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Li4BN3Hjg is of great interest for hydrogen storage and for lithium-attery solid electrolytes because of its high hydroger
content and high lithium-ion conductivity, respectivelyhe practical hydrogen storage application of this complgdride is,
however, limited due to irreversibility and cogeneratidammonia (NH) during the decomposition. We report a first-principles
density-functional theory study of native point defectd defect complexes in LBN3H1, and propose an atomistic mechanism
for the material’s decomposition that involves mass transmediated by native defects. In light of this specific madhm, we
argue that the release of Nl associated with the formation and migration of negagieblarged hydrogen vacancies inside the
material, and it can be manipulated by the incorporatiorugfble electrically active impurities. We also find thagBN3H1o

is prone to Frenkel disorder on the Li sublattice; lithiuncamcies and interstitials are highly mobile and play an irtgyd role

in mass transport and ionic conduction.

1 Introduction

tion (1) whose products contain 8.9 and 9.4 mass % of h
and NH; is considered to be closest to the experimental sit-

The ability to store hydrogen for subsequent use is key te a hyuation where the values of 9.6 and 8.4 mass %, respectively,
drogen economy where hydrogen serves as an energy carrigive been observetf The decomposition and dehydrogena-
in a carbon-neutral energy systénComplex hydrides such  tion of Li4sBN3H1o, like those of other complex hydrides such
as LiuBN3H;10 have been considered for hydrogen storage beas LiBH, and LiNH,, necessarily involves the breaking ana

cause of their high theoretical hydrogen den$ity4BNsH1q,
which is synthesized from mixtures of LiBfHand LiNH, in a

forming of chemical bonds and the transport of mass in the
bulk. These are electronic and atomistic processes that cer

3:1 molar ratio, releases greater than 10 wt% hydrogen whepe fruitfully studied using first-principles calculatiofs™
heated? Yet its practical application is limited due to the co- Comprehensive and systematic computational studies of tic

generation of ammonia (Nfland the irreversibility of the de-

structure, energetics, and migration of native point dsfand

composition reactioff:” It has also been reported that metal defect complexes can provide direct insights into the mecha

additives such as Nig] Pd (or PdCl), and Pt (or PtG)) can
suppress the release of Nigas from LyBN3H10 and lower

nisms for decomposition and dehydrogenation, help in ident
fying the rate-limiting processes, and ultimately aid iside

the dehydrogenation temperatiut&however, the role of these  of materials with improved hydrogen desorption kinetics.

additives is still not well understood. In addition to hydem

storage, LiBN3H 1o has also shown promise as a battery solid Native point defects in LBNsH1o were first studied by

electrolyte due to its high lithium-ion conductivifyThe ma-

terial was reported to have a conductivity ok 204 S/cm at

room temperature and an activation energy of 0.26 eV.
The decomposition of LBNsH1g can proceed &

. . 1 . 1
Li4sBN3H19 — LI33N2+EL|2NH+ENH3+4H2. (1)

