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Manganese phosphorous trisulphide, MnPS3, is a solid layered material. The hydrogen

gravimetric storage capacities of MnPS3 powder at 80.15, 173.15 and 298.15 K and at

moderate pressures has been recently measured in experiments. The origin of the storage

capacities of this material is not well understood. The main hypothesis is that hydrogen is

stored in the pores of MnPS3 powder. The pores are modelled as two parallel MnPS3 layers

separated a certain distance. Density Functional Theory simulations of the interaction of

H2 with the surface of a MnPS3 layer have been carried out, in order to test that hypothesis.

The simulations indicate that the adsorption of hydrogen on the surface of a MnPS3 layer is

energetically favourable, but only through the physisorption mechanism. Calculations of

the gravimetric capacities of the pores of MnPS3 powder have also been carried out,

obtaining a reasonable agreement with the experimental results. The comparison of the

calculated and experimental gravimetric capacities show that the hydrogen storage on

MnPS3 powder is mainly due to compression in the pores and that the contribution of the

physisorption process to the storage is very small.

© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.
Introduction

Hydrogen is a candidate to replace fossil fuels in future cars.

The current technology involves storing hydrogen of two

ways: In tanks either as compressed gas at high pressures, up

to 70 MPa, or liquefied under cryogenic temperatures, below

30 K. These processes have drawbacks for transportation ap-

plications: There is a need for energy to compress gas at high

pressures or to liquefy hydrogen and this increase the cost

[1,2]. A third way is the storage in a solid material. Hydrogen

can be stored in a solid material through different mecha-

nisms: physisorption, chemisorption and chemical reactions.
bria).
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Many solid materials have been investigated to store

hydrogen through physisorption, such as, metallic-organic

frameworks (MOFs), organic polymers, carbon nanotubes

and nanoporous carbons [3e32].

Transition metal trichalcogenophosphates are a set of solid

layered materials with the structure MPX3 (where M ¼ transi-

tion metal, Mn, Fe, Zn, etc., and X ¼ S or Se). These materials

are used as nonlinear optical materials, catalytic materials,

magnetic materials and cathode materials in the rechargeable

batteries [33e36] and have a huge potential for spintronic de-

vices [37e39]. Thewide range of applications of thesematerials

is due to their structure, electric and magnetic properties,

which have been studied extensively [33,39e43]. However, the
evier Ltd. All rights reserved.
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hydrogen storage capacities of these layered materials have

barely been investigated. Recently, the capacities of MnPS3,

FePS3 and MgPS3 powder to store hydrogen at moderate pres-

sures and at low and room temperatures has beenmeasured in

experiments [44e46]. The main hypothesis is that hydrogen

molecules are stored in the pores of the powder of these ma-

terials, but the storage mechanisms are not well understood.

Dispersion interactions are an important contribution to

the interaction of H2 with a surface. These interactions are not

included in the local density approximation (LDA) and the

generalized gradient approximation (GGA) versions of the

density functional theory (DFT). In the last fifteen years,

different DFT-basedmethods including dispersion interactions

have been developed and tested in many dispersion-

dominated systems [47,48].

The novelty of the present work is to use DFT calculations

that include the dispersion interactions to explain the

hydrogen gravimetric storage capacities of MnPS3 powder,

measured in recent experiments by Ismail et al. [45]. Com-

puter simulations of hydrogen storage on nanoporous car-

bons, MOFs and clusters have been performed [5,12,13,49e68],

but to our knowledge, these are the first DFT calculations of

the hydrogen gravimetric storage capacities of layered mate-

rials of the type MPS3. To explain the experimental capacities,

DFT calculations of the interaction of H2 (chemisorption and

physisorption) on a single MnPS3 layer have been carried out,

and the hydrogen gravimetric storage capacities of the pores

of MnPS3 powder have been calculated using the DFT results

and a quantum-thermodynamic model applied in former pa-

pers to nanoporous carbons [52,56,58,59,69]. Comparisons

between the experimental and theoretical gravimetric storage

capacities are made and conclusions are extracted from that

comparison.
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Fig. 1 e Top and lateral views of bulk MnPS3. Mn, P and S

atoms are the gray, orange and yellow balls, respectively.

(For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this

article.)
Research methodology

Method

DFT calculations of a single MnPS3 layer and of H2 on a single

MnPS3 layer were performed using the BigDFT code [70e72],

which uses a systematic wavelet basis set. The parameters to

select the basis wavelets were chosen in such a way that the

physisorption energy of H2 on the surface of a single MnPS3
layer is accurate within 0.1 meV.

