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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 Reaction A: The extraction reaction of hydrogen atom on the diag surface; Reaction B:

The extraction reaction of hydroxyl group on the diao surface
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ST T R SR 0% 00 12.5%) B, SR T IR B A 0.149eV F
R 0.146eV, FHEAEBREEMM 12.5% FFH 2 37.5%, SR TR A8 E
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Table 1 Adsorption energy of hydrogen atom on different surfaces (unit: eV)

KA Esiab Econ Esin Ead
diag -49859.855 -49873.511 0.149
dia; -51870.995 -51884.648 -13.507 0.146
diay -53882.073 -53895.728 0.149




diaz -55892.308 -55905.972 0.158

S AN R U7 26 P2 R S AR A 2 R T R B BRIk 2 B
SEFEFARL, S BTESNIA R TR s 2, S 5 R B
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A%, A\ diao R 1.123eV IZDEIKF] dias KA 0.536eV, R P
50%. T, SNIA R b2 S AR LR A SR A 5 e, B E
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PRtz sh, SEEREARKT BB ESMARAR, Wk s FR: £
diag M &, ZABE MW AL AR BBl A i v & kA, BARRRIE, Tk B B AR
) fr B H AL TR EDIRES, AR PR, MEAERE diar. dia. dias KIH
TIPSR ) A R ) £ 1 SRS o B BT A
JE R AR R R R g, SRR ] B R T S RO i 2 B SR BE B ORI, A
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Table 2 Adsorption energy of hydroxyl group on different surfaces (unit: eV)

%ﬁ*ﬁjﬂg Eslab Econ Esin Ead
diag -49859.855 -51920.466 1.123
dia; -51870.995 -53931.357 0.874

-2059.488
dia, -53882.073 -55942.203 0.642

dias -55892.308 -57952.331 0.536
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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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KBRS B2, 2 N7 Rl 28 TT DA B4 S e HH RS S HEAT (V03 5 FE B, S W g€ mT
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H13E 3 Al %N, SR TEARIZR A A REUR AR SRR N o THE AT A
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kcal *mol™ AT, 10 BH ABLIA GE 4% N TR LI L S R N. . DLSAE S FERE N 0%
) diao 1 N EL e vE, SR T-7F diar. diax. dias ZR1H_FAEHE A SN BE 22 7 )
EINT 30%- 34%. 66%, TEAFEmTEEEA 37.5%I1) dias F1HI K SN AE 22 f e
N 17.769 keal « mol'e W LAFE H, BEAGVE TR 5 Bl A S R g, AR T
FEHL IR NI e 22 R T i o IX R B, AU T 1E G I 3R TR BT AP AR 2 1R 2
i TSR T E RSN R NG A S B =4, BEE S B SRR, X
911 200 7 SR B S o
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Table 3 Reaction barrier and reaction heat for hydrogen extraction from different surfaces by

hydrogen atom (unit: kcal * mol!)

R J Ve 22 S B
diao 10.725 5.582
dia 13.994 7.575
dia; 14.376 8.231
dias 17.769 9.330

HI3R 4 AT, S BITEA R b 0 RS N A2 TR N W% g
2 1A T LUK I, AR B2 5 A B R (1 e 228 A R A 5 U5 1A
[, #BRBEE S SRR RGN, RV ARt . DU SRR RE N 0%
(1) diao FE1HI M ELE I HE, A FEMIAE diar. diax. dias 1 _EREHUR SN fE 2275
FFER T 56%- 83%- 182%, TJ I, £ 1k 400t S A ik A 2 BT 2 P 4100 11 A 8 e
TR T B 2 iE AT U B R AR A B 37.5% ), AR AU
JRFRIE 22 (12.611 keal smol™) BV 48 iy T~ &5 T 7E Jo S8 3R THI IR A< U M BE 42 (10.725
keal » mol ™), &M Id & (1 4 24 Lk SR S SRk AR USRS P R AR5 . #E CVD
S NIA PR RE R, 22 b i A R A I T e I 2R T ) AR 2B G

BHAG T SR 7 MR AU B 2 5 A UM R BEAT g I 3 i PRt S ik ARG B A=
KAEPEAL R R 8D, NI B K Dk, 75 SR Re A ACNA
A AR FAE T, W AR R ARG R UK B R 2R IE(E, JFT
06 B A AR PR 0G0 T SR PRI 24
4 FEAIEREA R SR AU SN RE 22 A0 A (B Kkeal © mol™!)
Table 4 Reaction barrier and reaction heat for hydrogen extraction from different surfaces by

hydroxyl group ( unit: kcal * mol!)

