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Figure 1 The mechanism of molecular/ion selective separation in solid-state 1D
nanochannels. (a) Size sieving; (b) Charge effects; (c) Wettability; (d) Channel-guest
interactions*®, Copyright © 2021 Springer Nature.
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(F£) A L5 nm (£, LR &4 x ki, Copyright © 2016 Springer
Nature; (b)) A F ) CNT (17K 73 Ti5i5 A 25 =19, Copyright © 2022 Elsevier
B.V.
Figure 2 CNTs Solid-state 1D nanochannels. (a) Molecular models showing water
molecules in CNT nanochannels with different diameters (0.8 nm (left) and 1.5 nm
(right)), as well as comparison of proton transport ratel, Copyright © 2016 Springer
Nature; (b) Water permeability and salt rejection of CNTs with different diameterst*?,
Copyright © 2022 Elsevier B.V.
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Figure 3 COFs solid-state 1D nanochannels in. (a) Preparation of
HFPTP-BPDA-COFs and the schematic of size identification and nanoconfinement!*®,
Copyright © 2019 Wiley - VCH GmbH; (b) Schematic representation of COFs before
and after the oligo(ethylene oxide) chains incorporation and Li* transport
properties*’], Copyright © 2018 American Chemical Society; (c) Structural formulas
and scale models of Th-COFs and Tp-COFs[*®!, Copyright © 2021 Elsevier B.V.; (d)
Schematic of the hydrogen bond interaction between COF nanochannels and hydrated
ions®%, Copyright © 2021 Wiley - VCH GmbH
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BTEZE COF R, PEG T TBIE RIS, NE AWML T =t
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pH FAEETF, 98K 858 % 1 i i M 335 e i #on = KB, Copyright © 2019
American Chemical Society; (¢) APTMS &1t Fi fi 44K 8 it 2 1 H i o i B,
Copyright © 2020 American Chemical Society; (d) PBOP-PNIPAM #1 PMan 144
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Figure 4 Solid-state 1D nanochannels in Polymers. (a) Polymer nanochannels with
different shapes (conical, cigar, hourglass, bullet, and asymmetric-hourglass)?®®,
Copyright © 2015 Elsevier B.V.. (b) Schematic diagram of surface charge and
permeability energy conversion under different pH™®, Copyright © 2019 American
Chemical Society. (c) Schematic of the surface charge in nanochannels before and
after APTMS modification®”, Copyright © 2020 American Chemical Society. (d)
Structural formula and layer-by-layer assembly diagram of PBOP-PNIPAM and
PMan® Copyright © 2019 Wiley-VCH GmbH. (e) Schematic representation of the
controlled transport of ATP in ATP aptamer modified nanochannel, as well as the
selective transport mechanism™, Copyright © 2018 American Chemical Society. (f)
Schematic illustration of NO-responsive nanochannel and the surface charge in
nanochannel versus NO concentration®!, Copyright © 2019 Springer Nature
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N1 SRR S MANREIE IR PV 0 I T I RE ST, B A2
I oL AE AN K IE T R AR 1 — ey 3 MR i L 7 AT AE MR e A A [B] 0T ke %
M2\ Z R, PUAR. AW EONIRIA S5 0lE 5 R A > 1 Z [ AR AR A, AT
SN KIBIE 4 T T PRV EAE R A A . Pei S5 APLELZE PI gokid
TER MR E R ER ATP BRIGRSCHL 1 ATP (L EMEE 4. 7R IOGAN
HOMEERT, R RENS SEIL AN G FE AR I SO AL BG4, 31T
LI ATP (R SRR IR AR (B 4 (o). TRERIFNE, BIESZE S T4
B AR T 9K IE ) 7y 11 T Bt AR S B8 0 AR BR T2 470 T i3k ¢
VA S, A R I — SEIRAE ) o7 v o B FH S 06 3R 0 AR TE Y 1 I $%
VA o T LA A o B0 RO B A 7)1 5 I 2 T R AR AR AR AR [R5 5 i
GASEIE R~ LA L 2RI e 25 B 1284k o Suin %8 NOZE B2 5a 2l e 45
(¥ PET gkl R it 21 72 P, BEJE AR 2P BARE A e A E e
B2, SEPL T —EAR (NOD [T & TR FIEGURIETE M % . ZI0h 5 g0k
T R TH] PRI R B B 45571 (04 47 R Af 78 R-110 AB4M IS T B4, 9oKIEIE () & i B e A
BEAG, P PP SR ORI N R, GKIETE IR I Ay K AR, A
BRI AT, EIEEFEE R EE RN HT NO AR s & S8l
RS E PSR R, i SRR R T (B4 (). IR
NO SiliE WA A, 9KEIE & T ekl seBl Al i 47, & 1 845 1k
JUSFRAE TR G V9N K8 R 2 1 B RE 70 1 SN KIEIE 7 718 Tk FE kA%
o RE ST R IR S48 o

