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ABSTRACT
The search for further control over the properties of MAX phases as well as the promise of discover-
ing compounds with new functionalities has resulted in an increased interest in MAX solid solutions
resulting frommixing in either theM, A, or X sublattices. The possibility of alloyingMAX compounds
not only enables finer tuning of their properties but can also be used to stabilize compounds that
may otherwise be metastable in their pure state. In this letter, we present an ab initio-based inves-
tigation of the intrinsic alloying behavior in the A sublattice of Ti2(Al,A)C, Zr2(Al,A)C and Ti3(Al,A)C2
MAX compounds.
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1. Introduction andmotivation

Mn+1AXn phases are layered ternary carbides and
nitrides that, due to their unique crystal chemistry, share
properties that are—in general—somewhat between
those of ceramics and metals [1–6]. To date, less than a
hundred pure MAX phases have been observed experi-
mentally [7]. However, the potential MAX phase space
is considerably larger if one considers the different possi-
ble layering sequences (211, 312, 413, etc.) as well distinct
occupancies in the M, A and X sites [8]. If we fur-
ther consider the possibility of mixing of more than one
unique species in the different lattices, the MAX phase
space expands astronomically to potentially billions of
possibilities. Depending on the intrinsic mixing ener-
gies (and temperatures) within each sublattice, potential
MAX alloys could form as true solid solutions or ordered
compounds [9]. To date, however, only an infinitesimal
fraction of this enormous space has been explored, with
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at most a few dozen solid solutions [10] having been
synthesized and characterized.

Mixing ofmore than one species in one (ormore) sub-
lattices in the MAX phase crystal structure potentially
has important consequences from the point of view of
phase stability. Sufficiently exothermic interactions may
lead to the stabilization of ordered phases, as exem-
plified by the (Cr2/3Ti1/3)3AlC2 system [11–13]. These
compounds in some cases have functionalities that are
dramatically different from the parent compounds [14].
When the chemical interactions within a single sublat-
tice are less exothermic, solid solutions can be stabilized
through contributions from the resulting configurational
(i.e. mixing) entropy [9]. Entropic stabilization has been
explored as a strategy to synthesize specific MAX phases
that are metastable in their pure state, as the work by
Horlait et al. [15] on the attempted stabilization of (Zr,
M)2AlC and Zr2(Al, A)C illustrates.
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The possibility of using sublattice mixing to stabilize
desirable (but thermodynamically unattainable) phases
or extending the functional performance envelope of
MAX systems provides ample motivation to further
investigate this expanded MAX phase design space. In
prior work [9] the present authors investigated the phase
stability (at 0 K) of a large number of pseudo-binary
systems belonging to the M2AlC class, in which two
species at a time were considered to mix in the M sub-
lattice. In this work, we focus instead on mixing in the A
sublattice.

Mixing in the A sublattice has been recently inves-
tigated experimentally and computationally [16]. Bei
et al. [17], for example, investigated Ti2Al1−xSnxC solid
solutions and concluded that the addition of low melt-
ing elements in the A sublattice of aluminum-containing
MAX phases could lead to reduction of oxidation-
induced crack healing temperatures. Cabioch et al. [18]
proposed the partial substitution of Al for Ge in the
Cr2Al1−xGexC2 system as a strategy to tune the thermal
expansion coefficient in this system. Yu et al. [19] inves-
tigated Cr2(Al,Si)C solid solutions and concluded that
partial substitution of Al for Si had positive effects on the
strength of the material. Gao et al. [20] recently investi-
gated solid solutions in the Ti3(Al1−xSix)C2 system and
found not only stable solid solutions through the entire
composition range but also significant solid-solution
hardening without compromising oxidation resistance.
Finally, Horlait et al. [16] provided the first evidence
for Bi-containing MAX phases (Zr2Al1−xBixC with x ∼
0.58), while Lapauw recently reported the synthesis of
Zr2AlC, albeit in a two-phase microstructure with ZrC
being the secondary phase [21].

