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A Molecular Dynamics Simulation Study of
Hydroxyls in Dioctahedral Phyllosilicates

A (Sangbo Son) - H7|H(Kideok D. Kwon)

Advstn AQzstst 2 Qs
(Department of Geology, Kangwon National University, Chuncheon 24341, Korea)

Rof: HEZEL W7 RH Astrd o2& AEA (crltlcal zone) FYNA F&7 A 8-S
AAAE 9&E o) AabGEst A7 Foll kel B 8K (molecular dynamics) Al E# o] 4
S AFEAS dATIE AL wiol, HEZES] ﬁﬁlﬁri}“ Sl s AFEe] AA
g ARE AFL F ok o)Wl ATNAE clayFF 3 A (force field)S AHE3H B8t A& o]
AL o]FHA JEFES ZJALO] E(gibbsite, AI(OH)s), 7H&8]1Fo] E(kaolinite, AlSi,Os(OH)4), 30|

=3 2ho] E(pyrophyllite, ALSiO(OH))ol 243k 300 K, 1714270 A 2+ FEo] 74A= A4
9} YA AT E Aty AgATel v wstdch gEo] £ vk 9 SaATto] okAk
83 Y 2~HE S (power spectrum) S FE7FA 02 AXSIGTH A4t AT ARREE 72 AF
A7} oF 0.1~3.7% HIRHY] &S HYoH, AAZ Ale AdAHe} oF 5% HRkY] AtolE Tt
Ao QAo EY 7HeEUolES] I ASE T EA)shs 4477 7R = A&7 %5 34 (stretching
vibrational wavenumber)= A8 #k 2T oF 200-300 cm™ =A AAEAA R, BHA S mH A5}
© FAEY AU T71Y AEFE 71E AF Aot AU FUAST FHY T (001)
an,} o|fE AEL 7|E APARS H4EE X wd R F471Y] AeE oA AolE
Atk ClayFFE AggE EAHsEs AlE ol AT WS o|dHA HEZE W Ul(FTH TZL“—T—O]
2 &l did 19 IS fHsted F83 A7) 2 F dS5E AT
P

FR0] : o|ZHA HEFJE, BAFHE AEH A, ClayFF, 32 ER, F#42%

ABSTRACT : Clay minerals are a major player to determine geochemical cycles of trace metals and
carbon in the critical zone which covers the atmosphere down to groundwater aquifers. Molecular
dynamics (MD) simulations can examine the Earth materials at an atomic level and, therefore, provide
detailed fundamental-level insights related to physicochemical properties of clay minerals. In the
current study, we have applied classical MD simulations with clayFF force field to dioctahedral clay
minerals (i.e., gibbsite, kaolinite, and pyrophyllite) to analyze and compare structural parameters (lattice
parameter, atomic pair distance) with experiments. We further calculated vibrational power spectra for
the hydroxyls of the minerals by using the MD simulations results. The MD simulations predicted
lattice parameters and interatomic distances respectively deviated less than 0.1~3.7% and 5% from the
experimental results. The stretching vibrational wavenumber of the hydroxyl groups were calculated
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200-300 cm™ higher than experiment. However, the trends in the frequencies among different surface

hydroxyl groups of each mineral was consistent with experimental results. The angle formed by the
surface hydroxyl group with the (001) plane and hydrogen bond distances of the surface hydroxyls
were consistent with experimental result trends. The inner hydroxyls, however, showed results

somewhat deviated from reported data in the literature. These results indicate that molecular dynamics
simulations with clayFF can be a useful method in elucidating the roles of surface hydroxyl groups in

the adsorption of metal ions to clay minerals.

Key words : dioctahedral clay minerals, molecular dynamics simulations, surface hydroxyls, ClayFF,
vibrational power spectra, hydrogen bond
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o] ZHA X E3FE(dioctahedral clay minerals)
< GFug ZUASH Fa AARAZOE o] F
ozl FFTFEE 7HE HIEZEEA 7R
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ALbFESE A A
mechanics)@ A8 AP H(molecular me-
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(many electrons) A A= o] FAZ A|2=Hle] A}
(electron)E°l g+ &P A(Schrodinger) T
A9 g Tt Edo Ade otk WY
o8 BANT ALhEHl vg) A= 3 AE e
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A7|H} w)¢- 2 A7) vl o& 7} Qi o
of vkl EAtHE AlabtEe A st AlbE
Ho AEx g AgeEs A, [Az2) opd 9
AL e o|2E TEY| wZo A AlLbiy
o Blsl ALtEErt 4538 WEM, Al2~Ee] 7]
T A AbEEY A~ w2 A
2HS OF g Qo] A4 AdelA oFe A7)
< o ZHsitE skARE, EA49E Ak o
A=8] FEAgo] wel WS AUA|(FFel
YA, e 2k U] 5)E Yehlr] fs @
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PAFLS ABHINE o 8T o) BAH YEFE 7] AT

o el Zxs dAEe] ARt wet ¥
spohs 59 AAE Artshs FAI9 ¥Rl
o} o]l ATFAME clayFFE AHSSH A58}
AREAI AR SR, AARE A, i7]e] dE)E
71€ AdAdet vty oj#uA HEHFE

