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Abstract 

Mg2FeH6  is a promising hydrogen storage material with volumetric hydrogen density among the 

highest known. However, its complicated synthesis and high temperature of hydrogen desorption 

limit wider applications. In this paper we study the influence of transition metal (Ni, Co, Mn) 

doping on the structural, electronic and hydrogen sorption properties of Mg2FeH6, using first-

principles density functional theory calculations. The thermodynamics of three different 

synthesis routes is addressed, and all of the mentioned transition metals are found to destabilize 

Mg2FeH6. In addition, a detailed study of electronic structure properties, including densities of 

states (DOS) and charge transfer analysis (AIM), reveals that the doping with Ni, Mn and Co 

leads to the reduction of the direct gap of Mg2FeH6.  

Key words: Mg2FeH6, DFT, transition metals, electronic structure 

1. Introduction 

Mg-based transition-metal complex hydrides, such as Mg2NiH4, Mg2CoH5 and Mg2FeH6, are 

extensively investigated for the hydrogen storage applications1,2,3,4.  They consist of a transition 
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metal (TM) covalently bonded to the hydride ligands to form a complex anion [TMHx]
δ− which 

is stabilized by Mg2+ cations5.  Although this class of metal hydrides has lower gravimetric 

hydrogen capacity as compared to pure magnesium hydride (7.6 wt % for β-MgH2, 5.5 wt % for 

Mg2FeH6), it is still very attractive due to the large volumetric capacities6.  

Mg2FeH6, with volumetric capacity of 150 gdm−3 (more than twice that of liquid hydrogen), has 

one of the highest known hydrogen densities among the hydrogen storage materials investigated 

so far1. Different values for the experimentally measured heat of Mg2FeH6 formation exist in the 

literature ( −98 ± 3 kJmol-1H2
7, −80 ± 7 kJmol-1H2

8, −67.2 ± 8kJmol-1H2
9), but the overall 

consensus is that its stability does not differ significantly from that of β-MgH2 (−74.4 kJmol-

1H2
10). However, the catalytic role of iron, or other TM in the case of quaternary hydrides, has 

proven to be an important factor in the improvement of hydrogen sorption kinetics2,11. Given all 

the characteristics, Mg2FeH6 is considered as highly suitable material for the thermochemical 

energy storage, such as storage of solar or excess industrial heat6, and numerous researches are 

done in order to optimize the synthesis and study or predict the properties of Mg2FeH6 and 

Mg2FeH6-based mixed complex hydrides. Also, Mg–TM-hydrides are investigated as prosperous 

third generation switchable mirrors, given they can change reversibly from a metallic to a 

transparent state upon hydrogen absorption12,13.  

Opposed to the Mg2NiH4, that can be formed by hydrogen absorption in the intermetallic 

compound Mg2Ni, synthesis of Mg2CoH5 and Mg2FeH6 must be achieved in other ways, since 

the starting binary alloy is not experimentally synthesized. Mg2FeH6 was first produced by 

sintering elemental powders at both high temperature and high hydrogen pressure7. High 

proportion of nanocrystalline Mg2FeH6 was also recently obtained by ball milling of 3Mg+Fe 

mixture under relatively lower hydrogen pressure at room temperature9. First direct synthesis 
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was achieved by ball milling of 2MgH2 + Fe mixture in a reactive H2 atmosphere, according to 

the chemical reaction14: 2MgH2 + Fe (+H2)→Mg2FeH6. Similar reaction is suggested for the 

rehydrogenation of Mg2FeH6
15. Ever since, reactive ball milling of Mg and Fe or MgH2 and Fe 

mixtures under different hydrogen pressure and temperatures has been used as a way of 

producing Mg2FeH6 or corresponding quaternary complex hydrides11,3,16,17,9,18,19. It was shown 

that, regardless of the use of metallic magnesium or MgH2 powder with iron, MgH2 forms prior 

to Mg2FeH6 both after cycling and during absorption at higher hydrogen pressures20,21. 

