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H HGround (covalent) state :

Excited ionic state :
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1) The probability function :

Example : dihydrogen molecule - infinite interactomic distance : 
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Example : dihydrogen molecule - infinite interactomic distance : 

➡ Probabilities contain more informations than populations
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2) MPD / Definition :

A Maximum Probability Domain (MPD) is 
a region of space locally maximizing             :pν (Ω)

max
Ω

pν (Ω)→Ων

Ων
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2) MPD / existence :
Example : atom case (N e–), 
atomic-centered spherical domain :

Ω
r

r

r

r r

p0 pNpν

➡ For any ν, at least one Ων always exists
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2) MPD / Optimization (in a nutshell) :

Guess domain 
Ω 

Optimisation 
maxΩ pν(Ω) 

MPD 
Ων 

Acceptation/Rejection (0) Shape derivatives (1) 
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Searching a Ω2 domain in the Li—H molecule :

2) MPD / Optimization (example) :
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Searching a Ω2 domain in the Li—H molecule :
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2) MPD / Optimization (example) :

➡ MPDs always provide a partition of space in two parts



Examples and properties

• Ne atom (10e–) :

➡ MPDs always provide a partition of space in two parts
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➡ Multiple «chemical» solutions may exist (core/valence pairs) 

➡ Multiple solutions due to symmetry may exists
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Examples and properties

• Covalent bond in C2H6

➡ Prolate shape, extends orthogonally to the bond axis

Ω2

Ω2



Examples and properties

• Ethane :

➡ Population is close to ν even if it is pν which is optimized

Ω2



Examples and properties

• MPD vs. ELF / Ethane :

➡ ELF basins may be good approximations of MPDs
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• MPD vs. ELF / Dinitrogen :

➡ ELF basins may also be poor approximations of MPDs !



Examples and properties

• Water molecule :

➡ Multiple solutions usually exist (chemically different)



Examples and properties

➡ C–C « banana bonds » domains are obtained for acetylene

Ω2

Ω2

Ω2

Ω2

• C–C bond in C2H2 :



Examples and properties

• Lone pairs in the H–F molecule ?

➡ Multiple solutions usually exist (by symmetry)



Examples and properties

• Lone pairs in the H–F molecule ?

➡ MPD allows different viewpoints (Ων search for any ν)

Ω2∪
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Ionic bond

LiCl :

2/4

M. Menéndez, A. Martín Pendás, B. Braïda, A. Savin Comput. and Theor. Chem.1053 (2015) 142–149 
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The 3e bond
Prototypes : He2+, Ne2+, HOOH+, HSSH–, F2–, π bonds in O2… 
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The 3e bond

VB :

Linnett :

Prototypes : He2+, Ne2+, HOOH+, HSSH–, F2–, π bonds in O2… 
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The 3e bond in Ne2+

 Ωopt(2↑,1↓)
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« 2 or 1 » electrons 
<n>=1.5 

P(1↑,1↓) + P(1↑,0↓)

The 3e bond in Ne2+
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• Conclusion:

…

The 3e bond in Ne2+3/4



Phosphonium oxydes and ylides 
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Conclusion

• MPDs: directly interpretable real-space domains.

• Visual information on the arrangement in electron in 
space.

• Direct understanding: in Si2H2 unveil the similarity of 
the electronic arrangements for very different geometries

• New views: dynamic view of ionic bonding
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