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Lithium and magnesium exhibit rather different properties as battery anode materials with respect
to the phenomenon of dendrite formation which can lead to short-circuits in batteries. Diffusion
processes are the key to understanding structure forming processes on surfaces. Therefore we have
determined adsorption energies and barriers for the self-diffusion on Li and Mg using periodic density
functional theory calculations and contrasted the results to Na which is also regarded as a promising

electrode material in batteries.

According to our calculations, magnesium exhibits a tendency

towards the growth of smooth surfaces as it exhibits lower diffusion barriers than lithium and sodium,
and as an hcp metal it favors higher-coordinated configurations in contrast to the bee metals Li and
Na. These characteristic differences are expected to contribute to the unequal tendencies of these

metals with respect to dendrite growth.

PACS numbers: 68.35.Md, 68.35.Fx, 71.15.Mb, 82.47.Aa

I. INTRODUCTION

Electrochemical energy storage systems are a crucial
component of modern technologies for renewable energy,
electrified transportation and smart grids. In spite of
significant progress in recent years there are still severe
challenges in battery operation with respect to gravimet-
ric and volumetric energy densities, recyclability and life
time, recharging speed, and safety issues'®. Because of
these problems, it is unfortunate that our knowledge of
the structures and processes occurring in batteries on a
microscopic level is still incomplete®.

Among other, lithium air batteries are promising can-
didates for a battery technology with high gravimetric
and volumetric energy density. Yet, it is fair to say that
there are still severe problems associated with their us-
age™®. One of the problems associated with the use of
lithium as an anode material is the possible formation of
Li dendrites® ''. Their presence can lead to short-circuits
which lead to irreversible battery damage and hazards
such as battery fires. With pure lithium anodic batteries
this safety issue becomes even more important, not only
because of safety itself, but also because of issues like cy-
clability, loss of anode material and pollution of the elec-
trolyte by dendritic deposits® '!. Current theories of the
dendrite formation suggest that through imperfections in
the solid electrolyte interphase (SEI), local deviations in
the surface charge occur which then tend to attract more
lithium deposition than on an ideal surface” 1213,

One candidate for substituting lithium in batteries
would be magnesium!#1®. Although the gravimetric en-
ergy density of Mg is only half of the one of Li, its volu-
metric energy density is even higher as Mg can carry two
elementary charge units. Furthermore, Mg is much more
abundant in the earth crust making it also economically
very attractive.

In addition, recent studies suggest that Mg does not
tend to form agglomerates on copper or gold substrates,

but instead shows a trend to form uniform structures!®17

This indicates that magnesium most likely does not form
dendrites. Furthermore, alloying Mg to Li also suppresses
the tendency towards dendrite growth!®.

Because of the devastating impact of dendrite growth
on battery performance it is important to understand its
origin. Certainly, the process of dendrite formation in an
operating battery is rather intricate due to the complex
structure of the electrode/electrolyte interface involving
the solid-electrolyte interphase. For a complete under-
standing of the dendrite growth under battery operation
the consideration of the complex environment within the
SEI is mandatory taking the correct electrochemical con-
ditions properly into account'?. However, it is currently
not possible to model dendrite growth atomistically in
a realistic electrochemical environment. Coarse-grained
models have been used to identify the factors influencing
Li dendrite growth?’. The simulations for example in-
dicate that the dendrite formation propensity increases
with electrode overpotential.

However, all the models and mechanisms discussed
so far do not include element-specific details. Hence
they are not able to discriminate between different met-
als. Thus they can not explain why Li exhibits dendrite
growth and Mg not. Since a full realistic atomistic mod-
eling of dendrite growth is currently not possible, as a
first step a reductionistic approach is necessary in which
basic metallic properties related to dendrite growth are
compared.

Such an approach was employed in a recent density
functional theory (DFT) study?! which concluded that
the stronger bonding between Mg compared to Li might
be decisive as the diffusion barriers of both materials are
rather similar. These findings were derived by consider-
ing several low-dimensional metallic structures?'. How-
ever, the relevance of the different structures in a growth
process was not assessed. By concentrating on the ener-
getically most favorable metal structures which are most



abundant we derive at different conclusions than the pre-
vious study?!.

