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Figure 1 Schematic of HOFs related materials for energy storage and conversion technologies

3336



P A

R SR AR SRR RS R, X EAFHOFsHRH A
FVEF ARG, —TT RS I TasF, o —J7 L
TaE A M SR T AL, (4) S
AP RN PR A HOF A R HAT #41 F fLig
X 5 R FLAR A AU TR 254 32460 5 B b R g
TR A T P SR, HOFsHORME N4
PLR AR A RRA A — AN i 2B SRR A
HEZRZE MY RS E PEEAE AR 22, TEiR I rh A S . (HRE
HITAFARXTHOFsHEHIAT S IZHIR A, AR, Al
VA Ao 48 50 D 5 PB4 P O (ol e 2 5% 5 2 ) 7
I, SIAZEAR. HHREA. oS, KRR
ke RIS He R BRI EHOF RS, 1t FLg rT
LURFHOFs A By gk At i i vy LR K 575k
HOFsH i JmAL G W BRAPRI LB AT TR S 5 44
Kl X BEATHOFs L) X HOFsfiF AL A DI REAS LI R 3L
BE RO R BRI, EREIRTF k7 THI
BHA R iR (.

1.1 HOFsHAPRHER &1 il ity i A
Sk BRI A L, HR B T A RE R
w PER AR BARBE A, R HRTS Y
Sl A — 7 (A B T A 2 R T s —
ARIXEFNPRAR, R 138 N i AR R PR R oK, JF
RRe B AT RE T . e MR AP e g TR
HOAROLE A el T Y A S
Z—, HURPR G 2R B b i A2 T e
AR, AT B Y FAR BRI T T2 Y
5T, HHAHOFs MHATAEM R AZ 2 TR TAEE 1)
SEPT HOFsHI 4 2 HIR AN, 0% BARRI 1L
TR, LI ARG ARG T 0 R TR RO, HR
5V 85 2 55 1) S B R A B R ] B A S
FIN . PRI, Z2 5 SURHE A m-mo R S5 TR W o R 3 i 1Y)
LEF SR, RERS(ITHOFsZR L K4 AR i 32 1,
F By 1k A R B T & AR K A, YA R
fefne feea e v pitn, wo AL puEEAG-
quartet B, FHHA . 28 kW i (naphthalene-1,4:5,8-
bis(dicarboximide), NDI)ak 4t kW% (2,5,8,11-tetra-
hexylperylene-3,4:9,10-bis(dicarboximide), PDI)AH, T
AR, Ayl T PR 4G HLHE SR A4 R G, NDIAT
G,PDL. f[E2(a)fi7, Go,NDIFIG,PDIFAAR M Fidii
PR B IEENG 55 48 30T 4 1Y) 5 M ok S B 2B T —
A VUIE A& S5, 3R 22 3 SR o3 F (Rl n-n HE AR

MR LA P HEZRESH, AT A LI A7 O
FrEm e ta . BEfS, TG, PDIfE N e 1
LAY TR AT RO IR RE, T A RHERET 73001
fE AL PR PR TS IS B L A B AR/ T 7%, A
HT R,  HL A R A O B R IA#]99.97%
(F2(b)), Wl T HA MR Z — X LRI AYHE—
B SV JHe A Sy TE BB B R I L S 1 R b ) A R A R
(72.4%), UEMIBPRPHRR Y 0 R 45 44 A 22 F 0B Dy oAty
e T LA AR . AN, BRSO R T
IR e f I A SR IESE T A PDIME B RE S 12
EEAR A B T SlaE, —E R B T A LR
SHPEZE MBI, LiTth BESE T ZALHESE 1 i I
(i

1.2 HOFsHAARHER 21 radt-pir i

AT S T v, AR b 0 A P AR AR,
PRI HC T 25— AR 8 - H b 1 P 5 e e . b
- FE S S T R LA SR TR, R A
BRI SN 2 ] B A/ ot BRI SR, R
D/ Y i W G T B U RO Y o N L
&)@ B 5 A R BLAVE 09 1 A S RS A AR T,
DR M7 BRI AT -4 0 s AR, STk, AL
FAR AR R AP a5 A T FE AR R ARG, M
B R, A RTAES TR A s,

