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Computational Details

The lattice parameters of the MgAgAs-type compounds were optimized with the PBE functional® and the augmented
plane-wave method including local orbitals (APW-+lo) as implemented in the Elk code.” The atomic basis functions (ex-
cept for nitrogen) contain the complete penultimate shell as semi-core states. The program DGrid® was used to obtain
quantum chemical real-space bonding indicators. Depending on the sensitivity / expense of the real-space indicators

different Elk parameters are used for the SCF cycle (Table S1).

Table S1: Elk calculation parameters for the different types of calculation.

Calculation k-points rgkmax gmaxvr
structure optimization 8-8-8 9.0 18.0
QTAIM charges and ELI-D 6-6-6 10.0 20.0
DI calculation 6-6-6 7.0 12.0

On the appearance of two types of ELI-D topologies for MgAgAs-type main group compounds

While there is always an ELI-D attractor (and a corresponding basin ;x4 B) found between the two most electronega tive
species A and E, for certain compounds an additional attractor is found between A’ and E. Appearance of this second kind
of ELI-D attractors (basin 4zB) depends on the topology of ELI-D in the vicinity of the three-fold axis running through the
E" and A’ positions (Figure St). There is a ring critical point (RCP) surrounded by three line critical points (LCPs) for the
first two compounds in both sequences. The two types of critical points approach each other and finally merge into a
maximum which results in the second kind of ELI-D topology (Figure 2, bottom). This is called bifurcation process™
which occurs due to the electronegativity and size difference between the components. The ELI-D Laplacian at the LCPs
and RCP is negative', i.e. the whole region of the ELI-D distribution in the vicinity of LPC and RPC has bonding charac-
ter. Therefore, the two ELI-D topologies are the result of a gradual development and do not divide the compounds into

two different groups of chemical bonding.
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Figure S1: Bifurcation process (inter relation of critical points) in the ELI-D distribution of LiMgN, LiMgP and LiMgAs:
RCP - ring critical point, a (3,+1) saddle point; LCP - line critical point, a (3,-1) saddle point; Max - maximum, a (3, -3)
attractor. The ELI-D Laplacian at all RCPs and LCPs is negative. Plus and minus indicate the sign of the curvatures in each

critical point. A maximum emerges from the unification of RCP and LCPs.

Examples for the calculation of charge claims and connection indices

Example 1: Silicon

The ELI-D topology of silicon in the diamond structure shows four maxima around
each core on the connection lines to its nearest neighbors. The four corresponding
valence basins are identical and disynaptic and contain N(B;) = 1.95 electrons. The
number of access electrons per silicon atom is NZ5/(CS) = 4+ 1.95 = 7.8. The various

different ELI-D valence basins are contained in the access electron set of one silicon

atom. Thus, it is sufficient to calculate the charge claims for one silicon atom to de-

scribe the bonding in silicon. The bond fraction with respect to each silicon atom is
p(BSi) = 0.5. In order to calculate the genuine and residual charge claims, two different kinds of silicon atoms have to be con-
sidered. Si represents the silicon atom which is in the center of the chosen set of ELI-D valence basins i.e. it has a common sur-
face with all four valence basins. Additionally there are four external silicon atoms (Siey). Each of the external atoms shares sur-
face with one of the chosen valence basins. In terms of the synapticity notation the set of access electron basins reads

{51,Sioxs1 B5 SiSiexts B SiSiexcs B3 SiSiexcs B)- The genuine charge claim and the residual charge claims are calculated as follows:

4:0.5-1.95

Pg;(S1) = — =05 €Y
4-1.95
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1:0.5-1.95+3-0.0-1.95

Pgi(Siexts) = T =0.125 @

The residual charge claims of the other external silicon atoms also yield 0.125. The sum over charge claim and the residual
charge claims is one. The four external silicon atoms are conceptually and also in the ELI-D/QTAIM intersection picture
equivalent (same Pg;(Sicy.)). In this case they are summarized.

4
Ps(Stexcsor) = ) Psi(Stexss) = 0.5 @)

i=1
In order to calculate the connection index CIng; the number of different pairwise interactions has to be identified. Con-
ceptually and in the ELI-D/QTAIM intersection picture as well there is only one kind of covalent bonds in silicon i.e.

between two neighboring silicon atoms (n = 2). The charge claims of two neighboring silicon atoms are already calculated

and so
Cl2s; = 4 [Psi(SD) - Psi(Siexteor)] = 1. O]
It is important to note that the sum of charge claims considered for the evaluation of the connection index is again one. A

connection index of one corresponds to a perfect covalent connection of all components within the ELI-D/QTAIM inter-

section picture.