Note that specific metal structures growing on elec-
trodes are controlled by diffusion processes??26. Hence
a crucial part in the modeling of dendrite growth is the
determination of metal self-diffusion paths and the cor-
responding diffusion barriers?”. We have used density
functional theory (DFT) calculations to study surface
energies, adsorpion energies in homoepitaxy, and self-
diffusion barriers of Li and Mg. We contrast the results
with another promising alkali metal for battery applica-
tions, sodium?®. To the best of our knowledge, such a
comparison of the basic properties of these three battery
anode materials based on first-principles calculations has
not been made before.

Our results indicate that magnesium exhibits a ten-
dency towards the growth of smooth surfaces as it ex-
hibits low diffusion barriers and favors high-coordinated
configurations. These properties might contribute to the
observed lack of dendrite growth in magnesium batter-
ies. In contrast, lithium and sodium self-diffusion on the
energetically most favorable surface terminations is hin-
dered by higher barriers, and Li and Na as bcc metals
exhibit a lower tendency towards high-coordinated con-
figurations. This could explain the higher propensity of
Li towards dendrite growth.

II. CALCULATIONAL METHODS

Periodic DFT calculations have been performed using
the Vienna Ab initio Simulation Package (VASP)29:30
within the generalized gradient approximation (GGA) to
account for exchange correlation effects employing the
functional of Perdew, Burke, and Ernzerhof>' which is
well-suited to describe metallic properties®233. The core
electrons are represented by projector augmented wave
(PAW) pseudopotentials®* as supplied in VASP? with a
cutoff energy of 400 eV. As shown below, this cutoff is
sufficient to reproduce properties of the considered met-
als such as bulk cohesive energy and lattice constants.

The Brillouin zone integration for bulk calculations has
been performed on a 9 x 9 x 9 k-point grid. The electrode
surfaces are modeled by 5-layer slabs. Adsorption ener-
gies and diffusion paths have been determined within a
4 x 4 geometry using a 5 X 5 x 1 k-point grid. The re-
laxation in the calculations has been performed until the
the forces were smaller than 0.001 eV/A and the total
free energy change was smaller than 0.0001 eV. For all
adsorption calculations, the atoms of the uppermost two
surface layers were allowed to relax in all directions.

III. RESULTS
A. Bulk Properties

First note that the two alkali metals lithium and
sodium crystallize in the bulk-centered cubic (bcc) struc-
ture with an eight-fold coordination whereas the alka-
line earth metal magnesium assumes a hexagonal close-
packed (hcp) structure with a twelve-fold coordination®®.

For lithium, a lattice constant of a = 3.44 A has been
calculated, which only slightly deviates from the exper-
imentally retrieved value of a = 3.49 A3 and is in good
agreement with other calculated values3”. The calculated
lattice constant of sodium is a = 4.19 A, again in good
agreement with the experimental value of a = 4.29 A.
For magnesium, the hcp lattice constants were calcu-
lated to be @ = 3.19 A and ¢ = 5.18 A which again corre-
sponds to a small deviation from the literature values of
a=3.21A and ¢ = 5.21 A,36:3839 hut are in accordance
with extrapolated 0 K values®®3? and also with other cal-
culated values of @ = 3.18 A and ¢ = 5.14 A%,

The cohesive energies have been calculated by sub-
tracting the calculated energy of an isolated metal-atom
from the calculated energy of this atom within the bulk:

Ecoh - _(Ebulk - Eatom) (1)

The calculated values are compared with experimen-
tal ones in Tab. I. The cohesive energy for lithium
was evaluated to be 1.61eV/atom, the experimental
value is 1.63eV/atom35, another calculated value is
1.61eV/atom3”. In the case of sodium, the calculated
value of 1.10eV /atom is close to the experimental value
of 1.11eV /atom?3®. For hcp magnesium the cohesive en-
ergy was calculated to be 1.50 eV /atom while the exper-
imental value is 1.51eV/atom3%, both close to a previ-
ously calculated value of 1.50 eV /atom.%?

Note that the cohesive energies of Mg and Li are rather
similar, and regarding Li as being eight-fold coordinated
and Mg as being twelve-fold coordinated, the energy per
bulk metal-metal bond is considerably larger in Li than
in Mg. Thus the comparison of the bulk properties does
not support the conclusion of the previous computational
study?! that the Mg-Mg bond is stronger than the Li-Li
bond.

