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Abstract; The surface plasmon resonance effect of metal nanoparticles can enhance the absorption
and scattering of incident light at a certain wavelength. Because of this unique optical property, the
metal nanoparticles are developed for the applications of luminescent solar concentrators. In this pa-
per, the Au nanoparticles with different concentrations are introduced to the luminescent solar con-
centrators based on the all-inorganic perovskite CsPbBr; quantum dots and the thiol-ene polymer.
The results show that the Au nanoparticles with suitable concentration can improve the external
quantum efficiency of the luminescent solar concentrators by the surface plasmon resonance effect.
When the doping concentration of Au nanoparticles is 2.0 x 10 ~® | the external quantum efficiency
of the luminescent solar concentrator is 12.3% , which is enhanced by 78.2% compared with that of
Au-free luminescent solar concentrator. With the further increase of Au nanoparticle doping concentra-

tion above 2.0 x 10 ~°, the external quantum efficiency of the luminescent solar concentrators decreases.
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According to the photoluminescence emission spectra and the time-resolved photoluminescence emis-

sion curves, excessive Au nanoparticle doping concentration leads to the non-radiative energy trans-

fer process between the CsPbBr; quantum dots and Au nanoparticles. The decreasing fluorescence

quantum yield(mp; ;gc) gives rises to decreasing external quantum efficiency of the luminescent so-

lar concentrator.

Key words: perovskite quantum dot; Au nanoparticle; surface plasmon resonance effect; external quantum efficiency;
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Fig. 1 Flow diagram of the LSC fabrication process

2.4 SMRMESHERENK

K JH Tecnai G2 F30 S-TWIN 3 % 5138 5 1 1
BN Au GKIURL  CsPbBry & »S E AT 45
FAE, RH UV-3600 %18 4h-1] L3 2140 o3
FETEXT Au 9K BORL G IS5 | CsPbBry 8 5 7
1 O e V5 VR RILE B - M 2R 5 0 ik I v ) I A%
AT, R Horiba Jobin Yvon B Fluorolo-3
RSP R G MIR CsPbBr, & 15 2L L
SR BOROGIE g 450 WRAT , ERI S Ky R928 O
HLAGFHEE (PMT) o SRS E % T 2 8 "l 1Y FLS-
1000 FR 45 , A R AH & 5856 T F R AR M T
CsPbBr; & T S A2 6w . >R Quantau-
rus-QY Plus ZGEMHIX I CsPbBr, i1 M5
HTF I,

3 #R5E

K2 (a) Sl Au GRIORL Y 75 5 L 7 . s
AR SRINFH IR NIE 5L 45 19 Au 9K
Ko A3 ) RSE ¥ —, 4B A 94K BRI
T AR, ARG O (16,8 £1.8) nm,
ARAEE 2(b) Mg IR 45 5, Au 94K 0L 4 1
WO AE P 525 nm Ab G JE A0 K R 1 2 10 25
R R LSS S DN (D NITEAR S S 1



$3 4

HIBAR, A BT R4 B AR AN 9O R B A G il 2 S e RE 399

Prasad %5120 (R i 97 45 S 2 Au K R Y 1
RSER 9 nm, 28 18 45 25 R L 3 Wi 7E 520
nm, A Au 44 K JHORL ) S 27 RSE 35 i 2] 99
nm , 7 [ 55 2R ILPIR M I LT # 28 575 nm, A&
SCHY, Au GHRIBURE A 2 T8I 45 25 AR TR i Ac i 7
525 nm, M HEAE L, Au 99 K WURL A R F 43 A AR
12 ~22 nm, X 5% § L B IS R — 20
B2 (c) SRR AR Ak il 4% 1 4 TE AL A5 Bk -
CsPhBr; 3 & 1Y (= 43 BE % 5 i+ S SO L
ME AT LA H 1E O GEd T CsPbBry ¥ 4%
A S) RST ¥ —, 46 CsPbBry & F fi R
ST, HAE RS R (12.4 £2.0) nm,
Bl2(d) /R T 2T SR CsPbBry & 5 7E
IECBE T T 9 & 515 W A Au 400K
UKL | 6 S o I TE 523 nm, A
K&t Au Q9K SUR IS 5 CsPbBry - 5
MR GE A I RS, EASDCIERT, Au
YATORL H L AR ARIR Y . Y D I

