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Abstract: Luminescent solar concentrator (LSC), as a new potential solar technology to achieve low cost electrici-
ty, has attracted wide attention, and it is the key to popularize the technique to select suitable fluorescent substrate
and waveguide medium with excellent optical property. Up to now, most researchers focus on the improvement of op-
tical properties of fluorescent substrates, but there are few reports on the performance optimization of optical wave-
guide medium. Here, a crystalline carbon dots (CDs) was synthesized by one-step microwave method using two pre-
cursors of phthalic acid and phthalenediamine. Since the CDs can emit green fluorescence and has a large Stokes
shift between absorption and emission spectra, it is suitable as a fluorescent substrate for a new type of solar concen-
trator. In addition, highly transparent polyurethane (PU) films were prepared by prepolymer method, and their opti-
cal properties were studied as optical waveguide medium for LSC. By introducing sulfur element, the refractive in-
dexes of these films were increased from 1.483 to 1. 547, which directly led to a 41% increase in the photoelectric
conversion efficiency of the PU film-based LSC device encapsulated with the prepared CDs as the fluorescent matrix.

The results not only confirm the feasibility of PU as optical waveguide medium, but also provide experimental basis
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for the research method of improving optical transmission by increasing the refractive index of optical waveguide

medium.

Key words: crystalline carbon dots; waveguide medium; refractive index; luminescent solar concentrator; photo-

electric conversion efficiency
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Sample Refractive index
SPUO 1.483
SPU1 1.515
SPU2 1.524
SPU3 1.528
SPU4 1.536
SPUS 1. 547

3.3 BmE KRS EM B R
3.3.1 CDs@SPUOR X K KMttt S

it FH T il £ CDs 5 A8 & il 1) 2R &R B4,
o AR CDs & (0.5%.1.0% . 1. 5% . 2. 5% F
3%) B4 R BHRE ROy . 45 R B 7 s, &
B\ CDs 5 W SG N, BT i 5 0 5 s i o, 375 W) 3 78
AR 5 B A5 A R 3% L S 2 “LSC” kT
WA T D, AT T 4 O S 0 3 ) B . X i
WY ok SUTE R0 v B2 B8 7E 2R 20T 5 rh 43 1
R4f. TESEIMT BT (B 7 F), A R 2
PN S % 6 A2 B RRAE , Ul B % &R 51 3 5 A A
R FHBE R OGAR I T R . Bl Bk s R B A
F 1. 5% B, CDs@SPUO i 14 ¢ 5t 23 €2, R IR mf I
23K 5] 3. 0% i, CDs@SPUO K %€ )t 25 J ek 55 , I
HN AR, 5 kG5 B B

e a5, B 2t %o SR U S 38 D' SR 1 5 e 4 1] 8 T
7N, R AT D' I R TR P 3R B A 1Y 3
FLERIREN 92% ., BiE B ARk & =M, U
29510 nm(CDs A A S0 A7 ) i 4 S Bt i K
DAL 35 D 238 MR i /1N, T TR D K RN Y o
TR LT AR . Bk Fh 4 0 AT g i R
Wi Ttk A2 B Y AN BT 1S R 12 Bk e R 3B S DG
I WK B8 T Bl s A A CDs@SPUO S 3%
F)2XF 510 nm Z J5 P A A A9 AT G 4E R E
P AR T AR S P AR I B R A T

YR &K R OGS HOG L B 1k g
i HEEEAEEMK RS RS (WE IR,
#F 1Y 5% WL 5 AL 3R (Photoelectric conversion effi-
ciency, PCE) npep KP4 20 (1) 5H,

B 7 AT M CDs@SPUO i BE7E 1T UL OE () #1365 nm
SHMT RGO IE
Fig.7  Photos of CDs@SPUO films with different CDs contents
under visible light(up) and 365 nm UV light(down)

100

80+

g
% 60 CDs@SPUO
E 0.0%
£ — 055
5 40 — 1.0%
& —_—15%
20 —_— 2.5%
—3.0%
0 L 1
300 400 500 600 700

A/nm
P8 ANt 5 & f CDs@SPUO BRSE Sh- 1) WO i B e ik
Fig.8 Transmittance spectra of CDs@SPUO films with differ-

ent CDs contents

12
CDs@sPU0 — 0.0%
1ok — 05%
— 1.0%
1.5%
8 —_—25%
— 3.0%

Current/mA
o

0 0.1 0.2 0.3 0.4 0.5
Photovoltage/V

B9 AR S A CDs@SPUO & O K FHRE Bt g i iy
i -HL I (1-V) 11 2%
Fig.9 Current-voltage (I-V) curves of CDs@SPUOQ lumines-

cent solar concentrator with different CDs contents

P, FxI XV,
M =p T Upox A,

Hor POy BN T, Py AR BH fiE B D 5% 2

, (1)