HOF s 4 BHE &N 25 H ith 5 ] HAT 5 A AT AY L
FOME. &5, TSR R0 7 ALa% aT LIRS 15 #4
BIAS B B TR AL S B NS, SR AR S 1Y
W BRHVE R, R, SR i FL IR R LA SO Rl i ok 2
(45 PR BE AN S IR AL A B s A%, (R B0
HALFRRN TR, TR ER SRR E
P Wus A3, 5- 7 4 3 = M3, 5-diamino-tria-
zolz, DATWE N AR, AR T HA b F et —
AEHOFsHHRHHOF-DAT), 057 T HARNE T
FIRE . DATH N-HEE 7] LU S5 AHER 25 F4 BT IE i 2
MEHE(EI2(c), (d)), XM T THOF-DATA B R 474k
g, e TR A i ) AR se g L4 HAL
2EgERl. DI, HOF-DATAE 4N 2+ ) IE AR A R}
BT AR ) LA AR SR A RS E 1, BB AE
1A g WU T RETEFR 1000018, #id T4 k%
BOA DL AR PR BR (K 2(e)). W EEYZ PR IR
(density functional theory, DFT)I & %], DATZ;#H
A AN SRR T RERE AR IR FFING, S T FE i A

3337



M % b & 2023598 He8s H25#

@ = e A 5 o
o D BT ;p_,\ﬁv o AN oo -4 =
[ v T Gy . 32540 Bli———
Boc,GBr BocgG,NDI or BOCEG;PE” = o o
; S
o o GZNDI or G,PDI o -
NDI = -;Qum O £ 1 3
I, E 260, T80 5
Gt & G-quadruplex > Ly =
self-assembly 5 S
© "
PDI= )N 8.8 N & 3
© 195 £
Cftrs Gt e 60 2
gHiry : ~. 8 3
v )’:(E H"’:—N Cabtyr - \. -/\7’.~.’/." §_ o
W ._
PR “'Lr’@%f \ ’l .\\7.‘ 13.0-
A . bW -
A o i \\ 5w e 1 20 20 o
Catlyy N‘*H..H:fjg“ G,NDI and GQPDI frameworks G-quadruplex 2D grids Cycle index
e CgHyr
d
(c) Top view (h ”
el N
*N»;:Q: = Y »
m AL T 180°CT e o o
c ‘( 7’ — ngT( Y W HOF-DAT *'\ :*:D
NTCDA DAT 0,::;‘0-(“ \r W,
(e) =
@ Side view © T 2507 120"\:
b
1-- a =5 ¥ 3 < 200 1002
3 £ 8
g oS = £
,;K}""ﬂ‘ D{gx“bw“”‘ q"xjp«' Z 150 ol
Z 60
X Y- S 100 = 2
& 1 ) 40 £
M@ o — o
o 50 20 35
'n_‘i 0 o 38
Oc ©oH ON @0 :Hydrogenbonding | & "o 2000 4000 6000 8000 10000
Cycle number

Bl 2 HOFsHobRI LA RS T ity AN RS T H AR . (a) G-quadruplexc HLAESLAHRLAGHI 1. (b) LAG,PDIA A iR B 1t A O 35
PERE™, Copyright © 2017 Springer Nature. (¢) HOF-DAT{#45 #4775 2 E“. (d) HOF-DATH 4 it B ZE Y. () LIHOF-DAT H IEAR HI4HES T

HL T O CABERPERE™, Copyright © 2021 Wiley-VCH GmbH

Figure 2 Application of HOFs based materials in lithium ion batteries and sodium ion batteries. (a) Preparation of G-quadruplex organic

frameworks'

) (b) Long cycle performance of a Li-ion battery using G,PDI as the cathode"), Copyright © 2017 Springer Nature. (¢) Schematic

diagram of the HOF-DAT structure™*®. (d) Schematic diagram of synthesis process of HOF-DAT™. (e) Long cycle performance of a Na-ion battery

using HOF-DAT as the cathode™”,
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Figure 3 Application of HOFs based materials in sodium ion batteries, supercapacitors and other energy storage devices. (a) Schematic diagram of the

gradual assembly of supermolecules and the synthesis of heteroatom doped carbon material™”