2. Description of this work

While the examples provided above do not constitute an
exhaustive review of the many recent investigations of
sublattice mixing in MAX phases, the fact is that only a
few dozen or so studies on these systems have been car-
ried out. The considerable resources and ingenuity that
must be devoted to the synthesis of quaternary compo-
sitions [15] makes a purely experimental plan of attack
prohibitive. While one may be tempted to then resort
to computational approaches—such as those illustrated
by Aryal et al. [8]—the combinatorial explosion arising
from all the possible permutations brought about bymul-
tiple occupancy in MAX phase lattice sites, as well as
the need to take into account not only the ground state
phase stability—involving all possible competing phases
in the ternary, binary and unary subsystems—but also
its extension to finite temperatures make computational
approaches almost equally intractable.

In this work, we pursue a more modest plan of attack
and focus instead on the intrinsic alloying tendencies in
the A sublattice in select MAX Phase systems. Specifi-
cally, we study the Ti2(Al,A)C, Zr2(Al,A) as well as the
Ti3(Al,A)C2 systems, in which the A species was taken
from Groups 12, 13, 14, 15 and 16 (in modern nota-
tion), or IIB, IIIA, IVA, VA, VIA groups (in traditional
notation)—in the remainder we will be using modern
notation. The selection of the groups was based on exper-
imental findings pointing at the synthesis of aMAXphase
with an A constituent belonging to this group. The total
number of pseudo-binary systems studied was 51.

Through the use of alloy theoretic approaches [22],
in combination with a high-throughput DFT framework
developed by the present authors, we investigate alloy-
ing trends between Al and A species in the A sublattice
of select 211 and 312 systems. The rationale for select-
ing Al as the common A species is the fact that many
Al-containing MAX phases have very good oxidation
resistance [23–25] as well as oxidation-induced crack
healing properties [26–28]. The Ti3(Al,A)C2 was selected
due to its overall technological importance. Studying the
effect of Amixing in Ti2(Al, A)C enables the comparison
of alloying trends in light of different atomic environ-
ments (due to different layering in 211 and 312 variants),
while the study of Zr2(Al,A) enables the comparison
between MAX compounds with mixing in the A sublat-
tice and different elements in the M site. The selection
of Zr2(Al,A) is also motivated by the potential use of Zr-
basedMAX phases as novel claddingmaterials in nuclear
fuel technologies [15, 16].

The present work is limited to examining the intrinsic
alloy energetics involving Al-A interactions within the A
sublattice. As such, the present work does not explicitly
address issues related to the stability of quaternary solid
solutions or ordered MAX phases relative to competing
ternary, binary and unary phases in each of the systems
in question. The value of this work rests on the fact that
it provides valuable information on the systems that are
more likely to become stabilized with respect to competing
phases, in comparison with other systems.

3. Methods

3.1. Alloy theoretic approaches tomixing energies

One approach to examine alloying trends in specific sub-
lattices of a crystal structure is through so-called special
quasi-random structures (SQS) [29]. SQS work because
they mimic (with a relatively small supercell) random
configurations at least within a limited range around
any given site. This approach has been previously used
to look into mixing in the M, A and X sublattices of
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MAX phases [30–36]. SQS, however, are limited in that
they assume a random(-like) state, precluding access to
possibly ordered states.

In this work we instead use cluster expansions
(CEs) [22,37] to parameterize the energetics of MAX
phases with mixing in the A sublattice as a function of
arbitrary configurational states. Formally, a CE is defined
by assigning occupation variables, σi to each site i of a
lattice that has configurational degrees of freedom. The
occupation variables are assigned specific values—±1 in
a (pseudo) binary system—depending on the identity of
the atom occupying the site. A particular arrangement
of these ‘spins’ corresponds to a configuration which is
then represented as a vector σ̄ of spins σi. The CE then
parametrizes the energy (or any other scalar property,
such as bulk, shear modulus, etc.) of the alloy in terms
of the so-called correlation functions of the occupation
variables:

E(σ ) =
∑
α

mαJα

〈∏
i∈α′

σi

〉
, (1)

where α is a cluster (a collection of sites i). The sum
is taken over all clusters α which are not equivalent
by a symmetry operation of the space group of the
lattice and the average is taken over all α′ symmetry-
equivalent clusters. The coefficients Jα are called the
effective cluster interactions (ECIs) and relate a given
configurational state to a particular energy. The mul-
tiplicities mα correspond to the number of equivalent
clusters (by symmetry) in a given configuration. TheECIs
are obtained through the solution of an overdetermined
algebraic problem where the (known, calculated) energy
of a set of compounds is expressed as functions of the
(known) correlation functions and the (unknown) ECIs
for every symmetry-unique cluster considered [22,37].
Once the cluster expansion is found—the convergence of
the expansion is highly system-dependent—the energy of
any configuration can be calculated by simply applying
Equation (1).