The exchange-correlation functional used for the calcula-

tions is the Perdew, Burke, and Ernzerhof (PBE) approximation

[73], and the pseudopotentials used are the dispersion cor-

rected atom-centered nonlocal pseudopotentials (DCACPs)

developed by Rothlisberger and co-workers [74e78]. These

calculations are named PBE þ DCACP throughout this paper.

The parameters of these pseudopotentials were obtained by

fitting the values of the properties of weakly bonded dimers of

H2, benzene, N2, CO2, He, Ne, Ar and Kr [77,78] to the results of

high-level first principles calculations. The results obtained

with the DCACPs on different systems indicate that the

dispersion forces can be well described within the DFT-GGA

with the DCACP approach. These pseudopotentials represent

an alternative to include the dispersion forces within the DFT

framework.
Geometric structure of MnPS3

According to the experiments, MnPS3 is a solid layered ma-

terial with a monoclinic unit cell that it is almost ortho-

rhombic [45,79e83]. The experimental values of the a, b and c

lattice parameters are a ¼ 6.076, 10.524 and 6.796 �A, respec-

tively, and the angle b is 107.35�. The experimental geometric

structure of bulk MnPS3 is depicted in Fig. 1. Three single

MnPS3 layers have been plotted in that figure. A single MnPS3
layer is composed of three shells: The central shell is made of

Mn atoms in an hexagonal array, and the other two shells

(above and below the central one) are made of PS3 units (See

Fig. 1). The two external surfaces of a MnPS3 layer are made of

sulphur atoms. The empty space between two adjacentMnPS3
layers in bulk MnPS3 is called the Van der Waals gap in the

literature. The experimental value of the Van derWaals gap is

3.5 �A. This gap is too narrow and does not allow to store

molecules by physisorption mechanism between the MnPS3
layers of MnPS3 bulk.

A single MnPS3 layer has been used to represent the open

surface of MnPS3. The single MnPS3 layer was simulated by

applying surface periodic conditions to the unit cell depicted

in Fig. 2, which contains four MnPS3 units. This unit cell has

only a and b lattice parameters, because it is a unit cell with

surface periodic conditions. The geometry of the single MnPS3
layer has been optimized. The lattice parameters a and b of the

unit cell and the positions of all the atoms of the unit cell were

optimized. Geometries are considered optimized when the

forces on the atoms are less than 0.002 eV/�A. The optimized

values of the lattice parameters of the unit cell of the single

MnPS3 layer obtained in the PBE þ DCACP calculations are

a ¼ 5.69 and b ¼ 11.00 �A.

According to the experiments, MnPS3 is an antiferromag-

netic material with two antiferromagnetic arrangements or

phases called type I and II, both depicted in Fig. 3, and the

magnetic moment on Mn is 5 mB [80,84]. In type II, each Mn2þ

ion of the hexagons interacts antiferromagnetically with its

three nearest Mn2þ neighbours in the Mn layer.

Spin-polarized calculations have been performed, studying

differentmagnetic arrangements of themagneticmoments of

the atoms of the unit cell of MnPS3, in particular, the ferro-

magnetic arrangement and the two experimental antiferro-

magnetic arrangements, shown in Fig. 3, and different values

of the magnetic moment on the Mn2þ ions. For the purpose of
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Fig. 2 e Top and lateral views of the unit cell of the single

MnPS3 layer used to simulate the surface of MnPS3. Mn, P

and S atoms are the gray, orange and yellow balls,

respectively. (For interpretation of the references to colour

in this figure legend, the reader is referred to the web

version of this article.)

Fig. 3 e Type I (left) and type II (right) antiferromagnetic

structures of the MnPS3 layered material. Mn, P and S

atoms are the gray, orange and yellow balls, respectively.

(For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this

article.)
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visualization, the magnetic moments on the Mn2þ ions are

depicted in Fig. 3 as lying on the plane of the layer, but in real

they are perpendicular to the layer plane. According to the

present calculations, the most stable structure was the type II

structure with 5 mB on Mn. The difference in energy between

the type II and the other magnetic arrangements is about

0.1 eV/unit cell. Therefore, the type II structure was chosen to

make the calculations of the MnPS3 layer. The optimization of

the geometry of the MnPS3 layer, explained in the former

section, was carried out using the type II antiferromagnetic

structure.
Table 1 e Binding energies, Eb, (in eV/molecule), HeH
distance, dHH, and average HeS distance, dHS, (in �A) of the
chemisorbed hydrogen states on theMnPS3 layer surface.

