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Abstract Energy storage technology is particularly important for stabilizing smart grids for the future. All-solid-state ener-
gy storage remains a critical challenge for advancing energy storage systems. Carbon nitride conjugated polymers have the
greatest development potential due to their special direct photogenerated charge storage behavior. We successfully fabricated
an electrolyte-free, all-solid-state photo-supercapacitor based on carbon-rich carbon nitride, comprising a C-rich carbon ni-
tride conjugated polymer (CPCN), TiO2 nanocrystals, and fluorine-doped tin oxide (FTO) conductive glass. The device
structure follows the configuration FTO//TiO2//CPCN//TiO2//FTO, where CPCN functions as the light-absorbing layer for
photogenerated carrier generation and charge storage, while TiO2 serves as both charge stabilization and transport material.
Material morphology was characterized by scanning electron microscopy (SEM), and the composition was analyzed by ele-
ment distribution map equipped with SEM. Photoelectrochemical performance and charge storage behavior were systemati-
cally evaluated using cyclic voltammetry (CV), galvanostatic charge-discharge (GCD) measurements, and electrochemical
impedance spectroscopy (EIS). The optimal CPCN aging time, TiO2 mesoporous film thickness and TiO2/CPCN electrode
area were found to make the photogenerated charge storage capacity of the single cell reach 380.1 Csg!. It was also found
that the specific capacity of the battery was stable at a constant level between 350.7 C+g ™! and 340.3 Ceg™! when the electrode
area exceeded 9 cm 2. The energy management concept of the photo-supercapacitor to store photogenerated electrons first
and then release them can avoid the problem of photoelectric conversion performance degradation caused by the increase in
size like photovoltaic cells. In parallel mode, the photoelectric synergistic effect of CPCN can further reduce electron loss,
and the photo charge storage capacity is significantly improved to 412.8 Ceg™!, and the performance does not decay with the
increase in battery size. C-rich carbon nitride-based all-solid-state photo-supercapacitors use solar energy to achieve efficient,
stable, safe, easy-to-control, low-carbon and environmentally friendly all-solid-state energy storage. The device has broad
application prospects in the fields of solar energy management, visual energy storage equipment and self-powered sensors in
smart grids.
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Figure 1 (a) SEM image of the CPCN sample; (b) CPCN local SEM diagram and SEM-EDS element mapping; (c) Lyophilized CPCN powder; (d) TiO-
nanocrystal films; (e) Pictures of the battery; (f) Schematic diagram of device fabrication process
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Figure 2 (a) Operational state photograph; (b) CV curves of CPCN samples with different maturation times; EIS test results: (c) 1 month of maturation
(CN1); (d) 3 months of maturation (CN3); (¢) 8 months of maturation (CN8); (f) 10 months of maturation (CN10); (g) Fitted R, values; Photogenerated
charge storage performance of photo-supercapacitors in CPCN samples with different maturation times: (h) Photogenerated charge storage capacity; (i)
Coulombic efficiency. The irradiation conditions were simulated AM 1.5 sunlight (100 mWecm2)
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Figure 4 Energy storage performance obtained under different TiO, thicknesses: (a) CV curve; (b) Charge storage capacity under illumination and dark
conditions; (¢) Ciign/Caar Values; (d) Coulombic efficiency under illumination and dark conditions. The irradiation conditions were simulated AM 1.5 sun-

light (100 mWecm )