Once the ECIs have been determined, the energy
of an equivalent random configuration can be obtained
from [38]:

Erandom
Nspins

=
∑
α

Jαmα〈σ 〉nα , (2)

where the sum is over all the possible clusters α, mα is
the multiplicity of the cluster, nα is the number of sites in
the cluster and Jα correspond to the ECIs. 〈σ 〉 is the aver-
age spin concentration, related to the alloy concentration
through 〈σ 〉 = 2x − 1.

In this work, we use the MIT Ab-initio Phase Stability
(MAPS) [39] code as implemented in the Alloy Theoretic

Automated Toolkit (ATAT) [22] package to construct the
CEs of the pseudo-binary systems, with the energies of
ordered configurations used to obtain the ECIs obtained
from DFT methods. In all cases, the CEs were calculated
until a cross-validation (CV) score of less than 1–10meV
was obtained. Specific stopping criteria varied depend-
ing on the energy scale of the calculated mixing energies.
Total energies of 2,356 crystal structures across the 51
pseudo-binaries were necessary in order to achieve this
level of overall convergence.

3.2. DFT calculation parameters

The total energy calculations were performed within
the density functional theory (DFT) [40] framework, as
implemented in the Vienna ab initio simulation pack-
age (VASP) [41,42]. The generalized gradient approxi-
mation (GGA) [43] is used in the form of the param-
eterization proposed by Perdew, Burke, and Ernzer-
hof (PBE) [44,45]. The electronic configurations of
the appropriate elements were realized using the pro-
jector augmented-wave (PAW) [46] pseudo-potentials.
Brillouin zone integrations were performed using a
Monkhorst-Pack mesh [47] with at least 5000 k points
per reciprocal atom. Full relaxations were realized by
using the Methfessel-Paxton smearing method [48] of
order one and a final self-consistent static calculation
with the tetrahedron smearing method with Blöchl cor-
rections [49]. A cutoff energy of 533 eV was set for all
of the calculations and the spin polarizations were taken
into account. The relaxations were carried out in three
stages: first stage by allowing change in shape and vol-
ume—corresponding to the (VASP) ISIF = 6 tag—, sec-
ond stage by additionally allowing the relaxation of ions
—corresponding to the (VASP) ISIF = 3 tag— and a
final self- consistent static calculation run.We would like
to note that spin–orbit coupling (SOC) was neglected.
Since none of the systems studied exhibited magnetism,
neglect of SOC is justified. Moreover, even in moderately
magnetic MAX phases, such as (Mn0.55Cr0.5)GaC SOC
has not been found to be significant [50].

4. Results

4.1. An example of a CE calculation: the Zr2(Al,Sn)C
system

As mentioned above, in a forthcoming study we will be
presenting a more detailed analysis of the phase stability
of the 51 pseudo-binary studies presented in this work.
For the sake of completeness, in Figure 1we present a rep-
resentative calculation, corresponding to the CE analysis
of the Zr2(Al,Sn)C pseudo-binary system. This system
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Figure 1. Representative CE ground state exploration of mixing
in theA sublattice of a 211MAXPhase: Zr2(Al,Sn)C. Inset at bottom
left corresponds to the energy (multiplied by the clustermultiplic-
ity) of the pair ECIs resulting from the CE fit. Inset at bottom right
represents the ‘goodnessof fit’, comparing the calculatedenergies
with the predicted energies from the CE.

is relevant to recent attempts by Horlait et al. [15] to
synthesize Zr2AlC-based MAX phases via doping of the
A sublattice. Figure 1 shows the energies (per spin or
per A-atom) of structures, indicates the ground state and
also shows the random mixing energy resulting from
application of Equation (2).