R 1 RMBUEE T8 7B R A b K& 1 52 2
Table 1 Examples of molecular/ion-selective polymer nanochannels prepared by
surface modification

- AN TH dos AN =3y 2 X %%%j

B B (i s Wi FB o A Vi e e i
PET  JRHE NH,-P5A BIETAR AT [61]
PET  HiJE Urea-P6 Al ot AET [62]
PET F3JE Aptamer - CIRS [63]

= % pH: BE%? [64]
PET FHinilk PAH pH T
PET JW3HE Dopamine pH BT [65]
PET  #J¢ p-PD pH AR AR 251 [66]
PET  #/£  Ethylenediamine - PR i [67]

mm: ST [68]

Y : IR N
TR NP i i BT
- EVNETLINDI N o [69]
Pl %ﬁﬁ/ Az0 EEJ_—E Iﬁ@%
PI HEE CPOS K+ [70]
jige 48 R
Pl HETE Az0, B-CDs /%ﬂ‘j?ngiﬂlﬁ\ B [71]

a) NHp-P5A: NH-k:[5]754%; Urea-P6: Z F:fR-H:[6]75/%; Aptamer: ZE2iEA;
1



PAH: FJ&7H; Dopamine: £ EUi%; p-PD: Xf2K fi%; ethylenediamine: 2 —fi%;
APTE : 1-(4-ZJLAIE)-2, 2, 2-=F LM, Azo: 1HECHENTANY), CPOS: 42 AL
AR EE - BEMeEh; B-CDs: B-FARIKS

18 ARG R B R B8 PR A E SR FIE T a8 E Tk
(25~300 kV) HL37 i A fL Oz 5 2 TP i) 3% B e L 1/ 1 (0.3~0.7
REI6IED) MR R TR 2 —MFB . Hal, BFAE PRI T
LA TR O i DA R A B s A0 D . S5 T W3 TR AT i
BN, WEF, meEmESENS, F2REREAHE B TRz AR
TEGPRBEARE (SigNg) UL R THE WA (BND. fifbsH (MoSy) Fiify
SR th | % K R E gk L2,

(a) (b) Case 1 0 3 V nm ] Case 2 0 3 V nm 1

Cis Ag/AgCl b A b '~.- Sl

electrode = ‘a,,u,. P eRq
. ,b\ L\ 7 N e It

. < o . . o s

. o o ° Rl oo SO N R

* : S0 LIS W S S O b » 5 .

00, 0%®

0e® %0

MoS, Case 1 Case 2 Case 3

T W ey W
Trans - é‘gf a zle 15} gfi‘; z!z:

5 2D 4 KAPE S 1D 4PKIEIE . (a) MoS,; 4K FLH 3 Z Re i iy Hfe
B, Copyright © 2016 Spring Nature; (b) R EAR A BIEGIKTL KK 5
T3 A LR K4 T A m 2 BT, Copyright © 2022 Elsevier B.V.

Figure 5 Solid-state 1D nanochannels in 2D nanomaterials. (a) Schematic diagram of
MoS, hanopores converting salt gradient energy into electrical energy!’, Copyright
© 2016, Spring Nature. (b) Schematic illustration of water distribution and water
transport in different shapes of nanoporous graphenel™, Copyright © 2022 Elsevier
B.V.

Case 3 0.3V nm™!

M)
()800

+ 600

400

200

Motion of ions
Concentration

HLFPIE T HOCZI BRI 2 PR AL EAREE RN (<10 nm), IEEATES,
FRSF 98553V F B 3B e 3k 4 B A FR B K7 007, Yuan %%
A”ﬂﬁﬁfimﬁﬁﬁfﬁ I AR T AR ik 1) AT A A TR R B R AL
SRS How COo A1 CH, HYIEFENE 2 B 5 T HUEZITHAR L, DR e RE S 5 AR
SN LT B FEIE , oK FLARI H 0 B8 7 B R e B AT BH 1 5 s 36k
fEtRE S, TR KRR G B A U A BRI Y ). Feng 25 AU H
B G (TEMD (BT IRZIPEOR BRI LR MoS, Thifil % 1 E42%) 5 nm ()
AKAL o TSR K T /K G B BAS BAPKALE B 78 2 1 AT, MoS;
AR IS S P B B T PR AR A BE 7 o R BT P U R AN R () KCI
WG, BT AUORSIN N T IR EE 71, HLJE MoSq JR sy i i i1l £
WRIERE LI EE Z REF BN 1 HLRE (5 ().