5510 4

I, S5 DTSR B R R R 00 K PH RE SR DL Ot ML HE RE Y SE 1729

JE Ay, A2 LSC 9 ToUHR 2 T AR, 1, 2 76 K PR O RS
T R S PR s R Ry R S e A RO L VR
HEHLTE

P 10 /5 B b 52 30 T B 2 CDs 0 it 7 43 LU AS I
P PCE L T S8 38 KOG /b g, X it
A i 2 O D J2 N e A A B0, D = A T
WO 11 B 7 A W7 3 5, Lk 26 % 1l b
B gL S, AT TG . MR
J2 PN B B ARG o B — g R A Ak i
46 T B T2 PR oS IR T R 7R B 52
WAL HT . 285 5 & RN 2. 5% iF, CDs@SPUO &
K BH RE 56 #5 BE S5 BL W e K PCE 0 0. 123%

0.14

012} ~

0.10 | 2 o
0.08 | Pl

0.06 | -

004+ -

0.02

Power converison efficiency/%
\
[}

0 0.5 1.0 1.5 2.5 3.0
CDs/%

K10 A[F CDs & CDs@SPUO &t K BHAE SR % 2% PCE [#]
Fig.10 PCE of CDs@SPUO luminescent solar concentrator

with different CDs contents

3.3.2 CDs@SPUSEZ b KM ALRE

YT SPU By 4T 59 R A4k, L EDT i & 24
4.39% Iy SPUS ¥ il & CDs@SPUS Y LSC % 14 .
i AR R S S (0.5% . 1. 0% 2. 0% . 3. 0% FlI
4.0%) il 2 T HAFPERE . AnE 11 TR B A R
75 B B B A5 18 A Bl st 1 35 hn T R AR IS R L
B & B 4% I, R )2 “LSC™ T REAT i M v] WL, K B
HE R A5 WP 3[R RE D B Bl A RE B TR 12O IR
A B A5) A3, AR R IG RR SR BE R 1R A X
JERE RS B . A 11 R B AT RUF L
xR h RAF B OGRS BE B 18 A ik
%) 338 in 2 30 S 1 B S e 55 ARk . gk RS
JEE ok 55 A AL AR B B A 4. 0% I

& 12 K Fif 1 45 CDs@SPUS5 %I LSC #% 14 iy %
Hh-1] WO E B . AR BN BLRME B A
B i B Y 19 22 B W R B 0 R Bk 0 Bk B
3.0%~4. 0% I}, i 3 B 3% 6 R BRI 10, i 6 %
M 90. 16% (0.0%) & B £ 71.97% (4. 0%) , X £
T 5 2 0 AR S . W] SPUO B — 4, SPUS Ji

B 11 RIA#E CDs@SPUS B 7E T ULOG (1) #1365 nm
SHMT B CF) R i
Photos of CDs@SPUS films with different CDs contents
under visible light(up) and 365 nm UV light(down)

Fig.11

100
80
g
S 60f
g
z — 0.0%
Z 40 — 0.5%
& cps@spus —— 1.0%
- —2.0%
— 3.0%
— 40%
00 450 500 550 600 650 700

A/nm

Pl 12 AS[RVRH A & fk CDs@SPUS JEE A 28 40~ 7T IG5 S o136
Fig.12 Transmittance spectra of CDs@SPU5 films with dif-

ferent CDs contents

HROI AR 27 A R b 5 G I 58 X LA B R A
XSG M. SR, AH %L F CDs@SPUO 1Y 4 S Uk
59, 1% W AE KT 475 nm B9 T WG XK B P08 T
20% % , BV iz BEAE R U5 )2 0 K BH O L 4 58 1
W W RE 7, 0 W] T 92 R AR S K BH RE SR O 2% 1 1
1.

W A, 38 2 ZE RS R FHOE ™ (AM 1.5 G, 100
mW/em?) 9 B 90 - R 03K CIRT 13) 8 i T 1% T
B AL RE 7 ol B Hh Rl B e A Y
B0, i U 2 R SR 58 , 99 B Al A
N 3.0% B, 3xX 5 S GO0 % IR 25 R — B
I 2 R B ARl A 28 (1) 3 B [m] e
Y CDs@SPUS A % Ot K BH g 5 6 4% 19 PCE {H
(Kl 14), ATLLFE ), PCE{H BE % CDs 1Y 14 fin i



