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Abstract: Due to the high redox activity, low cost and diversity of the building blocks, organic redox active materials
could be a class of promising electrode materials for rechargeable batteries. However, the high solubility of organic small
molecules and linear polymers in organic electrolytes usually results in a rapid loss of capacity with cycling. Benefiting from
the porous structure and highly conjugated polymer chains, conjugated microporous polymers have attracted great attention as
electrode materials for rechargeable batteries. In this work, we employed biphenyl and anthraquinone as the building blocks
to synthesize an anthraquinone-based conjugated polymer (PLPhAq) by palladium-catalyzed Suzuki coupling reaction. Ow-
ing to the high specific surface area of 257 m*-g™" and plentiful active sites (—C==0) , the PLPhAq cathode for lithium-ion
batteries shows a high specific capacity of 164 mAh -g™" at the current density of 50 mA -g™'. After 800 cycles, PLPhAq
still could maintain a reversible specific capacity of

I BH . 2021-05-29 EEEHE: 2021-07-25 126 mAh -g™" at 50 mA -g”'. The PLPhAq cathode also
HETE: HEARRSES BT H (21574077) ; ik exhibits a long and stable cycling stability with a slight ca-

pacity fading from 97 to 74 mAh -g™" after 5000 cycles at a

LAY 55 28351 H ( GK202102005, GK202003045) ‘ ] . ’
high current density of 1000 mA g, demonstrating that

F—1EE. DiEM, B, 1992 44, WEmat
WBIIESE . 3k 52, 5B, 1990 484, {4, ByBERFSE G,

conjugated microporous polymers could be a class of prom-

ising organic cathode materials for high performance lithi-

Email: chongzhangabc@ snnu. edu. cn um-ion batteries.
Mm%, B, 1978 44, iz, WA RN, Key words: conjugated microporous polymer; biphen-
Email: jiaxing@ snnu. edu. cn yl; anthraquinone; organic cathode material; lithium-

DOI: 10.7502/j. issn. 1674-3962. 202105034 ion battery



559 1

B EEREICRAL RS Y TR 7 i b E A R RERI 5T 671

i

1 ®I

] 7 L4 B 7 H 3t ( lithium-ion batteries, LIBs) [K H:
TS FL A2 AR (0 A | B o 8 B v AN B e
TS ) a1z R F TR 2 7 5 A A 8 7R 4 A 4
BN HHT, R R S R R A bR R T
P 5 B E ALY B IR R (ANBN IR | BRIREE . W=
TORRL . BERRERARSE) . AR, HFHR. B SEAEAERRA
B B A IR, X A Gt 14 T ARORA A LA 3 2 42 Bk
H#s K A RE R K . BbAh, IEIHm b B4Rt E
MR 2 FEO IS YR, FIk, JFRSE
AT FRAE ) TE AR A R R L Tt i) R R AT R

UEAESR, FLAT LAk 27 6 P (4 A B F A b e R EE T
e SR ZREE | B BT TR SR T L OB RS
BT T2 RFSE 248 R S R A HLIE K
MOBHRILHS 25 5 . RN Bl S AE AR, 7E K
T AT IR R R Y T an, R Sk AR b
B, FREAE(C,0,) IEHAE 70 °C LL & 20 mA -g™' [JH
W BEF £ AWM 902 mAh - g B b A B
1,4 ER BT 37 mA - g IR BETAEA
367 mAh - AYR[E LR Y AR T Al RO O A
1640 mA -g”' LR FAY AR IAE] 196 mAh -g' |
MR BB 52 mA 7' WA N HA 263 mAh -g™'
BORR B A7 i A BN, R R A 9 (PAQnS) 1
0.25 mA PRI FEEE T 298 230 mAh - ¢ AT 30 LL 25
B BRI, AN TR R R A W A A DL R R
P14 e Vs PR B T e 2 R R G P A R v A PR
Wk, RIS, A HLNGS T FNZR R A W) HE B 43 - 24
WA T HL B e AR R TR B, 3T 2208
SVERE, I, JFR AT sCHE ZALE5H A HLHL B b
SE P LB S 2 M RE A U