B. Surface Energies

Surface properties are not only important because they
determine the equilibrium shape, but also help under-

Cohesive energies (eV/atom)| Li | Na | Mg
Experiment>¢ 1.63|1.11]1.51
This work 1.61{1.10{1.50

TABLE I. Cohesive energies in eV /atom



|Li(001) | Li(011) |Li(111) | Na(001) | Na(011) |Na(111) | Mg(0001)

Eeus (eV/atom) this work| 0.34 | 0.26 | 0.54 | 024 | 017 | 050 | 0.28
~ (J/m?) this work 046 | 049 | 053 | 022 | 022 | 026 | 052
~ (J/m?) other works | 0.47" | 0.50°" | 0.56° | 0.23" | 0.22"" | 0.28"" | 055"

TABLE II. Calculated surface energies of Li, Na, and Mg surfaces compared to previous studies

standing crystal growth phenomena??43. Here, we deter-
mine the most stable surfaces of the bce metals lithium
and sodium among the low-index (001), (011) and (111)
surfaces. For the hcp metal magnesium, the close-packed
(0001) surface is the most stable one®.

The surface energies have been estimated by calculat-
ing the energy of a 5-layer slab with the first two layers
on each side being relaxed and subtracting the energy of
the atoms in the bulk according to

1

Esurf = ﬁ

(Eslab - N- Ecoh)) . (2)
Egu.t represents the calculated surface energy per atom
in eV/A. Furthermore, we have converted these values
into surface energies per area « in J/m?2. The resulting
numbers are collected in Tab. II. The table also demon-
strates that our calculated values compare well with pre-
viously calculated numbers®”4041 With respect to the
lithium surfaces we note that the most stable one is the
square (001) surface, followed in stability by the (011)
and (111) surface. This order is typical for bee surfaces
as the hexagonal bec(111) surface is rather open with a
relatively large distance between the surface atoms. For
sodium, the (001) and (011) surfaces are basically en-
ergetically degenerate, Na(111) is slightly less favorable.
The surface energies of sodium per area are only one half
of those for lithium. This can be understood by the com-
bination of the two facts that first the surface energies per
atom of sodium are reduced compared to lithium due to
the smaller cohesive energy and that second the lattice
constant of sodium is larger than the one of lithium.

For Mg(0001), the calculated surface energy value of
0.52 J/m? or 0.28 eV/atom is in good agreement with
the literature value of 0.55 J/m? or 0.30 eV/atom?’.
Note that the surface energy per area of the hexagonal
Mg(0001) surface is rather similar to the one of the square
Li(001) surface. As seen in the previous section, also the
cohesive energies of Li and Mg are rather similar. Re-
garding these energetics, there is no dramatic difference
between Li and Mg so that these properties do not give
a first hint as to why there is such a difference between
the two metals with respect to dendrite growth.

C. Adsorption Energies

As this paper aims at contributing to the long-term
goal of clarifying why lithium grows dendrites and mag-
nesium does not, it is of central interest how strong the

37,40,41

FIG. 1. Most favorable adsorption positions in homoepitaxy
on Li(001) and Mg(0001).

bonding of surface adatoms is which might impose irreg-
ularities that could contribute to dendritic growth. The
adsorption properties were calculated for the most sta-
ble surfaces which are the (001)-surface of lithium and
sodium and the (0001)-surface of magnesium.

The adsorption energies F.4s have been calculated by
subtracting the energy of the clean metal electrode Egap
and the energy of a single adsorbate atom F,ioy, from the
energy of the system with the relaxed adsorbate Egys:

3)

The adsorption energies of Li, Na, and Mg adatoms on
the high-symmetry sites of their respective most stable
surface terminations are collected in Tab. III. As far as
the bee surfaces of Li and Na are concerned, the four-
fold hollow site is clearly favored compared to the bridge
and top sites. In contrast, on Mg(0001), the threefold
hollow sites and the bridge site are energetically almost
degenerate. The most favorable adsorption positions are
illustrated in Fig. 1.

Li adsorption energies are larger in magnitude than
the Na adsorption energies which can be explained by the
larger cohesive energy of Li. Note also that Li adsorption
on Li(001) is stronger than Mg adsorption on Mg(0001)
which might be caused by the higher coordination in the

Eads = Esys - Eslab - Eatom

Faas (eV)‘bridge (b)| hollow (h) ‘top (t)

Li(001) —-1.13 —1.28 —1.05
Na(001) | —0.75 —091 | -0.62

bridge (b)| fcc | hep |top (t)
Mg(0001)| —0.57 |-0.59|-0.57| —0.44

TABLE III. Adsorption energies of Li, Na, and Mg adatoms
in homoepitaxy on different adsorption sites.



