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Fig. 1.

port and applications of 1D and 2D nanochannels:

Schematic representation of mass trans-

(a) Superfluid for ultrafast mass transport and sep-
aration; (b) nanoconfined chemical reaction; (c) fab-
rication of nanomaterials via confinement strategy;
(d) 2D nanoconfined battery materials. The central
schematic diagram represents non-wettable and wet-

table switch in 1D and 2D nanochannels.
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Fig. 2. Superfluid in 1D nanochannels: (a) Schematice representation of 4He superfluid transport through a channel with

ordered *He molecules stacking, in a channel with an intrinsic diameter below 100 nm, the *He superfluid velocity is

completely independent of the channel length and pressure, but is only dependent on the temperature; (b) the temperature

shift of 4He superfluid onset for 1D confinements, indicating that the superfluid onset temperature increases as the diameter

of nanochannels decreases.
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Fig. 3. Existence of ultrafast ions and water transport in both biological and artificial ionic channels: (a) A biological

K* channel contains two Kt ions with a water molecule in the middle; (b) biological water channel comprises a

strand of ordered water molecules, demonstrating the ultrafast transport is in a quantum way as QSF.
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Fig. 4. Ultrafast water transmission in artificial 1D
nanochannels and the proposed “quantum tunneling fluid
effect”: (a) The dependence of water flow enhancement
factor of diverse nanochannel diameters on contact angle;
(b) schematic representation of ultrafast water transport
through the nanochannel with an ordered water molecular

strand, and the proposed “quantum tunneling fluid effect”.
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Fig. 5. Molecular dynamic simulations of water transport in 1D nanochannels: (a) Structure of the ordered hydrogen-

bonded water chain within the carbon nanotube (CNT); water molecules number inside the CNT nanochannels

dependent on time. The CNT is immediately filled by water, and maintains occupied by ca. five water molecules;

(b) cross-sectional view of water confined in an 8.6-A-diameter CNT with multicolumnar water structures (top);
CNTs of different diameters of 3.1 A and 18.1 A filled with water molecules (down); in narrow CNTs, water shows

a single-file arrangement, but in wider CNTs, it changes to disordered way similar to the bulk water.
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Fig. 6. ESEM images illustrate the dynamic water be-
havior inside the carbon nanotube, the meniscus shape
changes when the water vapor pressure in the channel is
varied (a) 5.5 Torr, (b) 5.8 Torr, (c) 6.0 Torr, (d) 5.8 Torr,
and (e) 5.7 Torr, indicating the inner channel is hydrophilic
with water contact angles of 5°-20°; (f) TEM image rep-
resents similar water tap shape in a CNT with closed ends

under pressure.
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Fig. 7. Complex behaviors of water in CNT by heating with an electron beam: (a) Initial hydrophilic state; (b),

(c) water expansion to hydrophobic state along with gas dissolution into the liquid at high pressures; (d) generation

of two water tip ends along the axis; (e) water disintegration and generation of a thin water film.
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Fig. 8. Voltage-induced water wettability change in 1D nanochannels: (a) Lateral view of the smart water gating

schematic diagram, which can control the surface charge density in the PET nanochannel; (b) schematic represen-

tation of conductive and non-conductive states, water evaporation and condensation mechanism; (c) SEM image

of a PET nanochannel with diameter of sub-10 nm; (d) At pH 7, the negatively charged nanochannel with a low

density can be reversibly switched between hydrophobic and hydrophilic states by the voltage.
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Fig. 9. Water transport in 1D nanochannels: (a) Schematic representation of a CNT protruding from a glass channel inlet,

the water molecules flow emerging from the CNT is traced by the particles; (b) water infiltration and (c) slip length of single

