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Abstract

We show a comprehensive study on the structure and electronic properties of a

layered manganese oxide commonly known as Birnessite. We present the effects of

substituting different intercalated cations (Li+, Na+, K+, Be2+, Mg2+, Ca2+, Sr2+,

Zn2+, B3+, Al3+, Ga3+, Sc3+, and Y3+) and the role of waters in the intercalated

layer. The importance of the Jahn-Teller effect and ordering of the Mn3+ centers due

to cation intercalation are addressed to explain the ability to tune the indirect band

gap (Ei
g) from 2.63 eV to ∼2.20 eV and the direct band gap (Ed

g) from 3.09 eV to

∼2.50 eV. By aligning the structures’ bands, we noted that structures with Sr, Ca,

B, and Al have potential for usage in water-splitting, and anhydrous B-Birnessite is

predicted to have a suitable direct band gap for light capturing. Furthermore, we also

demonstrate how the effects of cations in the bulk differ from the behavior on single

layer surfaces. More specifically, we show that an indirect to direct band transition is

observed when we separate the bulk into a single layer oxide. This study shows a new

strategy for tuning the band gap of layered materials to capture light which may couple

to its intrinsic water-splitting catalytic properties, thus resembling photosynthesis.

Keywords

water-splitting — oxygen evolution reaction — semi-conductor — light capture — band gap

tuning

INTRODUCTION

The splitting of water is an attractive method to generate a renewable source of fuel through

H2 production and potentially reducing CO2 into fuel such as methanol.1 However, the

oxidation of water comes at a price, requiring a substantial amount of energy to be a favorable
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reaction:2

H2O → 1/2 O2(g) + H2(g), ∆G = 1.23 eV (237 kJ ·mol−1) (1)

Fortunately, Nature has provided a successful method of water-splitting: photosystem II

(PS-II), which stores energy by capturing solar energy to oxidize water. The core of this

process is the oxygen evolution center (OEC) which is composed of Mn4O8Ca in a cubane-

like conformation coordinated to surrounding proteins and water.3,4 Although the process of

water-splitting is not fully understood, it is known that the process occurs via five interme-

diate cycles known as Si states (where i represents states 0 to 4). Throughout this process,

Mn3+ ions in PS-II are oxidized to Mn4+, allowing for photo-catalysis in the system to oc-

cur.5–8 Inspiration from the OEC have led to discussion and synthesis of various mimics to

performing water-splitting and renewable fuel.9–11 Some examples of this mimicking is found

to some degrees in numerous natural mineral structures consist of manganese and oxygen con-

tent, for example: Ramsdellite (γ-MnO2)12, Pyrolusite (β-MnO2)13, Hollandite (α-MnO2)14,

Pyrochroite (Mn[OH]2)15, Groutite (MnO[OH])16, and Manganite (MnO[OH])16, to name a

few.
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Figure 1: (a) General structure of Birnessite. (b) Birnessite layer with metal cation (water
removed for clarity) and the three potential sites for a cation to occupy: over a Mn cation
hollow site H1, over a oxygen hollow site H2, and over an oxygen top site T.
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One of these natural geological forms of MnxOy is a layered structure commonly known

as Birnessite (see Figure 1). Birnessite is composed of layers of edge sharing MnO octahedra

with an interlayer of hydrated cations and a general formula of Na0.5MnO2· 1.5H2O.17–20

Birnessite is known to catalyze water-splitting (also known as oxygen evolution reaction,

OER) with a moderate overpotential.21 Regarding its application as a catalyst, Birnessite

yields several similarities with the OEC in PS-II. For one, the octahedra structure of the

MnO models the cubane-like conformation and contain manganese ions with oxidative states

comparable to the S-states. It is also composed of mainly Mn3+ and Mn4+, which are

key intermediates in the OEC. However, an intercalated calcium ion in Birnessite assists

by ensuring a neutral overall charge in the structure by modulating the oxidative state of

the manganese rather than bonding to oxygens to form a cubane-like structure as in the

OEC.22,23 Thus, our initial goal was to study the water-splitting mechanism by Birnessite,

however during our study we found that Birnessite have promising properties as an effective

light-capture material.

A major component needed for achieving artificial photosynthesis is to find water stable

compounds with a direct band gap (Ed
g) ideally between 1.7 eV to 2.1 eV for O2 generation

and 1.1 eV for H2 generation in a tandem cell. Sakai et al. suggest that synthetic Na-

Birnessite has a band gap of 2.23 eV,24 however, Pinaud et al. state that Na-Birnessite

has a direct band gap of 2.7 eV with an indirect band gap around 2.1 eV.25 Although

these studies indicate Na-Birnessite is an inefficient material for light capture, the electronic

structure and light capture capabilities have not been thoroughly studied. Manipulation of

band transitions may be achieved through the insertion of various cations and studying the

behavior of intercalated waters. Another study of interest are the properties of single-layer

surfaces of Birnessite. Studies on ultra-thin surfaces of MoS2 showed that as the number of

layers are reduced, the indirect band transition decreases until it disappears with a single-

layer surface,26 and titanium oxides, a heavily studied photocatalyst, has shown anions and

cations in the bulk and on surface structures alters their band gap energies by doping the
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structures.27–30

To build an intuitive understanding of Birnessite’s structural and electronic properties,

it is worthwhile to investigate its behavior with the removal of water, cation exchange,

and as an ultra-thin surface. In this paper, we present the effect on the band gap and

electronic structure by substituting different cations (Li+, Na+, K+, Be2+, Mg2+, Ca2+,

Sr2+, Zn2+, B3+, Al3+, Ga3+, Sc3+, and Y3+) between the layers and on single layer surfaces,

the role of water in the interlayer, and changes in the arrangement of the oxidative pattern

of managanese cations in the MnO layers. In this study we describe how some Birnessite

structures can be promising light capture materials for the water-splitting reaction given

their right band alignment and band gap. These predicted properties can be potentially

combined with other Birnessites with intrinsic catalytic activity to build a large component

of an artificial photosynthetic system.

MATERIALS AND METHODS

a. Structure Generation.

The structure of Birnessite was taken from experimental structures of Na-Birnessite: Na0.5Mn2O4·

1.5H2O19,20. To generate a bulk model, the unit cell geometries were optimized on Mn4O8·3H2O

1x2x1 supercells with Li, Na, K, Be, Mg, Ca, Sr, Zn, B, Al, Ga, Sc, and Y cations. DFT

calculations were performed using B3PW91 hybrid density-functional31,32 implemented in

the CRYSTAL09 code.33 B3PW91 was chosen as it has shown to accurately predict band

gaps for several semiconductors.34 Optimization of the unit cell of the crystal structures were

performed using TZVPP Gaussian basis sets for H, Li, Be, B, Na, K, Mg, Zn, Al, Sc, and

Ga,35, Hay-Walt VDZ effective core pseudopotentials for Sr, Y,and Mn36–38, and a modified

8-411d1 basis set for O.38 A list of all the basis sets can be found in the supplementary

information. The semi-empirical Grimme-D2 dispersion correction was used in order to es-

timate the van der Waal forces.39 The reciprocal space for all the structures was sampled by
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Γ-centered Monkhorst-Pack scheme with a resolution around 2π × 1/40Å
−1

. The threshold

used for evaluating the convergence of the energy, forces, and electron density to optimize the

structures was 10−7 au for each parameter. From the optimized structures, shifted cation,

altered oxidative manganese patterned structures, two cation structures, and water removed

structures were created. Shifting a cation’s site occupation was done by manually shifting the

cation to a new site and optimizing the structure. Two cation structures were constructed

by manually adding a second cation into the interlayer and then optimizing the structures.

To obtain the parallel Mn oxidative pattern, the spin distribution of the manganese ions was

constrained from the alternative Mn oxidative pattern.

To determine the optimal structures for one, two, and three waters removed from the unit

cell of the bulk structures, all possible combinations were considered. Since three waters are

present in the unit cell, there are three possibilities each for removing one water and two

waters. All of these possible structures were created, the electronic energy between the three

structures for each water removed were compared, and the structure with the lowest energy

for each water removed were chosen as the optimized structures.

Surfaces were initialized from the bulk structures from a slab cut along the (100) direction

to generate a single layer MnO with the intercalated cation and waters. The M+
2 Mn4O8·6H2O

(using Li, Na, and K) surfaces were first optimized from M+Mn2O4·3H2O unit cells, and then

expanded into M+
2 Mn4O8 · 6H2O 1x2x1 supercells. Optimized water removal structures for

the two cation surfaces were performed following the procedure for the bulk structures.

b. Electron Properties

The band pathway followed the symmetry points labeled in Table S7 with the pathways

illustrated in Figure S5. Note that the N symmetry point for the surfaces was -1/2, 1/2, and

0 for b1, b2, and b3, respectively, the bulk structure followed the one labeled in Table S7.

The density of states were plotted using the atomic orbitals of the manganese, oxygen, and

intercalated cation while excluding oxygens from the intercalated waters as water did not

6



This is a Pre-print. The final version has been published in:

K.P. Lucht, J.L. Mendoza-Cortes, The Journal of Physical Chemistry C, 2015, 119 (40), 22838-22846

provide any energy states in either band. More comprehensive DOS diagrams can be found

in the SI.

Band alignment was determined by taking the electrostatic potential energy from the MnO

layer (the intercalated layer above the MnO layer) to the vacuum. The band energies were

then set relative to this potential energy for both surfaces and bulk structures.

c. Calculating Relative Energies

The electronic energy of the optimized unit cells for each cation were compared to one

another to determine their relative energy. Note that all reported relative energies are with

respect to the unit cells (e.g. kcal mol−1 per unit cell). The Gibbs’ free energy of the

systems was approximated using the electronic energy of the structure since vibrational

contributions were negligible (shown in the SI for water removal in Na-Birnessite). The

Gibbs’ free energy including frequency calculations for water removed structures of Na-

Birnessite were performed, and can be expressed as:

∆G = Eelec + E0 +Gvib + PV − TS (2)

where E elec is the electronic energy, E0 is the zero-point energy (1/2 h̄ω), Gvib is the thermal

contribution to the vibrational energy, PV is pressure and volume, and TS is temperature

and electronic entropy, respectively. The greatest vibrational contribution was the zero-point

energy, which was still four orders of magnitude smaller than the electronic contribution

alone (refer to the SI). Hence, the electronic energies for Birnessite structures were a fair

approximate for the Gibbs’ free energy for these cases. Thus, we refer to relative energies as

∆E unless otherwise indicated.
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RESULTS AND DISCUSSION

Single Cation Bulk Structures

a. Structure

In the simplest Birnessite structure (no cation), the waters in the interlayer will situate

themselves between an oxygen from each layer due to the hydrogens’ affinity for the anionic

oxygens. To achieve this conformation, the MnO layers will shift so that the oxygen facing

into the interlayer will be on top of one another. When a cation is placed in the interlayer,

it has the choice to situate itself between two oxygens, too, or wedge itself into two possible

hollow sites in the layer, depicted in Figure 1b. For a majority of cations, there is a strong

preference for the top site (T) in order to interact with the layer oxygens.

For Li, K, Na, and Sr the unit cell energy between the hollow site (H2) and T occupancy

were nearly equivalent (Figure 1). Although the energy for B is also comparable, it is not

due to occupancy but due to a difference in its coordination with water and an oxygen in

the T location. Even though the location of the cations Li, K, Na, and Sr could shift, it was

found that there were no significant differences in the electronic and structural properties

due to site occupancy. Rather, the cations’ charge act to modulate the oxidative state of the

manganese while the size of the cation separates the layer. These two behaviors compete to

determine a cation’s affinity for the T site oxygen as greater Coulombic interaction promotes

interaction while increasing a cation’s size diminished it. Cations who interacted strongly

were found to coordinate to one or both of the layers. The three possible interactions that

were found are shown for selected structures in Figure 2. The ability to coordinate to the

layers depended on the hardness (i.e. radial charge density) of the interlayer cation. In

particular, the +2 cations demonstrate this dependence as the hardest cations (Be, Mg, and

Zn) coordinate with water and the layers while the softest cations (Ca and Sr) have no

interaction with oxygen on the layer and from water.

Beyond chemical interactions, as cations are intercalated, manganese ions are converted
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from a stable d3 (Mn4+) state to an unstable high-spin d4 state (Mn3+). These Mn3+

cations will undergo a strong Jahn-Teller effect, elongating a pair of oxygens in order to split

degenerate d orbitals to fill lower energy orbital shown in Figure 3.

Figure 2: Representative Birnessite structures. (a) displays Na-Birnessite, an example where
a cation has little interaction with the layers, (b) displays Be-Birnessite, where a cation
coordinates to one layer, and (c) displays Al-Birnessite, where the cation coordinates to
both layers.

Figure 3: (a) illustrates the Jahn-Teller effect. For Mn3+ to the right, the Jahn-Teller effect
causes elongation of the Mn-O bond compared to Mn4+ to the left. Due to the loss of
degeneracy, the orbitals for the Mn3+ are offset to lower the energy of the partially filled
orbitals. (b) displays the two possible oxidative patterns of manganese when a +2 cation is
present in the unit cell, (i) displays an alternating pattern of the manganese and (ii) displays
a parallel pattern of the manganese.

Additionally, cations will induce a greater separation force which may be mitigated by en-

hancing the Jahn-Teller effect rather than increasing layer separation; alternatively, hard

cations (i.e. Be, Mg, Zn, B, Al, and Ga) can induce local elongation of the Mn3+-O bonds to

allow oxygen to coordinate to the cation.40 In both cases, layer expansion will occur as the

Mn3+-O bond weakens from the enhancing affects of the cations. Meanwhile, Mn4+ will not

undergo distortion, and will stabilize elongated oxygens from Mn3+ centers it is coordinated
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with. As the charge of the cation increases, and with it the number of Mn3+, the layers will

be further destabilized as there are less Mn4+ to resist the elongation of the Mn3+ bonds.

Thus, the MnO layers behave in two ways by varying the intercalated cation: either they

separate by increasing the interlayer spacing or the layers spread out by expanding their

average bonding distance. Generally, the separation of layers is more pronounced with de-

creasing hardness down a column on the periodic table since cations with a greater radial

size induce a larger separation force. However, as cations increase in charge, the expansion

of MnO layers becomes more pronounced as a greater number of Mn3+ centers are present,

allowing the layers to relax by increasing bond lengths.

Another result of reducing the oxidative states of the manganese centers in the layer is

rearrangement of the manganese oxidative pattern. Since the unit cell has four manganese

arranged in a rhombus, two different oxidative state patterns are present for the MnO layer.

These arrangements are both possible if two pairs of manganese cations with differing ox-

idative states are present in the unit cell, which are illustrated in Figure 3b. Comparison

of their electronic energies shows the alternating oxidative pattern is slightly favorable (<3

kcal/mol), except for Sr (unfavorable by 6.26 kcal/mol) indicating the possibility of both

structures being present. The main difference between the two manganese oxidative pat-

terns is the strain on the Mn4+ cations which enforces or mitigates Jahn-Teller distortion.

When the structure is arranged in the alternating Mn oxidative pattern, the MnO layers

are destabilize as the oxygens effected by the Jahn-Teller effect are oriented such that three

elongated bonds must be balanced by Mn4+, diminishing its resistance to the local elongation

of the Mn3+-O bond to coordinating cations. With anisotropic ordering by aligning the ox-

idative states of manganese into the parallel patterning, the Jahn-Teller effect is diminished

as two elongated oxygens along one axis must be controlled by Mn4+. Even in the example

of the parallel Mn oxidative patterned structure for Be-Birnessite where one Mn3+-O bond

breaks, this only allows Mn4+ to stabilize the oxygen coordinating to the Be2+ cation. By

ordering the MnO layers in M2+-Birnessite structures, greater layer separation will occur
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rather than relaxation through layer expansion.

For the bulk structures in general, their modification is due to Coulombic interactions

between the layers and a separation force induced by the pressure a interlayer cation’s size.

However, a complete picture requires an understanding of cation interaction and structural

changes due to the altered oxidative states of the manganese from the interlayer cations.

The coordination of cations to layer oxygens can be explained in terms of hard-soft acid-

base theory: as a cation increases in hardness (greater charge density) due to its charge

and size, the smaller the layer separation can be expected due to greater cation interaction

with the layers. Layers are further effected by the Jahn-Teller effect on Mn3+ centers. As

more electrons are present in the surface, the easier it is for the layers to relax by elongating

oxygens as Mn4+ centers are less able to stabilize the bonds. Cation coordination generally

promotes layer expansion as coordination will cause local enhancement of the Jahn-Teller

effect while large cations will induce greater Jahn-Teller distortion to mitigate the force their

radial size induces on the MnO layers.

b. Single Cation Electronic Properties

For the simplest Birnessite structure (no cation) with three intercalated waters, a direct

transition of 3.09 eV and a indirect transition of 2.63 eV are present. The bands of this

structure are composed of mainly Mn4+ d orbitals in the conductive band and oxygen s and

sp orbitals in the valence band. The band gaps for structures with a cation inserted in the

interlayer are summarized in Table 1 and aligned band diagrams are shown in Figure 4.
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Table 1: Band Gap for Bulk and Surface Birnessite Structures (eV)

Bulk Mn+Mn4O8· 3H2O Bulk Mn+
2 Mn4O8· 3H2O Surface Mn+Mn4O8·3H2O

Charge Cation Ed
g Ei

g Ed
g Ei

g Ed
g (Γ) Ei

g

Ed
g (X)

0 None 3.09 2.63 3.09 2.63

+1
Li 2.56 2.25 3.01∗

(3.20)†
2.69∗

(2.63)†
2.71 2.33

Na 2.65 2.32 3.00∗

(3.05)†
2.64∗

(2.53)†
2.68 2.38

K 2.62 2.30 2.88∗

(3.11)†
2.59∗

(2.63)†
2.65 2.38

+2

Be 2.95∗

(2.51)†
2.63∗

(2.23)†
2.76 2.42 2.82∗

(2.59)†
2.59∗

(2.39)†

Mg 2.92∗

(2.52)†
2.57∗

(2.19)†
2.91 2.54 2.78∗

(2.52)†
2.52∗

(2.19)†

Ca 3.02∗

(3.04)†
2.68∗

(2.47)†
3.31 2.99 2.93∗

(3.28)†
2.68∗

(2.93)†

Sr 2.94∗

(3.20)†
2.58∗

(2.67)†
3.60 3.44 2.84∗

(3.02)†
2.69∗

(2.69)†

Zn 2.94∗

(2.48)†
2.59∗

(2.21)†
3.01 2.60 3.00∗

(3.19)†
2.71∗

(2.89)†

+3

B 2.65 2.49 2.72∗

(2.33)†
2.53∗

(2.17)†
2.86 2.73

Al 3.02 2.71 2.86∗

(2.80)†
2.43∗

(2.66)†
2.92 2.63

Ga 2.96 2.66 2.68 2.41 2.66 1.96
Sc 2.82 2.43 2.98∗

(2.69)†
2.72∗

(2.58)†
2.91 2.61

Y 2.92 2.51 2.67∗

(2.56)†
2.41∗

(2.24)†
2.94 2.58

∗ Values for the alternating Mn oxidative pattern.
† Values for the parallel Mn oxidative pattern.

Inserting +1 cations into the interlayer resulted in a reduction in energy of the band tran-

sitions for all +1 cations. Although this reduction makes the cations immediate suspects,

the valence band is composed primarily of Mn3+ d and the two Jahn-Teller distorted oxy-

gens’ s and sp orbitals while the conductive band is composed of mainly Mn4+ d orbitals

(Figure 4a). Considering how soft the alkali metals are and how stable the structure is with

three Mn4+ cations in the unit cell, they interact little with the layers. With the cations

vindicated, the sudden reduction in the band gap can be attributed to the lowering of the

energy of the valence band induced by Jahn-Teller distortion while the energy states for the

conductive band are maintained by Mn4+ and its coordinated oxygens.
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Once +2 cations are introduced, the band energies begin to shift to greater relative ener-

gies. For structures with the alternating Mn oxidative patterning, Be maintains a band gap

similar to the alkali metals while the remaining +2 cations all have band gap energies similar

to the simplest Birnessite structure. The difference in energies is a result of enhancing the

Jahn-Teller effect due to cation size and oxidative patterning. For the harder coordinating

+2 cations, enhancing of the Jahn-Teller effect occurs by elongating the coordinating layer

oxygen. Furthermore, in the case of alternating oxidative patterning, the Mn4+ are forced

to interact with three elongated oxygens. With larger Jahn-Teller distortion around one

Mn3+, the valence band energy shifts downward while the disruption on the Mn4+ shifts the

conductive band higher in energy. Once the manganese oxidative pattern is adjusted to a

parallel pattern, Be, Mg, and Zn reduce their band gap to ∼2.50 eV direct and ∼2.20 eV

indirect, lower in energy than even the +1 cations. With anisotropic ordering by aligning the

oxidative state of manganese into the parallel patterning, the Jahn-Teller effect is diminished

for structures with Be, Mg, and Zn, allowing for both of the Mn3+s’ d orbitals to partici-

pate. Even in the case of Be which has a bond broken between a Jahn-Teller affected oxygen

and Mn3+, the square pyramidal geometry still lowers the valence band comparable to the

remaining octahedral Mn3+. Additionally, for these structures, Mn4+ ions now only interact

with two opposing elongated oxygens as opposed to three in the alternating structure leaving

four unaffected oxygens, lowering the energy of the conductive band. Comparing their DOS

to their alternating Mn oxidative pattern counterparts, these effects result in the conductive

band increasing slightly in energy and the valence band decreasing slightly in energy (Figure

4b and Figure 4c). However, Sr and Ca maintain band gap energies for either pattern as

the Jahn-Teller effect for the parallel Mn oxidative patterned structures order the elongated

oxygens differently than Be, Mg, and Zn. Rather than interfering with two Mn4+-O bonds,

their orientation disturbs four of the Mn4+-O bonds, resulting in the conductive band shift-

ing up while the Mn3+ orbitals remain unaffected. The difference in the orientation of the

Jahn-Teller elongation is due to the coordination of the cation, as lowering the energy of
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bonding orbitals promotes coordination of the cation metal with an elongated oxygen. How-

ever, Sr and Ca have no interaction with the layers but induce stress on the structure due

to their size, therefore, the oxygens prefer to elongate away from these cations to relax the

structure.

With the addition of +3 cations, the layers are highly distorted as the single Mn4+ interacts

with four elongated oxygens, comparable to the Ca and Sr structures with parallel oxidative

patterned layers. Since only a single Mn4+ is present to stabilize the structure, coordination

offers little incentive to order the elongated oxygens as Mn4+ will always interact with at least

four elongated oxygens regardless of orientation. Thus, it is no surprise that the band gap

transitions (shown in Figure 4d) have similar energies for all +3 cations and near the values

for the simplest Birnessite structure. Of all the structures, the energy of the valence band

of Sr has the best alignment for the oxidation of oxygen in water, followed by structures

containing B, Al, and Ca. To our knowledge, experiments have not been conducted on

the catalytic properties of synthetic Birnessite structures with these cations. Experimental

studies on these structures with a material suitable for the hydrogen evolution reaction could

be excellent candidates for hydrogen production.
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Figure 4: Electronic properties for (a) +1 cations, (b) +2 cations with an alternating Mn
oxidative pattern, (c) +2 cations with a parallel Mn oxidative pattern, and (d) +3 cations.
(i) displays the band structure and (ii) the total DOS for populated Mn and O orbitals.
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c. Two Cation Structures and Electronic Properties

The addition of two cations of the same element were optimized in the bulk. A summary

of the energy of formation from one cations structures is summarized in Table S1 in the

SI. The lowest energies of formation were B , Li, and Na, as these cations could either

coordinate to the waters and layers rather favorable (in the case of B) or were small enough

and interacted little with oxygen (Li and Na). For other cations, the disruption to their

preferred coordination state due to two cations attempting to interact with oxygen resulted

in large energies of formation.

For two cations and +3 cations, the formation energy for alternating and parallel oxidative

patterning is very similar, thus, either pattern could be formed. For Li and Na, the shift

was favorable by ∼6.00 kcal/mol and unfavorable for B by 5.40 kcal/mol in energy. For the

remaining structures, the energies were quite similar (<4 kcal/mol), indicating the possibility

of either structure. With respect to their band structures (listed in Table 1), the addition of

a cation resulted in increasing the band gap energy comparable to the single cation structure.

For cations, the reduction of a manganese ion from Mn4+ to Mn3+ destabilizes the layers,

causing an increase in band gap energy. The +2 cations also had rather large band energies

as well since the oxidative state of all the manganese are 3+. The +3 cations provided the

most interesting result as two of the manganese in the unit cell now have a 2+ oxidative

state (except for Ga, where one Ga cation retains some electron density), which will act

similarly to the 4+ oxidative state in terms of the degeneracy of their d orbitals. Hence,

the structures with two +3 cations should have similar band gap energies as structures with

one +2 cation. By orienting the structures in the parallel pattern, the band gap energies for

B, Sc, and Y decrease as Be, Mg, and Zn did in the single cation structures. Although two

cation structures provided interesting cation coordination and a different way to modulate

the oxidative states of the manganese, the structures are largely unfavorable and as the band

structures offer comparable behavior and no significant changes in energy to the single cation

structures; these structures offer no additional properties of interest.
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d. Water Removal Structures and Electron Properties

For all structures, the removal of water causes the α angle of the unit cell and layer spacing

to decrease. As a result, the layer shifting brings the cation in closer proximity to the layers

allowing for greater interaction. For several structures, the addition of the first water to the

unit cell for a number of structures is not always preferred, but the addition of the remaining

waters is unanimously favorable for all structures.

Table 2: Energy to Add Water to Bulk Unit Cell

Energy to Add a Water (kcalmol−1)

Charge Cation 1st 2nd 3rd

+1

Li 5.97 -25.7 -20.4
Na -9.85 -20.2 -18.1

Na(freq) -9.85 -20.2 -18.1
K -22.4 -17.3 -13.6

+2

Be 6.63 -52.6 -24.5
Mg 13.6 -40.8 -29.5
Ca -16.4 -23.4 -28.5
Sr -31.5 -22.4 -19.1
Zn N/A -28.2 -37.2

+3

B -1.09 -62.1 -15.6
Al 21.6 -51.3 -41.4
Ga 4.92 -48.9 -38.0
Sc 5.31 -41.5 -39.1
Y -25.0 -28.0 -29.4

As shown in Table 2 the cations of greater charge density have unfavorable energies for

the addition of the first water: Li, Be, Mg, B (borderline), Al Ga, and Sc. These energies

indicate that the opportunity to interact with layer oxygens for these structures is more

favorable than the inclusion of water. For Zn with no waters, optimization of the structure

was unsuccessful, however, the system should be expected to follow that of Mg. With

the addition of water, the coordination geometry for cations are altered as they will lose

their ability to strongly coordinate to layer oxygens. If water is added, the addition of a

second water is largely favorable as it provides the cations with a preferred coordination

geometry. Notably, Ga, Al, Sc, and Y shift from a tetrahedral geometry to a trigonal
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pyramidal geometry, and B, switches from trigonal planar to tetrahedral geometry. These

conformation changes are largely favorable, as indicated by the large decrease in relative

energy for the addition of the second water. However, without waters, cations must solely

coordinate with the layer oxygens, and those that do so readily display unfavorable energy for

water addition. However, even with the possibility of forming these strongly coordinated bi-

layers, filling the structure with water is considerably favorable, which would mean hydrated

structures should be expected to be filled with three interlayer waters at most.

Although the removal of water yielded changes for cations’ coordination, there were gen-

erally few effects on the layers which consequently barely altered the band gap energies. The

structures which caused considerable changes to the layers were B and Al sturctures with

no waters. For boron in particular, the removal of all the waters yielded promising semicon-

ducting behavior with band energies of 2.01 eV direct and 2.00 eV indirect. These energies

emerge due to the severe structural changes coordination induce. The strength of boron’s

coordination causes two Mn3+ to alter themselves into a square pyramidal geometry and the

third Mn3+ into square planar; even the Mn4+ is affected as several bonds are compressed in

length. Although the ability to control the band gap by removing water could be a promising

property for +3 cations, if hydration begins to occur, the structures would prefer to con-

tinue toward hydration until three waters per unit cell are reached. However, the anhydrous

boron structure has promising semiconducting properties and has favorable stability relative

to the hydration of water in the structure. A simple solution to avoid hydration would be to

perform synthesis in inert or dry atmospheres until the structure is in the air-stable state.

Birnessite Surfaces

a. Single Cation Surfaces and Electronic Properties

A single MnO layer with the intercalated layer were generated from the bulk structures.

The energy needed to separate the layers from their bulk counterparts is summarized in

Table S1 of the SI. Separating Birnessite layers without a cation present is solely due to
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attractive forces between them and to the waters, which was determined to be 22.8 kcal/mol.

For structures with intercalated cations, only the alkali metals had layer separation energy

comparable to the bare structure (20-30 kcal/mol). The only other structures with moderate

separation energy were Be and B with 30.5 kcal/mol and 42.2 kcal/mol, respectively For the

remaining structures, the energy is considerably large, generally around 65.0 kcal/mol and

in the most extreme case, for Ga, 118 kcal/mol. The two to three fold difference in energy

is mainly due to disruption to the Mn-O bonds on the surface. For Be and B, which only

coordinate to a single layer in the bulk, they more easily separate as they can maintain

a favorable coordination arrangement while only enhancing their bonding to a single layer

oxygen. However, for the softest +2 cations, Sr and Ca, their adsorption to the surface

is mainly due to ionic contributions and stress on the layer due to their radial size. For

Mg, Zn, Al, Sc, Y, and Ga, their separation energies mainly arise from a reduction in their

coordination number. By losing interlayer coordination, these cations are forced into a less

favorable conformation state. Ga is especially dissatisfied, and chooses to retain electron

density in order to maintain its tetrahedral geometry. In either case, the physical stress

induced from cation adsorption is the major component to structural changes on the MnO

surface.

Compared to the bulk structures, the electronic properties of the surface structures in

general vary only slightly due to the nuanced effects of Mn-O bonding and cation coordi-

nation, and can be found listed in Table 1 and their electronic properties are displayed in

Figure 5. As these values show, the single layer surfaces are nearly equivalent to their bulk

counterparts. The two structures with the most significant changes in the band structure

are from B and Ga. For B, its strong coordination to oxygen from water causing proton

transfer to the surface while its bonding to a surface oxygen results in breaking a Mn3+-O

bond at the coordination site. And, for Ga, the retention of electron density results in the

alternating manganese oxidative pattern seen for +2 cations, yet Ga also contributes nearly

all energy states in the valence band while also breaking a Mn3+-O bond on each manganese.
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The most interesting change resulted from shifting the +2 cations from their alternating

Mn oxidative state to their parallel Mn oxidative pattern. In the anisotropic case, the con-

ductive and valence bands bend along the X symmetry point which causes a direct transition

for Mg and Sr rather than the usual indirect transition. This behavior is unique for these

parallel oxidative patterned structures, and would be an interesting study for experimen-

tal investigation. These transitions manifest directly from the surface structure due to the

forces exerted by the cation on the surface. For all +2 surface structures, the adsorption

or coordination to the surface caused a Mn3+-O bond to break, while adsorption of Be, Zn,

and Ca caused significant Jahn-Teller distortion on the other Mn3+ center. For Mg and Sr,

rather than inducing Jahn-Teller distortion, they broke a second Mn3+-O bond. By break-

ing an additional bond, the surface loses a possible site for intraband transfer, removing the

potential indirect transition, promoting the observed direct transition.
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Figure 5: Electronic properties of surfaces with (a) +1 cations, (b) +2 cations with an
alternating Mn oxidative pattern, (c) +2 cations with an alternating Mn oxidative pattern,
and (d) +3 cations. (i) displays the band structures and (ii) displays the total DOS for
manganese and oxygen in the layer.
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CONCLUSION

In this paper, Birnessite is extensively studied to understand its electronic properties by

examining its behavior due to cation substitution in bulk and surface structures as well as

the removal of water from the interlayer. We found that cations play an important role

in the structure by coordinating to surrounding oxygens from water and the layers and

reducing the oxidative state of layer manganese. From the band aligned diagrams created of

all the bulk structures, we predict structures with strontium, calcium, boron, or aluminum

have valence bands with a band alignment suitable for water-splitting. These structures

when placed in a tandem structure could be candidates for performing the OER. When

all waters were removed in bulk structures, hard cations’ affinity for layer oxygens made

water uptake an unfavorable process, suggesting the possibility of studying hydrated and

non-hydrated structures depending on their environment. In particular, intercalated boron

in an anhydrous environment exhibits semiconducting behavior with a direct band transition

for light capture of 2.01 eV.

