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0ok HEFEL A5ty utgRE A o2& AT gk #Hl| sjdete AT B Ecritical

zone)’ ol EAsHE FE5A48 A58 =3 35& Agg 3ot YA 2717 vl AL HER

Eol tig dA +& (atomlstlc scale)d] A= AF3EHA &3 FGo gt A3 7] 2 (mechanism)
N

o AT 5 9L Bt ohjeh ARALI L AR E $88 5 Utk U 2] Hof Hel
A (pair potentlal)a ste}uE stk 3 A(force field)S A3 EA5 % (molecular dynamics) 73
1 AEH oL A o] FRE ATD T 7] Wil A3 A HEZEY AH T2}

S5 A7l AHSET AEJE AEHAS 9% 3 FoZ = o|FHA|(dioctahedral) F=< 7|7
ii =X ClayFF @ #o] Bz og Attt A-ZHA (trioctahedral) B& AlE#HOIHAE
ClayFF& AM83tE A7 RaEa 9o, e JFES ALt 2 dFnitt o2 ghetrE
e AHgska 7] Wil selnE Adge] AlEgold Ao oW FFE wA=A AAA
Eﬂ:’:Eﬂ dosttt. oWl AFolAe AEHA FEQ] T84, PATOlE, 4& tidor EHA
g Mg)e] 4Rt ol HElde Yehle SEE ‘mgo’$t ‘mgh’E ZH2E AHSSke] £A59
g AlEH oA ANARE vlstth AR, 47 1o ARl § AEHA AEREY ARTEE
Zolxl % 71 sfeuiele] wAGlo] Ao| UAT Aahg oIFRUAT. AT 9] 3£ vibrationa]
power spectrum) .2 A4HE 4719 A e FEtu|E wet *JEHX* S 2 FET Aol BAh

F20f : ABUA HEDE, BAFS AR, ClayFF, Pk, A% 59) 29 E5, elxjthole

ABSTRACT : Clay minerals play a major role in the geochemical cycles of metals in the Critical Zone,
the Earth surface-layer ranging from the groundwater bottom to the tree tops. Atomistic scale research
of the very fine particles can help understand the fundamental mechanisms of the important
geochemical processes and possibly apply to development of hybrid nanomaterials. Molecular dynamics
(MD) simulations can provide atomistic level insights into the crystal structures of clay minerals and
the chemical reactivity. Classical MD simulations use a force field which is a parameter set of
interatomic pair potentials. The ClayFF force field has been widely used in the MD simulations of
dioctahedral clay minerals as the force field was developed mainly based on dioctahedral phyllo-
silicates. The ClayFF is often used also for trioctahedral mineral simulations, but disagreement exits in
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selection of the interatomic potential parameters, particularly for Mg atom-types of the octahedral sheet.
In this study, MD simulations were performed for trioctahedral clay minerals such as brucite, lizardite,
and talc, to test how the two different Mg atom types (i.e., ‘mgo’ or ‘mgh’) affect the simulation
results. The structural parameters such as lattice parameters and interatomic distances were relatively
insensitive to the choice of the parameter, but the vibrational power spectra of hydroxyls were more
sensitive to the choice of the parameter particularly for lizardite.

Key words : Trioctahedral clay minerals, Molecular dynamics

vibrational power spectra, lizardite

Mo E

A o] Falo osf AP HEFES EYo
U A= ot JelE EAITHGrim, 1968;
Moore and Reynolds, 1997). YW 02 HEZJE
< 2 pm o8t SAE zZe FMEEE
(phyllosilicate minerals)°l| 33&CHBailey, 1979).
ZEo|t A7|9 YA wZol YW FHAHS Zko
o, ol Xl o5t F23k(layer charge)E
= 44 vl EYolv Aslkrdd EAlsks &
B2, T84, WAEEolY Cca¥, Mg, K 2
Fol2e & TSN Tucker, 1999; Dube et al.,
2001). ol23 SAHE wiio] HEZES thddt
39 ZFujy 2dES AASE FHAR T2
AHEEITL Y] AR #H7IE Al WHEA
(barrier materials)=% A= JtH(Soma and
Soma, 1989; Savage, 1995; Costanzo, 2001).