BNNT and CNT, revealing particularly large water infiltration and radius-dependent slip length in CNT, but no slippage

in BNNT.
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Fig. 10. Molecular dynamic simulations of water transport in 2D nanochannels: (a) Side view images of confined

water between two graphene layers; (b) shear viscosity variation of confined water in the nanochannels between

two graphene layers at a distance of h; when the h decreases, shear viscosity not only rapidly enhances under

confinement, but also displays large oscillations.
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R AN F iy B B R L. Moeremans %5 1161 i
F T JIA e R 5T TR S Rt R R TN s B -
F 5 o Bk - BER = B -4 9K E Y] 46
AT AN, Bt -m M af -k R, gekimiE
ANBEHE FE AR IR, T 2 BE A0 58 0 2 T < [A)d JE
¥ A% 1.3 nn J5 (1) 57T VR, F BH H A 5T PR IR
A SR T, 3K VH R T A s 0 2 A AR 43 1 1]
B BEAER. Z TAE RN ER T H R
Iy FIEAREE I BIAEAE, T 7K A A7 1E 2 BELRS Ha At 3R 1)
5. Klein % S5 5E T 25 i 2 BER T 2 18] ) 7K BR
B, % BIAE R IBOE TE B9 R~ 3.5 nm + 1 nm
20 nm + 0.4 nm 6 E KN, KA B ES HAAM
fEHR. MANE R AT NS KHEAR, 2RI
WIE N T 58440 F /= W Rr g R R I, R
EHm. AL R K B A A R B A HLEE. X
THBLE, b BRIEFE 3 m, EATER I %
b n) TR R R BRI R AR, XK, R
AR A 7 e ) P SR X 2 T 1, BT 1k R
S [ AR AR T R FF AR AR K IR S, Klein 25 (191 3 —
T T AR AR R JI R R IR N = BEER T 2 8] 3
KRBT 77, KPR IFIK 73 OR 4 T AR A K I
YU BN ERFAE, RIS AE BRI K 1E R T P2

1.0 nm + 0.3 nm B2 gk, A PRE X A A4 AR 7K
T Bl A R T BRSO AR Bl K 4 T 5 KA E 1
Oy FASHe., TR AR R IR ER TR B R KR B X
TELE WA 2 BRI 2% 1 T [ s AR AT N A B
AR

YN K I T (1 PR K i T i SR 4
R NN S I = P R b S e A AN A 1]
BRI s . TR B o B R, Koy
F5E I8 B T A SRE (7 sp? X
B ()RR L HESs, DI TR RO i — 4 40 K a3
2% 1 v R R AR 2 ) EAIX S A BT 5K T
Z A EBEE T IR R, AR TK 071
7. A A SR A AR I ] oK 2 R BRI
B Y 4K I8 E A R R R AR S T B R
AW AT RRBIMELS, BRI XA 177 F s
T RARREYRI AT P, Geim 25 P2
I A oK JE SR A A 58 0 I T oK Fn iz, T
XFHARB AR, BRI ANBE. 8T
Hummer J5 V744 S840 A 58 06 7588 75 N 43 B K
T ke I i RV, A8 5 i I B BNE VR 3R AR
AL BRI (W 11 (a)). SEM B A RIENA
BRI EA R EREGH (LE 11 (b)), X HH4
SRR E A B YPOKIEE LN 1 nm. @
SR 1 mm JEE A SR o SR A AR 2R
RO E M ABIE N, R DUE T A 2R
PIKBEEL AR 10 M ER (WE 11 (0). 7T
By 71 AR AR W K AE 55 0 PR 3 2 1) Y T B o
BIFEST 2, A s aeRinE i ok iz
VAR 3838 A 2 K AR R R AN . X T T A A AN
W 7L 4 H 1 QSF ME& 1 53 — AN B ZEHE 2. %
% LIS — 4 40 K G E W) T i 02 1A e R P B
L N P S () L B T B, Zhao &5 P 4148 7 —Fh B
A AR T S A K ] 4 R SR, T
AT TR ;T 00 B8 A S8 0 TR 1 4 K
o E H R A A R (N-5 4 5 I L)
Rt 35 P i 7 R I AR TR R, SE B AT
W E A SRR A E N, [RI Al i 5 B
B R I B SR BN R R T AL X
T AE S 7 HY o 0 oK O T B R IR A e D 4y
THE RN ). Jin 2 IO 4RIE 7K A
W IE TE 5 A SR 0 E T B R E B SEBIOK /A HLIE R
BRI = 80, BT B A SR R A AR I
EEREMEKIBIE, KRBT 10000 gm~2h~ [
IR TR T IA T BB KB P GE LR, Peng
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2102 ) % 7 DA AT G0 K 2R N BEAR, 28 B AR
Z b J5 45 21 2 8] B A 99 K RS 0 S A A 58 0
fiEE, K B A 695 Lom—2-h~tbar~!, & JFRA
(A AT 58 0 47 5 IS 1 7K 8 & 1Y 10 3%, XA LG
BRI TR g KR B B e 7). Gao
282 [163] b 2% 7 23—50 nm J5 J&F AL LR S 1
A SBIREGNIEIE, X AR R K AT LAk 2]
21.8 Lm~2-h~Ybar~t, JEAE K J19KEN T XA ALY
Bhor 7 HA 7 e
THEYKIEE R s Tz M T IR
B /0 B8 KA BLAG 2 RS A B, AL TR AR R}
P (1020 26 i S 40 T 2 10 2 W] 8 0 A B 0
YKIEE T & T HE, JREoR TR 45 A R
XF B8 is 1 3 R R 2 8 IE RSP A 10 nm
FWG K 4 HOR 3 B e 4T . Mi Do 42