From bulk structures, the separation of layers to form single layer surfaces was a low

energy process of ∼23.0 kcal/mol for the simplest Birnessite structure and +1 cations. For

cations with a strong physical interaction with the layers or lost a favorable coordination

number had an increase of separation energy by three to five fold. With respect to their

electronic properties, cations modified the band transitions due to the Jahn-Teller effect on

Mn3+ centers. Both bulk and surfaces structures had band transitions of similar energy.

For surface structures, Mg and Sr surfaces with the layer manganese in a parallel oxidative

pattern are predicted to have a direct transition of 2.19 eV for Mg and 2.69 eV for Sr along

a direction other than the Γ-point. This unique behavior shows that an indirect band can

become a direct band transition similar to chalcogenides. These predicted properties of bulk

structures and surfaces suggest that Birnessite should be further investigated for its potential

light capturing and catalytic properties.
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1 Bulk Birnessite: Relative Energies and Band Diagrams

1.1 Mn+Mn4O8·H3O

Table S1: Relative Energy to Shift Cation Site and
Structure Band Gap Energies

Charge Cation ∆E
(kcalmol−1)

Ed
g Ei

g

+1
Lia 1.62 2.56 2.25
Naa 5.66 2.77 2.36
Ka 0.05 2.69 2.39

+2

Be 9.40 3.15 2.74
Mgb 17.7 2.77 2.34
Caa 10.5 2.85 2.52
Sra 5.93 2.58 2.27
Znb 19.7 3.07 2.62

+3

B -2.21 3.21 2.94
Alb 50.8 2.69 2.40
Gab 24.3 3.10 2.88
Scb 35.8 2.92 2.62
Yb 13.3 2.97 2.65

a. Cation shifted their occupation site in the struc-
ture
b. Cation had an altered coordination state, no
shifting

Table S2: Band Gaps for Water Addition in Bulk Structures

Waters in Structure
Two One Zero

Charge Cation Ed
g Ei

g Ed
g Ei

g Ed
g Ei

g

0 None N/A N/A N/A N/A 4.02 3.21

+1
Li 2.57 2.26 2.71 2.37 2.62 2.23
Na 3.04 2.92 2.92 2.72 2.73 2.41

Na(freq) 2.85 2.62 2.63 2.30 2.84 2.56
K 2.64 2.31 2.77 2.59 2.69 2.29

+2

Bea 3.11 2.72 2.92 2.71 3.01 2.75
Mga 2.93 2.57 2.87 2.46 3.04 2.60
Caa 3.00 2.55 3.02 2.55 3.01 2.67
Sra 2.97 2.63 3.03 2.63 2.90 2.50
Zna 2.90 2.49 2.78 2.63

+3

B 2.83 2.65 3.23 2.88 2.01 2.00
Al 2.88 2.75 3.10 2.85 3.04 2.62
Ga 2.85 2.73 2.77 2.67 3.08 2.33
Sc 3.04 2.84 2.92 2.73 2.72 2.41
Y 3.14 2.82 3.16 2.83 3.07 2.52

a. Values for the structures with an alternating Mn oxidative pat-
tern

Supporting Info Page S1
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1.1: Band structure
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1.2: Density of state for (i) Mn sp, (ii)
Mn d, (iii) O s and sp, (iv) Mn d, (v)
Ion s and sp, and (vi) Ion d orbitals.
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1.3: Density of states for individual Mn
d orbitals and Oxygen s and sp orbitals.

Figure S1: +1 cation bulk structures band and DOS diagrams
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2.1: Band structure
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2.2: Density of state for (i) Mn sp, (ii)
Mn d, (iii) O s and sp, (iv) Mn d, (v)
Ion s and sp, (vi) Ion d orbitals, and
(vii) Ion f orbitals.
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2.3: Density of states for individual Mn
d orbitals and Oxygen s and sp orbitals.

Figure S2: +2 cation bulk structures band and DOS diagrams, alternating Mn oxidative pattern
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3.2: Density of state for (i) Mn sp, (ii)
Mn d, (iii) O s and sp, (iv) Mn d, (v)
Ion s and sp, (vi) Ion d orbitals, and
(vii) Ion f orbitals.
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Figure S3: +2 cation bulk structures band and DOS diagrams, parallel Mn oxidative pattern
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4.3: Density of states for individual Mn
d orbitals and Oxygen s and sp orbitals.

Figure S4: +3 cation bulk structures band and DOS diagrams

1.2 Mn+
2 Mn4O8·H3O

Table S3: Energy to Add Cation in Bulk
Structures

Charge Cation ∆E (kcalmol−1)

+1
Li 15.8a (9.45)b

Na 27.5a (22.5)b

K 47.3a (41.4)b

+2

Be 90.3
Mg 62.8
Ca 57.7
Sr 86.5
Zn 53.9

+3

B 30.6a (36.0)b

Al 94.3a (93.2)b

Ga 138
Sc 105a (108)b

Y 109a (105)b

a. Values for the alternating oxidative pat-
tern
b. Values for the parallel oxidative pattern
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2 Birnessite Surfaces: Surface Band Diagrams and Structures

2.0.1 a. Mn+Mn4O8 · 3H2O Structure and Electronic Properties

A single MnO layer with the intercalated layer were generated from the bulk structures. The energy needed to
separate the layers from their bulk counterparts is summarized in Table S4. Separating Birnessite layers without

Table S4: Energy for Separating Layers
Charge Cation ∆E (kcalmol−1)

0 None 22.8

1
Li 22.6
Na 29.2
K 26.3

+2

Be 42.2
Mg 68.2
Ca 67.8
Sr 67.1
Zn 67.0

+3

B 30.5
Al 63.4
Ga 118
Sc 73.6
Y 78.4

a cation present is solely due to attractive forces between them and to the waters, which was determined to
be 22.8 kcal/mol. For structures with intercalated cations, only the alkali metals had layer separation energy
comparable to the bare structure (20-30 kcal/mol). The only other structures with moderate separation energy
were Be and B with 30.5 kcal/mol and 42.2 kcal/mol, respectively For the remaining structures, the energy is
considerably large, generally around 65.0 kcal/mol and in the most extreme case for Ga, 118 kcal/mol. The two
to three fold difference in energy is mainly due to disruption to the Mn-O bonds on the surface. For Be and B,
which only coordinate to a single layer in the bulk, they more easily separate as they can maintain a favorable
coordination arrangement while only enhancing their bonding to a single layer oxygen. However, for the softest
+2 cations, Sr and Ca, their adsorption to the surface is mainly due to ionic contributions and stress on the layer
due to their radial size. For Mg, Zn, Al, Sc, Y, and Ga, their separation energies mainly arise from a reduction
in their coordination number. By losing interlayer coordination, these cations are forced into a less favorable
conformation state. Ga is especially dissatisfied, and chooses to retain electron density in order to maintain its
tetrahedral geometry. In either case, the physical stress induced from cation adsorption is the major component
to structural changes on the MnO surface.

Compared to the bulk structures, the electronic properties of the surface structures in general vary only slightly
due to the nuanced effects of Mn-O bonding and cation coordination, and can be found listed in Table S5. As
these values show, the single layer surfaces are nearly equivalent to their bulk counterparts. The two structures
with the most significant changes in the band structure are from B and Ga. For B, its strong coordination to
oxygen from water causing proton transfer to the surface while its bonding to a surface oxygen results in breaking
a Mn3+-O bond at the coordination site. And, for Ga, the retention of electron density results in the alternating
manganese oxidative pattern seen for +2 cations, yet Ga also contributes nearly all energy states in the valence
band while also breaking a Mn3+-O bond on each manganese.

The most interesting change resulted from shifting the +2 cations from their alternating Mn oxidative state
to their parallel Mn oxidative pattern. In the anisotropic case, the conductive and valence bands bend along the
X symmetry point which causes a direct transition for Mg and Sr rather than the usual indirect transition. These
transitions manifest directly from the surface structure due to the forces exerted by the cation on the surface. For
all +2 surface structures, the adsorption or coordination to the surface caused a Mn3+-O bond to break, while
adsorption of Be, Zn, and Ca caused significant Jahn-Teller distortion on the other Mn3+ center. For Mg and Sr,
rather than inducing Jahn-Teller distortion, they broke a second Mn3+-O bond. By breaking an additional bond,
the surface loses a possible site for intraband transfer, removing the potential indirect transition which promotes
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Table S5: Band Gaps for Surface Structures (Mn+Mn4O8·3H2O)
Bandgap (eV)

Charge Cation Ed
g (Γ) Ei

g Ed
g (X)

+1
Li 2.71 2.33
Na 2.68 2.38
K 2.65 2.38

+2

Be 2.82∗ (2.59)† 2.59∗ (2.39)†

Mg 2.78∗ (2.52)† 2.52∗ 2.19†

Ca 2.93∗ (3.28)† 2.68∗ (2.93)†

Sr 2.84∗ (3.02)† 2.69∗ 2.69†

Zn 3.00∗ (3.19)† 2.71∗ (2.89)†

+3

B 2.86 2.73
Al 2.92 2.63
Ga 2.66 1.96
Sc 2.91 2.61
Y 2.94 2.58

the direct transition.

Figure S5: Electronic properties of surfaces with +1 cations. (a) displays the band structures and (b) displays
the total DOS for manganese and oxygen in the layer.

2.0.2 b. Two Cation Surfaces Structure and Electron Properties

As anisotropic ordering of the MnO layers appears to promote semiconducting behavior, alkali metal structures
were optimized with double the concentration of cations and waters to generate M+

2 Mn4O8· 6H2O surfaces. With
this supercell, the layers mimic the oxidative patterning of the +2 cation surfaces as two Mn4+ are reduced
to Mn3+. Three different structures were found: two structures with parallel Mn oxidative pattern and one
alternating Mn oxidative patterned structure. The relative energy to add a cation to these structures from their
one cation surface counterparts is summarized in Table S6. For one of the parallel patterned structures, the
cations protruding above the surface with four of the waters residing between the MnO layer and the cation, and
two waters between the cations. Both cations rest in H1 sites, where both cations were on top of Mn3+ ions
shown in Figure S9. For the other parallel structure, the cations shift their adsorption site: one of the cations
shifts to a H1 site over Mn4+ while the other cation shifts into a H2 site (Figure S10). Compared to the H1

surfaces, the H2 were considerably favorable for Na and Li, and slightly favorable for K.
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Figure S6: Electronic properties of surfaces with +2 metal cations in the alternating Mn oxidative pattern. (a)
displays the band structures and (b) displays the total DOS for manganese and oxygen in the layer.

Figure S7: Electronic properties of surfaces with +2 cations in the parallel Mn oxidative arrangement. (a) displays
the band structures and (b) displays the total DOS for manganese and oxygen in the layer.

Table S6: Energy for Second Cation Addition to the Surfaces
∆E (kcalmol−1)

Cation Parallel (H1) Parallel (H2) Alternating
Li 56.0 0.910 1.26
Na 39.3 15.4 11.2
K 44.4 43.3 34.8

Additionally, these structures can become an alternative Mn oxidative pattern, which maintains the cations’
occupation on the layer as the structure with a cation in a H2 site (Figure S11). Compared to the favorable
parallel structure (with cations shifted off the Mn3+ ions), the alternating patterning was favorable for Na by
4.17 kcal/mol and K for 8.50 kcal/mol. and nearly equivalent possibility of these structures for Li with 0.350
kcal/mol added to become alternating.
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Figure S8: Electronic properties of surfaces with +3 cations. (a) displays the band structures and (b) displays
the total DOS for manganese and oxygen in the layer.
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Figure S9: Structure of the two cation surface with the manganese in the parallel oxidative pattern and the
cations over H1 sites. (a) Displays the surface while (b) displays an overview of the Mn oxidative pattern and
cation site location (waters removed for clarity).

Figure S10: Structure of the two cation surface with the manganese in the parallel oxidative pattern where a
cation occupies a H2 site. (a) Displays the surface while (b) displays an overview of the Mn oxidative pattern
and cation site location (waters removed for clarity).

Figure S11: Structure of the two cation surface with the manganese in the alternating oxidative pattern. (a)
Displays the surface while (b) displays an overview of the Mn oxidative pattern and cation site location (waters
removed for clarity).
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Band gap transition energies can be found listed in Table S7 and their properties in Figures 12, 13, and 14.
For the H1 parallel patterned structure, Li and Na only had a direct band transition while K had both direct and
indirect transitions. For the other two types of Mn oxidative patterning, all structures had direct and indirect
band transitions, with the indirect band gap lower in energy. These energies can be understood based upon the

Table S7: Band Transitions for Two Cation Surfaces
Band Gap (eV)

Parallel (H1) Parallel (H2) Alternating

Cation Ed
g Ei

g Ed
g Ei

d Ed
g Ei

g

Li 1.88 N/A 2.59 2.32 2.38 2.37
Na 1.84 N/A 2.52 2.33 2.61 2.52
K 2.47 2.28 2.45 2.33 2.74 2.60

hardness of the cation affecting cation adsorption. Considering the greater electron density Li has over Na or K,
its ionic interaction will be greatest. If Li is occupied over the manganese ion as for the H1 site structure, the Li
will be repealed by the manganese ion and relocate to a more favorable adsorption site, which was shown to be
the H2 site. But, if Li is situated over Mn3+, it still has a strong affinity for the surface oxygens in that H2 site.
To diminish the physical adsorption of Li, the Mn3+ may couple with Li to promote electron transfer in order to
be oxidized to the more stable Mn4+ state. However, once the cation is shifted off of the manganese, this direct
transition to the cation is lost, resulting in band gap transitions expected for a parallel patterned +2 cation. For
K, its softness causes little ionic interaction, which allows the cation to be highly flexible in its adsorption site on
the surface (reflected by the similar energies of formation). The only interaction the surface must accommodate
is the large ionic radius of K, which is best mitigated in the alternating structure. Meanwhile, Na is situated in a
Goldilock zone, not too hard and not too soft—just right—allowing Na to exhibit properties of Li (ionic behavior
and electron affinity) and K (force due to ion size).

Figure S12: Electronic properties for two cation surfaces in the parallel state with both metals over Mn3+ H1

sites. (a) displays the band structures and (b) displays the total DOS for manganese and oxygen in the layer.

2.0.3 c. Two Cation Surfaces with Water Removal

With the interesting properties of the two cation surfaces, it is worth considering the effects of hydration of the
surfaces. If a cation is added to a single cation surface, the unit cell must be hydrated with three additional
waters to become supercells with six waters. The energies of water addition to the structure with cations over
the Mn3+ ions are displayed in Table S8. Beginning with no waters in the structure, only sodium is expected
to fully hydrate whereas lithium and potassium only accept four and five waters into the structure, respectively.
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Figure S13: Electronic properties for two cation surfaces in the parallel state with the metals over a H2 site and
a Mn4+ H1 site. (a) displays the band structures and (b) displays the total DOS for manganese and oxygen in
the layer.

Table S8: Band Gap for Surface Water Removed Structures

Water Added ∆E (kcalmol−1)

Cation 1st 2nd 3rd 4th 5th 6th

Li -72.5 -119 -44.7 -18.1 1.56 7.45
Na -83.9 -1.87 -30.0 -15.8 -21.8 -15.7
K -48.9 -44.3 -25.4 -21.7 -21.5 9.83

For all structures, the removal of waters allows for stronger adsorption of the cation with the surface as waters
under the cations can no longer block them. Once waters beneath a cation are removed, the cation will begin to
fall to the surface and interact with the layers. When all waters are removed, K resembles the structure present
in Figure S10 while Na and Li follow their original structure shown in Figure S9. However, for the Na and Li
structures, electron density is retained on the cations, resulting in the oxidative state of the manganese in the unit
cell shifting from 2Mn3+2Mn4+ to Mn3+3Mn4+. Several reasons for the structure to alter its oxidative state are,
for one, a strong interaction of these harder alkali metals with the electrons on the manganese ion. Secondly, the
ionic interaction of the metals with the oxygens is disruptive to the layers and by reducing its oxidative state, the
manganese can maintain its interaction with oxygen. With the addition of water, the layer can further prevent
structural deformation by allowing waters to interact with layer oxygens, forcing the cations away. Therefore,
water not only allows provides the manganese with a comfortable interaction with its oxygens, but also to serve
as a buffer for the layer by prevent cations from interacting with its precious oxygens. For the intermediate water

Table S9: Band Transitions for Two Cation Surfaces with Water Addition
Waters in the Unit Cell / Band Gap (eV)

0 1st 2nd 3rd 4th 5th

Cation Ed
g Ei

g Ed
g Ei

d Ed
g Ei

g Ed
g Ei

g Ed
g Ei

g Ed
g Ei

g

Li 1.08†

0.142†
2.49†

2.14∗ 2.64∗ 2.53∗ 2.86∗ 2.76∗
2.45 2.30 1.97 1.73

Na 1.54†

0.429† 2.85∗ 2.64∗
2.74 2.42 2.56 2.32 2.34 2.20 2.05 1.76

K 1.81∗ 1.79∗ 1.93 1.88
2.69∗ 2.58∗

2.12 2.03 2.29 2.18 2.47 2.28

∗ Values for the alternating Mn oxidative pattern.
† Values for the parallel Mn oxidative pattern.
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Figure S14: Electronic properties for two cation surfaces in the alternating state. (a) displays the band structures
and (b) displays the total DOS for manganese and oxygen in the layer.

removed structures (2nd and 3rd), as waters are removed from the surface, the manganese can only attempt to
reduce the strain the harder cations place on them as they begin to adsorb. To do so, the structures shift between
parallel and alternating oxidative states until the manganese must donate an electron in order to preserve its
bonds to oxygen. These oxidative changes are represented by the band transition of the water added structures
in Table S9. As waters are removed, the alternating patterning and electron density retention become present
sooner for the harder cations as they induce the greatest strain onto the structure. For the alternating pattern,
the band gaps generally increase in energy as usual, yet, once strong cation adsorption occurs when all waters are
removed, the bands nearly transition to becoming metallic. Although the generation of these two metal surfaces
and the uptake of water is a steep uphill process, their properties highlight the importance of oxidative patterning,
cation to layer interactions, and the role of water in producing electronic properties.
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3 Materials and Methods

3.1 Band Diagrams

For bulk and surface structures, the alternating oxidative patterned structures were first optimized and then
forcing the Mn spin into the parallel pattern.

For two alkali metal surfaces, only single-point energies were calculated for each possible water removed
structures. These structures were then compared, those with the lowest electronic energy were chosen as the
water removed structures.

Figure S15: A single symmetry point pathways was chosen for bulk Birnessite structures. The pathway follows:
Γ-R-N-X-Γ-L-Y-M-Z-Γ. Both (a) and (b) display this pathway, but from a different point-of-view.

Table S10: Symmetry Points in Reciprocal Space for Bulk Structures
Symmetry
Point

× b1 × b2 × b3 Symmetry
Point

× b1 × b2 × b3

Γ 0 0 0 R -1/2 -1/2 -1/2
N 1/2 0 -1/2 X 1/2 0 0
L 1/2 1/2 0 Y 1/2 1/2 0
M 0 1/2 1/2 Z 0 0 1/2

Table S11: Symmetry Points in Reciprocal Space for Surface Structures
Symmetry
Point

× b1 × b2 × b3

Γ 0 0 0
X 1/2 0 0
Y 0 1/2 0
N -1/2 1/2 0

Figure S 16: Symmetry point pathways chosen for surface structures. Three different pathways were chosen,
X-Γ-Y, N-Y, and Γ-N.
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3.2 Relative Energies

The formulas used to calculate the relative energies for the structures are shown below. (i) Relative energies for
bulk structures:

• Cation to oxygen hollow site: the energy to shift a cation were determined by taking

∆E = Eelec,T − Eelec,H2 (1)

where E elec,T is the electronic energy of the bulk structures with cations on an oxygen top site and E elec,H2

is the electronic energy of the bulk structures with cations in an oxygen hollow site.

• Mn oxidative pattern: The energy to compare the structures between a parallel pattern were found by sub-
tracting the electronic energy of the parallel patterned structures from the bulk structures in the alternating
pattern,

∆E = Eelec,para − Eelec,alt (2)

where E elec,para is the electronic energy of the bulk structures with the parallel pattern and E elec,alt is the
electronic energy of the bulk structures with the alternating pattern.

• Energy of water removal: the energy of water addition was approximated for the Birnessite structures from
the calculated electronic energy of the structure using the following formula:

∆En = Eelec,n − (Eelec,n−1 + Eelec,H2O) (3)

where ∆En is the relative energy, n is an integer used to index the number of waters in the structure; it
cannot be greater than the number of waters in the structure or less than 1, E elec,n is the electronic energy
of a structure with n waters, E elec,n is the electronic energy of a structure with n-1 waters, and E elec,H2O

is the electronic energy of water.

• Energy to add a second cation: the energy to add a cation was calculated by taking the electronic energy
of the two cations

∆E = Eelec,Bulk,Mn+
2

− (2Eelec,Bulk − Eelec,Bulk,0)
(4)

where Eelec,Bulk,Mn+2 is the energy of the two cation bulk structures and Eelec,Bulk,0 is the energy of the
optimized Birnessite structure with only waters, no cation. For example, to add a second cation structure
to NaMn4O8·3H2O is:

∆E = E(Na2Mn4O8 · 3H2O)

− [2E(NaMn4O8 · 3H2O) − E(Mn4O8 · 3H2O)]
(5)

Note that by doubling the electronic energy of the one cation bulk structures, the formula will be Na2Mn8O16·6H2O
which can match the formula of a two cation bulk structure by then subtracting the energy of a Birnessite
structure with only waters.

(ii) Relative energies for surface structures:

• Energy to separate layers: subtracting the electronic energy of the surface structured by its bulk counterpart
was done to determine the minimum energy required to separate layers:

∆E = Eelec,Sur − Eelec,Bulk (6)

where Eelec,Sur is the electronic energy of the surface.

• Energy to alter the Mn oxidative pattern: the energy of alternating the oxidative pattern follows Equation
(2), but using the surface electronic energy instead of the bulk.
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• Energy to add cation: the energy to add a cation to the surface structures was performed for the cations.
The formula follows Equation (4) using energies with respect to the surface structures. This calculation was
performed between parallel Mn oxidative patterns and alternating Mn oxidative patterns for two cation and
single cation surface unit cells. The corresponding Eelec,Bulk,0 energy for surfaces was the M4O8 surface (no
cation and no waters as these are structures with six waters).

• Energy to add water in M+
2 Mn4O8·6H2O surfaces: unsurprisingly, the energy of water addition follows

Equation (3) from the bulk structures. In this case, n will span from 6 to 0 rather than 3 to 0.
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3.3 Relative Energies for Mn Oxidative Pattern

The Table S12 contains the relative energy to go from an alternating pattern to the parallel pattern (i.e. negative
is favorable to shift to, positive unfavorable). Notice that only alternating vs parallel pattern occurs only when
we have a structure with two different pair of Manganese, each pair with a different oxidation state. For example:

• Al2-Mn4O8 BULK; contains two Mn2+ and two Mn3+. The same goes for other +3 ions.

• Be-Mn4O8 BULK; contains two Mn3+ and two Mn4+. The same goes for other +2 ions.

• K2-Mn4O8 BULK; contains two Mn3+ and two Mn4+. The same goes for other +1 ions.

• Unlike the other +3 cations, the Ga’s retained some electron density, leading to 3 Mn3+ and 1 Mn2+ in
the unit cell. That made it unable to alter its patterning. The other +3 cations had 2Mn2+ and 2Mn3+

allowing them to have an alternative oxidative pattern.

Table S12: Relative Energies for Mn Oxidative Pattern.

CATION STRUCTURE

M-Mn4O8 BULK M2-Mn4O8 BULK M-Mn4O8 SURFACE
Al -1.06
Be 1.42 -4.04
B 5.4

Ca 0.803 -10.2
K -5.93
Li -6.3

Mg 2.41 -2.41
Na -5.06
Sc 2.55
Sr -6.26 -5.36
Y -3.83

Zn 2.21 -11.1

In general, when the structures are in the parallel pattern, they have greater separation distance between
layers (along the z-axis) whereas in the alternating pattern there is greater layer expansion (separation in the x-y
plane). This can be better in Table S13 and Figure S17.

In Figure S17, we have calculated the correlation between layer separation (Table S13) and charge density
(ρ). Ionic radii were used to calculate the charge density of each cations.

The values used for this plot are (in Å):
Li=7.04, Na=7.14, K=7.24;
Be=6.59, Mg=6.72, Zn=6.70, Ca=6.99, Sr=7.10;
B=6.77, Al=6.50, Ga=6.56, Sc=6.66, Y=6.82.
There is some correlation +1 cations, +2 cation in the parallel pattern and +3 cations. However, a correlation

for +2 cation in the alternating pattern is not clear. In the +3 cations, Boron is a large outlier. The reason is
that this is the only bulk structure with proton transfer onto the surface. Deviation from the correlation occur
because some chemistry is happening, i.e. the ions chemically binds to the layers and affects the assumption of
pure electrostatics.
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Table S13: Layer Separation Distance with respect to different cations and alternating and parallel pattern.

Cation Layer Separation Distance (Å)

+1 Charge
Li 7.04

Na 7.14
K 7.24

+2 Charge Alternating Pattern
Be 6.59
Mg 6.72
Zn 6.70
Ca 6.99
Sr 7.1

+2 Charge Parallel Pattern
Be 6.55
Mg 6.82
Zn 6.79
Ca 6.91
Sr 6.82

+3 Charge
B 6.77

Al 6.50
Ga 6.56
Sc 6.66
Y 6.82
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Figure S17: Layer Separation versus Charge Density

Supporting Info Page S16



This is a Pre-print. The final version has been published in:

K.P. Lucht, J.L. Mendoza-Cortes, The Journal of Physical Chemistry C, 2015, 119 (40), 22838-22846

3.4 Basis Sets

Aluminum

Al_pob_TZVP_2012

13 10

0 0 7 2.0 1.0

37792.5507720 0.00057047888709

5668.06821650 0.00440930165380

1289.85828410 0.02263096741100

364.865960280 0.08802564429500

118.576315150 0.25223701612000

42.0248676050 0.45960547169000

15.4995016290 0.33277886014000

0 0 3 2.0 1.0

75.2080265980 0.01925056019000

23.0314089720 0.08790674395200

3.63487976490 -0.34246704535000

0 0 2 2.0 1.0

1.60650499570 1.51062660580000

0.76103394581 0.58071016470000

0 0 1 0.0 1.0

0.69881874000 1.00000000000000

0 0 1 0.0 1.0

0.34940937000 1.00000000000000

0 2 5 6.0 1.0

452.523031920 0.00231108124660

107.081950490 0.01856864182300

34.1310212550 0.08721623703500

12.5870374280 0.26902101523000

4.98119197040 0.52128324272000

0 2 1 1.0 1.0

1.93791887000 1.00000000000000

0 2 1 0.0 1.0

0.72047185000 1.00000000000000

0 2 1 0.0 1.0

0.18328583000 1.00000000000000

0 3 1 0.0 1.0

0.57798580000 1.00000000000000

Boron

B_pob_TZVP_2012

5 8

0 0 6 2.0 1.0

8564.86606870 0.00022837198155

1284.15162630 0.00176825764470

292.278716040 0.00914070805160

82.7754691760 0.03634263898900

27.0179392690 0.11063458441000

9.81496196600 0.23367344321000

0 0 2 2.0 1.0

3.93185590590 0.41818777978000

1.65955997120 0.22325473798000

0 0 1 0.0 1.0

0.53318702000 1.00000000000000

0 0 1 0.0 1.0

0.26659351000 1.00000000000000

0 2 4 1.0 1.0

22.4538758030 0.00502655751790

5.10450583300 0.03280173896500

1.49860813440 0.13151230768000

0.50927831315 0.33197167769000

0 2 1 0.0 1.0

0.53857716000 1.00000000000000

0 2 1 0.0 1.0

0.26928858000 1.00000000000000

0 3 1 0.0 1.0

0.75005942000 1.00000000000000

Beryllium

Be_pob_TZVP_2012

4 5

0 0 6 2.0 1.0

4700.2365626 0.00023584389316

704.82845622 0.00182437910190

160.43110478 0.00939661482240

45.425347336 0.03690892415900

14.798334125 0.10897561281000

5.3512452537 0.21694284551000

0 0 2 2.0 1.0

2.1542044819 0.44695408857000

0.9336374440 0.20866985771000

0 0 1 0.0 1.0

0.24174508 1.00000000000000

0 0 1 0.0 1.0

0.12111452 1.00000000000000

0 2 1 0.0 1.0

0.79262157 1.00000000000000

Calcium

Ca_pob_TZVP_2012

20 11

0 0 8 2.0 1.0

172517.326850 0.00023317502546

25861.5192750 0.00180765219800

5885.66186680 0.00939438442550

1665.97300310 0.03810840900900

542.367181480 0.12331203853000

194.578034920 0.29004470954000

75.3035976360 0.40587151157000

29.5740625890 0.20398410743000

0 0 4 2.0 1.0

191.200746600 -0.02441975975900

58.8402998830 -0.11547027448000

8.96425408450 0.56356636717000

3.68569605410 0.56709682704000

0 0 2 2.0 1.0

5.24642897260 -0.22825334325000

0.84862621528 0.72625219172000

0 0 1 2.0 1.0

1.30710626000 1.00000000000000

0 0 1 0.0 1.0

0.38027232000 1.00000000000000

0 0 1 0.0 1.0

0.16014616000 1.00000000000000

0 2 6 6.0 1.0

836.972620580 0.00252583460920

197.930401420 0.02007650668600

63.1355580540 0.09130298736600

23.2826871700 0.25247029915000

9.11764449320 0.39426326344000

3.63361201390 0.23011559492000

0 2 3 6.0 1.0

13.4941631200 -0.02649502195100

1.81392597900 0.55088108210000

0.71981826006 1.02806166200000

0 2 1 0.0 1.0

0.36108303000 1.00000000000000

0 2 1 0.0 1.0

0.16029529000 1.00000000000000

0 3 1 0.0 1.0

0.78864471000 1.00000000000000
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Gallium

