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Table 1 Surface atoms of Cr3C2(010) and adsorption sites
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Fig.5 The model of free radical lattice Fig.6 Hydrocarbon group: (a) C; (b) CH; (c) CHa; (d) CHs
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Table 2 Total electronic energy of the hydrocarbon group (unit: V)
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Table 3 Adsorption energy of the hydrocarbon group at site 1 (unit: eV)
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Table 4 Adsorption energy of the hydrocarbon group at site 2 (unit: eV)
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Fig.8 Comparison of adsorption energies between different hydrocarbon groups at two sites
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Table 5 The Mulliken population charges and overlap populations at site 1 after stable adsorption

&g E]| S JH T i JE HLfif /e HEAMER /A

— C(CHs) -0.70 — —

CH; C-C3 C3 -0.48 0.82 1.53
S C(CH>) 0.75 S S

CH, C-C3 C3 0.47 1.03 1.44
S C(CH) -0.62 S A

- C-C3 C3 -0.47 1.22 1.39
C-Crl Crl 0.55 0.21 2.05

C-Cr2 Cr2 0.42 0.16 2.09

S C(C) -0.46 S S

c C-Crl Crl 0.56 0.53 1.92
C-Cr2 Cr2 0.40 0.52 1.98

C-Cr2’ Cr2’ 0.37 0.65 1.87
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Table 6 The Mulliken population charges and overlap populations at site 2 after stable adsorption

A R A s Ji ¥ i & H i /e HEAE KA
- C(CHs) 0.67 — N
CH; C-C4 C4 -0.41 0.87 1.50
S C(CH>) 0.65 S S
CH C-C4 c4 _0.41 1.11 1.42
S C(CH) -0.49 S S
CH C-C4 C4 -0.45 1.42 1.35
C-Cr0 Cr0 0.62 0.32 2.04
C(C) -0.33 S S
C C-C4 C4 -0.42 1.54 131
C-Cr0 Cr0 0.44 0.65 1.90
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Fig.10 EDD diagrams of each adsorption model at site 1: (a) CH3; (b) CHz; (c) CH; (d) C
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Fig.12 Bonding models after stable adsorption of each group at site 1: (a) CH3; (b) CH2; (¢) CH; (d) C
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Fig.13 Bonding models after stable adsorption of each group at site 2: (a) CH3; (b) CH2; (¢) CH; (d) C
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Table 7 Bonding state and geometric configuration of each group at different sites
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Adsorption Behavior of Different Hydrocarbon Groups on Carbon
Atoms of the Cr3C2(010) Surface and Its Influence on the Nucleation
Tendency of CVD Diamond*

Zhang Wu, Zeng Danlu, Jian Xiaogangt

(School of Mechanical Engineering,

Tongji University, Shanghai 201804, P. R. China)

Abstract

Cr-based materials are commonly used as interlayers for CVD diamond coatings due to their
favorable thermal expansion coefficient and strong carbon affinity. Currently, research on the
preparation of CVD diamond with the interlayer method remains largely confined to the
experimental level, with insufficient investigation into the microscopic processes such as adsorption,
nucleation, and growth of CVD diamond on the interlayer. Exploring these microscopic processes
can enhance the understanding of how the interlayer method improves coating adhesion quality and
provide guidance for optimizing the CVD diamond fabrication process. As a stable carbide of
chromium at high temperatures, CrsCz has been observed on the surface of Cr-based interlayers
during the initial nucleation stage of CVD diamond growth. In this study, first-principles calculations
based on density functional theory (DFT) were performed using Materials Studio software to
construct a model of Cr;C: (010) simulating the interlayer surface. The adsorption processes of
various hydrocarbon groups (CHs, CH2, CH, and C) on two different carbon atom sites of the CrsC-
(010) surface were simulated. The Mulliken population analysis was employed to calculate the bond
populations and bonding strengths between the adsorbed groups and the substrate atoms. Charge
transfer before and after adsorption was analyzed using differential charge density maps. The
hybridization characteristics of carbon atoms in the adsorbed hydrocarbon groups were examined by
combining local geometric configurations and projected density of states (PDOS) diagrams. The
results indicate that, except for the C group at site 1, all hydrocarbon groups successfully adsorb
onto the active carbon sites of the CrsC2 (010) surface. The adsorption strengths at the two sites
generally follow the trend: CHs is the weakest, CH and C are stronger, and CH: is intermediate. The
relative strengths of CH and C vary depending on the site. The adsorption energies of hydrocarbon
groups are generally lower at site 1 than at site 2. CHs and CH: form only C—C bonds after adsorption,

whereas CH and C can form both C—C and C—Cr bonds, which partially explains their higher
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adsorption energies. After adsorption, the geometric configurations of the adsorbed groups differ
significantly. Only CHs exhibits a bond length close to the ideal diamond bond length, adopting a
tetrahedral configuration with a tendency toward sp* diamond nucleation. The other groups show no
significant tendency for sp* diamond nucleation and may even promote sp or sp? carbon structures,

leading to lattice distortion in diamond.
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