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K1 BRI S5 M (CNT &K H, Pk a)
Fig. 1. Initial structure of the model. The CNT is com-
pletely immersed in the water and are hollow inside.

#1 RYKERY
Table 1. Types of CNTs.

FHEN | BRE | THsm | BR
(n, m) D/nm (n, m) D/nm
(5,5) 0.678 (6, 6) 0.814
(7,7) 0.949 (8, 8) 1.085
(9, 9) 1.220 (10, 10) 1.356

(12, 12) 1.627 (13, 0) 1.018
(14, 0) 1.096 (15, 0) 1.174
(16, 0) 1.253

2 ORFEKBRHRAS 3 0 Yy i T
Table 2. Calculated physical properties of diffe-

rent water models.

SPC/E 2.3508] 2.4900) —41.518
TIP4P  2.1818:20 3.29119 ~41.820)
TIP5P 2.29(20] 2,621 —41.320
SEHRE 2.95 2.30 —41.5

3 #XR5i%

3.1 EBEFHH

L1 (10, 10) BRAKE A, K 2 9 F45E 0, 50,
100 A1 200 ps B ZIK 7210041, REEULE 298 K.
WIRE B KT, IR R GEIR, KT8
PEATRARAE IR, 200 ps I 7K I>F FEWIANK AT
PZS ]

Bl 2 70, 50, 100 F1 200 ps B 20 7K 2> F B9 3 A6 (40 €5k
FoREE T, AEERFREE T, B ORIRRET)

Fig. 2. Distribution of water molecules in CNT (blue
sphere) at 0, 50, 100 and 200 ps. Water molecules are
shown by red (O) and white (H) spheres.
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Fig. 3. Distribution of water molecules in CNTs (top view and side view). The chirality of CNTs are (5, 5), (6, 6), (7, 7), (8, 8),

(9, 9), (10, 10), (12, 12) from left to right.
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Fig. 4. Structure and hydrogen bonding of water molecules
inside the CNT with an inner diameter of 1.085 nm at
298 K. The black dashed lines represent hydrogen bonds.
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Fig. 5. Distribution of water molecules: (a) Trajectory super-
position of water molecules; (b) mean density distribution

of water.
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1.220 nm; (f) (16, 0), 1.253 nm

Fig. 6. Density distributions of the water in CNTs with
different diameters and chiralities: (a) (13, 0), 1.018 nm;
(b) (8, 8), 1.085 nm; (c) (14, 0), 1.096 nm; (d) (15, 0),
1.174 nm; (e) (9, 9), 1.220 nm; (f) (16, 0), 1.253 nm.
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y/nm

Bl 7 BK (a) FITGK (b) R4 T (9, 9) BRAVK AT PI/K 1Y
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Fig. 7. Density distribution of water molecules in (9, 9)
CNT with (a) and without (b) water outside.

3.4 SEEEEH®ESH

VR FH R A8 B 07 AH AR FH 2 43 [B) 59
FHEAE PP FEELALRGESr. Ko T Sk E
Z )R B AV LR N 2, B9l
FLET AT BY TR ATT N BB 5 1 1 R K 7 FHE
BRAAKAE TP AR 2544 . Lu Al Chen4 4246 T —
it 8 e 0 K A5 U A8 FUE I S o A 1 ik [ 8
TR R A Multiwnl20) 72 Fp 845 21 1 ik 99 K
R B FLH A P A B B R Bohr,
1 Bohr = 0.05292 nm.

AURFAVERERE R, i A~ 25 ). Bt
WE ARy, AE RN, AT LU H A P S A B H S 84
A, JE IR T it 22 B i 7, e i) € B0 5 |
YEHAEH K, KaFr] A &bk AN, LAk, %
R R IR IMIA VEFE FCH I i B ok f i X, (H
150 T4 N IX 38k, Fr DAAS SMIR S Y 7 B B 8 5|
J A g 3 /N T8 AN e R iR S B 67
IR HIR SR K, HF 01h £%, rPEFR
/I EAE B A REARGI A0 B 38 T AN A M s 7
FLH A0 4, T2 NiR 2o, Ko ¥ B2
SRR KAS Z [ A AR — e I B AN B
BE XA RE T I 5 A B 4 2 AL 5 A,
TR AR A B S AMEAE OIS L E T H o T IX.
B, XK A BRI S ERH, TSECTE 5
R EIX IE R, 7EERYE R 1.018—1.220 nm [
WRAIKRAE B, K ZT0AA PS5 F 0T B k40 oK
EXTKAE 57K 53 F-#az 2l (9 WU R 2 . A
K 8 ATLAF T, BEE BRI K, BRakE BN h
N A< B W IS R 2 = B s N P 5 74
FIRRARAE I SEMIR /N, 73F G2 B AH X A8 BE i

