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The Bond-Valence Sum method

The bond-valence method is a development of the Pauling 

rules. The bond-valence of a bond A-X can be written as:
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Where R0 and b ( 0.37Å) are tabulated parameters 

characteristic of the pair A-X and RA-X is the bond length.

The total valence VA of the cation A (ideally equal to the 

magnitude of the formal charge) coordinated by NC anions 

X is given by the bond-valence sum (BVS):

1

( )
C

i

N
ideal

A A X A

i

V s V formal charge



 

http://www.iucr.org/resources/data/data-sets/bond-valence-parameters

I. D. Brown, The Chemical Bond in Inorganic Chemistry: The Bond Valence Model, 

Oxford University Press, 2002.



The Bond-Valence Sum method

• The bond valence approach is frequently used to validate 

newly determined crystal structures by the calculation of 

the Global Instability Index (GII)

where Ncell is the total number of atoms in the unit cell, Nasym is the number of atoms 

in the asymmetric unit, and mi is the multiplicity of the site i.

• Charge ordering is often quantified using bond-valence

• These calculations are implemented in a variety of 

computing programs: FullProf, LHPM-Rietica, ICSD 

web-based search, etc.
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Ionic conduction and the BVS method

The bond-valence method can be used for assessing the 

ionic conduction path from the knowledge of the 

crystal structure.

Low-energy transport pathways for the motion of ions 

between equilibrium sites should correspond to a 

sequence of positions for which the BVS mismatch: 

V(r)=|BVS(r)-Videal(r)| remain as small as possible, 

so a simple geometric calculation allows to figure out 

possible ionic conduction paths.



Examples of the BVS isosurfaces

Bond valence isosurface 

for -AgI (V=0.05 val. un.)

Bond valence isosurface 

for -AgI (V=0.083 val. un.)

Differential bond-valence mismatch in Ag-I

S. Adams, J. Swenson, Phys. Rev. B 63 (2000) 054201



Differential bond-valence mismatch in Li2B4O7

MEM reconstruction of negative 

(Li) nuclear scattering densities 

in Li2B4O7

Differential valence map of lithium 

in Li2B4O7 (V=0.2 val. un.)

Examples of the BVS isosurfaces



Ionic conduction and the BVS method

Limitation of the conventional BVS:

Only the first coordination shell is considered.

No energy units are available to compare between different 

compounds

Trick: 

Use simple parameters for converting to an adequate 

potential allowing to get more precise results



Ionic conduction and the BVS method



Extension of the BVS method

• Not only first coordination shell but a sphere with cutoff radius Rcut

is considered; 

• both R0 and b parameters are adapted using bond-stifness approach; 

Pseudopotential representation of the 

correlation between bond-length R and 

bond valence s. Typical Morse potential

S. Adams, Acta Cryst. B 57 (2001) 278



Extension of the BVS method

Stefan Adams, Practical 

Considerations in 

Determining Bond-Valence 

Parameters, Structure and 

Bonding 158, 91-128 (2014) 



Extension of the BVS method

The program needs the use of Materials Studio



Now in Bond_Str there 

is the possibility to 

calculate bond-valence 

energy landscapes 

(BVEL) 

(see fp2k.inf, note of 16 

January 2015)

The BVEL isosurfaces 

can be visualized using 

VESTA

NEW options



Output of Bond_Str



Output of Bond_Str



Iso-surface at the percolation energy: -3.71 eV



Iso-surface at energy: -3.69 eV



Iso-surface at energy: -3.60 eV



Iso-surface at energy: -3.50 eV



Iso-surface at energy: -3.40 eV



Iso-surface at energy: -3.30 eV



Iso-surface at energy: -3.20 eV



Iso-surface at energy: -3.00 eV



Iso-surface at energy: -2.00 eV



Iso-surface at energy: -1.00 eV



Cathodes for Li-ion batteries 

2D
LixCoO2

distorted rock-salt

1D

LixFePO4

olivine

3D

LiMn2O4

spinel

Examples of the BVEL isosurfaces



Examples of the BVEL isosurfaces



Summary
• Bond-Valence Energy maps/isosurfaces give a clear evidence (first 

approximation) for the ionic diffusion pathways in the material

• BVEL Model has a high predictive potential and is adapted for 

studying whatever ionic diffusion species

- the cation conductors, e.g. sodium or magnesium

- the anion conductors, e.g. oxygen or hydrogen … 

- This model is now used to predict percolation energies and

conduction paths systematically on databases (i.e. ICSD)

• The BVEL Model is restricted to compounds close to ionic character; 

e.g. it does not, in general, apply to metals or organic compounds

• The program Bond_Str together with a GUI is distributed within the 

FullProf Suite. The source code is freely available within the 

repository of the CrysFML library:

https://forge.epn-campus.eu/projects/crysfml/repository
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