KA JEANAC SN FA
diag 4.475 -0.102
dia; 6.962 -3.717
dia; 8.184 -5.763
dia; 12.611 -6.942
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Fig 6 Charge density difference diagrams of diamond surfaces with four different oxygen
coverage levels (unit: ¢/ A?)

bt T AR B R AN B A6 22 1 ARAY, TR TS [ 2 T R A 4 B 22 i B I
SN T AR AN R TR e R B IR P A R L, AR S TR SR LA E
Tl diag RIHAHLL, FRIEZ LA A LET T3 P 1 SR TR AE R ik
W, QET BT R &b SRR, A fE g U IR, SZOEE X RIIAE A
M 5 A i R, X ARRE T TGN diao I N EE SR AN 12.5%1H
diar 2 TH 20U TR RE R IR SR DR, ) LS8 0 1 2 1 A 5 U D o e LR 5
VU v T VR B RE

B3 N Y A R 5 T PR R AR 2 1 TR SR R I, H-H BB
5 & | SV a6 R (R i 3 n, BAR IR 6 FivR . 1E R B TS AL s b & A
kR, DA 2 SR 5l PG T SR 1 & AL R R ST, AR AU
RRAE R IR B R IGIN, AR T2 5 AR RN e 2248 =

5 ARTAEARIRIZR I B e B %% S5 004 Js s (A7 e)

Table 5 The Mulliken population charges of each atom during stable adsorption of hydrogen
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atom on different surfaces (unit: ¢)

R H T PR AL 2R H O EZIEO
diao -0.075 0.085 —
diay 0.010 0.103 -0.471
dias 0.011 0.112 -0.461
dias 0.009 0.121 -0.451

F 6 AR TAEAFIZ T LR AT AU S B A 8 H-H B AE 0L (AL A)
Table 6 The H-H bond lengths in the transition states of extraction reactions by hydrogen

atom on different surfaces (unit: A)

RTARTY diao dia; dias dias

HYER H-H g 1.004 1.036 1.063 1.074
7 MR T 30 SR ik A AN [ % T A R W B IR ) R Ay 2 82 2 AT S
R THSR A R, B 7 PG X AR TEE, HOXEAERTE. h
7RI, FRIBR S L DGl X ) BE 2% 1B S RIS T gD, SRR
SR MR T R AR 2 LRI IS . B ) U SR AR RGN,
AR AR TR A AN 0.609e B BFIRE] 0.515e. Al 2 b A fidsb
EWE &I LS AR P AR TR EN S AR AR TR E 2R
fi, SR FER ISR 7R AT AT AL 0.241e HEINZE] 0.274¢.
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Fig 7 Charge density difference diagrams for stable adsorption of hydroxyl group on different

surfaces (unit: e/ A3)

R T AEIE AR T A E R BRI 25 SR A LA AL e
Table 7 The Mulliken population charges of each atom during stable adsorption of hydroxyl
group on different surfaces (unit: e)

MR O(OH H:[H) H(OH #£[4]) AL AR H Of B0

diag -0.609 0.241 0.158 —

dia; -0.577 0.256 0.168 -0.454
diaz -0.541 0.268 0.178 -0.427
diaz -0.515 0.274 0.174 -0.419

TENMRE AR RIS 5RERE R MM F R 1, SR 53R N,
F 5 T AR MR RE /N o FEAS [F) TR BRI, 0B 1 A R A 4R 44 el ity
1F AT AR -4 1 4 7 AT O SR T o S A 3R T P AR AR 6 fl i 0 CRUR )
SR R AR A ol (RIEED ML, WA AR, S AL
R AER A E A G (ZEED M, WEAFERT] . X RWE M ERIL
IFRE SRR, SEEER S R AR HE R, RS R