FIG. 2. Possible positions of two adatoms within the
(4 x 4)bcc(001) surface unit cell.

fourfold hollow site of the bec(001) surface compared to
the threefold hollow fcc site on hep(0001).

A further important property concerning the growth
of metal structures is the interaction energy between
adatoms since this governs how favorable it is for adatoms
to form islands?#%4. Therefore we have calculated the
interaction energy FEi,; between two adatoms within the
chosen supercells which is the difference between the ad-
sorption energy of two adatoms in the surface unit cell
and the adsorption energies of two isolated adatoms.

The possible configurations for two adatoms within the
(4 x 4)bcc(001) surface unit cell are illustrated in Fig. 2.
Site 0 corresponds to the position of the first adatom,
sites 1-5 illustrate the possible, geometrically inequiva-
lent position of the second adatom. In the determination
of Ejut, the adatoms together with the two uppermost
substrate layers were fully allowed to relax.

The calculated dimer interaction energies for Li(001)
are collected in Tab. IV. For the two shortest separations
with the second adatom in site 1 or 2 there is a small at-
tractive interaction, whereas for the second adatom in
sites 3, 4 and 5 there is almost no interaction. So in gen-
eral there is only a weak interaction between Li adatoms

2nd adatom site 1 2 3 4 5
Li Eine (eV) —0.17 | —=0.05 | 0.02 0.02 | 0.03
Li seperation (A) | 3.20 3.91 6.89 7.70 | 9.74
Na Ein (eV) —0.14 | —0.03 | —0.02 | —0.02 | 0.00
Na seperation (A) | 3.72 | 5.87 | 838 | 9.37 |11.85
Mg Eint (eV) —0.50 | 0.00 | —0.50

Mg seperation (A)| 2.94 | 6.41 | 2.95

TABLE IV. Interaction energies in eV and separations for two
Li, Na and Mg adatoms in homoepitaxy with the sites labeled
according to Fig. 2 and Fig. 3.

FIG. 3. a) Possible positions of two adatoms within the (4 x
4)hep(0001) surface unit cell. b,c) Fully relaxed geometries for
the second Mg adatom initially in site 1 and 3, respectively.

in the fourfold hollow sites of Li(001) which is also re-
flected in the fact that there is only very little relaxation
of the dimer atoms compared to their isolated configura-
tion. This small interaction energy is possibly a conse-
quence of the large adsorption energy of single adatoms
which reduces the attraction to other adatoms in a bond-
order conservation picture. The other considered alkali
metal, sodium, exhibits very similar properties compared
to lithium with respect to the interaction between two
adatoms.

For the case of Mg dimers within the (4 x 4)hep(0001)
surface unit cell, we considered the three inequivalent
configurations illustrated in Fig. 3a. As Tab. IV demon-
strates, there is now a relatively large interaction energy
for the two Mg adatoms in adjacent fcc hollow sites which
is three times larger than for the corresponding Li dimer.
Using bond-order conservation arguments, this stronger
interaction might be caused by the lower adsorption en-
ergy of Mg on Mg(0001). This attractive interaction
also results in a reduced distance between the two Mg
adatoms which is lower by -0.28 A compared to the bulk
nearest neighbor distance, as illustrated in Fig. 3b.



For the Mg dimer at site 0 and 2, there is basically
no interaction any more, however, for the Mg adatoms
initially at sites 0 and 3, there is again a strong interac-
tion. This is caused by the fact that upon relaxation the
second adatom does not stay at site 3 but is attracted
towards the hcp hollow site adjacent to site 0, as illus-
trated in Fig. 3c. The very similar interaction energies for
the dimers 0-1 and 0-3 are a consequence of the basically
identical distances within these two dimer pairs, but note
that the second atom in the two resulting configurations
sits in a fcc and hcp site, respectively.

Concluding this section, there is a stronger interaction
between Mg adatoms on Mg(0001) than between Li and
Na adatoms on Li(001) and Na(001), respectively, which
is most likely a consequence of the lower adsorption en-
ergy of Mg adatoms. This indicates that Mg exhibits
a more pronounced tendency to form adatom agglomer-
ates, as predicted by the nucleation theory of growth?*44,
whereas Li and Na adatoms have a more pronounced ten-
dency to stay isolated.