Therefore, the following reaction is suggested for the formation of Mg2FeH6 phase: 3MgH2 

+Fe→Mg2FeH6 + Mg20,21. When the formation of MgH2 is both kinetically and 

thermodynamically favored, MgH2 acts as a competitor to the formation of the ternary hydride, 

while at sufficiently low pressures (below 5 bar) direct formation of Mg2FeH6 is more 

thermodynamically favorable2. However, in the case of mixed transition-metal complex hydride, 

some other mechanisms have been suggested. For Mg2(FeH6)0.5(CoH5)0.5, it was suggested that 

the H-absorption occurs fairly quickly at the Mg/Fe–Co interface, and that complex hydride is 

formed directly from the elements via interface-controlled growth processes2. First principles 

calculations in combination with experimental techniques suggest formation of MgH2 and 

(Mg,Fe) solid solution prior to Mg2FeH6
6. 

Regarding hydrogen desorption, experiments so far suggest that Mg2FeH6 decomposes directly 

to the elemental Mg and Fe according to the reaction2,15: Mg2FeH6→2Mg+Fe+3H2, without 

formation of MgH2 as an intermediate phase15. A similar result was found by Gennari et al.17 and 

Bogdanović et al.22  

In this paper we study the role of substitution of iron by other transition metals in Mg2FeH6 by 

means of DFT (Density Functional Theory) calculations. The thermodynamics of hydride 
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formation, regarding all mechanisms proposed in literature, as well as hydrogen desorption, is 

studied in order to predict the properties of quaternary hydrides and trends in their hydrogen 

storage properties. Also, the electronic structure and bonding are systematically investigated to 

reveal trends after the partial substitution of iron by Mn, Ni or Co in Mg2FeH6. 

2. Details of calculations: 

The unit cells of studied systems are shown in Fig.1. Mg2FeH6 has a K2PtCl6-type cubic structure 

(space group of Fm-3m) composed of tetrahedral sites of Mg2+ ions and octahedral (FeH6)
4- 

complexes2, Fig.1a. To model the substitution of iron by other metals, one of the four equivalent 

Fe atoms in the unit cell of Mg2FeH6 was replaced by, subsequently, Mn, Ni and Co, resulting in 

hydrides with structural formula Mg2Fe3/4M1/4H6 (M=Mn,Ni,Co), Fig.1b.  

The band structure calculations were performed using a Full Potential (Linearized) Augmented 

Plane-Waves plus local orbitals (FP (L)APW + lo) method23, as implemented in Wien2k24 

program package based on the density functional theory25. The exchange and correlation effects 

were included within the generalized gradient approximation, using the Perdew–Burke–

Ernzerhof scheme26. The radii of the muffin-tin (MT), non-overlapping spheres centered at the 

atomic nucleus, Rmt, were 2.0 bohr for Mg, 1.8 bohr for Mn,Fe,Co and Ni, and 0.8 bohr for H. 

Mixed LAPW/APW+lo basis set was used, while the energy to separate core and valence states 

was -6Ry. The parameter that determines the number of basis functions used in the calculation, 

RmtKmax, was set to 5. The core states were treated fully relativistically, while the valence states 

were treated within the scalar relativistic approximation. Inside the MT spheres the wave 

functions were expanded in spherical harmonics up to lmax=10, and the charge density was 

Fourier expanded up to Gmax= 20Ry. The Brillouin zone integration was achieved via a 

Page 4 of 17Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



5 

 

tetrahedron method27, using a mesh of 286 irreducible k-points. Self-consistency was achieved 

by demanding that the convergence of the integrated charge difference between the two 

successive iterations was less than 10−5 electrons. The unit cell volumes were optimized, and the 

investigated structures were relaxed until the forces acting on all atoms were less than 

1 mRy/bohr.  

Additionally, the vibrational frequencies and zero point energy (ZPE) for the investigated 

compounds were calculated with the Vienna Ab initio Simulation Package (VASP)28. Using the 

Hessian matrix created from the finite differences method with displacements of 0.04 Å, we 

obtained the vibrational modes at Г-point, which were then used to calculate the ZPE of the 

hydrides.  

The enthalpies of hydride formation at 0K according to the different mechanisms of hydride 

formation were calculated by determining the energy difference between total calculated energy 

of the studied hydrides and total energy calculated for the reactants: metals, MgH2 and molecular 

hydrogen; more details about these calculations can be found in our previous work29. 