The figure suggests that this system has a ten-
dency toward ordering, with an ordering energy roughly
equivalent to the thermal energy of room temperature
when considering a per-atom basis (energy per A-atom,
divided by four). While not significant, this exothermic
mixing energy, combined with the configurational mix-
ing entropy suggests stabilization of Zr2(Al,Sn)C solid
solutions. When considering that the Zr-Sn-C region of
the Zr-Al-Sn-C quaternary is likely to be populated by
less stable binary phases (Sn has a low melting point and
carbides in the Zr-Sn-C system are likely to be less sta-
ble than their counterparts in the Zr-Al-C system), the
synthesis of Zr2(Al0.2Sn0.8)C by Horlait et al. [15] can
be rationalized. A more in-depth study of the competi-
tion of the entire solid-solution range against all stable
unary, binary and ternary phases, at finite temperatures
in this quaternary system, however, would be necessary
to fully compare with experimentally determined phase
stabilities.

4.2. Randommixing energies in Ti2(Al,A)C,
Zr2(Al,A)C and Ti3(Al,A)C2 pseudo-binaries

Figures 2–4 show the calculated randommixing energies
for the Ti2(Al,A)C, Zr2(Al,A)C and Ti3(Al,A)C2 pseudo-
binary sets, respectively. We would like to note that the
fact that in some cases the predicted mixing energies

Figure 2. Randommixing energies (per number of spins/A sites)
in Ti2(Al,A)C pseudo-binary systems. The inset corresponds to a
zoom in of the plots within the −100,100meV/spin range. Left:
100% Al. Right: 100% A Dopant.

Figure 3. Randommixing energies (per number of spins/A sites)
in Zr2(Al,A)C pseudo-binary systems. The inset corresponds to a
zoom in of the plots within the −100,100meV/spin range. Left:
100% Al. Right: 100% A Dopant.

of the end members are not zero and reflect the model
discrepancy of the CEs. This error, however, is less sig-
nificant than the trends observed. Examining the three
figures, several observations can be made:

In all three pseudo-binary sets the mixing energies are
within the [−150, 450meV/A-atom] range. This range of
energies is significant as this shows that the systems stud-
ied span the entire alloying tendency range, from order-
ing to phase separation, passing through a region where
there is a clear tendency to form almost ideal solutions.

In all the three cases, it is evident that approximately
60% of the systems exhibited mixing energies within the
[−50,50meV/spin] range. Notably, in all three crystal sys-
tems studied, the A dopants that tend to have almost
negligible chemical interactions with Al are Si, Ga and
to a lesser extent In. A priori, Ga and In are likely to
have almost no chemical interaction with Al in a MAX
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Figure 4. Randommixing energies (per number of spins/A sites)
in Ti3(Al,A)C2 pseudo-binary systems. The inset corresponds to a
zoom in of the plots within the −100,100meV/spin range. Left:
100% Al. Right: 100% A Dopant.

chemical environment due to the fact that they are iso-
electronic, and that theA layer is loosely bound to the rest
of the structure, minimizing the effect of differences in
ionic radii on the energetics of mixing in the A sublattice.

The case of Al-Si, however, is not as straightforward.
The Al-Si binary phase diagram [51] shows a system
in which the solid phases are mutually insoluble but
in which there is a relatively deep eutectic close to the
Al side. While mutual insolubility would suggest a ten-
dency for phase separation (endothermic Al-Si chem-
ical interactions), the calculations for the Ti2(Al,Si)C,
Ti3(Al,Si)C2 and Zr2(Al,Si)C systems suggest instead
almost no interaction between Al and Si in the MAX
chemical environment. This is a significant result that
indicates that one cannot glean trends for possible doping
strategies by simply looking into the types of interactions
that occur between A-type species in bulk binary crys-
tal systems. The almost ideality of Al–Si interactions is
supported by the recent synthesis of Ti2(Al,Si)C over the
entire composition range [20]. A more detailed analy-
sis of the electronic structure of this system close to the
Fermi level would be necessary to elucidate the nature of
the (lack of) chemical interactions within the A layer in
this system, but this is beyond the scope of this work.

The rest of the A dopants (Zn, Hg, Tl, As) that show
moderate endothermic and exothermic chemical inter-
actions with Al in all the three crystal systems are good
candidates for synthesis of close-to-ideal (Al,A) solid
solutions. While it may be questionable the inclusion of
Zn andHg in this list, the fact that Ti2CdC has reportedly
been synthesized [52] provides justification for proposing
the possible existence of MAX solid solutions involving
Al and Zn,Hg, provided the competition with neigh-
boring phases in their respective quaternary systems is
favorable. With regards to Al-As, while the As-bearing

end members are yet to be synthesized, the study sug-
gests an easy incorporation of As into the A sublattice,
provided thermodynamics (and kinetics) allows this to
happen.

