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ARTICLE INFOD ABSTRACT
Aetiche hisgary: Octahedral TUD, nanocrystals {OTNs) have been prepared by 2 bydrothermal method with the main sur-
Received 7 hupust 2015 face of {101} Then the arsenic adsorprion behavior on OTKs is investigated in 2 broad experimental pH
Aagepted 6 Dersher 2015 range from 1.0 i 135, The maximum a:lsurpn:m:ufmenue[.'d]l[l]mmm[;\ﬂl’l]appﬂr at pH

wallues 8 and 4, respectively, It & inceresting to see that the mindmum adsorptians of As{lIl) and As(V) are
boths at pH 12 and then their adsorptions increase again at kigher pH values such as 13.0 and 13.5. To our

Keynord: best knowledge, it is quite mew to repant the arsenic adsorption on the controlled Tioy serface especially
tm at very high pH values. These resules might be helpful to understand the adcorption mechanism. On the
Ty wither hand, periodic slab models of Ti0y; anatase [101) surface with some H* cations, some water mole-
Dessiry functienad dasery cules or some O™ ions are suggested to simulate the pH efiect. Using these models, the adsorptions of A
Adbarptisn {11} and As{V] are simulated by the density functional theary [DFT) method. Qualitatively, the adsorption

abilites of amenic speciss, water and OH™ follow the order of AsO}™ > OH™ > HASOY™ >
HyAZD} > By s Hyhely for A and AsDy™ = OH™ » HASDS™ » HaAsD] » HyAsDy > HAD dor As[V) It
impliex that HyAe07 should be the major As{IN) species at pH B and HyAs07 should be the major Az
(W) species at pH 4, and the most pegative charged lons As04~ and As0d- should correspond to the
adsarptions at the high pH values 13 and 125,
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Metal cations as well as water are important factors to control the synthesis of Mnll; crystal
nanastructures. In this work, systemic Density functional theory caloulntions about o, 3,
f=hintl; are presented to show the importance of metal cations and water for the stowcture
stahility and energy stability of Mno(dz. It is shown that the aMnCy coystal and its (110}
surfuce will crash without the tunnel cations such as K+, and the distance between the lnyers
of the d=Mnl), will be significantly lower than that of the experimental results without the
mterlayer metal cations and water. At the ssme time, a=Mno(lz and faMnl)z can be more
stable than fMnl), with metal cations and water, and vice versa.

Key words: Mn(z, Density functional theory, Metal cation, Formation energy, Stoucture

simulation
I INTRODUCTION

Mn(}; is a very useful material. 1t has more than 30
different crystal structures [I, 1]. and can act o elees
trode, supercapacitor, catalyst, iom sieve, adsorbent,
ete. [#=7]. In recent years, we tried to control the
synthesis of nanostmuctured manganese oxide with dibs
ferent forms such as o, 2, 7, 4, and improve their cats
alytic properties [8—12]. Based on these researches, we
found that metal cations s well as water are impartant
faertors to control the synthesis of Mo(a crystal nancs.
tructures. For exnmple, by using M50, and KOy as
starting materinls under hydrothermal conditions, when
there are sufficient K and H¥, aedn0; is the prodoct;
when there is oo K+ and H¥, 53}y is the prodoct;
when there & only H, feMn(); is the product; when
there is no H* but Ac=, MaQOH & the product [5]. It
is obwvious that metal cations and water are pecessary
o prevent codlapse for large framewnek Mudk such as
romanschite, todorakite, efe |1| In fact, these phes
nomena have alrealy been reported. In 1998, Fritsch
et al reparted that the cations in the crystal funnels
were very important for the stability of Mol coystals
and without the tunnel cations large fmmewark MG,
can not pasibly be pregared [13]. In 2006, Johnson =
el demonstrated that the mterlaver water is strongly
bound to the imterlayer cotions, and plays an important
role in the thermal stakility of lnyered Mo(); stmctares
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To my knowledge, there has not been a systemic
theoretical study about the structure stability and ens
ergy stability of Mun{};, which corresponds to the metal
cations and water in it. In the present work, we just take
the frmmework aeMnd), (22 tunnel with metal cation
K*), Aadinddy (131 tunnel without metal eation), and
lowyer structure dMnCky (1350 with and without metal
cations and water) as examples to show the inpartance
of the metal cations and water by the density functional
theory (DFT) caleulations.

Il. METHODS

The caloulations have been performed with DFT
with periodic boundary conditions [15]. The exchanges
correlation mteraction is treated within the geoerals
ized gralient approximation (GGA) with the functional
parsmeterized by Pevdew, Burke and Enserhof (PEE)
[16]. Atomic basis sets are applisd mumerically in terms
of & doubde numerical plus polaration function with a
global orbital cutolf of 4.7 A [17]. The geometry opti
mization comvergence tolerances of the energy, gradient,
and displacement are 102 Hartree, 25103 Hartres/ A,
and 5% 1073 A, respectively. All electron DFT ealeulne
tions in the present work are performed using o D3dal®
packnge in the Materials Studio (version 5.5) [15—20] at
the same level of theory except the different Monkhorsts
Pack k poings [21] used for the different supercell caleus
Intions.

