489, 526, 548, 618, 652, 670, 732, 860
Nd* 430, 482, 525, 535, 580, 600, 664, 766
Sm* 555, 590

Pty I Hs, Pt P “PrFy PFs PeF, G,y [15]
2Pl/2'419/21 21)10'41[1/2, 2Pl/2'41]3/27 407/2'419/27 z‘D1/2'4[15/29 467/2'4[]]/23 267/2'41901 467/2'4113/29 407/2'4115/2 l16J

4, 6 4, 6
GS/Z' H5/29 GS/Z' H7/2

[17]

Fu™ 590, 615, 690 DRy, D12, Dy 'F, [18]
Gd* 204, 254, 278, 306, 312 Gon-3S1, Don-8S1, L3S, Pon-3S1, Pr-*So [18]
Th* 490, 540, 580, 615 Dy "Fs, °Di"Fs, *DF,, °D-F, [19]
Dy* 570 Fon-*H 13 [20]
Ho™ 542, 645, 658 385l SFly [20]
Er*t 411, 523, 542, 656 Hon-"lsn, "Hun-*lisn, “Sso-"lisn, *Fon-"lisn [21]

Tm* 294, 345, 368, 450, 475, 650, 700, 800

It 'I°Fs, D He, 'D-F, 'G-He, 'G2Fy, *FiHe, *HH [22]
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Fig.2  Upconversion Mechanism of the upconversionluminescent nanoparticles Codoped with

(a) Yb* and Er*, (b) Yb* and Tm*, or (c) Yb* and Ho* ™!
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Fig.6 (a) Synthesis of the NaYF,;:Yb,Tm@TiO, core/shell composites, TEM images of NaYF,:Yb,Tm@TiO,

nanocomposites with different thickness®
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Fig.7 (a, b) SEM and TEM (c) images of the NaYF;Yh,Tm/NaYF,/PVP/TBT/CdS nanofibers obtained. (d, €) SEM images of the
NaYF,;Yb,Tm/NaYF,/TiO»/CdS nanofibers. (f) TEM image of a single NaYF;:Yb,Tm/NaYF/TiO,/CdS nanofiber; (g) STEM
image of an as-prepared single NaYF;Yb,Tm/NaYF/TiO,/CdS nanofiber; (h~m) Elemental mapping images of Ti, Cd, S, Y,
F, and Na; All the scale bars are 300 nm!*”!
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(a) Fluorescence spectrum of YF;:Yb,Tm and YF;:Yb,Tm/TiO, NPs under 980 nm NIR excitation,

(b) Comparison of the normalized concentration of MB decomposed by TiO,, YF;:Yb,Tm and
YF5:Yb,Tm/TiO, NPs under 980 nm laser excitation
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Photocatalytic degradation of MO aqueous solution in the presence of various samples under (a) UV, (b) visible, (c) NIR,
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and (d) simulated sunlight irradiation; (e) Photocatalytic degradation of MO aqueous solution under simulated sunlight

irradiation from the first to fifth cycles; (f) Comparison of normalized photocatalytic degradation rate of MO in the
presence of the NaYF; Yb, Er, Tm (NYF)/TiO, core/shell samples loaded with varying Au content from 0 to 3% (w/w)
under UV, visible, NIR, and simulated sunlight irradiation®
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Table 2 Up-converting phosphor material/semiconductor near-infrared-driven photocatalysts

or the degradation of organic pollutants

Photocatalyst Dosage Organic pollutant Light source Removal percentae Ref.
) 0.5 mL 15 mg-L™ of MB )
YF5:Yb,Tm/TiO, 0.5 mg ) 980 nm diode laser (1 W) 30 h, 61% [38]
aqueous solution
) 20 mL 50 mg-L™ of MO Xe Lamp (50 W) )
YF3:Yb,Tm/TiO, 20 mg 70 min, 20% [37]
aqueous solution (780~2 500 nm)
I mL 5 mg-L™" of MB
NaYF,;Yb,Tm/TiO, 10 mg ) 980 nm diode laser (1.5 W) 12 h, 90% [34]
aqueous solution
0.5 mL 15 mg-L™" of MB
NaYF;Yb,Tm/TiO, 0.5 mg ) 980 nm diode laser (10 W) 14 h, 65% [60]
aqueous solution
10 mL 10® mol - ™" of RhB
NaYF,;Yb,Tm/TiO, 20 mg ) 980 nm diode laser (0.5 A) 60 min, 25% [43]
aqueous solution
100 mL 20 mg-L™" of MO
YF;:Yb,Tm/P25/graphene 30 mg ) 980 nm diode laser (4 W) 3 h, 10% [70]
aqueous solution
NOX gas (1 mg-L7,
NaYF;Yb,Er/C-TiO, — NIR laser (4 W) 10 min, 10% [31]
200 ¢cm™+min™)
‘ 50 mL 10° mol- L™ of Rh6G Xe Lamp (50 W)
NaYF:Yh,Tm/TiOy/Ag — 4.5 h, 40% [33]
aqueous solution (420~2 000 nm)
NaYF,;:Yb,Er,Tm/ 10 mL 20 mg-L™ of MO
. 10 mg ) 980 nm diode laser (2 W) 20 h, 80% [32]
porous-TiOy/Au aqueous solution
. 10 mL 10” mol - L™ of RhB )
NaYF;:Yb,Tm/SiO,/TiO, 10 mg ) 980 nm diode laser (3 W) 6 h, 90% [47]
aqueous solution
0.5 mL 0.02 mg- L™ of RhB )
NaYF;#Yb,Tm/ZnO 0.5 mg ) 980 nm diode laser (2 W) 30 h, 65% [28]
aqueous solution
10 mL 10 mg-L™ of RhB
NaYF;Yb,Tm/CdS 20 mg ) 976 nm diode laser (2 W) 3 h, 25% [42]
aqueous solution
0.5 mL 15 mg-L™" of MB
NaYF,Yb,Tm/TiO,/CdS 0.5 mg A 980nm diode laser (2 W) 50 h, 96% [44]
aqueous solution
50 mL 5x107° mol - L™ of RhB Xe Lamp (50 W)
NaYF#Yb,Tm/C/CdS 10 mg 70 min, 55% [25]