. (b) Long cycle performance of NP-PCN™7, Copyright ©

2022 American Chemical Society. (c) Structural simulation of TpOMe-DAQ[53], Copyright © 2018 American Chemical Society. (d) Scheme illustration

of the synthesis of NP- rGO[SQ] (e) Electrochemical performance of NP-rGO materials[sg],

diagram of FHCP polymer , Copyright © 2022 Wiley-VCH GmbH
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TRV 5 A 2 FLA5 K, AT A rLAE AL S S AT 30
RGO R, SCHUPRE i TR A B R,
(2) SMOFsHICOFs A", 3 A% Y HOFs
FHRE, R REE Ay T4 5 TR, A e
SCEUAREIT R B %, Kk, HOFs RHATA MR
trha] RESs A B R TR MR s, DATRAEAS
[F) P FEL A S I T AR, DA o 2B A FL A £ S
(3) W TTEHOFsH | IZfE1E Z LA FAA HLE R[],
&R BT — T LA 5 ) 2 R - R R M e TR K
SRR PR AP BT AT DA L A A R 6 A
AR, AR T84S R 1548 2 A i

73,74
%u[ ]'

2.1 HOFsHATEHEOERH 1)) HI

OERJE K FHRE/K i nIFoH &)@ -2s < fiith, AT
FRAERRRL L . AR K S AF AR O S W 2 —.
Zat Bl X T *OH. *OFI*OOHAE N Y 24> A ]
PRFE RGP R, LSR8 1) 3 ) i Bl KRR
i T OERF W AR AT, 455 4 JB S AL 70 7T
DI REACOER N, Ik Hgh Iyt 72, (HE Mg
s D RREE AR, A P IR A 7
FI R A HIZ. Rk, A BRI Ak T
s ARBAS AR Bt 4 A7)

HOF s LA KA i FL B 3 38 RN 45 g 1) L 36 i
T, RefE SR A I D A, HCnT R G AR
SMFEEICEBAE, BIATEZIEMALS, Jhnib
RS, MR RIA, SRR B2 0T LA ROJE 5 A7)
FR R, T4, At A A ) T AT A B ol R i
WHAE, T EALTERE. 40, WangZE A ALK I
iR R, FEF AL XK R(1,4-benzenedi-
carboxylicacid, H,BDC)AYZFEAEF, At FH WA 7 #
B S il T iR 5 44 I HOF s# Bt S@HOF -
H,BDC([&l4(a)). Xf HtHOF-H,BDCHIS@HOF-H,BDCTE
1.5 VT BodefHIEl, flifiT&8, #HTHOF-H,BDC,
S@HOF-H,BDCHAH{ WAL FRARSNR, HHEAE
/NRRDL A, TESES@HOF-H,BDCHISJE 175 S 1 H 1
SEFEEHE, ek T *OOHH AR R BT TFR/E T, #Eim
#e5h T OERM B AEEAR I W 3l )12, i3 S@HOF-
H,BDCTEHL it % H 10 mA em IR ILH358 mVAY
oy, et R B 4 HOF-H,BDC(406 mV), JL
- 0] 575 HIr0,(347 mV)RIESE.

Ak, HOFs#hRRE @ & A i m k2= i A DU g
MICAnydE pekk. AL, 25, LS8Rk
AR AR B A AR, 48 B 1 2 A M R e R
SrFEAR . XSG B A] LR R S R AR A A
Z 5OERH I M rh (AR By [ . iERE AGE Ak, AR
ROER T A Bz, filtm, Lius AUl i —25 7k #4
EAEHIIR B (nickel foam, NF) 11537 ¥4 JEHOFs#fh
{&#4 EHHOF-Co,Fe, _/NF. Coi T HIFe 1 54.4"-SUlLIE
B9 L TR 7, (HCoflIFen] LAkE € fEHOF-Co,Fe,_/NF
HAR. XFLOtH FREG R, WEEHOFsHICo 2p
HUEAM L T4 JRHOF-CoM 45 A REN &, MILLZ T,
Fe 2pHliBE A A RES S Rese R, RUIINAFen] LAY
Cof% T HL T4, Sk i 7 M Coln] Fef#5. DFTi144
WESE, M T #—4J&, HOF-Co, sFe, X T*OH. *O.
*OOHM*O, B W [ HREEEAR, PRI s i B 5 1Y
OERMERE, TEHLIRAAE H10 mA cm B, 3 HLAALH
278 mV(El4(b)).

