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In-situ growth of anthracene-based covalent organic framework on
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Abstract; The limited energy density of supercapacitors poses significant constraints on their practical applications. To
address this issue, in this study, the hydrothermal method was used to grow an anthracene—based covalent organic framework
(DaTp-COF) in-situ on the surface of graphene oxide (GO), and a novel DaTp/rGO composite electrode material was
prepared. The structure, morphology, and electrochemical properties of the material were systematically characterized. The
results reveal that the DaTp/rGO composite possesses a unique hierarchical porous structure with micropores, mesopores, and
macropores. Meanwhile, the electron—withdrawing effect of the anthracene groups in the structure induces a pseudocapacitive
response of the Schiff base groups. Benefiting from this, in a three —electrode system with a 0.5 mol + L™ sulfuric acid
electrolyte, the specific capacitance of DaTp/rGO electrode reaches 251 F - g™' at a current density of 1 A - g”', which is

significantly higher than that of rGO electrode material. In the ionic liquid electrolyte system, the DaTp/rGO electrode only
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exhibits the characteristics of electric double layer capacitance. However, owing to its excellent hierarchical pore structure,

the electrode’s specific capacitance is still as high as 158 F + g™' at a current density of 1 A - g™',

and the capacitance

retention rate is 78. 82% after 10000 cycles. This study used the in—situ growth method to achieve the synergy between DaTp—

COF and rGO, providing new ideas for the research and development of high—performance supercapacitor electrode materials,

and helping supercapacitors break through their application limitations.

Keywords: supercapacitor; covalent organic framework; graphene; in-situ synthesis; hierarchical porous structure;

ionic liquid

SEG AL, SRR R R
TS IEEMERE A B IR 1, SR i B3,
FOUHAE T A5 B2 J5 W R B 5, 7T 52 B PR o 78 3
ML, IR ZEEE | 94 S 0K A U LA R 1
FIE . SR, ARA T, FLAE i 2 A A7 A
W, ACRIRE Tz R, HE, R
AE B 7 R 20 2 B #F 8 8 0 AR R R R e . BRI
HAPERES o,

AR B 4 P 45 Y B B A 5

1 (Ve ¥ Vo)’
E C ' (1)

5

:7 >

K. COMRMMBHNA R, VRV 2350 i R
TR RS EUR R, RIS TAER R, bk
THER B AR RE BB, —J7 ] 52 = AR R L
20, GRS R AR R S — T E, TR
R B AL R B 1, DA T Y T AR R
TEFETE AL B L2 R g v, R A AR PP
I, Ho—, il f AR R S LA Ah2 N T
AT, G BRI AR R R T
HL AR REAL] , RS H TS MR R R IR fhsf
W B/ o o ok ST S R o SE PR g A7, T,
T Ak E A R R A FL R 5 AR O, R R B
MR LA R A PLHESE (COF) /& 2005 4
HIRA AR RS AEI 2R, BA MRk
PER SR B FLIE 250, Sl RS HE R 25 R BT, ATk
X COF ABHLAR I s, 15 i % HH 6 A %
AT ORI A B, B AT, COF L g H 451
5% 2 B4 THR 450 COF, Hi i (0 v Ak~ S o %
PEWR T 2% 1 8 S O REvERE . AR Z R, BUaUZ5 M
COF [BFFEAIXT B =, A58 0 s I B Tk = 4k
SR AN, COF A B A ML SEHm FHS
2, IS RATR I 8805 . RAVKE) ZA N
AR LB A BT HA 5 B
LAY - IePagiAy ™ AR SERbR & A AR
R RARIEH, RENS & 35 (2 JE A4 L R] 5 B [R]85

T 4R TR 2 L S A ) FL AR 2 R R

RIEAX (1), BRAFERNEREES T/EHR
JEFG A RO S IE e, PR T A E R S R ke e
R EREN o — D R, L g,
A HLR BB BT T e A5 0, LU A5 = AE
HE BB R AR, R, AVUERIFES .
Gy R RN BE A 2 S [ A BB, 7Rk SR
LR, B WK (Tonic Liquid, IL) HA HLIH
BT S5AN/THINE TR, FRer R JEXT
FRETBH RS S 25 25 b iy, ot FLHfE DL 25 LI AR
k(<100 C), HWIMEAKGEMEFHESEE, L, &
FRAESEE MR MZEREAL, BALFE L (2~4 V) TE R
SERY AT BT SRR, R R G r 2 A 1 B AR A
JERR BRI, MR PR AR B, (H R N
FHELBL YK, HoAR = niAAE B 0 5 FRAIK, 75 4% 48
W, BTRESEREMRnEnESBE, KW
IR T A 5 L T A T TR R AR A R, DA T E AR -
FL AR LT LT AR A AN, S IS VR R B A A
TR EE

BEXF DL B R, ASiS Gl B COF 5 4 8806 it
P A, il 2% v P AR AR S A A A b R, R
COF HA 547 BAHMARY w— &5k, T 76 A7 S84 2 1 )5
PR E AR, NI B 2 RAL SRR AE 2
A B, IZM B ELA 5K R T RAUR,
AT A I A R TR, 5 S COF Wi 7 R
BB A A2 B N, 7 A T A R N, BT
A EE 7R, BeAh, 1938 T H AR 2 LS5,
T2 A UM T 5 VA e g 9 e 3 B O S 1) i

