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Fig. 1. The process of constructing the hydrogen-oxygen co-

terminated surface diamond model.
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Fig. 2. Schematic diagram of the diamond model with a

clean surface.
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Fig. 3. Top view of the four hydrogen-oxygen co-terminated surface, along with schematic diagrams of the active site and oxygen

termination sites.
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Fig. 4. The extraction reaction of hydrogen atom on the dia; surface (Reaction A) and the extraction reaction of hydroxyl group on

the dia, surface (Reaction B).
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Table 1.  Adsorption energy of hydrogen atom on
different surfaces.

%‘%E*ﬁﬂ Eslab/ev E‘con/eV Esin/ev Ead/eV
dia —49859.855 —49873.511 0.149
dia; —51870.995 —51884.648 0.146

. ~13.507
dia, -53882.073  -53895.728 0.149
diag —55892.308 —55905.972 0.158

# 2 EASEPTEAR R L A p AR
Table 2. Adsorption energy of hydroxyl group on different

surfaces.
i’%ﬁ*ﬁﬂ Eslab/ev Econ/ev Esin/ev Ead/ev
diag —49859.855 —51920.466 1.123
dia, -51870.995 -53931.357 0.874
—2059.488
diay —53882.073 —55942.203 0.642
diag —55892.308 —-57952.331 0.536

(1l N = - i B N B3 T S L TS
BWAH AR, E 5 R, 78 diag 2\ L, &R
e AT P8 M2 B A7 055 ) Bl s o e 1k &, EL R RR
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Fig. 5. Top view of the structure of the hydroxyl group after stable adsorption on different surfaces.
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Table 3. Reaction barrier and reaction heat for hy-
drogen extraction from different surfaces by hydro-

gen atom.
R SV RER/ (keal-mol ) SR/ (keal-mol )
diag 10.725 5.582
dia, 13.994 7.575
diay 14.376 8.231
diag 17.769 9.330

Fe 4 G AR [ 2R AR HOEUY BN fE 22
S A

Table 4. Reaction barrier and reaction heat for hy-
drogen extraction from different surfaces by hy-
droxyl group.

FRHGE L/ (keal-molt) RV /(keal-mol )

diag 4.475 ~0.102
dia, 6.962 -3.717
diay 8.184 -5.763
diag 12.611 ~6.942
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Table 5. The Mulliken population charges of each atom

during stable adsorption of hydrogen atom on different

surfaces.

g TPUAE D OWL
diay -0.075 0.085 —
dia, 0.010 0.103 -0.471
diay 0.011 0.112 —0.461
diag 0.009 0.121 -0.451
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S W B ST P P i %5 BE 25 RIAR i L T ) AR

diag

0.03
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0.01

0
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Fig. 6. Charge density difference diagrams of diamond surfaces with four different oxygen coverage levels (unit: e/A3).
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Fig. 7. Charge density difference diagrams for stable adsorption of hydroxyl group on different surfaces (unit: e/A%).
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Table 6. The Mulliken population charges of each atom
during stable adsorption of hydroxyl group on different

surfaces.

KEKH O(OHME: H(OHHE {Eikfimibss O (g4t

Py /e A1)/ e 1EH/e O/e
diay -0.609 0.241 0.158 —
dia, —0.577 0.256 0.168 —0.454
diay -0.541 0.268 0.178 —0.427
diag -0.515 0.274 0.174 -0.419
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Fig. 8. The transition state structure of extraction reactions by hydroxyl group on different surfaces and the bond angle 2 O—H—C

schematic diagram.
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Table 7.  Adsorption energy of CHj on different
surfaces.

REHR  EBgo/eV Eeon/eV Eg/eV  Ey/eV
diay —-49841.381 -50928.511 4.435
dia; -51852.437 —52939.707 4.576
dia,  -53863.471 -54950.894 —1082.695 4 798
diag —-55873.673 —56961.146 4.779

Q© Surface C atom
@ Other C atom

K9 iR PEBR Sk ] CH; 16 diag 2R T8 B9 KR 215
Fig. 9. Adsorption schematic of the active hydrocarbon
group CHj on the dia, surface.
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Effect of hydrogen-oxygen co-terminated surfaces with
varying oxygen coverage on diamond growth®
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Abstract