RAELEHOFspH BRI —E FOERTE M, {HEA]
PTE %) U B e R M A A E s R R B8 rh R e e LA
BRA. WFoE R, 7ELAHOFs A H ARAR AT IR A 34
AT A O RRAR D, WM ELIE P B B PR 45 14 RE RS 1) 2L
(S AR AP VE R, 03X B o R A BT B] 7R BR 1 11
BRUPE H A U TP DR, RIS RAF ik A Al 2
FUEME. Bt BRI R B TR
M) HPE, D THOFsA B S PE 22 IR, 1Ak,
HOF s AE i b BN 447K T JE IR HOF sty 2 F L4l
FERTA, HOFsZs#4 45 i LA im HA AL E BE
A LA R 11 4 T A A Ak R g P T R
BRI - FRLU R B AR A TET AR, A e 6 s Y AT
Lot #EMIIROER B K21 3. [A i, HOFsiT ARk AS
BHE R RCE L OER USSR A B m I, A (B, i,
Guo%s N5 5 7E ¥ 2K = W #2(1,3,5-benzentricar-
boxylic acid, H;BTC) & W WHOFs#A B A 45 J8 Co
F, 1S KIH,BTC AR A R XTI o il i
J&, 33T HA Coth B m B A AR A 2 BE R B kAN
K% (multi-waled N-doped carbon nanotubes in-situ
catalyzed by Co nanoparticles with HOF-derived porous
carbon, Co/NCNT/PC). ittt — Wb W I, 4 e i)
4 J& C o 9 K UKL e Ak Ry a1 43 B 19 WAL B (CoP/
NCNT/PC)ZK ki - R I 7 Y OERPERE, 7EHL I
FIER10 mA em i, Had HAAUN282 mV([El4(c),
(d). WEEMW, mHEAEPIEENTIAMECINZ
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Bl 4 HOFsIATBHEHLILOER IR, (a) S@HOF-H,BDCHYZSHIZEAE R L4k AE"™, Copyright © 2022 Wiley-VCH GmbH. (b) HOF-
Co,Fe,_/NFA 7 2 Fie Ak 22 ¢ 87, Copyright © 2019 Elsevier. (c) CoP/NCNT/PCHIA R ™. (d) CoP/NCNT/PCHIIE S FME Rl H Ak

’f&"ﬁﬁ[zg], Copyright © 2022 Elsevier

Figure 4 Application of HOFs-based materials in electrocatalytic OER. (a) Structural characterization and electrochemical performance of S@HOF-
HZBDCWS], Copyright © 2022 Wiley-VCH GmbH. (b) Scheme illustration of the synthesis and electrochemical performance of HOF—CoXFel_x/NF[W’],
Copyright © 2019 Elsevier. (¢) Scheme illustration of the synthesis of CoP/NCNT/PC™, (d) Morphology characterization and electrochemical

performance of CoP/NCNT/PC™, Copyright © 2022 Elsevier

HL T mIPEERS, SR ColE AT, M fE{LOER
T2 th CoP 2 1 U Co v 15 55 4k CoOOH [ 8 14 A
2, RO EIERTETER G, 450 2 fUBa K AR R 5
W2 & Bbs, FEFELESE T Y SR PR AL i,
TN T R AT R,

2.2 HOFsHATEHEORRY TR

ORRJE: 42 J& 25 S, H i PRk Fi st v ) SRR
HOREEHIE TR, ORRISARALHE 0,14 JF ik H,O /Y U HL -+
BEARFNIE JF S H, 0,1 —HL T4, H SO A0 45 48 Wt
B, s, AT, W REZR S A AR
*O. *OHLL S *OOH) W I FFR A1 FE. T HE 4%
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ML KPR T ORRIG R &4, D AEIER
TEXUR FR N B A7 13 S LA, 0 BT A A 4
Ja 23 S ML B Y LR 5 A th Do, RRAR T
FCSEBRR FHAE. Ptl, H AT AE & 8k E iORR
HUEALH, DATEIRECZEAR i3l fogad 2757
VETZH 2 T SR HOF s b4 L HLAT 2H A B 4 7Y L Bt i 1
R A A TPHESE, & M Refb i A HOFs
JEHAE TR 2 R B M I 4 e i Sl . TR
N, WEHOFsHEWER = A ORR AL AEAL I AT 7
VAR ARFSY. 140, SarkarZs A Off F12,4-E0E — 52
R (2,4-pyridinedicarboxylic acid, PDA)F12,2"- —fi Mt
WE (aldrithiol, Ald)fEAECLA, ELAERY HOL G T —



P A

TR B S ) [Cuy(PDA),(ALd),(H,0),]. IZZ5 A
ZAMTET, AldFERE S I L Rk S, Z
Ji 30 52 ] ) SRR AR RS . ik Ry
TRIYJZARZFLA5H ORR S Hh ) AR $ A4 135 B 3
B [RIES, AR K o i A T B SRR,
HETT e — K i, AR Y 1 i 3R
$& 5, OMORRYERESR T Y F 225 [A.