BEFER I, FRSE 53 R LT 2R 9K LS K A B 1 PR 3 1 O 2,
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RHA SIS A Y 02K AL Bl ey 2 58, [P IR 5 oK IE TE A RS, AT
M AR B GUK LA BAR 1 0 T8 Tk B AR P E . Acar % NUShaid A Bt
ZAE SIN B _EAi 4 1 RSH2) 1~2 nm 4K AL, FRAESLE BIZIR 1 4222501
-18-7i-6 MEAI L EE DNA. HLEEIIRSE R EoR, P&yl Eihis, SiN 49K
FLE R B 9 1) K R MEAL B 4T . 2022 4F, Jang 25 NPOHRGE T 7 R T2
AR FLAT S8 073 R T 2 iy A A S L 2R P AR S AR v R LA VAR K 20 1
7%, RS RER, BTPRAAEA — B ZER T A, Rt
S RS BRI PIRAL B2, 1A R 7 PORSLAISLAR, (R SR At
17 A PR AT RN KA 1 SR 88 5 AR A, R iR e 1 K LA SR e
VEAE SRR 7 T IIRE ST o AR, X AN FLAT I AR LA S0, AR N 41T H
Wit WA IRT RIS AR AL AT S0 o G 5 17K o T e VAR I 51
Li % AUV B0 o SRR 1 oX— 158 R IR N, U AR ST AL 4
KAUAT S (1A LA K, BB R oMz, 9K FL A K
TS, TR T SN K T4 o0 AT, SBUK T T AR R
KgHFETE, R EE &7 i+ thigam (E5 (b)),

gi bprik, B bR kRAE ] & S R g R E T A B S
IR H . T Eaes & dE T e WE R, XEYKEIER 718 Tk
FEVEARARE I BEME M 8 0 T SE LI . SR, R EETVE I A L e DA
PR AR TR o B v PR R oK A ] 6 R T fie itk oy 1 B T i PR oK
I N B R

MBS A~ Effleg s, B3 B Rz TR R A E T2 M,
BUOAATT LA SR RLRI R, A AL T ) 26 AR o SR, S MRt
AR T BT AR A 2L T T 4EAP R ORI AR JoB b S
PR Z AL B AEXMIEI T, BN AR B A A IR AT AT R A Y
WP, Bk, RIS Z L BN, EEEEE L HIR, SRR
(IR EORE P ARR 5 VREAT 45 A 5 L RIFESN [ 25— 4EN KB TE AR R R Tk AT ) B
He

3 RIS —YUKEIEEST/E RS BB

TR gk B B R4 T8 TR B RAL 1, BT
BRI T 2R T B TRUGEIES B, JFBUE T I Er . AT
PR GRINZRNE . TP REHURISE S BT B, ST S — SR Akl i 2 B R
AR AEAE 725 B B (R 0 P 34, 7 Tk 53 B AT LA A 5 i o g 8821,
RN, F T B A A oK AT T S . FLAR . R AR R Al e
S 43 5 AT S TR S R R B A BB A O A R A A A —
SR LE S5 B A S K T A 2554 B TR 1 S

31 S E

ZEa= ICRE SR N TE MO Su iy 1R A AN /5 LR 7 VAT S B YRS T B P W N ]
WPENED B B R HEE, XTSRRI SR ] RREUR R BA NI E L B3

13



ARG AR X B AR AR B P, S8 RST 0 43 R 38 - AR AR AR AR [ s —
AEGAKIBIELE SRS B R 5 EER . HErNIE, T RES—4EgKiliEE =
A4y B AR 1 N AR T %2 2 COF gk £ FLE 240 880