Ga_pob_TZVP_2012

31 15

0 0 8 2.0 1.0

435548.66254 0.00023646329650

65289.589031 0.00183352717760

14858.784256 0.00953718630810

4205.9734729 0.03880341246800

1369.6416431 0.12661604848000

492.30348905 0.30175310292000

191.41923233 0.43543934218000

75.840558665 0.23282363780000

0 0 4 2.0 1.0

474.30810613 -0.02674370795800

147.10297560 -0.12654657542000

23.982599435 0.58840346839000

10.298230094 0.56324271589000

0 0 2 2.0 1.0

16.050381430 -0.24516439508000

2.6988468784 0.74578049593000

0 0 1 0.0 1.0

1.1590064400 1.00000000000000

0 0 1 2.0 1.0

0.5763081300 1.00000000000000

0 0 1 0.0 1.0

0.2433825700 1.00000000000000

0 2 6 6.0 1.0

2432.0171070 0.00224340659280

576.12049582 0.01834226533600

185.11584354 0.08727969716700

69.246572556 0.25684868351000

27.818107777 0.42398378107000

11.420229938 0.25701340043000

0 2 3 6.0 1.0

42.819661530 -0.01932651911900

6.3885901000 0.31571386917000

2.6698993326 0.57617792822000

0 2 1 1.0 1.0

1.0663932200 1.00000000000000

0 2 1 0.0 1.0

0.3641398200 1.00000000000000

0 2 1 0.0 1.0

0.1148217200 1.00000000000000

0 3 5 10 1.0

103.92331829 0.01146461365200

30.371094389 0.07362574738300

10.872078097 0.23505107382000

4.1549137954 0.40318563513000

1.5345659145 0.40824748152000

0 3 1 0.0 1.0

1.7915711500 1.00000000000000

0 3 1 0.0 1.0

0.7852028800 1.00000000000000

0 3 1 0.0 1.0

0.2830723400 1.00000000000000

Hydrogen

H_pob_TZVP_2012

1 4

0 0 3 1.0 1.0

34.061341000 0.00602519780

5.1235746000 0.04502109400

1.1646626000 0.20189726000

0 0 1 0.0 1.0

0.4157455100 1.00000000000

0 0 1 0.0 1.0

0.1795111000 1.00000000000

0 2 1 0.0 1.0

0.8000000000 1.00000000000

Potassium

K_pob_TZVP_2012

19 11

0 0 8 2.0 1.0

153976.183250 0.00023662636107

23082.4976720 0.00183429291370

5253.23447450 0.00953105277690

1486.95501330 0.03863840698000

484.063337260 0.12480768502000

173.566539800 0.29278861009000

67.1163814640 0.40633425860000

26.3395020540 0.20077215860000

0 0 4 2.0 1.0

172.876935670 -0.02420096093600

53.0586490630 -0.11553095040000

7.92127539640 0.57455545175000

3.21088804720 0.57023185107000

0 0 2 2.0 1.0

4.56620708950 -0.22615763466000

0.70209907282 0.75528392045000

0 0 1 1.0 1.0

0.91009660000 1.00000000000000

0 0 1 0.0 1.0

0.31839021000 1.00000000000000

0 0 1 0.0 1.0

0.10000178000 1.00000000000000

0 2 6 6.0 1.0

728.184498730 0.00261506897920

172.132650610 0.02067363083500

54.8298470750 0.09320560387000

20.1662664940 0.25436518210000

7.86107288060 0.39131132810000

3.11052131320 0.22481345943000

0 2 3 6.0 1.0

11.7573374920 -0.02577728921700

1.51396174110 0.57359428604000

0.58328591795 1.07983200020000

0 2 1 0.0 1.0

0.31652437000 1.00000000000000

0 2 1 0.0 1.0

0.12001438000 1.00000000000000

0 3 1 0.0 1.0

0.29120633000 1.00000000000000

Lithium

Li_pob_TZVP_2012

3 5

0 0 6 2.0 1.0

6269.2628010 0.00020540968826

940.31612431 0.00159165540890

214.22107528 0.00828698297070

60.759840184 0.03385637424900

19.915152032 0.11103225876000

7.3171509797 0.27449383329000

0 0 2 1.0 1.0

2.9724674216 0.23792456411000

1.2639852314 0.30765411924000

0 0 1 0.0 1.0

0.5025516200 1.00000000000000

0 0 1 0.0 1.0

0.1000746200 1.00000000000000

0 2 1 0.0 1.0

0.1450713300 1.00000000000000
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Magnesium

Mg_pob_TZVP_2012

12 9

0 0 7 2.0 1.0

31438.3495550 0.00060912311326

4715.51533540 0.00470661964650

1073.16292470 0.02413582065700

303.572387680 0.09362895983400

98.6262510420 0.26646742093000

34.9438084170 0.47890929917000

12.8597851990 0.33698490286000

0 0 3 2.0 1.0

64.8769130040 0.01918088930700

19.7255207770 0.09091370439200

2.89518043390 -0.39563756125000

0 0 2 2.0 1.0

1.19604547100 1.68276033730000

0.54329451156 0.52141091954000

0 0 1 0.0 1.0

1.34711883000 1.00000000000000

0 0 1 0.0 1.0

0.34506887000 1.00000000000000

0 2 5 6.0 1.0

179.871896120 0.00537995490180

42.1200693760 0.03931801409800

13.1205030320 0.15740129476000

4.62575036090 0.35919094128000

1.66952110160 0.45533379310000

0 2 1 0.0 1.0

0.56631001000 1.00000000000000

0 2 1 0.0 1.0

0.18813966000 1.00000000000000

0 3 1 0.0 1.0

0.69355357000 1.00000000000000

Manganese

Mn_HAYWSC-311(d31)G_dovesi_1996

25 5

0 1 3 8.0 1.0

22.9512 -0.00189 0.02872

5.135427 -0.66108 0.24531

3.61422 0.42947 -0.52347

0 1 1 0.0 1.0

1.283 1.0 1.0

0 1 1 0.0 1.0

0.5058 1.0 1.0

0 3 4 8.0 1.0

35.3511 0.02748

9.6888 0.14835

3.2186 0.36932

1.09526 0.47933

0 3 1 0.0 1.0

0.3562 1.0

Sodium

Na_pob_TZVP_2012

11 9

0 0 7 2.0 1.0

26041.1099270 0.00061806342811

3906.12685480 0.00477486044140

888.974549930 0.02447168482900

251.454979610 0.09475539497700

81.6501435120 0.26867496920000

28.9041584010 0.47925475440000

10.6257829320 0.33248591469000

0 0 3 2.0 1.0

53.7694101790 0.01952773187200

16.3082430250 0.09264801079400

2.37303841250 -0.39938670172000

0 0 2 1.0 1.0

0.95730772603 1.64285953910000

0.40806460959 0.55692596966000

0 0 1 0.0 1.0

0.67460191000 1.00000000000000

0 0 1 0.0 1.0

0.10055549000 1.00000000000000

0 2 5 6.0 1.0

138.079799890 0.00579518919290

32.2327003930 0.04162084625100

9.98160753600 0.16281916885000

3.48220339280 0.36011784647000

1.22991346200 0.44858979889000

0 2 1 0.0 1.0

0.40094322000 1.00000000000000

0 2 1 0.0 1.0

0.10067345000 1.00000000000000

0 3 1 0.0 1.0

1.04630000000 1.00000000000000

Oxygen

Modified O_8-411d1_bredow_2006

8 5

0 0 8 2.0 1.0

8020.0000000 0.0010800

1338.0000000 0.0080400

255.4000000 0.0532400

69.2200000 0.1681000

23.9000000 0.3581000

9.2640000 0.3855000

3.8510000 0.1468000

1.2120000 0.0728000

0 1 4 6.0 1.0

49.4300000 -0.0088300 0.0095800

10.4700000 -0.0915000 0.0696000

3.2350000 -0.0402000 0.2065000

1.2170000 0.3790000 0.3470000

0 1 1 0.0 1.0

0.4591770 1.0000000 1.0000000

0 1 1 0.0 1.0

0.1508470 1.0000000 1.0000000

0 3 1 0.0 1.0

0.4684940 1.0000000

Scandium

Sc_pob_TZVP_2012

21 14

0 0 8 2.0 1.0

191612.918740 0.00023076475942

28723.8503630 0.00178903299460

6537.01164900 0.00929904011400

1850.30971710 0.03773943801100

602.388551560 0.12227148359000

216.173247660 0.28814821470000

83.7125178800 0.40517543099000

32.9087071890 0.20566019623000

0 0 4 2.0 1.0

211.343932340 -0.02452799146200

65.1289201390 -0.11570158142000

10.0343115350 0.55995283317000

4.15968845970 0.56087765073000

0 0 2 2.0 1.0

6.00090416130 -0.22840494325000

0.98255784150 0.71948970378000

0 0 1 2.0 1.0
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1.42204508000 1.00000000000000

0 0 1 0.0 1.0

0.41466167000 1.00000000000000

0 0 1 0.0 1.0

0.14961565000 1.00000000000000

0 2 6 6.0 1.0

947.341228230 0.00247372087440

224.096997320 0.01974296706000

71.5603348820 0.09035714754900

26.4448244900 0.25201602503000

10.3937982850 0.39675535929000

4.16063045590 0.23208624517000

0 2 3 6.0 1.0

15.5657371350 -0.02712942397400

2.11215448650 0.55109256629000

0.84184709021 1.00906358060000

0 2 1 0.0 1.0

0.63537059000 1.00000000000000

0 2 1 0.0 1.0

0.31768530000 1.00000000000000

0 3 4 1.0 1.0

30.9893909930 0.01190283743100

8.69054650690 0.06765585685000

2.95202563370 0.21332539722000

1.07619107450 0.38391075578000

0 3 1 0.0 1.0

0.35567614000 1.00000000000000

0 3 1 0.0 1.0

0.12383645000 1.00000000000000

0 4 1 0.0 1.0

0.34500000000 1.00000000000000

Strontium

Sr_HAYWSC-311(d11f)G_erba_2013

HAYWSC

0 1 2 8.0 1.0

3.2429 0.23210 -0.12996

2.4027 -0.70898 0.050457

0 1 1 2. 1.

0.694 1. 1.

0 1 1 0. 1.

0.258 1. 1.

0 3 1 0. 1.

1.2 1.

0 3 1 0. 1.

0.4 1.

0 4 1 0. 1.

0.9 1.

Yttrium

ECP HAYWSC

239 3

HAYWSC

0 1 3 8.0 1.0

3.87710632535 0.240698694374 -0.110990397203

2.67832616053 -0.81743893727 -0.0447243390536

0.861411547924 0.843241417526 0.905500379629

0 1 1 0.0 1.0

0.338 1.0 1.0

0 3 2 0.0 1.0

0.996242225138 0.903211811619

0.331873211212 1.80273382161

Zinc

Zn_pob_TZVP_2012

30 14

0 0 8 2.0 1.0

405924.31028 0.00022442017483

60846.955735 0.00174020866260

13847.343092 0.00905133395650

3919.6158551 0.03681734144500

1276.3594167 0.12004850256000

458.67254435 0.28576057621000

178.28725246 0.41087462062000

70.612192837 0.21816962456000

0 0 4 2.0 1.0

443.88077950 -0.02493427498400

137.55875267 -0.11817955766000

22.268083479 0.55367318468000

9.5217310606 0.52628934936000

0 0 2 2.0 1.0

14.874114065 -0.22929955254000

2.4647517612 0.71135484742000

0 0 1 2.0 1.0

1.0113272200 1.00000000000000

0 0 1 0.0 1.0

0.322980200 1.00000000000000

0 0 1 0.0 1.0

0.1016731100 1.00000000000000

0 2 6 6.0 1.0

2205.3508534 0.00233562404480

522.35300699 0.01903102263400

167.73055542 0.08995575867500

62.670045373 0.26113248631000

25.109749456 0.42348448173000

10.225142681 0.24618926885000

0 2 3 6.0 1.0

40.713442521 -0.03002966759200

5.6247090696 0.55575254864000

2.2279949116 0.95581013442000

0 2 1 0.0 1.0

1.1601141800 1.00000000000000

0 2 1 0.0 1.0

0.2624550000 1.00000000000000

0 3 4 10.0 1.0

88.554315311 0.01272817001500

25.721525557 0.07939449984300

9.1278367624 0.24491506805000

3.4312364064 0.40390526479000

0 3 1 0.0 1.0

1.1861283200 1.00000000000000

0 3 1 0.0 1.0

0.4308920600 1.00000000000000

0 4 1 0.0 1.0

2.6140000000 1.00000000000000
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4 Bulk Structures

4.1 Mn+Mn4O8·3H2O Bulk

Aluminum

data_BG_AlMn4O8_3H2O.D1.TZVP2012.121.out

_cell_length_a 5.071742

_cell_length_b 6.098278

_cell_length_c 7.187646

_cell_angle_alpha 64.770712

_cell_angle_beta 104.883858

_cell_angle_gamma 88.014086

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.169352 0.062782 0.001454

O002 O 0.199994 0.454096 0.160948

O003 O 0.473506 0.135414 -0.481004

O004 O 0.453209 0.172797 -0.150113

MN005 MN 0.329074 0.298102 0.016417

O006 O -0.306339 0.206933 0.203549

AL007 AL -0.172222 0.083677 -0.496890

O008 O -0.057029 0.383060 -0.149917

H009 H 0.449017 0.167737 -0.358660

H010 H 0.341493 0.274102 0.378172

MN011 MN -0.175868 -0.437481 -0.013505

O012 O 0.221373 -0.021372 0.152839

O013 O 0.427374 -0.385513 -0.143563

O014 O 0.065240 -0.155252 0.499418

MN015 MN 0.330960 -0.190292 -0.006353

O016 O -0.275560 -0.264384 0.135720

O017 O -0.042506 -0.088489 -0.195609

O018 O -0.058114 0.369446 0.498290

H019 H -0.054398 0.393360 -0.370647

H020 H -0.142906 -0.469602 0.363047

H021 H 0.220073 -0.256809 -0.360334

H022 H 0.148613 -0.111101 0.378429

Boron

data_BG_BMn4O8_3H2O.D1.TZVP2012.SPLOCK4.01.out

_cell_length_a 5.104838

_cell_length_b 6.086771

_cell_length_c 7.631700

_cell_angle_alpha 62.517132

_cell_angle_beta 103.822621

_cell_angle_gamma 85.246771

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.174127 0.062767 -0.008372

O002 O 0.223678 0.426087 0.150266

O003 O -0.459592 0.110970 -0.473701

O004 O 0.448778 0.156903 -0.165264

MN005 MN 0.326698 0.294021 -0.010872

O006 O -0.298855 0.204347 0.136565

B007 B -0.135118 0.077655 -0.405941

O008 O -0.047485 0.420645 -0.171647

H009 H 0.465553 0.154767 -0.379932

H010 H 0.421264 0.235919 0.375514

MN011 MN -0.162171 -0.457261 -0.014982

O012 O 0.230306 -0.025605 0.134048

O013 O 0.416029 -0.360628 -0.158591

O014 O 0.011870 -0.081490 -0.461809

MN015 MN 0.332378 -0.203668 0.004627

O016 O -0.270079 -0.325119 0.151258

O017 O -0.059264 -0.072612 -0.174841

O018 O -0.079985 0.329598 -0.482286

H019 H -0.073750 0.392974 -0.383153

H020 H -0.194758 -0.465638 0.309876

H021 H 0.267905 -0.245614 -0.305913

H022 H 0.016354 -0.007806 0.396840

Beryllium

data_BG_BeMn4O8_3H2O.D1.121.BeTZVPP.out

_cell_length_a 5.011703

_cell_length_b 5.988805

_cell_length_c 7.500762

_cell_angle_alpha 61.494071

_cell_angle_beta 96.040925

_cell_angle_gamma 89.454296

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.130245 0.062954 0.001678

O002 O 0.202747 0.444842 0.150973

O003 O 0.319077 0.165528 -0.465970

O004 O -0.473683 0.181669 -0.147884

MN005 MN 0.370075 0.313177 0.002017

O006 O -0.289989 0.252325 0.152881

BE007 BE 0.025032 0.059062 -0.410600

O008 O 0.010347 0.403018 -0.151679

H009 H 0.427531 0.214233 -0.372940

H010 H 0.307980 0.292406 0.385278

MN011 MN -0.138732 -0.444039 -0.006825

O012 O 0.228926 -0.023343 0.142250

O013 O -0.495669 -0.357337 -0.146249

O014 O 0.012434 -0.144673 0.492079

MN015 MN 0.372395 -0.195097 0.000122
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O016 O -0.263835 -0.284242 0.139792

O017 O 0.020310 -0.115111 -0.166491

O018 O -0.172353 0.326188 -0.489450

H019 H -0.141201 0.395814 -0.394869

H020 H -0.202582 0.473515 0.367716

H021 H 0.101507 -0.301394 -0.394283

H022 H 0.115558 -0.098286 0.374145

Calcium

data_BG_CaMn4O8_3H2O.D1.121.511d21G.FMIX90.out

_cell_length_a 4.962067

_cell_length_b 6.067112

_cell_length_c 7.752213

_cell_angle_alpha 64.358134

_cell_angle_beta 104.806667

_cell_angle_gamma 89.501013

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.134818 0.075550 -0.002544

O002 O 0.241444 0.455964 0.157841

O003 O 0.311855 0.144174 -0.478056

O004 O 0.483396 0.186200 -0.144986

MN005 MN 0.365348 0.317871 0.006287

O006 O -0.256477 0.255139 0.162737

CA007 CA -0.169888 0.033467 -0.491906

O008 O -0.025032 0.404369 -0.137627

H009 H 0.372535 0.210804 -0.380195

H010 H 0.282528 0.284889 0.385283

MN011 MN -0.133708 -0.439071 0.007895

O012 O 0.261254 -0.006922 0.140397

O013 O 0.474064 -0.364553 -0.137776

O014 O 0.139160 -0.268970 0.496737

MN015 MN 0.366159 -0.184090 -0.002735

O016 O -0.241559 -0.259339 0.136075

O017 O -0.021161 -0.134560 -0.147996

O018 O -0.254113 0.420994 0.498834

H019 H -0.143703 0.441713 -0.386348

H020 H -0.217303 -0.451098 0.378079

H021 H 0.291657 -0.309724 -0.380134

H022 H 0.213994 -0.191600 0.381829

Gallium

data_BG_GaMn4O8_3H2O.D1.TZVP2012.121.out

_cell_length_a 5.074451

_cell_length_b 6.111125

_cell_length_c 7.258368

_cell_angle_alpha 64.629462

_cell_angle_beta 104.767190

_cell_angle_gamma 88.349771

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.169567 0.061628 0.001298

O002 O 0.199319 0.452648 0.159598

O003 O 0.460779 0.139897 -0.480553

O004 O 0.452773 0.171493 -0.148493

MN005 MN 0.327336 0.297259 0.015653

O006 O -0.307437 0.207950 0.197504

GA007 GA -0.170918 0.082224 -0.497057

O008 O -0.057571 0.381076 -0.147919

H009 H 0.442757 0.175657 -0.359431

H010 H 0.334897 0.278500 0.377381

MN011 MN -0.175887 -0.439686 -0.012178

O012 O 0.220395 -0.022132 0.151740

O013 O 0.428253 -0.386498 -0.142287

O014 O 0.071630 -0.169306 0.499877

MN015 MN 0.332252 -0.191605 -0.005919

O016 O -0.276565 -0.264566 0.134323

O017 O -0.040163 -0.094023 -0.189539

O018 O -0.051954 0.380735 0.498109

H019 H -0.054715 0.401678 -0.372114

H020 H -0.141607 -0.461794 0.362791

H021 H 0.226592 -0.262187 -0.360170

H022 H 0.155032 -0.117739 0.379076

Potassium

data_BG_KMn4O8_3H2O.D1.121.SPLOCK4.out

_cell_length_a 5.005200

_cell_length_b 5.842376

_cell_length_c 8.203360

_cell_angle_alpha 61.973156

_cell_angle_beta 99.278503

_cell_angle_gamma 88.479066

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.105745 0.031638 0.005263

O002 O 0.251475 0.405887 0.152386

O003 O 0.210926 0.228122 -0.480426

O004 O -0.455580 0.150965 -0.134148

MN005 MN 0.397211 0.275785 0.008318

O006 O -0.233275 0.186471 0.144593

K007 K -0.276423 0.029487 -0.477916

O008 O 0.025619 0.366931 -0.125222

H009 H 0.273540 0.358948 -0.446742

H010 H 0.210360 0.302975 0.384975

MN011 MN -0.102182 -0.478753 0.012820

O012 O 0.270888 -0.057202 0.136786

O013 O -0.476199 -0.389031 -0.124447

O014 O 0.179387 -0.268528 -0.479529

MN015 MN 0.393116 -0.215759 -0.000158

O016 O -0.226881 -0.304891 0.139607

O017 O 0.011454 -0.142751 -0.122955

O018 O -0.316124 -0.455930 0.492446
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H019 H -0.139327 -0.483182 -0.427959

H020 H -0.272816 -0.392039 0.367365

H021 H 0.326071 -0.309810 -0.373456

H022 H 0.260133 -0.218124 0.410090

Lithium

data_BG_LiMn4O8_3H2O.D1.121.LiTZVPP.out

_cell_length_a 4.973608

_cell_length_b 5.865353

_cell_length_c 7.779916

_cell_angle_alpha 64.735228

_cell_angle_beta 99.451330

_cell_angle_gamma 88.156140

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.148923 0.070560 -0.000369

O002 O 0.207252 0.456719 0.152737

O003 O 0.334454 0.139226 -0.472331

O004 O 0.498559 0.179308 -0.140187

MN005 MN 0.354804 0.310517 0.010080

O006 O -0.270585 0.232070 0.148188

LI007 LI -0.066828 0.055120 -0.452352

O008 O -0.015292 0.391017 -0.129849

H009 H 0.429063 0.224588 -0.401073

H010 H 0.293986 0.263999 0.390734

MN011 MN -0.147111 -0.440675 0.006551

O012 O 0.225106 -0.013533 0.138594

O013 O 0.477259 -0.368137 -0.129273

O014 O 0.111229 -0.259719 -0.484205

MN015 MN 0.349599 -0.180507 -0.004219

O016 O -0.271821 -0.256038 0.134896

O017 O -0.031455 -0.112137 -0.137498

O018 O -0.218430 0.396988 -0.495763

H019 H -0.082044 0.485691 -0.449195

H020 H -0.268261 -0.485118 0.366931

H021 H 0.271201 -0.286962 -0.383484

H022 H 0.173866 -0.181766 0.392776

Magnesium

data_BG_MgMn4O8_3H2O.D1.121.MgTZVPP.out

_cell_length_a 4.972393

_cell_length_b 6.098994

_cell_length_c 7.534240

_cell_angle_alpha 63.232875

_cell_angle_beta 104.869898

_cell_angle_gamma 89.997086

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.136342 0.068942 -0.001160

O002 O 0.236185 0.459563 0.156627

O003 O 0.315949 0.148236 -0.474198

O004 O 0.482865 0.185464 -0.142899

MN005 MN 0.366358 0.307571 0.015576

O006 O -0.252899 0.248927 0.178464

MG007 MG -0.086124 0.071172 -0.491733

O008 O -0.024370 0.394421 -0.137198

H009 H 0.388758 0.210743 -0.372919

H010 H 0.302614 0.286598 0.383784

MN011 MN -0.138747 -0.440450 0.000166

O012 O 0.255271 -0.018597 0.145208

O013 O 0.469872 -0.373406 -0.142090

O014 O 0.086110 -0.229777 0.497247

MN015 MN 0.360608 -0.184995 -0.011401

O016 O -0.246333 -0.262651 0.130744

O017 O -0.024814 -0.129503 -0.169672

O018 O -0.217651 0.386208 -0.499075

H019 H -0.135117 0.424532 -0.384838

H020 H -0.216032 -0.465797 0.370895

H021 H 0.244696 -0.297100 -0.373524

H022 H 0.174773 -0.168890 0.383688

Mn4O8·3H2O (no cation)

data_BG_Mn4O8_3_H2O.D1.121.LiTZVPP.01.out

_cell_length_a 4.928875

_cell_length_b 5.774115

_cell_length_c 9.113848

_cell_angle_alpha 51.985903

_cell_angle_beta 101.639810

_cell_angle_gamma 90.363513

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.142652 0.024959 0.001249

O002 O 0.242793 0.393839 0.138097

O003 O 0.224821 0.238719 -0.495717

O004 O 0.473763 0.154949 -0.133367

MN005 MN 0.357887 0.274437 0.000759

O006 O -0.260969 0.143062 0.136355

O007 O -0.026345 0.405201 -0.131542

H008 H 0.377695 0.290105 -0.439641

H009 H 0.235515 0.345144 0.372784

MN010 MN -0.142611 -0.477085 0.002621

O011 O 0.240160 -0.107446 0.135944

O012 O 0.475932 -0.345239 -0.132471

O013 O 0.186320 -0.242496 -0.485215

MN014 MN 0.357091 -0.223774 0.000059

O015 O -0.258554 -0.358097 0.137598

O016 O -0.026049 -0.095917 -0.133191

O017 O -0.287505 -0.484176 -0.490164

H018 H -0.131644 -0.384624 -0.477575

H019 H -0.201745 0.406555 0.478113

H020 H 0.226746 -0.100250 -0.461824

H021 H 0.351810 -0.291775 0.491171
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Calcium

data_BG_CaMn4O8_3H2O.D1.121.wat1wat2wat3.Ca.01.out

_cell_length_a 4.994407

_cell_length_b 5.738092

_cell_length_c 6.177423

_cell_angle_alpha 62.146339

_cell_angle_beta 123.923002

_cell_angle_gamma 90.877919

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.130027 0.074062 0.002208

O002 O 0.352568 0.465305 0.221073

O003 O 0.388499 0.182378 -0.215206

MN004 MN 0.370202 0.324390 0.002393

O005 O -0.148093 0.215310 0.220783

O006 O -0.111533 0.432607 -0.215202

MN007 MN -0.129210 -0.426625 0.003430

O008 O 0.351695 -0.033964 0.220212

O009 O 0.389085 -0.317565 -0.215064

MN010 MN 0.370748 -0.176181 0.003252

O011 O -0.147716 -0.284399 0.220833

O012 O -0.110990 -0.068210 -0.214739

Sodium

data_BG_NaMn4O8_3H2O.D1.121.k14.SPLK4.FMIX90.out

_cell_length_a 4.977447

_cell_length_b 5.847388

_cell_length_c 7.838952

_cell_angle_alpha 65.532174

_cell_angle_beta 99.631780

_cell_angle_gamma 88.034051

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.144702 0.068632 0.002322

O002 O 0.213261 0.457492 0.154046

O003 O 0.335610 0.136982 -0.476609

O004 O -0.497237 0.175044 -0.136838

MN005 MN 0.358544 0.310454 0.010817

O006 O -0.267263 0.232113 0.149594

NA007 NA -0.153108 0.041679 -0.480640

O008 O -0.011447 0.388760 -0.125660

H009 H 0.405392 0.232159 -0.405232

H010 H 0.287766 0.262923 0.389238

MN011 MN -0.141775 -0.442378 0.011304

O012 O 0.231391 -0.012023 0.138486

O013 O 0.483685 -0.370940 -0.124969

O014 O 0.161781 -0.299417 -0.482493

MN015 MN 0.353667 -0.180266 -0.003292

O016 O -0.266868 -0.253829 0.136739

O017 O -0.029250 -0.117571 -0.130878

O018 O -0.261555 0.449878 -0.495285

H019 H -0.090459 -0.495658 -0.450234

H020 H -0.292608 -0.443180 0.367626

H021 H 0.311229 -0.306785 -0.382375

H022 H 0.219576 -0.212859 0.396024

Strontium

data_BG_SrMn4O8_3H2O.D1.121.511d21G.out

_cell_length_a 4.966521

_cell_length_b 6.010950

_cell_length_c 7.936687

_cell_angle_alpha 63.516690

_cell_angle_beta 107.062011

_cell_angle_gamma 89.985487

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.123149 0.081584 -0.002406

O002 O 0.264743 0.453956 0.157937

O003 O 0.262478 0.157077 -0.478489

O004 O 0.485970 0.194447 -0.145815

MN005 MN 0.376617 0.325894 0.002552

O006 O -0.237304 0.257031 0.159247

SR007 SR -0.227095 -0.006771 -0.496486

O008 O -0.023713 0.418475 -0.142021

H009 H 0.335243 0.221937 -0.381910

H010 H 0.250552 0.293861 0.388732

MN011 MN -0.119973 -0.433970 0.008981

O012 O 0.283562 -0.004258 0.142984

O013 O 0.479679 -0.351364 -0.140903

O014 O 0.160930 -0.289572 0.497728

MN015 MN 0.379520 -0.179232 -0.000707

O016 O -0.220090 -0.260416 0.138562

O017 O -0.014751 -0.123547 -0.144318

O018 O -0.285263 0.436157 0.493261

H019 H -0.153030 0.430025 -0.385710

H020 H -0.212598 -0.461785 0.384121

H021 H 0.311000 -0.319105 -0.378804

H022 H 0.232303 -0.219212 0.385155

Yttrium

data_BG_YMn4O8_3H2O.D1.121.SPLOCK4.out

_cell_length_a 5.003355

_cell_length_b 6.194088

_cell_length_c 7.409866

_cell_angle_alpha 66.963571

_cell_angle_beta 104.338092

_cell_angle_gamma 85.746233

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1
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loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.153665 0.080695 -0.002341

O002 O 0.234886 0.465818 0.163839

O003 O 0.354081 0.131152 -0.486873

O004 O 0.464129 0.181170 -0.155743

MN005 MN 0.343140 0.323842 0.001104

O006 O -0.270773 0.213912 0.169913

Y007 Y -0.157989 0.034719 -0.491552

O008 O -0.031264 0.433360 -0.158281

H009 H 0.389520 0.183180 -0.369535

H010 H 0.295212 0.284047 0.374682

MN011 MN -0.151750 -0.433222 0.007215

O012 O 0.244173 0.013432 0.143897

O013 O 0.450175 -0.372881 -0.135805

O014 O 0.141860 -0.256416 0.494239

MN015 MN 0.352284 -0.181047 0.007305

O016 O -0.266405 -0.269347 0.153826

O017 O -0.035115 -0.078388 -0.158476

O018 O -0.188308 0.394677 -0.499300

H019 H -0.112614 0.422209 -0.373308

H020 H -0.207262 -0.458556 0.368725

H021 H 0.293676 -0.315823 -0.370535

H022 H 0.217638 -0.175322 0.378696

Zinc

data_BG_ZnMn4O8_3H2O.D1.121.511d21G.FMIX90.out

_cell_length_a 4.982341

_cell_length_b 6.089927

_cell_length_c 7.505374

_cell_angle_alpha 63.266268

_cell_angle_beta 104.825638

_cell_angle_gamma 89.938137

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.136243 0.067855 -0.000637

O002 O 0.235355 0.459738 0.156277

O003 O 0.317023 0.149120 -0.474074

O004 O 0.483829 0.184557 -0.142724

MN005 MN 0.366180 0.307018 0.015549

O006 O -0.253716 0.248426 0.177893

ZN007 ZN -0.085383 0.071668 -0.490655

O008 O -0.024106 0.393342 -0.137698

H009 H 0.391589 0.210442 -0.371556

H010 H 0.305824 0.287039 0.383780

MN011 MN -0.138949 -0.441159 -0.000088

O012 O 0.254919 -0.019904 0.145520

O013 O 0.469750 -0.373860 -0.142312

O014 O 0.088124 -0.231004 0.497344

MN015 MN 0.360668 -0.185665 -0.011184

O016 O -0.246468 -0.263542 0.131133

O017 O -0.025396 -0.130086 -0.169884

O018 O -0.225424 0.389315 0.499741

H019 H -0.137154 0.424515 -0.384257

H020 H -0.218943 -0.463686 0.369402

H021 H 0.246882 -0.296256 -0.373078

H022 H 0.177269 -0.166663 0.383197

Scandium

data_ScMn4O8_3H2O.D1.TZVP2012.121.freq.out

_cell_length_a 5.053785

_cell_length_b 6.210935

_cell_length_c 7.236825

_cell_angle_alpha 66.983324

_cell_angle_beta 103.340047

_cell_angle_gamma 85.873073

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.164865 0.066799 0.000760

O002 O 0.210068 0.461339 0.160514

O003 O 0.425572 0.138573 -0.488290

O004 O 0.461296 0.166802 -0.151840

MN005 MN 0.332386 0.308286 0.006377

O006 O -0.290694 0.201077 0.182026

SC007 SC -0.166594 0.072141 -0.496174

O008 O -0.036891 0.407257 -0.154582

H009 H 0.421639 0.175708 -0.362592

H010 H 0.318989 0.284340 0.374097

MN011 MN -0.167292 -0.439860 -0.002738

O012 O 0.223102 -0.000828 0.143826

O013 O 0.439909 -0.389768 -0.137219

O014 O 0.100077 -0.202204 -0.499446

MN015 MN 0.336680 -0.190921 0.001178

O016 O -0.284305 -0.274914 0.145656

O017 O -0.042170 -0.083950 -0.174219

O018 O -0.100195 0.389267 0.499155

H019 H -0.072693 0.417827 -0.369128

H020 H -0.173427 -0.457039 0.364961

H021 H 0.251478 -0.286347 -0.362536

H022 H 0.183559 -0.142379 0.381902

4.2 Mn+Mn4O8·3H2O Shifted Cation
Site

Aluminum

data_BG_AlMn4O8_3H2O.D1.TZVP2012.SPLOCK4.Na.OXO.01.out

_cell_length_a 5.056157

_cell_length_b 6.221589

_cell_length_c 7.006644

_cell_angle_alpha 68.059080

_cell_angle_beta 102.712782

_cell_angle_gamma 86.140663

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1
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loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.162598 0.086474 0.010793