SR, M THOFsHEHE AL B . A2/l
e tEZE, HAEORRM IR HIZZ BRI AR, PRt
HIHOFsfiT A= IUBA B 52 G TE. 154 T HOFsHi A 47
gy, JE— m iR R EERA e 2 AL
SERFNE LR T AR, BERS y ORRALFE (14 AR BF 4™
B W BA R L 5 S RS SR AL RO RIS A O HL
HOFs A 7E 1A HLE Be ARG PE A7 s Be i 14 5 43
HOAE RSy Tt S T ORROE AR P A T
B R ATER, SN T 5 SO A R H

HOF A5 A= i 4 A 7E ORR H 1) 107 FH 32 224 55 I R
KA BAMEFLBRZA AR5 IR B At Bk L e 4
IR ESIEpiv SIS s 28 12 vy S M R ¥/ o5
ORRAH# FIMMEAL A Z —. R4 )& I+ B am R
(B I, TR ] A H B P 2 5 S B T R ARk Ji 1
AIBRAL. B TR AT A T AR AR, DA 2 i
ORR™". 4, WangZ A *2 /5L TS5 20 55 - S .,
il 8 Hh — PR B Y HAT 2 R I K AN LB BB 2
R4 KH Bl (expanded interlayer and holey in-plane
nitrogen-containing nanocarbon material, EH-NCM), Jf:
FEORRAEAL it PR R I 1.05 VAR 46 HL A7 F10.93 V
AR BB AL (P 5(a), (b)). THEEEREEW], HOFsHIj ARk L
AR A T R R 2L TN B, RSSO
JEIRIRE, -1 N SR AT DA RO 5 0,456, TR OCHE &
S rhE4FOH, AR T IUH FORRIEAR. 2, Livd
AR TR FRHOF-8, 9K 53 i 14 8 i Ak 75
B T HA T EALEH R A -SRI RL(Cy).-
FIARAS ) Ci LA 0.944 VAYHZ LA HL A2 F10.828 VY5
HLAZ(EI5(c)). WF B, B THULER Y FE7E, HOF-8H
MR TT R PO THAE, AR T H PRy AR, i1
T HE 10 C e el AL T S WE 2R 2 i 2 R Ak 7 v 1l
BIRB LA RIS, IFH, FE S A i
BT AR S A HOF-8FL BRI AK, 2 AT 7
JEZALEE R BT RE, X FRRIR Y FLIE S5 ) ORREZ
P T 2R AL RO R EE T RO R T R

B TAE R IR TR BABRA RSN, 2Rk 57 et

EBAUKIEHE I3 — PR TE R ORRARAL. 5 SR
AN A FTIRIARA EE, HOFsARh I IZ A E A ILE
REATTEIN i B Th 25 ) e AR AR TR, TR — 4 AR K
Oy, XAFRRERE b FRGI T 4@ Wik iy ) It
Hid & BHAA FEMd T, 55 580 FIE
e B, T IS 5, HHOFsHi I 07 4805 i 4
JE& W Z AL RS [ T 9T AR SCTE. AniEl5(d)
71, ZhouZ N Uil 8 = R EUR Y HOF s K 1M 11
FEH, e I 22 R A Co™ 5, 4
AR 2] T BAT 5 A LA CodlR AR (I NTB Z4hik
202K A (mesopores carbon nanosheets embedded with Co
nanoparticles, CO@MPC-T, T = temperature), HOFsHij3X
PRNFCo™ " BL AT A4 5 VR A AL BRLLE T3 JGE Fvh 42
CollURi AR, 28 1 AL i 4 Js . [RlA, HOFs
PRI W ZFLES IR T T Co@MPC-800 A2 % = 1Y LL.

AL O, MW, ik Hish Jr2fad 72, R
0.796 VI &2 B A7, T 7 FIPY/CAY0.782 V.