aqueous solution

(780~2 500 nm)
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_ 50 mL 10 mg-L™" of MO Xe Lamp (50 W)

Er/Yb-(CaFy/TiO,) 50 mg 12 h, 65% [46]
aqueous solution (720~1 100 nm)
10 mL10 mg-L™" of MO

BiVOy/CaF,:Er,Tm,Yb 20 mg 980 nm diode laser (2 A) 6 h, 10% [47]
aqueous solution
0.5 mL 15 mg-L" of MB

NaYF,:Yb,Er/CdSe 0.5 mg ) 980 nm diode laser (2 W) 30 h, 70% [45]
aqueous solution
0.5 mL 15 mg-L™" of MB .

NaYF;:Yb,Tm/g-C3N, 1 mg 980 nm diode laser (1 W) 6 h, 80% [71]

aqueous solution

15 YL O AL EE AR B T5 e DGR R
3.2 ESMNBKFIS

AR —Fh ek RR IR 8 a2 RO I K
il 0 A K BH BB 46 ol ZURE |, J2 A DR B VR 1] 1
ARGERZ — BT 350 R H K BH fig b iy i 4r
AP, Chen 557 28 T —F T 2L AN E A AL B Au-
NaYF,:Yb,Er-CdTe-ZnO, W&l 16 FT7R | Au 40K fikL
R 1) 22 T 45 B POC IR R ROV S5 42 5 NaYF,Yb, Er
By b5 0B B NaYF,:Yb, Er OICGE 2140

T R CdTe 2 TR 0T W s i o] D6+ 7
G B 43 ) 7 AR DA e Bl b, CdTe (-5 L
THERE R Zn0 2l b I8 A2 0 L Lok B
TP AR P i b XS T2 FUK RO AR H,
CdTe P S 7 £ 19 hobs SoKAE A 0,, [F] A iE
ST Au GORRLY B, RIS G E B
Au 4K BUKL Y Au-NaYF:Yb, Er-CdTe-ZnO B} 19 56
LU MR LE ZnO 98 K 1 FL U ME &5 40 £, JF H ek
£IAM6(980 nm) HERGT T H, Hl O, 47 55 8 1 4 il 2,
4352 0.18 F10.08 mmol-h™',

0.08
©
0.07 —e— 710
0.06F  —e«— CdTe-ZnO
005k  —*— UCN-CdTe-ZnO
—+— Au 0.2%-UCN-CdTe-ZnO
004F . Au0.4%-UCN-CdTe-ZnO

j/(mA-cm?)
o
3

—+— Au L0%-UCN-CdTe-Zn0 o+*

—o— Au 2.0%-UCN-CdTe-ZnO
o*° oo 4o
....... g23%*”
ol -tmmm::2:922!55:""’“
% 0.00 U
-0.01 . . .
0.0 0.5 1.0
. . Potential / V (vs Ag/AgCl
A r—'] Gold nanoparticles electric field (s Ag/eCl
(b) 0.40 0.40
(d) ==7n0
0.35 «~UCN-CdTe-ZnO 0.35
. = Au 1.0%-UCN-CdTe-Z:
? H, /‘ e CW T 3 030 * oo
5| H hv ES £
15} Yb Z 025 4025 =
2 g 3
= VB H,0 £ 020 4020 %
2 0, 3 oisp Jois &
=]
I 010} 4o.10 ©
0.05 Jo.0s
Pt PTO ZnO CdTe Au-UCN ¥
0.00} >— Jo.00

00 05 1.0 1.5 20 0.0 05 1.0 15 2.0
Time/h Time /h

K116  Au-(UCN)NaYF:Yb,Er-CdTe-ZnO () ¥ £L5 B I, (b) BB H LB R B, (o)A R AT BH 2 vk 37 41 v I it 26 14

(d) XF LEAR TR B H, #1077 25 3 22l 2k 14 7

Fig.16  Sketch of the (a) Au-(UCN) NaYF,:Yb, Er-CdTe-ZnO photoelectrode and (b) the mechanism of energy conversion from NIR
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