TEEFE A FRgeKmE DU s R, COFs ST T2/
SAREIZE, 0 Hye CO. CH, 28B4, 4E3RiE, —L& COFs M BALR Ol B
B VIR RN 5 B R BPERSIE R L PR IRH1, TR H RS R 5 B8 AU A AR 35
FOR M H7. Fan 22 NS HS M R T 24 82 COFs (CTF-0)
S JURI AR %T, 410 Ho/COz+ Ha/Nay Ho/CO LLKL Ho/CHy 73 BSR4 R oK,
B2 COFs WX S AR I FE 140 BS R B0 BliEE 7 9 10", 4 x10%, 1 x10%
A2 x10%°, SR HIARAE 12 B SR AR £ o %W A FR B KT EIER] T COFs
FEASAR Sy B AT B B B (&6 (@) 244Kk, HIT COFs B E LR L R ~F ()
BRI, SRR 2 R K T R T . B RA TR K@ 1875 COFs 4l Kid
TEPIRST, TEAR RSB RIRTHE T, $&m COFs 7E UM B8 H (e 81« 9
Liu 25 AP 78 COFs ghkiliit h &1 PEG, A IR M| T 4 Kidia i R~F, ¥
COFs X} CO,/CH4 M/ ik F 4R m A 33, FIARIE 7 &) CO, BiBE (944
Barrers) (16 (b)). BlJ5, #ilKE M EA AR LA S s 3 30 A
M4 (ICONs) ZBJZ4%, Ying 25 N COFs % Ho/CO, 1143 B R T4 i
22.6. il % 1IHES COFs #HEHH RIS ERE IR T COFs H [l 25 —4E g Kl i
i/ NIFLAR AL R HE B A 2 DL B 4k (B 6 (o). AR RAE, il
Yu 25 ANPEIFIF] iCONs s23l T SO./CO, IRk 73 85, 7 88 R ¥k #) 118.
iICONs ZH Kl T8 HH ¥ FH B 7RI B &5 T2 [ SO #2435 T AN AS [RIAR A7 £, B
TR SO W 258, (A5 1% 4N A i JE B AR S i AR 2 B e R 1k . IR,
B T B ORI/ COF goKiliE )]~ , i i1 18 5 &4 5 1 A BAE A
A SEBLEAT I S SRS ik B e COFs (1 45 AN I AT 583842

FHEL T COFs, H-7E 2009 “E4), RS A M idast v 5 1l th i 778 2 1 2 FL
O SBIETH T s E A e B R > 39, B S, Koenig % A\ PO e 4
AR SR EAL T ZIH % TR T EEN 20 B (FLERSHE A RN I
R T LR SUAARDN Ha, CO,, Ar, Na, CHy F1 SFe FIH R0 73 o ARATTAE SESG F 56 IR
TR TFHENZ LA S SR BRE 2 5 8 g e . EAEE TR, A7
RILAA R 5540850 7 RSHHIEM A KRIES 5 TSR0 7 IR B o) g5t
o R, TERE SRR TE T, A2 — 3B KBTI R R T T sk 22 [F i R
;A SN — 2 LA SRR LR s U A T2 B i B . Ashirov 25 A\ PH
I AE 2 fLA SRR DU ok e /KB IE R ), Stk sl . AL
BRI Z A A REE (E6 (d). MfiTRM, Z@ERS/NF 3nm i, ZfEE
U B s R B RSB T, A RBB RN 2.23 x10° GPU I, L4 S i
(1) Ho/CO, 73 B K49 31.3.
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(@ . : (b)
T RNSSs—— -@ o aé
/NS

e #fE}, 1}%@ ‘}}\g} gow- f

CTF-0 ¢ b 8 a» CO, ¢ CH, COF “~~PEG PEG

] o
° ° : ! ety ™, & ¢ A

] ! MR - ¢ P

= it Y L o « % .
=~ 1 Cationic CON: O S SR, " ‘:‘/ b raphene transfer o e 2
» ® 39 : + Sk g > g8 onto a holey su B 555 B -
Permeate i LRSS T 1Y : £ o i ~w
’ a g L " % &
b ¥ g- P L . G
: & ¢ { Vil .

