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Molecular simulations of mineral-water systems

Katsuyuki KAWAMURA *

* Department of Earth and Planetary Sciences, Tokyo Institute of Technology
2-12-1 Ookayama, Meguro-ku, Tokyo 152-8551, Japan

Understanding of nano-structure and nano-properties of materials constituting the earth’s
crust and the hydrosphere is essentially needed to elucidate transportation of material in the
earth’s surface environment and to apply the materials for engineering uses. Molecular simula-
tion methods are ones of the most predominant methods for this purpose. The molecular dynam-
ics method, one of molecular simulation methods, outlined briefly first, and the interatomic in-
teraction model, which is essential to perform molecular simulations, are described. As an appli-
cation of the methods, we show the molecular dynamics calculation on clay mineral-water sys-
tems, such as swelling by water, wetting on clay surfaces, local properties of water and solutions

in the vicinity of clay surfaces, etc.

Key words: Molecular simulation, Molecular dynamics simulation, Interatomic interaction
model, Clay minerals, surface, Mineral-water interaction, local properties
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Fig. 1 Pair potential curves of O-O, O-H and H-H
of the present H-O model, and k-function of
the 3-body term.
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Fig. 2 Density and enthalpy of water and ice Ih,
and self-diffusion coefficient of water
against temperature calculated using mo-
lecular dynamics method and the present
H:O model compared with experimental
data.
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Table 1 Comparison of MD results
ice Ih, II, and IX.
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and experimental data of crystal data of

ice-Th

Space group P 6/mmc
Temperature 273 K, 0.1 MPa

expt. MD
a/A 4.5227 4.5219
b/A 4.5227 4.5164
c/A 7.3671 7.3633
d/g/em’® 0.9175 0.9191

ice-I1 ice-IX
R3 P 4,22
213 K, 300 MPa 110 K, 300 MPa
expt. MD expt. MD
12.8939 12.8939 6.73 6.6158
12.8939 12.8910 6.73 6.6222
6.2229 6.2229 6.83 6.8225
1.1802 1.2026 1.1607 1.2013
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Fig.4 The atomic trajectries of oxygen and hydrogen atoms in Ice Ih, IT and IX calcu-
lated using molecular dynamic method. Blue and red lines are trajectories of
hydrogen and oxygen atoms respectively. Crosses and circles are the atom po-
sitions in crystal structural data.
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Fig.5 Spectra of vibrational motion of atoms in ice
Th (0°C 0.1 MPa, upper) and water (20°C, 0.1
MPa, lower) calculated using molecular dy-
namics method.
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Fig. 6 Vibrational spectra of atom motions of H-O,
HDO, DO, and T-O liquids.

Table 2 Experimentally determined bands of
isolated H.O molecule

H:0 D,O HDO
H-O-H angular Vs 1594.59 1178.33 1402.20
O-H streaching U1 3656.65 2671.46 2726.73
Us 375656.79  2788.05 3707.47
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Vo
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Fig.7 Calculation of dielectric constant of water
two systems, 600 atoms and 1200 atoms in
basic cells at 20°C (upper) and 100°C
(lower).

- -.- C .‘ - .q.:.-\. ,._I_-I.I
Iiﬁ""!.- t_'} _;,""I _‘}!"'I-‘E f‘irﬁ{_‘jbf_l‘ﬂ

L L.I'h‘ L. F, --'...,
Fiﬁa m-ni*ﬂ}-iﬁf‘ 1'&
Present model

2H,0) &\ S TR VIR R & & Na®
KFIEASEHRE L CREMBEEZ MR L T 5, B
HO I3MEEAK (KEdAK) THY, AA27 %4 MERM
KPWHRETHE L LIZRE->TWD (BREAKIZH
CIEE L T 5, Fig. 112 ), Fig. 9= 3 X 9
2, REFTNVTRZD L) ZEEVPRFETETNS
A, [HEF LTI, Na' OKAiE&E > 5T, Lo
AR 75 A DDA EHBRIC, iR L KE O
ICHE LTV 5,

4. MEHBYPREOFN

RS, H DIk, Mg, K- K
B, BIOZEMEERSEL, EHICLIILIEA
W%, RAGEDEEHEW LS TnE, ZNHDT
PRI L8 & KOBIRIC K 5> TR SN T 5
LS A%

4.1 A* 744 b OEMKIN=fH

RS TH B A X T 4 FTIE, BROB
A F KRG FAKRMUT, EE & S IR
KLT, EHEEHEIREL %D, THRDEKABGA A
VEHDBMERFOT NI =T AT WEREEAEEN
B E B> TKMPEREK L TWb, AXZ LMD
1o S TH S NaxNA4 754 bDERE A O
MD FE %2175 72,

SOl BalSeLiol ;_‘;;{*:#

-l"_'- " “."'ﬂ 'I‘I-

.*‘"3"'(1
'!Iri' h-l- 'h"i L= J!I'I

Qld mude[

LA'RJ 1J1;4

Fig. 8 Structural snap shots of hydrated smectite by present model (dielectric constant = 80, left)
and old model (dielectric constant=40, right) using molecular dynamics method. The
chemical formula of systems are same for both figures, Na,sAl,(OH).[Si113Al15010]-4.5 H:O.
Oxygen atom of clay sheet are yellow circles, and oxygen atoms of H-O molecules are pale
blue, same in the Figures 9, 10, 12, 14, 15, 16, and 17.
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Fig.9 Structural snap of kanemite (HNa[Si.Os] - 3 H.O, NaHSi.0.(OH). - 2 H.O) by
present model (dielectric constant = 80, left) and old model (dielectric constant
=40, right) using molecular dynamics method.
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Fig. 10 Strucrural snap shots of MD-derived Na-beidellite hydrates with n=2 to 6 for
NaysAl,(OH)2[SiisAls010]-nH-O.
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Fig.11 [Upper]: The swelling curve and enthalpy

of mixing of NawsAl:(OH):[Si11sAlys010]-nH,
O system. The symboles <, X, and @ de-
note MD-derived and experimental inter-
layer spacings, and excess enthaly respec-
tively.

[Lower]: Self diffusion coefficients of inter
layer H.O molecule (blue open circle for D
and D, tied together, and pale blue for D.)
and Na ion (red for D, and D,, and mazenta
for D,).
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Fig. 12 Initial structure of a sheet of Na-beidellite and water drop with 2000 H.O
molecules (upper), and the relaxed structure (lower).
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Fig. 13 Steady state structure of pyrophyllite surface-water drop (n(H.0)=5000) sys-

tem.
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Fig. 14 Steady state structure of kaolinite surfaces-water drop (n(H.O)=5000) sys-
tem: Si-O-Si surface (upper) and Al-OH surface (lower).
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Fig. 15 Structural snap shots of water drop (n(H.O)=5000) sandwiched by kaolinite
surfaces and orientational statistics of water molecules: between Si-O-Si and
Al-OH surfaces (upper) and between two Si-O-Si surfaces and two Al-OH sur-
faces. # means the angle between molecular axis of HO and c-axis, and ¢ an-
gle beween H,O molecular plane and c-axis. The unit of the statistics is 2.5 A
thick sheet.
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Fig. 16 Structural snap shot of kaolinite-water system and orientational statistics of

water molecules same as Fig. 15.
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Fig. 17 Structural snap shot of water molecules in imogolite tube. The number of H.O
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