While other reaction pathways have been propdsEtreac-
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us based on density-functional theory (DFf)however only
hydrogen-related defects were considered. A more compre-
hensive study was carried out by Farrell and Wolvertdthey
reported not only results for hydrogen vacancies and ititers
tials but also for some lithium-, boron-, and nitrogen-treta
defects. They also studied the dependence of defect forma-
tion energies on the atomic chemical potentials. Farradl an
Wolverton® however, considered neither defect complexes
nor migration of the native defects that may play an impdrtar
role in mass and charge transport in the material. As regorte
in previous work!216-19Frenkel defect pairs, i.e., interstitial-
vacancy complexes of the same species, can play an essent'!
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role in decomposition and dehydrogenation processes. the number of atoms of speciethat have been addeq; (~0)
Here we report a comprehensive and systematic DFT studgr removed i <0) to form the defect. i is the electronic
of the structure, energetics, and migration of hydrogen-chemical potential, i.e., the Fermi energy, referencechto t
lithium-, boron-, and nitrogen-related isolated nativenpde- ~ valence-band maximum in the bulk,). A% is the correction
fects in all the possible charge states, as well as defect conterm to align the electrostatic potentials of the bulk anféde
plexes in LiBN3H19. Some results for hydrogen-related de- supercells and to account for finite-cell-size effects antth
fects were reported previously, but are included here after tal energies of charged defecTo correct for the finite-size
applying finite-size effect corrections to the formatiorelyy  effects, we adopted the Freysoéttal.'s approach?®3° using
of charged hydrogen vacancies and interstitials (seelgi@tai  a static dielectric constant of 15.38 calculated using itens
Sec. 2); a lower energy configuration of the neutral hydrogerfunctional perturbation theor$#:32In our calculationspd can
interstitial is also reported. We find thayBN3H1gis proneto  be as low as 0.05 eV for a singly charged defect or as hig..
Frenkel disorder on the Li sublattice, and the lithium vadess  as 1.40 eV for a triply charged defect. We note that in Ref.
and interstitials are highly mobile and can play an impdrtanA9 = 0, i.e., no corrections were included in the results re-
role in mass transport and ionic conduction. On the basis oported there. Farrell and Wolverton, on the other hand, took
our results, we propose a specific mechanism for the decomnto account only the “potential alignment” term, reported
position of LiyBN3H10 in which the release of Ngiis associ-  be 0f~0.2-0.9 eV depending specific defects.

ated with the formation and migration of negatively charged The chemical potentialg; are variables and can be chosen
hydrogen vacancies in the interior of the material. In light to represent experimental situations. For defect calicuiat
this mechanism, we discuss the role of transition metal inpuin Li,BN3H10, from Eq. (1) an equilibrium between 4BN,
rities such as Ni, Pd, and Pt in suppressing the release gf NH_j,NH, and LiyBN3H10 can be assumed and the chemical po-
and in lowering the dehydrogenation temperature. Comparitentials of Li, B, and N are expressed in termsugf. which
son with previous computational studies will be made whergs now the only variable. In the following presentation, vee s
appropriate. Uy = —0.15 eV, corresponding to the Gibbs free energy of H
gas at 1 bar and 282 R This condition givegi ; = —0.24 eV,

Ug = —1.51 eV, anduy = —1.47 eV. With this set of chemical
potentials, the calculated formation energies of the defiec

i4BN3H1g are all non-negative, as shown in the next section.

Our calculations are based on DFT using the generalized: . . .
. S . ne can choose a different set of chemical potentials ard thia
gradient approximatiof? and the projector-augmented wave . o .
may affect the formation energies; however, our conclisior

method?1?2 as implemented in the Vienna Ab-initio Sim- . ; .
: 305 . should not depend on the chemical potential choice. We also
ulation Package (VASP3*2° We used the unit cell of . .
note that the Fermi energy is not a free parameter but sub-

o e e ettt o 21 he chrge-neutaltyconion et volves kil
to 400 eV. Convergence with respect to self-consistera-ter native defects and any impurities present in the material.

tions was assumed when the total energy difference between

cycles was less than 16 eV and the residual forces were less

than 0.01 eVA. In the defect calculations, the lattice parame-3  Results
ters were fixed to the calculated bulk values, but all the'iratke
coordinates were fully relaxed. Migration was studied gsin
the climbing-image nudged elastic band (NEB) metRbd.

We characterize different defects inyBiN3H1o using their
formation energies. Defects with low formation energiel wi
easily form and occur in high concentrations. The formation
energy of a defect X in charge staés defined a&®

2 Methodology

Li4BN3H10 was reported to crystallize in the cubic space
groupl 213.3435This quaternary compound can be considerec
as a mixture of end compounds LiBlnd LiNH,, or an ionic
compound in which (Li}, (NH2)—, and (BH,)~ units are the
basic building blocks. The valence-band maximum (VBM) of
Li4BN3H1g consists of nitrogen-related unbonded states com

f _ . ing from the (NH) ™ units, whereas the conduction-band min-
BH(X) = Buor(XT) — Bror(bulk) - an Hi+a(By + pe) 2%, imum (CBM) is composed of a mixture of Nand Hs states.