1730 % Jt 2% Eivd %45 %

12 — JE2 P9 CDs 6 1 R0 BB 0 X85

o (1L L 5 B0 PCE (R AR o 75 B 3% B 3. 0% I,

— 20 CDs@SPUS K fit i 36 e 28 % 19 51 6 e 2 e

E 4.0% No=4. 1%, PCE fti 4 0. 1736% , 5§ CDs@SPUO % &

E CDs@SPUS B 8O 28 0 Lo PCE 25 T 419%. itk il 14 3

- AT TC 2R 2 R BRI T A 0 A AT R 2 T v

KA N R AR B el A, 38 KU A B 1)

% 01 02 03 04 05 06 FHBEHE 77, DT 1G5 AL iy, A M B T 2
Shsiisliogs/ 1 2 M B B O 5 10 e b e

B 13 AR S S CDs@SPUS &G K FHAE L2 iy

1 >
Pi-HL R (1-V) [ 28 4 % 7w

Fig.13  Current-voltage (/-V) curves of CDs@SPU5 lumines- A STk AR T R AT A e T b AT IR
cent solar concentrator with different CDs contents 1A SR R B e A T A L R A
0.8 . A OO0, KGR B HRRE WO & G 1 1]

< ool AR 7 T K I 5 5 5 00 34 1 S 3 0
| BOLBMBICIET . 5350, T b I S A R
E o0l e 99625 SR AL B A BT B T E
£ oost 5 TG S O A 4 S O 1. 483 42 8 5
é g-gj: //" 1. 547, B H 5 BOR F BT il 4 1) Bl s A S 92 D ik Jot
200 1 e R 2 280 0

0 i 2 3 5 FARTH T 41% . X —Z5 /AL T R =B N

CDs/%

DG T A A AT AT 1, B A e A S A A
P14 RIFRR 2 2 B CDs@SPUS & Ok BH E L4 PCE & 75 2% L P 38 5 1 B 1 R B4R 0 T S I R A
Fig.14 PCE of CDs@SPUS5 luminescent solar concentrator

with different CDs contents

AR 52 R B L B AR RSN A R T Ak
BoEr XUR T 0 2000 5 S 5 W I R AL el R http://cjl. lightpublishing. cn/thesisDetails#10. 37188/
B 0 bk R 3. 0% B L[] CDs@SPUO—#F 5 CJL. 20240171,

& % X #:

[ 1 ] WEBER W H, LAMBE J. Luminescent greenhouse collector for solar radiation [ J]. Appl. Opt. , 1976, 15(10): 2299-2300.

[ 2 ] RONCALIJ. Luminescent solar collectors: quo vadis? [J]. Adv. Energy Mater. , 2020, 10(36): 2001907.

[ 3 ] DEBIJE M. Semiconductor solution [J]. Nat. Photonics, 2017, 11(3): 143-144.

[ 4 ] RICHARDS B 'S, HOWARD I A. Luminescent solar concentrators for building integrated photovoltaics: opportunities
and challenges [J]. Energy Environ. Sci. , 2023, 16(8): 3214-3239.

[ 5] LIUHX, BALHT, LAM ] W Y, et al. Recent advances in aggregation-induced emission materials for enhancing solar
energy utilization [ J]. Nanoscale Horiz. , 2023, 8(4): 453-459.

[ 6 ] LIJR, ZHAO H G, ZHAO J J, et al. Boosting efficiency of luminescent solar concentrators using ultra-bright carbon
dots with large Stokes shift [J]. Nanoscale Horiz. , 2023, 8(1): 83-94.

[ 7 ] PINTOSSI D, COLOMBO A, LEVI M, et al. UV-curable fluoropolymers crosslinked with functional fluorescent dyes :
the way to multifunctional thin-film luminescent solar concentrators [J1. J. Mater. Chem. A, 2017, 5(19): 9067-9075.

[ 8 ] MEINARDI F, EHRENBERG S, DHAMO L, et al. Highly efficient luminescent solar concentrators based on earth-abun-
dant indirect-bandgap silicon quantum dots [ J]. Nat. Photonics, 2017, 11(3): 177-185.

[ 9 ]LIUG]J, ZHAO H G, DIAO F Y, et al. Stable tandem luminescent solar concentrators based on CdSe/CdS quantum dots
and carbon dots [J]. J. Mater. Chem. C, 2018, 6(37): 10059-10066.



% 10 3 I, S5 DTSR B R R R 00 K PH RE SR DL Ot ML HE RE Y SE 1731

[10] LIW H, WANG X H, LIN J S, et al. Controllable and large-scale synthesis of carbon quantum dots for efficient solid-
state optical devices [J]. Nano Energy, 2024, 122: 109289.