3. Results: 

3.1. Thermodynamics of hydride formation 

The optimized structural parameters and calculated total energy of Mg2FeH6 and Mg2Fe3/4M1/4H6 

(M=Mn,Ni,Co) are presented in Table 1. The optimized lattice constant of Mg2FeH6 differs by 

0.4% from the available experimental value, Table 1. Based on the optimized structures of 

quaternary hydrides, it is shown how replacement of quarter of Fe atoms by Mn, Co and Ni 

atoms leads to a small increase of the unit cell volume and Mg-H distance. 
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Calculated energy changes for all investigated hydrides, i.e., the contributions of zero point 

energy (∆Ezpe) and electronic energy change (∆Eel) to the total energy change(∆E= ∆Ezpe+ ∆Eel), 

for different synthesis routes are presented in Table 2. Given that the decomposition reactions, or 

one step of these reactions(∆Edes= − ∆E), for all studied hydrides can be viewed as reversed to 

the synthesis reactions, in Fig.2 total energy change for desorption according to this 3 reaction 

mechanisms is presented.  

Since the calculated total energy change can be viewed as approximation of the enthalpy change 

for the hydride formation reaction30,31, from the results obtained for 3 different synthesis paths 

(Table 2) some conclusions can be drawn regarding thermodynamics of hydride formation. The 

smallest energy change is related to the reaction of MgH2 transformation into complex hydride 

(reaction 2), while the most excessive energy is related to the process of direct synthesis 

(reaction 3). This conclusion holds for all of the studied hydrides. Good agreement is found 

between the total energy change for Mg2FeH6 formation directly from metals and molecular 

hydrogen (-39.4 kJmol-1H, Table 2) and the enthalpies reported in the literature for the same 

reaction: - 40 kJmol-1H8, - 49 kJmol-1H7. Also, there is a good agreement with the enthalpy (-

42.20 kJmol-1H) calculated in an earlier LAPW study32. The calculated energy changes can assist 

the analysis of experimental results; for example, given that the synthesis route shows 

significantly lower enthalpies of formation than the ones predicted (e.g. the one reported for the 

synthesis of the nanostructured Mg2FeH6
9) other mechanisms are expected to be favored over 

direct synthesis.  

The effect of transition metal doping would be significant in the case of direct decomposition of 

hydrides, reaction 3, Fig 2. The largest decrease of desorption enthalpy, expected in the case of 

nickel doping for the studied systems, would imply that 27.7 kJmol-1H energy change is required 
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for hydrogen desorption. This is significantly lower than the experimental value for MgH2 

desorption enthalpy, 37.2 kJmol-1H10, and close to the values for several metal hydrides33,34,35. 

Still, having in mind that 19.8 kJmol-1H is needed for near-ambient storage applications36, it 

seems that other modifications besides composition variations are required to bring Mg2FeH6 

closer to this type of applications. However, if decomposition is to follow any other mechanism 

that would proceed through MgH2 as intermediate state, the thermodynamic stability of MgH2 

would limit the doping influence and a significant decrease of desorption temperature could not 

be expected. For example, significant influence of transition metal doping is observed also for 

two other studied decomposition reactions, Fig.2, but both these reactions can be considered just 

as starting reactions of the more complex desorption mechanism that involves decomposition of 

MgH2.  

Based on the results of FP LAPW calculations, Shelyapina et al. found that the substitution of 

one half of cobalt atoms in Mg2CoH5 with iron atoms stabilizes the hydride37. This is in 

agreement with our results regarding the stability of Mg2Fe3/4Co1/4H6 as compared to Mg2FeH6, 

Table 2. Earlier study of transition metal doping in the case of Mg2NiH4 showed that Co 

stabilizes the hydrides, while Fe has a destabilizing effect38, taking the stability of the staring 

metal alloys as the reference point. In the present study such comparison of the stability of doped 

systems vs. the stability of starting alloys would be meaningless since Mg2Fe is not a stable alloy 

and, to the best of our knowledge, neither is Mg2Fe1-xNix.  We find that alloying with nickel 

would have the largest destabilizing effect on Mg2FeH6, leading to a quaternary hydride less 

stabile than Mg2NiH4 (- 32kJ/molH39,40), which is in agreement with earlier ab initio 

investigations41,42. Nevertheless, we believe that additional investigation of various nickel 

containing quaternary hydrides is needed to both clarify some opposite experimental findings40, 
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and consider the formation of stable Mg2Ni alloy38, that would lead to different desorption 

mechanisms than the ones proposed for Mg2FeH6. 