HEFE] W52 YA F=(atomistic scale)>
2 dojupy] wjoll, HEZE gk dA-EA
9ol A7) wl$- 23K Cygan, 2001). YA}
@Y F2E FH] HalMe HAREE W
AgI 2o 319 A] 9] A2 (source) S Al BdhH=
AL o] &AIRE Aol 8o AAA FIHA Aok
o] EAZIt. 1 = 2 AR} )¢k v A
AEE ZHe AEFES A4 729 4849t
ofFth HFE 4 Z@®(molecular modeling)
2 o3t AP Aoks Heels WHOE FE
o] ARz, 94, €984 Add tiste &
Al A AR A AFE F UKCygan et
al., 2004). o} AF= A o] 3 WQl
A% EA-5Y 3N (classical molecular dynamics,
MD) AlE#lo)ld-& A HA(trioctahedral) HE3
9] FxAT ALk

A% EAEEs AlEdgolde dAt 119 o
el d(pair potential) VRS BARE 3 &

simulations, ClayFF, Magnesium,

(force field)<= AHE-HHCygan, 2001). 3 22 ¢
7} 7o) B |AE A AR 7P (empirical
parameters)E ©|-&-3 o] FEHE YA AL
2 Aol FAHE ALks Fall dojxith wt
A Aol AgEE 3 A Aexd] A4
FEth HEFES o= & 3 AL w5
Atjo} FRATLA |2 ClayFF7h de] A
SHKCygan et al., 2004). ©] ¥ F2 HEZE
o] Ma(bulk) 2=, Fe 229G 5789 o]
Aole] A5agel ATols Gl Agd A==
AEZE AFdA I Ags AT Qo
(Greathouse and Cygan, 2005; Newton et al.,
2016; Kwon and Newton et al., 2016).

HEZES APAA| Ftetrahedral sheet)¥} 2 A
THoctahedral sheet)°] 25Hd 725 7HAH, 2H
Ao Fzo| wet o] WA (dioctahedral) =
2 A (trioctahedral) FEZ FEETE o] ZHA
HEZES] IRARLS T2 371 ¥ol(ie., Al
Fe'o& o|Foxa IwA A #g] F & #
7} vlo] Qlow, AEA HEFES FHATS
F2 27} ol (e, Mg, Fe’) o2 FAEH &
© 294 A7t YA de FEE ZAeEn
(Moore and Reynolds, 1997). gutH o2 QFA 9]
SN A IR A 7L 2L 37F GFolo] A
FHol| @ol zHRsly] wjitel olEWA HEZE
o] AEHA HEF=HT Edl7 LHETKVelde,
1992). 28 thdgt AHEHA FEEC] Fol, F
JE, Zekxgoluh 17 Az 58 Tt Eok
o $&H1 AFFES HES st de 8
EfplEE gF FHoE AHHZ|IE Ftk(Lien
and Kramer, 1985; Komadel et al, 1996; U.S.
Geological Survey, 2017).

AEAA 3E AlEYoldoE ClayFF7F A
%A 9K Braterman and Cygan, 2006; Wang et al.,
2006; Larentzos et al., 2007; Greathouse et al.,
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2009; Zeitler et al., 2014), o] 2HA FES 5 o
Aoz EER7] wEol(Bougeard et al., 2000;
Cygan et al., 2004; Sainz-Diaz et al., 2001;
Teppen et al., 1997), AZHA F&E A g olHE
A 3 Aol gfetrlE ARgo] EskA gtk ¥
A2 oA AtellA o] o] FEH3K(partial
charge, ¢,)7} "% 234, ClayFF2] & ZollA
© WA wfavlE o)l thdt FEHEHgu) =
27 ‘mgo’ T ‘mgh’d] AE OE FEEZHS)
Agkeol et 27, wiavlgd FEdstE 24
AT Tk AR OE gE ARSI 84
[Mg;Sis010(0OH), 2] AlEHOIHNME F2 mgo
£ Ag3te] ALt Wang e al. 2006; Du and
Miller, 2007; Larentzos et al, 2007; Greathouse
et al, 2009). 5 [Mg(OH),]2] AlEH o]A A
= Wang et al. (2004)= mgos ARESHAINE
Braterman and Cygan (2006)9} Zeitler et al.
(2014)= mghs ARSSCh AEdA 10 1 FE
2 A}tho] E[Mg;Si,Os(OH),] ol thgk MD Al&E-#©]
A Ade opF EyolA Fole o jlom, gA
TolE Algdlolds Edll ¥ gye0l A3A
gk deko] Fasiet

ol AFoie FFXIOE I3 F2A A
3t HA AEEA HEEE 24
(brucite), ATIO)E(lizardite), E4(talc)S A
S & ClayFFollA AlRKE mlavgol tigk + 7
o] BEHskE AHgste] BAsHst Algdolde
AAERATE o] FEAsE wE AlEdeld A
= APAet viwsta, AHEHA HEZE
gk AlEdelds S oW ArHE AR
ofsh=A] FIAT

[STASN
w0

AT

o
2y 3%

B9 AATE ZDL Fig. 13 2°] American
Mineralogist Crystal Structure Database®l| JZE=
H AEE AE3SI¥tHPerdikatsis and Burzlaff,
1981; Mellini, 1982; Catti, 1995). &4 o
AR e s FAEE SUAA ) L3k XA
34" (X-ray diffraction, XRD) EAHo= =44
mEle] AZGFE a=b =315 A, ¢ = 475 A,
83l a = B=90°, y= 120°°|tiRedfern and
Wood, 1992). ZATIO|EE SHAAY 713

Fig. 1. Crystal structures of (a) brucite, (b) lizardite,
(c) talc.

