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Fig. 1. Model diagram: (a) N-methane hydrate skeleton

model; (b) optimized structure of N-methane hydrate.
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Table 1. Average lattice parameters.

LE S GGA JREIRM DR LKEHHT
ANEBK /A 2.7231 2.6804 2.7152
Mgk /A 2.7233 2.7656 /

KA TR A 1.0056  0.994 0.993
Kor-FHER/(°) 107.738 109.406 106.629

H e Pl /A 1.0973 1.1178 1.0917

H e T-4 /() 109.471 109.454 109.471
HREFEK D FREES /A 4.2831  4.278 3.78115
SR /A 1.7293 1.7025 1.7128

N # B e K G WK B2 W 6 Ui E
8 MANHIEMI L, T 1 AT LLE AL RTAY S
B8R R 2.6804 A, IRALIS 975 HIE 1
AN 2.7231 A, 5 1T RIPEKESYIKE R
B 7STE YK 2.7152 AR 3T ; ALY
PR hK N 2.7656 A, (EAk)E M 2.7233 A; 7k
Oy F I B R AR LT 0.994 A, b )5 A
1.0056 A, AL HTfE K o F K LT %a KA
b, 58 TR LKA P 0.993 AKorT
- 2 RS N AR 432 3 K 43 1 1 B AR AR AR 2
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Fig. 2. X-ray diffraction of N- methane hydrate structure.
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T, RIS Grimme EEUEIE, THEATT 99
AFEgym = (Eiotal — Ecage — nEcuy)/n, (1)
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N K A IR, By 9 N RS
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Table 2.  Formation energy of GGA approximation.

[l GGA D ek o)
AEfomm/fev 0.247 0.581
Eotal/ev ~6074.782 ~21186.729
Ergeov ~5634.720 ~20976.902
Ecnijev -219.784 ~209.246

EK2valFE M, ALEEBEEN —0.247 eV,
B TR GOK S YHIE life —0.581 eV 4a Xt {H BT
/N, KW N RV LGEKE Y 2 IE 0L, (RS E L T A
HBEK AW 2 TRl S e 1 H e 43 F B i N Al
HIGEK A IVE AR R8s, T2 RS L
W S BIE AL

34 BEERNSEESZE
SR e N s K S W I R LB

169101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 16 (2019)

169101

XHCE P RAE T — 2R, S
(DOS) KAl A% % (PDOS) &WF5¢ B FHE )

FEFEZ —. BARE XA e FoKE T
I BETF KBTS N B GOK AWK ET
(RIS B T o3 I 2 8 B EA T Lo #r, Heh R Ry
TR Ry RGeS, B ERIRTETEE N 0.2 eV.
341 PHRHLOTEIEERDES
& 3 R BAAS B4 F K FEF R G R B 4
(AR BE Ay A R, NI 3 AT LU Y, KB T
H R e o TS 2 AL T B HRAS 19 B o
oy, HRg R AR 2P I s 5F p B H
TSR, FEPORARII T 2 LT A 25
Atk ke s FERE 2 5—17 eV X [H], LT

20

AR 1 sp LB 2L, HE AR L Sl Al R B AR
5 A28l XWERM TOKFE T ke e
M, TEHEIT AR RS, S R ek &4,

342 7J< %lu ..Lv &/\I)ilu u-v

T R P S N RUKE F R A AR
L R GGA AT AR5 HE K 25 X K
FET ML b, A 4 s, N BDK T 52558 1
A IR Ry E A, BRAERER 517 eV
DX ] B A 2 5 E AR TR AR Ak, 255 0 s
WORE, s A TR AT DI, R AT
(4 p AE TS EMFESZ M, Xt e e+
FOKFE TN IAR T 34, e Z 1A SETu fs FLH-

T84

15k GGA —— DOS of methane molecule in
0 N-methane hydrate
- 10 + — DOS of single methane molecule
|
Al A
PP Al SO= N
20 /\
15k —— p of methane molecule in N-methane hydrate

Ef.wﬁ

—— p of single methane molecule

—

15

Density of states/electrons-eV

10

— s of methane molecule in N-methane hydrate
—— s of single methane molecule

e gy S

Lol A/\

—10

10 15 20

Energy/eV

B3 HGE gy 1 25 5 By B A o

Fig. 3. Density of states and partial density of states in methane molecules.
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Fig. 4. Density of state and partial density of state in water cage.
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Fig. 5. Energy band structures.
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Density functional theory calculation of structure and
electronic properties in N-methane hydrate”
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Abstract

As a clean and efficient unconventional energy source, natural gas hydrate has been highly valued and
vigorously developed by many countries in recent years. In order to solve the problem that the existing hydrate
structure symmetry is not high, which leads the theoretical research to be restricted, it is imperative to explore
a new type of methane hydrate structure with high symmetry. Using the first-principles method which is based
on the density functional theory (DFT), the structure and electronic properties of N-methane hydrate are
calculated in the generalized gradient approximation (GGA) for Grimme dispersion correction. The obtained
results are shown below. 1) The water cage structure of N-methane hydrate is a truncated octahedron (456%),
which is composed of 8 regular hexagons and 6 squares, and the average length of the hexagons and the average
length of the squares are both 2.723 A. The average bond length of water molecules is optimized to be 1.056 A,
and the average bond angle of water molecules is 107.738°. The average bond length of methane molecules is
1.0973 A. The average distance from methane molecules to water molecules is 4.2831 A that is longer than the
distance in the I- methane hydrate. So N-methane hydrate can accommodate larger volumes of gas molecules.
The symmetric group is IM3M for N-methane hydrate, which has a simple and strict periodic stable structure.
2) The lattice parameter of N-methane hydrate is 7.70 A, and the density is 0.903 g/cm?, which is greater than
I-, II- and H-type hydrate density. 3) The x-ray diffraction(XRD) pattern of N-methane hydrateis calculated
and is close to that of of I-methane hydrate, while the water cage of N-methane hydrate is larger. 4) The
interaction between methane molecules and the water cage is van der Waals force, and the formation energy of
N- methane hydrate is —0.247 eV, which indicates that the N-methane hydrate is easy to form. Both the density
of states and partial density of states indicate that the interaction between methane and water cage is weak,
and it relies on molecular force. 5) In addition, N-methane hydrate is an insulator material with the energy gap

greater than 5 eV.

Keywords: N-methane hydrate, structure, electronic properties, density functional theory
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