From the results presented in Fig.2, conclusion can be drawn that, regardless of the synthesis 

route, we obtain the same trend in the stability of the studied hydrides. Namely, partial 

substitution of Fe by Mn, Co and Ni destabilizes the hydride, and the largest destabilization 

effect is expected in the case of alloying with nickel. Beside the nature of dopant, the doping 

concentration is also expected to play an important role. The results obtained in our study, 

compared with earlier studies of quaternary hydrides with different concentration of 

dopants39,40,43, confirm present opinion in the literature that the hydrogen storage properties can 

be tailored by varying the relative content of the complex anion16, since the stability of 

quaternary hydrides is in between the stabilities of the ternary complex hydrides. Exceptions to 

the expected stability are sometimes found in the nickel-doped system, as discussed above.  

The contribution of zero point energy change to the total energy change is the same for all 

hydrides in the same synthesis reaction. This is in agreement with the generally accepted 

assumption that the type of hydrogen position in the crystal lattice dominantly determines this 

contribution to the total energy change38. 

3.2. Electronic structure and bonding  

To analyze how partial substitution of iron by other transition metals can be used to tune the 

hydride optical properties, we investigate the influence of metal doping to the electronic structure 

of Mg2FeH6. The total density of states (DOS), along with the relevant partial atomic 

contributions for all studied hydrides, is presented in Fig.3. The electronic structure of Mg2FeH6 

is in agreement with earlier reports6,37, showing that this hydride is semiconductor. The 
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calculated width of the band gap is 1.85eV, which is in an excellent agreement with the results 

from other calculations32,44, while to the best of our knowledge experimental value of band gap is 

not reported. Partial substitution of iron with other metals leads to the changes of electronic 

structure, as shown in Fig.3. Namely, Mn states are found at higher energies while Ni and Co 

states are found at lower energies as compared to iron states. Due to the model of the systems 

used in calculations, from the obtained electronic structure only a trend of band gap energies can 

be assumed. As seen at the Fig.3, partial substitution of iron by all studied transition metals is 

expected to influence decrease of band gap, and this decrease is expected to be the smallest in the 

case of Mn and largest in the case of Ni. In analogy to the results obtained in the study of 

Mg2NiH4
38, we find that Ni doping causes the largest disruption of Mg-H bond, and the largest 

change in both thermodynamical and optical properties. 

The results of charge transfer analysis in the studied hydrides, based on the Bader’s theory of 

atoms in molecules45, are presented in Table 3. In all studied cases, the electrons are dominantly 

transferred from Mg to H in accordance with the electronegativity of atoms, and this agrees with 

the earlier studies of magnesium complex hydrides32.  Small negative Bader charge is observed 

on all transition metals; and that is the main feature of charge transfer that distinguishes here 

studied complex hydrides from interstitial metallic hydrides29,33. Conclusion can be drawn that, 

although transition metal doping of Mg2FeH6 causes some changes in charge transfer, Bader 

charge of hydrogen atom is mainly unaffected and determined by type of interstitial site.  

4. Conclusions 

The influence of transition metal (Ni, Co, Mn) doping on the structural, electronic and hydrogen 

sorption properties of Mg2FeH6 is studied for the first time using first-principles density 
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functional theory calculations. The thermodynamics of three different synthesis roots, proposed 

for Mg2FeH6, is addressed by calculating total energy changes in the formation reactions. We 

find that the calculated values show good agreement with experimental results where available. 