(2)

Permeability /mm-g-cm~2.s~ L.bar—1!

Water

=

(=)
|

-

10—]1

1015

H e g 4 ) R A 58 0 2 R) EE S B A4y
()% B AR A, IR SR TR KB R a4k, A
W 245 7y B8 4%, Mahurin %5 10°) 1) 4% 0 8 2 £ 5L,
S0 T T AR, A AT I AR A R A i %) T
ZHE A S0 B o & T RO R g oK fLIE,
S8 0 B R T HE 3 100% (1) HE 3 2 R0 BRE 1 7K
fiz. fE40 °C, LA 2 N IKEN J) ] 3K 45 m ik
10% gm~2s~ F/KIE R, 1 DL IE K IR 3) 711
A E AT 70 gm 25 -atm~!. Zhang %5 [166]
I SR 78 SAMUK B 73 JZ 075, )45 R AR
217 nm ) F SRS R A SR AR Dy — 4R /K
TER R TR 4, 5505 E M L, Bl &
FR38 J5 A S A R R A S = & R 7, BARCE e
R K 2lidb v fe.

ACCtonC -

hexane

ethanol Argon < g
(c) decane hydrogen
| propanol nitrogen |
H,O He

11 RIS THEZE  (a) A Cu fi ERERANA SIGRIE T (b) FH RGP SEM I (c) Ffb
A SRR TR AR M B i, AR A SR B S VR DK RS, TR AR 2R A e AN E, FiIEN

SRAMYNARIETE ) B2 K S5

Fig. 11. Liquid transport in 2D nanochannels: (a) Photo of a 1-mm-thick graphene oxide membrane peeled off from

a Cu foil; (b) SEM image of the cross section of the graphene oxide membrane; (c) mass transport of graphene oxide

membrane for water and diverse small molecules, demonstrating graphene oxide films are completely impermeable

to gases, vapors and liquids, but allow ultrafast water transport. Inset represents the monolayer structure of water

molecules inside the confined graphene nanochannels.

4 A

R BRI A B T IR T il g oK il
BRI TEANY) iz B HLER, AR IEE Y PRI
AR T s « 9K BRI 27 s B AN R A48
AU R N

FEW) 5 s AN 1 AU, (R4 K T ] DAFE
VeI BN 1 AW RVE MLG R £ —4EZ0KiE
i 75 1, Martin %5 O @ 768 — RIIELNT

1 nm B3 e 9K AE IR SR BRIR IR A6, T AR 415 2> 1
FOF /N . BRI T S 9KE 1 70 7L g
FREER I 0 5 ) 0 BV RE, 7T A 32 28 el AL )
M= (2, 2/ BRAEE ) SALETIR A b o0 B H R 5
THR A, MR E M2 T R S 20
MEACRIE RN D T B B S ACIR & Wb o B AR
W, ZMERD T BN R QSF 4
TEM5r 8. Bb4h, Martin 25 17 il 7 A=W HiiRAE
WA ) 94 K A7 YR T gk 3 M ot B s A0 73 5 245 0 T
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A B EBHAR AL R (AAO) PN R IE 151 —
AACHEGUKR R, FB_ LUk, i F I AR
BEPUARSE & s/, AR SR E B
R ES AR R LA Rk v R L