LA SO R SE B RO AT i, AR AR Y T s vy, USR]
IR 2 B AT I SR -2 Bl R BBl 28 1S TR 5] 9 i 6 E AR o SRR R A M 2R
B T 2 150 5] R 7 AN e B B EUR T I LRI R R S 4k g i B
EASHEIRE, X R A S S A IR I A L A B AR 2 B BE S . 4] 8
AN T A F R EZEUS R A 450 LA R R T SR C-H B (AT %
Wk f 2 O-H-Co FHURMH, C-H BB AT 2R AR P EIRT 2p PLid
R TX C-H B o B B FGE MR 7R, 10 R R AR T 2p Ui 5 C-
H B REEPUE R AR F S AR R R ES N, Bt N B4R EER AU 7HY C-H
BN LO-H-C=180° )ZE X0, DISLHlph i Al o BUEIE e K &, B A1 i
B AR OR, TS S R, D B BOT A R R RN R 22
Wk 8 pow, WA ISR 5 A 2 B SRR N, B £0-H-C M 169.197° &4
Ai/NF) 154.325° , XEREEASE R DL —FhRe 2 T s RS HTRER,  RAM
FEAfE 22T
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Fig 8 The transition state structure of extraction reactions by hydroxyl group on different
surfaces and the bond angle £O-H-C schematic diagram
* 8 SEEMIEA R M AT IR B S S A £O0-H-C 1550 (Az: ° )
Table 8 The bond angle £O-H-C in the transition states of extraction reactions by hydroxyl

group on different surfaces (unit: ° )

R TAE Y diag dia; diay dias
L ESEEA £ 0-H-C 169.197 167.933 161.198 154.325

3.4 EMHRSEFARM R NITE

TEVERRE L] CH; /& CVD WA R ) AR K S PP, AR G NIA K
(RI5 Bf RE T R 2 4 NI [F) R AME AR K HE S FE 82, B 9 & CH, 7E5UE fe F2 1
N 0% diao 2 1 & A=W B BSOS 7~ 2 &, CH 7E dians dia 1 dias ZE 17 F R B
H 2 5 diao FRTHAHIL, ARG 1 C-C KR H 84k . CHa 7EAS [FIZR I - FrI VR B
ReTHEL A RUNER 9 BT, B A I 1 A ) i 4 i P2 2 1y 18 T, VR B s i 8 K
XA RIAT TR 2B A B, RO A BE G CH; hEE2
(1 EL A7 1) SR THI % F% , CH 5 3R TH1 2 AV A LA FH AR 98 . CHL 7E 48U S5 2 FE N 37.5%
(1) dias R P A g, AHBCT diao RO, WFRBEHE KLY 7.8%. (HGXTREER
IS (R R P R b, 2 THT 2 b 4806 CHEs 32 R B (R (e A PR BN AT BR
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Fig 9 Adsorption schematic of the active hydrocarbon group CHj3 on the diag surface
K 9 CHs AEAN [ T _EREAT W PR RO B e CFRAL: eV

Table 9 Adsorption energy of CHj3 on different surfaces (unit: eV)

%ﬁ*ﬁﬂ Eslab Econ Esin Ead
diag -49841.381 -50928.511 4.435
dia; -51852.437 -52939.707 4.576
-1082.695
diay -53863.471 -54950.894 4.728
diaz -55873.673 -56961.146 4.779
4 Z5p

ASCRI T 8 VR BETE, B T A AR AR N A ARG AL ER A
RIS AN CH3 WP S NS, 38 v S PR AS 5] 22 P 20 5l 7 DY
M I PR REAN A B S S RE 22, DA K CH £E DU R R I LR PR RE, 5 BL
41

(1) ZIESAEAE, SUE T WA R 1 i a5 AR, som 7 SR 7

AN S S A PR O R o [t o 2 2T 1 246 L < A 2 T ) 28078 i R P 486 0«
SR T IR RESR BN R BN, (BARARE DN RO BRI 1 13, =)
AR A RS SRR SRR T, BRI HE R R T SR
P AP B A 1, SR B T R PR e R 2 P, Pl e ROl I 50%
(2) NI R 2 Db S PR A T AR TR [T S B4R, BT 7 A i S R
WR RS e B R REE A T R AR . R SRR A &b NI AR
4RV e RE R N T 7 T A R R SR S, SR e AL
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RN, TP T AU F W B A B 5 e B AR, AT S 22 0 1 SQBE AR IUD B
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The Effect of Hydrogen-Oxygen Co-Terminated Surfaces
with Varying Oxygen Coverage on Diamond Growth*

Han Yang, Liu Jiale, Jian Xiaogang®

(School of Mechanical Engineering,

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

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 diaog, diai, diay, and dias, respectively) were

constructed. On these four co-terminated surfaces, two types of hydrogen-abstraction
reactions—one mediated by hydrogen atom and the other by hydroxyl group—as well
as the adsorption of active methyl group (CH3) 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
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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 CHj3 is less affected by variations in oxygen coverage:
although the adsorption energy of CHj3 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.
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