Compact staggered | |
stacking

®, ®

: CONSs: Covalent Organic Nanosheets ®
J=H, ®=(0, ! Anionic CONs == = Electrostatic interaction
5 SEnsn s e FIB perforation of Au=0nm Au=5-70 nm Au=80-100 nm
graphene

K 6 [ —4EgKlEsE A BN (@) H)ZE=BRE CTF-o JE R &
TREEILL A HelH, 4> B 2 P, Copyright © 2016 American Chemical Society:
(b) & PEG ] COFs 4iKii it ] T CO, #8143 B 7w 2 01, Copyright ©
2020 Elsevier B.V.; (c) ZZHiHER KWz COFs il %7~ 5 B DA K Ha i #1473 B 7R
= [EE7, Copyright © 2020 American Chemical Society; (d) £ LA B HIH] &R
BRI A FEEAR Au U2 L0 RS HT 0B HJ/CO, fm i &Y,
Copyright © 2021 Wiley-VCH GmbH.
Figure 6 Applications of solid-state 1D nanochannels in gas separation. (a) Schematic
of the preparation of monolayer triazine-based CTF-0 membranes for He/H,
separation®! Copyright © 2016 American Chemical Society. (b) Schematic
representation of PEG-modified COF nanochannels for selective CO, separation[®®,
Copyright © 2020 Elsevier B.V. (c) Schematic of the preparation of stacked COF
membranes for selective H, separation®”), Copyright © 2020 American Chemical
Society. (d) Schematic of nanoporous graphene preparation methods and the
separation of H, and CO, by nanoporous graphene deposited by nano-Au with
different thicknesses®, Copyright © 2021 Wiley - VCH GmbH

R 7 38 I 0 220 b= A R i Kl TE AT AR DR ) oK e ) R, — LRy
WA @ E A S AR 5] NBBE T 5, DL & B B fLE R 2 LA
SIEEE Hldn, Yuan 26 ANPPLRGE T RIH CVD BRI 1S A A AL EGE 12 5L
F SIS T Ho CHy R 43 B (HpiBIE %> 4000, 43 ESKEF> 2000).
Z LA BRI AR SRR B R 1R T CVD ViR R T KE R
A FLE AR BRRG . R 40 /NFLIE R ST RES 38 mr g0 K 1E 1 RS i 40 8e /1, H
RSP AN — 25 5 B AR SAR 2 T I 2 B e etk . PRI, He 25 A% i 0 45 4%
B PARZN A 2 fLA B RMAEHILE S (PIM), Jl/b 7 HEE B4
KB 0 L, BET 4 R T 2 FL AT BRE ST CO/N, 2 Bk B (43 B IR 7 M 33).
Yuan 5 ANV FAS TR R TR T ORSEIRERT, 9k LA SR IR T 4
A5 SR 2 (A LA AR S S o e B 2 B AR 4 7 BB A d
IR S AR P4 T3 1R, Sun 28 NPRERA T NH BRI gk FL A S g
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G RN CHy 77 73 1 CO M HoS 731 AR SR80 R I <Ak 7 ik
FEEAR RS G 70 ROSLF= A (45 A RN T NAH 2T 48K FL 5 CO2 AT HRS
S MM AR . B0, Luan % APHRIE 1A 26 R GK L CO2 1
IR LA B AR TR (A0 N AT Og)e BRITFRAE RER, Wk
ARALIE — FIRF PR DI REAL I SR AR AL, HLREE S CO, Il RAEFF M,

R H ) CO i BEMEALIMBE /1, [FINHHEF N2 M1 O 7 7. L Fnid, &
BRI R IE 1 FLAS F AR S PR, A A0 KIETE ) RS 7B T BL R 5 %
o5 2 [ AR LA AT 1B 3k 0 B, 2 L0 SR A Uk o0 Bk A Bk

N ==
S

3.2 WKmi

HRIK B YR G — B DASK RS2 AR I I (1) T VR Bk R o MR E A — AN e R IR 7K 7%
ARG, AEFEERKER, KK KT % b 2 SRR K B IR A B0& 1%
0981, SpdEsk, BIEFAICATIF R I 2RI T H S —4E9RBE K B, |
T B BIIE K IR AL o [ 25— 2 9P K 38 97K R A 1 e B2 AR P RS0 0 R0t
R LA RN 7K 23 AL 3 P AT IR B B ZEARTI Y, BRATEENA T RS
—AEYKIBIE QI COFs. CNT LA R T Z 90K 2 fL A S84S5 1R KR AL 137
5T