O002 O 0.207873 0.494203 0.170508

O003 O 0.188166 0.181213 -0.498495

O004 O 0.471855 0.183699 -0.144253

MN005 MN 0.340133 0.317862 0.023622

O006 O -0.275096 0.223007 0.191887

AL007 AL -0.120093 0.060164 -0.466041

O008 O -0.047783 0.375338 -0.123100

H009 H 0.290601 0.209001 -0.373709

H010 H 0.201338 0.370049 0.323689

MN011 MN -0.170221 -0.414379 -0.001935

O012 O 0.211046 -0.027530 0.172120

O013 O 0.455724 -0.337210 -0.143812

O014 O 0.255669 -0.354107 -0.487617

MN015 MN 0.340917 -0.158087 -0.002537

O016 O -0.271852 -0.219370 0.142261

O017 O -0.051797 -0.040147 -0.180047

O018 O -0.219361 -0.196279 -0.476933

H019 H 0.065307 -0.337634 -0.468154

H020 H -0.292844 -0.196271 0.381809

H021 H 0.375419 -0.335475 -0.355441

H022 H 0.246336 -0.207318 0.367076

Beryllium

data_BG_BeMn4O8_3H2O.D1.121.BeTZVPP.Na.OXO.01.out

_cell_length_a 4.986811

_cell_length_b 5.995163

_cell_length_c 7.619996

_cell_angle_alpha 64.831556

_cell_angle_beta 98.603534

_cell_angle_gamma 87.659864

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.155560 0.071491 0.000675

O002 O 0.204916 0.450053 0.159160

O003 O 0.183035 0.189442 -0.488093

O004 O 0.497232 0.176890 -0.146258

MN005 MN 0.346787 0.302238 0.010997

O006 O -0.293682 0.196663 0.159813

BE007 BE -0.058504 0.027227 -0.381420

O008 O -0.019339 0.381983 -0.131689

H009 H 0.235161 0.315584 -0.441520

H010 H 0.180763 0.282860 0.361225

MN011 MN -0.153195 -0.444389 0.007616

O012 O 0.221449 -0.016959 0.144864

O013 O 0.469840 -0.378331 -0.125635

O014 O 0.230743 -0.362233 -0.483311

MN015 MN 0.357586 -0.187722 0.004659

O016 O -0.270577 -0.248764 0.135852

O017 O -0.011509 -0.074289 -0.156887

O018 O -0.210961 -0.128282 -0.479831

H019 H -0.059916 -0.255936 -0.470681

H020 H -0.280484 -0.029033 0.374502

H021 H 0.365260 -0.352783 -0.379087

H022 H 0.259693 -0.238504 0.386741

Calcium

data_BG_CaMn4O8_3H2O.D1.121.MgTVZZP.Na.OXO.out

_cell_length_a 4.987783

_cell_length_b 5.965370

_cell_length_c 7.281551

_cell_angle_alpha 68.304631

_cell_angle_beta 97.865831

_cell_angle_gamma 89.317059

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.122810 0.067097 0.025448

O002 O 0.212264 0.473010 0.158346

O003 O 0.197197 0.210970 -0.487744

O004 O -0.465304 0.168239 -0.139589

MN005 MN 0.371735 0.318348 0.011485

O006 O -0.287367 0.277586 0.173555

CA007 CA -0.281907 0.147907 -0.443153

O008 O 0.008197 0.377215 -0.128343

H009 H 0.220292 0.356260 -0.451285

H010 H 0.182882 0.295139 0.361793

MN011 MN -0.133311 -0.435439 0.008070

O012 O 0.250123 0.000554 0.151476

O013 O -0.497149 -0.373587 -0.135330

O014 O 0.241562 -0.358564 -0.478820

MN015 MN 0.367054 -0.176250 -0.005949

O016 O -0.268324 -0.250184 0.147141

O017 O 0.003319 -0.143253 -0.144813

O018 O -0.251162 -0.208399 -0.499321

H019 H -0.060123 -0.277113 -0.452896

H020 H -0.289215 -0.216541 0.367378

H021 H 0.372409 -0.343884 -0.369718

H022 H 0.268378 -0.231903 0.393960

Pottasium

data_BG_KMn4O8_3H2O.D1.121.TZVPP.Na.OXO.out

_cell_length_a 5.044146

_cell_length_b 5.788419

_cell_length_c 7.927584

_cell_angle_alpha 64.751554

_cell_angle_beta 101.253894

_cell_angle_gamma 88.896862

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

Supporting Info Page S26



This is a Pre-print. The final version has been published in:

K.P. Lucht, J.L. Mendoza-Cortes, The Journal of Physical Chemistry C, 2015, 119 (40), 22838-22846

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.126621 0.048071 0.010902

O002 O 0.232777 0.439525 0.153912

O003 O 0.215850 0.145854 -0.475650

O004 O -0.481203 0.159624 -0.132505

MN005 MN 0.373857 0.298502 0.010077

O006 O -0.251266 0.217860 0.150029

K007 K -0.280207 0.331332 -0.481775

O008 O -0.001083 0.374993 -0.125806

H009 H 0.235594 0.293810 -0.446741

H010 H 0.204849 0.220104 0.386430

MN011 MN -0.127166 -0.452247 0.010223

O012 O 0.253926 -0.031896 0.143084

O013 O 0.494893 -0.378757 -0.122603

O014 O 0.229094 -0.372883 -0.480278

MN015 MN 0.370675 -0.194769 0.000570

O016 O -0.240088 -0.279430 0.146166

O017 O -0.019275 -0.124797 -0.125731

O018 O -0.275671 -0.163396 -0.488608

H019 H -0.082143 -0.225962 -0.443043

H020 H -0.290532 -0.051291 0.376854

H021 H 0.361371 -0.327222 -0.394991

H022 H 0.241106 -0.249817 0.391175

Lithium

data_BG_LiMn4O8_3H2O.D1.121.k14.SPLK4.FMIX90.Na.OXO.out

_cell_length_a 4.971805

_cell_length_b 5.818346

_cell_length_c 8.163002

_cell_angle_alpha 61.702530

_cell_angle_beta 96.383636

_cell_angle_gamma 88.513782

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.138633 0.042045 0.005754

O002 O 0.205796 0.420568 0.146290

O003 O 0.269656 0.202715 -0.472865

O004 O -0.473596 0.162254 -0.140056

MN005 MN 0.360432 0.294386 0.001307

O006 O -0.279835 0.201121 0.141144

LI007 LI -0.313608 0.111951 -0.375338

O008 O 0.001466 0.379625 -0.128546

H009 H 0.251255 0.365775 -0.463622

H010 H 0.233646 0.260761 0.392128

MN011 MN -0.139361 -0.462657 0.008951

O012 O 0.228556 -0.043506 0.133921

O013 O 0.499566 -0.374111 -0.124638

O014 O 0.235707 -0.326650 -0.488037

MN015 MN 0.361930 -0.205403 0.000391

O016 O -0.267094 -0.294300 0.140687

O017 O -0.017657 -0.122926 -0.129384

O018 O -0.259274 -0.146439 -0.474818

H019 H -0.072185 -0.230808 -0.445707

H020 H -0.288105 -0.044188 0.388605

H021 H 0.404350 -0.294775 -0.430510

H022 H 0.235724 -0.218231 0.376033

Magnesium

data_BG_MgMn4O8_3H2O.D1.121.MgTVZZP.Na.OXO.01.out

_cell_length_a 4.969371

_cell_length_b 5.976310

_cell_length_c 8.123859

_cell_angle_alpha 62.270055

_cell_angle_beta 96.963320

_cell_angle_gamma 87.575775

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.139713 0.033471 0.012885

O002 O 0.217453 0.415378 0.147068

O003 O 0.315378 0.243000 0.499372

O004 O -0.478129 0.149618 -0.144514

MN005 MN 0.353892 0.280335 0.004214

O006 O -0.299589 0.163435 0.153370

MG007 MG -0.342486 0.051808 -0.341436

O008 O -0.008213 0.361143 -0.122859

H009 H 0.262099 0.391604 -0.482635

H010 H 0.275006 0.299754 0.360306

MN011 MN -0.143597 -0.477678 0.014992

O012 O 0.229711 -0.047614 0.141215

O013 O 0.488307 -0.382580 -0.127774

O014 O 0.221512 -0.333218 -0.480144

MN015 MN 0.357213 -0.215567 0.007357

O016 O -0.271746 -0.291744 0.137893

O017 O -0.009560 -0.091480 -0.141604

O018 O -0.253184 -0.106434 -0.492213

H019 H -0.077035 -0.213113 -0.461654

H020 H -0.283605 -0.002233 0.365865

H021 H 0.361718 -0.337031 -0.383236

H022 H 0.263303 -0.213647 0.395222

Sodium

data_BG_NaMn4O8_3H2O.D1.121.k14.SPLK4.FMIX90.OXO.out

_cell_length_a 4.997232

_cell_length_b 5.803953

_cell_length_c 7.659038

_cell_angle_alpha 66.866801

_cell_angle_beta 100.081800

_cell_angle_gamma 88.775452

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_
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_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.122842 0.064067 0.010124

O002 O 0.230390 0.461951 0.154266

O003 O 0.230658 0.155529 -0.479371

O004 O -0.471944 0.168608 -0.138636

MN005 MN 0.377500 0.314149 0.008433

O006 O -0.252168 0.242320 0.150821

NA007 NA -0.274094 0.225752 -0.450141

O008 O 0.006007 0.381134 -0.128920

H009 H 0.258497 0.281560 -0.425677

H010 H 0.208399 0.253430 0.380225

MN011 MN -0.125471 -0.438685 0.008698

O012 O 0.254447 -0.008310 0.144034

O013 O -0.498566 -0.371104 -0.125614

O014 O 0.214563 -0.352529 -0.483582

MN015 MN 0.374716 -0.181280 0.000501

O016 O -0.244230 -0.255992 0.146684

O017 O -0.010543 -0.116427 -0.128998

O018 O -0.279187 -0.196458 -0.482938

H019 H -0.082961 -0.251775 -0.461695

H020 H -0.342849 -0.147398 0.379881

H021 H 0.363126 -0.313053 -0.401467

H022 H 0.225290 -0.238282 0.385064

Scandium

data_BG_ScMn4O8_3H2O.D1.TZVP2012.SPLOCK4.Na.OXO.01.out

_cell_length_a 5.024565

_cell_length_b 6.123648

_cell_length_c 6.686317

_cell_angle_alpha 72.428677

_cell_angle_beta 97.076394

_cell_angle_gamma 87.089973

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.119286 0.074132 0.024438

O002 O 0.214673 0.492308 0.162851

O003 O 0.154287 0.215504 -0.497978

O004 O -0.451537 0.160321 -0.175347

MN005 MN 0.373166 0.313696 0.022277

O006 O -0.306184 0.245138 0.211681

SC007 SC -0.223958 0.106533 -0.432824

O008 O 0.014137 0.360084 -0.132911

H009 H 0.252079 0.249797 -0.376480

H010 H 0.174683 0.346306 0.365851

MN011 MN -0.132000 -0.431226 -0.001118

O012 O 0.252299 0.013639 0.151819

O013 O 0.499403 -0.403457 -0.131681

O014 O 0.217780 -0.333065 -0.495517

MN015 MN 0.371966 -0.170975 -0.016446

O016 O -0.270304 -0.222471 0.137081

O017 O 0.021500 -0.105931 -0.180753

O018 O -0.252364 -0.200141 -0.492020

H019 H -0.053768 -0.276613 -0.464276

H020 H -0.305483 -0.205027 0.359898

H021 H 0.349651 -0.350821 -0.367052

H022 H 0.257998 -0.200526 0.390197

Strontium

data_BG_SrMn4O8_3H2O.D1.121.MgTVZZP.Ca.OXO.out

_cell_length_a 5.043949

_cell_length_b 5.935974

_cell_length_c 7.434199

_cell_angle_alpha 67.400505

_cell_angle_beta 101.053673

_cell_angle_gamma 89.985454

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.125257 0.053357 0.022188

O002 O 0.233541 0.451131 0.152827

O003 O 0.182677 0.220500 -0.497253

O004 O -0.470624 0.154638 -0.141124

MN005 MN 0.369702 0.304252 0.003557

O006 O -0.257436 0.240852 0.154614

SR007 SR -0.293815 0.207758 -0.463037

O008 O 0.015534 0.340706 -0.143673

H009 H 0.208978 0.371255 -0.467659

H010 H 0.174200 0.289309 0.354586

MN011 MN -0.135217 -0.445678 0.002439

O012 O 0.252502 -0.010121 0.157955

O013 O 0.487585 -0.376611 -0.129262

O014 O 0.249160 -0.355844 -0.479310

MN015 MN 0.368860 -0.189694 0.012241

O016 O -0.270336 -0.240935 0.168268

O017 O -0.014458 -0.123722 -0.122756

O018 O -0.244053 -0.198984 -0.485403

H019 H -0.051520 -0.261840 -0.443843

H020 H -0.285964 -0.189811 0.376197

H021 H 0.375884 -0.341004 -0.365525

H022 H 0.268798 -0.222305 0.395662

Yttrium

data_BG_YMn4O8_3H2O.D1.TZVP2012.SPLOCK4.Na.OXO.out

_cell_length_a 5.127872

_cell_length_b 5.996303

_cell_length_c 6.747330

_cell_angle_alpha 74.462710

_cell_angle_beta 96.403031

_cell_angle_gamma 86.060817

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x
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_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.126187 0.052129 0.032034

O002 O 0.201545 0.486704 0.144846

O003 O 0.203971 0.240963 0.497800

O004 O -0.454552 0.127315 -0.147996

MN005 MN 0.366967 0.304726 0.002034

O006 O -0.260779 0.218346 0.205892

Y007 Y -0.229539 0.155479 -0.437627

O008 O -0.032381 0.331293 -0.148513

H009 H 0.224261 0.381380 -0.451924

H010 H 0.189150 0.327220 0.340299

MN011 MN -0.141706 -0.445701 -0.005529

O012 O 0.229228 -0.002757 0.162942

O013 O -0.496625 -0.398844 -0.134089

O014 O 0.235282 -0.335178 -0.478896

MN015 MN 0.364897 -0.187839 0.002341

O016 O -0.269744 -0.237099 0.152215

O017 O 0.006681 -0.106870 -0.153659

O018 O -0.247411 -0.206568 -0.479713

H019 H -0.056787 -0.275620 -0.447613

H020 H -0.289462 -0.208941 0.371796

H021 H 0.367752 -0.331303 -0.358954

H022 H 0.254179 -0.211625 0.394006

Boron

data_BMn4O8_3H2O.D1.TZVP2012.SPLOCK4.Na.OXO.02.out

_cell_length_a 5.105276

_cell_length_b 6.126386

_cell_length_c 7.749249

_cell_angle_alpha 62.693034

_cell_angle_beta 100.390505

_cell_angle_gamma 89.145172

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.161042 0.070691 -0.016202

O002 O 0.188581 0.437392 0.156613

O003 O 0.153905 0.167223 -0.459118

O004 O 0.461159 0.193444 -0.160478

MN005 MN 0.316082 0.306244 0.008502

O006 O -0.328691 0.201811 0.163094

B007 B -0.009620 -0.008193 -0.377233

O008 O -0.040564 0.387244 -0.134344

H009 H 0.358942 0.239609 -0.296966

H010 H 0.156544 0.251836 0.397413

MN011 MN -0.168743 -0.449874 0.004067

O012 O 0.213797 -0.022359 0.128942

O013 O 0.453511 -0.381580 -0.122446

O014 O 0.239174 -0.341849 -0.495900

MN015 MN 0.352591 -0.204417 0.008963

O016 O -0.274793 -0.249057 0.118472

O017 O -0.002938 -0.095583 -0.177332

O018 O -0.170975 -0.112615 -0.477158

H019 H -0.041299 -0.233104 -0.486743

H020 H -0.293670 0.067595 0.306396

H021 H 0.375818 -0.326718 -0.397623

H022 H 0.260972 -0.220533 0.370775

4.3 Mn+Mn4O8·3H2O Parallel Oxidative
Pattern

Beryllium

data_BG_BeMn4O8_3H2O.D1.121.BeTZVPP.para.14.relax.out

_cell_length_a 5.115890

_cell_length_b 5.874085

_cell_length_c 7.572269

_cell_angle_alpha 59.855511

_cell_angle_beta 95.876123

_cell_angle_gamma 92.861338

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.130662 0.059103 0.007714

O002 O 0.228605 0.466416 0.140731

O003 O 0.323972 0.184785 -0.480888

O004 O -0.484233 0.158402 -0.142915

MN005 MN 0.370805 0.316193 -0.003725

O006 O -0.301382 0.249732 0.144206

BE007 BE 0.041661 0.060708 -0.410907

O008 O 0.032153 0.390894 -0.160090

H009 H 0.442089 0.221602 -0.387505

H010 H 0.324034 0.316607 0.369361

MN011 MN -0.139572 -0.433510 -0.013327

O012 O 0.223953 -0.037308 0.147432

O013 O 0.499229 -0.332188 -0.152518

O014 O -0.004132 -0.149387 -0.496098

MN015 MN 0.373844 -0.190693 0.001682

O016 O -0.295960 -0.272775 0.152645

O017 O 0.039088 -0.103037 -0.164429

O018 O -0.158894 0.314498 -0.488546

H019 H -0.114973 0.380860 -0.393552

H020 H -0.210255 0.466969 0.371306

H021 H 0.039106 -0.326495 -0.374061

H022 H 0.107153 -0.120167 0.395174

Calcium

data_BG_CaMn4O8_3H2O.D1.121.511d21G.FMIX90.para.relax.14.out

_cell_length_a 5.217677

_cell_length_b 5.736330

_cell_length_c 7.456631

_cell_angle_alpha 67.933308

_cell_angle_beta 104.939223

_cell_angle_gamma 89.603851

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y
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_atom_site_fract_z

MN001 MN -0.124070 0.072929 0.001988

O002 O 0.304896 0.499058 0.157544

O003 O 0.269774 0.158829 0.495162

O004 O 0.452174 0.148636 -0.149395

MN005 MN 0.377431 0.321863 0.004804

O006 O -0.246683 0.250421 0.146112

CA007 CA -0.197028 0.016328 0.492652

O008 O 0.004081 0.388136 -0.129079

H009 H 0.334418 0.192925 -0.380255

H010 H 0.281434 0.314454 0.381775

MN011 MN -0.119359 -0.430136 0.008351

O012 O 0.313889 -0.008664 0.166407

O013 O 0.454472 -0.352931 -0.153080

O014 O 0.131337 -0.289820 0.495935

MN015 MN 0.378824 -0.176834 0.002952

O016 O -0.248421 -0.244171 0.139284

O017 O -0.001847 -0.108043 -0.139578

O018 O -0.269451 0.415694 -0.493140

H019 H -0.128010 0.424299 -0.380745

H020 H -0.240819 -0.460234 0.382426

H021 H 0.266839 -0.311166 -0.375878

H022 H 0.211747 -0.200364 0.387449

Magnesium

data_BG_MgMn4O8_3H2O.D1.121.MgTZVPP.para.14.relax.01.out

_cell_length_a 5.073187

_cell_length_b 5.945564

_cell_length_c 7.449180

_cell_angle_alpha 66.147541

_cell_angle_beta 105.903334

_cell_angle_gamma 89.621306

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.133426 0.058203 0.004527

O002 O 0.260937 -0.497583 0.142488

O003 O 0.295185 0.177311 0.499541

O004 O 0.469463 0.143767 -0.135601

MN005 MN 0.371420 0.299761 0.021145

O006 O -0.269113 0.217491 0.186642

MG007 MG -0.084592 0.079455 0.498291

O008 O -0.022957 0.374603 -0.129606

H009 H 0.377245 0.206301 -0.376275

H010 H 0.310650 0.323545 0.378846

MN011 MN -0.137709 -0.436286 -0.005106

O012 O 0.263973 -0.028839 0.150097

O013 O 0.463168 -0.381730 -0.141493

O014 O 0.092955 -0.238193 -0.497912

MN015 MN 0.360391 -0.183433 -0.010490

O016 O -0.244756 -0.259719 0.132042

O017 O 0.002532 -0.095577 -0.182975

O018 O -0.234620 0.393105 0.498416

H019 H -0.141354 0.417992 -0.377646

H020 H -0.223050 -0.459590 0.377853

H021 H 0.245175 -0.302344 -0.365306

H022 H 0.184114 -0.187030 0.394213

Strontium

data_BG_SrMn4O8_3H2O.D1.121.511d21G.para.14.relax.out

_cell_length_a 5.242834

_cell_length_b 5.697088

_cell_length_c 7.335957

_cell_angle_alpha 68.378004

_cell_angle_beta 103.962624

_cell_angle_gamma 90.636160

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.123189 0.100934 -0.003954

O002 O 0.317508 -0.484138 0.171294

O003 O 0.256343 0.141390 -0.498092

O004 O 0.457433 0.168598 -0.149303

MN005 MN 0.385393 0.342028 0.010087

O006 O -0.245026 0.271223 0.150814

SR007 SR -0.232662 -0.054119 -0.494933

O008 O 0.020253 0.411907 -0.121002

H009 H 0.321867 0.183839 -0.375848

H010 H 0.262666 0.296626 0.385941

MN011 MN -0.105544 -0.413899 0.024878

O012 O 0.315176 0.009822 0.172707

O013 O 0.468524 -0.334032 -0.151360

O014 O 0.161405 -0.333219 -0.499303

MN015 MN 0.386313 -0.155636 0.006608

O016 O -0.248238 -0.212841 0.144250

O017 O 0.013922 -0.098305 -0.129143

O018 O -0.260530 0.394398 -0.485012

H019 H -0.082384 0.451862 -0.480767

H020 H -0.361626 0.478021 0.374417

H021 H 0.282485 -0.328488 -0.373875

H022 H 0.215541 -0.214760 0.383287

Zinc

data_BG_ZnMn4O8_3H2O.D1.121.511d21G.FMIX90.para.relax.out

_cell_length_a 5.082552

_cell_length_b 5.938406

_cell_length_c 7.429328

_cell_angle_alpha 66.027478

_cell_angle_beta 105.988228

_cell_angle_gamma 89.601316

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.134343 0.057929 0.004940

O002 O 0.259984 -0.497809 0.142629

O003 O 0.299234 0.174459 -0.499664

O004 O 0.468787 0.144188 -0.135627
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MN005 MN 0.369968 0.299652 0.021145

O006 O -0.270193 0.217118 0.186826

ZN007 ZN -0.086340 0.080723 0.498212

O008 O -0.024329 0.374811 -0.129826

H009 H 0.381494 0.204167 -0.375499

H010 H 0.313284 0.321515 0.378705

MN011 MN -0.138854 -0.436031 -0.005500

O012 O 0.263139 -0.029347 0.150194

O013 O 0.462247 -0.381694 -0.141561

O014 O 0.097065 -0.242513 -0.499143

MN015 MN 0.359814 -0.183515 -0.010481

O016 O -0.245563 -0.260145 0.132158

O017 O 0.000719 -0.095474 -0.183154

O018 O -0.241538 0.398660 0.498053

H019 H -0.143843 0.420310 -0.376530

H020 H -0.223500 -0.455494 0.377787

H021 H 0.248471 -0.304410 -0.365508

H022 H 0.189930 -0.185888 0.393535

4.4 Mn+
2 Mn4O8·3H2O Structures

Potassium

data_BG_K2Mn4O8_3H2O.121.SPLOCK4.2.02.out

_cell_length_a 5.055886

_cell_length_b 5.980736

_cell_length_c 9.754688

_cell_angle_alpha 75.597833

_cell_angle_beta 116.578701

_cell_angle_gamma 90.409399

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.162227 0.011498 -0.014590

O002 O 0.263261 0.420897 0.102926

O003 O 0.452448 0.147634 -0.413040

O004 O 0.420980 0.081322 -0.142534

MN005 MN 0.328076 0.256828 -0.024925

O006 O -0.235228 0.206906 0.097124

K007 K -0.348852 0.124018 0.358756

O008 O -0.083230 0.275018 -0.142361

H009 H 0.392003 0.118036 -0.325448

H010 H -0.333675 0.143770 -0.348355

MN011 MN -0.154622 -0.499268 -0.000759

O012 O 0.269570 -0.028754 0.098202

O013 O 0.403461 -0.446615 -0.124294

O014 O 0.002708 -0.234450 -0.417597

MN015 MN 0.338460 -0.242535 -0.005224

O016 O -0.237586 -0.257793 0.110784

O017 O -0.092228 -0.204270 -0.116280

O018 O -0.027319 -0.496779 0.397685

H019 H 0.141335 0.389222 0.430639

H020 H -0.099255 -0.396603 0.282273

H021 H 0.137613 -0.313459 -0.303283

H022 H -0.012405 -0.344523 -0.481347

K023 K -0.455064 -0.368891 -0.384577

Lithium

data_BG_Li2Mn4O8_3H2O.121.LiTZVPP.out

_cell_length_a 4.980953

_cell_length_b 6.062084

_cell_length_c 7.712836

_cell_angle_alpha 61.818035

_cell_angle_beta 102.495917

_cell_angle_gamma 90.157762

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.134096 0.070391 0.005574

O002 O 0.226819 0.458060 0.154556

O003 O 0.298174 0.170303 -0.480879

O004 O 0.491650 0.192971 -0.138481

MN005 MN 0.371522 0.311112 0.019146

O006 O -0.263510 0.249285 0.173299

LI007 LI -0.075381 0.042996 -0.485142

O008 O -0.014463 0.400639 -0.136485

H009 H 0.484375 0.203217 -0.434780

H010 H 0.261405 0.284378 0.366472

MN011 MN -0.138239 -0.436151 0.001389

O012 O 0.248859 -0.018542 0.145305

O013 O 0.480573 -0.362303 -0.140400

O014 O 0.146082 -0.257308 -0.493921

MN015 MN 0.358767 -0.177632 -0.013484

O016 O -0.256801 -0.267072 0.134486

O017 O -0.014890 -0.122373 -0.158850

O018 O -0.237750 0.390667 -0.494539

H019 H -0.237238 0.459936 -0.403303

H020 H -0.253595 -0.467085 0.364624

H021 H 0.287451 -0.260872 -0.380417

H022 H 0.211476 -0.165511 0.380052

LI023 LI 0.171691 0.378823 -0.374885

Sodium

data_BG_Na2Mn4O8_3H2O.121.NaTZVPP.Li.01.out

_cell_length_a 4.966791

_cell_length_b 6.089490

_cell_length_c 8.360066

_cell_angle_alpha 57.159433

_cell_angle_beta 97.032653

_cell_angle_gamma 90.262595

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.134394 0.072860 0.011264

O002 O 0.214043 0.428844 0.162418
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O003 O 0.331506 0.139633 -0.484273

O004 O -0.483261 0.206080 -0.127544

MN005 MN 0.372939 0.314602 0.018783

O006 O -0.286309 0.225115 0.172868

NA007 NA -0.136030 -0.078595 -0.432719

O008 O 0.004371 0.424237 -0.121468

H009 H 0.493853 0.222344 -0.465046

H010 H 0.275905 0.257791 0.369231

MN011 MN -0.133277 -0.445853 0.020567

O012 O 0.231508 -0.028636 0.139045

O013 O -0.488574 -0.347223 -0.120969

O014 O 0.273474 -0.266711 -0.497546

MN015 MN 0.367190 -0.186307 0.003416

O016 O -0.269335 -0.283775 0.142809

O017 O 0.012706 -0.113443 -0.133352

O018 O -0.282268 0.434797 -0.497824

H019 H -0.392249 -0.476356 -0.457293

H020 H -0.282123 -0.446140 0.357951

H021 H 0.329858 -0.141764 -0.461227

H022 H 0.255338 -0.167922 0.358313

NA023 NA 0.138011 0.334351 -0.348064

Beryllium

data_BG_Be2Mn4O8_3H2O.121.BeTZVPP.05.out

_cell_length_a 5.058203

_cell_length_b 6.482883

_cell_length_c 7.884199

_cell_angle_alpha 52.022798

_cell_angle_beta 91.999531

_cell_angle_gamma 93.336348

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.172861 0.046766 -0.008263

O002 O 0.139939 0.414337 0.123020

O003 O 0.378532 0.183988 -0.478305

O004 O -0.491759 0.218154 -0.174151

MN005 MN 0.315915 0.310712 -0.010764

O006 O -0.387084 0.231155 0.154525

BE007 BE 0.062544 0.084178 -0.415579

O008 O -0.029896 0.408959 -0.207724

H009 H 0.485735 0.176869 -0.368368

H010 H 0.477502 0.163427 0.429381

MN011 MN -0.192108 -0.437217 -0.008303

O012 O 0.139863 -0.026132 0.156818

O013 O -0.481882 -0.367386 -0.212277

O014 O -0.004742 -0.085591 0.495642

MN015 MN 0.292958 -0.268797 0.096479

O016 O -0.319580 -0.299727 0.161865

O017 O -0.001710 -0.102727 -0.164194

O018 O -0.078691 0.362807 0.480511

H019 H -0.019372 0.410223 -0.426533

H020 H -0.190932 -0.487192 0.344406

H021 H 0.064935 -0.259837 -0.395842

H022 H 0.050550 -0.033797 0.351519

BE023 BE -0.332225 0.484237 -0.272770

Calcium

data_BG_Ca2Mn4O8_3H2O.121.SPLK4.FMIX90.02.out

_cell_length_a 5.208742

_cell_length_b 6.334792

_cell_length_c 8.735616

_cell_angle_alpha 63.014500

_cell_angle_beta 120.693608

_cell_angle_gamma 85.751968

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.116523 0.085352 0.018623

O002 O 0.323368 0.459995 0.156694

O003 O 0.327714 0.145844 -0.499639

O004 O 0.414617 0.228576 -0.155450

MN005 MN 0.347877 0.371667 -0.018541

O006 O -0.173608 0.214716 0.169727

CA007 CA -0.254541 -0.009362 -0.488806

O008 O -0.128462 -0.470975 -0.199902

H009 H 0.344902 0.028450 -0.368293

H010 H 0.112330 0.193649 0.363421

MN011 MN -0.138465 -0.389169 -0.010131

O012 O 0.353516 -0.065357 0.203487

O013 O 0.389619 -0.240604 -0.171625

O014 O 0.112026 -0.256140 -0.497229

MN015 MN 0.382876 -0.153204 0.017950

O016 O -0.147902 -0.303479 0.174249

O017 O -0.079411 -0.010067 -0.150857

O018 O -0.117707 0.349085 -0.493493

H019 H 0.095037 0.307622 -0.357267

H020 H -0.128619 0.475765 0.379820

H021 H 0.272777 -0.263244 -0.364472

H022 H 0.015724 -0.080192 0.367834

CA023 CA 0.448485 -0.497718 0.489482

Strontium

data_BG_Sr2Mn4O8_3H2O.121.511d21G.out

_cell_length_a 5.129031

_cell_length_b 6.760394

_cell_length_c 8.024265

_cell_angle_alpha 57.663747

_cell_angle_beta 110.470480

_cell_angle_gamma 98.997242

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.084545 0.040918 0.010813

O002 O 0.291541 0.487292 0.161155
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O003 O 0.238255 0.165537 -0.499921