It is known that the hybrid and the PRE+" methe
ods can give better electronic properties. However, we
need to choose different [ and different hybrid fumes
tionals for different Mn(), crystals as well as their sure
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Densiry functional theory caloulations have been carrisd out to imvestigate the 5-Mn0, (1 10) swurface,
Is shown that the energies of nonmagnetic (M) and ferromagnetic | M) states are higher than that of the
antiferromagnetic [AFM) states, and at the same time some AFM states have simidlar stabilities. Using a
27:layer thick periodically repeated slab maoded, the [ 110) surface with all kinds of no reconstruction ter-
minaticns have been caloulated. The AFM surface T1 with the lowest surface energy of 077 | m is the
mist stable surface, which exposes the crystal 2 = 2 semitunnel o air. When we put OH™ jons onio the

b’“ﬁm;_m' surface T1, pur computed results agree with the experimental atomic force micrescopy results. We hope
Dirviry Pencrional theany that our calculations would be belpful for the understanding of the a-Mn0y {110] surface and ferther
Srface emegy exploration of some adsorptions and reactions oo it

Magnetic propeny © 2014 Elsevier BA. All rights reserved.
1. Introduction oxides for low=temperature selasctive catalytic reduction of KO

a=Mnl, cam act as an efficient and robust water axidation
catalyst under visible light in strong scdic conditions | 1], and Oy
reduction catalyst in a KOH solution |2 ]. Based on our experiments
of dimethyl ether combustion, MnO; catalytic activities are mainky
dominated by the crystalline phase, and a=Mn0; is better than
=Mnlly and f=MnD; [ The 2-Mn0; crystal structures can be
found from MED pattern (JCPDS 44-0141) and the recent reports
[4.5]. In terms of magnetism, the ground state of x=Mni; is conside
ered to be antiferromagnetic or helical magnetic [£.7]. Using atom-
ic force microscopy [AFM]), Yamamato et al determined the atomic
configuration and topography of the a=Mn0; surface [8].

Computational chemistry and molecular modelling tools are
capable of simulating crystal and surface structures and advancing
our understanding of adsorption and catalysis behaviars an solid
surfaces. In 2007, Franchini et al reported the structural, slec-
tronic, magnetic, and thermodynamical properties of Mnd,
Iinglhg, a=Mng 0y, and P=n{y crystals by density functional theory
[DFT) methods [9]; in 2008, Kwan et al. reparted the calculations of
layered &=Mndy | 10]; in 2011, Oxford and Chaka reported the cale
culatians of many kinds of f=MnCy surfaces [ 11]. For 2=-Mn; crys-
tal, Cockayne and Ui cakulated the atomic, electronic, and
magnetic properties in 2002 [12]; Duan et al. calculated NijCof
Feedoped 2=Mn(; in 2012 and 2013 |13,14]. For a=Mnd; surface,
Tang et al. used the oxygen-rich and oxygen-lean a=Mnlz surface
madel to explain the surface strucure sensitivity of manganese
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with NHy in 2011 and 2012 [15,16].

To achieve a deeper understanding of the a=Mn0, crystal and
surface, DFT with periodic boundary canditions have been applied
to calculate a=Mn0; crystal structures with different magnetic
arrangements and different kinds of 2=MnChy (1 10) surface termi.
nations. The next section gives details of the computational maodel
and the parameters wsed. The results section examines the crystal
and surface structures, Then the most favorable erystal and surface
structures are confirmed.

2. Computational method

The calculations were performed with DFT with periodic
boundary conditions [11]. The exchange=carrelation interaction
was treated within the generalived gradiemt approximation
[CCA) with the functional parameterized by Perdes, Burke and
Enzerhof (PBE) [17]. Atomic basis sets were applied numerically
in terms of a double numerical plus polarization Function [18]
and a global orbital cutedf of 4.7 & was emplaoyed. The geometry
optimization convergence tolerances of the energy, gradient, and
displacement  were  10°% Hartree, 2 10~ Hartree A", and
5w 10-TA, respectively. All the structures were optimized at
the same level of theory unless otherwise mentioned. The sur-
face energy 7 (Jm™) i& used o estimate the surface stability
as follows:

3= (Ut = U} S m

where Uyer and Upgy are the energies of the surface and crystal
with the same number of bulk wons, respectively, and Sgp B
the surface area, It is necessary to ensure that 2 sufficient number
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