Site Eb dHH dHS

A 2.76 1.71 1.36

B 2.47 1.99 1.37

C 1.54 2.02 1.35
Results and discussion

Interaction of H2 with the surface of the MnPS3 layer

PBE þ DCACP calculations of the chemisorption and phys-

isorption of H2 on a single MnPS3 layer have been carried out.

To study the chemisorption, the relaxation of the geometric

positions of the two hydrogen atoms and their nearest S and P

atoms of the unit cell of the MnPS3 layer on sites A, B and C,

was allowed. The locations of sites A, B and C on the MnPS3
layer are depicted in Fig. 1. Sites A, B and C are on top of P, Mn

and S atoms, respectively. These are the sites with the highest

symmetry. The energies and geometries of the chemisorbed

states obtained are summarized in Table 1. The binding en-

ergy, in the case of chemisorption, is defined according to the

equation:

Eb ¼ Eð2H on MnPS3 layerÞ � EðH2Þ � EðMnPS3 layerÞ: (1)

It can be seen in Table 1 that the binding energies Eb of the

chemisorbed states, calculated using Eq. (1), are positive,

whichmeans that these states are less stable than the isolated

H2 molecule and the MnPS3 layer. Therefore, these states can

not contribute to a reversible hydrogen storage.

As shown in Table 1, there is a relationship between Eb and

dHH: As the binding energy Eb increases, the HeH distance

decreases. However, the HeS distance remains approximately

constant. Physisorption of hydrogenwas simulated by placing

themolecule on top of sites A, B and C of the surface layer and

varying the H2-surface distance. For each site, calculations

were done for two orientations of the molecular axis of H2

with respect to the surface: perpendicular and parallel.

Therefore, six configurations of H2 physisorbed on a single

MnPS3 layer were studied. The physisorption binding energy

EbðdÞ of H2 was defined according to the equation:

EbðdÞ ¼ EðH2 on MnPS3 layer;dÞ � EðH2Þ � EðMnPS3 layerÞ ; (2)

where EðH2 on MnPS3 layer; dÞ is the energy of the system

composed by H2 on the surface of a MnPS3 layer and at a

distance d from the surface of the layer.

The equilibrium H2-surface distances, de, and the mini-

mum binding energies, EbðdeÞ, of the six configurations ob-

tained in the PBE þ DCACP calculations, are shown in Table 2.

EbðdeÞ is calculated from Eq. (2), with d ¼ de.

The most stable physisorption configuration, according to

the results in Table 2, consists on the molecule on site A with

the axis of the H2 molecule parallel to the surface. That

configuration has the lowest value of EbðdeÞ, �0.025 eV, and is

plotted in Fig. 4. The physisorption binding energy EbðdÞ, Eq.
(2), as a function of the H2-surface distance d obtained in the

present PBE þ DCACP calculations for that configuration, is

also shown in Fig. 5.

The minimum binding energies EbðdeÞ of the six configu-

rations in Table 2 are negative and therefore, the molecule is

bonded to the surface of a MnPS3 layer on the six configura-

tions. These are very weak energies and this is qualitatively

consistent with the low hydrogen storage gravimetric capac-

ities of MnPS3, measured in the experiments [45]. The results

of the present calculations of H2 on a MnPS3 layer, indicate

that the adsorption and storage of H2 on the surface of MnPS3
is energetically favourable, but the storage capacity is very

https://doi.org/10.1016/j.ijhydene.2017.10.103
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Table 2 e Equilibrium H2-surface distances, de, in �A, and
minimum binding energies, EbðdeÞ, in eV, for H2

physisorbed on three sites of theMnPS3 layer surface and
for two orientations of the molecular axis.

Site Orientation de EbðdeÞ
A Parallel 3.4 �0.025

A Perpendicular 3.6 �0.018

B Parallel 3.4 �0.022

B Perpendicular 3.3 �0.022

C Parallel 3.7 �0.018

C Perpendicular 3.6 �0.019

Fig. 4 e Top and lateral views of the unit cell used in the

calculations of H2 interacting with a MnPS3 layer. H, Mn, P

and S atoms are the white, gray, orange and yellow balls,

respectively. H2 is on site A and parallel to the layer

surface. (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version

of this article.)