Oxygen incorporation is a widely used method for depositing high-quality CVD diamond films at low
temperatures. However, this process inevitably introduces oxygen-terminated surfaces during diamond growth.
Although the electronic properties and applications of oxygen-terminated surfaces have been extensively
studied, their influence on the diamond growth process remains underexplored. Current research attributes the
promotion of diamond growth by the oxygen-incorporation process to the effect of oxygen in the gas phase on
growth reactions. These theoretical models still assume the hydrogen-terminated diamond surface as the basic
environment for growth reactions, neglecting changes in the surface termination configuration of diamond.
Therefore, investigating the effect of hydrogen-oxygen co-terminated diamond surfaces on diamond growth can
complement existing theories and provide critical guidance for optimizing the oxygen-incorporation process in
CVD diamond fabrication. In this study, first-principles calculations were employed to investigate how
hydrogen-oxygen co-terminated surfaces with varying oxygen coverage influence diamond growth. Using
Materials Studio software, (100)-2x1 diamond surfaces with oxygen coverage levels of 0%, 12.5%, 25% and
37.5% (denoted as dia;, dia;, dia,, and diag, respectively) were constructed. On these four co-terminated
surfaces, two types of hydrogen-abstraction reactions—one mediated by a hydrogen atom and the other by a
hydroxyl group—as well as the adsorption of an active methyl group (CH;) were simulated. The results reveal
that the presence of terminating oxygen modifies the electronic structure and dipole moment of the diamond
surface, thereby affecting the generation of active sites and subsequent diamond growth. While the adsorption
energy of hydrogen atom is only slightly influenced by terminating oxygen, the adsorption energy of hydroxyl
group decreases significantly as surface oxygen coverage increases. Furthermore, the energy barriers for both
abstraction reactions rise continuously with increasing oxygen coverage on hydrogen-oxygen co-terminated
surfaces, indicating that the generation of active sites—whether initiated by hydrogen atom or hydroxyl
group—is suppressed. In contrast, the adsorption of CHj is less affected by variations in oxygen coverage:
although the adsorption energy of CHj increases slightly with higher oxygen coverage, this weak promotional
effect is insufficient to offset the impediment to active-site formation. In summary, the presence of terminating
oxygen on diamond surfaces hinders the occurrence of abstraction reactions and the generation of active sites,
thereby inhibiting the diamond growth process. Moreover, the degree of inhibition increases with increasing
oxygen coverage. Therefore, precise control of surface oxygen coverage is essential for optimizing the oxygen-

incorporation process in CVD diamond fabrication.
Keywords: diamond, oxygen termination, hydrogen termination, first-principles

DOI: 10.7498 /aps.75.20260147 CSTR: 32037.14.aps.75.20260147

* Project supported by the National Natural Science Foundation of China (Grant Nos. 50605047, 51275358) and the Special
Fund for Basic Scientific Research Business Expenses of Central Universities (Grant No. 20140750).

1 Corresponding author. E-mail: jianxgg@tongji.edu.cn

140801-10


http://doi.org/10.7498/aps.75.20260147
https://cstr.cn/32037.14.aps.75.20260147
mailto:jianxgg@tongji.edu.cn
mailto:jianxgg@tongji.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

FREBHEE TSR AL RTR S AE & K
$4 AAR HAR

Effect of hydrogen—oxygen co—terminated surfaces with varying oxygen coverage on diamond growth
HAN Yang LIU Jiale  JIAN Xiaogang

5] Fi{ &, Citation: Acta Physica Sinica, 75, 140801 (2026) DOI: 10.7498/aps.75.20260147

CSTR: 32037.14.aps.75.20260147

TELR T2 View online: https://doi.org/10.7498/aps.75.20260147

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

BT — R I A B o0 S 4 NI (100) 3R I TURR Y520
Influence of cobalt diffusion on deposition of hydrogen—terminated diamond (100) surface based on first—principles calculations

PPz 2026, 75(3): 140801  https://doi.org/10.7498/aps.75.20251474

AL I B B NI A7 B R
Characteristics of hydrogen terminated single crystalline diamond logic inverter

YrE2E 4. 2022, 71(8): 088102  https:/doi.org/10.7498/aps.71.20211447

L WA A b HER T 25 4
Growth and surface structrue of hydrogen terminal diamond thin films

YIBR2A 4. 2024, 73(8): 088101  hitps://doi.org/10.7498/aps.73.20240053

B AR R A
Dielectric properties of single—crystal diamond

YIBR2A 4. 2026, 75(6): 088101  https://doi.org/10.7498/aps.75.20251442

B24B, Cr, Mo, Ti, W, ZrJii 4 M4 vh 1F o, 718 K a5

Calculation of positron annihilation lifetime in diamond doped with B, Cr, Mo, Ti, W, Zr
YAz, 2024, 73(1): 017802  https:/doi.org/10.7498/aps.73.20231269

2 it WA e ek 2 S 00 UL R 4
Formation mechanism and regulation of silicon vacancy centers in polycrystalline diamond films

YFREER. 2023, 72(3): 038102 https://doi.org/10.7498/aps.72.20221437


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20260147
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251474
https://doi.org/10.7498/aps.75.20251474
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211447
https://doi.org/10.7498/aps.71.20211447
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240053
https://doi.org/10.7498/aps.73.20240053
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251442
https://doi.org/10.7498/aps.75.20251442
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231269
https://doi.org/10.7498/aps.73.20231269
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221437
https://doi.org/10.7498/aps.72.20221437

	1 引　言
	2 几何建模与计算方法
	2.1 模型的构建
	2.2 吸附能的计算
	2.3 过渡态搜索

	3 计算结果与分析
	3.1 两种萃取基团的吸附结果
	3.2 萃取反应的能垒与反应热
	3.3 萃取反应的综合分析
	3.4 活性碳氢基团吸附反应计算

	4 结　论
	参考文献