(pseudo-)8] APFAA | &3bm, AlHA|HZ ZH
AFe] 1: 19 vlE&S 7Y 44 34 (neutron
diffraction) EAH o2 =A4H Zztio]E md]
A= a=b=533 A, c =727 A, 281
a =B =90° y = 120°°|tKGregorkiewitz et al,
1996). &4 AAPAY AEAC sfdetm,
A2 AEA R Aol 2 0 19 HEE 2
45 Fxth XRDE A" &4 Bdo| AAds
S=a=529 A, b=09.17 A, c =946 A, 181
a = 90.5° [ = 98.7° y= 90.1°°|CPerdikatsis
and Burzlaff, 1981).

7 BE BYEL 3¥XSo] dojuA] Lds
< 7M4sH Mg, Si, O, OHO| Y429 74%
BE FEY supercellS AHESIATE 7 AlEE
o|dol| Al AME-H supercell> 84 7 x 7 x 5
(1225 atoms), ZIATIO|E 4 x 4 x 3 (864 atoms),
g2 4 x 2 x 2 (672 atoms)©|ATh. Supercell 2]
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AR Z9 dolE a, b, ¢ F TAHUE 84 22.05
A x 2205 A x 2385 A, ZIATCIE 21.33 A x
2133 A x 21.70 A, &4 21.16 A x 1835 A x
18.92 Aolith. o] FEE2] Al2=Hlo] supercellol
gk 71490 AA 23S do tiAel 2 Al
o] §I== P1 A (symmetry)S 7HAESE A4
g & AAFIAtHCygan et al., 2004).

ClayFF & &

EAEsE AlEolde Fox Helld
(potential energy, U)E ©|&3lA A7t
A A= A9 S T3] Hdl wE
S Z=xHoZ AMFTHAllen, 2004). DK
1,2,3,"N)Z o] Fojzl AJ2Hle] HEA o
2 (HF 2ozt A=Y HAA(n)e FrE
Hr}

=2
i)
)

1

]

oL,

&
i
>

5

Al
N

]

=1
s [T

U= Ulr) = Ulryory) (1)
Aol AalAE F(pol RERTT ¥ 0, of
& W4 ouAe} 4 09 2L WS Btk

f:ma:—(i—rU U=—ffdr 2)

ety 7HEE(a) 9 dAke] Am)el wE B
2g Fol Fo] A5 ¢H ATkl wE A
#H A (trajectory)°] St

2] Ao R YAEE HEA ofvA
g Yehlz] S gast 3 e A shAd
Fo] N ER o]RofZit). o] AF9] EA-54E}
AlEgoldo] AHEE= 3 A<l ClayFF+= & A
A Azele] Ao Held US4 3)F 2
o] EHITHCygan et al., 2004).

[]total = U(/'oul + UVDIV+ Ubondfstretch + Uanglefbend (3)

2 3)ANA Uepre ZF ANUA, Uppp= HHEIZ
w2 YRS YEE, ol BA Iinter-
molecular)®] H]Z3 oA (nonbonded energy)S
At Ui 31 AY & 4 W
(intra-molecular)®] 415715 (stretching vibration)
= B, Ungie-sena 4] 58 215(bending
vibration)= F T} ol= AF ofufA(bonded

energy)E 9|73 KCygan et al., 2004).
2% MAA(Ucon)= 7 8l(long-rang)7H4 &
ek dath 1o AX71A FEAE AUAR A
2 O& F 4AG, ) A gl vlEsta
A2 ke Aol WHIEISHCygan et al.,

2004).
e? 495

Uppt = ———
Coul
4me, ; =T

4)

i

2l @oNA e A HdlEHe = -1.602 x
10" 0)°]a g& AFdele] F2&(a = 8.85419
x 10" Fmhyolth. ¢:9} g5 YAtz oz Axt
H A s} o] FEAsE YRt

W 282 oAUA(Uppp)e B8 F A7 A
2 HIgo=N F7tshe @ (short-range) ©ll
uxet #AHAE  HH(repulsive force)d U
(attractive force) ANUAE YAt + Ake] A
()7t A= 7P7HE o dojue ARk SH
(electronic overlap)> # Z(repulsive force)S =
N7 AT dAke] A xe] MEe QY
(attractive force)= TAAIZITE YREHo= A=}
7re] Aglel Wi Eds ouxe] AAE to
20| Lennard-Jones (12-6) 35~(Jones, 1924; Allen
and Tildesley, 2017)2 EdHt}.