TE 9N K BR300 27 S R 43k b, 22 b A Ak 77 G
Rh, Fe, Pt, Pd, Ni, Co, —J%%k, FH A48 % ke, Ti,
Fe-Co, PtRu 1 Cu T4 i3 FH T 99K 18 18 1) PR 35k
AR S FHE 3RS T AL R A v R . 7ERR IS R
R R, SR 53 AT LA — @ I HEA, SR
RE 22K R M B ARG, S0 i RORIE B 1 Ak 2
B, S RON AT AN f& QSF B4R N, Bao %5 [°]
WF7C 7 B 40 K & BR 38 Rh i AL 0K CO AT H, 4k
N TR, HAEATE T B8R, FTAL N QSF 3R 4T
G (OLE 12 (a)). REBRYKE P E L E A
B M i, (RGN KA N 50 ) LT 1) A s e LU A
hi i — AN EE Y. Bao % 197 3B T
YK BRI Fe M A 77 1R 9% 455 R, R BB 2l 7 Bk
YK ) Fe AL M T USRS 7 E, HE
HHE B RAT A AR, BRIk Fe M40 7 (1) )& 7= %

S AR PRI 1, 3 1 2R 78K Fe AL 6 £ LA
b Li % PR BRYRE Es i Eaxeghne, JRim
I 7 P GORAEAG T T BRI AL, SEEL T o-B
i ) RO g B AL A AT BRGK A I BR
I 5550 N A 75 4 XS gl e A S B R IR B A, T
PR T AT . L%k DO — DR T T AR
PR P 9K bL 7 HEAL o, S-S T IR F o ok 3 4%
PEEL R, 3RS LB K S50 8 v 1) 3 1 R et
W B (92%). Qin % U091 )38 7 —Fil £ o PR 4K
{10 N1 3 K R A 77, b N Kokl 1 AN PR 8 7E
Al O K, T HIB R AloO3 PIEE 2 .
5 GURAE Al,O3 99K 8 AR T F 1 Ni JE A6 77 AH
bt., 22 B BRI A 0SB T AR T P AN A I N
eV B PR, Qin & DTN — D & T — Rl
RV BT, Horp Ni gKobl 7 63807 W Al O3
KA BN R L, Pt g Kb 7 B 45 75 48 Ti0,
YUK N R L, AERSEE IR N S T
AR (WK 12 (b)), Qin&E LT EH 2 T —Fib
B CoO, /TiOs /Pt MEALF, H Pt F1 CoO,, 737l

(a)

CO + Hy => CH3CH,0OH

o] HO'H
Hq)kﬂ’O\R + Hy, = Hz){rrO\.R
Hy o Hy o

6 |

n CH2 = CH2 - —(CHz—CHz)n_

ZIN

12 QSF BUMEAL IR (a) —4ERRANAKE IEIE b PRI S i Th EALTTRL T 1K) TEM B8R (b) 72 TiO2 49K 5 R
Al Og 9K Z A1) BRI AL S S % TEM BB (o) ML ZEREGRIBIE P ) 206 3R A Bl 46 9k R 2 A 474 SEM
WA (d) AL ALK PRI AL S SBA-15 43 F i e AL AR+ TEM B A

Fig. 12. QSF-like catalysis: (a) Confined catalysis in 1D CNTs nanochannels and TEM image of CNTs filled

with catalytic nanoparticles; (b) confined catalysis in 1D TiO2 nanotube containing an inner AlpO3 nanotube and

TEM image of TiO2 nanotube containing an inner AloOz nanotube filled with catalytic nanoparticles; (c) ethylene

polymerization in 1D mesoporous silica nanochannels and SEM image of PE nanofibers; (d) confined catalysis in