2.3  HOFsHATFHEHERY 1) H

H A K i B AR SE A 5 0] R BRI RN A DA S E
WeHE MR, Bk e S Bl s A 1 e LA R 2
P09 AR SR I ON RE USRS BT ST T IO R 42
FEULSERN b, HERFE by oK B A O R N2 51 T
FgE 8 AT SerE. SR, T makrfiiesl, B
RTHER T AL AR FAATESR 32 2IBR . AT R0, R4 R
FEAMEER (WP, Pd)EHERA AR I M 5 85 1Y HL AR RL,
i HAA S T SR B R (AGy) R R I S
PP DR RE S A AR FHHER A4 58 3 ) 2 Rl
BROR. A, T34 E Vs o B IR 5 B
AR, 54 IR AL SR ME L R AL R .

ISR, HOFsHRME N AR IRAAS. &
TP RN R MR A Sk AR, 2Bz k. —
T, AT i) P R P A HOF s ] LA 45 Fh
MELRLE R AR 254, 782K F & LI 45 h 2 58
B oY R Y IV = AL = By 11T <X N <] B e 2 e
{757 SRR L B A AN [RGB R 2 R R AT B AT
e JEFAE N IE TR, 8 A AR T 5 1A ) B
AT AGHEA TR, [HTHOFsYIH A FefE g it 5 112,
PETMI 2 TFHOFSAHERMERE. 4140, Giri%s AUz 14 &
T — BRI BE (bipyridine, B)FI = Z A &R (trithio-
cyanuric acid, TC)if i 25 A 41 %M B ATHOFsHL i1k
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B 5 HOFsIAEHEHMALORR T . (a) HOFH#R A MEH-NCMZ 2 & ™. (b) EH-NCMZE 4 ZEE AL AL 2 HE:AE™, Copyright © 2021
Elsevier. (¢) Cfy TEMEI FIORRYEFEE™, Copyright © 2019 Royal Society of Chemistry. (d) Co@MPC-TH-4& Bn & & . TEsH flm k2™,

Copyright © 2018 Springer Nature

Figure 5 Application of HOFs-based materials in electrocatalytlc ORR. (a) Synthesis route of EH-NCM from pyrolysis of HOF™. (b) Structural

characterization and electrochemical performance of EH- NCM'®

Copynght © 2021 Elsevier. (¢) TEM image and ORR performance of CKI

s

Copyright © 2019 Royal Society of Chemistry. (d) Scheme 1llustrat10n of the synthesis, morphology and electrochemical characterization of Co@MPC-

o Copyright © 2018 Springer Nature

FI(B.TC), S KA —4Eim Bk 2L 450 DL &
TCH AR FIE AL SHITIA, (Hi15B. TCEA FLH
AGy, WK T MG &42H + 2¢ 1 H HAE, [fi75B.TC
LA T HOF s R EAT AL AYHERMEAL TG 1, 7EFL TR
W10 mA em I, i HLA 80 mV, Tafel )3
78 mV dec .

SUHE IS B R HOF s A REH 52 B 45 M 25 45
¥y, HARTIHEFE5 FHES R HE R %
¥, SEMB LR, S5 5815, (HHOFsH
B B 155 T AR R AR HER B 2%, (it s
T R B, T iR —RIME, e T L
i i i FHHOFs 5 HAth b4 B &2 5 ok B THER. i,
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WangZ5 N8 T —Fh B AT AT HER M RE RO AL ).
‘B = REM (M)A = R (CA) H 41260 h i
TE AR R R 454 (CA-M) 5 MoS, T i Y A S

ZER(CA-M/MoS,). CA-MMIZ& 1B 2434 N FICA-M/
MoS, 5 B 4514 i i+ B 5 B (1115 Mo S, 3R 1T H B4 =
(R, A Rk T HOFs oL PE 22 iy Bl i, fiff
CA-M/MoS,TEfPE &M N R 66 mVIyLT A7, AT
RS RT HIPYCAEALT (Kl 6(a), (b)).