L —

i=j Tij Tij

21 (5)°ll Dot R= AEAS] 7PHHTE Dy
AR} 9k j7F o] F= P AI71E vERl= 7hEW
T2 Huld oA &9 Zloj(well depth)E
ERth Ry HA oUAIE Zh= dA}F 9} jAko] 9
AE)E A& Hif(arithmetic mean) 2.2 Al4FgE 7}
HHrE HElA ouA =9 XS orgitt
(Lee, 2006). A8 /e 2Ee ovlsiy,
7";','_6}\_;. ?lﬁ% 9]“]3]{— @"/I:E]'

ClayFFoll A= 4 ](hydroxyl group, OH)9]
A A= A Usond sireicn) = BAFE 18 23}
€1/ (harmonic potential)©]t} 22 HElE(morse
potential) S ARE-SICE 23} HeES ARES 4
719] AbAas} 4 Abole] At oAl ot 2
o] EHHETKCygan, 2001).

Ubond—strech, = kl (7‘ T )2 (6)
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21 (6)olA r& 719 A Aol e T
A7 W Z83ks 3lo] e SIS e
A Aglolt). k2 dA We] 39| d(force
constant) 22 29| WZ|(Hooke’s law)e] &4
3+ (spring constant)E UERATE o]5L x}9
A3 o7} 2 FstHA HAsHE E ~HEY

< A5 dojzt. A9 E3(infrared
spectroscopy)©|tt 2 E3R(raman  spectro-

scopy)°ll Q8 Fi7)e] WE ~HEHE EAF
o} whdel| m HEAS AMES Ao Adt
AR = tha o] THHTKCygan, 2001).

Ubond*st?’etch = Do [1 —eXp{l—a(r—ro)}P (7)

4 (7)01]/‘1 r3 o A (6)AS 22 Aideln

A 8 S o2 WA ouA §
?__r,] Zol(well depth)°]l, a= HEA oz ¢
£9 E(well width)°]t}. a“ HadEQl AHya
NI F-E2] 3 ko) ok DoE o183t 4 (8)
x5 ALk
kO
“=\lam ®)

dutA o7 AL EE 23 HEAR AskE 2

2 7re] AYE o 10% Wele] o MYS ;le
gh Abe]l weste] EAgE Tl Adeith
(Gonzélez, 2011). B2 HelHL2 RHT} ARAZQ]
(realistic) 2t olUAe] BAP} 7FsskAIT, ALt
o O %<& Axto] 4£a¥+ @io] UTHCygan,
2001). o AFolAE =2 HEES ARESA
MD AlE#H)AS AT

M2 G Al 47t i, jo ko] ol F= (6 )7}
774"‘5 :E‘IL‘:—ZI oﬂq;q(Uangle-bend)i— H -g-i —L§]' _l‘]
H8S A o o] &HH:

Uan,ylﬁ*ben/l = k? (9 - 00)2 (9)

4 @A ke 7= FU9) 1o 4 e

Wi, 9, = BEAES 4 i, o ko AF A=
ojlty. FE P& 3t FHo| FHolL FHAE
AE 98l AR, Ha ‘T’_}-r]/] FE ANEHolA

NAE Unngle-benas LBISHA] 2=THCygan et al.,
2004).

Fig. 2. Atom types (Hin vS. Hou; Oin VS. Ogus Oa Vs.
Oy) used in the current study.

2 EH o
c1ayFFoﬂH de] st viavge] FEAS
(= T 7KHZ ZWAA vladE(octahedral

magnesium, mgo, gme = -1.36 e)F FAHSHE ©}
I|<5(hydroxide magnesium, mgh, gug = -1.05 €)
o] ZA13HCygan et al., 2004). UA AFI2
ClayFF 32 ojZdA#d HEFES 7oz
s]of, ] AP A2 E FEASs= Mg
= Al Y3l mgoZt, 5 s 3E
(hydroxide minerals)®] ZTAATS] MgE YEH
7] fliAE mgh7t AHEEO] itk SRR, 2
A 3= MD AlEYolAddA FAkskE FE
9l &40 mgo9t mgh ZF AMEElom, HE
Azt W& MD AlE#olA Aol 9 AEErt o
gl AelEA] F3hthBraterman and Cygan,
2006; Wang et al., 2006; Zeitler et al., 2014). =
A o AFA e AHEAA FES FHAR
o] Z+2t mgo$t mghs A3t MD AlE# oA
Aol zto]d-g Hlwste ALke] HEEE
Eii=g

o] FEZASI] Aedk FH, osupercell?]
AAAS}E <0 HEE dF Aase FEAsE
TABIATE oF 3% olste] W9l At £ Al
ol Ao F83 IFe vAA de= AL

2 o ZHEiWang et al., 2006; Cygan et al.,
2004). 2t A5 4A T3] H A A F=
Fe] Ao mEt AEY olg& AFHcE ¢

