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Abstract Separation is a chemical process with highly concentrated costs and energy consumption.
The development of precise separation technologies for substances with similar structural properties
is conducive to the deep utilization of resources and the green development of industry, but it also
faces major technical challenges. Among different separation technologies, membrane separation
technology has the advantage of being environmentally friendly and green, and is an effective means
to solve this separation challenge. Membrane materials are the core of membrane separation
technology. Hydrogen-bonded organic frameworks (HOFs) are typically formed by organic or metal-
organic building units connected by intermolecular hydrogen bonds, creating a new type of porous

crystalline material. Due to its characteristics such as mild synthesis conditions, high crystallinity,
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easy repair and renewability, it has become a unique type of functional porous material. However,
designing HOFs with good stability, permanent pores and rich functional sites in the field of gas
separation is a major problem faced at present. This review mainly summarizes the latest research
progress of HOFs and discusses the properties of HOFs substrate membranes. The latest research
progress of HOFs-based membranes in the field of gas separation is mainly introduced, and the
reasons for the improvement of gas separation performance by HOFs-based membranes are analyzed.
Finally, the current challenges and future prospects of HOF's for gas separation were discussed.

Keywords membrane separation, hydrogen-bonded organic framework, hydrogen bond, gas

separation.
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Fig.1 Schematic diagram of HOFs base membrane used for gas separation
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Fig.2 Representative strategies for preparing HOFs with enhanced stability include: (a) n—r stacking; (b) interpenetration;

(¢) charge-assisted hydrogen bonding; and (d) crosslinking modification**
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T W1 W2 R/INSE (R R T 38 0 . 58 38 e 3R 43 W2 2928 0.28 nm, & F T Hy AR SR 5+
(R e PP A3 B S R (74 R AE 1T 240, 7 1 45 1 UPC-HOF-6 1 8F BA K AFLBR AR . w5 1y e R AR LA &
RS RRRE . R T HE— 25 PP A il 45 B %) 23 B PR R, R 1T AEAS R ) UPC-HOF-6-120 Ji [ B 44
BB B R DI RIHN, Hy i 5 R M 461 GPU I Z 1 H] 1051 GPU, i N, 7 i3 R W& A7 38 fin, 34
Hy/N, P 1 2 52 5 (A 11.9 #5581 19.5). 28 T i — 2P % ik UPC-HOF-6-120 & 119 43 25 fig 77, 38 i
Lebail #E17 T A4, 45 R R B RE SRR T 35, S48 S50 )N 2.151 97 F] 2.163 nm, T3 W2 4
IR R R AE 38 38 F 7 A IS SR RAT R T Hy B8, AR T N, f& . 535k, X UPC-HOF-6-
120 AT TR AR 5. 76 25 °C 2.0 bar 2514 F, A9 Hy B %K 885.1 GPU, 41 25 R0 17.2.
5 SRM e, ARBE R B R B TR, OZ TR TRHAR T Hy (3@ ad. ok, il &
R LA KRR M S S A B B . 207 8 TR E HOF WA RE AR 7 5 J Sk iy i — 25 & .

Liu 55 LA 270 (CMS ) BE A B 58 3 Ak, SR 1 e 88 BRI S A B4 %) 7 9 Wl 4% T —Fib bl S R 2 4L
S HUHE SR (HCMS) A28 AU 8 CMS i (UPC-HOF-6 FifA i ) 1. UPC-HOF-6 £5 14 1 () 451> NBP-
DAT {4 i N-h---N 8 3% 35 21 9030 (1) SR ZE (R B 2D )2, 2D 2% —~ 0.57 nmx0.94 nm (W1) 1)
% HF—> 0.28 nm=0.36 nm (W2) [ i . 3 52 7155 7] 41 HCMS-600 F1 HCMS-650 A& - #8471y LL A5l 1)
X CO, BA £ F 710 N W A7 5, {H B T HCMS-650 JIE B < (0 M ARl 25 %5, LB A BB /)N, %of
AR T R B 2 WA U 55 . 3 A AR IR 3 T, B AR IR B T R, CO,/CH, BRAR BE BRI 46.2 15 2]
124.4. T CO, 5% % M 37.36 GPU 4 F) 50.28 GPU. 43 B 11 AE 52 v V71 PR T 3 bt v, FL &% Mg bl e 2%
O30 3 R R AT, A IS ELAT 5 TR LA 53 A0 FIXE CO, s R AT, DNTTTARAS T 5 i 43 B 50
ULk, AR HOF A 3R M4 il 45 i) HCMS BE7E 9 B Ak ik A2 rp AR R R A A9 40 0 1k R S AH b HL At L 4G 1Y
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SRS BRI 0 23 B AICRL. TRIERE, i i 48 0 ISR AN R RLEE R ) B R A 04 3 B e e k. 4
SR I FH dib AR Z AL T ARG 2 CMS BT T K0T