D. Diffusion Properties

Diffusion barriers play an important role in the ho-
moepitaxial growth mechanism?? 26, In a general sense
it can be said that the faster the diffusion is, the smoother
the resulting surface structures are because the surface
atoms can join to form complete surface layers, or wvice
versa, the slower the diffusion is, the rougher the result-
ing surface structures are since complete surface layers
are not likely to be formed.

Typically, in diffusion processes one considers the so-
called hopping mechanism with an atom propagating
from the most favorable adsorption position to the next
one via the neighboring bridge site. Thus the activation
energy for hopping diffusion Eg4i¢ can be determined by
the difference between the most favorable adsorption en-
ergy and the adsorption energy at the bridge position
which have already been listed in Tab. ITI. In addition, in
order to get an better idea about the energetics involved
in the hopping diffusion, we have determined the whole
potential energy surface of an Li adatom on Li(001) and
of an Mg adatom on Mg(0001) that are plotted in Fig. 4.
The resulting diffusion barriers are listed in Tab. V.

‘Edi{-‘f (eV) ‘mechanism

Li(001) 0.14 hopping
Li(001) 0.21 exchange
Li(111) 0.41 hopping
Na(001) 0.16 hopping
Mg(0001)| 0.02 hopping

TABLE V. Activation barriers for hopping self-diffusion on
Li(001), Li(111) Na(001) and Mg(0001). For Li(001), in ad-
dition the barrier in the exchange mechanism is given.

On Li(001) and Na(001), hopping diffusion is hindered
by barriers of 0.14eV and 0.16 eV, respectively, i.e., they
are rather similar. In contrast, on Mg(0001) hopping
diffusion is only hindered by the rather low barrier of
0.02eV. As Tab. III and Fig. 4 indicate, this barrier is
due to the propagation from the fcc to the hep hollow site
which is slightly less favorable whereas diffusion from the
hep hollow to the fee hollow site is hardly hindered by
any barrier.

We have also considered Li self-diffusion on the hexag-
onal Li(111) surface which is, however, hindered by a
rather high barrier of 0.41eV. This high barrier is due to
the open nature of the bee(111) surface which leads to a
large energetic diffence between the threefold hollow and
the bridge positions.

The hopping mechanism is mainly operative on close-
packed metal surfaces. On square (100) surfaces such as
Pt(100)*> or Ir(100)4%, in fact another diffusion mecha-
nism has been observed, namely the so-called exchange
mechanism in which the adatom displaces a surface atom
which then becomes the adatom.

Whereas in the hopping mechanism at the transition
state the hopping atom is in a two-fold coordination, in
the exchange mechanism on (100) surfaces there are two
atoms in a three-fold coordination at the transition state.
The fact whether one atom in a two-fold coordination is
more favorable than two atoms in a three-fold coordi-
nation then determines which mechanism is operative.
The exchange mechanism is prefered at metal surfaces
that favor a three-fold coordination with the three-valent
aluminum being the prototypical example?”48. In addi-
tion, the exchange mechanism can also be more favorable
for diffusion across the steps of a stepped surface?® since
the hopping mechanism across a step is hindered by the
relatively large Ehrlich-Schwoebel barrier?:5° caused by
the low coordination at the transition state for diffusion
across the step*?.

However, as the exchange mechanism involves the co-
operative motion of several surface atoms, it is not triv-
ial to determine the activation barrier. In order to find
the minimum energy path (MEP) in the exchange mech-
anism of Li self-diffusion on Li(001) we have used the
nudged elastic band method (NEB)®! that corresponds
to an automatic search routine for finding the MEP be-
tween specified initial and final states and that is well-
suited to yield the reaction path of complex processes on
surfaces®?.

Figure 5 shows snapshots of the atomic configuration
along the minimum energy path for the self-diffusion of Li
on Li(001) in the exchange mechanism which is hindered
by a barrier of 0.21eV that is slightly larger than the
barrier for the hopping mechanism (see Tab. V).