LS OERZ, 22 B A M) Afee M 25 Sl
129, HOFsTERRIE S5 T Ak el AR i — 20457t
{H15 25 THOFs B 3= & MR IR, st fa] Bl iy r ik
R e] NHOFsfirA: th fa e HL L & s o i 4 L
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B 6 HOFsHAFEIFEHER KN . (a) IS EIAIM. CAFICA-MZLRE(AFIMo,SEA TR M BT RT". (b) CA-M/MoS, 5 Fi45HI ITHER M
27, Copyright © 2021 Springer Nature. (¢) G-NPHI4 5 2 K™, Copyright © 2019 RSC Publishing. (d) BA-TAP-Fe& {7 & & S 4R ATE 5
FAE"Y, Copyright © 2017 The Royal Society of Chemistry. (¢) N-Mo,C/PCHI-4 i RIZE #4772 181, Copyright © 2022 Elsevier. (f) CNQDH/I
A R B R RINGE AR T, Copyright © 2022 American Chemical Society

Figure 6 Application of HOFs-based materials in HER. (a) Simulated charge transfer from M, CA and CA-M assembly to MoS,””. (b) The HER
performance of CA-M/MoS, heterojunction[97], Copyright © 2021 Springer Nature. (c) Scheme illustration of the synthesis of G-NP¥, Copyright ©

2019 RSC Publishing. (d) Scheme illustration of the synthesis and morphology of BA-TAP-Fe!'”, Copyright © 2017 The Royal Society of Chemistry.
(e) Scheme illustration of the synthesis and structure of N-Mo,C/PC"™, Copyright © 2022 Elsevier. (f) Scheme illustration of the synthesis and N,

reduction performance of CNQD film"*%, Copyright © 2022 American Chemical Society

A1, HOFsHSKARTE AR IS AR B T 5 R HOFs Y44
K ZALMERN S LR AR AL, RIS IR BEAE e A4 Ji 1
(1 H B A R 2 B S AN R i IR 4,
I HOF A7 A& 1l o A4 8 ik I\ Ry J HER ¥ 7 Y i
3, AR ABFZ PSSO i, wuE NP aE
T —FPHOFsifE Wil & RN, 8 o — SR %
FIBERR F 4 A 3800 0o A, AEETE TNFIP
TEATERME T B LU BRI B (K 6(c)), AUl HNAIPAE
B2 Z LA BHN, P codoped graphene, G-NP). HijK
RAER KOG AR T JRA M 7 RALIESS Y, [FE R
TRARTE TARRE M. IEAh, NRIPITER ARG 1 &
IR AL T %, IG-NPRA R H F1%

BBRE S, s T ARG YRS X SR TS AR .
PRSI R A REMA L B, 223 B ARNAIP I CJR T
HAA R M A d6e, HIbife T G-NPRH
AR/ R, KBS AT, R
W N0 mA em I LA ZE 106 mv,  H7E R
100 hi, HEREIL T F%7%.

HOFs®R A Wil i BA & 7 /W B/ A P H L
IHR REZFPIIREAL 77, XL A B T 48
B FIHOFs & 2L B A A/EH, FHOFsR AWl 1k
R HA B A S A AR . AR R A
G, &R BT AR A R T 5 4 S 4K A
FEER T T RN, SRS A B &I AL
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M % b & 2023598 He8s H25#

TS A R EOR B LU R T AR, 13 HOF sl 1 5o 5%
LB HER H BA7 s o F (™. i,
ZhouZs N B P LY 1R (barbituric  acid, BA)FI
2,4,6- =R FLWEIE(2,4,6-triaminopyrimidine, TAP){EH
AR EFe S, 195 THIIKIABA-TAP-Fe([416(d)).
SA8E. WK SRAYVHESRSEMIEAH L, BA-
TAP-Fe LA MR I —4E 2L, I H &8 KaE i
B, BRS AR L E BT R T R, Ak,
H T TAPH & A F & N T, IR IR BT A
NIRRT OL T, BN OB 2 B e 2. R,
BA-TAP-Feft # it B2t 4kok T F & 091 A fL45
. Fe, 1551 BA-TAP-Fe-800f# L7 /E HER 1 & B
MG A B R RAE AR, 250, Lin A7
WM. CAFIRuB 2%, P#E15E] T Rudy 270 i
LA, ELR Y LR T AR IR u-O/NFC A H O i H:
HA R HERMEALTE M, FFT%E H10 mA cm ™t
(i L AR Z2 100 mV.,