Yin %538 1o VA TR BE 5 v E R AL BHIR AL AR (AAO) £ b il 45 1 i B 435 4 22 % HOF i, Ar il £
JEE ] F T8 B8 0 T80 128 AR ALY C3Hg F C3HG Y. HOF-BTB 2 1 = B 45 e iy 1,3,5-= (4-3R 5L
I ) R (BTB) M4 l, Horp 434> BTB Fo i i R S (O-h---0) i 423 3 M HI4R Y BTB, JE A — 4k i
TRZ. XL R A BB N =G, TR T ~10 AR —4E ) 3hiE . % F HOF-BTB 47 1Y
Z AL AN 2 GE , X HOF-BTB@AAO R AR 43 B MEREHEAT T 3Ff. 7T LU H X AS R SR 4 11
B, Hy, CHy. CHy. CO,. C3Hg Ml C3Hg WYL bl 4.89 £ 2.27 1 1.23 : 0.4 : 0.02, BiE [LIEH £
T % AR R R, X R W] EE AL AL 2 OS5 AR, S R B o B R B L PR AN (E. 4R
1M, C3Hg 5 A AR5 Z [ A2 76 B S A BEL R P, 378 1 AR 53 B8 19 20 43 3 BOPL I RN CsHg AH G
Sy B RAFE 7. i HOF-BTB@AAO X% C3Hg 1 C3Hg Y43 Bl AT 0, Horh, HOF-BTB@AAO i
BT 53 F A0, 76 1 bar M T BA RS C3Hg 25 3(1.979%x107 mol's'm™Pa™'), C3Hg 5 C3Hg
IRy 14, B 0043 B PERR A R T HOF-BTB@AAO fi5t B 47 FL 45 K . e B0k 43— 0 200 I R B 114 322
SEMEPMEIVE . AL, Tl £ 1) HOF-BTB@AAO JE A L5 (14 B M, ELAH e HoAth 2 238 1 <Ak 4y
B EAT R IR M. Ty SR AR T i £ 5 A BRARSE R RN S B AT PR 4 & HOF BE R BTk,
3.2 IRA ST

Wang %538 1o %5 W 5e 5 7 il & T — Fh i 1 B A9 HOF-21@Pebax 1R A 2% B H T CO, F il 212
HOF-21 H 70 R 1) 4 Ja B 6 0 VF Dy 2 500 B S0 ) g, 3 Ao S0 8 F 0 o7 S 2L [R] 49 2. HOF-21 i Cu™' 5
ade it &I ¥ Cu(ade), BL G4, Culade), B A1) B 414 U 4> Tl 5%, J15 SiF MUK IE B Uk, #4 4
H AR A, S AT T o A — k3838, 78 HOF-21 Al e A rh, i 1 BT i 8 i 50 (4 R TR JE
BT 10 A% (HOF-21m) AN K URL (HOF-21n) . Frifil 5 (1) HOF-21 BAT R 4F iy &5t fee ok, 163K sl
i B R BR AR S T 5 U Re AR R 09 45 O B O ) T A R Y 3 2 M B DK T 1, HOF-
21m@Pebax H T 7 1E B G T BT Y B B AT R e B PE. AL Z T, &% HOF-2In@Pebax (1 5 3 3 i
B 14 0 B M RE. Y ORI B R 2050 3% B, HOF-21n@Pebax 43 85 CO,/CH, I HA e i 1 43 55 1k
fig, CO, 21 it 2l 780 Barrer, CO,/CH, MYBEFEMEALIT 40. 15325 COL/N, B, CO, M5 1% 8 it A 840
Barrer, COy/N, [ZEBE 2T 60. {HL B % SEURE A B AR Y 43 25 ML RE R 1%, AT BEJE 2 52 i DRI i JS0RE 1y
VAT B340, DT AR SRR A 250 SR . R T 33— 25iF W HOF-21 72 i rp A {18 #4038 IR0, DLASE ) i i &
f) Cu**, Cu(ade), Fll HOF-21n E A $EURF 2 47 X HL 20 . A 58 45 SR WA, 5 40 Pebax B AH b, Cu® I
Cu(ade), #RHE R T B 73 B PERE, (0 Culade) , RCR B 4. 4359 M 68 19 $2 7 U3 A F HOF-21 1 (1% Cu™,
G55 KNS ST T HOF-21 X CO, 11 = 50 f% it ok 72, i I8 ELA T 2242 i 3 1 FN T 219 CO, I T
PEOL R e Ah, Il 45 1) HOF-21n@Pebax F5 1Y 73 B PEREMI L T 2008 419 Robeson | [), [A] i B A4 P &
[ ARREPE. LI TAEY K T HOF 1RA JE I 1) 5%, A HOF's IR & JE B85 T SL Ak