JeHE 5 FL B & W ( conjugated microporous polymers,
CMPs) AP JRIY o L4 T4 . B HERmR, NET
AL RN ERE R, 2 — 2 L& R T 7 (7T 3 H H it
RO R R R R A 1 A B R v T
MRS LA 5 T &, =
B LRI AR Li (AR SR AL T & TS AL St
BAEYII IR 25 25 T T CMPs HL B b R} 7 HL g 5
AN AR, N4 & T R b G SR R 0
Sk, BRATHIRFTE R, CMPs VRN A HLE AR B
THEREE S, HI2KZE CMPs #iH/E LIBs B fiblbf
K, %R CMPs (9.5 il s e Fngh ) ZREvE, 78 CMPs 1
Zarpi ] A AR SR P BT P LAFRAS 5 MERE Y CMPs IE
bt

FEF I, AR TAESIAS T —Fh 5L R R B ) 5
UL &9 ( PLPhAQ) B8 5 F it IE W 4 E, A Bl
L 1R, RIS CES A REIE R I (P C-NMR) |
{d B AR 2T SR 63 (FT-TR) |, $RFE AT (TGA) | MK
X HHERAT S (PXRD) LA K 34 f 1 (i B 8% ( SEM) Xt 44
(IZERE . A%, P FRVE B LA BIE ST T R G0 T,
FL AL SR PR REMRZE S ], PLPhAq 1 48 25 7 B it ) 1F
Wb kL 2 B 43 0 5 19 B b 2% ¥ BB PLPhAq 7E
50 mA -7 (R N REMS S 164 mAh - B ]I
s i, I 7E 1000 mA - g WHLR B E T EA
97 mAh -g”' LA L, [RIES, PLPhAq 3R 30 H R 51
PEHFAENE, 7E 50 F1 1000 mA - g™ (LI S5 BE T 4 1) 52
LT #3800 F1 5000 WK BYFE ENEIR

- t@gﬁ - Qg Pd(PPh), KCO,
ees
<q 5 g H,0, DMF, 150 C
RIS

PLPhAq

Bl 1 JEHERAL R A PLPhAQ RY &R
Fig. 1 Synthetic route for the polymer of PLPhAq

2 % I

2.1 MRHE&E
2.1, 1 BEK vo A0 B% S 69 ) &

EEESAT, B (620 mg, 4 mmol) . BEIFHB
BRI AR EE (6.09 g, 24 mmol) ., 1E T B4 (50 mg,
0.4 mmol) . — H FEIE ML BE (300 mg, 1.6 mmol ) Al —
(1,5-% 3¢ ) “p-H & (1) (530 mg,
0. 8 mmol) T THEAY DU WG (50 mL) ¥, KR EY)
1E 80 C FHH 24 h, FrEI RN AR 2= AT, I EE
VS FRVVAR IS I 0, K W 300 7 [ P 7 R B B2 43 )
PRI 3 UK, K4S B0 [ A PR DU B R R 80 °C .
2R TR 12 h, PR 5%,

2.1.2 %44 PLPhAq #9414

RSB, Ko @ # K% W (2.0 mol/L,
4 mL) IMAZE] 2, 6-—JR B (920 mg, 2. 0 mmol) | B
BIRRTE (513 mg, 1.0 mmol) A1 DY = FE B4 (8 mg,
7 wmol ) A N, N-ZHIZEHEERE (15 mL) WP, R)E4H
SR ZINEE] 150 °C IFfiidk 48 h, HRHEER,
A 100 mL MK IRt g, SRR . HEE, &
FE o R S0k IR 23 S0 9 345 3 Wk, I DU Sk i (14 R G
PRSI — R, JRE R RN R A YTE 80 C H A M4
rh R BRSO ) PLPhAq BEAH R



672

Hh AR

%40 &

2.2 #BETHBALR

W ALHE AL S Y) PLPhAq . FIEE AT IERR AN L) 5
W63 LIRA, FRREHIa R R B 0 70 AR
BB R IE AR AR, SRS XU h 50 °C T 5 h,
SRIGE B TR 110 C T8 12 h, D@ R it
MM, BRFSLTAE MRRAE, 1 mol/L B9 XL = 6L FF LA 1t 31 i
PRV TRRRI R 12 119 1,3 ZSURH A2 B Wk
RAVEBAE N, ERSRANTER b Ram
F o FHA F R SR H e 2 AR S Xt it 1 H Ak 2
REHETRAE
2.3 WRIRLE