AN i % COFs B H Tl KR AR AL /2 il L 5 RS VIS 24 ) &
TR TR LA SE g A R AL 0 RS I L — SE R AR LA, X AR A
FEJ B b COFs 145 2% LL Bl PR , COFs 78 H b i FH AR AR se & B DL H K
Gadwal 25 A\ 105 BLRGHE Tt Langmuir-Blodgett (LB) E7E 23S/ 7K i 4
T4 COFs & T /K RAL BT 7T, 1Hi% COFs Xt NaCl Al MgSO,4 7 b &
R 64% 1 71%. #EE ZEAAK 0 I RIE Tt AT T4 1Y) COFs M K i (1 [l A R
STRTEE T, SEGUKEIE RS IO A IR . A Rcs gk s E B RS R
HigE COFs MER B TR 2 . B A1E X i % 1 COFs Bt AT 5 4B, sK
LT AR IE R A RO . i, Liu 2 NP0 — ) i 45 11 COFs Jitd
AT JE B, B RIRN T AKIETE B RS, X NapSO4, MgSOy, FeCls, MgCl,
F1 NaCl 2 M= 2 96.3%, 97.2%, 99.6%, 90.6%LL 5 82.9%, [A]it
AF 7 A KB E 2 05 L m 2 ht bar . Kong 2 A\ O3 5 78 1 46 4 14
COFs JiE i in = L & (TMC), I ] COFs i iz 3L [F1 5 TMC K A= kA [ v
X} COFs Z [A] W BEAAAE B IEIEAT TIE A, SEHL T COFs 44 K@ 18 R~ 1A 244
/INo SEBRINIE ) COFs i N ANANES A & B 2 fLR M &g 454 (B 7 (a)), $2
f51 | COFs Xt #h B85+ F7K o+ B RSFif 40 e 77, Sl T AE7K 73 Fi3E% N 0.81
Lm2h ™ bar 'if, xF NaCl (U8R HiLF) 93.3%. & 1 _EiRIRRIN)GALEE, Rl
FAT @I B ZH 2 £ JZ COFs HERE—i#E, FIH%E)ZE COFs ghoKimiE (a1
e, SRR/ COFs A RS #iltn, Xiao 25 AMRD Zhou &6 A\ 10493 53
I HE B U2 (B 7(b)) A1 25 JZ COFs 4 COFs [ 5 R 2 T+ 4 95.8%(NaySO,4)
1 100% (MgCly). S 2, COFs JEEA & KIFLEE M, Refpimit J5 abH# Xt
COFs R &5 FBEAT A R, M SEI i R0 7K 70 135 B8 40 25 LA S KA

PEARIE, /KO TAERRAE I CNT i o B IR L4 4, Rtk CNT £
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HKIRAIR A B EMA . g RERE, BfH (6,6) £ CNT CGHEIER
S5 0.8 nm) R VKA TR, T SRR TAE%r . Tunuguntla 2450
RPIEIE RS A 0.8 nm BI% CNT (KJEZ) 20 nm) 23 AEY/KiEIE & A
Ko TA R R, 3 H BRI B R e E R, R, ik hMLRK
CNT il AR m, ESLbrlE Kkt F N 32 R . AL R, A siilig R
PRI CNT BoR H E B HI/K o TARS R A AR A A, (E S oy 2h 5 1
AR R 2. Bl A TR R I 3% CNT K38 1 B RS 1A B fif AT 35 CNT
(KR AL . Li 2 ADOSVR P FR8 1 B4R 92 T 76 (10, 100 CNT (1.35 nm)
IR TE N RN N 3 5N JURR B e ] 5 8 i KRR . 45 R B, 18
CNT N AR AN 1 AN 4 NERER] (CONHae NHs™. COO ) &2
$Er 7 (10, 10) CNT M h 2, #Eh a1 100% (& 7 (¢)). [ARf, (10, 10)
CNT H/K > FHERIER AR T (8,8) CNT (L.1nm) $2FF T =1%.

B2, Yang 25 APORERR T R [F B B S MRS CNT /K> Ti83E R ML 5 1
BRI, 1AL S ail) CNT fHEL, AZBIR RN (R PEE /N
BHREFD B CNT SR SRR B /KB E R MBI R, s ERE (iR
MIEREED 1 CNT B B IR MEEE R, EK TARMERATE, Xk
R, XK@ TE RSFEORE CNT #AT A H M2, CNT KD FBEFR UK
WF AR BE ST RE B 4R 08 R BT 4 R R ONT 2835 7K Ak AT L
AYAERS, TFRSPREES T A% A B T BLEA ) CNT IR B L I A
(o BEEFATREDE CNT 36 N\ 5 A9 DA 4% B A T B BUA 45 00 CNT K
WALHE . BN, Givensoy & NIV ik oh e L B 4K (F-CNTs) FEE A
AL RARIRBE (PA) Ed, BERS JEERKBER B8N 25%) FiE
EhE (98%) (7 (d)). Mz, ik CNT [ R~ R iE 2% i 10 B fe ],
AR CNT K PSR AL 5 TR R, PRI RERE N A T S2hris =
A CNT 7K IR A