Fig. 5 e Physisorption binding energy of H2 on a MnPS3

layer surface, as a function of the H2-surface distance.

Results were obtained in PBE þ DCACP calculations, with

the molecule on top of site A and parallel to the surface.
d

Fig. 6 e MnPS3 slit pore, composed by two parallel MnPS3

layers. d is the distance between the internal surfaces of

the layers.

i n t e rn a t i o n a l j o u r n a l o f h y d r o g e n en e r g y 4 3 ( 2 0 1 8 ) 5 9 0 3e5 9 1 25906
small because the interaction of H2 with the surface of MnPS3
is very weak.

These are qualitative conclusions about the storage ca-

pacity of MnPS3. In order to obtain quantitative conclusions, it

is necessary to calculate the gravimetric storage capacities of

MnPS3 and to compare them with the storage capacities re-

ported in the experiments [45]. This is explained and dis-

cussed in the next section.
Hydrogen storage on the pores of MnPS3 powder

A quantum-thermodynamic model, based on the Van't Hoff

equation of the equilibrium between the compressed and

adsorbed phases of hydrogen [52,56], was applied in previous

investigations [56,58,59,69] to calculate the hydrogen storage

capacities of nanoporous carbons simulated as graphene slit,

cylindrical and spherical pores. The physisorption energy

curve of a H2 molecule on the surface of the pores was ob-

tained from DFT calculations. Slit pores were simulated as

planar parallel graphene layers. Cylindrical and spherical

pores were simulated as the inner cavities of nanotubes and

fullerenes, respectively. This model gives results consistent

with the experimental storage capacities of activated carbons

(ACs) [23,27] and carbide-derived carbons (CDCs) [17,24,26,28],

and allows us to make predictions of the optimal width of slit

pores. In this paper, the quantum-thermodynamic model is

applied to the pores of MnPS3 powder, performing extensive

simulations to study the dependence of the hydrogen storage

capacities on the pore size, the pressure and the temperature.

To apply the quantum-thermodynamic model, first the

geometric shape of the pores of the MnPS3 powder should be

chosen. According to the experiments, the reversible

hydrogen storage seems to be due to the pores of the MnPS3
powder. Between the layers there is not enough space to store

hydrogen molecules reversibly. Therefore, a reasonable geo-

metricmodel of the pores of MnPS3 powder, responsible of the

hydrogen storage, consists on a slit pore whose two parallel

walls are single MnPS3 layers. This geometric model to

represent the pores of the MnPS3 powder is called MnPS3 slit

pore throughout all this paper and has been plotted in Fig. 6. In

that figure, the distance d between the internal surfaces of the

layers is the size or width of the pores of the MnPS3 powder.

Second, the physisorption energy curve between a H2

molecule and the surface of a MnPS3 layer is the potential VðzÞ
obtained in the PBE þ DCACP calculations and plotted in the

former section in Fig. 5, where z is the H2-surface layer dis-

tance. In the MnPS3 slit pore there are two MnPS3 layers, and

therefore the total potential is VðzÞ þ Vðd� zÞ, where d is the

distance between the internal surfaces of the two layers, or

the width of the pore (See Fig. 6).

The gravimetric hydrogen storage capacity in wt %, is

defined as

https://doi.org/10.1016/j.ijhydene.2017.10.103
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gc ¼ 100
massH

massH þmassadsorbent material
: (3)

This is the definition and units of the gravimetric capacities

plotted in the figures of this paper. The total gravimetric ca-

pacity is calculated using the mass of the stored hydrogen or

total mass, massHtotal, instead of massH in Eq. (3).

The mass of stored hydrogen is the sum of the masses of

the adsorbed phase and the compressed or free or bulk gas

phase in a pore [85e87]. Both masses are calculated using the

quantum-thermodynamic model and the basic parts

mentioned above: The geometricmodel and the physisorption

energy curve.

The two phases are depicted in Fig. 7. The adsorbed phase

is the sum of the blue and purple regions and the compressed

phase is the red region in Fig. 7. The masses of these two

phases and the mass of stored hydrogen have been calculated

using the quantum-thermodynamic model. The adsorbed

phase is composed by molecules physisorbed on the surface

of the pores. This phase is located on the surface of the pores

(See the blue and purple regions in Fig. 7). Themolecules of the

purple mass are physisorbed on the surface of the pores and

they are part of the adsorbed phase, but these molecules are
Mass compressed gas

Mass adsorbed normally present
in the compressed gas
Excess mass adsorbed

Adsorbent material

Fig. 7 e Depiction of the masses of the adsorbed and

compressed phases of H2 gas on an adsorbent material.