RAYIRE G AR M AR A4 11X (Q1000DSC +
LNCS+FACS Q600DT) 7E A F AT, REWHE
Wi B LT AT R FH PR ET (KBr ) JR F 5 18 5t e HE i 25 46
LIHMETEIL ( Bruker) KGR . BAEWEER Y C B
1 3 3R 3% A B w3 IR O % A (JEOL resonance ECZ
400R ) MRFRAT A YRR S 00 B0 TR 55 3 3 & 5 31
I8 U8R ( H 57 SUS020) A RAS . B-A YR iyFL
PEBE(T PSR BT ( ASAP 2420-4) 7£-195. 85 CIRJE T
PR U B/ I BRI AR A . AR, FRSRAE 120 C HAS
(1 Pa) iR 12 h, LR EFARYEMEFEARXTE T (P/P,)
40.05~0. 20 FYATIR B i Ze AT I3RS R NL-
DFT Z0A7T 5 A R i (1% 45 18 W% BT il 28 R4 AL AR o0 A

IR X G247 5 (PXRD) 18138 38 i X 5 2 A7 3 4
(D/Max-3¢) MIAFAT

3 HR5IWR

REVINEM SR
A TAEFIFH" C-NMR 1 FT-IR % F& M 844 PL-
PhAq 5 FEERIET TRIES 08T, B 2a ZFTA B R
A% PLPhAq 9" C-NMR ¥ ¥, PLPhAq 7E 120 ~ 140 ppm
T B A S 0 X B T O A A L R R, T AR
148 ppm Ak {5506 7T U5 J& 2K 0 5 BURR 90T 22 8] AH %
LR IE -, 75 184 ppm M5 5 06 )E T BIER 5T [k 5
RJETF R RRNE N, [ 2b J2 R G4 PLPhAq /Y FT-IR 154,
Hor 1675 em™ AbrIR g AR TRA Y C=0 XU,
RHREY PAEASILRTT, X SRE VRG2S
H—5; 7F 1593 F11291 em™ AbAYAE S0 R K T 95
B C=C MR C—H S IR sh, K 2¢
i PLPhAq FEAVSUA B R I i 22, M AT LA
PLPhAq VMR EETE 600 °C 247, - H 4R FT4)
800 °CH}, PLPhAq AR N 25%, W] PLPhAq HA TR
RAay#gaett, K 2d 2R A9 PLPhAq 19 SEM 5, M
EIdE] LLE A B PLPhAq ELA kB B9 TESR
PXRD K153 W BT & 181 58 &4 PLPhAq i JCE T At
B 2e) . BAY) PLPhAq £E-195. 85 C A A B T 1Y

3.1

o, by a (] 400 — c
<O <IN . e \
. g 5| s
= [ © @
© | V] = @ 604
: g | : g
A 5 £ 4]
IS ,"\‘ / \ = g
T Wy | %wﬂw p Ty 204
220 200 180 160 140 120 100 80 2500 2000 1500 1000 500 0 200 400 600 800
Chemical Shift/ppm Wavenumber/cm-! Temperature/C
[d] le] - i f
< 3004 Sper=257 m2- gt [f]
© ] % |
T 250 Fo
; S H
g0 I
3 S 150 ) /A
@ W Laad k] L. e 4
E 211 ,.f.:.';t;::.f.:'.,-;::;f.7-1?"‘"'
£ 500"
=]
1140 [VIan) S
20 40 60 80 00 02 04 06 08 10
26/(°) Relative Pressure/(P/P,))

& 2

PLPhAq B9 C B RESLIRIGE (a) , PLPhAq BYfH BB 4T A0 E5% R (b) , PLPhAq BIFAE MR (¢) , PLPhAq B9 SEM

W& (d) , PLPhAq FIBIR X SFEATATIA (e) , PLPhAq F 20T B/ 5 R A58 il 2 L e AL AR 0 A1 Hh 28 ()
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Fig.3  Electrochemical performance of PLPhAq as cathode for LIBs: (a) cyclic voltammogram curves at 0.1 mV »s™'; (b) charge-discharge

curves at the current density of 50 mA -g™'; (¢) rate performance; (d) cycling performance at the current density of 50 mA - g™' | the

inset is the solubility measurement of PLPhAq in the electrolyte;

(e) cycling performance at the current density of 1000 mA - g™
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diffusive contributions for the PLPhAq cathode at 0. 1 mV -s™'(¢), capacity contribution from capacitive and diffusive processes for the

PLPhAq cathode (d)
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