O004 O -0.474485 0.109730 -0.153735

MN005 MN 0.410974 0.293842 -0.006198

O006 O -0.214948 0.244287 0.153369

SR007 SR -0.273836 0.061476 0.497534

O008 O 0.027757 0.349835 -0.151212

H009 H 0.370285 0.143646 -0.360323

H010 H 0.263195 0.293474 0.359603

MN011 MN -0.096302 -0.450286 -0.007215

O012 O 0.302591 -0.017685 0.188023

O013 O -0.478753 -0.390299 -0.190730

O014 O 0.027258 -0.214326 -0.490365

MN015 MN 0.409830 -0.204410 0.000236

O016 O -0.203967 -0.271984 0.156898

O017 O 0.028421 -0.138776 -0.149885

O018 O -0.227274 0.412638 -0.494288

H019 H -0.103456 0.401960 -0.353572

H020 H -0.209750 -0.446579 0.367759

H021 H 0.170624 -0.247876 -0.357620

H022 H 0.084772 -0.071313 0.403534

SR023 SR 0.347443 -0.429892 0.481344

Zinc

data_BG_Zn2Mn4O8_3H2O.D1.121.511d21G.FMIX90.01.out

_cell_length_a 5.117573

_cell_length_b 6.376886

_cell_length_c 7.475926

_cell_angle_alpha 63.245066

_cell_angle_beta 105.108651

_cell_angle_gamma 87.322465

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.137373 0.066484 0.018425

O002 O 0.231336 0.480144 0.157444

O003 O 0.283264 0.160855 -0.498040

O004 O 0.483657 0.190262 -0.133911

MN005 MN 0.361595 0.304852 0.031636

O006 O -0.269156 0.220967 0.207902

ZN007 ZN -0.100875 0.113518 -0.496058

O008 O -0.036246 0.387082 -0.127727

H009 H 0.428738 0.025444 -0.395825

H010 H 0.264421 0.333981 0.305002

MN011 MN -0.156050 -0.417003 -0.010419

O012 O 0.240890 -0.048341 0.157595

O013 O 0.466218 -0.325230 -0.155513

O014 O 0.185764 -0.286098 -0.491426

MN015 MN 0.348186 -0.163855 -0.017057

O016 O -0.253277 -0.252551 0.139392

O017 O -0.031804 -0.075842 -0.193548

O018 O -0.235663 0.444276 -0.499808

H019 H -0.118730 0.448472 -0.367898

H020 H -0.231174 -0.412676 0.354552

H021 H 0.295819 -0.277700 -0.357687

H022 H 0.222186 -0.168105 0.371923

ZN023 ZN 0.413903 0.422274 -0.427920

Magnesium

data_Mg2Mn4O8_3H2O.D1.121.MgTZVPP.01.out

_cell_length_a 5.110710

_cell_length_b 6.399113

_cell_length_c 7.614169

_cell_angle_alpha 62.166454

_cell_angle_beta 104.866720

_cell_angle_gamma 87.269595

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.134894 0.075704 0.021319

O002 O 0.231494 0.471770 0.164132

O003 O 0.288254 0.149254 -0.486444

O004 O 0.485548 0.196144 -0.131900

MN005 MN 0.364431 0.309275 0.030887

O006 O -0.268628 0.222489 0.206591

MG007 MG -0.102362 0.126413 -0.494448

O008 O -0.034222 0.392596 -0.123328

H009 H 0.406437 -0.008804 -0.383307

H010 H 0.259821 0.318624 0.306752

MN011 MN -0.152662 -0.414177 -0.010673

O012 O 0.241215 -0.047932 0.157512

O013 O 0.470322 -0.303758 -0.159611

O014 O 0.206496 -0.305415 -0.485444

MN015 MN 0.342114 -0.155363 -0.018122

O016 O -0.252787 -0.251915 0.144250

O017 O -0.030459 -0.078140 -0.184359

O018 O -0.234635 0.429598 -0.499940

H019 H -0.117797 0.442537 -0.381061

H020 H -0.229120 -0.370983 0.301551

H021 H 0.306684 -0.291334 -0.358597

H022 H 0.235671 -0.181744 0.378871

MG023 MG 0.424709 0.396371 -0.424674

Aluminum

data_BG_Al2Mn4O8_3H2O.D1.TZVP2012.121.Ga.SPINLOCK500.01.relax.out

_cell_length_a 5.498769

_cell_length_b 6.366665

_cell_length_c 7.263967

_cell_angle_alpha 60.687590

_cell_angle_beta 108.042849

_cell_angle_gamma 93.452362

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.212966 0.079657 -0.012252

O002 O 0.162935 -0.499453 0.144056
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O003 O 0.493020 0.162104 0.499861

O004 O 0.397927 0.106248 -0.134960

MN005 MN 0.308672 0.310803 0.013698

O006 O -0.296234 0.291373 0.190898

AL007 AL -0.165260 0.095004 0.498507

O008 O -0.144463 0.427207 -0.205417

H009 H 0.464686 0.119358 -0.357293

H010 H 0.353941 0.298474 0.374189

MN011 MN -0.190582 -0.421926 -0.025882

O012 O 0.173868 -0.025570 0.177971

O013 O 0.435656 -0.329008 -0.158925

O014 O -0.022123 -0.143593 0.490911

MN015 MN 0.274698 -0.191792 0.017582

O016 O -0.370499 -0.335899 0.257732

O017 O -0.098374 -0.094788 -0.182121

O018 O 0.021275 0.334651 -0.470207

H019 H 0.181230 0.249034 -0.330896

H020 H -0.362133 -0.483433 0.244457

H021 H 0.332943 -0.230483 -0.315457

H022 H 0.151255 -0.079208 0.323976

AL023 AL -0.133839 -0.417552 -0.475796

Boron

data_BG_B2Mn4O8_3H2O.D1.TZVP2012.SPLOCK500.1.relax.out

_cell_length_a 5.099646

_cell_length_b 6.543042

_cell_length_c 8.429988

_cell_angle_alpha 57.410976

_cell_angle_beta 109.426583

_cell_angle_gamma 90.108880

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.086360 0.056060 0.009023

O002 O 0.329877 0.431402 0.173160

O003 O -0.441168 0.232109 -0.449118

O004 O 0.471341 0.160553 -0.163244

MN005 MN 0.397006 0.316933 -0.003884

O006 O -0.202666 0.194654 0.162128

B007 B -0.133353 0.079387 -0.371867

O008 O 0.008159 0.439128 -0.140059

H009 H 0.447936 -0.244806 -0.299706

H010 H 0.410767 0.333958 0.329220

MN011 MN -0.073535 -0.454564 0.011148

O012 O 0.357144 -0.036945 0.180723

O013 O -0.495270 -0.349044 -0.152735

O014 O -0.194015 -0.060315 -0.467573

MN015 MN 0.426899 -0.215473 0.042771

O016 O -0.133652 -0.349149 0.174657

O017 O -0.011649 -0.079696 -0.154707

O018 O 0.073132 0.241093 -0.454699

H019 H 0.462557 -0.095425 0.322359

H020 H -0.058024 -0.494704 0.321599

H021 H -0.097654 -0.236972 -0.368173

H022 H -0.168895 0.091352 0.311394

B023 B 0.367053 0.211677 -0.356668

Gallium

data_BG_Ga2Mn4O8_3H2O.D1.TZVP2012.121.SPINLOCK500.01.relax.out

_cell_length_a 5.233890

_cell_length_b 6.416596

_cell_length_c 7.596343

_cell_angle_alpha 62.040481

_cell_angle_beta 106.790260

_cell_angle_gamma 90.060075

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.194681 0.072384 0.000723

O002 O 0.211721 0.459306 0.162143

O003 O 0.461322 0.113994 -0.494065

O004 O 0.426874 0.184875 -0.143210

MN005 MN 0.322903 0.298835 0.024874

O006 O -0.306753 0.235807 0.188555

GA007 GA -0.189242 0.092206 0.494492

O008 O -0.071447 0.379186 -0.146652

H009 H 0.467535 0.072132 -0.352688

H010 H 0.287745 0.341033 0.317671

MN011 MN -0.200584 -0.423435 -0.019821

O012 O 0.170355 -0.055782 0.160302

O013 O 0.391093 -0.310094 -0.153083

O014 O -0.005348 -0.187179 -0.491046

MN015 MN 0.286154 -0.176325 0.003508

O016 O -0.304643 -0.240354 0.155455

O017 O -0.070857 -0.083225 -0.187034

O018 O -0.019925 0.361674 -0.497603

H019 H 0.156709 0.305133 -0.378591

H020 H -0.161454 -0.375721 0.263962

H021 H 0.261034 -0.256048 -0.295596

H022 H 0.071007 -0.146078 0.392304

GA023 GA -0.233885 -0.441115 -0.439966

Scandium

data_BG_Sc2Mn4O8_3H2O.D1.TZVP2012.121.SPINLOCK500.relax.out

_cell_length_a 5.360131

_cell_length_b 6.434192

_cell_length_c 7.249919

_cell_angle_alpha 63.742434

_cell_angle_beta 102.985106

_cell_angle_gamma 83.665250

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.120634 0.040274 0.025181

O002 O 0.265227 0.482574 0.147310
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O003 O 0.357627 0.145461 -0.498083

O004 O 0.467136 0.229818 -0.185880

MN005 MN 0.386788 0.285453 0.030769

O006 O -0.252503 0.215487 0.192200

SC007 SC -0.218844 0.046139 -0.484896

O008 O 0.024063 0.360173 -0.115354

H009 H 0.382336 0.173727 -0.368646

H010 H 0.305108 0.308740 0.357401

MN011 MN -0.101791 -0.453839 -0.000230

O012 O 0.347262 -0.080230 0.271121

O013 O -0.430052 -0.321693 -0.222681

O014 O 0.037519 -0.259555 -0.467285

MN015 MN 0.370129 -0.186822 -0.056056

O016 O -0.238652 -0.288879 0.138605

O017 O -0.015621 -0.069226 -0.184620

O018 O -0.264434 0.398557 -0.497410

H019 H -0.119123 0.360306 -0.368532

H020 H -0.228164 -0.400831 0.292802

H021 H 0.014676 -0.394905 -0.341799

H022 H 0.259264 -0.002682 0.337265

SC023 SC 0.428313 -0.416840 -0.435671

Yttrium

data_BG_Y2Mn4O8_3H2O.D1.121.SPLOCK4.out

_cell_length_a 5.223654

_cell_length_b 6.439598

_cell_length_c 7.724351

_cell_angle_alpha 65.342986

_cell_angle_beta 109.763066

_cell_angle_gamma 88.676481

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.119676 0.072012 0.006872

O002 O 0.261533 -0.497949 0.168974

O003 O 0.344791 0.125803 0.499331

O004 O 0.445407 0.203253 -0.200771

MN005 MN 0.371759 0.314196 0.015487

O006 O -0.242448 0.235983 0.170921

Y007 Y -0.217580 0.039409 0.494118

O008 O -0.019044 0.415678 -0.140981

H009 H 0.396129 0.117206 -0.284197

H010 H 0.234343 0.181389 0.353187

MN011 MN -0.123557 -0.430510 -0.005977

O012 O 0.331276 -0.009530 0.190353

O013 O 0.466726 -0.377218 -0.150554

O014 O 0.100754 -0.230107 0.493993

MN015 MN 0.356932 -0.173379 -0.001036

O016 O -0.205191 -0.285154 0.151926

O017 O -0.055834 -0.085007 -0.179753

O018 O -0.204177 0.402898 0.498761

H019 H -0.097878 0.401339 -0.365967

H020 H -0.204732 -0.392979 0.291298

H021 H 0.327118 -0.295963 -0.295591

H022 H 0.156643 -0.108114 0.393089

Y023 Y 0.352334 0.497956 0.466655

4.5 Mn+
2 Mn4O8·3H2O Parallel Oxidative

Pattern

Aluminum

data_BG_Al2Mn4O8_3H2O.D1.TZVP2012.121.para.relax.out

_cell_length_a 5.625758

_cell_length_b 6.258988

_cell_length_c 7.583914

_cell_angle_alpha 58.333106

_cell_angle_beta 111.130387

_cell_angle_gamma 96.381124

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.234310 0.067899 -0.049847

O002 O 0.209433 0.458238 0.161783

O003 O -0.479382 0.142729 -0.476907

O004 O 0.391094 0.146426 -0.095391

MN005 MN 0.304365 0.313963 0.027099

O006 O -0.304179 0.309988 0.219354

AL007 AL -0.140033 0.100975 -0.476847

O008 O -0.164057 0.433927 -0.236363

H009 H 0.451427 -0.001426 -0.378276

H010 H 0.370841 0.283999 0.376921

MN011 MN -0.202352 -0.435443 -0.056905

O012 O 0.153723 0.005943 0.177396

O013 O 0.395461 -0.334158 -0.164766

O014 O -0.008630 -0.122835 0.496139

MN015 MN 0.293932 -0.196706 0.046042

O016 O -0.357437 -0.294808 0.230710

O017 O -0.055749 -0.089923 -0.167976

O018 O 0.045775 0.361490 -0.472094

H019 H 0.199610 0.282322 -0.324902

H020 H -0.336704 0.465705 0.221607

H021 H 0.239667 -0.252157 -0.305904

H022 H 0.124367 -0.029412 0.312490

AL023 AL -0.141230 -0.395528 -0.498730

Boron

data_BG_B2Mn4O8_3H2O.D1.TZVP2012.para.relax.out

_cell_length_a 5.130087

_cell_length_b 6.576508

_cell_length_c 8.560683

_cell_angle_alpha 56.437967

_cell_angle_beta 110.775936

_cell_angle_gamma 90.961056

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol
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_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.079040 0.060291 0.015573

O002 O 0.358807 0.464810 0.171549

O003 O -0.421996 0.226568 -0.444602

O004 O 0.484099 0.117101 -0.156628

MN005 MN 0.392650 0.317605 -0.001908

O006 O -0.196891 0.197076 0.163899

B007 B -0.115468 0.073660 -0.369309

O008 O 0.011674 0.420222 -0.146363

H009 H 0.344102 -0.239225 -0.312975

H010 H 0.445992 0.361511 0.327790

MN011 MN -0.089449 -0.448226 0.008043

O012 O 0.368801 -0.038719 0.179303

O013 O 0.460508 -0.344794 -0.166422

O014 O -0.172389 -0.072933 -0.453939

MN015 MN 0.419307 -0.207150 0.025701

O016 O -0.176795 -0.318137 0.177160

O017 O 0.015881 -0.079787 -0.146348

O018 O 0.083793 0.235909 -0.460357

H019 H 0.493077 -0.111587 0.322327

H020 H -0.094058 -0.472095 0.320891

H021 H -0.101968 -0.257268 -0.351207

H022 H -0.155031 0.090592 0.313023

B023 B 0.380021 0.195787 -0.359453

Potassium

data_BG_K2Mn4O8_3H2O.121.SPLOCK4.para.relax.out

_cell_length_a 5.356028

_cell_length_b 5.706639

_cell_length_c 9.779078

_cell_angle_alpha 78.441375

_cell_angle_beta 119.888494

_cell_angle_gamma 90.640627

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.128436 -0.011145 -0.006518

O002 O 0.343468 0.447637 0.107870

O003 O 0.477339 0.223838 -0.388259

O004 O 0.367893 0.035720 -0.148855

MN005 MN 0.355175 0.241570 -0.021770

O006 O -0.221342 0.206009 0.093017

K007 K -0.316624 0.136646 0.379604

O008 O -0.063103 0.274954 -0.123992

H009 H 0.398777 0.169652 -0.314702

H010 H -0.322976 0.253121 -0.307906

MN011 MN -0.127154 0.487237 -0.006616

O012 O 0.348587 -0.048892 0.109370

O013 O 0.361952 -0.462840 -0.147355

O014 O -0.126989 -0.314061 -0.430209

MN015 MN 0.354182 -0.257759 -0.017706

O016 O -0.224600 -0.295925 0.091887

O017 O -0.060395 -0.225150 -0.117861

O018 O 0.006089 -0.488874 0.387726

H019 H 0.189396 0.410916 0.437685

H020 H -0.081015 -0.413671 0.268187

H021 H 0.032361 -0.379336 -0.317215

H022 H -0.092960 -0.394085 0.498751

K023 K 0.438598 -0.254351 -0.391359

Lithium

data_BG_Li2Mn4O8_3H2O.121.LiTZVPP.para.1.03.relax.out

_cell_length_a 5.299172

_cell_length_b 5.734281

_cell_length_c 7.799298

_cell_angle_alpha 60.696786

_cell_angle_beta 100.971870

_cell_angle_gamma 90.088275

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.099143 0.084705 0.012487

O002 O 0.314675 0.490535 0.158302

O003 O 0.231032 0.203714 0.496479

O004 O 0.480016 0.198781 -0.152199

MN005 MN 0.401357 0.336583 0.009900

O006 O -0.237958 0.251412 0.143945

LI007 LI -0.096643 0.058757 0.458487

O008 O 0.040459 0.420240 -0.123254

H009 H 0.369768 0.067718 -0.406072

H010 H 0.289250 0.319574 0.366401

MN011 MN -0.104265 -0.406933 0.000641

O012 O 0.321515 -0.019342 0.167215

O013 O 0.478435 -0.302857 -0.157880

O014 O 0.148040 -0.269162 -0.498646

MN015 MN 0.397936 -0.157974 0.003456

O016 O -0.243359 -0.251156 0.137383

O017 O 0.038901 -0.067334 -0.129324

O018 O -0.260242 0.355047 -0.490495

H019 H -0.385096 0.369135 -0.418967

H020 H -0.279371 -0.480519 0.376894

H021 H 0.269124 -0.279057 -0.382207

H022 H 0.233744 -0.184860 0.385207

LI023 LI 0.104707 0.340922 -0.348415

Sodium

data_BG_Na2Mn4O8_3H2O.121.NaTZVPP.Li.para.02.relax.out

_cell_length_a 5.252349

_cell_length_b 5.782104

_cell_length_c 8.111298

_cell_angle_alpha 58.554531

_cell_angle_beta 96.995028

_cell_angle_gamma 89.598294

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol
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_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.124974 0.049931 0.014031

O002 O 0.234291 0.453533 0.145521

O003 O 0.389825 0.154669 -0.489355

O004 O -0.474519 0.145411 -0.117739

MN005 MN 0.382144 0.299210 0.013374

O006 O -0.216007 0.178459 0.174967

NA007 NA -0.189403 -0.140713 -0.423802

O008 O -0.021300 0.408361 -0.132427

H009 H -0.473592 0.245089 -0.454303

H010 H 0.330072 0.279549 0.365846

MN011 MN -0.120264 -0.459904 0.021599

O012 O 0.225769 -0.045560 0.140670

O013 O -0.461791 -0.360261 -0.114933

O014 O 0.241222 -0.261743 -0.492139

MN015 MN 0.378787 -0.199545 0.008623

O016 O -0.219701 -0.311230 0.167025

O017 O -0.024894 -0.092107 -0.140481

O018 O -0.310843 -0.484105 -0.494720

H019 H -0.475492 -0.410097 -0.486065

H020 H -0.286483 -0.400549 0.363556

H021 H 0.309265 -0.132305 -0.456118

H022 H 0.215097 -0.162235 0.360926

NA023 NA 0.105673 0.324071 -0.364718

Scandium

data_BG_Sc2Mn4O8_3H2O.D1.TZVP2012.121.para.02.relax.out

_cell_length_a 5.546983

_cell_length_b 6.370903

_cell_length_c 7.179743

_cell_angle_alpha 61.910871

_cell_angle_beta 95.538514

_cell_angle_gamma 81.737789

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.160363 0.072093 -0.000962

O002 O 0.224754 -0.498253 0.123889

O003 O 0.379872 0.180839 0.491789

O004 O 0.476980 0.246734 -0.187054

MN005 MN 0.367161 0.210932 0.089824

O006 O -0.250960 0.133053 0.223672

SC007 SC -0.212347 0.048270 -0.466800

O008 O -0.012031 0.341896 -0.102991

H009 H 0.384956 0.203281 -0.378149

H010 H 0.300184 0.341118 0.348893

MN011 MN -0.098239 -0.422541 -0.019480

O012 O 0.320660 -0.150507 0.262204

O013 O -0.376986 -0.257622 -0.249863

O014 O 0.101511 -0.269719 -0.409822

MN015 MN 0.359824 -0.188197 -0.046070

O016 O -0.260421 -0.246947 0.114471

O017 O -0.009174 -0.028864 -0.180621

O018 O -0.236240 0.421483 0.487741

H019 H -0.091879 0.383035 -0.403627

H020 H -0.240057 -0.365946 0.275410

H021 H 0.050786 -0.421941 -0.316187

H022 H 0.162799 -0.149166 0.313307

SC023 SC 0.474841 -0.411825 -0.404059

Yttrium

data_BG_Y2Mn4O8_3H2O.D1.121.SPLOCK4.para.relax.out

_cell_length_a 5.230074

_cell_length_b 6.499303

_cell_length_c 7.289624

_cell_angle_alpha 67.534268

_cell_angle_beta 103.851021

_cell_angle_gamma 88.887717

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.128228 0.094049 -0.001121

O002 O 0.270197 -0.439461 0.175936

O003 O 0.359326 0.125548 0.488755

O004 O 0.463916 0.118257 -0.169420

MN005 MN 0.370753 0.331959 0.019818

O006 O -0.263381 0.261645 0.165567

Y007 Y -0.183850 0.058243 0.497751

O008 O 0.027465 0.401390 -0.144252

H009 H 0.431687 0.067257 -0.285711

H010 H 0.304229 0.093296 0.359063

MN011 MN -0.133117 -0.413142 -0.012104

O012 O 0.288830 0.035137 0.181000

O013 O 0.475921 -0.409495 -0.207952

O014 O 0.068369 -0.223439 0.472935

MN015 MN 0.347985 -0.156564 0.017996

O016 O -0.281650 -0.240235 0.145415

O017 O 0.004171 -0.087446 -0.166825

O018 O -0.213026 0.398448 -0.481844

H019 H -0.109709 0.411225 -0.347352

H020 H -0.237035 -0.347463 0.290908

H021 H 0.319106 -0.296091 -0.292126

H022 H 0.132059 -0.125885 0.355473

Y023 Y 0.341611 0.463978 -0.491769

4.6 Mn+Mn4O8·3H2O Bulk Water Re-
moval

Aluminum, Two Waters

data_BG_AlMn4O8_3H2O.D1.TZVP2012.121.wat1.out

_cell_length_a 5.063664

_cell_length_b 6.138837

_cell_length_c 7.138443

_cell_angle_alpha 64.610925

_cell_angle_beta 107.063747

_cell_angle_gamma 88.971646

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’
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loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.197661 0.055602 -0.010558

O002 O 0.189203 0.441857 0.167170

O003 O 0.422425 0.166137 -0.150534

MN004 MN 0.314929 0.279969 0.026070

O005 O -0.314351 0.173069 0.225386

AL006 AL -0.102899 0.090555 0.499712

O007 O -0.079966 0.369786 -0.146523

MN008 MN -0.183637 -0.450069 -0.010187

O009 O 0.204515 -0.037372 0.147521

O010 O 0.414639 -0.406585 -0.132724

O011 O 0.195059 -0.076403 -0.498268

MN012 MN 0.315648 -0.206564 -0.004727

O013 O -0.284498 -0.266900 0.132162

O014 O -0.071264 -0.097493 -0.218098

O015 O -0.110762 0.381504 0.498266

H016 H -0.098389 0.397969 -0.363614

H017 H -0.178579 -0.457199 0.356584

H018 H 0.290963 -0.236647 -0.357738

H019 H 0.216238 -0.077259 0.363282

Aluminum, One Water

data_BG_AlMn4O8_3H2O.D1.TZVP2012.121.wat1wat2.out

_cell_length_a 5.089814

_cell_length_b 6.142774

_cell_length_c 7.409986

_cell_angle_alpha 62.812769

_cell_angle_beta 114.465241

_cell_angle_gamma 88.253645

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.146578 0.051542 0.003544

O002 O 0.274711 0.408575 0.187054

O003 O 0.437859 0.179705 -0.159837

MN004 MN 0.350164 0.281623 0.014282

O005 O -0.237080 0.159413 0.242251

AL006 AL -0.228729 0.144884 0.484237

O007 O -0.081399 0.381893 -0.148156

MN008 MN -0.149562 -0.457031 0.000608

O009 O 0.280980 -0.049944 0.147241

O010 O 0.420636 -0.388512 -0.142155

MN011 MN 0.347880 -0.199379 -0.016103

O012 O -0.210776 -0.275296 0.137026

O013 O -0.090050 -0.089089 -0.229971

O014 O -0.163178 0.415980 0.495717

H015 H -0.146538 0.436045 -0.370365

H016 H -0.150651 -0.433288 0.360298

Aluminum, No Waters

data_BG_AlMn4O8_3H2O.D1.TZVP2012.121.wat1wat2wat3.Gasub.01.out

_cell_length_a 5.183359

_cell_length_b 5.826908

_cell_length_c 6.771608

_cell_angle_alpha 47.838728

_cell_angle_beta 115.282854

_cell_angle_gamma 94.283691

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.173198 0.033306 0.009130

O002 O 0.260573 0.339147 0.263255

O003 O 0.373262 0.166110 -0.175140

MN004 MN 0.298613 0.299169 0.013214

O005 O -0.268696 0.200933 0.187115

AL006 AL 0.036998 0.172386 0.488554

O007 O -0.118955 0.453694 -0.229869

MN008 MN -0.271310 -0.357683 -0.135207

O009 O 0.264194 -0.120314 0.253333

O010 O 0.305774 -0.251602 -0.227802

MN011 MN 0.375477 -0.280822 0.116439

O012 O -0.184782 -0.395756 0.227029

O013 O -0.135730 -0.002800 -0.273326

Beryllium, No Waters

data_BG_BeMn4O8_3H2O.D1.121.BeTZVPP.wat1wat2wat3.01.out

_cell_length_a 4.971805

_cell_length_b 6.068597

_cell_length_c 6.159036

_cell_angle_alpha 49.087510

_cell_angle_beta 96.933176

_cell_angle_gamma 89.601281

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.132417 0.079052 -0.016449

O002 O 0.194746 0.351750 0.254617

O003 O -0.490522 0.240187 -0.205179

MN004 MN 0.362060 0.302850 0.010848

O005 O -0.260033 0.186481 0.243137

BE006 BE 0.016437 0.098155 0.460561

O007 O 0.007209 0.459005 -0.203905

MN008 MN -0.143516 -0.434389 -0.006703

O009 O 0.232953 -0.064772 0.200865

O010 O 0.492752 -0.316434 -0.182902

MN011 MN 0.381998 -0.206946 0.027757

O012 O -0.248557 -0.316258 0.193570

O013 O 0.024569 -0.080803 -0.216231

Beryllium, One Water
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data_BG_BeMn4O8_3H2O.D1.121.BeTZVPP.wat2wat3.out

_cell_length_a 5.148550

_cell_length_b 5.869395

_cell_length_c 7.078892

_cell_angle_alpha 60.545867

_cell_angle_beta 106.038576

_cell_angle_gamma 90.944197

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.095934 0.054669 0.008339

O002 O 0.265936 0.475110 0.149784

O003 O 0.227734 0.179948 -0.482926

O004 O -0.489839 0.157720 -0.137810

MN005 MN 0.388655 0.309051 0.010515

O006 O -0.231799 0.232810 0.191066

BE007 BE -0.029321 0.060467 -0.455107

O008 O 0.001679 0.397018 -0.153162

H009 H 0.352487 0.201678 -0.354631

H010 H 0.258681 0.310623 0.365304

MN011 MN -0.126059 -0.432645 -0.012502

O012 O 0.288984 -0.036313 0.164837

O013 O 0.496320 -0.352687 -0.151487

MN014 MN 0.409579 -0.197977 0.021549

O015 O -0.168754 -0.294194 0.163086

O016 O -0.056082 -0.095234 -0.220502

Beryllium, Two Waters

data_BG_BeMn4O8_3H2O.D1.121.BeTZVPP.wat3.out

_cell_length_a 4.986101

_cell_length_b 6.020790

_cell_length_c 7.301666

_cell_angle_alpha 63.294526

_cell_angle_beta 95.261128

_cell_angle_gamma 89.954442

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.121192 0.081245 -0.012851

O002 O 0.213238 0.458372 0.158415

O003 O 0.238835 0.219090 -0.472966

O004 O -0.469103 0.192316 -0.157003

MN005 MN 0.380867 0.322314 0.002707

O006 O -0.286072 0.263466 0.158917

BE007 BE 0.091770 -0.025677 -0.387058

O008 O 0.024849 0.407380 -0.148295

H009 H 0.370777 0.245268 -0.372305

H010 H 0.242726 0.330621 0.366334

MN011 MN -0.128484 -0.440582 0.005250

O012 O 0.234442 -0.007384 0.141526

O013 O -0.477930 -0.355254 -0.141827

O014 O 0.051970 -0.186588 0.496949

MN015 MN 0.389632 -0.190093 0.009335

O016 O -0.253107 -0.253475 0.136115

O017 O 0.039444 -0.128453 -0.160976

H018 H 0.041408 -0.365411 -0.408903

H019 H 0.137696 -0.141462 0.364930

Boron, Two Waters

data_BG_BMn4O8_3H2O.D1.TZVP2012.SPLOCK4.wat1.out

_cell_length_a 5.114560

_cell_length_b 6.122938

_cell_length_c 7.938243

_cell_angle_alpha 61.271545

_cell_angle_beta 107.375204

_cell_angle_gamma 89.090265

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.153241 0.048905 0.006298

O002 O 0.251050 0.463846 0.122757

O003 O 0.448985 0.112327 -0.130418

MN004 MN 0.343478 0.283126 -0.003478

O005 O -0.268017 0.193616 0.141543

B006 B -0.092800 0.082003 -0.380772

O007 O -0.036033 0.410889 -0.169074

MN008 MN -0.141030 -0.457975 -0.026097

O009 O 0.237270 -0.017865 0.148137

O010 O 0.448518 -0.381101 -0.173586

O011 O -0.057685 -0.046748 -0.472468

MN012 MN 0.357406 -0.213324 0.010719

O013 O -0.237532 -0.342003 0.144653

O014 O -0.051687 -0.064489 -0.170680

O015 O -0.156270 0.341301 -0.478349

H016 H -0.130728 0.406178 -0.381615

H017 H -0.183776 -0.470540 0.296628

H018 H 0.328865 -0.279579 -0.317379

H019 H -0.128368 0.050988 0.372989

Boron, No Waters

data_BG_BMn4O8_3H2O.D1.TZVP2012.SPLOCK4.wat1wat2wat3.03.out

_cell_length_a 5.201320

_cell_length_b 5.916770

_cell_length_c 6.629820

_cell_angle_alpha 47.207819

_cell_angle_beta 107.205597

_cell_angle_gamma 90.418930

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’
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loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.140123 -0.003354 0.068013