1D mesoporous silica nanochannels and TEM image of SBA-15 filled with catalytic nanoparticles.
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1 AE % FL TiO 4K E W Ah R T b, T4
fil fb i &0 2 e Ak R BB R s I AL
% (275.9 mmol/h), #& i 46 TiO, 44K & (56.5
mmol/h) [ FL A%, Aida 25 172 5@ i A FL — A pb ik
PR sk — 5 BRORD Y R 4R AU ik SR R A, SRS
B> T (My = 6200000) 115 % % (1.01 g/cm?®)
RN (12 (c)), RPN QSF R A
KR i, Qin %5 01 Co AT T AR 44 57 BR 488 72
SBA-15, SBA-16 1 MCM-41 %531 57 i g K i i
S ATE SR B A (K AR 30 77 247 o RS
PR AS KT FRHE I A0 S 82 HR ST B T PR S ) e A 9 1
AR A AE I (W12 (d)). Wu Al Zhao 25 [179]
IR A WL Pt LA PIBRIETE (3- 2 B L) = 2 J
T o B 1 1K) 401 075 SBA-15 (3@, I TSRS
Tt R AR, IRAF T B VR R RO
H 8 A5 = 3. Su % (0% FERR AN K 388 18 P 75 K Fe-
Co & & AUKKLT, F 1 UOEH & &R FIEME IR
JS7 H B[R] SRR, SEBT NH 43 fift 7 S s s
Serp 2 M 43E T — Bl 99 K 5 FRAK PtRu 44K hL
T, SEOLT AR I 1 3% B R SR I A R A
et RE. Dalai %5 74 @ i R 90 K B BRI Co Ak
FF RALE K, B Co fdiiE M 15 wt% 34 %) 30
wt%, CO 43 48% W NF| 86%, Cs, Jik B
M 70% $8 0 % 77%.  Gong 2 U7 ) F F Cu- 7T ik
T2 R 9K PR Cu Kokl F B R — R 1 &
M S0, SEPL Y v RN (LB RN 91%) Rk
SE (£ 553 K I 44300 h). 1F 44K I8 18 BR 3 fi
ARFRLT 7 18, Bao % 176 B 5t T BRI Pt AT
SRR Z A CO AL b, fE A T E#
WML H| COBIE B A 5= ) /Pt SH1H, 1 CO [F] B 7]
DAFERE = 072 T AN Pt R THI AR

Bk T PR L S N 2 A, 2 Fh Ak 2 N AL EE
JeUE A EFIE R AR &8 R
R S TURURIVE I -8 I AAR A R 25 3 4
T BRI 2 S B, 1 2 8 A 4 A R 2 QST AL Ak
. Tung %5 7T T Na-ZSM-5 ik £ 44K
T TE PRI R 1 e R AL, RIS PR 2k
A A= AR Sk B A E BB R .
Xie 2 D78 HR8 7 —Fb — 4 A7 SR g K J i PRI
TG R, % 2 B SR A gk
Fr, MR o AR AR S RGBS, Tung
2 1)@ i NaY b A7 4Kl i PRk — 55 540 54
(58 F N JEFR IR, RAF T s R A28 A X
L RATEY, WX Fh AT A= ) 7E B R T8

5351, Tung Al Guan 5% j#E—51iE B Nafion fE44K
T 1 PRIV 2 = 1 G B A 1 - P ik 1%
PE. Green 25 5] B 70 T B 9K A5 IR LSRR
J¥2, Ni, Co fll Fe HJ S PIFEFE 400 °C T E LA
12 h 7554 J& Ni, Co Fl Fe. Wai &% [61] | fi Ff] £ A&
B AN KA AR, i 5 — B B A D e B A
JF A Pd, NifilCughk 4. Bao 25 107 ) F i 44
KA PRI A W AE SR8 5 T 3R 15 Fe fE 4657,
VERNF R TRAT A L. Su s (314 Fe 1 Co i
TR RV WOR T Bk K, SR G T b FI AR
& J il 4 Fe-Co & & 9K b T AL . Su sk 102
— IR TT T 2 BERR AN K R IS8 TR s N )
Ni g K Ki F. Baaziz 25 04 F) F 15 i /R 64 ¥4 T 38
BRI, PRI i A S SOE SR i 2% 2 )& Co
AL, Zettl %5 BN 4 8 3 (HoPtClg, AuCls,
PdCly, AgNOs3, In(NO3) 3 1 Co(NO3) o) kIR
TH BT K & H SR, H) % 99K R 1k 4
JE& 9K LT, Ugarte 25 591 AE 72 7 B 99 K & 1)
JARINZIEIE 7S AgN O3, B G 3 o fifi 4 Ag 4 KR
F. Green 2% 81 ] H AgNO3 8% AuCls ¥ 7 1% JH
TRANKAE, SR 5 BRI 7 i ] £ Ag B Au 44 K R
T dAh, Fu s D920t 1A il Bh v R I T VR
AgNO3 R FRILAEAFL TiO, IZKIEIE F, 2R )5
o il % Ag I AL TiO2. Bao %5 14§
T gl K T A PR 33 IR ) 2% Fe 9 oKORL -, IR I
FE2R 600 °C, FEBRANKE ST ) B il B2 A 1
200 °C. £ MRIRE A B 5T, Martin U2 R 2 A
359 50 IRAT: T AL 1) B Bk TR T s i AAO 8RR, SEB T
WEL - | 3~ FH ke I My AR ) R i S 2R 5 0 AL 2
4. RN, Martin 25 @i HA24 30 nm [ 5RB
BRI, BRI AR S & BAR /N T 1 nm () 5§
B Au KA T4 FidiE. YouZ5 USSIIRIE T
FEA L ST G KR TE ) PRI 22 TR, i) &
Ag KL AuAg & 4 Au PR URLE A% 3D /i
FLAuFI Pt M 2%, HbAh, Martin 25 U7 1) F ¥ % -t
JRARAR & B, 75 AAO VIR 1) 99 0K 38 T8 A2 1 — 4
EGKE M S BB e, Nt — P 5 E A
JoT = )3 5 B S L