(2) The electronic structure near the band-gap region is, fivere

whereEi(X%) andEg(bulk) are, respectively, the total ener- dominated by that of LiNK. %36 The calculated band gap is
gies of a supercell containing the defect X and of a supercelB.53 e\-a direct gap at th€ point.}” Given the structural
of the perfect bulk materialy; is the atomic chemical poten- and electronic properties of \BN3H1o, one expects that na-
tial of species (and is referenced to bulk Li metal, bulk B tive point defects in this compound will possess charesties
metal, N\ molecules, or K molecules at 0 K), and; denotes  of those in the end compounds LiBtand LiNH,.16:19.36
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For the diffusion of H, H,", V|{, andV,;, we find energy
barriers of 0.48, 0.49, 0.64, and 1.02 eV, respectively. The
barriers for H', V|, andV,; are higher because their diffu-

%\ sion involves breaking BH or N—H bonds. For example,
bl the diffusion oV}, involves moving a hydrogen atom from a
S nearby NH unit to the vacancy. The saddle-point configura-
& tion in this case consists of a hydrogen atom located midway
IS5 between two NH units, i.e., NHH—NH. H;", on the other
g ] hand, loosely bonds to (Lf) units and therefore can diffuse
E 2] more easily. For comparison, the migration barriers ¢f, H
] H;", andv}, in LiNH, are 0.61, 0.31, and 0.71 &Fand those
=31 of Hi” andV,{ in LiBH4 are 0.41 and 0.91 eV, respectivefy.
_4: e ———— Possible hydrogen-related Frenkel defect pairs afe\(t)
00 05 10 15 20 25 30 35 and (H,V;]). Figure 2(a) shows the structure of;{(I¥,;).
Fermi energy (eV) The configurations of the individual defects are preserved i

this complex, i.e., a Nglunit for H" and a (NH$~ unit for
Viy - The distance between the two N ions in the pair is 3.06
A. This Frenkel pair has a formation energy of 1.66 eV (inde-
pendent of the chemical potentials), and a binding energy o
3.1 Hydrogen-related defects 0.68 eV with respect to its isolated constituents. For cainpa
son, a similar hydrogen Frenkel pair in LiNHas a calculated

Figure 1 shows the calculated formation energies of hydroformation energy of 1.54 e¥ Figure 2(b) shows the structure
gen vacancies\;), hydrogen interstitials (B, and a hydro-  of (H;,V;]). The configurations of the individual defects are
gen molecule interstitial (k)i. Among these defects,/Hand  also preserved in this case. The distance fromtel the H
H;” have the lowest formation energies over a W|de range oftom near the center df; is 4. 25A. This pair has a forma-
Ferm| -energy values, except near their transition leughk= tion energy of 2.14 eV and a binding energy of 0.53 eV. The
2.59 eV, where (H); has the lowest formation energy. formation energy of this Frenkel pair in LiBHs 2.28 eV16

We find thatV,S is energetically most favorable when cre-
ated by removing an H atom from a (B} unit, resulting in
a trigonal planar BH. Similarly,Vj; is created by removing
a H atom and an extra electron from a (BH unit, forming  Figure 3 shows the calculated formation energies of lithium
a BH;—H—BH3 complex, i.e., two BH units sharing a com- vacancies\{;), interstitials (Lj), and antisite defects (gi
mon H atom.V,;, on the other hand, is most energetically fa- i.e., Li replacing an H atom). The creation\4f corresponds

Fig. 1 Calculated formation energies of hydrogen-related defects,
plotted as a function of Fermi energy with respect to the VBM.

3.2 Lithium-related defects

vorable when created by removing ar ibn from a (NH)~ to the removal of a (Lij unit from the system; whereas;Li

unit, leaving the system with a (N#) unit. can be thought of as the addition of a'Lion to the system.
For the interstitials, H is most favorable when the added These two defects result in relatively small local perttidres

H™ ion combines with an (Nb)~ unit to form an NH unit. in the LisBN3H1g lattice. The creation of l,.j on the other