3 APARE ALY & YL AU, o] B
WA ERE U ] Aol skl a5
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o7
olmeiH HEYS

o AFME FERAAN} fle oA A
EFEQ 9 FAAST R Aol E(gibbsite,
AI(OH)y), APEAZ3 A Zo] 1:1 722 7}
A= 7H&-Elvbo] E(kaolinite, Al,Si,Os(OH),), AFH
A BRAZol 2: 1 P22 A do|zge}
o] E(pyrophyllite, AlSi;O10(OH),)E A4+t

& Z(Force field, FF)

ClayFF (Cygan et al., 2004)5 AMg3te] A2
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E; J—
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A isk jArole] AglE yeaL, D= AR gk
7t slElEr] feke] B8sdk oA (dissociation
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Fig. 1. Snapshots of MD simulations (at 300 K, 1
atm) for (a) gibbsite, (b) kaolinite, (c) pyrophyllite.
Polyhedra represent Al-octahedra (pink) or Si-
tetrahedra (yellow). White balls represent hydrogen.

olAE AAsk 300 K, 1719 ZAdA]e o]2Hd
A AEFESC| Zte BY FRE Atk olF
Fa71e) FFRE g ieds BAs] Qs
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2016).

=A4 2 X 54 (Radial distribution function)
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5 e e dAE Ve E Ps
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(8) FHHANAY 2= A FFE Yrlsh=
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&5 (vibrational mode)°ll ™E 3}<(wavenumber,
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Table 1. Structural parameters of dioctahedral phyllosilicates obtained by molecular dynamics (MD) simulations

gibbsite [AI(OH)s]

kaolinite [ALSiOs(OH)4]

pyrophyllite[ Al,SisO10(OH):]

Harmonic  Morse EXP* Harmonic Morse EXP" Harmonic Morse EXP°
ad)  CUE L NAL e b U Esys 20 E 0SS
b(A) 53(8); N.A. 5.08 8'(?(5); 8693; 8.94 933; 9&2); 8.97
c(A) 9';3; N.A. 9.74 703(3) 4i 7;8 4i 7.39 9;8 6i 953; 9.35
o TR w R s R
£(°) 98(;)7i N.A. 94.5 103:; * 103:3 * 105.1 981'.91 * 981' % * 100.5
) 90(;)4 + NA. 9% 90(;13 + 906.33 + 20.8 89(;_82 + 89dii 29,7

WM G Mm@y 0oy °% 0w oo O
d(A1-O0)(A) ((l)?g) N.A. 1.90 ((l)zé) ((1)(9)3) 1.91 ((1)(9)2) ((1)3;) 1.91
d(Si-O)(A) N.A. N.A. N.A ((1)3;) ((1)(5);) 1.61 ((1)(5)2) ((l)f)i) 1.62

*EXP = Experimetal results; N.A. = Not available; values in ( ) = Full width at half maximum of a corresponding RDF peak

Saalfeld and Wedde (1974), ®Bish (1993),

“Lee and Gugenheim (1981), dDensity functional theory calculation result from Gale (2001)

20 ps 5% FAIE0] SEATID F4E B
sk] 992 Azl tiated oF 2 em'9|

BAES e T AU

O

HRNS % AR 72

EAEAE A EH oIS R A AOlE, &
gUol E, slo]ZHeto] EQ] ARt4ret AAE 7H
o AgE 71E AF4A A} HlwskiTHTable 1).
Ho oA&e B IUAZT 727t 3.7%, A
ANse TS F2(1:1 TF, 2:1 727 1.7%
QAES B A AFRAISS TS TR
AHABE7E ARATS O 7T ZA|EY
A5, B2 HEES ARSI o 300 K, 1719
24 HYstgs A& 5 §lo] Table 19A4=

23} Hrlde] A3t Yehyiio

o

z38} Heldy} 2 HEde 4o A
7] w2, AitE AAda=
of A =4 gtk o,
LA S0l AF5HE =
2 2 Ao dFo 7 & 9
of e} oldt #e RAFUL oS Eof, Tl
2o EQ| 9] 7Soll= Huldd ue} ALk
| At IA g2x Gtk a2y, Ty
O|E & 49 A, B Helde] At s}
Heldol Ay} By A ALkE ST Table 1). ©]
z3} HHld S AMEIS ) A9 oyt &
Heldro dA ALt FAAT o] FolA
WFFE HolBRE AU oz FAAS EH
2b719F T o AFRAIS ] Q1= o] kA 2
23 AxE Ahdc)

AR AL(Si-08 Al-0)ell tafixl= A4z
ool A48 Si-0¢F A0 Zol7t A7t 2.4-
3.7%%}F 0.5-2.6%5 EAARE, Si-02] dol&= A3

Sl 1y 1l
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Intensity / Arbitary Units

Frequency{cm™)
Fig. 2. Vibrational power spectra of hydroxyls in
gibbsite obtained from MD simulations performed
with the harmonic potential.