Average size=12.4 nm
<C) Standard deviation=2.0 nm

Count

b

" é ‘. . 'h' G
Bt et elesie®

>

) (2
RSN NX K XSGR

TFALET , B2 R A% 22 (0] 9 A0 A B A
s 5 0 P 2 o) J A% B O, X RN L S A
DB S (e 5 B b R T4 B AR RS . A
SRS [ T 9 [ A PR35 50 58— S
RIJE 2% 1T 55 5 1 A e i 3R e fof S 300k
JE| L Jm 3 L A R R OB R
TR Ja gL A5 2 P A L 3 e 3 T A S T
IRILIRAN, , Au GUK TR AT L3S 3% CsPbBry &
ASUBRE I ) JR B R S A% B BTG 3% CsPbBry
TGS FE L AN, 2 Au 4K R Y
F B TR IR & 5 CsPbBry T 8 &0k
VR B — AT, B TR F 51 Au 40K
it Ak, 5 R A CsPhBry 1 o5 58 5 42 Ak
RG]

[l 3(a) A7 CsPbBry 1 ¥ & Au 44 K ki Al
B -0 3R 5 W 5 A B ) 9 6 R BH AR 6 28 S
&, CsPbBrs Tt 5 Fll Au 40 0 AT X5 5 b 43 A5 78
TNIERIE Se g Y/E- il Lt I R T LS ey B S il

(b) 1.0 —Au NPs absorption
5 08
E
Z 06
o .
Bl
=
£
= 04f
£
3
z 02
0 L L L L !
400 450 500 550 600 650 700 750
A/nm
(d) 1.0F ———Au NPs absorption
——QD emission
E 0.8} QD absorption
2
Z
2 06
=
£
= 04r
E
3
Z 02

450 500 550 600 650 700
A/nm

B2 (a)Au GO FBURLE B L 7 R GO 4 D Au KR BORLR S GE 204 €5 (b) Au ZRBIURIBOIGE 487 B Au 44
KRR ; (o) 2 TCHUESERE™ CsPhBry o1 102 5 it 1 0 Gl B3 1, 47 P R JEALAS BRAT CsPhBry BT R R
TR (d) RTCHUESERAT CsPhBry 1 S5 IE CLei R B9 5OE A S OGS Au 2R FIURLI I

Fig.2 (a)TEM image of Au nanoparticles, the inset is the size distribution of Au nanoparticles. (b)The absorption of Au nan-

oparticles, the inset is the digital image of Au nanoparticles solution. (¢)TEM image of all-inorganic perovskite CsPbBr;

quantum dots, the inset is the size distribution of CsPbBr; quantum dots. (d) Photoluminescence emission and absorption

spectra of all-inorganic perovskite CsPbBry quantum dots in hexane solution and the absorption spectrum of Au nanoparticles.
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(a) The digital image of the LSC. (b)Photoluminescence emission spectra of the LSC. (¢)Photoluminescence emission

spectra collected by the integrating sphere with/without the LSC.
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Tab. 1 Edge emission efficiency, fluorescence quantum
yield, internal quantum efficiency, absorption effi-
ciency and external quantum efficiency of the LSCs

with different Au nanoparticle concentrations

Au NPs/1076 Mg’ % Mo isc/ % M/ % N/ Yo Mo/ %o

0 63.0 25.0 15.7 43.8 6.9
1.0 65.1 33.1 21.4 46.4 9.9
2.0 67.5 37.3 25.0 49.2 12.3
3.0 66.6 32.2 21.3 54.5 11.6
4.0 65.8 30.3 19.7 55.6 10.9
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Fig.4 Photoluminescence emission spectra for the LSC with

different Au nanoparticles doping concentration
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Fig.5 Time-resolved PL curves recorded by use of a 372 nm pulsed laser as the excitation source
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