H,", on the other hand, is found situated in a void surroundedhand, leaves the system with an (NH)unit and a Li inter-
by (Li)* units. Like H", H® also forms an NH unit, which  stitial. Thus, L, can be regarded as a complex of Land

is in agreement with the configuration reported by Farredl an V|, with a binding energy of 1.25 eV. Since the resulting de-
Wolverton 8 and is lower in energy than that reported pre-fects are a (NH)~ unit and a Li interstitial, the region that
viously by us where the neutral H atom loosely bonds to ancludes LE| can be considered as locally,NH inside the
(BH4)~ unit.}” However, even with this low-energy configu- bulk LisBN3H1o. This situation is similar to L in LiNH».3¢
ration, I-P is never the most stable charge state of hydrogen in- We find that Lj” andV,; have migration barriers of 0.43 and
terstitials. Finally, (H);, created by adding anginoleculeto  0.20 eV, respectively. For E.i which is considered as a com-
the system, prefers to stay in the void formed by other specieplex of Lij” andV,;, the lower bound of the barrier is 1.02 eV,
with the calculated H-H bond length being 0.78, whichis i.e., given by the least mobile speci&sFor comparison, the

comparable to that of an isolate@ Fholecule (0.75(\). migration barrier of Li in LiNH, and LiBH, is 0.30 eV, and
Our results thus indicate that ingBN3H1o, Vi andV,| pos-  that ofV; is 0.20 eV in LiNH; or 0.29 eV in LiBH,. 161936
sess the characteristics of those in LiBHH?, H", andV,; Figure 2(c) shows the structure of (L ;) Frenkel pair.
are similar to those in LiNkt and H™ and (k) |nher|t thelr The distance between LiandV,; is 2.96A. (L|I ;) has a
structures from those in both the end compoutfts’.36 formation energy of 0.55 eV and a binding energy of 0.58 eV.

This journal is © The Royal Society of Chemistry [year] Journal Name, 2010, [vol], 1-8 |3
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Fig. 2 Frenkel defect pairs: (a) (HV;;), (b) (H.Vi]), and (c) (Lj".V;). Large (gray) spheres are Li, medium (blue) spheres B, small
(yellow) spheres N, and smaller (red) spheres H. Vacancies axeseyied by empty spheres.
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Fig. 3 Calculated formation energies of lithium-related defects, Fig. 4 Calculated formation energies of boron-related defects,
plotted as a function of Fermi energy with respect to the VBM. plotted as a function of Fermi energy with respect to the VBM.

For comparison, the calculated formation energies of daimi stable as B whose formation energy is 2.19 eV at = 2.92
Frenkel pair in LiNH and LiBH, are 0.65 eV and 0.95 eV, eV. The structure of B consists of a BH unit and two NH

respectively®-36:36 units, i.e., an HN-BH,—NH complex, with the B-N distance
being 1.59A (compared to that of 1.3B in Li3BNy). Other
33 Boron-related defects charge states of;Bhave much higher formation energies.

The migration 01‘\/B+H4 involves moving a nearby (BH~
Figure 4 shows the calculated formation energieggVaH, unit to the vacancy, with an energy barrier of 0.19 eV. For
VBH,, VBH;, andVy, in different charge states. Like in VE?H , which can be considered as acompIeX/,gﬁf'4 andH,
LiBH4,6 the creation of\/EjfH4 involves removing an entire theiower bound of the migration barrier is 0.49 eV. For com-
(BH,)~ unit from the bulk. We find that there is very small parison, the migration barrier 8, in LiBH 4 is 0.27 eV
change in the local lattice structure surrounding this clefe
The structure and energetics of other boron-related defact .
be interpreted in terms MI;_H4 and hydrogen-related defects 34 Nitrogen-related defects

such as H, H, and/or (h);, similar to our analysis of the Figure 5 shows the calculated formation energies of Nét
defects in LiBH,.'® For exampleVg,,. can be regarded as a cancies YnH,), NH vacancies\(y+), and nitrogen vacancies
complex oi\/Ej,Jl4 and H with a binding energy of 0.91 eV. Fi- (Vn) and interstitials (N. We find thatVyh, is energetically
nally, the boron interstitial (B not included in Fig. 4) is most  stable aS/,\THZ, Vi asVidy, W asVy andV, and N as N