[11] LINJS, WANG L H, JING Q, et al. Highly efficient and high color rendering index multilayer luminescent solar concen-
trators based on colloidal carbon quantum dots [J]. Chem. Eng. J. , 2024, 481 148441.

[ 12 ] HUANGH Y, TALITE M J, CAI K B, et al. Utilizing host-guest interaction enables the simultaneous enhancement of the
quantum yield and Stokes shift in organosilane-functionalized, nitrogen-containing carbon dots for laminated luminescent
solar concentrators [ J|. Nanoscale, 2020, 12(46): 23537-23545.

[13] WANG ZJ, ZHAO X J, GUO Z Z, et al. Carbon dots based nanocomposite thin film for highly efficient luminescent solar
concentrators [ J]. Org. Electron. , 2018, 62: 284-289.

[14] LIXY, QLJ, ZHU J Y, et al. Low-loss, high-transparency luminescent solar concentrators with a bioinspired self-clean-
ing surface [J]. J. Phys. Chem. Lett. , 2022, 13(39): 9177-9185.

[ 15 ] PURCELL-MILTON F, GUN’KO Y K. Quantum dots for luminescent solar concentrators [J]. J. Mater. Chem. , 2012,
22(33): 16687-16697.

[ 16 ] GOKAN H, ESHO S, OHNISHI Y. Dry etch resistance of organic materials [J]. J. Electrochem. Soc. , 1983, 130(1):
143-146.

[ 17 ] EL-BASHIR S M, BARAKAT F M, ALSALHI M S. Double layered plasmonic thin-film luminescent solar concentrators
based on polycarbonate supports [ J]. Renewable Energy, 2014, 63: 642-649.

[ 18 ] BENLI S, YILMAZER U, PEKEL F, et al. Effect of fillers on thermal and mechanical properties of polyurethane elasto-
mer [J]. J. Appl. Polym. Sci. , 1998, 68(7): 1057-1065.

[ 19 ] GORRASI G, TORTORA M, VITTORIA V. Synthesis and physical properties of layered silicates/polyurethane nanocom-
posites [JI. J. Polym. Sci. Part B: Polym. Phys. , 2005, 43(18): 2454-2467.

[20] KIM Y S, LEE J S, JI Q, et al. Surface properties of fluorinated oxetane polyol modified polyurethane block copolymers [J].
Polymer, 2002, 43(25): 7161-7170.

[21] sk, M, FRA, 5. SRR 2 6 K60 IR 6 K AE B AOs ZAE as R i (1], Ak 5k,
2023, 44(2): 298-306.
ZHANG X W, MIAO R Z, XU F L, et al. Crystalline phase-tuned multicolor luminescence of carbon dots for white-light-
emitting diode devices [J]. Chin. J. Lumin. , 2023, 44(2): 298-306. (in Chinese)

[22] ZHUO K L, SUN D, XU P P, et al. Green synthesis of sulfur- and nitrogen-co-doped carbon dots using ionic liquid as a
precursor and their application in Hg2+ detection [J]. J. Lumin. , 2017, 187: 227-234.

[ 23] FENG Q, XIE Z G, ZHENG M. Colour-tunable ultralong-lifetime room temperature phosphorescence with external heavy-
atom effect in boron-doped carbon dots [J]. Chem. Eng. J., 2021, 420: 127647.

[24] WANG Y C, JIANG K, DU J R, et al. Green and near-infrared dual-mode afterglow of carbon dots and their applications
for confidential information readout [ J]. Nanomicro Lett. , 2021, 13(1): 198.

[25] WARNER T, GHIGGINO K P, ROSENGARTEN G. A critical analysis of luminescent solar concentrator terminology and
efficiency results [J]. Sol. Energy, 2022, 246: 119-140.

[26] XU F L, DONG R Y, CULJ C, et al. Transformation of crystal structure induced by the temperatures in carbon dots
(CDs) -based composites with multicolor fluorescence for white Light-Emitting-Diode (WLED) [J]. Spectrochim. Acta
Part A: Mol. Biomol. Spectrosc. , 2024, 310: 123958.

[27 ] ZHOU Y F, BENETTI D, TONG X, et al. Colloidal carbon dots based highly stable luminescent solar concentrators (1.
Nano Energy, 2018, 44. 378-387.

H#%8%(1986-), %, ILVEE IR A, H
+ W HE 2020 4 F O R 23R
T2, RN R T RE & o bk
114 41 2 B g T A T 9T

E-mail: baijj@tit. edu. cn

B#(1972-), 2 I SOK A, A,
U 2007 4 F P01 K 2 3RS A4
A, FENF SR AR YW
W

E-mail: zhai_yanh@163. com