JR T2 0 s s B TR R EARE, Befs B2 PR /K 4 F7E TR N 3T
fetgit ], SRS TR SR, PR 12 0 SIS K R s B B
SR 0 2012 4E, JFR4E B T.2%B% Cohen #1 Grossmant™ 2 Y4 iE 1 B
JZGK 2 f LA S0 Tl KA I ER T B 7T . S5 REoR, BA YK AL (0.4
nm) KA BRI BT EREEMRBER 2-3 MEXKIKD FBER,
KT MR R RE 58] 66 Lem 2 d ™t MPat, [AIR R0 H>99% [ akih %, it
A, AT R IR 25T G R 9K FLA 554 0o HY B8 = ) 7K 135 28RN 1 PR AR
AL, X AT RE S £ B T 5B 9K FLIA S A A E BRI T s Tl
AR FLRIRE 22 M0 0. ZZF R A K, BHEFHSRT 1R Z90K 2 5L
1 SBMAE AR AL AR I B I BE . O’Hern 25 A\ Mhe 5 B 25 o F 48 Ak mh 21 76
CVD VEHI& 2 A RIS SN T . @S ER. T4k ER (~0.4 nm)
IR, FERTE T 1% 2 FLA B KCL R HLGRH B B BE )y . Al 1260,
B2 A, KL B I TR TS T . BES
Survade 25 A\ MNE A S B PRI T8, 7R 2 A AR T S ON T AT gk
FLo AR5 4 10 B2 K FLAT SR T B BT 100% 118 6 R A R /K 3835
2 (Eis100gm s,
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+ " \
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N /(/ g

/AR
0 27 €
o S~ ST

w

5 )
£l CNT-embedded

o membrance

7 [ —4EgKEE AR KR A
= B UL R A% A R 2 10 Copyright © 2021 American Chemical Society: (b)
W)z COFs 5 T4 i & 1%, Copyright © 2021 Elsevier B.V.; (¢) CNTs P
AR R 5 IETE A BT R AR R =B (D1C00, (1D2 Co0, (1114 COO0,
(IV)4 NH3", (V)4 CONH, BL& (VI)4 OHM®, Copyright © 2015 Elsevier B.V.;
(d) HRA CNTs HIZREWIE R &K LA CNTs JliE N IR7K 7 1AL fm Anim iE A H

A 1B T B o 2 109, Copyright © 2022 American Chemical Society; (e) K
AN R GNM/SWNT & &I H Tk % A s 2 KM, Copyright © 2019
American Association for the Advancement of Science

Figure 7 Applications of solid-state 1D nanochannels in desalination. (a) Schematic
diagram of TMC cross-linked COFs membranes for desalination™, Copyright ©
2021 American Chemical Society. (b) Schematic of ion interception in bilayer COF
membranes™®!, Copyright © 2021 Elsevier B.V. (c) Schematic illustration of the
interaction between different groups in CNT nanochannels and transported ions, (i) 1
COO", (ii) 2 COO, (iii) 4 COO", (iv) 4 NHs", (v) 4 CONH, and (vi) 4 OHM®!
Copyright © 2015 Elsevier B.V. (d) Schematic of the polymer membranes embedded
with CNTs and the water molecules transport in nanochannel as well as the ion
interception at the channel entrance™®, Copyright © 2022 American Chemical
Society. (e) Schematic illustration of the large-area ultrastrong GNM/SWNT
membranes for efficient desalination™®, Copyright © 2019 American Association for
the Advancement of Science