4| Journal Name, 2010, [vol]l-8 This journal is © The Royal Society of Chemistry [year]
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4 Table 1 Formation energies("), migration barriers&n), and
] binding energiesH,) of selected native defects inJBN3H1g.
Migration barriers denoted by an asterigkre estimated by
considering the defect as a complex and taking the highest of the

E migration barriers of the constituents.
>
2
%’ Defect E' (eV) Em(eV) Ep(eV) Constituents
S H;" 1.36 0.48
b H; 0.58 0.49
S 4 2.08 0.64
ey \"/ 0.98 1.02
-3 (Ho)i 0.75
. ] Li;" 0.73 0.43
00 05 10 15 20 25 30 35 Vi 040  0.20 .
Fermi energy (eV) Liy 0.46 1.02 1.25 Li" +V,
_ _ _ _ V,\THZ 0.94 0.59
Fig. 5 Calculated.formatlon energies of nitrogen-related defects, V'\(I)H 0.00 0.59 1.53 VN+H2 +H-
plotted as a function of Fermi energy with respect to the VBM. v 0.32 0.19
BH4 ) :
" 0.38 127 Vg, + (Ha)i + H
and N configurations. The creation dfj,, corresponds to VB(’:HZ 032 0.49 1.17 Ve, +2H
the removal of an entire (NB~ unit from the bulk. We find VBH, 0.00 0.49 0.91 Vaw, + Hi-

that there is very small change in the local lattice struesur-

rounding this defect. The formation'4g,,, on the other hand,

leaves one H atom in the void left by a removed @fHunit.  trinsic) defects?® assuming that electrically active impurities
VSH can be then regarded as a compleX/,gﬁI,z and H-, with are absent or occur with much lower concentrations than th.

a binding energy of 1.53 eV. Similarly,| can be regarded as charged native defects. In this case, it is determined exclu
: ) i + — (i +

a complex composed &, and (Hb)i, andVy; as a complex sively byVg,, andVg,,, (i.e., a complex ofg,,, and two i),
of Vit,,. and two H- defects. The structure and energetics of WO defects that have the lowest formation energies. Forcor..

NH, X - parison, Farrell and Wolverton reportgft ~2.5-3.2 eV un-
these nitrogen-related defects are, therefore, similéindee der different sets of the atomic chemical potentiis
in LiNH 2.3® For nitrogen interstitials, the structure of ldnd P o :
N consists of a BH unit and an NH unit, i.e., an $#B—NH It emerges from our results that some native defects in
chJmpIex with the B-N distance being 1 48 in N or 1.50 Li4BN3H1g can have very low formation energies. With our

, . i .

A'in N. The structure of N, on the other hand, consists of a choice of the atomic chemical potentiaig, (a complex of

+ 0 +
BH> unit and an NH unit, i.e., an HB—NH, complex, with \r{NHz and I-r)fand\/tBHs (@ compleli( Of\/ll?Hz; ?jn\cllvl—lr) ?ven |
the B-N distance being 1.38. ave a zero formation energy. Farrell an olverton alsc

The migration ONN+H2 involves moving an Ni unit to the found very low formation energies for these defet&sThe

elementary defecté],, , V5, , and H™ that make up the neu-
vacancy, with a calculated energy barrier of 0.59 eV.\Ey, Y oy Ve, 1 -

’ X tral complexes also have low formation energiefs;Table 1.
which can be conS|d§red'as a CF’mP'e’Wﬁz and H’, the _ Overall, our results are in qualitative agreement with ¢hes
lower bound of the migration barrier is 0.59 eV. For compari-

X ) : PR ) 36 ported by Farrell and Wolvertotf and consistent with our
son, the migration barrier oy, in LiNH2 is 0.87 eV: results for native defects in LiNjand LiBH, reported previ-
ously 161936
4 Discussion

o i i i ) . 4.1 Lithium-ion conduction
We list in Table 1 formation energies and migration barriers
of native defects and defect complexes that are most relevaiThe calculated formation energy of the {LV,;) Frenkel pair
to lithium-ion conduction and decomposition of;BiN3H1. is only 0.55 eV, much lower than that of the hydrogen Frenkel
The formation energies for charged defects are takgr at ~ pairs. The low formation energy of (LiV,;) suggests that
2.92 eV (hereafter referred to ag"), where the charge neu- LisBN3H1q is prone to Frenkel disorder on the Li sublattice
trality condition is maintained. This Fermi-energy pasiti  Farrell et al.,3” through first-principles molecular dynamics
is determined by solving self-consistently the chargena¢ut simulations, also found that the Li sublattice disorderf®ize
ity equation that involves the concentrations of all nafive the anionic sublattices and the energy barrier of Li migrati