27 43} thFig. 2). A}ﬂdxﬂ&# A Ak
(apical oxygen)= TWA|AT AZAHe AR
‘0, AZE o3 SiAMAIES ddstke 4Ata
(basal oxygen)E 0Oy, ZHA Y Jd2E FH=Z 5
o] vgZE(outer) S Fdt= 21 FAE ‘Hou,
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Table 1. Two type of partial charges in |e| (gmgo OF Gmgn) for trioctahedral clay minerals

brucite [Mg(OH),]

lizardite [Mg3Si;Os(OH)4]

talc [Mg;Si401 o(OH)z]

Gmgo™ Qg Gmgo Gmgh Ggo Ggh
M mgh mgh mgh mgh mgh mgh
€ +1.36 +1.05 +1.36 +1.05 +1.36 +1.05
- - st st st
Si
- - +2.10 +2.10 +2.10 +2.10
H, ho ho ho ho ho
e +0.425 +0.425 +0.425 +0.425 +0.425 +0.425
o ohs oh ohs oh
o -1.105 0.95 -1.0936 -0.95
- - oh oh oh
Oin
- - -0.95 -0.95 -0.95 -0.95
o - - obss ob obss ob
¢ - - -1.2996 -1.05 -1.2825 -1.05
- - ob ob ob
Oy
- - -1.05 -1.05 -1.05 -1.05

*Wang et al. (2004).
T Zeitler et al. (2014).
"Wang et al. (2006).

ole} AZAHE AAE ‘O, THAC A4H 4
2 ApEAE 91 F7Ee] 9H(inner)S e 44
719 FAF Hy, o9 2% AAE 09 7]
52 FUSIATHFig. 2). 2t FEolA AREgE ZHA|
g YT FEHSHE Table 190 A28k th

> &

¢

Al2g0[Hd YHY

o] Aol A Materials Studio 2016 (BIOVIA
Inc.)9| Forcite E&E= AM3IA AlEdoldS A
Alatlnh. 2t F=o] AA F2E HESAI7| A
el At Haslelr] Sl FxHAS
(geometry optimization)E -4 ATt o)+
dukzoz  AEEHE 2nE e E(smart
algorithm)< ©]-&3] A4 2] YF-oi=]7} 2 x 107
kcalmol!, F°] 0.001 kcalmol'A™, ¥-¥°] 0.001
Gpa, AZI7F 1 x 10° A o2 38T wj7}A] +
ZH A= AAIET Ugws= Ewald summation
= AHESHAAL Upppdl AUAEE 724, gAt
O|EA 10 A, EAA 9 ASE HAst A4t
e

MD AlEZ oA Wang et al (2004)%}
Greathouse et al. (2009)2] WH-S Zasle] A=

%d-E(canonical ensemble, NVT), 525 3
E(isothermal-isobaric ensemble, NPT)e| A=
ARSI, L=, FAP), FA0), A A7
(N), ANAA(E), Q&I (H) T3 22 8 HFs
(state variables)©] F01Z B} A|2H 9] HEEZ Q]
AR FalA SAGSAR] B e PE HA
of =3t} %% Nosé-Hoover thermostat (Nosé,
1984a, 1984b, 1991)F ©|-83}] 300 K& 41512,
-2 Parrinello-Rahman barostat (Parrinello and
Rahman, 1981)F ©]&3t 101,325 Pa (1713%h)<
FASAT 7 F& ZEe] HElA oUA7} B
S(equilibration) == AlE#HC]A 2Ho] EglY]
wjFol| 2%7} 300 + 20 K& ¢HE3HE wj7hA] A
AHE At tigkd o2 FEnE NVT, NPT
AHZ ZH2E 200 x 1072 sec (ps) ©14+e] Al7to]
2059t AIE ZHA(time step) 1.0 x 1077
sec (f5)2 AA3IAIL, Verlet Eag]Fol| 2-83)
A ARk T 9IX9F £EE 953 MD AlEE
o|ld-& AT

259 o] YAS=E NVT, NPT PdES 7l
2Kk o] 3ol AF Y/dE(microcanonical ensemble,
NVE)< 1.0 fs9] AlZF ZFA 22 100 ps &<t ALt
St NVE E7HA Add 3E 725 ¢
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HERA HEFE BE BAEYS ABHlH A7

ol LESh Yo G WA Gk AW P
2 QPgstsIgich v 20 ps B9 AN B TR
g g A 1] A #4719 QB
e A 7S BAs

offt
o
M

3+ (radial distribution function, RDF)
£ o] 83lA AlEdeld AHERE AAF 1ke] A
£ EX3I¥T}E. RDFE A3 (pair correlation
function)Z F& Al2Hlo|A she] YAE AlE
st AR AR oA e T 4
FYel EAlske bE dAEY FE ARG
(Hansen and McDonald, 1990). #+23F &ejo]
A FEE 7R A A (10)F Zo] dE g
(delta function, 4(r))Z RDF Al4te] 7538t

of

i
T

22,06, (r) ]iv<§j§j5(r+n—rj)> (10)

i=1i=1

21 (10)0l4 L% AZQl r Wl EAek= vet
ue A2 OE 38hE ds Zte dAEoll x
= 3 YA EE-E(mole fraction)©]th. N2 A
2Hlo] BE A7 Tl pe Al2HlY] ARt Y
Zoltk. 1%} = 71 EAY HXE ERH vet
wt & W, ik 7 7] wEe] o] dterm)
Aol A A 2] Th.