Example 2: LilnSn

The ELI-D topology of LilnSn in the MgAgAs-type structure shows eight maxima
around each tin core on the connection lines to its eight nearest neighbors (4 In + 4
Li). For each tin, four valence basins are identical which makes two different kinds of
valence basins. One kind y;5,B = ,B has an ELI-D maximum on the Sn-Li connection
line, is disynaptic and contains N(,B) = 0.41 electrons. The other kind sLiinsnB = 5B

has an ELI-D maximum on the Sn-In connection line, is pentasynaptic and contains

N(sB) = 1.52 electrons. The number of access electrons per tin atom is N4 (¢%) =
4-(0.41 + 1.52) = 7.72. The various different ELI-D valence basins are contained in the access electron set of one tin atom.
Thus, it is sufficient to calculate the charge claims for one tin atom to describe the bonding in LilnSn. The bond fractions of each
bonding basin are p(;B') = 0.052, p(;,B™) = 0.000, p(;B5™) = 0.948 and p(sB) = 0.002, p(sB™) = 0.430, p(sB") = 0.564.

The genuine charge claim of the central tin and the residual charge claim of one of the indium atoms are calculated first:
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4-0.948-0.41 4-0.564-1.52

Pon(S1) = —————— + ————— = 0.646 5)
4-0.000-0.41 1-0.430-1.52+ 3-0.000-1.52
Pon(lny) = —————+ — = 0.085 )

The first term in equation 5 and 6 refers to the disynaptic basins, the second term to the pentasynaptic basins. The resid-
ual charge claims of the remaining three indium atoms are identical: Pg,(In;) = Ps,(Iny) = Ps,(Ing) = Pg,(Iny). This
equivalence as well as their conceptual equivalence allows the four indium atoms to be summarized according to
4
Pia(Ingd) = ). Pon(In)) = 034 @
i=1
Each lithium atom contributes electrons to four ELI-D basins within the access electron set of tin: One disynaptic basin
and three pentasynaptic basins.

. 1-0.052-041 3-0.002-1.52
Psp(Liy) = ———o——+———>—— = 0.0035 (8)

The charge claims of the four lithium atoms are equivalent: Ps,(Li;) = Pg,(Li;) = Ps, (Li3) = Pgp(Liy). The four lithium
atoms are summarized for the same reasons as the indium atoms:
4
Pon(Li) = ) Psn(Li) = 0.014 ©
i=1
The sum over the charge claims of the three components is one. In order to calculate the connection index Clng, the
number of different pairwise interactions has to be identified. Within the ELI-D/QTAIM intersection picture all three
components participate in the ELI-D valence basins (n = 3). It is important to note that the sum of charge claims consid-

ered for the evaluation of the connection index is again one.
CI3sp = 3+ [Psy(Sn) * Py (Litor) + Psn(Sn) * Psp(Inggr) + Psy (Litor) * Psn (Ingep)] = 0.700. (10)

The deviation from the ideal value of one mainly originates from the lithium atoms which are almost completely excluded

from covalent interactions.

On the similarity of the two direct-space bonding measures
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Figure S2: Connection index CI3j (black crosses) and nearest neighbor sharing ¢,, (red crosses) for 4 ’AE compounds in the con-
text of the two reference compounds rock salt (ionic bonding) and silicon (covalent bonding). The more realistic scale compared to

the conceptual values in Figure 5 for both bonding measures leads to smaller and more uniform deviations between CI3;and .
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Table S2: Direct-space bonding properties of some zinc-blende-type and anti-fluorite-type compounds as they appear in

Figure 7. NEX(CF): ELI-D access electrons of E; P: charge claim; Nj,: number of lone pairs (according to the presented

formalism); NEX (E): ELI-D valence electrons of E; Clng: Connection index.

AE GaAs®  Insb”  AIP® BN Bes™  Li,S™  MgsSi"™ Nas®  NaPM  Lisi
NELI(CE) 8.48 7.88 7.84 7.80 7.84 7.84 7.76 7.33 7.37 7.68
PHE) | % 69 7l 88 89 95 97 87 92 78 62
Nyy(E) 1.61 1.65 2.98 3.04 3.53 3.68 2.87 3.08 2.06 0.92
NEL(E) 5.85 5.63 6.89 6.93 7.50 7.60 6.73 6.77 5.78 473
QEE(E) —-0.62 —-0.44 -1.97 -2.06 -1.57 -1.68 -2.80 -0.84 -0.85 -0.82
Clng/ % 86 82 42 39 19 12 45 19 48 65
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