This journal is © The Royal Society of Chemistry [year] Journal Name, 2010, [vol], 1-8 |5
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is ~0.21 eV in a temperature region above the experimenspecies (see below). In order to maintain the reaction, H
tal melting point. Experimentally, Matsuet al.® reported  has to be transported to the surface/interface, which isvequ
an activation energy of 0.26 eV for the ionic conduction in alent toV,; diffusing into the bulk. As/,; is migrating, local
LisBN3H1o before melting. These values are very close tocharge neutrality is maintained by the mobilg' LiThese two

our calculated value (0.20 eV) for the migration barrier of defects can combine and formﬂ.,iwhich is in fact a LiNH

V. In general, the activation energy for ionic conduction isunit inside LyBN3H;109. We note thal/; can also be created
the sum of the formation energy and migration barrier, i.e.simultaneously with F in the interior of the material through
E. = Ef + En. However, it is very likely that in the mea- forming a(H" V) Frenkel pairV,; and H" then become sep-
surements of the ionic conductivity in RBfthe Li sublattice  arated as F jumps from one (Ni)~ unit to another. This is
was already disordered and there were plentgtoérmal Li equivalent to displacing the N-unit away from the (NH~
vacancies and interstitials. In that case, the activatiergy  unit, leaving two Li next to (NH}—, i.e., a formula unit of

is dominated by the migration barrier term, i.Eg ~ Epm, 38 LioNH. Hi+ then migrates to the surface/interface and is re
which explains why our calculated migration barrieMf is leased as NKl These are the same mechanisms we have pro-
comparable to the measured activation energy. posed for the decomposition of LiNHNto LioNH and NH;

as described in RefS and®®. The mechanism happening at
the surfacel/interface is expected to be dominant over the bu
mechanism since the energy required for the creation of de-
Let us now discuss the role of native defects in the decomfects inside the material is higher.

y . IS D 16,1936 . . -
position of LuBN3Hz0. Like in LiINH2 and LiBH, It Alternatively, one starts with the creation\df, at the sur-

is important to note that the decomposition involves break—face or interface by removing one (N} unit from the bulk
ing N—H bonds in the (Ni)~ units and B-H bonds in the This unit then can combines with one hydrogen atom from a

(BHa4) ™ units, WhiCh can be accpmplished through the C_rea_tionsurface (NH)~ unit and releases as NH This process also
of relevant native defects. Besides, the process neclyssari leaves LiBN3Hzo with a V;; near the surfacefinterface. In

volves hydrogen, boron, andfor nitrogen mass transpohian t order to maintain the reaction, (MM has to be transported

bulk mediated by native defects; and as charged defects ate the surfacefinterface, which is equivalent/p@z diffusing

migrating, local and global charge neutrality must be main-, o oo
tained. Finally, charge and mass conservation is requied f "0 the bulk. AsV, is migrating, local charge neutrality is

the creation of defects in the interior of the material. maintained by having the highly mobilg; in the vacancy’s