Only a very small fraction of the systems (∼ 20%)

exhibit clear tendencies for phase separation. According
to the calculations for all the three pseudo-binary sets,
Se, P and S, in that order, have the most endothermic
interactions with Al within the A layer. The tendency for
phase separation is not trivial, with a mixing energy of
close to 0.5 eV/A-atom in the case of the Mn+1(Al,S)Cn
systems. Ti2SC has been synthesized already [53] and
the calculations suggest that attempts to co-synthesize
Ti2AlC and Ti2SC are likely to yield a microstructure
consisting of two distinct iso-structural phases. In the
same crystal system, the fact that Ti2PC seems to be at
best metastable relative to lower order competing phases
in its ternary [54], coupled to the clear tendency for phase
separation with Al indicates that P (as well as Se) consti-
tute poor choices for solid-solution stabilizing dopants in
Al-bearing MAX systems.

A similarly small fraction of the systems (∼ 25%)
exhibit clear exothermic tendencies.While the fraction of
these systems is small, they are rather interesting as some
of the same dopants have already been proven to stabilize
solid solutions, at least in the Zr2(Al,A)C system [15,16].
The calculated mixing energy for the Zr2(Al,Bi)C system
is in remarkable agreement with the recent calculations
by Horlait et al. [16], although the previous calculations
were based on a limited set of relatively small super-
cell calculations with random (Al,Si) configurations. The
Zr2(Al,Bi)C system is notable due to the fact that while
the end members are at best metastable with compet-
ing phases, the exothermic nature of the Al–Bi chemical
bonds within the A sublattice is sufficient to stabilize
intermediate composition ranges. Based on our calcula-
tions, similar results are to be expected from attempts
to dope Zr2AlC with Sn, Pb and Sb, as was recently
demonstrated by Horlait et al. [15]. Further validation of
the predictions of this work is the fact that Sn has been
shown to stabilize solid solutions in the Ti3(Al,Sn)C2
system [55].

Although this letter does not concern itself with the
phase stability of the systems studied, an analysis of the
stability of the ordered compounds in the Zr2(Al,A)C
systems with A=Sn, Sb, Pb, Bi against all competing
phases available in theMaterials Project dataset [56] sug-
gests that all the (quaternary) ordered compounds in
these systems in fact belong to the convex hull, i.e. they
are thermodynamically stable at 0 K. This suggests that
exothermic energies above 50meV/A-atom are sufficient
to stabilize quaternary compounds in theZr2(Al,A)C sys-
tem. A more in-depth analysis of phase competition in
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this and the other systems studied will be forthcoming in
future work by the present authors.Most importantly, all
pseudo-binary sets behave in a remarkably similar man-
ner. This is perhaps the most unexpected and surprising
result from this work. As can be seen by comparing Fig-
ures 2–4, the values for the randommixing energies (on a
per A-site basis) as well as the rank order of the different
Al-A chemical subsystems is almost identical—the back-
ground color of the figures was deliberately changed to
reinforce this fact. As is already known by the commu-
nity, the remarkable properties of MAX phases lie on the
fact that the A layer is relatively chemically isolated from
the rest of the lattice, due to the fact thatmost of the bond-
ing occurs within the MX layers. What is notable from
the present results is the fact that this chemical isolation
is such that the alloying trends are virtually independent
of the chemical/structural environment surrounding the
A layer.

The practical consequence of this observation is
that for other Mn+1(A1,A2)Cn systems, chemical trends
observed for example in 211 subsystems can be plausibly
expected to be similar in 312 and 413 stackings, as long
as the identity of the M element remains the same. While
our results show identical trends for Ti2(Al,A)C and
Zr2(Al,C), Ti and Zr are isoelectronic and further studies
comparing alloying trends in Mn+1(A1,A2)Cn varying
the M element along the transition metal columns need
to be carried out.

4.3. Global mixing trends

Having established the almost identical nature of the
alloying tendencies in all the pseudo-binary sets con-
sidered, we can use a more in-depth analysis of one of
them tohighlight some general trends and elucidate some
of the underlying reasons for the observations. Here we
would like to note that, as supplementary material, we
are providing the calculated mixing energies for all the
51 pseudo-binary systems.