The smallest energy change is related to the reactions of MgH2 transformation into complex 

hydrides, while the most excessive energy is related to the process of direct synthesis of complex 

hydrides. Doping with transition metals is found to destabilize all studied quaternary complex 

hydrides, Mg2Fe3/4M1/4H6 (M=Mn,Co,Ni) as compared to the staring Mg2FeH6. Regarding direct 

decomposition of studied hydrides, the largest decrease of desorption enthalpy is expected in the 

case of nickel doping, resulting in 27.7 kJmol-1H energy change instead of 39.4 kJmol-1H 

calculated for Mg2FeH6. Calculated contribution of zero point energy change to the total energy 

change is found to be the same for all hydrides in the same synthesis reaction. Obtained results 

are expected to be a good guidance in determination of reaction mechanisms for synthesis and 

decomposition of Mg2FeH6-based quaternary hydrides. 

In addition, a detailed study of electronic structure reveals the influence of doping. The 

calculated width of the direct band gap of Mg2FeH6 is 1.85eV, while doping with Ni, Mn and Co 

leads to reduction of the direct band gap of Mg2FeH6. Some changes in charge transfer are 

identified based on calculation of the Bader charge, but the charge on hydrogen atom is mainly 

unaffected by doping and determined by type of interstitial site. According to the obtained 

results, Ni doping causes the largest disruption in the Mg2FeH6 lattice, and the largest change in 

both thermodynamical and optical properties. 

 

Corresponding Author: 

*e-mail: kciric@vin.bg.ac.rs. Tel. +381113408601 

Page 10 of 17Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



11 

 

Acknowledgment: 

The Ministry of Science and Technological Development of the Republic of Serbia provided the 

financial support for this study through the Project No.171 001.  

References: 

1. P. Selvam, K. Yvon, Int. J. Hydrogen Energy, 1991, 16, 615-617 

2. S. Deledda, B.C. Hauback, Nanotechnology, 2009, 20,  204010  

3. S. Deledda, B.C. Hauback, Faraday Discuss., 2011, 151, 315-326 

4. J. Zhang, W. Zaïdi, V. Paul-Boncour, K. Provost, A. Michalowicz, F. Cuevas, M. Latroche, S. 

Belin, J-P. Bonnet, L. Aymard, J. Mater. Chem. A , 2013, 1, 4706-4717 

5. K. Yvon, Chimia, 1998, 52, 613-619 

6. D.W. Zhou, S.L. Li, R.A. Varin, P. Peng,  J.S. Liu, F. Yang,  Mater. Sci. Eng. A, 2006,  427, 

306–315 

7. J.J. Didisheim, P. Zolliker, K. Yvon, P. Fisher,  J. Schefer, M. Gubelmann, A.F. Williams, 

Inorg. Chem., 1984, 23, 1953–1957 

8. J.A. Puszkiel, P. Arneodo Larochette, F.C. Gennari, J. Alloys Compd., 2008, 463, 134–142 

9. Y. Wang, F. Cheng, C. Li, Z. Tao, J. Chen, J. Alloys Compd., 2010, 508, 554-558 

10. J. F. Stampfer Jr., C. E. Holley Jr., J. F. Suttle,  J. Am. Chem. Soc., 1960, 82, 3504–3508. 

11. L.A. Baum, M. Meyer, L. Mendoza-Zélis, Int. J. Hydrogen Energy, 2008, 33, 3442-3446 

12. T.J. Richardson, J.L. Slack, R.D. Armitage, R. Kostecki, B. Farangis, M.D. Rubin, Appl. 

Phys. Lett., 2001, 78, 3047-3049 

13. W. Lohstroh, R.J. Westerwaal, B. Noheda, S. Enache, I.A.M.E. Giebels, B. Dam, R. 

Griessen, Phys. Rev. Lett., 2005, 93, 197404 

14. J. Huot, S. Boily, E. Akiba, R. Schulz, J. Alloys Compd., 1998, 280, 306-309 

Page 11 of 17 Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



12 

 