TE G KA R 1) 2 S35 Y00 i R A A4 5 Vi
PR Foh S 4 T 2 & R R S A KA R AE
VSRR IE S 5 T, Cepak A1 Martin B9 A AAO
TSR i A AR, £ ELAR 0N 30 nm 1) 22 A
REMPUKE NGRS, BFERR I F (L
FR) S 9 O R BT IA TR R 2R O
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ABRIRTR) F15R (2, 6-— W12 -1, 4-7KMf). Garcla-
Gutiérrez 25 U7l it AAO AR H1l % i — 9 2.4
YK, SRy AR PR F R A R Cauda %5 1154
15 FH AAO R i £ FL A 1 9 s A e R ) 2R e —
BOIHAIKLE. Jin % BT AAO BRIl % £
TR COR 40 -b-2- 2 0 B2k g ) 99 K #4 kL. Chen
25 1195 faff Y A AO AR ) 46 5% R S TR 1R FP IR oK
K} Steinhart 25 10 5] I AAO 5B il £ 5 3%
P R R VS K B A MR R AR
SEWE 5 T, Russell 25 2 5% F AAO #5446 — 4
RO BERGK . Russell 55 12 348 5@ it
AAO FEAR 1) £ T — 90 £ M - = 36 & 0 (1) 2k P R
JE LKA R, Garcla-Gutiérrez 25 156 B 58 T
AAO BEMR 1K I8 3 PR3 AR 3R s — 9 20 - = 9
ZIFAKA RIS AT N, Cui 5 PURIE T 2R
B JF A A S A PRI S 8 LifE N A A, 72 d ik
PRI AR Th I AR R 281k (~ 20%)  RAFSR1E,
7 LA B (~ 3390 mA-h/g) AL AL (~ 80 mV,
3 mAjem?). Liv% 057 HF 0 T 405 % 2 T A
2 BEDRGKE BRI 2 A ) TR v i, PR
A EHARE (~2.5 mA-h/cm?), 7E 100 X IEH
HERFFREN81.6%.

5 %

LR 2 2909 2K PR 37 i 8 T it 5 22 A 1 F) 9k /) 1
$EN, T BRI K I i o Ak A G R T A . 4
K AE RS Bl A2 0] BR IR I B A AR,
RESIE ST T BAR/NT 10 nm MRS, BU/NEA (D
T 10 nm) KGR IEE OB U IS K BLER A7)
Wi, B0, VAN T8 7 IEiE R R T s
AT HES T 9 K 8 R R BROK g SR A o
MR PR RIS, NG SRR 2K A, A
AN TAR Rt/ pEE P i e L2 2 B K
), X H LR E. Bk, ABFFRARS T
QSF M, I T fil B 4 oK 38 38 v R At A B s
178, —YERRGKE 8IS (B4 09 0.81 nm) A1 4k
A SRR ANKIEIE (P 806 Z /T 2 nm) K
iz 1) 70 1 ) 1 AR R A AR AT B 1K 7 1 B
AR AAREIK, BE— DR T QSF #i. i Ak &f
S A (il JS2 0 R ) T ] 42 290 oK 3l 3 KR T A2
AR, THE R S BUKRIE MR ACIR S &
DNGFEACIRAS, T B0 #5273 9 P AR ZICIR A
ARONZEACIRAS. PRI SIS I REA F T 9K