Figure 5 shows the calculated mixing energy at x=0.5
for all the 17 pseudo-binaries in the Zr2(Al,A)C crystal
system. The figure shows the following overall trends:

• In the case of dopants belonging to Groups 14 (Si,
Ge, Sn, Pb) and 15 (P, As, Sb, Bi), there is a tendency
toward more exothermic interactions as one moves
down the rows of the periodic table. An illustrative
case is the Group 14, where Si shows an almost ideal
interaction with Al, while this interaction becomes
more exothermic with Ge and remarkably so for Sn
and Pb. At first glance, this result is somewhat coun-
terintuitive as the difference in ionic radii between Al
and (Si,Ge,Sn,Pb) increases as themolecular weight of

Figure 5. Calculated random mixing energies for Zr2(Alx ,A1−x)C
systems at x= 0.5.

the element increases. However, the A layer is loosely
bound to the crystal structure and it is not likely that
size effects play an important role. The trend, how-
ever, correlates somewhat with the fact that valence
electrons are increasingly screened from the core as
one moves down the periodic table, and are thus more
available to form chemical bonds with the 3p valence
electrons of Al.

• In the case of Group 13 elements (Ga, In, Tl), and
contrary to the case of Groups 14 and 15 dopants,
the mixing energies tend to be more exothermic as
one moves down the column. The change in mixing
energy varies (exactly) linearly with the relative differ-
ence in atomic radii ((rAl − rA)/rAl), suggesting that
when controlling for chemical bonding (all dopants
in this group are isoelectronic with Al), differences in
atomic radii play the determinant role. However, the
fact that M-A bonds are so loose results in this size
effect (due to stretching of the lattice) does not result
in significant energetic contributions to the lattice.

• Closer examination of Group 15 is remarkable as this
system shows the entire range of alloying behavior,
ranging from highly endothermic to highly exother-
mic, suggesting that in this case, both size and chem-
ical effects due to screening of the core play a very
important role in determining the nature of the alloy-
ing interactions.

• While Group 12 (Zn, Cd, Hg) belongs to the transi-
tionmetal family and thus by definition should occupy
the M site of MAX phases, if at all, there is at least
one example of a synthesized MAX phase with the A
site occupied by an element belonging to this group
(i.e. Cd). In this case, the trends are somewhat similar
to those observed in Group 13, although the change
in mixing energy is not monotonic and not as pro-
nounced. Mixing energies, while endothermic, are
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comparable to the energy of a thermal bath between
300 and 600K and itmay be thermodynamically likely
to observe solid solutions involving these elements in
the A sublattice, particularly at high temperatures.

• Finally, looking into the trends in Group 16 (S, Se, Te)
one concludes that the initial very endothermic inter-
action with Al tends to become remarkably less so as
one moves down the period. While at least one MAX
phase involving elements from this group have been
synthesized before (Ti2SC), there is no evidence—to
the best of the authors knowledge—of the existence of
other end members involving these elements. How-
ever, the mixing energy trends suggest that doping
withTemay result in intrinsically stable solid solutions
in the Ti2(Al,A)C, Zr2(Al,A)C and Ti3(Al,A)C2 sys-
tems, particularly at elevated temperatures. Whether
it is practical to do so remains to be determined,
however.

5. Conclusions

• The alloying trends in the Ti2(Al,A)C, Zr2(Al,A)C
and Ti3(Al,A)C2 have been elucidated through high-
throughput DFT-based CE calculations.

• Results for some of the pseudo-binaries are in agree-
ment with available (but scarce) experimental (and
computational) priorwork, providing some indication
of the validity of the predictions.

• The calculations suggest that the chemical and/or
structural local environment surrounding the A layer
plays a rather minor role—provided the M element is
Ti, Zr—in determining the alloying trends as the three
systems studied are virtually identical in the ranges
and rank ordering of the predicted mixing energies.

• Some of the trends observed can be elucidated using
simple size and bonding arguments, although a more
in-depth analysis of chemical bonding is necessary to
generalize the findings of this work to other systems.

• The results in this work can potentially provide some
guidelines for the synthesis of novel (Al,A) solid solu-
tions that can be used to stabilize previously unattain-
able MAX forms or to tune the properties of already
synthesized systems.

• As to the question posed in the title of the present
work, the answer is: ‘it depends . . . ’
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