PR T AR ) R EAT T 6 rEARE VRN, B9 T R AR
WA AT AR R R, S5 LRI, BEAE AR AN
M em 2B hNE] 25 em 2, HEILETAE AL (R EFIL AL ) CV il
LRRFAE, RN A SZ (B Sa). B Sb 4 H T H
WA 9 em 238 0% 49 ecm2 1) EIS FHHLIE Nyquist
B i P g A0 15 B 1 L AT 7 F BELAE (Reo) FOAN [ THT AR
SIS T FEPHAE (Rg). R ILBEAE FEARTHA AN 9 cm™
BANF] 49 cm2, RefH M 162 Q B HN3 882 Q, R fH I M
501.3 Q Jk/NE 140.5 Q, RHIR TR KRt 7 2
Y 3 L JE PR BHLIE P 45 . R e A A A 5
F H R AN T R, Mt 9 em 2 i, H IR 1
I3 (P S A S Frs B S3). X 15 Hb it EL 5 B AE
AR AL 9 em 2B, FRETEME B K, AT 350.7~
340.3 Ceg' Z[HI(K 5d). WTIL, JefB AR #s ok e A
A7 R e s S M, T LBk St B GO 6 AR
FEL LS A DR RS 388 K 5] AT s F B 45 e S U )
24 HRBEHIERN

Ha B PR E Yt R T B R B A R Vb 2EL PR i R O T AR
PERER) F RS, I IRAIHE T T A IR N 4L
TAEFRRPE. B 6a 45 T BRI, 2 /NI FEIB ZE A A
2 ANEREEHEIB AR OV iR, BBy R LR

Acta Chim. Sinica 2025, 83, 488—497

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

—2.5~2.5 V #In#—3.5~3.5 V; 37 N IEE
A M 0.43 mAsem 2 HENF] 1.07 mAsem 2. W] JLER B
A DA RO K R B 1, JRER AT DA S S i R AR
6b 45 T HHLE TR FE R B AR, FAR
WEFRHES P e, B NE G, R
AFLE 7 H I RE R e AR A FEAR [A) 25, (H IR B
A

WFFE VAR 1. 44 9 om 2 [ B4R I AR AN (] R Bk
BRI TAEMERE. AR R SR I T A A, Rk
Py fa e TR B A K. R e e v R R PR PR T I 3K F
—4~4 V; =Hi R O KE —6~6 V (K
7a). (HEBRBET, BT AR, a4 B
BYE TR, TR 1 om 20, 2 B 5 B 1Rk
HAT AR A B AR T 34.9%, 3 Hedijth A BRdl 4k o
AR R T 14.1%; AN 4 cm 2 1), 2 Bt o
IRA AR A AP R R PR T 49.2%, 3 BLr it ARG
PAPENAE T AP R R PR T 36.4%; AN 9 em 2,
2 Her i B R A A AT A S PR T 18.7%, 3
FEL Y R AL e A FLAT AP 2 PRI T 11.2%(1&] 7b A1
YHHE B S4).

http://sioc-journal.cn 493



*E PR HRIL T
a b
o 1 em? ( )1200- 9 cm* -
fitting 8004 - 4-R,
16 em™ /
~— fitting <
900 - wem?  Eo /
— fitting %
s 36 cm™ . /
P — fitting ¢
N 600  wemr |
. nl"ng 9 16 25 36 »
Area/cm?
300
/_\7 / R, Ry Rgp Wi
/\
0 CPE1CPE2
3 B 1 0 1 2 3 0 300 600 900 1200
; 219
(C) " Potential/V (d)
400
____________________________ 350.7
6 ;:n L R A I
O s 3403
¢ 4 Q=-33+0295, E
& T S 250
- 5
o 2 § 200 -
g
& 150+
- (AM15)| 100
1 4 9 16 25 36 49 1 4 9 16 25 36 49
Area/cm? Area/cm?
B s ARE TR GG RETERE: (a) CV IlIZE; (b) Nyquist EI(EEIILAE RaFl R AH); () VGAE HAT 26k 25 0 THIAR (So) IR G H; (d)fF

J7 RO A A A . 5 IR AR AM 1.5 KBHYE(100 mWeem ?)
Figure 5 Energy storage performance obtained under different electrode areas: (a) CV curve; (b) Nyquist plot (inset showing fitted values Ry and R); (¢)
Effect of photogenerated charge storage capacity on area (S.); (d) Photogenerated charge storage capacity per square centimeter. The irradiation conditions

were simulated AM 1.5 sunlight (100 mWecm )
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