e AHER

GubA o 2 ARS| SR Fe(velocity
autocorrelation function, VACF)E F3}¢ <=
Felo] WEste] k9] ~HER (power spectrum)
S dEth ARFE 4 Rl VACFE A"
o] BArsdets Ao EAS FHsh=T ARE
e A (1) Zo] ATt wE dA; Sxo] 3
& o] &3

C,(t) = (y(t,) » v;(t,+nAt)) (11)

2 (DA viE AR 9] £55 UYehe 22
2t grold, 1= 27] ARtelal, Are AT A S
Jujgth AZRe FIUE AME ¢ QAN F
2 IS GmyMAE A e Ik

VACFE el Hgs 2745 39] ~HEY o
SZ(power spectrum density)Z1LE dHH G F3}
T ik &9 AR 9 el Akl 2gske
A=A e A7]E HeRd

NVE &&E2] MD AlEdoldS 1.0 fs9] A%t
HE(time step) &2 F 100 psE AXFSIATE 1
SRR 20 ps &9F AlEE 0l A (trajectory)
< °]83te] VACFE et Fol Mgow v
¢ 2HERS AT ohe] 2HER O] it
T= 9F 2 em'olth

*7 A Y E9

2R AL

234, PATiolE, B4 A% tf A
gelold AsbATsl AHATE Table 26] Ao
S5l AEHOIMOE dold ARFEE g0
z50 g vAe olrh AAAT, S4F et
Y £ ANADGE Bolthy AT S 99l
. FBA BE st bEL g AHET T,
28 4,02 AENS u ABATY O 445
et g0 ARglol ATl Yxs
IATOIES] A g, b, 0F BE 0D ]
Ho} FAIAT, g2 AEHIES 53
19 Ao} 7k o] 2jol7} EAT. B4
a, bEL o8 g0 AAgl0] A@AT e}
AT cZE g,08) ABEOA Az} A2
o o AAFAAT, 7o) AL g A

N flo oo
Jomi
>

-

do o lo38 > 0

A 7% oot po] AlEEeld At
1 AdAe § 2 AolE B
o ol g2 FErit tEAN, AlEdHlA
Aol APAI= oF 0-4%2] A} HelllA LA
SHth AHHOR gy 0] Tl dEgle] AEE
ol A= Adddel v o= o] F
st ¥ dddsel dAske AAE Atst
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A7} 7ke] do)Z RDFE 43 A3 MD AlE
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Table 2. Lattice parameters of brucite, lizardite and talc calculated with different partial charges

brucite [Mg(OH);]

lizardite [Mg:Si,O5(OH),]

talc [Mg3si4010(OH)2]

qmgc qmgh eXp* qmgo qmgh exXp T qmgc qmgh exp *
3.15 3.26 5.31 5.33 5.29 5.28
a (A) 3.15 533 5.29
+ 0.01 + 0.01 + 0.01 + 0.01 + 0.01 + 0.01
3.15 3.26 5.31 5.33 9.16 9.16
b (R) 3.15 533 9.17
+ 0.01 + 0.01 + 0.01 + 0.01 + 0.01 + 0.01
. 4.55 4.69 7.08 7.41 9.32 9.54
¢ (R) 475 727 9.46
+ 0.01 + 0.01 + 0.02 + 0.02 + 0.04 + 0.04
90.0 90.0 90.0 87.8 92.0 89.8
a (9 90.0 90.0 90.5
+ 03 +03 +03 + 0.6 + 03 +02
90.0 90.0 90.0 87.7 99.9 95.7
B (©) 90.0 90.0 98.7
+ 03 +03 + 05 + 04 + 04 + 0.7
120.0 120.0 120.0 120.0 90.1 90.0
7 (©) 120.0 120.0 90.1
+ 0.2 +02 + 0.1 + 0.1 +02 +02

exp : experimental result; + : standard deviation.
*Redfern et al. (1992).

TGrcgorkicwitz et al. (1996).

$Perdikatsis and Burzlaff (1981).

4 24 A= T(Table 3). Mg-0 A3AE
= qméo‘é AHE o, J83 si-0 AgAEe
gngrs AFESLS W ARAT} O FAksA ALt
HAT. 719 AFAY(O-H)E ge® FFOl
FHglel YASA ALTESIE Mg-O B O-He
AAz H9x #3k o] E(density functional
theory, DFT) AXPAZETH FA AL AR
Si-O% MD AlE#o|d AiolA o 2HA 74]&5]
Atk o]Hg A& ClayFFE AME-SH THE MD
AEdE ol AR E Yehdth(Larentzos e al.,
2007; Zeitler et al., 2014).