O002 O 0.208926 0.423552 0.161772

O003 O 0.461530 0.154563 -0.155362

MN004 MN 0.323585 0.291996 -0.005861

O005 O -0.232854 0.128432 0.297691

B006 B -0.169940 0.231788 0.430579

O007 O -0.124198 0.418924 -0.210258

MN008 MN -0.193325 -0.400527 -0.086762

O009 O 0.252235 -0.140911 0.218269

O010 O 0.408583 -0.284156 -0.227119

MN011 MN 0.337782 -0.211347 -0.002192

O012 O -0.249882 -0.429250 0.240833

O013 O -0.051552 0.017820 -0.263349

Boron, One Water

data_BG_BMn4O8_3H2O.D1.TZVP2012.SPLOCK4.wat1wat3.out

_cell_length_a 5.178435

_cell_length_b 6.072205

_cell_length_c 8.541449

_cell_angle_alpha 64.334940

_cell_angle_beta 111.963405

_cell_angle_gamma 91.538979

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.168449 0.057521 -0.001005

O002 O 0.255200 0.483634 0.120244

O003 O 0.422069 0.127854 -0.118115

MN004 MN 0.323170 0.290413 0.006627

O005 O -0.281579 0.217741 0.152344

B006 B -0.063166 -0.032314 -0.356596

O007 O -0.073966 0.378909 -0.130878

MN008 MN -0.151051 -0.456585 -0.004088

O009 O 0.229105 -0.015301 0.133561

O010 O 0.425174 -0.397351 -0.153779

O011 O -0.032122 -0.005572 0.499827

MN012 MN 0.367826 -0.198386 0.020794

O013 O -0.231796 -0.279023 0.109676

O014 O -0.071557 -0.083824 -0.196009

H015 H 0.343935 -0.346273 -0.289176

H016 H -0.165895 0.121178 0.301947

Calcium, No Waters

data_BG_CaMn4O8_3H2O.D1.121.wat1wat2wat3.01.out

_cell_length_a 4.964932

_cell_length_b 6.010349

_cell_length_c 8.733897

_cell_angle_alpha 55.483839

_cell_angle_beta 122.797463

_cell_angle_gamma 93.551203

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.133141 0.079056 0.001201

O002 O 0.357236 0.427598 0.174644

O003 O 0.386096 0.203155 -0.155168

MN004 MN 0.363037 0.331441 -0.007939

O005 O -0.158785 0.207751 0.189735

CA006 CA -0.236208 -0.047083 -0.488312

O007 O -0.121709 0.470284 -0.172662

MN008 MN -0.130940 -0.428207 0.004250

O009 O 0.353427 -0.033693 0.185376

O010 O 0.384342 -0.303990 -0.189123

MN011 MN 0.386582 -0.187185 0.017611

O012 O -0.139870 -0.309763 0.162256

O013 O -0.101046 -0.069335 -0.176207

Calcium, Two Waters

data_BG_CaMn4O8_3H2O.D1.121.wat2.out

_cell_length_a 4.947940

_cell_length_b 6.008190

_cell_length_c 7.634195

_cell_angle_alpha 66.347660

_cell_angle_beta 109.550465

_cell_angle_gamma 90.232683

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.131944 0.087857 -0.000915

O002 O 0.258606 0.466519 0.163242

O003 O 0.301586 0.109967 -0.487703

O004 O 0.468673 0.191428 -0.153090

MN005 MN 0.363402 0.336302 -0.001483

O006 O -0.241017 0.270680 0.163250

CA007 CA -0.215337 0.017753 0.496836

O008 O -0.045473 0.419797 -0.147095

H009 H 0.357954 0.167712 -0.376627

H010 H 0.262442 0.260691 0.381227

MN011 MN -0.134704 -0.424613 0.008483

O012 O 0.282969 0.014419 0.143985

O013 O 0.456558 -0.349519 -0.139728

MN014 MN 0.369352 -0.174472 0.005231

O015 O -0.217583 -0.247055 0.150451

O016 O -0.038699 -0.124808 -0.149672

O017 O -0.209961 0.402301 -0.499607

H018 H -0.138093 0.430147 -0.374126

H019 H -0.187912 -0.463601 0.380596

Calcium, One Water
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data_BG_CaMn4O8_3H2O.D1.121.wat2wat3.out

_cell_length_a 4.926011

_cell_length_b 6.000941

_cell_length_c 7.436930

_cell_angle_alpha 65.718841

_cell_angle_beta 110.903426

_cell_angle_gamma 90.051271

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.142046 0.101725 -0.010454

O002 O 0.262889 0.471251 0.172306

O003 O 0.335632 0.087794 -0.486130

O004 O 0.451037 0.206659 -0.163162

MN005 MN 0.356979 0.343508 -0.000504

O006 O -0.238440 0.271905 0.174091

CA007 CA -0.154959 -0.070340 -0.494703

O008 O -0.060548 0.436851 -0.156484

H009 H 0.384016 0.144773 -0.372298

H010 H 0.289284 0.244374 0.378108

MN011 MN -0.137985 -0.418180 0.013570

O012 O 0.281638 0.019584 0.148893

O013 O 0.443474 -0.340754 -0.143117

MN014 MN 0.367695 -0.168592 0.010331

O015 O -0.215217 -0.235831 0.157090

O016 O -0.047511 -0.114835 -0.154844

Gallium, No Waters

data_BG_GaMn4O8_3H2O.D1.TZVP2012.121.wat1wat2wat3.out

_cell_length_a 5.247096

_cell_length_b 5.928687

_cell_length_c 7.873961

_cell_angle_alpha 45.125003

_cell_angle_beta 114.456233

_cell_angle_gamma 93.670809

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.173398 0.042970 0.018352

O002 O 0.292044 0.345631 0.222820

O003 O 0.395368 0.189364 -0.146308

MN004 MN 0.307018 0.294774 0.017411

O005 O -0.256316 0.164744 0.203589

GA006 GA -0.040101 0.120386 0.490030

O007 O -0.117444 0.474400 -0.198176

MN008 MN -0.232416 -0.381166 -0.078225

O009 O 0.250467 -0.125421 0.216076

O010 O 0.317863 -0.240402 -0.228390

MN011 MN 0.350879 -0.240768 0.061511

O012 O -0.198562 -0.395112 0.195934

O013 O -0.133182 0.006370 -0.257899

Gallium, Two Waters

data_BG_GaMn4O8_3H2O.D1.TZVP2012.121.wat2.out

_cell_length_a 5.091150

_cell_length_b 6.141668

_cell_length_c 7.234827

_cell_angle_alpha 64.743928

_cell_angle_beta 106.883211

_cell_angle_gamma 89.210660

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.145559 0.048791 0.015918

O002 O 0.215408 0.455032 0.154787

O003 O 0.419880 0.145366 -0.480829

O004 O 0.470918 0.167101 -0.143058

MN005 MN 0.342630 0.287335 0.017156

O006 O -0.282439 0.182417 0.219213

GA007 GA -0.214201 0.113539 -0.494181

O008 O -0.048906 0.365900 -0.140452

H009 H 0.417201 0.186375 -0.357551

H010 H 0.303456 0.290409 0.368686

MN011 MN -0.165433 -0.444117 -0.015177

O012 O 0.244075 -0.034991 0.143011

O013 O 0.442150 -0.399724 -0.138588

MN014 MN 0.344077 -0.197205 -0.017859

O015 O -0.254585 -0.268135 0.131480

O016 O -0.039062 -0.106044 -0.210687

O017 O -0.076493 0.401179 -0.499228

H018 H -0.070867 0.419753 -0.365066

H019 H -0.149876 -0.442540 0.355332

Gallium, One Water

data_BG_GaMn4O8_3H2O.D1.TZVP2012.121.wat2wat3.out

_cell_length_a 5.107603

_cell_length_b 6.083729

_cell_length_c 7.010553

_cell_angle_alpha 68.360211

_cell_angle_beta 109.716801

_cell_angle_gamma 89.442485

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z
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MN001 MN -0.143065 0.053368 0.018074

O002 O 0.225430 0.474271 0.155848

O003 O 0.405314 0.153052 -0.491408

O004 O 0.460248 0.162413 -0.147007

MN005 MN 0.328793 0.302861 0.005130

O006 O -0.273926 0.205349 0.222767

GA007 GA -0.249741 0.060990 -0.495562

O008 O -0.063385 0.361428 -0.144488

H009 H 0.414909 0.183022 -0.347040

H010 H 0.305253 0.307994 0.360832

MN011 MN -0.165936 -0.444069 -0.005662

O012 O 0.256175 -0.015249 0.147815

O013 O 0.435099 -0.397982 -0.143146

MN014 MN 0.354034 -0.194483 -0.009840

O015 O -0.242829 -0.254446 0.139973

O016 O -0.045718 -0.108698 -0.212165

Potassium, One Water

data_BG_KMn4O8_3H2O.D1.121.SPLOCK4.wat1wat2.out

_cell_length_a 5.071100

_cell_length_b 5.696079

_cell_length_c 7.634285

_cell_angle_alpha 66.672463

_cell_angle_beta 102.147255

_cell_angle_gamma 90.211663

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.093417 0.028089 0.003315

O002 O 0.277806 0.451330 0.139295

O003 O -0.464617 0.104637 -0.134241

MN004 MN 0.405134 0.283884 -0.002323

O005 O -0.221788 0.206471 0.144034

K006 K -0.436885 0.037443 -0.494992

O007 O 0.028242 0.356971 -0.139358

MN008 MN -0.093475 -0.466080 0.003431

O009 O 0.277552 -0.033234 0.138919

O010 O -0.464450 -0.396678 -0.133821

MN011 MN 0.407327 -0.220704 0.007130

O012 O -0.173086 -0.299351 0.154638

O013 O -0.011339 -0.137936 -0.149010

O014 O -0.307333 -0.459407 -0.499984

H015 H -0.165122 0.478444 -0.379716

H016 H -0.219336 -0.406252 0.389461

Potassium, Two Waters

data_BG_KMn4O8_3H2O.D1.121.SPLOCK4.wat1.out

_cell_length_a 4.980844

_cell_length_b 5.814521

_cell_length_c 7.770756

_cell_angle_alpha 66.976792

_cell_angle_beta 101.810147

_cell_angle_gamma 88.474047

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.090338 0.021030 0.001351

O002 O 0.277154 0.411029 0.151505

O003 O -0.448630 0.120310 -0.143665

MN004 MN 0.412324 0.268923 0.001695

O005 O -0.211589 0.194143 0.142566

K006 K -0.348980 0.055944 -0.491069

O007 O 0.031374 0.343446 -0.134743

MN008 MN -0.083711 -0.487631 0.011337

O009 O 0.293937 -0.048623 0.136999

O010 O -0.467378 -0.412530 -0.128499

O011 O 0.158053 -0.185062 -0.494445

MN012 MN 0.412314 -0.232564 0.005880

O013 O -0.196077 -0.298502 0.143375

O014 O 0.021659 -0.167294 -0.129905

O015 O -0.329941 -0.456652 0.499206

H016 H -0.187928 0.493557 -0.381967

H017 H -0.235007 -0.383725 0.395861

H018 H 0.283173 -0.307971 -0.379950

H019 H 0.220394 -0.196662 0.398349

Potassium, No Waters

data_BG_KMn4O8_3H2O.D1.121.SPLOCK4.wat1wat2wat3.out

_cell_length_a 4.980850

_cell_length_b 5.796036

_cell_length_c 7.819958

_cell_angle_alpha 56.377011

_cell_angle_beta 95.712886

_cell_angle_gamma 88.677573

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.098570 0.021582 0.007403

O002 O 0.244513 0.373466 0.167149

O003 O -0.438529 0.161736 -0.150311

MN004 MN 0.399061 0.270583 0.005205

O005 O -0.241673 0.157383 0.158261

K006 K -0.342860 0.132966 -0.490285

O007 O 0.040748 0.380932 -0.140640

MN008 MN -0.097702 -0.486333 0.013232

O009 O 0.264094 -0.084817 0.150825

O010 O -0.458907 -0.373109 -0.134911

MN011 MN 0.401368 -0.230490 0.009288

O012 O -0.226739 -0.340073 0.159188

O013 O 0.028674 -0.125047 -0.139479

Lithium, Two Waters

data_BG_LiMn4O8_3H2O.D1.121.LiTZVPP.Wat1.out

_cell_length_a 4.985114

_cell_length_b 5.829611
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_cell_length_c 7.483441

_cell_angle_alpha 66.143424

_cell_angle_beta 101.688193

_cell_angle_gamma 88.709172

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.149757 0.061824 -0.003140

O002 O 0.214905 0.451468 0.156290

O003 O 0.492651 0.164724 -0.147600

MN004 MN 0.357265 0.303667 0.007751

O005 O -0.262993 0.227717 0.152290

LI006 LI -0.114833 0.075313 -0.496511

O007 O -0.020722 0.381942 -0.138541

MN008 MN -0.140458 -0.446738 0.006206

O009 O 0.234677 -0.016471 0.140577

O010 O 0.474064 -0.376605 -0.133831

O011 O 0.120537 -0.189829 -0.494629

MN012 MN 0.352799 -0.192476 -0.000148

O013 O -0.256009 -0.259104 0.140537

O014 O -0.038050 -0.121166 -0.146077

O015 O -0.228110 0.387736 -0.499907

H016 H -0.137799 0.424006 -0.387721

H017 H -0.216115 -0.465001 0.379118

H018 H 0.271898 -0.271260 -0.375867

H019 H 0.194175 -0.146349 0.385562

Lithium, No Waters

data_BG_LiMn4O8_3H2O.D1.121.LiTZVPP.Wat1Wat2Wat3.01.out

_cell_length_a 4.961301

_cell_length_b 5.876166

_cell_length_c 6.337289

_cell_angle_alpha 48.460762

_cell_angle_beta 98.240907

_cell_angle_gamma 88.767671

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.167093 0.088122 -0.012936

O002 O 0.193359 0.377613 0.231895

O003 O 0.478286 0.259194 -0.214988

MN004 MN 0.339382 0.322008 0.005069

O005 O -0.281146 0.173565 0.208445

LI006 LI 0.080701 -0.054780 -0.483877

O007 O -0.031529 0.486345 -0.208091

MN008 MN -0.159427 -0.430197 0.010089

O009 O 0.210865 -0.059159 0.203721

O010 O 0.458078 -0.289310 -0.184570

MN011 MN 0.344810 -0.194900 0.030929

O012 O -0.271000 -0.310405 0.205696

O013 O -0.034721 -0.043812 -0.194082

Lithium, One Water

data_BG_LiMn4O8_3H2O.D1.121.LiTZVPP.Wat2Wat3.out

_cell_length_a 4.985957

_cell_length_b 5.801980

_cell_length_c 7.229140

_cell_angle_alpha 67.131569

_cell_angle_beta 103.565055

_cell_angle_gamma 88.738792

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.130186 0.075969 0.002565

O002 O 0.238157 0.475431 0.160923

O003 O 0.273635 0.113331 -0.484380

O004 O -0.499263 0.176221 -0.149455

MN005 MN 0.366506 0.323955 0.004620

O006 O -0.243995 0.245027 0.161944

LI007 LI -0.101993 0.029624 -0.485561

O008 O -0.016878 0.398403 -0.143873

H009 H 0.359318 0.167190 -0.373149

H010 H 0.259978 0.258187 0.382499

MN011 MN -0.133603 -0.428289 0.008675

O012 O 0.254153 0.006061 0.146815

O013 O 0.483806 -0.359664 -0.133127

MN014 MN 0.371461 -0.179344 0.009924

O015 O -0.227677 -0.243453 0.155657

O016 O -0.035350 -0.106552 -0.149447

Magnesium, No Waters

data_BG_MgMn4O8_3H2O.D1.121.MgTZVPP.01.Wat1Wat2Wat3.out

_cell_length_a 4.935649

_cell_length_b 6.041566

_cell_length_c 6.524992

_cell_angle_alpha 48.805515

_cell_angle_beta 99.983867

_cell_angle_gamma 89.918836

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.163355 0.113789 -0.052844

O002 O 0.205522 0.365556 0.236311

O003 O 0.463511 0.259474 -0.213167

MN004 MN 0.351957 0.317636 0.006395
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O005 O -0.276544 0.189938 0.216411

MG006 MG 0.091068 -0.053603 -0.497968

O007 O -0.025402 0.497439 -0.211957

MN008 MN -0.152697 -0.432668 0.010695

O009 O 0.214449 -0.047823 0.192430

O010 O 0.459381 -0.294849 -0.186720

MN011 MN 0.358984 -0.207433 0.039771

O012 O -0.258976 -0.307645 0.190156

O013 O -0.006364 -0.073353 -0.198879

Magnesium, Two Waters

data_BG_MgMn4O8_3H2O.D1.121.MgTZVPP.Wat1.out

_cell_length_a 4.986334

_cell_length_b 6.062532

_cell_length_c 7.433469

_cell_angle_alpha 61.270884

_cell_angle_beta 102.781954

_cell_angle_gamma 90.712939

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.161973 0.064036 -0.009811

O002 O 0.204686 0.428533 0.171089

O003 O 0.468346 0.184787 -0.150561

MN004 MN 0.346596 0.296175 0.016306

O005 O -0.283807 0.229802 0.183413

MG006 MG -0.097082 0.078220 0.499626

O007 O -0.033476 0.394161 -0.140065

MN008 MN -0.149649 -0.453882 0.005627

O009 O 0.225901 -0.034076 0.140821

O010 O 0.463214 -0.375906 -0.139763

O011 O 0.139379 -0.171603 0.498457

MN012 MN 0.343334 -0.196399 -0.009058

O013 O -0.271186 -0.271907 0.132514

O014 O -0.032332 -0.135774 -0.173034

O015 O -0.155509 0.384406 -0.492046

H016 H -0.094198 0.424764 -0.377122

H017 H -0.198947 -0.457322 0.367566

H018 H 0.284660 -0.273446 -0.368144

H019 H 0.200353 -0.138935 0.369209

Magnesium, One Water

data_BG_MgMn4O8_3H2O.D1.121.MgTZVPP.Wat2Wat3.out

_cell_length_a 4.990204

_cell_length_b 6.023620

_cell_length_c 7.481256

_cell_angle_alpha 60.768997

_cell_angle_beta 108.146991

_cell_angle_gamma 90.095680

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.128885 0.076360 -0.005328

O002 O 0.254916 0.450539 0.162043

O003 O 0.287222 0.142709 -0.471340

O004 O 0.476029 0.205685 -0.156115

MN005 MN 0.364675 0.316869 0.005831

O006 O -0.236945 0.232489 0.189127

MG007 MG -0.071977 0.018627 -0.486106

O008 O -0.038297 0.418838 -0.153321

H009 H 0.359490 0.205618 -0.365930

H010 H 0.283700 0.280877 0.377196

MN011 MN -0.137927 -0.433655 0.000754

O012 O 0.276702 -0.021333 0.147903

O013 O 0.460703 -0.351174 -0.145771

MN014 MN 0.374950 -0.187734 0.003119

O015 O -0.215977 -0.269578 0.145689

O016 O -0.039525 -0.113103 -0.180452

Sodium, No Waters

data_NaMn4O8_3H2O.D1.121.W1W2W3.SPLOCK4.out

_cell_length_a 5.061495

_cell_length_b 5.701401

_cell_length_c 6.376581

_cell_angle_alpha 63.500820

_cell_angle_beta 75.056146

_cell_angle_gamma 89.800934

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.122084 0.046520 0.007775

O002 O 0.147358 0.453632 0.182743

O003 O -0.398275 0.131955 -0.159488

MN004 MN 0.375274 0.301819 0.004115

O005 O -0.346488 0.213126 0.182929

NA006 NA -0.157870 0.051083 -0.486671

O007 O 0.104473 0.387561 -0.168560

MN008 MN -0.121865 -0.445910 0.006932

O009 O 0.148383 -0.028288 0.182821

O010 O -0.399389 -0.364496 -0.159177

MN011 MN 0.374067 -0.209545 0.026896

O012 O -0.308235 -0.295037 0.199192

O013 O 0.071328 -0.106396 -0.180448

Sodium, Two Waters

data_NaMn4O8_3H2O.D1.121.Wat1.SPLOCK4.out

_cell_length_a 5.039140

_cell_length_b 5.698885

_cell_length_c 7.621510

_cell_angle_alpha 66.214739

_cell_angle_beta 101.296326

_cell_angle_gamma 90.015742

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1
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loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.121647 0.018896 0.005101

O002 O 0.252463 0.444696 0.140957

O003 O -0.488126 0.097228 -0.131702

MN004 MN 0.381115 0.272327 0.003412

O005 O -0.248897 0.194688 0.149089

NA006 NA -0.293585 0.057791 -0.492627

O007 O 0.006596 0.349036 -0.136022

MN008 MN -0.116947 -0.476229 0.006800

O009 O 0.248783 -0.046609 0.142125

O010 O -0.486614 -0.409148 -0.133548

O011 O 0.207653 -0.084363 -0.495317

MN012 MN 0.379700 -0.228025 0.003823

O013 O -0.203302 -0.309258 0.156459

O014 O -0.037371 -0.145576 -0.147474

O015 O -0.320692 0.494069 -0.493507

H016 H -0.179997 0.459748 -0.375916

H017 H -0.238244 -0.425147 0.392398

H018 H 0.297810 -0.240749 -0.386066

H019 H 0.217975 -0.105682 0.385117

Sodium, One Water

data_NaMn4O8_3H2O.D1.121.Wat2Wat3.SPLOCK4.out

_cell_length_a 4.948427

_cell_length_b 5.809437

_cell_length_c 7.364729

_cell_angle_alpha 69.503932

_cell_angle_beta 108.663971

_cell_angle_gamma 88.838393

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.128231 0.087813 0.001148

O002 O 0.265089 0.481272 0.167311

O003 O 0.331077 0.068705 -0.489469

O004 O 0.483544 0.181212 -0.152875

MN005 MN 0.370453 0.335740 0.002672

O006 O -0.222942 0.261508 0.156881

NA007 NA -0.175849 -0.075393 0.493734

O008 O -0.034674 0.407492 -0.144623

H009 H 0.387209 0.125155 -0.373530

H010 H 0.286864 0.220811 0.386906

MN011 MN -0.124771 -0.420869 0.013933

O012 O 0.280462 0.023564 0.146993

O013 O 0.469779 -0.354725 -0.131690

MN014 MN 0.376608 -0.169925 0.012045

O015 O -0.206730 -0.224233 0.158731

O016 O -0.042255 -0.108585 -0.140521

Strontium, No Waters

data_SrMn4O8_3H2O.D1.121.Zn.wat1wat2wat3.out

_cell_length_a 4.969459

_cell_length_b 5.959150

_cell_length_c 8.026612

_cell_angle_alpha 62.304219

_cell_angle_beta 117.590236

_cell_angle_gamma 87.636375

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.148771 0.088065 -0.010561

O002 O 0.332294 0.424744 0.181497

O003 O 0.410524 0.222504 -0.179918

MN1004 MN1 0.354539 0.332116 -0.010820

O1005 O1 -0.190027 0.185780 0.173624

SR006 SR -0.220229 -0.057146 -0.491298

O007 O -0.099352 0.443905 -0.165154

MN1008 MN1 -0.120258 -0.440364 0.023068

O009 O 0.321879 -0.013159 0.158886

O010 O 0.404400 -0.326458 -0.152817

MN011 MN 0.375578 -0.176580 0.013056

O012 O -0.169380 -0.257024 0.158110

O013 O -0.082636 -0.040956 -0.167520

Strontium, Two Waters

data_SrMn4O8_3H2O.D1.121.Zn.wat2.out

_cell_length_a 4.980297

_cell_length_b 5.993698

_cell_length_c 7.761403

_cell_angle_alpha 65.666133

_cell_angle_beta 112.316245

_cell_angle_gamma 90.401143

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.163571 0.108546 -0.002638

O002 O 0.245881 0.478557 0.156424

O003 O 0.335166 0.099028 -0.493027

O004 O 0.436280 0.211915 -0.162046

MN005 MN 0.332461 0.354570 -0.008371

O006 O -0.244128 0.267771 0.145736

SR007 SR -0.160834 -0.045603 -0.492265

O008 O -0.071981 0.419364 -0.169535

H009 H 0.383677 0.154389 -0.383368

H010 H 0.291185 0.253627 0.375242

MN011 MN -0.163137 -0.404442 0.008822

O012 O 0.265386 0.034780 0.150155

O013 O 0.412190 -0.319959 -0.134959
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MN1014 MN1 0.347499 -0.154082 0.022303

O1015 O1 -0.235960 -0.193642 0.170203

O016 O -0.077773 -0.076522 -0.134201

O017 O -0.178391 0.373702 0.492037

H018 H -0.125107 0.387364 -0.376660

H019 H -0.162214 -0.473546 0.385462

Strontium, One Water

data_SrMn4O8_3H2O.D1.121.Zn.wat2wat3.out

_cell_length_a 4.940091

_cell_length_b 6.001745

_cell_length_c 7.495073

_cell_angle_alpha 67.183599

_cell_angle_beta 111.202686

_cell_angle_gamma 87.761514

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.152611 0.105362 -0.009731

O002 O 0.265338 0.479848 0.167772

O003 O 0.333934 0.093518 -0.489901

O004 O 0.443558 0.210119 -0.169051

MN005 MN 0.347460 0.343791 -0.001026

O006 O -0.240303 0.234732 0.163140

SR007 SR -0.148758 -0.095155 -0.488891

O008 O -0.071159 0.427952 -0.156708

H009 H 0.382349 0.148772 -0.375363

H010 H 0.288251 0.246568 0.377396

MN011 MN -0.147103 -0.413061 0.012703

O012 O 0.275323 0.027621 0.150305

O013 O 0.425132 -0.340333 -0.139338

MN1014 MN1 0.356770 -0.154909 0.008679

O1015 O1 -0.217595 -0.210805 0.151506

O016 O -0.057931 -0.051104 -0.161309

Yttrium, No Waters

data_YMn4O8_3H2O.D1.121.SPLOCK4.wat1wat2wat3.out

_cell_length_a 5.041877

_cell_length_b 6.067932

_cell_length_c 7.561145

_cell_angle_alpha 61.754321

_cell_angle_beta 116.905398

_cell_angle_gamma 86.068010

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.160322 0.087705 -0.007668

O002 O 0.322015 0.417449 0.193970

O003 O 0.395174 0.214760 -0.186742

MN1004 MN1 0.328366 0.345011 -0.027572

O1005 O1 -0.205017 0.187602 0.186170

Y006 Y -0.212554 -0.030444 -0.491046

O007 O -0.110295 -0.496414 -0.202102

MN1008 MN1 -0.133932 -0.440597 0.026824

O009 O 0.305938 0.000208 0.165624

O010 O 0.385844 -0.320740 -0.169063

MN011 MN 0.378239 -0.194077 0.033300

O012 O -0.184486 -0.314575 0.197030

O013 O -0.087143 -0.043825 -0.173826

Yttrium, Two Waters

data_YMn4O8_3H2O.D1.121.SPLOCK4.wat2.out

_cell_length_a 5.005096

_cell_length_b 6.092140

_cell_length_c 7.435863

_cell_angle_alpha 66.605406

_cell_angle_beta 111.677182

_cell_angle_gamma 85.681510

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.154494 0.096024 0.003914

O002 O 0.251612 0.472637 0.165780

O003 O 0.353897 0.091338 -0.486533

O004 O 0.434066 0.206467 -0.168569

MN005 MN 0.332787 0.353459 -0.012745

O006 O -0.245405 0.229444 0.173553

Y007 Y -0.128924 -0.024762 -0.475970

O008 O -0.077267 0.492223 -0.195763

H009 H 0.393826 0.149478 -0.372229

H010 H 0.292368 0.250983 0.372345

MN011 MN -0.162932 -0.406118 -0.000817

O012 O 0.275743 0.036992 0.150442

O013 O 0.405219 -0.329717 -0.148365

MN1014 MN1 0.357237 -0.167391 0.025631

O1015 O1 -0.225253 -0.264870 0.179527

O016 O -0.062110 -0.057625 -0.154281

O017 O -0.170676 0.350168 -0.497434

H018 H -0.138347 0.388667 -0.374587

H019 H -0.178894 -0.498627 0.375391

Yttrium, One Water

data_YMn4O8_3H2O.D1.121.SPLOCK4.wat2wat3.out

_cell_length_a 4.976492

_cell_length_b 6.131955

_cell_length_c 7.088481

_cell_angle_alpha 66.337609

_cell_angle_beta 110.432506

_cell_angle_gamma 85.641317

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’
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loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.156523 0.108221 -0.014557

O002 O 0.263067 0.471282 0.179338

O003 O 0.365629 0.075286 -0.484557

O004 O 0.436534 0.214308 -0.181346

MN005 MN 0.336342 0.352350 -0.012993

O006 O -0.245181 0.220292 0.183724

Y007 Y -0.178803 -0.082802 -0.485815

O008 O -0.072136 0.483970 -0.188587

H009 H 0.395212 0.130090 -0.363854

H010 H 0.299808 0.241864 0.374717

MN011 MN -0.149798 -0.421021 0.024869

O012 O 0.269876 0.034273 0.148435

O013 O 0.423603 -0.341676 -0.145289

MN1014 MN1 0.359726 -0.167848 0.019962

O1015 O1 -0.229864 -0.259295 0.187329

O016 O -0.056853 -0.048851 -0.178203

Zinc, Two Waters

data_BG_ZnMn4O8_3H2O.D1.121.wat1.out

_cell_length_a 4.988872

_cell_length_b 6.045569

_cell_length_c 7.402467

_cell_angle_alpha 61.848253

_cell_angle_beta 103.465884

_cell_angle_gamma 90.584389

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.159652 0.064255 -0.008746

O002 O 0.210723 0.432997 0.169325

O003 O 0.468127 0.182793 -0.150750

MN004 MN 0.348901 0.297918 0.015138

O005 O -0.278257 0.232725 0.180626

ZN006 ZN -0.092598 0.076304 -0.497311

O007 O -0.033559 0.393599 -0.141608

MN008 MN -0.146725 -0.452518 0.004609

O009 O 0.231319 -0.031534 0.143014

O010 O 0.463106 -0.375123 -0.141179

O011 O 0.132965 -0.179766 0.498321

MN012 MN 0.347084 -0.196094 -0.007531

O013 O -0.265022 -0.271533 0.134150

O014 O -0.031883 -0.135543 -0.171693

O015 O -0.178329 0.383530 -0.493813

H016 H -0.103950 0.420463 -0.376183

H017 H -0.205692 -0.458793 0.365920

H018 H 0.284269 -0.273967 -0.367282

H019 H 0.200367 -0.135104 0.368534

Zinc, One Water

data_BG_ZnMn4O8_3H2O.D1.121.wat1wat3.out

_cell_length_a 5.133287

_cell_length_b 5.876953

_cell_length_c 7.574872

_cell_angle_alpha 55.907390

_cell_angle_beta 102.833547

_cell_angle_gamma 92.126286

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

MN001 MN -0.153201 0.053899 -0.006651

O002 O 0.221073 0.446729 0.154891

O003 O 0.468946 0.167755 -0.139972

MN004 MN 0.343886 0.300424 0.011228

O005 O -0.289267 0.203716 0.188837

ZN006 ZN -0.126001 0.031514 0.499951

O007 O -0.029514 0.410332 -0.144697

MN008 MN -0.148240 -0.445340 0.002542

O009 O 0.223881 -0.055363 0.148711

O010 O 0.481326 -0.351738 -0.143284

O011 O 0.176376 -0.150320 0.498488

MN012 MN 0.356403 -0.197258 0.005642

O013 O -0.227129 -0.316069 0.159586

O014 O -0.066358 -0.089684 -0.201353

H015 H 0.328777 -0.237887 -0.368134

H016 H 0.211758 -0.146244 0.372868
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5 Surface Structures