15. M. Polanski, T. Płociński, I. Kunce, J. Bystrzyck, Int. J. Hydrogen Energy, 2010, 35, 1257–

1266 

16. J. Huot, D.B. Ravnsbæk, J. Zhang, F. Cuevas, M. Latroche, T.R. Jensen, Prog. Mater. Sci., 

2013, 58, 30-75 

17. F.C. Gennari, F.J. Castro, J.J. Andrade Gamboa,  J. Alloys Compd., 2002, 339, 261-267 

18. R.A.Varin, S. Li, Z. Wronski, O. Morozova, T. Khomenko, J. Alloys Compd., 2005, 390, 

282-296 

19. M.D. Riktor, S. Deledda, M. Herrich, O. Gutfleisch, H. Fjellvåg, B.C. Hauback, Mat. Sci. 

Eng. B- Solid, 2009, 158, 19-25 

20. M. Danaie , A. A. C. Asselli , J. Huot, G. A. Botton,  J. Phys. Chem. C, 2012, 116, 

25701−25714 

21. J. Zhang, F. Cuevas, W. Zaïdi, J.-P.Bonnet, L. Aymard, J.-L.Bobet, M. Latroche,  J. Phys. 

Chem. C, 2011, 115, 4971-4979 

22. B. Bogdanovic, A. Reiser, K.Schlichte, B.Spliethoff, B.Tesche, J. Alloys Compd., 2002, 345, 

77–89 

23. K. Schwarz, P. Blaha, G. K. H. Madsen, Comput. Phys. Commun., 2002, 147, 71–76 

24. P. Blaha, K. Schwarz, G. K. H. Madsen, D. Kvasnicka, J. Luitz, WIEN2k, An Augmented 

Plane Wave + Local Orbitals Program for Calculating Crystal Properties, Techn. Universität 

Wien, Austria, 2001 

25. W. Kohn, L. J. Sham, Phys. Rev., 1965, 140, A1133. 

26. J.P. Perdew, K. Burke, M. Ernzerhof, Phys. Rev. Lett., 1996, 77, 3865–3868 

27. P.E. Blöchl, O. Jepsen, O.K. Andersen, Phys. Rev. B, 1994, 49, 16223-16233 

28. G. Kresse, J. Furthmüller, Phys. Rev. B, 1996, 54, 11169 

Page 12 of 17Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



13 

 

29. K.D. Ćirić, V.J. Koteski,  D.L.j. Stojić, J.S. Radakovic, V.N. Ivanovski,  Int. J. Hydrogen 

Energy, 2010, 35, 3572-3577 

30. S.V. Alapati, J. K. Johnson, D.S. Sholl. Phys. Chem. Chem. Phys, 2007,  9, 1438-1452 

31. C. Wolverton, D. J. Siegel, A. R. Akbarzadeh, V. Ozolin. J. Phys.: Condens. Matter, 2008,  

20, 064228. 

32. E. Orgaz, A. Aburto, J. Phys. Chem. C, 2008, 112, 15586-15594 

33. K. Batalović, V. Koteski, D. Stojić, J. Phys. Chem. C, 2013, 117, 26914−26920 

34. K.C. Kim, A.D. Kulkarni, J.K. Johnson, D.S. Sholl, Phys. Chem. Chem. Phys., 2011, 13, 

7218–7229 

35. XH. Tan, L. Wang, C.M. B. Holt, B. Zahiri, M.H. Eikerling, D.Mitlin, Phys. Chem. Chem. 

Phys., 2012, 14, 10904–10909 

36. L. Schlapbach, A. Züttel, Nature, 2001, 414, 353–358 

37. M.G. Shelyapina, V.M. Pinyugzhanin, N.E. Skryabina, B.C. Hauback, Phys. Solid State, 

2013, 55, 12-20 

38. M.J.van Setten, G.A.de Wijs, Phys. Rev. B, 2007, 76, 075125 

39. W. Zaïdi, J.-P. Bonnet, J. Zhang, F. Cuevas, M. Latroche, S. Couillaud, J.-L. Bobet, 

M.T. Sougrati, J.-C. Jumas, L. Aymard, Int. J. Hydrogen Energy, 2013, 38, 4798-4808 