RE A HEFEAA A4 Mg-0 2%
AT Gnee¥ WET g, W T Z2A AL
o} Gl T} g BTH 7] vl A
/] 3= Ea/] HZ(Pauling’s rule) o2 Amgg
AdAd= quEl ol dagiol
Aol 52 ow ARELAT, S0, A =
B AL g /\}%Sﬂié W =5 © Z4A
AT, BRARe Meol A AFE 07
Ae quedl BFS " AAVRE BEARE AFEA
T OHAIE que®l B3] PIAA] B Ao=Z
Helrh

FlE 22 HHAR ANRE b g0 FF
of &#§lo] 0.97 Al AT Hoj= Adt= A,

ol AgAgHTgE 2 %kOlE} T2 A
Upond swrecr®l 3 TA FFE 7] w20 gy
THoll M2 I AY oA e A E}Oﬁ
ARt &, Gueo= AlLFSE AT EL] 7
7191 1Al Wl O-Hi= 0.97 A°], O-HouE
0.99 Ao Z AXE AN nE Sak7]o o)
3 4 O-H AZE 097 AE AAEATH

7]

>

S 09| AHEY

22 HeldS ARSSA AlRteE 84, 2Rt
°|E T8 &9 4] g ~HE- L Fig. 3
3} o] Uehgtt FEuitt xolzp AT ALk
3 Aere B8 FEAA g5 M-S 1v)
GngS NSRS W WO HiF 90 em’! FE AA
AXE AT o) E ol FEASY] gho] E45 A
%7} A ﬁ]ﬁﬂ% A Gt

dAdet A e T AERE gl
J&OHH Hlwath gAY A, HYM(R) £
FEA AgelA G4ty AlE ﬂEUE‘; 3698
cm' 0] A %KFrost and Kloprogge, 1999), ©1% g
AN 3492 em!, gugn AAFAIAE 3561cm
2 BAEQtHFig. 3a). A&zl s 100-200
em” AT ZE 4-5%9] o)z}t ATk B 7

H
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Table 3. Bond distances (in A) obtained by the MD simulations using different charge groups (gmgo OF Gmgr)
along with experimental and other MD simulation results

brucite bond distances

Mg-O, Mg-Ou Mg-O, Si-0, Si-Op Oou-Hou
Gmgo - 2.13 + 0.08 - - - 0.97 + 0.03
e - 221 + 0.06 - - - 0.97 = 0.03
exp” - 2.10 - - - 0.96

DFT>® - 2.12° - - - 0.96°
MD® - 222223 - - - -

lizardite bond distances
Mg-O, Mg-Oqut Mg-O;, Si-0, Si-O, Ooutiin-Houtin
Gmgo 2.11 + 0.06 2.07 + 0.05 221 + 0.09 1.51 + 0.03 1.61 = 0.02 0.97 + 0.03
Gmgh 221 + 0.10 2.15 + 0.08 223 + 0.09 1.55 + 0.03 1.61 + 0.05 0.97 + 0.04
exp* 2.12 2.03 2.09 1.61 1.65 -
DFT® 2.16 2.03 2.09 1.61 1.66 0.96
talc bond distances
Mg-O, Mg-Ogy Mg-Oj, Si-0, Si-O, Oin-Hin
o 2.09 + 0.06 - 2.17 + 0.08 1.55 £ 0.03 1.59 + 0.04 0.97 + 0.03
g 2.17 £ 0.09 - 2.19 + 0.08 1.59 + 0.05 1.59 + 0.03 0.97 + 0.02
exp 2.06 - 2.03 1.62 1.62 1.05

DFT"¢ 2.09 - 2.04 1.62 1.62 0.96¢

MD# 2.09 + 0.05 - 2.12 £ 0.06 1.55 = 0.03 1.59 + 0.03 1.03 + 0.02

exp :
Catti et al. (1995).

"Zeitler et al. (2014) : MD (mgh, morse potential), DFT (GGA).
“Baranek et al. (2001) : DFT (B3LYP).

IMellini and Vit (1994).

Prenc1pe et al. (2009) : DFT (B3LYP).

"Perdikatsis and Burzlaff (1981) : DFT (B3LYP).

ELarentzos et al. (2007) : MD (mgo, harmonic potencial), DFT (GGA).