Li %58 Fl HOFs A48} 7k A FL BRI R 47 (8 82 24 17 il %t —F HOF-30@P1 1R A 3L Il H F &<
(49 43 2515 XoF Jr il 5 19 HOF-30@P1 MMM #F 47 4438 37 M n] %0, B 45 HOF-30 SE0RH 671 25 i 35 i,
HOF-30@PI MMM s F4 %6 £ 26 36 K /)N . 24 HOF-30 HURFAY 725 8 10%wt i, HOF-30@PI MMMs
HA BAEM 5> B LR, Hy B35 %A 428.1 barrer, Hy/CH, 4391l 24 61.7. 88171, 24 HOF-30 17 3% % ¥ 1 K
i, B F A E AL FI A 2325, HOF-30 5 PL R & W 2 (0145 5 7= A= 2 B i, 330 HOF-30@P1 MMM
15> B PERE T [ AL 5 R A W NEAE B 3 A BB 22 [ A7 AE AU 300, BR 1 T RGP & . A
J&, HEFE 10 %wt HOF-30 1 2 A 2] PI R & H1JE il HOF-30@PI MMM #f 17 #F — 20 5% . 45 S 3= W
HOF-30 SR, Hy 5 375 5 % BEL 5 751 128 20 76 b At A=A, 7 S0RR H At 1A FR A8 R ) A4 22 ] AT LI
FLE W] A4y B A, TS TR 1 254 10%wt HOF-30@PI MMM 443 5514 B8 1Y 52 1. 24 1% 1 A
1 bar #4131 3 bar I}, /<155 %M 428.1 barrer i 351 /11 5] 580.5 barrer, H,/CH, ZEFE I 61.7 2 555 5]
72.2. 4y B MERE RS THIA R F HOF HA o R TR (0 2548, 15 6 07 A 34 2> HOF &4 rh & s i VE
WA Rk 55 , i 5 B 1S K, X B IR LRSS 2348 K, B AT Hy B985, T3 5 3 B Pk e teAb,
HOF-30@PI MMM HA i 55 iy K 18 2 M. (R, HOF 4 g Z2 FLEUEHE MMM H i i 5 il 4 18 5%
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PER A B R A AR RE T — 258 IR AL
25 LR, HOFs BRHK 2 FLPE ALY I T 6 HOF APRHE AR G388 SRl 32 0 HAS ) 1 Tz 1y
WSS (HE, HOFs RIS AT E s FLBR R AR, BT T B 17 A B TG HT, BRI T HOFs 44k
TS AR, T EUH I BB R iR A
® 1AM SH

Table 1 Separation parameters of gas separation membranes

JRE A 2L

2 o plpnw S G SRSy BBl JERENE 275 3CHik
Composition of the . . .. .
Type membrane Test condition Gas composition Permeability Selectivity References
" UPC-HOF-6 25 °C. 2.0 bar H,/N,(50:50) H,(885.1 GPU) Ha/N,(17.2) [59]
i)
(Pure HCMS-600 25°%C. l.4bar  CO,/CH4(50:50)  CO,(47.64 GPU) CO,/CH,(128) [60]
membrane) C3Hg (1.979%x1077
HOF-BTB@AAO 25°C. 1bar  C3Hg/C3Hg(50:50) nfolfs,l.m,zipa,,) C3Hg/C3Hg(14) [61]
B CO4/N,(20:80) CO,(840 Barrer) CO,/N,(60)
(Hybrid HOF2Im@Pebax 07T, 2bar o) oy (30.70) €O, (780 Bamer)  CO,/CH,(40) [621
membrane ) HOF-30@PI MMMs 25 °C. 1 bar H,/CH,4(50:50) H,(428.1 Barrer) H,/CH,(61.7) [63]