I AE 7 @ R RS, WA R 5K 0 R 210N
180 mN/m, T % LRI, B 44K & i 3E w] LA
B, BRJEASCRES TARYE RIS A (e AL | (b2
ST KA 25 A EDRAL A5 U R

g B ERKRE, RYERRIRE K K 51
J5 a3 A BIF T AT T I V22 P, H s R A P
TR BR R sk &5 1) v A T SR A M BER IR, Otk
QSF Mt & s BR A5 4 m it 1A a2 AN AR 2 1
WEFCIR AL 1B B, QSF M MsI R 51K —
TR A2 iy 02) SR BEIOLRE A R, RS A
TR UL % —E MU HES Y, B B RE 22 K AR Kb, Tl
SCHLE BORIE BRI 2 B . R, BEE 9K
BERAE SR BE D, i A4 J& 71 Rt &
ARSI, 4 o B AR BRI 4 K 59 )57
iz MIHLER SR (AT J7 O S BRIE S, ¥ AR 4k PRI
SERAIR L FH AR,
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Abstract

Water and mass transport in low-dimensional confined structures is of great importance in solving many challeng-
ing problems in interface chemistry and fluid mechanics, and presents versatile applications including mass transport,
catalysis, chemical reaction, and nanofabrication. Recent achievements of water and mass transport in low-dimensional
confined structures are summarized. Water flow confined in nanochannels with different wettability reveals the viscosity
in the interface region increases as the contact angle decreases, whereas the flow capacity of confined water increases as
the contact angle increases. Small difference in the nanochannel size has a big effect on the confined water flow, especially
for nanochannels with a diameter smaller than 10 nm. The phenomena of ultrafast mass transport are universal in the
nanochannels with smaller diameter (<10 nm), e. g., ultrafast ionic transport across the biological and artificial ionic
channel; ultrafast water flow through aligned carbon nanotube (CNT) membrane; ultrafast water permeation through
GO membranes with hydrophilic end-group. From the classical hydrodynamics, the penetration barrier in such a small
channel in both biological and artificial systems is huge, which is contradictory with the actual phenomena. Thus,
we propose a concept of quantum-confined superfluid (QSF) to understand this ultrafast fluid transport in nanochan-
nels. Molecular dynamic simulations of water confined in 1D nanochannel of CNTs (with diameter of 0.81 nm) and
2D nanochannel of graphene (two graphene layers distance <2 nm) demonstrate ordered chain of water molecules and
pulse-like transmission of water through the channel, further provide proof for the QSF concept. Reversible switching
of water wettability in the nanochannel via external stimuli (temperature and voltage) are presented, raising the tem-
perature causes water wettability switching from hydrophilic to hydrophobic state, while increasing the voltage induces
water wettability change from hydrophobic to hydrophilic state. The ultrafast liquid transport performance promotes the
application of nanochannels in separation. There exist an upper limit for the surface tension of the liquid (/=180 mN/m)
below which the nanochannels of CNTs can be wetting. Then, we summarized versatile applications of low-dimensional
confined structures in catalysis, chemical reaction, nanofabrication, and battery. Despite considerable advances over the
last few decades, many challenging issues on water and mass transport in low - dimensional confined structures are still

unresolved. The biggest obstacle is focused on understanding the physical origin of the non-classical behavior of liquid
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under confinement. In this situation, our proposed QSF concept will provide new ideas for the fluidic behavior in the
nanochannels, and the introduction of QSF concept might create QSF-based chemistry. By imitating enzyme synthesis,
the reactant molecules can be arranged in a certain order, and the reaction barrier will be greatly reduced to achieve
highly efficient and selective chemical synthesis. Some previous works including organic reaction and polymeric synthe-
sis have approached the example of QSF-like chemical reactions. On the other hand, the advances in nanomechanical
techniques such as surface forces apparatus, atomic force microscope, and sum-frequency vibrational spectroscopy will
provide useful experimental approaches to understand the mechanism of water and mass transport in low-dimensional

confined structures, and promote wider application of nanoconfined structures.

Keywords: low-dimensional confined structure, nanochannel, mass transport
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