T IR AF S AEF7E 3670 em' A
(Farmer, 1958), gmgo ARIIAE AT Bt of
40 cm! Z& 3626 cm'Z, g AXTIAE 3720
em'Z 50 cm! 2 AF7F DA THFig. 3c).
Aol Eddl= 7 FFY T4 1(OHi @ OHow)
7} Z2A1SHFig. 2). oI ATFelA] Akt 49
s 99 2HERIAME F FFY T-*W]E z
T3 HAETKFig. 3b). gue= AHESH 5 T
2719 A557F 242 <3530 em' ~3700 cm’!
2, Gugs A& 90l ~3670 cm’ I ~3760
em'Z A We T Yo AMEHUY F A
A & P AETE O 2ol sidshe

ToOT
Ul °olE How AFE & AMEAIZTY] A9t 54

out T “lO 3T

experimental result; DFT : density functional theory; + : full width at half maximum.

AGCE OHou
;(]E/\L_

AZA 717} okstr] wEoltt. &

&7+ OHRo sl afd3tkFig. 3b).
Balan et al. (2002)9] IR A&)A 3584 cm' I}
3684 cm'S FAOE ThA Yo T A% ¥z}
HEEA=H, o= ol ATNA gues o83t
of A& ZF P IAF sHARE A F A
HEE 3584 cm! AHLE DA FYSH
Fe'ol| 2|8 Zo]2Fuchs er al., 1998)= 7} o}
Z, Balan et al. 2002)E &5 EIXPE}O]E IR A
AT}l 3645 e I 3684 em! (BT 3664 cm)

S OHyy IZEER, 3703 cm’S OH, Y IER
A=5=4 6H%46‘}%15} o] A¥gAxE 15, OHyy

L
%]_%E’—E L 1gh E'_

AR W(EE E 3664
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Intensity

OHout

4

(a) OHout

(b) (c)

OHi,
mgh mgh

OHin
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had v
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Frequency (cm'1)
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Frequency (cm'ﬂ)

Frequency (cm’1)

Fig. 3. Calculated hydrogen vibrational power spectra of (a) brucite, (b) lizardite, and (c) talc using an atom
type, mgo or mgh, for Mg in the MD simulations. ¥ represents the experimental IR data for hydroxyls (Frost
and Kloprogge, 1999; Balan et al., 2002; Farmer, 1958).

em'#e] Aol : -134 (mgo) vs. +6 (mgh) cm™)
ARATet o YASH oY, OH,e FEEEE
Gngos AFERS W(AF 3703 cm' o] Zo] ¢ 3
(mgo) vs. +57 (mgh) em™) A ¥A7}e}l o Y5}
At °l= OHthe 7HA= 843 OH, Y=
M Al g ALt AFdE Izt
ARAo g T HElERE ALkt 471 1t
A 2HERLE g0 TFA Y7 AFFY Ao
7F AT FEA L g AHES AT ARAH
off ZHsHA AE AL F 4%2] A5 UERHL
ot AL g s AREIA AR AT oF 1%
o x5 Holw AFAAet FABHA ALESL
o}t ZATC|E B¢, OHow ANEEEE guars A
&AL o< 1% A, OHyy AEEEE g
AERE T(< 1% 22h) A3 A o ZHsHA
A= wekA, MD AlE#E o)A 2 7
H4s o]gate 4b7|E Al 18t gl
Froll gk AlF3k Aelo] Fasit}. o A<}
to] ©d AR FAV|(OHw)E Ze 7%
< mghs, AMRARY FHo = Hgsh= W
A#e] FA7I(OHp)E 2 242 mgoE AHEE
T Utk Aol ES}; o] TR He 47}
T 7FX(OHoy & OHip)?l 7% mgh9} mgo &5
aHE g A7l Ak A1 FRel whet
vl FEASHE dYste] AR 4 Qi

4 E

AREHA AEZEQ T84, ATIE, &4
of tig MD AlE#HelAdS ClayFF 3 Z(force
field) o83t ATt Aol A&
Mg o9 HstEH F 7FA FEA8HGme <t
gmg)’t AHEE Ak o8 FEASE AMElS
AT AR, dAF 19 A, b1 2lE 9
9 ~HEY AlEHold A Ao|Hs AAA
S 2 H2EST FRAste] wet FEe] At
drd A 1 Al 59 FETE A 4
2Rl Apol= UAATE, 1 zpol7} AlEdo)d A
o 9FS = ALE IR Pk FEE A
< HAFA] Ut AA| oAUy R|e] YA} ] Efirst
derivative) S AREst= AATE Adtds 2,
s ALk A oA o]xF mli(second
derivative)oll 2]&3}7] W&ol ml1vge] FEA
stoll wheh AAFARTF FA Zel7t ' ¢ Uk o
AR 22 HEldS ARRSiA A XE
T ALEE " vl BEASe wet
Aol T 2pol7h Itk webA] AEHA A
EFES MD AlEHolAA AHF2E Mg H
A8k TR/l wet A FAVE fIAT, 4
o] AFEE ALk FEHst gk AFd 1y
7F Fasitth o AT ALt A o] EHA
AEZES o= JILE ClayFF § #o] A2
A HEFE &8 7Hsds BHoar, dE
o|ES] gF A& 712 Aot 22 AEHA
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