# Boh ZHA AL 9hE, A09] dol= AF B
o & 3 Bk 53, AMtE FEE SolAe
7hEElUel B Al-O Aol7t A3ud A 24
3 BOE AMEAET, ol OE F 7K FE
o =& 1 s v, THAZT FH| EAls=
FA719F AFEAIZL ?1Eo] A0 Aol YT
F ZoE FAddn.

T Addols %3 HHAES AMEIS
o 1.02-1.03 AR AtEoH, R Hulds
I39S w= 097 AZ AXEY 71E Ag4d
B2 HEldo] o & ukgsidith FAle|E9
735, 23t Helds AHES At A@ATe) oF
25%°] Aol7t vz, ol AdolA xS 4k
7] Z0](Saalfeld and Wedde, 1974)7} 49| ¢
AE AR AT A7} ol Xeray 3 EA]
= Bl 42 AHAs SFrE AAERY ddg
A ZEIHE o] &3l FAUAY AAE
T3] WEo® AhEny =3 Ao #ab
A3}t ARG AlFAde] B F2 dAs Atk
M= ZARO|ES] 4] ZolE 098 A (Gale et
al., 2001)Z AXEE 208 Kol FJALo|E 4l
of W& EAs9s AEdeld Aae x3) HEl
do) 7HE 4] ool tigk eAake-S & Wy
st} dojxl Zojzta Aty mA|H o2 o]y
AFolA d2 EAEHst ARE2 7Y £
98 A4bA3N(Cygan et al., 2004; Wang et al.,
2006)9+= Y= 3},

>~

10 ﬂ —
l\ OH{1),(2),{(4) - O OHI3),(5),(6) -O

1 /| H-bonding
= | (OH (3),(5).(6)]
4
| H-bonding
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| ‘
0 J A -_— "
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r (&)

Fig. 3. Distribution of H-bond distances in gibbsite
obtained from MD simulations with the harmonic
potential.
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Saalfeld and Wedde (1974)= ZAIES 4t
718 F I°E EFSATE OH(1), OH(2),
OH4) = ZUAZH 79| BPstA A8t
2] OH(3), OH(5), OH(6)= ZHA =3} 424
o2 HidEo] Jom, oL BT AHHUF
2ok YJHIE 7RIt EAFEEE AL dA|
TNES FAY FHOE WIS /e 7 O
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(1999)2 & A(infrared) 2FEA oA AL A}
°]E9] 3400-3700 cm™ 9] (wavenumber) H$]
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wavenumber) 2 3]4J5}HTE 1] HH oA 3460
em'S FRHoR wjdd 44b7), 3529 cm'e}
3622 em'E FHOR WdE FAV)eta RSt
Atk ol AT SEATVEH FroEHE A
A kel 2HERS 443 A3, 3750-3850 cm”!
o] W9 = FHHoF wdd 7 £RA 0
2 ugd SEY o &2 v BHFig.
2). Akt Hele AARe} FFHo2E & A
o]= UATk Frost er al. (1999)°] L3 75}
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Table 2. Averaged angles (°) of hydroxyls of kaolinite with respect to its basal plane

angles
method
OH(1) OH(2) OH(3) OH(4)
neutron powder diffraction” 0.4 73.2 68.3 60.3
density function theory® 5.1 78.3 84.6 68.6
) harmonic 30.6 + 164 532 + 186 752 £ 102 81.1 + 8.7
this study”
morse 17.3 + 10.1 589 £ 17.6 73.0 £ 11.1 79.1 £ 122
“Experiment at 1.5 K (Bish, 1993)
®Calculation at 0 K (White, 2009)
Current simulation at 300 K
IH82ILI0|E £47] 2E
A2 ZAT AddolHe EFAA FHE

/-"’O‘FLEL”A'\\\

Prabability / Arbitary Units

Orientation Angle | Degrees

(@)

%
OH (1)

o 10 20 30 40 50 60 70 80 90
Orientation Angle / Degrees

(b)
Fig. 4. Hydroxyl orientation angles relative to the
(001) plane of kaolinite obtained from MD
simulations performed with the (a) harmonic
potential and (b) Morse potential.

Probability / Arbitary Units
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= % AY HasA HAgHFig. 1b). Bish
(1993) Ao oJ3td, F4717F (001)H Y o] F=
ZY== OH(1) < OH(4) < OH(3) < OH(2) &2
718k Y. €l A(thermal energy)E 1LE8}HA]
-2 0 KollA A4kt M= 8t4~(density functional
theory, DFT) 7225} Aaox= #4719 2t
%7} OH(1) < OH(4) < OH(2) < OH(3) +o&
7Rt iﬂ—é}ﬁﬂ(\mme et al 2009)(Tab1e 2).
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Fig. 5. Vibrational power spectra of hydroxyls in
kaolinite derived from MD simulations performed
with the (a) harmonic potential and (b) Morse
potential.
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Fig. 6. Hydrogen-bond distances of hydroxyls in
kaolinite obtained from MD simulations performed
with the (a) harmonic potential (b) Morse potential.
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