Vi, for instance, can form in the interior of the material via Vicinity. The newly created,; also needs to diffuse into the
the (W,VH—) Frenkel pair mechanism [Fig. 2(a)] in which both bull_<. As this vacancy is m_|grat|ng, local charge neutrah;t_y
charge and mass are conserved, or at the surface or interfadg@intained by the mobile [ These two defects can combine
V,J, on the other hand, is not likely to form in the bulk because@nd form LE,, which is in fact a LiNH unit. This description
the formation energy of the (HV;]) Frenkel pair [Fig. 2(b)] IS thqs equw?lent to the aboye mechanism that starts W.ﬁh th
is relatively high (2.14 eV), but it certainly can form at the creation ofyy at the surface/interface. In both descriptions,
surface or interfaceV,\THz andV§H4 can only be created at the the creation o¥; is crucial since itis resp2(3n5|ble for breaking
surface or interface since the creation of such defectdgnsi N—H Ponds and turning (NE) ™~ into (NH)"".
the material requires creation of corresponding gNHand (i) VB+H4 is created at the surface or interface by removing
(BH4)~ interstitials which are too high in energy. Finally;/Li g (BH,)~ unit from the bulk. Since (Bi)~ is not stable out-
andV;; can easily formin the bulk through the lithium Frenkel side the material, it dissociates into Bldnd H- where the
pair mechanism [Fig. 2(c)]. With their low formation enegi  |atter stays near the surface/interface. This processtis si
and high mobilities, these lithium interstitial and vacaean  |ar to that for LiBH, decomposition as described in Réf.
act as accompanying defects in mass transport, provideaj 10 The BH; unit can then combine with the NHunit [that is re-
charge neutrality as hydrogen-, boron-, and nitrogertedla |eased from the bulk through process (i)] to form ammonia
charged defects migrating in the bulk. borane (HNBH3) or some other intermediates which subse-

Given the above considerations and the properties of thguently release pfand act as nucleation sites for the formation
defects, LiBN3H10 decomposition can be described in terms of Li3BN,. We note that the amount of Ntan be three times
of the following processes which may occur simultaneously: higher than that of Biibecause the number of (NH units

(i) Vi is created at the surface or interface by removing arls three times higher than that of (B} units in LisBN3H1q.
H* from the bulk. This H ion can combine with H [that  From the surface/interface, Htombines with H [that is lib-
is liberated from LiBN3H1o when creatingng4 via process  erated from LiBN3H10 when creating/; via process (i)] to
(i), see below] to form H, or with a surface (NB)~ unitto  form Hy, or diffuses into the bulk in form of H. In the latter
form NHs that is subsequently released or reacts with othecase, K can then combine with Li to form LiH, which can

4.2 Decomposition mechanism

6| Journal Name, 2010, [volll-8 This journal is © The Royal Society of Chemistry [year]
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be a product or an intermediate for further reactions. The hyeffective in suppressing the release of Nghs from the de-
drogen interstitial can also diffuses along V\){v@j_|4 informof  composition of LiBN3H;0 and lowering the dehydrogenation

VE?Ha. Like in process (i) that is associated with the formationtemperature.

and migration ofV,;, the mobile Lj" andV,; provide local
charge neutrality ang4 and/or H™ are migrating inthe bulk. 5 Conclusions

The rate-limiting step in (i) and (ii) is not the creation @&-d
fects at the surface or interface, but the diffusionvgf, H;", We have carried out a comprehensive first-principles stdidy o
Viuh,» Ve, OF (Lii" ;) inside the material, whichever defect native point defects and defect complexes igBN3zH10. We
that has the highest activation energy for formation andanig find that lithium interstitials and vacancies are highly @b
tion. The only assumption here is that the formation enefgy oand can be created in the interior of the material via a Filenke
these defects on the surface/interface is lower than indlke b pair mechanism with a low formation energy. These defects
which is a safe assumption given the bonding environment atan participate in lithium-ion conduction or act as acconypa
the surface/interface is less constrained than in the I8itice  ing defects which provide local charge neutrality in hydsog
these defects, except for the lithium Frenkel pair, aregddir  boron, or nitrogen mass transport. We have proposed an ator-
their formation energies and hence concentrations arendepeistic mechanism for the decomposition ofBiN3H1, involv-
dent on the Fermi-energy position. This opens the door tang the formation and migration of;, H", V. Vigy,, and
manipulating their concentrations and hence the decompos'(LiiJr,VLfi) in the bulk. On the basis of this mechanism, we ex-
tion kinetics through shifting the position of the Fermi eme plain the decomposition and dehydrogenation oiN3H10
which can be accomplished by, e.g., incorporating suitableynd the effects of metal additives on these processes and, pa
electrically active impurities into the systetf'? ticularly, the suppression of Nitelease and the lowering of

the dehydrogenation temperature as observed in expesment

4.3 Effectsof metal additives
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