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Abstract: Based on the empirical electron theory (EET) of solids and molecules, the relationship between the interface
coefficient and the broken bonds during the atomic dissolution of the same kind of atoms was discussed: the larger the
energies required to break bonds are, the smaller the interface coefficients are. Then, the bond breaking energies of Cu
and Ti atoms at the low index crystal planes of CuTi,, e.g., (101), (100), (001), (110) and (013) were calculated. The
calculated results indicate that the bond breaking energies change with the crystal orientations, and the order of the
interface coefficients of Cu and Ti atoms from large to small is determined as follows: (101), (100), (001), (110), (013),
which is valuable to analyze the morphology evolution in the CuTiy/Zn solid-state reaction system or other systems using
CuTi, substrate.
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Fig. 1 Schematic diagram of solid-state reaction interface
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Fig. 2 Crystal structure of CuTi, with C11,, structure
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Table 1 State parameters of atoms

Atom I m n T I m' n'
Cu 1 2 2 0 1 3 3
Ti 1 2 1 0 1 1 2
7 Cho Cis N1y He R(D)/nm

0 0.0690 09310 6.8620 5.8620 0.11390

1 0.8560 0.1440 4 3.1440 0.13098
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Table 2 Valence electron structure and bond parameters of CuTi,
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Bond order Atom pair 1, D(n,)/nm D (n,)/nm E,/(kJ-mol ")
A4 Cu—Cu 8 0.077 67 0.294 38 0.294 39 5.79
B Cu—Ti 32 0.365 80 0.271 08 0.271 09 42.37
C Cu—Cu 8 0.000 72 0.416 32 0.416 33 0.04
D Cu—Ti 8 0.009 71 0.365 65 0.365 66 0.83
E Ti—Ti 16 0.288 13 0.294 38 0.294 39 43.97
F Ti—Ti 16 0.002 67 0.416 32 0.416 33 0.29
G Ti—Ti 16 0.442 84 0.283 18 0.283 19 70.25
H Ti—Ti 4 0.037 79 0.347 31 0.347 32 4.89
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Fig. 3 Crystal plane structures of CuTi,: (a) (101)=(011); (b) (100)=(010); (c) (001); (d) (110); (e) (013)
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Table 3 Bond nets of active crystal planes

SeHr i ne 3O B REC/IMTAE, RS AR
DRI, 28 At T B4 P o 4 (R S B IR B e
AP W R B A B TR RE-E < A, ST
R h
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LN T B e £ 51T 4.
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Number of broken bonds for atomic dissolution

Reaction atom Atom pair Bond length/A
(101) (100) (001) (110) (013)

Ti—Ti 29438 3,3 3 4, 4 2 3

Ti—Ti 2.8318 2, 2 2 4, 0 3 4

) Cu—Ti 27108 2, 2 2 0, 4 3 2
n Ti—Ti 34731 I, 0 1 0, 1 1 0
Ti—Ti 4.163 2 2, 2 2 4, 4 3 2

Cu—Ti 3.6565 0, 1 1 I, 0 1 1

Cu—Ti 27108 4 4 4 6 6

cu Cu—Cu 29438 3 3 4 2 3
Cu—Cu 4.163 2 2 2 4 3 2

Cu—Ti 3.6565 1 2 1 2 1
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Table 4 Bond breaking energy E; during dissolution of Cu

and Ti atoms

Reaction crystal

E(Ti)/(kJmol™")  E(Cu)/(kJ-mol™")

plane

(101) -362.6, —358.5 —187.7
(100) -363.4 —188.6
(001) —458.8, —351.4 —193.6
(110) —432.4 —267.6
(013) —499.0 —272.5
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