RT3 (R S AN S BRI R A T NI ARG K AL % (107°~107° cm®) 48
PRI E , GNOKAFLAT SIS FH TSI B A I A T I e LAAE K T AR ] P ORI 57 11
ZER S BRI L RS  FLAR 20 A AN — 2 St e A0 h  figt e b3 i) A,
LA, Bh o 2o i W A 5 07 07 A 8 JEC 3 T R 1 i Ay S50 IO AT o P
Kazemi ZEM R FH B 5 B B0 (TEM) [FISCEE AR AN S 3k, FHAE %%
B FARZIRTE A SR T SN T YRKIEE, HE T TR B K LA S T
BAK L B B B K TBEHR(1.64 x 10" Lm 2 h™ bar ), [HH X
NaCl ff)#% B R iE 5|~76%. TEM SCHEIE R Z 15 7 9kFLa BIG NI GRE, #
FESTE 10 kPa & /1 AT RE4ERF K AT MU KR AL RCR . R TEM SCHEESR(E T —
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FLAT SR T B SR AR R A AT P IS s 1 T, SR S, A SR P T
AEAE R EIBRGE, @ TR BT R Z0 7 V70 A S50 N 5 5 AGR LI 25 5
TEAT S0 I ARAEGR AL T AR FL, SRR L A A —, (1SR — e 2
B B R A R R o Gl RN BB X LR, REAE A Ak0E ) B A R AR
RGKALIBALHMEE, R th B T . Zhang 25 N B 70 gl K FL A7 880 i
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P 2 3 2% COF. CNT MZ LA 0, HER G2 R & — 4890
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In the past decades, an increasing number of works about nanostructured materials
were designed by mimicking natural biological structures or biological functions.
These biomimetic nanostructured materials with specifically designed properties show
promising potential in the field of industry, agriculture, and biomedicine. As one type
of functional protein embedded in cell membranes, biological channel proteins are
mainly devoted to achieving fast transport of specific molecules or ions across cell
membrane, and they play a significant role in regulating various physiological
functions of the cell life processes. Inspired by biological channel proteins, scientists
have been committed to developing diverse artificial nanochannels with selective
molecule/ion transport capabilities to mimic the functions of biological channel
proteins, as well as to explore the mechanisms of molecular/ion selective transport in
biological channel proteins. At the same time, scientists have attempted to optimize
artificial nanochannels for applications in the fields of filtration, biosensing, and
energy harvesting and conversion. Up to now, scientists have successfully fabricated a
variety of artificial nanochannels with different dimensions, and investigated the
molecule/ion-selective transport mechanisms of these nanochannels, including size
sieving, charge effects, wettability as well as channel-guest interactions. In artificial
nanochannels, solid-state 1D nanochannels with a diameter or length less than 100 nm
is possessed of a single-dimensional molecule/ion transport path that is similar to
biological channel proteins. Moreover, the geometry and surface functional groups of
solid-state 1D nanochannels are adjustable and designable, showing unique
advantages in the field of rapid and selective molecule/ion transport or separation.
Consequently, a diversity of bottom-up and top-down approaches are adopted to
fabricating solid-state 1D nanochannel materials with selective molecule/ion transport
capabilities, such as carbon nanotubes (CNTs) by chemical vapor deposition (CVD),
covalent organic frameworks (COFs) by self-assembly strategies, as well as polymer
nanochannels and nanopores fabricated by electron/ion beam etching. The bottom-up
approach is suitable for preparing solid-state 1D nanochannels with accurate
subnanometer size and ordered channel structure. The top-down approach not only
could be applied for fabricating nanochannels with diameters ranging from atomic
size to a few hundred nanometers, but also shows great advantages in controllably
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regulating the selective transport behavior of 1D nanochannels through
post-processing. In view of the excellent molecule/ion selective transport capability of
solid-state 1D nanochannels, their successful applications in the field of selective
separation have been achieved. Among which, COFs, CNTs and nanoporous graphene
have been proven to possess remarkable separation performance and practical
application potential in the fields of gas separation and desalination. However, it is
difficult to achieve large-scale preparation of separation membranes based on
solid-state 1D nanochannels with existing explored preparation methods. In addition,
diverse selective separation mechanisms play different roles in the selective
molecule/ion transport. Thus, a thorough understanding of the exact selective
separation mechanisms is of great importance to assist the design of solid-state 1D
nanochannels with improved separation performance. In this paper, several methods
for the preparation of solid-state 1D nanochannels were introduced and the selective
molecule/ion transport mechanisms of these nanochannels were analyzed in detail.
Several solid-state 1D nanochannel-based materials, including COFs, CNTs, as well
as nanoporous graphene, were highlighted for specific applications in the fields of gas
separation and desalination. Finally, the challenges and future development
opportunities of solid-state 1D nanochannels in the field of selective separation were
discussed. This work provides a guideline for the design of solid-state 1D
nanochannels and the study of molecule/ion selective separation mechanism.

bioinspired, solid-state 1D nanochannels, molecule/ion separation, gas separation,
desalination
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