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Background: Nano-polycrystalline diamond(NPD) ]

T. Irifune, et al., Nature 421, 599-600 (2003)
Ultra-hard material Characteristic nanoscale lamella structure

(— industrial application) 2]
[1] (c) t ‘

1] BEHT- AMMEE, SEl 77 ZHIbL E2—172,
82-88E, 1¥& &L (2008)

[2] AT AMLESS, @ENDDRZFEETHT16, 207 (2006)




Formation of an sp2 and sp3 nano-domain composite

The simulation result appears in the research of NPD
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COHP analysis : Local bond-energy spectrum

COHP = Crystal Orbital Hamiltonian Populations*™

*Dronskowski and Blochl: J. Phys. Chem. 97, 8617 (1993).

(a) Def. from the off-digonal elements of the Green’s in.

I,J:atom, «,B: orbital

ct. Def. of LDOS; from diagonal elements.

g) = _% Z Im [G1a:10(€)]
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Ex. Si crystal (ab initio (LMTO) calc.)*
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COHP analysis : Local bond-energy spectrum

COHP = Crystal Orbital Hamiltonian Populations*™
*Dronskowski and Blochl: J. Phys. Chem. 97, 8617 (1993).

(b) Sign of COHP
C'77(€) < 0: Energy gain by bonding

C'77(€) > 0 : Energy loss by anti-bonding

(¢) The sum of integrated COHP (ICOHP)
gives the elec. struc. energy.

Eelec = Zfzgz
— Z CIJ ]

/

ICOHP at Fermi level —
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Ex. Si crystal (ab initio (LMTO) calc.)*
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COHP analysis : Local bond-energy spectrum

COHP = Crystal Orbital Hamiltonian Populations*™
*Dronskowski and Blochl: J. Phys. Chem. 97, 8617 (1993).

Note 1: Applicable to any material (metals and insulators)
Example of a metallic system:
Y Ishii and T. Fujiwara, J. Non-Cry. Sol. 334&335, (2004)
Cd-M (M=Yb and Ca) Quasi Crystals
—> covalent bonded clusters in metallic system

Note 2: Applicable to the order-N method with the Green’s function

Takayama, Hoshi and Fujiwara, JPSJ 73, 1519 (2004);
Takayama, Hoshi, Sogabe, Zhang, Fujiwara, PRB73, 165108 (2006)




( o- and m-COHP: a theoretical extention of COHP

— interaction-decomposed components
Crs(e) = Ci7 () + C17 ()
A\VAVAVAVAN A\VAVAVAVAN
cCOHP = COHP
Derivation

4 )

Hioup = Hg?,w + Hg?,w

—1
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domain composite

7T COHP analysis for the sp2 and sp3 nano

"VisBAR’

by our original visualization tool
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[Close—up of a boundary between sp2-like and sp3-like domains]
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T. Hoshi, et al., J. Phys. Soc. Jpn. 82,023710 (2013).

Summary j

(1) COHP (= Crystal Orbital Hamiltonian Populations)
Local bond-energy spectrum with rigorous mathematical foundation
1
C]J(S) = —; Z Im [G[a;Jg(S)] Hjﬁ;[a I,J :atom, «,B: orbital

af
(2) 0-and 71-COHP —> analysis of 7 states

cute = ¢fgie+ 710
cCOHP rCOHP

(3) Application in large-scale (order-N) electronic structure calculation

—>» an sp2 and sp3 nano-domain composite
that appears 1n the research of nano-crystalline diamond

Note: visualized by our original visualization tool ‘VisBAR’