Rtk
1 SEEERSY

1.1 LK F

X B 2K fiff B2 ( PTSA, 99%, Sigma — Aldrich ),
2, 6-—"%&IH (Da, 97%, Achem-block), 1, 3, 5-
=EEELR) K =) (TFP, 97% , Adamas), 1-Z3&-3-H
FEpkms PO G AN ERER (EmimBF, , IL, 99% , Adamas), %
oA 55045 (GO, IREERHY) o



- 1130 -

B TS M

1.2 &M DaTp-COF

¥ 188 mg Da(0.9 mmol) . 952 mg PTSA #1 10 mL
FEFIKTEB A AN 55043, P 126 mg TFP
(0.6 mmol) A _F R I S 1 h, B2
Mt awe, AR5, BHIRGWRES 2R UREHNIE
BRI R A, 1E 120 C R KSR 72 h, FTfs
PRI 2 [CEE IR AE S BEAY BT bl 4 72 h A5 2 2lifk 1
DaTp-COF,
1.3 FEAMEA4$ & DaTp/rGO WU K B £ & &
DaTp#rGO

# 188 mg Da(0. 9 mmol) , 952 mg PTSA F110 mL
FETFIKIEEBAE AT maRA, RN ER A,
A, #4628 mg 19 GO e &8 75 VEH T ¥15) 43 U fE 40
mL EEFKH, BRI B, ARSI B B
INAVEI A IR | h SRAF 5. BEfE, ¥ 126
mg TFP(0. 6 mmol) AT AW HIf R H 1 h, HH
FHRA WA 2K W 28 AT /K I N, I 24t 4t
YR 5 DaTp—COF 4 7 i—2, rGO Myl & &4
W B BT KRN, HRLERIRFEAE,
DaTp#rGO i#i it LA T J i1l & . #% 314 mg DaTp—-COF
5 628 mg rGO FH IR/ HL, HEISEGY .
1.4 #RIRAE

K FAH B 2T 48 56 3% 4% ( FTIR, Thermo Scientific
Nicolet 6700) 73 H1 A1 £ fL 22 454, SRR T 2
W85 (SEM, JSM-5900LV ) Al 5 i, 1 . ¥ %% ( TEM,
JEM-2100F ) X 22 A4 A6k (4 35 08T 350 245 44 5 o0 K 43 1
S FH N, W% i B (JW - BK132F) 43 #7 #4 F} 9 Brunauer -

NH,

(@

DaTp/rGO

Emmett—Teller (BET) lLR MR, FHH % iz s #I5
( Density — Functional - Theory, DFT) 113 %1 ¥} i) FL 4% ;
FH X BH4Ainhit (XRD, Rigaku Ultima IV) 73 A b4 R
A
1.5 ®BEAFEUR

", B LK & B DaTp/rGO, GO 5
DaTp#rGO i P4 5 43 ) 4% BRI E it = 3 e ok 2R
PVDF R Z5HIB R Lo 8 ¢ 1 ¢ 1 FE 0 BREE >, IF
FIAKE N — 35 i % o I o) B R, W e TR
20 pm AW E L, BEEFE 80 C F T4 12 h, &%
J&i, SR FXTERALES H AR AR S, I T 4 5 11 T kA
Hil#E2.5~3 mg - em™, R A H A2 T AR (R4E
CHI660e ) i 47 1 5 fK 2 $9 4 (CV) Fl1E 3 78 i i
(GCD) iz, % Land BT2000 & 45 il 32t 48 2% i 25 4%
PR PERE . MOEHYILA R (C, F - g7 ) FIHA(2)
P

¢, = 1[VA/ (mAD) (2)

A R (A) 5 A W BB m A3
i BRI ES R (g) 5 AV I HUREL,
2 GRS

2.1 DaTp-COF 5 DaTp/rGO & 5H 5%
WE 1(a) iR, AR K L TE A A 5B
(GO) T i 4= K DaTp AN A HLHELL 4 L, DaTp

K1 (a) DaTp-COF 5 DaTp/rGO [{b2~45# LU K A i n i &l ; DaTp—COF [ (b) SEM 5 (d) TEM JE& 4 #Hr
Fig. 1 (a) Chemical structures and synthesis schematic diagrams of DaTp—COF and DaTp/rGO; (b) SEM and (c) TEM images of
DaTp-COF
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Fig. 3

(a) SEM and (b) EDS elemental mapping image of DaTp/rGO; (c) FTIR spectra of DaTp/rGO, rGO, TFP-rGO, and

Da-rGO; (d) XRD curves of GO, rGO, DaTp—COF, and DaTp/rGO; (e) N, adsorption—desorption isotherms of DaTp—COF, rGO,
and DaTp/rGO; (f) Pore size distributions for DaTp—COF, DaTp/rGO, and rGO obtained using the DFT method
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