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(g) C (100)-0:2H20+H3071; (h) C(100)-0:H30%

Fig. 1. (color online) Equilibrium geometry [100] views of hydrogen and oxygen modified diamond (100) surfaces
with different adsorbates: (a) C(100)-H:H20O; (b) C(100)-H:H2O+H307; (c) C(100)-H: 2H,O+H30t; (d) C(100)-
H:H307%; (e) C(100)-0:H20; (f) C(100)-0:Ho0+H301; (g) C(100)-0:2H20+H307F; (h) C(100)-0:H30.
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Table 1. Adsorption energy of hydrogen and oxygen
modified diamond (100) surfaces with different adsor-
bates (unit: eV).
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Table 2. Equilibrium geometry of HoO and H3O1 after adsorption on the hydrogen modified diamond (100) surface.
C(100)-H: C(100)-H:
R C(100)-H:H,0  C(100)-H:H50% H,O H;0*
" ( ) 2 ( ) 3 H20+H30+ 2H20+H30+ 2 3
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(d) C(100)-H:H30%; (e) C(100)-O:H20+H30T; (f) C(100)-0:2H20+H30+

Fig. 2. (color online) Equilibrium geometry of adsorbates on hydrogenated diamond (100) surface: (a) H2O;
(b) H3OT; (c) C(100)-H:H20; (d) C(100)-H:H307; (e) C(100)-O:H2O+H3zO07; (f) C(100)-0:2H20+H30.
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Fig. 3. (color online) Decomposition of adsorbed
H30% ion: (a) C(100)-O:H20+H30%; (b) C (100)-
O: 2H,0+H;0.
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Abstract

Hydrogenated diamond film exhibits a high surface conductivity, which is very suitable for many in-plane micro-
electronic and microelectrochemical devices. However, the surface conductivity mechanism of hydrogenated diamond
film remains unclear up to now. It inevitably retards its further applications. This work is to elucidate the effects
of active adsorbate and water molecule on surface conductivity of hydrogenated diamond film. By the first principles
method based on density functional theory, several models corresponding to hydrogenated and oxygenated diamond
(100) surfaces physisorbed with various active adsorbates are built up. The adsorbed species include H3O" ion mixed
with H2O molecules with different concentrations. The adsorption energy, equilibrium geometry and density of states
corresponding to the adsorption system are investigated. At the same time, the electron populations for different atoms
of the physisorbed adsorbates are studied. The results show that the equilibrium geometry of H3O™ ion relaxes signifi-
cantly after adsorption on hydrogenated diamond (100) surface. In addition, its adsorption energy increases dramatically
compared with the system of individual HoO molecule adsorbed on hydrogenated diamond (100) surface. It follows that
the strong interactions occur between H3O7 ion and hydrogenated diamond surface. With the concentration of the
adsorbed H20O molecules increasing, the adsorption energy between the adsorbate and hydrogenated diamond (100) sur-
face decreases gradually. It indicates that the interactions between HzOm ion and the substrate weaken as the water
molecule concentration increases. Concerning the electronic structure of H3O™" ion adsorbed on hydrogenated diamond
(100) surface, shallow acceptors appear near Fermi level, which arises from charge transfer from hydrogenated diamond
surface to adsorbed HzO™" ion. Therefore, hydrogenated diamond surface exhibits a p-type conductivity. With regard
to the mixed adsorptions of H3O™ ion and HO molecule, no significant effect on its conductivity is detected, though
its surface energy band structure changes. At the same time, the electron transfers from hydrogenated diamond (100)
surfaces to the adsorbates are also similar for all the systems with the adsorbates including one H3O™ ion and different
H20 molecules. Thus, the adsorbed H2O molecule concentration in this work has no effect on the surface conductivity
of hydrogenated diamond surface. However, the adsorbates containing HoO molecules and H3O™ ion physisorbed on
oxygenated diamond (100) surfaces do not exist stably. The H3O" ion will decompose into one H2O molecule and one
H atom, which form H—O bond with one O atom of oxygenated diamond surface. All the oxygenated diamond surfaces

with various adsorbates exhibit an electric insulativity.

Keywords: first principles, diamond surface, surface modification, electronic structure
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