Fig. 8 e Experimental and theoretical gravimetric hydrogen stor

and 173.15 K, and a pore width of 40 �A.
normally present in the compressed or bulk gas phase in the

same volume occupied by the adsorbed phase. The molecules

of the bluemass in Fig. 7 are also physisorbed, but they are not

present in the compressed or free gas phase and therefore,

they are called the molecules of the excess mass. In Fig. 7 the

blue and purple regions have been depicted separately to

explain their different physical origins, but the molecules of

these regions are mixed in the adsorbed phase. The mass of

the adsorbed phase, massHadsorbed, is calculated using the

Van't Hoff equation of the equilibrium between the com-

pressed and adsorbed phases of hydrogen and the Mills-

Younglove equation of state of hydrogen [52,56].

The compressed or bulk gas phase is composed by

hydrogen molecules stored only by compression in the pores

at a constant hydrogen bulk gas density. These molecules do

not interact with the surface and they are not physisorbed.

The mass of the compressed phase, massHcompressed, is the

mass of hydrogen given by the Mills-Younglove equation of

state of H2, which is part of the quantum-thermodynamic

model, at the corresponding pressure and temperature, in-

side the volume of the MnPS3 slit pore not occupied by the

adsorbed phase. The mass of the compressed phase is the red

mass depicted in Fig. 7.

The gravimetric capacities of the adsorbed and com-

pressed phases are given by Eq. (3) using as massH the mass of

the adsorbed phase of hydrogen, massHadsorbed, and the mass

of the compressed phase of hydrogen, massHcompressed,

respectively.

The theoretical gravimetric isotherms of MnPS3 powder

(total, adsorbed and compressed) obtainedwith the quantum-

thermodynamic model at 80.15, 173.15 and 298.15 K are

plotted and compared with the experimental gravimetric

isotherms in Figs. 8 and 9. The experimental isotherms come

from the experimental paper on MnPS3 published by Ismail

et al. [45].

It is a well-known experimental fact that at low tempera-

tures, the contribution to the adsorption comes from all the

pores and that at higher temperatures, the contribution

comes mainly from the narrowest pores. Therefore, the

comparison of the theoretical isotherms with the experi-

mental ones must be done as follows: The experimental iso-

therms at 80.15 and 173.15 K must be compared with the
age capacities of MnPS3, as a function of pressure, for 80.15

https://doi.org/10.1016/j.ijhydene.2017.10.103
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Fig. 9 e Experimental and theoretical gravimetric hydrogen

storage capacities of MnPS3, as a function of pressure, for

298.15 K and a pore width of 14 �A.

i n t e rn a t i o n a l j o u r n a l o f h y d r o g e n en e r g y 4 3 ( 2 0 1 8 ) 5 9 0 3e5 9 1 25908
theoretical isotherms coming from all the pores, or equiva-

lently, with the theoretical isotherms from the average pore

size of the pores of the MnPS3 powder. According to the pore

size distribution of MnPS3 measured by Madian et al. [88], the

average size of the pores of the MnPS3 powder is about 40 �A.
Fig. 10 e Theoretical gravimetric hydrogen storage capacities o

temperature of (a) 80.15, (b) 173.15 and (c) 298.15 K.
On the other hand, the experimental isotherms at 298.15 K

must be compared with the theoretical isotherms from the

narrow pores of the powder, about 14 �A wide.

In the experiments on MnPS3, the total gravimetric ca-

pacity was measured [45] and hence, the total gravimetric

capacity is compared in Figs. 8 and 9. The theoretical curves of

the gravimetric capacity due to the average pore size, 40 �A

wide, agree well with the experimental curves measured at

low temperatures, 80.15 and 173.15 K (See Fig. 8). The theo-

retical curves due to the narrow pores, 14 �A wide, agree well

with the experimental curves of the total gravimetric capacity

at 298.15 K (See Fig. 9).