fR7K I3 HOIRIZN, AN T Z2 5 ES I A,
AR AR BRSPS TN AT R HE.

20.06 {(a)-— -

23.25

17.43

11.624 i
5.81
1.5
0 —~
e 1.0 %
—5.814 "
et g
s e — 05 3
~17.28-11.52—-5.76 0 5.76 11.5217.28 E
Length/Bohr 0 %
29.06 {(b) . —0.5 2
23.25 & A
: ~1.02
el
17.43 >
~15

11.62

5.814

—5.814"

—20.36 —10.18 0 10.18 20.36
Length/Bohr
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Fig. 8. van der Waals (VAW) potential distribution of
CNTs: (a) (8, 8) CNT; (b) (10, 10) CNT.
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Fig. 9. Density distribution of water molecules in (10, 10)
CNT at 298 and 373 K.
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Fig. 10. Density distribution of water molecules in CNTs at different temperatures. The diameter of (8, 8) CNT is 1.085 nm, the
diameter of (15, 0) CNT is 1.174 nm, and the diameter of (16, 0) CNT is 1.253 nm.
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Water distribution in confined space of
single-wall carbon nanotube’
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Abstract

Since the discovery of carbon nanotubes (CNTs), they have attracted extensive attention from scholars in
various fields because of their excellent properties. The hollow-structured CNTs are often regarded as conduits
and containers, which can act as nano-channels for various molecular substances in the membrane structure. As
a source of life, water is indispensable to any living organism. In the application of carbon nanotubes as
nanochannels, the most important is the ability of carbon nanotubes to store and transport liquids, especially
nanoscaled aqueous solutions. Water molecular clusters in confined spaces exhibit unusual structures and
properties. The study of special water structures in carbon nanotubes is of great theoretical importance in
chemistry, biology and materials science. There are great difficulties in making the experiment on a nanoscale,
but molecular dynamic simulation enables us to better study and analyze the structure and properties of water
in confined space of CNT on a nanoscale. One has also studied the influence of temperature on the structure of
water, but there are few studies focusing on the effect of temperature on the structure of water in confined
space. Therefore, molecular dynamics simulation is used to investigate the effects of CNT diameter, CNT
chirality and temperature on the water structure and distribution in a confined space. The simulation
calculation is completed by GROMACS, the SPE/C water model is used for water molecules, and GROMOS96
54a7 force field is used. Because of the presence of carbon nanotubes, water molecules tend to line up against
the walls of the tubes, both inside and outside. In addition, water molecules tend to form highly ordered multi-
ring structures in the carbon nanotubes with a size of 1.018-1.253 nm at a certain temperature. It is difficult to
form the ordered structure of water in the outer carbon nanotubes. In the above range, with the increase of pipe
diameter, the structure of multi-element ring water changes from three-element ring to six-element ring. On the
one hand, the ordered structure depends on the diameter of the carbon nanotube, but the chirality of the
carbon nanotube does not have a great influence on it. On the other hand, the stability of the ordered structure
is temperature-dependent, and the ordered structure of multiple ring water in the carbon nanotube with a larger
diameter is more likely to disappear with the increase of temperature. The van der Waals potential distribution
is calculated by Multiwfn, and it is concluded that the van der Waals potential inside the tube is extremely low,
resulting in a very large dispersion effect, and molecules can spontaneously move from the outer area to the
tube. The van der Waals potential can also be negative outside the tube. This explains why water molecules

tend to line up against the wall of the tube.
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