5.1 Mn+Mn4O8·3H2O Surfaces

Aluminum

data_BG_AlMn4O8_3H2O.001.7_21.optgeom.D1.TZVP2012.121.01.out

_cell_length_a 5.135465

_cell_length_b 6.150245

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 94.954469

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.050995 -0.068504 0.005383

H002 H -0.394628 0.175977 0.005777

H003 H 0.381559 0.417299 0.004299

O004 O 0.058016 0.004908 0.003687

O005 O 0.216719 0.470055 0.003634

AL006 AL -0.041179 0.269317 0.002943

O007 O -0.328645 0.300751 0.004744

H008 H -0.056222 -0.162743 0.001321

H009 H 0.323427 -0.452215 0.001125

H010 H 0.362042 0.016833 0.001422

O011 O -0.084912 0.283457 -0.000576

O012 O 0.399582 0.038719 -0.000472

O013 O -0.091639 -0.206494 -0.000572

O014 O 0.381234 -0.425301 -0.000875

MN015 MN -0.279951 -0.430455 -0.002797

MN016 MN 0.222397 0.316063 -0.003023

MN017 MN -0.275185 0.066940 -0.002845

MN018 MN 0.222345 -0.182900 -0.002854

O019 O -0.446207 0.324543 -0.004491

O020 O 0.073381 0.047131 -0.004493

O021 O 0.041857 -0.410946 -0.004614

O022 O -0.463504 -0.158463 -0.004604

Beryllium

data_BG_BeMn4O8_3H2O.D1.121.001.7_22.optgeom.BeTZVPP.out

_cell_length_a 5.060533

_cell_length_b 6.010191

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 93.474020

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.045749 -0.047147 0.004263

H002 H 0.141133 -0.444092 0.004939

H003 H 0.471922 0.274921 0.003812

O004 O 0.014344 -0.477947 0.003541

O005 O -0.150807 0.064408 0.003466

O006 O 0.331207 0.182389 0.003012

BE007 BE 0.050107 0.285233 0.002199

H008 H -0.253068 -0.012875 0.001999

H009 H 0.048333 -0.334492 0.001290

H010 H 0.420019 0.097303 0.001331

O011 O 0.003199 0.288737 -0.000993

O012 O 0.029240 -0.248183 -0.000580

O013 O -0.463814 -0.000050 -0.000698

O014 O -0.496124 -0.470684 -0.001047

MN015 MN -0.166769 -0.464744 -0.002991

MN016 MN 0.340909 0.291236 -0.003198

MN017 MN -0.156355 0.032926 -0.003038

MN018 MN 0.346963 -0.226652 -0.002783

O019 O -0.329007 0.305182 -0.004884

O020 O 0.186956 0.015642 -0.004529

O021 O 0.151893 -0.434739 -0.004825

O022 O -0.323972 -0.224902 -0.004669

Boron

data_BG_BMn4O8_3H2O.001.7_22.optgeom.D1.TZVP2012.SPLOCK4.out

_cell_length_a 5.282011

_cell_length_b 5.920940

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.186783

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.380402 0.119016 0.006096

H002 H 0.202711 0.387734 0.005686

O003 O 0.027300 0.028025 0.004199

O004 O -0.434735 0.227426 0.004798

O005 O 0.100007 0.425934 0.004160

B006 B -0.001432 0.231882 0.002986

H007 H -0.000789 -0.102652 0.003008

H008 H 0.496015 0.136220 0.003317

H009 H 0.379335 -0.481685 0.001855

O010 O -0.079653 0.252948 0.000329

O011 O -0.028544 -0.241888 -0.000019

O012 O 0.434382 0.038134 -0.000225

O013 O 0.436331 -0.468485 -0.000013

MN014 MN -0.199018 -0.458598 -0.002001

MN015 MN 0.274664 -0.215144 -0.002081
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MN016 MN -0.232383 0.016459 -0.001924

MN017 MN 0.279232 0.273769 -0.002239

O018 O 0.108662 0.016175 -0.003859

O019 O -0.404898 -0.211320 -0.003801

O020 O 0.124804 -0.474471 -0.003877

O021 O -0.358902 0.307904 -0.004171

H022 H -0.337798 0.322311 -0.006083

Calcium

data_BG_CaMn4O8_3H2O.D1.121.001.7_20.optgeom.511d21G.FMIX90.out

_cell_length_a 4.973278

_cell_length_b 6.044058

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 90.450419

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.077035 -0.221963 0.004438

H002 H 0.424525 0.481930 0.004613

H003 H -0.466458 0.039491 0.004987

O004 O 0.284553 -0.427622 0.003821

O005 O -0.077421 -0.126696 0.004037

CA006 CA -0.009430 0.252140 0.003150

O007 O -0.498710 0.175947 0.004034

H008 H -0.110640 -0.159065 0.002063

H009 H 0.453035 0.091079 0.001154

H010 H 0.339143 -0.408016 0.001796

O011 O -0.086894 0.374728 -0.000961

O012 O 0.408687 0.072324 -0.000831

O013 O -0.111533 -0.153090 -0.001032

O014 O 0.389133 -0.400403 -0.001017

MN015 MN 0.230012 0.354716 -0.003165

MN016 MN -0.264617 0.092511 -0.003162

MN017 MN 0.222892 -0.161117 -0.003030

MN018 MN -0.275159 -0.399242 -0.003007

O019 O -0.425068 0.350980 -0.004766

O020 O 0.079264 0.091226 -0.004763

O021 O 0.039255 -0.369945 -0.004962

O022 O -0.461645 -0.182746 -0.004905

Gallium

data_BG_GaMn4O8_3H2O.D1.TZVP2012.121.001.7_21.optgeom.out

_cell_length_a 5.254631

_cell_length_b 6.049414

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.279361

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.120519 -0.129120 0.004079

H002 H -0.481143 0.086104 0.004880

H003 H 0.389461 -0.496387 0.004448

O004 O -0.027991 -0.049550 0.003472

O005 O 0.339559 -0.357625 0.003670

GA006 GA -0.102393 0.274380 0.003186

O007 O -0.462528 0.198661 0.003510

H008 H -0.088908 -0.123219 0.001719

H009 H 0.361243 -0.379857 0.001716

H010 H 0.434525 0.076765 0.000892

O011 O -0.077403 0.324384 -0.000470

O012 O 0.403800 0.041186 -0.001071

O013 O -0.153845 -0.174621 -0.001105

O014 O 0.384654 -0.411189 -0.001511

MN015 MN -0.277158 -0.440075 -0.002814

MN016 MN 0.225572 0.333478 -0.003165

MN017 MN -0.266434 0.081530 -0.002880

MN018 MN 0.183251 -0.178570 -0.002895

O019 O -0.422761 0.312018 -0.004658

O020 O 0.052923 0.081996 -0.004670

O021 O 0.024373 -0.406000 -0.004819

KMn4O8·3H2O

data_BG_KMn4O8_3H2O.D1.121.001.8_22.opt.SPLOCK4.SHRINK881.out

_cell_length_a 5.001752

_cell_length_b 5.845886

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 91.768021

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.118270 -0.315342 0.004129

H002 H 0.471426 -0.110399 0.004321

H003 H -0.385383 -0.411068 0.004113

O004 O -0.068398 -0.273148 0.003866

O005 O 0.472769 0.053554 0.004033

O006 O 0.425105 -0.437042 0.003669

K007 K -0.019547 0.227072 0.003513

H008 H 0.452671 0.070282 0.002063

H009 H -0.084476 -0.228148 0.001970

H010 H 0.413710 -0.412561 0.001689

O011 O 0.378115 0.123758 -0.001091

O012 O -0.139215 -0.104275 -0.001183

O013 O 0.355283 -0.353519 -0.001362

O014 O -0.147785 0.404239 -0.001321

MN015 MN 0.191431 0.398666 -0.003356

MN016 MN -0.307903 0.146647 -0.003160

MN017 MN 0.191777 -0.101746 -0.003195

MN018 MN -0.306079 -0.351124 -0.003293

O019 O 0.026974 0.140737 -0.004990
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O020 O -0.460733 0.389329 -0.005068

O021 O -0.475742 -0.101374 -0.005044

O022 O 0.005233 -0.322487 -0.005195

Lithium

data_BG_LiMn4O8_3H2O.D1.121.001.8_22.optgeom.LiTZVPP.01.out

_cell_length_a 4.977513

_cell_length_b 5.786088

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 91.375220

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.227976 -0.009481 0.005233

H002 H -0.291815 0.012312 0.004306

H003 H 0.362631 0.404927 0.004060

O004 O 0.059102 -0.077282 0.004611

O005 O 0.206297 0.478592 0.003298

LI006 LI -0.022930 0.197854 0.001828

O007 O -0.418054 0.127932 0.003701

H008 H 0.097851 -0.239178 0.004177

H009 H -0.493598 0.082874 0.001926

H010 H 0.268417 -0.462844 0.001501

O011 O 0.360317 0.097299 -0.001135

O012 O -0.159419 0.370842 -0.001371

O013 O -0.155613 -0.125099 -0.001253

O014 O 0.337327 -0.382300 -0.001419

MN015 MN 0.176528 0.372103 -0.003515

MN016 MN -0.323425 0.118267 -0.003272

MN017 MN 0.173576 -0.128955 -0.003241

MN018 MN -0.322552 -0.377172 -0.003294

O019 O -0.474215 0.365282 -0.005165

O020 O 0.010931 0.112774 -0.005130

O021 O -0.492793 -0.131207 -0.005114

O022 O -0.013444 -0.349354 -0.005254

MgMn4O8·3H2O

data_BG_MgMn4O8_3H2O.D1.121.001.7_21.optgeom.MgTZVPP.out

_cell_length_a 4.966687

_cell_length_b 6.057496

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 89.790627

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.293594 -0.331580 0.005176

H002 H 0.169114 0.220493 0.004731

H003 H -0.156093 -0.108751 0.004388

O004 O 0.228076 -0.461978 0.004295

MG005 MG -0.145111 0.477315 0.003061

O006 O -0.285176 -0.215472 0.003688

O007 O 0.023960 0.157522 0.003660

H008 H 0.257398 -0.393039 0.001444

H009 H 0.116980 0.138794 0.001807

H010 H -0.297168 -0.157837 0.001710

O011 O -0.264465 0.430772 -0.000564

O012 O 0.238556 -0.365323 -0.000590

O013 O 0.247006 0.152511 -0.000949

O014 O -0.251094 -0.097517 -0.001046

MN015 MN 0.418861 0.401789 -0.002741

MN016 MN -0.088497 -0.347432 -0.002846

MN017 MN -0.079184 0.156957 -0.003072

MN018 MN 0.418336 -0.098612 -0.003065

O019 O 0.087895 0.415456 -0.004579

O020 O -0.415871 -0.361233 -0.004615

O021 O -0.412344 0.191744 -0.004734

O022 O 0.089112 -0.135076 -0.004771

Sodium

data_BG_NaMn4O8_3H2O.D1.121.SLAB.k14.SPLK4.FMIX90.optgeom.out

_cell_length_a 4.996782

_cell_length_b 5.823181

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.065861

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.033223 -0.211597 0.004674

H002 H -0.471122 0.022679 0.004668

H003 H 0.409298 0.476838 0.004457

O004 O -0.119851 -0.127123 0.004071

O005 O 0.297147 -0.404918 0.003752

NA006 NA -0.028074 0.269854 0.003100

O007 O 0.467685 0.162079 0.003839

H008 H -0.124348 -0.154106 0.002118

H009 H 0.453355 0.122801 0.001878

H010 H 0.347180 -0.391788 0.001831

O011 O 0.424282 0.076520 -0.001168

O012 O -0.102276 0.353999 -0.001339

O013 O -0.096131 -0.150264 -0.001271

O014 O 0.399118 -0.400001 -0.001397

MN015 MN 0.237111 0.350586 -0.003393

MN016 MN -0.261915 0.098343 -0.003238

MN017 MN 0.235935 -0.150381 -0.003256

MN018 MN -0.262355 -0.398812 -0.003315

O019 O -0.415343 0.342661 -0.005119

O020 O 0.072440 0.093626 -0.005065

O021 O -0.431245 -0.150996 -0.005110

O022 O 0.048980 -0.371813 -0.005239
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Scandium

data_BG_ScMn4O8_3H2O.D1.TZVP2012.121.001.7_21.optgeom.out

_cell_length_a 5.144232

_cell_length_b 6.138463

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 94.937327

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.120104 -0.395497 0.004635

H002 H -0.495382 -0.085854 0.005456

H003 H 0.366300 0.255811 0.004690

O004 O 0.082085 -0.256065 0.003881

O005 O 0.207059 0.296750 0.003825

SC006 SC -0.039797 0.028501 0.003075

O007 O -0.387047 0.028700 0.004588

H008 H -0.051976 -0.387312 0.001200

H009 H 0.393970 -0.190972 0.001250

H010 H 0.324792 0.345057 0.001063

O011 O -0.087662 0.071206 -0.000869

O012 O -0.095413 -0.416412 -0.000715

O013 O 0.398860 -0.168625 -0.000676

O014 O 0.378106 0.361847 -0.000924

MN015 MN -0.281535 0.355818 -0.002906

MN016 MN -0.277272 -0.144018 -0.003102

MN017 MN 0.218371 0.103917 -0.003182

MN018 MN 0.220456 -0.395706 -0.002999

O019 O 0.071933 -0.168173 -0.004678

O020 O -0.451435 0.116868 -0.004675

O021 O 0.041795 0.376801 -0.004749

O022 O -0.467386 -0.375251 -0.004760

Strontium

data_BG_SrMn4O8_3H2O.D1.121.001.8_22.optgeom.out

_cell_length_a 4.971114

_cell_length_b 6.045490

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 93.461490

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.279156 -0.003657 0.004942

H002 H -0.260825 -0.367624 0.004423

H003 H 0.300054 -0.244682 0.004186

O004 O 0.117911 -0.188002 0.003987

O005 O -0.438970 -0.394360 0.003662

SR006 SR 0.219016 0.254346 0.003555

O007 O -0.295377 0.144275 0.004255

H008 H -0.324864 0.087945 0.001306

H009 H 0.100310 -0.182886 0.001938

H010 H -0.408348 -0.388544 0.001548

O011 O -0.356309 0.074534 -0.000731

O012 O 0.146931 0.321872 -0.000928

O013 O 0.118718 -0.150341 -0.001046

O014 O -0.385089 -0.395452 -0.001220

MN015 MN -0.037350 0.094979 -0.002991

MN016 MN 0.451624 -0.152444 -0.003089

MN017 MN 0.457634 0.347397 -0.003212

MN018 MN -0.046211 -0.396581 -0.003197

O019 O -0.194671 0.331636 -0.004751

O020 O 0.291209 0.088608 -0.004816

O021 O 0.280475 -0.372791 -0.005015

O022 O -0.231377 -0.118991 -0.004949

Yttrium

data_BG_YMn4O8_3H2O.D1.121.001.7_21.optgeom.SPLOCK4.out

_cell_length_a 5.087514

_cell_length_b 6.199215

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 95.180388

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.099572 -0.445687 0.004580

H002 H -0.459366 -0.170686 0.005191

H003 H 0.399448 0.271820 0.004873

O004 O 0.239333 0.304305 0.003973

O005 O -0.003495 -0.326142 0.004091

Y006 Y -0.005129 0.003777 0.003016

O007 O -0.435915 -0.042462 0.004081

H008 H -0.075626 -0.401169 0.001330

H009 H 0.339662 0.362001 0.001060

H010 H 0.460196 -0.142512 0.001190

O011 O -0.095848 0.086060 -0.001052

O012 O -0.103922 -0.407182 -0.000726

O013 O 0.392695 -0.148471 -0.000699

O014 O 0.374533 0.376257 -0.000947

MN015 MN -0.286806 -0.127987 -0.003268

MN016 MN 0.214635 -0.381750 -0.002956

MN017 MN -0.287304 0.372127 -0.002987

MN018 MN 0.209196 0.120599 -0.003374

O019 O 0.065371 -0.158573 -0.004715

O020 O -0.458363 0.136160 -0.004829

O021 O 0.041918 0.393322 -0.004794

O022 O -0.475466 -0.362373 -0.004815

Zinc

data_BG_ZnMn4O8_3H2O.D1.121.001.6_22.optgeom.511d21G.FMIX90.out
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_cell_length_a 5.020307

_cell_length_b 5.995194

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 90.112172

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.028345 -0.146179 0.004488

H002 H 0.355526 -0.487938 0.004755

H003 H 0.459247 0.070913 0.005095

O004 O 0.211054 -0.412174 0.003816

O005 O -0.106283 -0.045608 0.003745

ZN006 ZN 0.045037 0.256969 0.002807

O007 O 0.414316 0.190018 0.003885

H008 H -0.121166 -0.114039 0.001834

H009 H 0.291152 -0.396778 0.001939

H010 H 0.457636 0.080235 0.001197

O011 O -0.052428 0.343132 -0.000734

O012 O 0.450127 0.041534 -0.000802

O013 O 0.417765 -0.426981 -0.000899

O014 O -0.077218 -0.179006 -0.000936

MN015 MN 0.266667 0.327203 -0.003027

MN016 MN -0.228583 0.066322 -0.003054

MN017 MN -0.243657 -0.425096 -0.002835

MN018 MN 0.256903 -0.187687 -0.002929

O019 O -0.388096 0.324946 -0.004618

O020 O 0.113644 0.067873 -0.004661

O021 O 0.068347 -0.399340 -0.004803

O022 O -0.428708 -0.212768 -0.004795

5.2 Mn+Mn4O8·3H2O Parallel Oxidative
Pattern

Beryllium

data_BG_BeMn4O8_3H2O.D1.121.SLAB.BeTZVPP.para.relax.out

_cell_length_a 5.132971

_cell_length_b 5.870153

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 94.076166

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.054365 -0.100977 0.003824

H002 H 0.007163 -0.473480 0.005385

H003 H 0.467428 0.356753 0.003294

O004 O -0.040868 -0.494704 0.003538

O005 O -0.141011 0.037184 0.003460

O006 O 0.347420 0.220113 0.003340

BE007 BE 0.047139 0.273570 0.002335

H008 H -0.267944 -0.005011 0.002015

H009 H 0.038617 -0.329490 0.001041

H010 H 0.414480 0.124705 0.001810

O011 O 0.040584 0.262753 -0.000849

O012 O 0.043554 -0.249323 -0.000738

O013 O -0.474396 0.032638 -0.000803

O014 O -0.479277 -0.467660 -0.000965

MN015 MN -0.145951 -0.468316 -0.003118

MN016 MN 0.363531 0.283232 -0.002966

MN017 MN -0.141104 0.037862 -0.003072

MN018 MN 0.369971 -0.224039 -0.002870

O019 O -0.329283 0.297480 -0.004869

O020 O 0.203187 0.015126 -0.004625

O021 O 0.208106 -0.478707 -0.004741

O022 O -0.326421 -0.198238 -0.004806

Calcium

data_BG_CaMn4O8_3H2O.D1.121.SLAB.511d21G.para.SPIN2.relax.out

_cell_length_a 5.363508

_cell_length_b 5.711423

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 90.641822

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.050010 -0.323433 0.004763

H002 H 0.400551 0.386320 0.004185

H003 H -0.434840 0.044587 0.004942

O004 O 0.252629 0.489091 0.003791

O005 O -0.089194 -0.209729 0.004644

CA006 CA -0.003996 0.157869 0.002392

O007 O -0.417684 0.173191 0.003700

H008 H -0.191744 -0.269950 0.003194

H009 H 0.462420 0.141299 0.001041

H010 H 0.294283 -0.437717 0.001953

O011 O -0.088792 0.389646 -0.001309

O012 O 0.346088 0.142281 -0.000615

O013 O -0.089825 -0.101487 -0.001273

O014 O 0.362110 -0.357576 -0.000810

MN015 MN 0.239073 0.398888 -0.003084

MN016 MN -0.247741 0.143514 -0.003512

MN017 MN 0.237919 -0.113001 -0.003032

MN018 MN -0.267483 -0.356158 -0.003028

O019 O -0.444668 0.394711 -0.004713

O020 O 0.120058 0.141021 -0.005009

O021 O 0.116414 -0.357367 -0.005030

O022 O -0.445628 -0.108831 -0.004698

Magnesium
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data_BG_MgMn4O8_3H2O.D1.121.SLAB.MgTZVPP.para.relax.out

_cell_length_a 5.285815

_cell_length_b 5.725518

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 89.881711

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.271813 -0.315408 0.005333

H002 H 0.163195 0.213598 0.004878

H003 H -0.148699 -0.116136 0.004254

O004 O 0.222278 -0.446178 0.004252

MG005 MG -0.106528 0.470541 0.002665

O006 O -0.276550 -0.227793 0.003624

O007 O 0.040777 0.141885 0.003666

H008 H 0.291695 -0.370969 0.001553

H009 H 0.151202 0.124116 0.001881

H010 H -0.305233 -0.162263 0.001739

O011 O -0.254604 0.408644 -0.000903

O012 O 0.273410 -0.346843 -0.000516

O013 O 0.276765 0.151395 -0.000575

O014 O -0.266611 -0.096074 -0.001137

MN015 MN 0.405465 0.401403 -0.002751

MN016 MN -0.101898 -0.342529 -0.003197

MN017 MN -0.091704 0.155103 -0.002972

MN018 MN 0.406024 -0.091430 -0.002813

O019 O 0.092358 0.404795 -0.004530

O020 O -0.471649 -0.349711 -0.004737

O021 O -0.468212 0.157154 -0.004744

O022 O 0.090592 -0.093798 -0.004580

Strontium

data_BG_SrMn4O8_3H2O.D1.121.SLAB.para.relax.out

_cell_length_a 5.253048

_cell_length_b 5.692729

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.188637

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.282752 -0.118711 0.003968

H002 H -0.279918 -0.493929 0.004630

H003 H 0.321580 -0.332970 0.004386

O004 O 0.140936 -0.277903 0.004379

O005 O -0.431364 -0.453869 0.003672

SR006 SR 0.245038 0.190532 0.002913

O007 O -0.273791 0.052198 0.003744

H008 H -0.286652 0.077981 0.001757

H009 H 0.094187 -0.274554 0.002478

H010 H -0.386981 -0.396254 0.001056

O011 O -0.389569 0.157051 -0.001129

O012 O 0.083088 0.409306 -0.000704

O013 O 0.088774 -0.082848 -0.000703

O014 O -0.377058 -0.348742 -0.001033

MN015 MN -0.052271 0.160450 -0.002982

MN016 MN 0.447533 -0.085639 -0.003162

MN017 MN 0.449807 0.410828 -0.003278

MN018 MN -0.044056 -0.341210 -0.002888

O019 O -0.179527 0.409385 -0.004890

O020 O 0.258892 0.164491 -0.004800

O021 O 0.266863 -0.336626 -0.004734

O022 O -0.187426 -0.099731 -0.004825

Zinc

data_BG_ZnMn4O8_3H2O.D1.121.511d21G.para.relax.1.out

_cell_length_a 5.319398

_cell_length_b 5.713121

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 90.277227

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.010776 -0.185056 0.004273

H002 H 0.248528 -0.453902 0.005540

H003 H 0.465568 0.043178 0.004984

O004 O 0.115408 -0.429722 0.004260

O005 O -0.115081 -0.049141 0.003545

ZN006 ZN 0.031805 0.263983 0.002869

O007 O 0.407381 0.171994 0.003906

H008 H -0.117036 -0.107968 0.001622

H009 H 0.325484 -0.410545 0.001234

H010 H 0.438785 0.118288 0.001935

O011 O -0.038325 0.315318 -0.001013

O012 O 0.416700 0.073012 -0.000823

O013 O 0.406700 -0.423022 -0.000540

O014 O -0.045694 -0.174014 -0.001225

MN015 MN 0.285624 0.318986 -0.002968

MN016 MN -0.218058 0.071877 -0.003117

MN017 MN -0.208571 -0.426072 -0.003048

MN018 MN 0.281949 -0.172798 -0.002964

O019 O -0.395757 0.328365 -0.004590

O020 O 0.161216 0.075266 -0.004950

O021 O 0.155498 -0.429593 -0.004845

O022 O -0.401720 -0.182885 -0.004618
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6 Two Cation Surface Structures

6.1 Mn+
2 Mn4O8·6H2O Parallel Pattern,

Manganese Hollow Sites
Potassium

data_BG_KMn2O4_3_H2O.SLAB.001.3_16.optgeom.MnECP.out

_cell_length_a 3.013323

_cell_length_b 5.186884

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 93.913540

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.241333 0.370319 0.007637

K002 K 0.456112 -0.135596 0.005226

O003 O 0.066041 0.374619 0.007055

H004 H 0.073762 0.328242 0.004910

O005 O -0.111749 -0.282500 0.001351

H006 H -0.025282 -0.461974 0.001553

H007 H 0.048981 -0.218985 -0.000255

H008 H 0.408680 0.259471 0.001749

O009 O 0.100409 0.254583 0.002311

H010 H -0.080506 0.254591 -0.001133

O011 O 0.264211 -0.190772 -0.003365

O012 O -0.172663 0.280314 -0.003004

MN013 MN 0.271258 0.475392 -0.005308

MN014 MN -0.221267 -0.037321 -0.005283

O015 O -0.265393 -0.346590 -0.007131

O016 O 0.299292 0.133634 -0.006976

Lithium

data_BG_LiMn2O4_3_H2O.SLAB.001.3_16.optgeom.MnECP.Na.out

_cell_length_a 3.016273

_cell_length_b 5.036807

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.758189

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.120478 0.203909 0.007432

LI002 LI 0.327196 -0.293566 0.005384

O003 O 0.179353 0.204794 0.006747

H004 H 0.149873 0.227470 0.004590

O005 O -0.178442 -0.226676 0.002334

H006 H -0.068543 -0.373082 0.001280

H007 H -0.059014 -0.054233 0.001609

H008 H 0.428629 0.267496 0.001196

O009 O 0.125817 0.271084 0.001824

H010 H -0.061712 0.293002 -0.001309

O011 O 0.264191 -0.155718 -0.003399

O012 O -0.180649 0.324248 -0.003123

MN013 MN 0.266435 -0.485969 -0.005468

MN014 MN -0.226153 -0.001714 -0.005364

O015 O -0.266894 -0.310304 -0.007290

O016 O 0.290944 0.166685 -0.007106

Sodium

data_BG_NaMn2O4_3_H2O.SLAB.001.3_16.optgeom.MnECP.out

_cell_length_a 3.016273

_cell_length_b 5.036807

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.758189

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.120478 0.203909 0.007432

NA002 NA 0.327196 -0.293566 0.005384

O003 O 0.179353 0.204794 0.006747

H004 H 0.149873 0.227470 0.004590

O005 O -0.178442 -0.226676 0.002334

H006 H -0.068543 -0.373082 0.001280

H007 H -0.059014 -0.054233 0.001609

H008 H 0.428629 0.267496 0.001196

O009 O 0.125817 0.271084 0.001824

H010 H -0.061712 0.293002 -0.001309

O011 O 0.264191 -0.155718 -0.003399

O012 O -0.180649 0.324248 -0.003123

MN013 MN 0.266435 -0.485969 -0.005468

MN014 MN -0.226153 -0.001714 -0.005364

O015 O -0.266894 -0.310304 -0.007290

O016 O 0.290944 0.166685 -0.007106

6.2 Mn+
2 Mn4O8·6H2O Parallel Pattern,

Oxygen Hollow Sites
Potassium

data_BG_K2Mn4O8_6_H2O.SLAB.MnECP.para.1.relax.out

_cell_length_a 6.010614

_cell_length_b 5.142610

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000
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_cell_angle_gamma 92.736003

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.009858 0.389474 0.008239

H002 H 0.375262 0.360646 0.007306

K003 K 0.228864 -0.059362 0.004540

K004 K -0.280829 -0.222237 0.006106

O005 O 0.106233 0.464897 0.006882

O006 O -0.470476 0.294775 0.007249

H007 H 0.060898 0.395970 0.003900

H008 H -0.438619 0.265270 0.005278

O009 O -0.088855 -0.167971 0.001221

O010 O 0.462860 -0.365217 0.001623

H011 H -0.101151 -0.358100 0.001266

H012 H -0.465503 0.456817 0.001735

H013 H 0.010005 -0.143050 -0.000354

H014 H -0.478426 -0.278799 0.000002

H015 H 0.208246 0.462931 0.001363

H016 H -0.298151 0.091037 0.001596

O017 O 0.068547 0.366147 0.001880

O018 O -0.423549 0.187447 0.002191

H019 H -0.061132 0.279278 -0.001053

H020 H 0.455154 0.225993 -0.001062

O021 O 0.120036 -0.204790 -0.003258

O022 O -0.383791 -0.207690 -0.003276

O023 O -0.103631 0.275486 -0.002963

O024 O 0.400782 0.264241 -0.002901

MN025 MN 0.121149 0.461985 -0.005246

MN026 MN -0.378874 0.460635 -0.005227

MN027 MN -0.127513 -0.050310 -0.005202

MN028 MN 0.373818 -0.051500 -0.005202

O029 O -0.147591 -0.357185 -0.007069

O030 O 0.351846 -0.360646 -0.007073

O031 O 0.132150 0.119773 -0.006899

O032 O -0.367063 0.118903 -0.006916

Lithium

data_BG_LiMn2O4_3_H2O.SLAB.Na.para.relax.1.out

_cell_length_a 5.882340

_cell_length_b 5.200687

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 93.170451

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.061226 0.382988 0.007553

H002 H -0.437726 0.197969 0.007606

LI003 LI 0.310277 -0.374727 0.003459

LI004 LI -0.189477 -0.053229 0.003568

O005 O 0.198175 0.361838 0.006526

O006 O -0.304068 0.222310 0.006492

H007 H 0.136520 0.270930 0.004902

H008 H -0.365653 0.308964 0.004895

O009 O -0.009476 -0.333207 0.002020

O010 O -0.499855 -0.090247 0.002000

H011 H -0.000507 0.471487 0.001942

H012 H -0.470483 -0.145225 0.000126

H013 H 0.020731 -0.268816 0.000170

H014 H -0.493641 0.106235 0.001945

H015 H 0.145976 0.109809 0.001198

H016 H -0.350070 0.481553 0.001261

O017 O 0.015530 0.190725 0.001912

O018 O -0.486551 0.388251 0.001881

H019 H -0.094428 0.243854 -0.000910

H020 H 0.405634 0.322209 -0.000905

O021 O 0.076932 -0.192658 -0.002967

O022 O -0.421510 -0.197096 -0.003016

O023 O -0.145929 0.281369 -0.002803

O024 O 0.353352 0.291369 -0.002831

MN025 MN 0.080662 0.472362 -0.005048

MN026 MN -0.420351 0.472694 -0.005134

MN027 MN -0.166364 -0.039757 -0.004992

MN028 MN 0.333239 -0.038496 -0.004949

O029 O -0.184939 -0.345919 -0.006893

O030 O 0.310694 -0.342484 -0.006877

O031 O 0.093797 0.125845 -0.006722

O032 O -0.407838 0.125802 -0.006735

Sodium

data_BG_Na2Mn4O8_6_H2O.SLAB.para.1.relax.out

_cell_length_a 5.927843

_cell_length_b 5.172349

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 93.615025

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.070746 0.082669 0.008701

H002 H 0.408627 0.201867 0.007197

NA003 NA 0.292652 -0.321816 0.005528

NA004 NA -0.199110 0.020596 0.004041

O005 O 0.139801 0.031167 0.007064

O006 O -0.452767 0.313387 0.006815

H007 H 0.141513 0.207231 0.004830

H008 H -0.451225 0.332820 0.004819

O009 O -0.077952 -0.291538 0.001399

O010 O 0.445768 -0.146140 0.001796

H011 H 0.007366 -0.434333 0.002116

H012 H 0.496576 -0.210332 0.000070

H013 H -0.002494 -0.237697 -0.000300

H014 H 0.477382 0.041861 0.001597
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H015 H 0.284290 0.335646 0.002270

