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S1 Derivation of forces for the charge-transfer model 

 

Here we will derive the expressions for the forces, acting on atoms, which are due to the position 

dependence of the charges. Since our charge model is based on many-body potential the derivation of 

the forces may be quite elaborate. Therefore we will present corresponding expression for calculations 

of the forces. 
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If the expression of the potential energy { }( )rEE
r

= is known, the force acting on atom i is given by: 

ij

ij

i r
r

E
f ˆ

∂
∂

−= ,           (S1) 

where
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=ˆ is a unit-norm direction vector, connecting the atoms with indices i and j. 

We are interested in the potential energy terms of Coulombic form, which depend on charges on 

different atoms iq and jq : 
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The charges are position-dependent and are given by expression: 
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Consider interaction in each pair i – j 
ij

ji

r

qq
C r separately. In such case there are 3 types of forces: 
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Type 2) 

ij

j

j

ij

j

i

ij

ij

ij

ij

ji

jj

ij

j
r

r

q
qq

r

q

Cr
r

E

r

qq
C

rr

E
f












∂

∂
+

∂
∂

−−=
∂
∂

−=
∂

∂
−=

rr

rr ˆ .      (S5) 

Type 3) 
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Now we need to calculate quantities
k

i

r

q
r
∂
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. They are of 2 types: 
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Now we need to calculate the quantity
a

i
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d
r
ρ
. Using the definitions: 
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we obtain: 
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Using 
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we obtain: 
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The index k is never the same as any of indices i, because they enumerate different sets of atoms, thus 

only first delta-symbol will survive in firsts sum. It may also be taken in front of the sum, since it does 

not depend on index k.  Similar situation takes place in the second summation term. So we obtain: 
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If we denote 
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