Ha&EMERELE, &R S8 A HA AR
(LB L, FEBUH TR AHJBERREE 1711 1545
T4 R FIHOFs B 4L H B S VEH], WiESIEL
AR RERS 25 [ 5 FEHOFs Y WRAR S5 44 Hh, BELAR
TR KB & RIS PR AR, Ak, 38 IR AR Y
ZR DR NSNS i AT DA S U 4 R Y e 6 A B,
AR SR A hRE, BEiMESh R A HER
. i, Zheng®E N5 i —FhpivRE A HOF BRI
i A w1 25 15 3 T ATE 2 ALk N2 4 Mo, C
(N-doped Mo,C nanoparticles anchored in porous carbon,
N-Mo,C/POYEALH. TEIZ T %, MATE ek MoO M)
ol B8 5 i A 1 =R U AN, 3,5-40F IR (1,3,5-
benzenetricarboxylic acid, BTC)ZH 211 ALAY M HRHOFs
JEWN, ZZRIYBTC &5 8] 43 B IPE ], FHAF T MoO,
TE iR P R T AR, RN, —NH, 5 MoO, AL {
SEPL T Mo,CHUNB Y. DFTHA AL AL 2AE e, 76
iKMo, Cridi 4B 7N - AT AR IMo-H Y S5 5
JE, JFit— L RH-HAR & 348, D] DUIN#HER i3
TE(&l6(e)).

2.4 HOFsHATBHEH A ARG )3

B 7 T HU#ALOER . ORRHIHERH, HOFsth
P ARIE FH TG E A AL OER ML (LA N i Lt FE . i)
n, A OGRS T — e A AR Y
NUBMR R R, AR AT /R N 125
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M3 AR 7E = B N2,4- — A Hh-6- 4 0E-1,3,5- =
ZH %% AHOFsZ LM 2% 1, HOFs W 26255 s I 5 BHLAG T
SRR IAER, 1ER KA ESE R T RAINB LA
fEA (Ni-doped carbon nitride, Ni-CNx). 5] fNis i
AL ENI-CNxoW AT WL DX i Wi i, b5 [ 1747
BRI, st 7GR T AL B AR S AR T
RO B AR, Ni-CNx e B H 50 5 0 7 800 PE LA
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To satisfy the emergency demand of clean and renewable energy sources, developing highly efficient electrochemical
energy storage and conversion technologies, such as rechargeable batteries, electrochemical capacitors, electrolyzers, and
fuel cells, has become one of the greatest assignments for the sustainable development of society. Despite their different
working principles, the two electrodes (cathode and anode), where the major electrochemical processes take place, such as
charge storage in batteries/capacitors and electrocatalytic reactions in electrolyzers/fuel cells, are the key components for
these electrochemical devices. Consequently, the design and construction of high-performance electrode materials has been
a primary quest for the development of future electrochemical energy-related technologies.

As a new class of porous materials, hydrogen-bonded organic frameworks (HOFs) have generated tremendous interests
from researchers in widespread areas. Since most H-bonding interactions are essentially weak, flexible, and of low
directionality, the morphology and structure of HOFs can be easily modulated depending on the precursors and synthesis
solvents or conditions. In addition, the remarkably high porosity with large specific area and abundant functional groups
endows the HOFs with rapid ion transport channels, specific ion sieving, considerable electrochemical active area, and
highly exposed catalytic active sites. These features trigger extensive research interest to explore HOFs and their
derivatives for electrochemical energy storage and conversion. Nevertheless, the electrochemical instability of hydrogen
bonding and low electronic conductivity hampers their adaptation as electrode materials and electrocatalysts. To solve
these issues, researchers have proposed some feasible schemes such as utilizing multiple hydrogen bonds and changing the
electrolyte. In addition, converting HOFs into HOF-derived materials such as metal compounds, carbonaceous materials,
or their composites has also been extensively investigated as alternative methods. These HOFs derivatives usually exhibit
remarkable advantages originating from their microstructures or nanostructures, showing great potential in electrochemical
energy related technologies.

From this perspective, we summarized the latest developments of pristine HOFs and HOFs-derived materials as the
electrodes or catalysts for electrochemical applications such as rechargeable batteries, electrochemical supercapacitors and
electrocatalysis. We aim to provide an overview for this highly interdisciplinary area and discuss the significant
breakthroughs that HOFs-related materials have brought to the field of electrochemical energy storage and conversion. The
effects of morphology, structure and composition of these promising HOFs related materials on the electrochemical
applications are systemically discussed. By highlighting the advantages and challenges of each class of materials for
different applications, we hope to shed some light on the future development of HOFs related materials in the
electrochemical applications.

hydrogen-bonded organic framework, lithium/sodium ion battery, supercapacitor, oxygen evolution reaction,
oxygen reduction reaction, hydrogen evolution reaction
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