40. I. Saita, K. Saito, T. Akiyama, J. Alloys Compd., 2005, 390, 265–269 

41. Y. Song, W.C. Zhang, R. Yang, Int. J. Hydrogen Energy,  2009, 34, 1389–1398 

42. Y. Takahashi, H. Yukawa, M. Morinaga, J. Alloys Compd., 1996, 242, 98-107 

43. P. Selvam, B. Viswanathan, C. S. Swamv, V. Srinwasan, Int. J. Hydrogen Energy,  1988, 13, 

87-94 

44. S.M. Zareii, R. Sarhaddi, Phys. Scr., 2012, 86, 015701 

Page 13 of 17 Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



14 

 

45. R.W. Bader, Chem. Rev., 1991, 91, 893–928 

 

 

 

 

 Table 1. Optimized lattice constants and Mg-H distances (obtained by GGA calculation) of the 

studied systems;  

 a(Å) dMg-H(Å) 

Mg2FeH6 6.418 

6.443
a 

2.269  

Mg2Fe3/4Mn1/4H6 6.443 2.274 

Mg2Fe3/4Co1/4H6 6.421 2.271 

Mg2Fe3/4Ni1/4H6 6.442 2.276 

aRef.7 
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Table 2. Calculated change of electronic energy ∆Eel and zero point energy ∆Ezpe  in the hydride 

formation reactions following three different mechanisms for Mg2FeH6 and Mg2Fe3/4M1/4H6 

(M=Mn,Co,Ni) 

 Mg2Fe3/4Mn1/4H6 Mg2FeH6 Mg2Fe3/4Co1/4H6 Mg2Fe3/4Ni1/4H6 

Reaction 1 2MgH2+Fe(+H2)→ Mg2FeH6  

∆Eel (kJ/molH) -22.0 -27.8 -23.2 -16.3 

∆Ezpe(kJ/molH) +4.5 +4.5  +4.5 +4.5 

Reaction 2 3MgH2+Fe→Mg2FeH6 +Mg  

∆Eel (kJ/molH) -13.5 -18.3 -14.7 -7.0 

∆Ezpe(kJ/molH) +3.1 +3.1 +3.1 +3.1 

Reaction 3 2Mg+Fe+3H2 →Mg2FeH6  

∆Eel (kJ/molH) -39.1 -46.7 -40.4 -35.0 

∆Ezpe(kJ/molH) +7.3 +7.3 +7.3 +7.3 
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Table 3. Charge transfer based on Bader AIM theory, for Mg2FeH6 and Mg2Fe3/4M1/4H6 

(M=Mn,Co,Ni); the Bader charge equals the difference between the electronic charge of neutral 

atom and the electronic charge in the atomic basin of given atoms in the studied hydrides 

 AIM charge/e 

 Mg Fe TM H 

Mg2FeH6 +1.66 -0.06 / -0.55 

Mg2Fe3/4Ni1/4H6 +1.66 -0.08 -0.01 -0.54 

Mg2Fe3/4Co1/4H6 +1.66 -0.09 -0.02 -0.54 

Mg2Fe3/4Mn1/4H6 +1.66 -0.02 -0.18 -0.56 

 

 

 

 

 

 

 

 

 

 

Page 16 of 17Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



17 

 

Figure captions: 

Fig.1 The unit cell of a) Mg2FeH6; b) Mg2Fe3/4M1/4H6 (M=Mn,Ni,Co); 

Fig.2 Calculated total energy change during hydrogen desorption relevant to proposed 

mechanisms for Mg2Fe3/4M1/4H6 (M=Mn,Fe, Co, Ni) denoted by metal dopant at x-axes; reaction 

1: Mg2FeH6→2MgH2+Fe+H2; reaction 2: Mg2FeH6 +Mg →3MgH2+Fe; reaction 3: 

Mg2FeH6→2Mg+Fe+3H2; based on the calculated energy changes, direct decomposition 

(reaction 3) can easily be distinguished from other desorption mechanisms; experimental values 

of enthalpy for Mg2FeH6 taken from Ref.7 and Ref.8; 

Fig.3 Total density of states in Mg2FeH6, Mg2Fe3/4Mn1/4H6 , Mg2Fe3/4Co1/4H6 and 

Mg2Fe3/4Ni1/4H6 and partial contribution of Fe, Mn,Co and Ni states in these hydrides 
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