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A Density Functional Theory Study on the Adsorption of H;O and OH on UO(100) Surface
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Abstract: The adsorption of H0O molecule and OH on UO(100) surface has been studied with periodic slab model
by PW91 approach of GGA within the framework of density functional theory (DFT). The results of geometry
optimization indicate that the adsorption of H,O on UO(100) surface was chemical. The most stable structure of
adsorption is that H,0 aslant adsorbed with the tilt angle is about 15°, and the corresponding adsorption energy is
predicted to be 89 kJ -mol™. From the calculated results of density of states of H,0 before and after H,0O adsorption
on UO(100) surface, a strong interaction was found between the H,O p orbital and uranium d orbital. Meanwhile, the

possible decomposition mechanism of H,O over UO(100) surface was discussed.
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Table 1 Theoretical calculation results of relaxation of UO(100) surface

dl1 d2 d3 d4 rl 2
Before relaxation 0.246 0 0.246 0 0.246 0 0.246 0 0.246 0 0.246 0
After relaxation 02552 0.230 7 0.241 8 0.241 7 0.247 2 0.246 0
Change / % 3.74 -6.22 -1.71 -1.75 0.49 0

arameters denoted as shown in Fig.1; Unit is in nm.
P 1 lenoted h Fig.1; Unit
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Table 2 Parameters and adsorption energies for the adsorption of H,O on UO(100) surface

ot / N doy / nm LHOH / (°) Tilt / () 4(H,0) E/ (kJ-mol™)
O-top-H-up 0.294 1 0.098 9/ 0.098 9 104.7 89.9 -0.141 32.7
0-top-H-down 03518 0.098 5/ 0.098 5 1032 89.9 ~0.020 36.2
U-top-H-up 0.256 9 0.099 5/ 0.099 6 108.6 88.2 ~0.224 747
U-top-parallel 02527 0.100 0/ 0.100 3 105.1 15.0 -0.140 88.9
Bridge-H-up 0.244 1 0.098 7/ 0.100 2 108.6 88.6 ~0.189 778
Bridge-H-down 02375 0.098 5/0.100 8 108.1 88.6 -0.180 78.7
Hollow-H-up 0.220 1 0.099 4/ 0.099 4 108.2 90.0 -0.160 82.0
Hollow-H-down 0.323 2 0.098 6 / 0.098 6 105.3 90.0 0.017 402
Hollow-parallel 0218 2 0.098 7/ 0.100 1 108.3 85.7 -0.151 81.6
Gas phase’ 0.097 7(0.095 7)™ 103.3(104.5)™ 0.000

* Experimental values are listed in parentheses; " Tilt angle is defined as the angle between the H,O molecular plane and the surface of UO.
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Table 3 Parameters and adsorption energies for the adsorption of OH on UO(100) surface

RO-H / nm RO-surface / nm Eu / (kl-mol™) Tilte / () 4(HO)
U-top-vert-OH 0.097 4 02135 480.9 90.0 ~0.404
U-top-vert-HO 0.095 8 0.201 5 171.1 90.0 -0.371
Bridge-vert-HO 0.097 4 02152 4813 50.1 -0.390
Holl-vert-OH 0.097 6 0.184 6 4422 90.0 ~0.459

“Tilt angle is defined as the angle between the OH molecular plane and the surface of UO.
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Table 4  Paths, reaction energies (AE) and activation
energies (E,) of H,O dissociated on UO(100)

surface (unit in kJ-mol™)

Possible dissociation pathways AE E,
U-top-parallel =1+ 1 1174 91.0
Hollow-parallel —22 S1 112 12738
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