4 B4%55REE (Summary and outlook)

A SCERR T HOFs APRHT 4Rk i F Ji& J5 2, 224075 HOFs M4 2, HOFs JE[I% i1 5 1 J5 ¥, HOFs
FHE JE B4 P I8 DA e HOF's B JR7E SR 43 12 4003 114 107 FH . HOF's J&— 83 30 10 s FL R i AR b B, BT
ML A1 38 1 S0P B Y. HOFs 7RV MR 451 ™ HAT AT TR RE ) . o 45 S &b+ . mT [l sc i Ay B 4
A« AEF ARG A AR P A K A FL IR R A5 0 A RE 2, HOF's (1) 3l AR 45 44 WT LAAR 15 4 Fehofill B0mi e 22, A
T3 BR300 R 1Y) 52 3 P A B N A 03 12 s SRR E A IR . iR
e A8 HOFs B4 0Bk 48 HE AR 49 25 JBE A T 98 A0 SR T, S0 B 0 585 R 7 ) 1 2 B9 A ot fifi 45
HOFs A B9 & e 32 BN BR . 15, BT SR 7 v 22 Ve I 77 55, fif HOFs 2544 1RS E & Al
e RME. — 7 1, B8 b HOFs B FLIE TR AR S K/ INAT o | L2 T m] 8 A, (E R B0 50 9 S K il 3
IS I AR T 2 5 5 | i e A S5/ AR 4k, DL SE B EfLIETE AR . K/INFIFL R T B AT SR b F 5 &
MBI BE s 93— J5 T, HOF 7EA A A9 & BUA A T WA [R) i ) mT Ge 245 BN Rl iy 454, ™ E 52 1T HbRgh
A ARG TR B, 5 28 AN [R) 45 4 22 [ ] il 11 55 55 44 1) 2 A8 T A B 3% Ak, SR 881 HOFs 2544 -1 g 1) ¢
F.HOR, KR4y HOFs MBI AR E P AR 8 2, 7678 bR AL v NS S HEZR 25 5 HS , el 76 B fL
TE 500 A [R] B OR- 4 HOF's MEZR i e e MEATD AR 2 — N B R PR K. FR0k, BTG i K 24000 HOFs #1 kM)
b e e Ry 5L A, ANEFR T T HOFs # B R, 17 H {15 HOFs A4 BHfE LLS 181 . 548 HOFs it
AT A, H R T CER A HE 22 A8 E 14 559, HOFs JE &4 19 T AR A il . o5 oh, S0 7R it i 7
HOFs MR L3, {H HOFs A %l F MOFs 1 COFs e aedh A 1 Tt —22 00 k. & e, —oosiZ
JC HOFs MPEH I & A FI) T3 il HOFs 4548 i 22461, INITAT Bl T4 J'¢ HOFs A FAE A [R] €51 8 1) 1z HH .

HOFs [ & J'é © 3 A PRZEE, B B 2 1 BF 52 N D3 T 16 M= HOF's 2544 i I & 5 Dy fig g FH 4 A ¢
TAE. AR R 2 & T HOFs MOBHMURR R YT &, (1) HOFs — A & 4@ 25+, KB4 HOFs #if ik />
ARG JE B . PR, RSy T30 % L Be A ML /A0 AR, BT A HOFs B8 45 5 oA Wt s %>
FPERE;(2) REB/ HOFs A& A M &8 5 1. Rk, B T4 09 4= 0 A0 2508 R /0N (%) 40 7t 75 14
HOFs 1 g U4 1) 94 K 238 245 14 ZR 508 5 30 25 A= Wy AR ) e 19 1 i 5% 5 (3) HOFs HoAY B 4 ) 7%
FM T4, R, HOFs [ g AF At S oK R & Jé 1) — > B 2 )5 1] ;(4) HOF's & T 142 H — % HOFs 7%
FIR AT AR SR G A RS 1. R I, HOF's 78 75 15 500 (4 7 FH AR 72 Lt LA ) ] (49 o2 FH i 5

Zi LTk, R HOFs # 8L FE SR 70 25 10 A e A 58 415 b F 2 25 o B, 5 H T 000 4 10 4R e
HOFs HuTC A AR 2 — R EHER Z LB 15 HOFs AORHE A K W 1A AR 53 B8 438 i 25 5
PERE S B R A A B 2 —, I 1B — AR T Re A R I ) & e
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