Chapter 01
Atomic interactions and forces



Coulomb and Born-Meyer potential ionic attraction
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How to obtain B and p ?
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Coulomb and Born-Meyer potential for@
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Interatomic potential for covalent bonds

Problem: What is the interaction potential between two carbon atoms in
different molecules or materials?
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Bond order C —
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Bond order, coordination, and periodic table of elements

The more neighbors an atom has, the weaker is each bond
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Bond order potential (BOP)
By = 2‘-:2§ Ve (i )+ Big Vi (v )]

S

1
“"‘ms h/:"\\aoﬁ
VR = A e.wP("' Aqk:d’) A =-R eyp ("’ )*z '?A N“‘C f°‘|‘€ﬂ‘l~"l
B?D' many = "’"‘7 Covp lia & / O‘cpeho(s on bsank |en3“\ and aﬂo’<

)

\-‘isl\w Caovakc'aa‘-ion Z | Weq‘aw ‘00«0\ => {S.OOC z’

Fo\' B') o 'Zﬁé =) EB PW a"o«\ o‘oos V\d“ o‘epcwﬁ( ON ?:

-8
.\ ——0( — lo-— Fov pure &:3 = & de‘amden(,,
/lo\ ,_.(._._-1._ Alamoad € e«{ua(«., pess: ble *o
e °* ° z '

W Squ eve 3 V‘Arhﬂﬂe .



Tersoff BOP for carbon
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FIG. 1. Cohesive energy per atom (eV), and bond length -4 1
(A), plotted vs atomic coordination number, for several real
and hypothetical polytypes of carbon: C, dimer molecule,

graphite, diamond, simple cubic, bee, and fcc. Squares are ex- -6
perimental values for observed phases, and calculations of Yin

and Cohen (Ref. 1) for hypothetical phases. Circles are results

of the present model. Lines are spline fits to guide the eye.

The resulting parameters for carbon are as follows:
A=13936 eV, B=34 eV, 1;=3.4879 A, i,
=2.2119 ﬁ=157z4x10"’,n=0 L C=
3484, h=—0.57058, R=1.95 A, and D=0.15 A,
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Tersoff, Phys. Rev. Lett. 61 (1988) 2879



Stillinger-Weber potential

Effective potential for simulation tetrahedral structures.
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Taylor expansion of Lennard-Jones potential
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Thermal expansion of a crystal |

~
Se‘v"%' ¢

S“M“ g arpvox.‘quGN

E= En“' V(S)

35 4.0 45
d (Angstrom)

E (eV)

12



Thermal expansion of a crystal Il
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