However, in a Arrhenius picture the rate with which
a certain process occurs does not only depend on the
activation barrier via the Boltzmann factor, but also on
the prefactor. We have used the the simplified transition
state theory (STST)?? in order to estimate the rates for
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exchange | hopping
vo (s71)2.13 x 10*%]1.53 x 10*3

k (s71) [2.16 x 10%°]2.45 x 10

TABLE VI. Attempt frequencies vy and rates k at room
temperature for the exchange and hopping self-diffusion on
Li(001).

hopping and exchange diffusion,

E..
k=mnp, vy exp <_k:]¥'> . (4)

In this approximation, the prefactor is simply given by
the attempt frequency 19°* along the one-dimensional
minimum energy path multiplied by the factor n, which
takes the number of geometrically equivalent processes
into account. For both the exchange as well as the hop-
ping mechanism on Li(001), n, = 4 due to the fourfold
symmetry of both diffusion mechanisms.

The attempt frequencies that are listed in Tab. VI have
been derived from an harmonic fit to the potential curves
for the exchange and the hopping mechanism. For the
harmonic frequency of the exchange mechanism, the ef-
fective mass of two lithium atoms was used. It turns out
that the attempt frequency is by about 40% larger for the
exchange than for the hopping mechanism so that eventu-

FIG. 5. Snapshots of the atomic configuration along the min-
imum energy path for the self-diffusion of Li on Li(001) in the
exchange mechanism.

ally the rate of the exchange mechanism at room temper-
ature is 11 times smaller than for the hopping mechanism.
This means that diffusion on Li(001) is dominated by
hopping but exchange processes also contribute to diffu-
sion. These rates might then enter a kinetic Monte Carlo
(KMC) algorithm®® which is the state-of-the-art method
to simulate growth processes on surfaces on a macro-
scopic time scale and a mesoscopic length scale?3:24:54,

Even with taking into account the exchange mecha-
nism it is still clear that self-diffusion on Li(001) and
Na(001) is much slower than on Mg(0001) with its close-
packed hexagonal structure. This means that diffusion
favors a smooth surface growth on Mg(0001) to a much
larger extent than on Li(001) and Na(001).

IV. SUMMARY AND CONCLUSION

Motivated by the observed differences with respect to
dendrite growth, the basic properties of Li and Mg elec-
trodes with respect to growth processes have been stud-
ied by periodic density functional calculations and con-
trasted to the properties of Na. Whereas Li and Na crys-
tallize in the body-centered cubic structure, Mg has a
hexagonal close-packed structure. The cohesive energies
of Li and Mg are rather similar, Na has a smaller cohesive
energy. The square (001) terminations correspond to the
energetically favorable surface structures of Li and Na in
contrast to the smooth hexagonal Mg(0001) surface.

Because of the more open structure of the bce(001) sur-
face, adsorption in homoepitaxy on Li(001) and Na(001)
is stronger than on Mg(0001). On the other hand,
the interaction of two adjacent adatoms is stronger on
Mg(0001) than on Li(001) and Na(001) which can be
understood on the basis of bond-order arguments. Fur-
thermore, self-diffusion on Mg(0001) is much more facile
than on Li(001) and Na(001), even if additionally ex-
change processes on the bce(001) surfaces are taken into
account.

All these properties indicate that metal growth on
Mg(0001) should lead to much smoother structures than



on Li(001) and Na(001). Self-diffusion on Mg(0001) is
rather fast, and in addition the interaction energy be-
tween Mg adatoms is large so that stable nucleation cen-
ters for thin-film growth can readily form. This tendency
for the growth of smooth structures might already be an
important reason why Mg electrodes do not exhibit den-
drite growth. Li, on the other hand, shows a stronger
tendency towards the growth of a rough surface which
supports the formation of dendrites. Furthermore, based
on the calculations, Na should show similar growth prop-
erties as Li. It should be mentioned that the differences
between Li and Mg with respect to their growth proper-
ties can qualitatively be derived from the fact that Mg as
a hcp metal with a twelve-fold coordination in the bulk
favors compact high-coordinates structures to a larger ex-
tent than Li as a bce metal with eight-fold coordination
in the bulk.

In this study, the complex environment of metal an-
odes in batteries has not been considered at all. How-
ever, existing models of dendrite growth in batteries are
typically not element-specific, and consequently they do

not allow to discriminate between Li and Mg. Therefore
we are convinced that the characteristic differences be-
tween Li and Mg with respect to elementary properties
relevant for growth identified in this study significantly
contribute to the observed differences in dendrite forma-
tion in batteries with Li and Mg anodes.
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