H016 H -0.331331 0.486207 0.001323

O017 O 0.132320 0.321122 0.003105

O018 O -0.438750 0.337391 0.001583

H019 H -0.106769 0.291418 -0.001184

H020 H 0.451127 0.304197 -0.001254

O021 O 0.100970 -0.185657 -0.003335

O022 O -0.398325 -0.188171 -0.003353

O023 O -0.121894 0.295691 -0.003105

O024 O 0.383931 0.297737 -0.003128

MN025 MN 0.107504 0.484593 -0.005342

MN026 MN -0.396166 0.483797 -0.005482

MN027 MN -0.141927 -0.031561 -0.005307

MN028 MN 0.359845 -0.027540 -0.005273

O029 O -0.160832 -0.333457 -0.007244

O030 O 0.336197 -0.332204 -0.007216

O031 O 0.118247 0.141167 -0.007000

O032 O -0.381441 0.136584 -0.007054

6.3 Mn+
2 Mn4O8·6H2O Alternating Pat-

tern, Oxygen Hollow Sites

Potassium

data_BG_K2Mn4O8_6_H2O.SLAB.MnECP.alt.relax.out

_cell_length_a 6.054967

_cell_length_b 5.145689

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 88.945835

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.042524 0.404803 0.008507

H002 H 0.388266 0.354960 0.007266

K003 K 0.218004 -0.052049 0.004635

K004 K -0.283169 -0.248643 0.005958

O005 O 0.123812 0.481189 0.007065

O006 O -0.460227 0.274443 0.007086

H007 H 0.062798 0.417790 0.004128

H008 H -0.442337 0.244827 0.005089

O009 O -0.082344 -0.139608 0.001049

O010 O 0.456146 -0.369009 0.001726

H011 H -0.091753 -0.329100 0.001159

H012 H -0.479742 0.445568 0.001751

H013 H 0.015050 -0.124275 -0.000525

H014 H -0.496186 -0.292729 0.000009

H015 H 0.191694 0.463828 0.001473

H016 H -0.312058 0.069865 0.001450

O017 O 0.052101 0.389428 0.002106

O018 O -0.444280 0.167665 0.001977

H019 H -0.104132 0.300352 -0.001101

H020 H 0.450210 0.216494 -0.000959

O021 O 0.128368 -0.205603 -0.003476

O022 O -0.397510 -0.231790 -0.003066

O023 O -0.119888 0.297036 -0.003045

O024 O 0.399944 0.261355 -0.002857

MN025 MN 0.134084 0.462979 -0.005323

MN026 MN -0.373551 0.461453 -0.005064

MN027 MN -0.117297 -0.047662 -0.005407

MN028 MN 0.385831 -0.049348 -0.005146

O029 O -0.155560 -0.390723 -0.007005

O030 O 0.394318 -0.380139 -0.006954

O031 O 0.159994 0.140222 -0.006980

O032 O -0.372558 0.121272 -0.006853

Lithium

data_BG_LiMn2O4_3_H2O.SLAB.Na.alt.1.01.relax.out

_cell_length_a 5.874745

_cell_length_b 5.204174

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 90.595122

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.057725 0.400696 0.007616

H002 H -0.444300 0.204321 0.007577

LI003 LI 0.308750 -0.355938 0.003487

LI004 LI -0.194584 -0.050088 0.003523

O005 O 0.193694 0.379234 0.006556

O006 O -0.309750 0.221808 0.006479

H007 H 0.134108 0.282805 0.004979

H008 H -0.369971 0.314027 0.004881

O009 O -0.009465 -0.335972 0.001974

O010 O 0.493959 -0.072204 0.001835

H011 H 0.000657 0.468867 0.001960

H012 H -0.473741 -0.134865 0.000003

H013 H 0.021610 -0.278775 0.000104

H014 H -0.497162 0.125589 0.001783

H015 H 0.153686 0.097931 0.001408

H016 H -0.357105 0.487462 0.001189

O017 O 0.018400 0.184592 0.002007

O018 O -0.489948 0.404291 0.001944

H019 H -0.089727 0.226586 -0.000798

H020 H 0.370946 0.366806 -0.000866

O021 O 0.085144 -0.216599 -0.003003

O022 O -0.412112 -0.213324 -0.003158

O023 O -0.143722 0.263040 -0.002699

O024 O 0.335869 0.322335 -0.002781

MN025 MN 0.090402 0.463790 -0.004974

MN026 MN -0.411565 0.462990 -0.005109

MN027 MN -0.155605 -0.047595 -0.004943

MN028 MN 0.341705 -0.047530 -0.005111

O029 O -0.151419 -0.375272 -0.006775

O030 O 0.305601 -0.401218 -0.007037

O031 O 0.087397 0.130037 -0.006681

O032 O -0.395600 0.128877 -0.006696

Sodium

data_BG_Na2Mn4O8_6_H2O.SLAB.alt.1.01.relax.out

_cell_length_a 6.045242

_cell_length_b 5.134088
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_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 89.576117

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.085916 0.077295 0.008541

H002 H 0.423646 0.195382 0.006932

NA003 NA 0.277744 -0.344084 0.004067

NA004 NA -0.223844 -0.025033 0.004243

O005 O 0.157899 0.007527 0.006980

O006 O -0.447015 0.303955 0.006583

H007 H 0.117289 0.122663 0.005219

H008 H -0.454549 0.347883 0.004623

O009 O -0.066997 -0.325605 0.001707

O010 O 0.465628 -0.053978 0.001546

H011 H -0.015004 0.488787 0.002027

H012 H -0.481951 -0.132629 -0.000132

H013 H -0.008953 -0.268972 -0.000076

H014 H -0.496364 0.138160 0.001396

H015 H 0.176885 0.134351 0.001684

H016 H -0.337116 -0.484607 0.001181

O017 O 0.067795 0.225524 0.002765

O018 O -0.472977 0.419597 0.001504

H019 H -0.074140 0.266868 -0.000897

H020 H 0.421516 0.382865 -0.001084

O021 O 0.095467 -0.193109 -0.002899

O022 O -0.380357 -0.171477 -0.003358

O023 O -0.108005 0.301860 -0.002768

O024 O 0.374999 0.343364 -0.003069

MN025 MN 0.122566 -0.496771 -0.004987

MN026 MN -0.374876 -0.496936 -0.005339

MN027 MN -0.122967 -0.012131 -0.005038

MN028 MN 0.373850 -0.004188 -0.005204

O029 O -0.113578 -0.339453 -0.006863

O030 O 0.332934 -0.338012 -0.006966

O031 O 0.119898 0.162393 -0.006726

O032 O -0.341459 0.175212 -0.006917

subsectionMn+
2 Mn4O8·6H2O Surfaces Water Removal

Potassium, No Waters

data_BG_K2Mn4O8_3H2O.SLAB.211.MnECP.wat1wat2wat3wat4wat5wat6.02.out

_cell_length_a 6.072054

_cell_length_b 5.092823

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 89.877484

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

K001 K 0.263864 0.062462 0.000948

K002 K -0.223597 -0.358847 0.001095

O003 O 0.096927 -0.234243 -0.002099

O004 O -0.382930 -0.180917 -0.002774

O005 O -0.077697 0.262538 -0.002019

O006 O 0.394981 0.318856 -0.002789

MN007 MN 0.128793 0.471747 -0.004362

MN008 MN -0.371598 0.482306 -0.004910

MN009 MN -0.112659 -0.026755 -0.004370

MN010 MN 0.387740 -0.017206 -0.005041

O011 O -0.108895 -0.362171 -0.006200

O012 O 0.334930 -0.349823 -0.006481

O013 O 0.121632 0.138516 -0.006233

O014 O -0.319943 0.151656 -0.006448

Potassium, One Water

data_BG_K2Mn4O8_3H2O.SLAB.211.MnECP.wat1wat2wat3wat4wat6.02.out

_cell_length_a 6.050259

_cell_length_b 5.027739

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 93.217845

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

K001 K 0.344580 -0.281866 0.001406

K002 K -0.144087 -0.255852 0.001527

H003 H 0.207658 0.222349 0.000863

O004 O 0.101556 0.230714 0.002327

H005 H -0.040762 0.269013 -0.000522

O006 O 0.109757 -0.166779 -0.002648

O007 O -0.388067 -0.164291 -0.002572

O008 O -0.107931 0.311612 -0.002301

O009 O 0.386130 0.312232 -0.002414

MN010 MN 0.115095 -0.499987 -0.004741

MN011 MN -0.396426 0.497148 -0.004641

MN012 MN -0.136782 -0.012297 -0.004671

MN013 MN 0.364017 -0.000687 -0.004602

O014 O -0.159232 -0.324241 -0.006482

O015 O 0.345456 -0.317267 -0.006521

O016 O 0.120374 0.152600 -0.006415

O017 O -0.375494 0.154365 -0.006350

Potassium, Three Waters

data_BG_K2Mn4O8_3H2O.SLAB.211.MnECP.wat1wat3wat4.01.out

_cell_length_a 6.035642

_cell_length_b 5.067420

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 93.110231

_symmetry_space_group_name_H-M ’P 1’
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_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.488051 0.448993 0.007703

K002 K 0.329739 -0.277286 0.001598

K003 K -0.171408 -0.264995 0.001910

O004 O -0.430644 -0.482909 0.006039

H005 H -0.436023 0.368247 0.004644

H006 H 0.231091 0.217763 0.002033

H007 H -0.324182 0.217395 0.000964

O008 O 0.071238 0.230019 0.002136

O009 O -0.454324 0.208696 0.002108

H010 H 0.011922 0.246119 0.000188

H011 H 0.437513 0.259719 -0.000682

O012 O 0.098828 -0.177722 -0.002642

O013 O -0.404142 -0.180091 -0.002678

O014 O -0.119345 0.296961 -0.002338

O015 O 0.376345 0.302211 -0.002490

MN016 MN 0.092755 0.485419 -0.004696

MN017 MN -0.398318 0.489829 -0.004797

MN018 MN -0.147384 -0.016028 -0.004599

MN019 MN 0.350561 -0.025051 -0.004726

O020 O -0.166399 -0.328568 -0.006540

O021 O 0.327992 -0.334696 -0.006553

O022 O 0.109839 0.142352 -0.006395

O023 O -0.388236 0.142215 -0.006414

Potassium, Two Waters

data_BG_K2Mn4O8_3H2O.SLAB.211.MnECP.wat2wat3wat4wat6.03.out

_cell_length_a 6.125609

_cell_length_b 5.013676

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 93.455875

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.446566 0.409481 0.006711

K002 K 0.316661 -0.112980 0.001874

K003 K -0.207732 -0.332884 0.002058

O004 O 0.453899 0.424537 0.004799

H005 H 0.265189 0.378311 0.003725

H006 H 0.175538 0.349463 0.000601

O007 O 0.111784 0.343871 0.002433

H008 H -0.102586 0.225826 -0.000272

O009 O 0.027219 -0.202693 -0.002359

O010 O -0.444490 -0.227463 -0.002153

O011 O -0.189103 0.266035 -0.001836

O012 O 0.266829 0.303342 -0.002515

MN013 MN 0.030036 0.467041 -0.004440

MN014 MN -0.475445 0.463903 -0.004372

MN015 MN -0.220249 -0.050390 -0.004229

MN016 MN 0.268615 -0.030206 -0.004592

O017 O -0.217366 -0.377189 -0.006051

O018 O 0.250206 -0.362066 -0.006347

O019 O -0.006721 0.146781 -0.006255

O020 O -0.453772 0.117224 -0.005935

Potassium, Four Waters

data_BG_K2Mn4O8_3H2O.SLAB.211.MnECP.wat3wat4.01.out

_cell_length_a 6.005681

_cell_length_b 5.083870

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 93.369483

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.082069 -0.471089 0.007326

H002 H 0.420690 -0.471183 0.007358

K003 K 0.324136 -0.277865 0.001978

K004 K -0.175720 -0.280562 0.001942

O005 O 0.058861 -0.475747 0.006390

O006 O -0.439526 -0.474833 0.006398

H007 H 0.040127 0.376865 0.005064

H008 H -0.459101 0.378416 0.005066

H009 H 0.195589 0.204601 0.001957

H010 H -0.304058 0.203013 0.001983

O011 O 0.036941 0.213803 0.002200

O012 O -0.462721 0.215568 0.002201

H013 H -0.041740 0.240974 -0.000533

H014 H 0.459091 0.241675 -0.000534

O015 O 0.108008 -0.212086 -0.002717

O016 O -0.392003 -0.212058 -0.002718

O017 O -0.108459 0.268091 -0.002457

O018 O 0.391745 0.268156 -0.002456

MN019 MN 0.110894 0.456811 -0.004793

MN020 MN -0.389179 0.456845 -0.004797

MN021 MN -0.135019 -0.053879 -0.004698

MN022 MN 0.365025 -0.053863 -0.004696

O023 O -0.156072 -0.361922 -0.006608

O024 O 0.343879 -0.361874 -0.006607

O025 O 0.124659 0.112009 -0.006436

O026 O -0.375374 0.111903 -0.006437

Potassium, Five Waters

data_BG_K2Mn4O8_3H2O.SLAB.211.MnECP.wat4.01.out

_cell_length_a 5.925605

_cell_length_b 5.131714

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.820127

_symmetry_space_group_name_H-M ’P 1’
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_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.107597 0.477940 0.007658

H002 H 0.363858 0.477380 0.007421

K003 K 0.299795 -0.032799 0.005670

K004 K -0.155780 -0.236433 0.001685

O005 O 0.036689 0.490787 0.006748

O006 O -0.473598 0.477823 0.007128

H007 H 0.017997 0.386683 0.004972

H008 H -0.452951 0.400604 0.005293

O009 O 0.353256 -0.340897 0.001667

H010 H 0.452285 -0.498884 0.001766

H011 H 0.340441 -0.289034 -0.000186

H012 H 0.153821 0.367454 0.001769

H013 H -0.264050 0.265258 0.002179

O014 O 0.025936 0.252740 0.002292

O015 O -0.428635 0.258789 0.002335

H016 H -0.039203 0.236305 -0.000930

H017 H 0.478443 0.225814 -0.000930

O018 O 0.143772 -0.233116 -0.003166

O019 O -0.354708 -0.234100 -0.003195

O020 O -0.077904 0.246389 -0.002881

O021 O 0.426758 0.243209 -0.002832

MN022 MN 0.148219 0.435670 -0.005168

MN023 MN -0.351663 0.434821 -0.005190

MN024 MN -0.100006 -0.077000 -0.005150

MN025 MN 0.400687 -0.076300 -0.005133

O026 O -0.120006 -0.383452 -0.007048

O027 O 0.379119 -0.383611 -0.007025

O028 O 0.160376 0.093915 -0.006849

O029 O -0.340772 0.092354 -0.006874

Lithium, Five Waters

data_BG_Li2Mn4O8_6H2O.SLAB.MnCEP.Na.wat1.out

_cell_length_a 5.924555

_cell_length_b 5.070790

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.579357

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.339990 0.224957 0.007290

LI002 LI 0.166089 -0.421800 0.003622

LI003 LI -0.359560 -0.386483 0.003878

O004 O 0.483000 0.303450 0.006741

H005 H -0.485188 0.246127 0.004805

O006 O -0.089691 -0.233020 0.002398

O007 O 0.411766 -0.224689 0.001978

H008 H -0.092077 -0.289469 0.000542

H009 H 0.427566 -0.292525 0.000177

H010 H -0.026567 -0.033468 0.002249

H011 H 0.480049 -0.034038 0.001898

H012 H 0.192210 0.173836 0.000764

H013 H -0.253757 0.212272 0.001740

O014 O 0.061392 0.226217 0.001751

O015 O -0.413818 0.238730 0.001986

H016 H -0.040621 0.317876 -0.001081

H017 H 0.498156 0.294396 -0.000905

O018 O 0.156656 -0.155777 -0.003153

O019 O -0.338817 -0.146265 -0.003037

O020 O -0.080961 0.346504 -0.003011

O021 O 0.435297 0.328429 -0.002746

MN022 MN 0.161922 -0.480642 -0.005243

MN023 MN -0.337107 -0.480051 -0.005029

MN024 MN -0.089980 0.004540 -0.005122

MN025 MN 0.417957 0.005335 -0.005043

O026 O -0.112257 -0.299481 -0.007036

O027 O 0.415249 -0.314669 -0.006884

O028 O 0.173208 0.173781 -0.006812

O029 O -0.333928 0.174602 -0.006812

Lithium, No Waters

data_BG_Li2Mn4O8_6H2O.SLAB.MnCEP.Na.wat1wat2wat3wat4wat5wat6.out

_cell_length_a 5.731962

_cell_length_b 4.956751

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 90.189474

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

LI001 LI 0.170520 -0.320131 0.002743

LI002 LI -0.330505 -0.353599 0.002759

O003 O 0.138276 -0.155695 -0.002931

O004 O -0.366934 -0.156422 -0.002922

O005 O -0.112070 0.349396 -0.002888

O006 O 0.387700 0.346678 -0.002884

MN007 MN 0.135211 -0.487366 -0.004898

MN008 MN -0.363319 -0.486775 -0.004897

MN009 MN -0.113880 0.013410 -0.004873

MN010 MN 0.386347 0.014068 -0.004875

O011 O -0.114938 -0.322827 -0.006781

O012 O 0.385241 -0.319185 -0.006778

O013 O 0.140003 0.183006 -0.006754

O014 O -0.366582 0.182765 -0.006754

Lithium, One Water

data_BG_Li2Mn4O8_6H2O.SLAB.MnCEP.Na.wat1wat2wat3wat5wat6.out

_cell_length_a 5.878840

_cell_length_b 4.993581

_cell_length_c 500.000000

_cell_angle_alpha 90.000000
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_cell_angle_beta 90.000000

_cell_angle_gamma 91.419802

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

LI001 LI 0.209196 -0.405538 0.003116

LI002 LI -0.370525 -0.265048 0.003036

O003 O -0.072052 -0.307009 0.001696

H004 H -0.090037 -0.446118 0.000240

H005 H -0.020431 -0.152729 0.000597

O006 O 0.138698 -0.133553 -0.002721

O007 O -0.365335 -0.124928 -0.002781

O008 O -0.086844 0.350698 -0.002536

O009 O 0.389744 0.370144 -0.002836

MN010 MN 0.139565 -0.465821 -0.004723

MN011 MN -0.363331 -0.465515 -0.004817

MN012 MN -0.110736 0.033076 -0.004672

MN013 MN 0.388025 0.034702 -0.004757

O014 O -0.107445 -0.298666 -0.006519

O015 O 0.360414 -0.279329 -0.006701

O016 O 0.137413 0.201810 -0.006564

O017 O -0.354247 0.187157 -0.006569

Lithium, Two Waters

data_BG_Li2Mn4O8_6H2O.SLAB.MnCEP.Na.wat1wat3wat4wat5.02.out

_cell_length_a 6.046226

_cell_length_b 5.022475

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.530857

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.477446 -0.082613 0.005780

LI002 LI 0.364217 -0.316718 0.001529

LI003 LI -0.240846 -0.254159 0.002220

O004 O -0.458678 -0.069433 0.003883

H005 H -0.382829 0.208153 0.002946

H006 H -0.254472 0.360975 0.000254

O007 O -0.342912 0.387414 0.002055

H008 H 0.450596 0.311926 -0.000288

O009 O 0.127805 -0.153685 -0.002065

O010 O -0.402302 -0.129679 -0.002360

O011 O -0.165834 0.377542 -0.002389

O012 O 0.371801 0.349936 -0.001937

MN013 MN 0.095653 -0.462260 -0.004293

MN014 MN -0.401229 -0.458707 -0.004460

MN015 MN -0.157859 0.038922 -0.004416

MN016 MN 0.348826 0.024921 -0.004219

O017 O -0.175980 -0.289718 -0.006280

O018 O 0.351018 -0.299814 -0.006073

O019 O 0.111893 0.191392 -0.005912

O020 O -0.435611 0.220685 -0.006228

Lithium, Three Waters

data_BG_Li2Mn4O8_6H2O.SLAB.MnCEP.Na.wat1wat4wat5.03.out

_cell_length_a 5.844049

_cell_length_b 5.139720

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 91.173838

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.229642 -0.389302 0.005267

LI002 LI 0.056555 -0.183357 0.001814

LI003 LI -0.406252 -0.446086 0.000851

O004 O -0.158051 -0.457953 0.003695

H005 H -0.169070 0.345559 0.003671

O006 O 0.383443 -0.122583 0.002332

H007 H 0.389396 -0.161757 0.000435

H008 H -0.382095 -0.009659 0.002571

H009 H -0.202927 0.139694 0.000587

O010 O -0.215055 0.069707 0.002449

H011 H 0.370040 0.184745 -0.000116

O012 O 0.054490 -0.216834 -0.002391

O013 O -0.435632 -0.225999 -0.002422

O014 O -0.193060 0.281590 -0.002256

O015 O 0.347310 0.314835 -0.001516

MN016 MN 0.060779 0.438677 -0.004200

MN017 MN -0.434696 0.444466 -0.004324

MN018 MN -0.192407 -0.056516 -0.004357

MN019 MN 0.307080 -0.068405 -0.004556

O020 O -0.214865 -0.370468 -0.006259

O021 O 0.315847 -0.439124 -0.006132

O022 O 0.058520 0.111371 -0.006071

O023 O -0.436895 0.118487 -0.006099

Lithium, Four Waters

data_BG_Li2Mn4O8_6H2O.SLAB.MnCEP.Na.wat2wat4.01.out

_cell_length_a 5.944390

_cell_length_b 5.119654

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 93.832363

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’
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loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.190718 -0.081339 0.005784

LI002 LI 0.108867 -0.323762 0.003627

LI003 LI -0.339045 -0.331771 0.002011

O004 O -0.119798 -0.107682 0.004092

H005 H 0.020044 0.145484 0.003318

O006 O 0.373361 -0.172490 0.002007

H007 H 0.317150 -0.183052 0.000151

H008 H 0.436014 0.014023 0.002179

H009 H 0.264608 0.300634 0.002626

H010 H -0.308074 0.211328 0.002359

O011 O 0.100841 0.318232 0.002697

O012 O -0.444091 0.302928 0.002195

H013 H 0.010322 0.328586 -0.000691

H014 H -0.497180 0.325852 -0.000675

O015 O 0.177381 -0.132423 -0.002857

O016 O -0.326382 -0.132243 -0.002852

O017 O -0.043863 0.348980 -0.002537

O018 O 0.453587 0.349309 -0.002646

MN019 MN 0.179016 -0.462957 -0.004929

MN020 MN -0.323224 -0.461737 -0.004928

MN021 MN -0.069047 0.024405 -0.004788

MN022 MN 0.432295 0.026187 -0.004844

O023 O -0.088750 -0.279777 -0.006729

O024 O 0.410675 -0.280598 -0.006775

O025 O 0.190327 0.192763 -0.006563

O026 O -0.305139 0.193790 -0.006550

Sodium, No Waters

data_BG_Na2Mn4O8_6_H2O.SLAB.MnECP.wat1wat2wat3wat4wat5wat6.02.out

_cell_length_a 5.877845

_cell_length_b 4.989578

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 91.605562

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

NA001 NA 0.177373 -0.423600 0.001080

NA002 NA -0.328720 -0.407067 0.001211

O003 O 0.132968 -0.141198 -0.002643

O004 O -0.366691 -0.145452 -0.002565

O005 O -0.113618 0.367727 -0.002684

O006 O 0.411092 0.345286 -0.002448

MN007 MN 0.132451 -0.472299 -0.004865

MN008 MN -0.366919 -0.472169 -0.004680

MN009 MN -0.117054 0.026311 -0.004625

MN010 MN 0.387576 0.026767 -0.004515

O011 O -0.143183 -0.285412 -0.006617

O012 O 0.392349 -0.306379 -0.006465

O013 O 0.147092 0.179354 -0.006451

O014 O -0.369646 0.195455 -0.006467

Sodium, One Water

data_BG_Na2Mn4O8_6_H2O.SLAB.MnECP.wat1wat2wat3wat5wat6.02.out

_cell_length_a 6.008215

_cell_length_b 5.041194

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.873648

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

NA001 NA 0.138234 0.260926 0.000622

NA002 NA -0.494502 -0.265123 0.000838

O003 O -0.067545 -0.335733 0.001800

H004 H -0.126804 -0.447959 0.000246

H005 H 0.031652 -0.222338 0.000551

O006 O 0.184433 -0.120135 -0.001911

O007 O -0.341506 -0.091071 -0.002484

O008 O -0.106077 0.409664 -0.002555

O009 O 0.432551 0.384365 -0.001991

MN010 MN 0.151708 -0.426178 -0.004455

MN011 MN -0.352221 -0.425589 -0.004496

MN012 MN -0.105479 0.073856 -0.004649

MN013 MN 0.407869 0.072962 -0.004195

O014 O -0.120372 -0.255630 -0.006382

O015 O 0.404995 -0.259105 -0.006106

O016 O 0.169332 0.223111 -0.006008

O017 O -0.384195 0.257311 -0.006333

Sodium, Two Waters

data_BG_Na2Mn4O8_6_H2O.SLAB.MnECP.wat1wat2wat4wat5.01.out

_cell_length_a 5.802513

_cell_length_b 5.189034

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.499948

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

NA001 NA 0.240607 0.479150 0.001715

NA002 NA -0.234475 -0.264267 0.002510

O003 O 0.411187 -0.091128 0.002266

H004 H 0.442574 -0.123867 0.000318

H005 H -0.482776 0.078748 0.002446

H006 H -0.245297 0.296479 0.000386

O007 O -0.325780 0.305846 0.002135

H008 H 0.481550 0.261839 -0.001045

O009 O 0.104541 -0.190436 -0.002720

O010 O -0.402413 -0.161679 -0.002548

O011 O -0.141983 0.315187 -0.002835

O012 O 0.382687 0.287950 -0.002585

MN013 MN 0.098239 0.480692 -0.004909

MN014 MN -0.388653 0.478856 -0.005020

MN015 MN -0.147343 -0.021519 -0.004695

MN016 MN 0.358454 -0.037222 -0.004778

O017 O -0.161123 -0.323279 -0.006697

O018 O 0.354500 -0.351247 -0.006586

O019 O 0.115425 0.134968 -0.006489

O020 O -0.391483 0.109845 -0.006667

Sodium, Three Waters

data_BG_Na2Mn4O8_6_H2O.SLAB.MnECP.wat2wat3wat6.01.out

_cell_length_a 5.874017
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_cell_length_b 5.142437

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 94.090440

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H 0.277528 0.150446 0.007316

NA002 NA 0.245353 -0.239996 0.002924

NA003 NA -0.320485 0.493134 0.001522

O004 O 0.352170 0.141894 0.005613

H005 H 0.249344 0.232440 0.004171

O006 O -0.118328 -0.114007 0.002121

H007 H -0.061991 -0.144770 0.000220

H008 H -0.047197 0.064307 0.002435

H009 H 0.216281 0.322181 0.000405

O010 O 0.125864 0.340396 0.002100

H011 H -0.056781 0.274092 -0.000849

O012 O 0.055921 -0.176133 -0.002554

O013 O -0.436055 -0.185711 -0.002638

O014 O -0.151760 0.294758 -0.002428

O015 O 0.337675 0.304272 -0.002510

MN016 MN 0.066234 0.487308 -0.004855

MN017 MN -0.446314 0.486573 -0.004817

MN018 MN -0.182975 -0.029552 -0.004690

MN019 MN 0.317764 -0.016009 -0.004540

O020 O -0.199987 -0.335085 -0.006569

O021 O 0.294777 -0.323739 -0.006587

O022 O 0.077665 0.133075 -0.006445

O023 O -0.421892 0.141213 -0.006374

Sodium, Five Waters

data_BG_Na2Mn4O8_6_H2O.SLAB.MnECP.wat3.out

_cell_length_a 5.881914

_cell_length_b 5.063799

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.106316

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.173776 0.128135 0.006834

H002 H 0.410319 0.044057 0.007372

NA003 NA 0.231402 -0.341227 0.003454

NA004 NA -0.291501 -0.389554 0.005630

O005 O -0.017721 0.206619 0.006795

O006 O -0.467277 -0.006605 0.006226

H007 H 0.024734 0.214481 0.004859

H008 H -0.449837 0.159067 0.003880

O009 O -0.107253 -0.212508 0.002134

H010 H -0.129865 -0.287244 0.000375

H011 H -0.055773 -0.023659 0.001792

H012 H 0.195662 0.188599 0.000756

H013 H -0.260370 0.278083 0.001815

O014 O 0.064793 0.255260 0.001668

O015 O -0.417776 0.298686 0.002346

H016 H -0.032126 0.348777 -0.001125

H017 H 0.486709 0.333134 -0.000944

O018 O 0.161791 -0.120634 -0.003166

O019 O -0.333812 -0.109565 -0.003097

O020 O -0.077391 0.380860 -0.003032

O021 O 0.436746 0.361469 -0.002791

MN022 MN 0.166032 -0.445831 -0.005271

MN023 MN -0.333377 -0.444285 -0.005064

MN024 MN -0.086153 0.039432 -0.005170

MN025 MN 0.421701 0.038792 -0.005083

O026 O -0.107866 -0.265246 -0.007081

O027 O 0.419072 -0.280125 -0.006937

O028 O 0.177077 0.209140 -0.006862

O029 O -0.330612 0.210735 -0.006861

Sodium, Four Waters

data_BG_Na2Mn4O8_6_H2O.SLAB.MnECP.wat3wat4.out

_cell_length_a 5.983525

_cell_length_b 5.079525

_cell_length_c 500.000000

_cell_angle_alpha 90.000000

_cell_angle_beta 90.000000

_cell_angle_gamma 92.550882

_symmetry_space_group_name_H-M ’P 1’

_symmetry_Int_Tables_number 1

loop_

_symmetry_equiv_pos_as_xyz

’x, y, z’

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

H001 H -0.039525 -0.017979 0.007152

H002 H 0.370953 -0.004053 0.006395

NA003 NA 0.261289 -0.393056 0.004271

NA004 NA -0.250662 -0.337937 0.003808
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O005 O 0.075523 -0.048033 0.005862

O006 O -0.470235 -0.010271 0.005887

H007 H 0.060904 0.133677 0.003671

H008 H -0.455655 0.119078 0.004258

H009 H 0.194302 0.209293 0.000977

H010 H -0.320210 0.219021 0.000929

O011 O 0.074213 0.270303 0.002094

O012 O -0.431204 0.300757 0.002012

H013 H -0.043082 0.381595 -0.000815

H014 H 0.465986 0.389099 -0.000776

O015 O 0.136238 -0.062551 -0.002892

O016 O -0.362838 -0.062692 -0.002896

O017 O -0.089948 0.419044 -0.002642

O018 O 0.410232 0.419703 -0.002637

MN019 MN 0.138026 -0.392153 -0.004948

MN020 MN -0.363622 -0.392671 -0.004960

MN021 MN -0.110472 0.091876 -0.004880

MN022 MN 0.389756 0.093455 -0.004861

O023 O -0.130361 -0.214820 -0.006791

O024 O 0.369622 -0.213199 -0.006788

O025 O 0.148811 0.262952 -0.006599

O026 O -0.351485 0.262394 -0.006603
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