It should be noticed that the mass of stored hydrogen or

total mass of hydrogen is the sum of the masses of the

adsorbed and compressed phases, but the total gravimetric

capacity is not the sum of the adsorbed and compressed

gravimetric capacities, due to the definition of the gravimetric

capacities. The total gravimetric capacity is given by

gc total ¼ 100
massH total

massH total þmassadsorbent material

¼ 100
massH adsorbed þmassH compressed

massH adsorbed þmassH compressed þmassadsorbent material
:

(4)

The above definition of the total gravimetric capacity, Eq.

(4), can be also written as a function of the adsorbed and
f MnPS3, as a function of the pore width, at 3 MPa and

https://doi.org/10.1016/j.ijhydene.2017.10.103
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compressed gravimetric capacities, gc adsorbed and gc compressed,

respectively:

gc total ¼ gc adsorbed þ gc compressed � 0:02 gc adsorbedgc compressed

1� gc adsorbed 0:01 gc compressed 0:01
: (5)

It can be seen in Eq. (5) that the total gravimetric capacity is

not the sum of the adsorbed and compressed gravimetric ca-

pacities. However, the adsorbed and compressed gravimetric

capacities of this material are small in the range of tempera-

tures and pressures and pore widths studied, and therefore,

the total gravimetric capacity is approximately equal to the

sum of the adsorbed and compressed gravimetric capacities.

As can be noticed in Figs. 8 and 9, most of the total gravi-

metric capacity at the three studied temperatures, comes from

the compressed gravimetric capacity and the contribution of

the adsorbed gravimetric capacity is very small. In fact, the

agreement between the theory and the experiments does not

exist without the compressed gravimetric capacity. This is

important, because it explains the experimental results: The

storage capacity of MnPS3 is small, the main storage mecha-

nism is compression and the contribution of the physisorption

mechanism to the storage is very small. The trend of the

gravimetric capacity curves in Figs. 8 and 9 is linear, which also

indicates that the main storage mechanism is compression.
Optimal hydrogen storage on MnPS3 and on
similar layered chalcogenides

The gravimetric storage capacities depend on the pore size.

Calculations of the gravimetric storage capacities ofMnPS3 slit

pores as a function of the MnPS3 slit pore width have been

carried out. The results are plotted in Fig. 10 for the three

temperatures studied in the present work: 80.15, 173.15 and

298.15 K, and at a pressure of 3 MPa.

The adsorbed gravimetric capacity has a global maximum

in the interval 7.5e8.5 �A of pore widths, for temperatures of

80.15 and 173.15 K, as can be seen in Fig. 10. It has not a global

maximum for 298.15 K. The compressed gravimetric capacity

increases linearly with the pore width and has not a global

maximum for the three temperatures (See Fig. 10). The com-

pressed gravimetric capacity is due to themolecules stored by

compression in the volume of the pore, for a fixed tempera-

ture and pressure. The compressed gravimetric capacity in-

creases linearly with the pore width. The reason of this linear

increase is as follows: The volume of the pore increases line-

arly with the pore width and hence, also the mass of the

compressed phase in the pore, which in turn causes the linear

increase of the compressed gravimetric capacity.

The total capacity has a local maximum for 80.15 and

173.15 K, but not a global maximum. The local maximum is

more pronounced as the temperature decreases. The total

capacity has not a local maximum for 298.15 K. Therefore, for

these three temperatures, there is not a pore width that yields

the highest total gravimetric capacity and the total gravi-

metric capacity can not be optimized. The reason is that the

total capacity is dominated by the compressed gravimetric

capacity in the region of large pore widths, which increases

linearly with the pore width, as can be seen in Fig. 10.
Conclusions

DFT calculations of the interaction of H2 with the surface of

MnPS3 have shown that the adsorption on the surface is

energetically possible, but only through the weak phys-

isorption mechanism. The hydrogen gravimetric storage ca-

pacity of the pores of MnPS3 powder has been simulated as a

function of the temperature, the pressure and thewidth of the

pores, using the DFT results and a quantum-thermodynamic

model. There is a reasonable agreement between the experi-

mental and theoretical gravimetric capacities. The simula-

tions of the gravimetric capacities and its comparisonwith the

experimental results show that most of the total gravimetric

capacity comes from the compressed hydrogen phase and

that the contribution from the adsorbed hydrogen phase is

very small. This means that the main hydrogen storage pro-

cess in the pores of MnPS3 powder is compression and that the

physisorption process has a very small contribution.

DFT calculations of bulk MnPS3 are underway to study the

intercalation and storage of H2molecules in the Van derWaals

gap between the layers of intercalated bulk MnPS3.
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