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Rh (110) 1x2-H, θ=0.5
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Calculations

• Density Functional Theory (DFT)
• Projector Augmented Wave (PAW)
• 32 -45 atom slab
• Periodic boundary conditions





H adsorption sites

• Atop site: -3.12 eV

• [001] Long Bridge site: -3.68 eV

• [1 -1 0] Short bridge site: -4.08 eV
(3-fold coordinated, but not at equal distances)

H2 binding energy 3.30 eV/H atom



Structural comparisons
1x1-2H, θ

 
= 2: substrate not relaxed

3-fold coordinated sites (☺
 

)
δx = 0.93Å (0.98±0.3 Expt.*)(0.97±0.1#)
δz = 0.60Å (0.78±0.14*) (0.82±0.1#)

R H-Rh(1st L.) = 1.75Å (1.84±0.2*)(1.85±0.1#)
R H-Rh(2nd L.) = 2.20Å (2.30±0.2*)

* W Oed et al J. Phys. C, 21, 237 (1988), LEED, fixed 2nd layer
# E. Kirsten et al, Chem. Phys. Lett. 181, 544 (1991), 1x2-H



Structural comparisons
1x1-2H, θ

 
= 2: 2 layers relaxed

3-fold coordinated sites (☺
 

)
δx = 0.92Å (0.98±0.3 Expt.*)
δz = 0.59Å (0.78±0.14)

R H-Rh(1st L.) = 1.74Å (1.84±0.2)
R H-Rh(2nd L.) = 2.28Å (2.30±0.2)

* W Oed et al J. Phys. C, 21, 237 (1988), LEED, fixed 2nd 

layer



Structural comparisons
1x1-2H, θ

 
= 2: fully relaxed

3-fold coordinated sites (☺
 

)
δx = 0.92Å (0.98±0.3 Expt.*)(0.97±0.1#)
δz = 0.59Å (0.78±0.14) (0.82±0.1#)

R H-Rh(1st L.) = 1.74Å (1.84±0.2)(1.85±0.1#)
R H-Rh(2nd L.) = 2.28Å (2.30±0.2)

*W Oed et al J. Phys. C, 21, 237 (1988), LEED, fixed 2nd layer
# E. Kirsten et al, Chem. Phys. Lett. 181, 544 (1991), 1x2-H



1x1-2H, θ
 

= 2: 1 layer relaxed
d12 = 1.38Å (1.33±0.1, if neglects H)

(1.32±0.05, if considers H)
d23

 

= 1.359Å (1.34)
d34 = 1.359Å (? fixed)
dbulk = 1.359Å (1.345)

* W Nichtl-Pecher et al. Vacuum, 41 (1990) 297- 
300



1x1-2H, θ
 

= 2: 2 layers relaxed
d12 = 1.454Å (1.33±0.1, if neglects H)

(1.32±0.05, if considers H)
d23

 

= 1.283Å (1.34)
d34 = 1.359Å (? fixed)
dbulk = 1.359Å (1.345)

* W Nichtl-Pecher et al. Vacuum, 41 (1990) 297- 
300



1x1-2H, θ
 

= 2: fully relaxed
d12 = 1.47Å (1.33±0.1, if neglects H)

(1.32±0.05, if considers H)
d23

 

= 1.30Å (1.34)
d34 = 1.33Å (? fixed)
dbulk = 1.359Å (1.345)
RH-H = 1.84 & 2.01 Å

* W Nichtl-Pecher et al. Vacuum, 41 (1990) 297-300



Change in work function

• Clean 1x1 Rh(110) Æ 4.55 eV
• Rh (110) 1x1-2H, θ=2.0 Æ 5.31 eV
• Change in work fuction 0.76 eV (0.93 eV)*

* M. Ehsasi and K. Chhristmann, Surf. Sci. 194, 172 (1988)



K. Mueller, Prog. Surf. Sci. 42 (1993) 245-255





1x3-2H cases, θ
 

= 0.66

• Case A: 0.0 eV (proposed from LEED)
• Case B: +1.26 eV
• Case C: +1.24 eV
• Case D: +1.25 eV

(Only H  atoms were relaxed)



1x3-2H cases, θ
 

= 0.66

• Case A: 0.0 eV (proposed from LEED)
• Case B: -0.371 eV
• Case C: -0.367 eV
• Case D: -0.347 eV

(H and 3 layers of Rh atoms were relaxed)





1x2-2H cases, θ
 

= 1.0

• Case A: 0.0 eV (proposed from LEED)
• Case B: +1.28eV
• Case C: +1.26eV

(H relaxation only)



1x2-2H cases, θ
 

= 1.0

• Case A: 0.0 eV (proposed from LEED)
• Case B: -0.326 eV
• Case C: -0.349eV (same as 1x1-H, θ=1.0)

(H and 3 layers of Rh atoms were relaxed)





Summary

• H2 will dissociate into H atoms on Rh(110).
• H atom will occupy a quasi 3-fold site.
• Very good agreement on H arrangement 

and positions. Θ
 

from 0.33 to 2.0
• New arrangement for 1x3-2H, 1x2-2H was 

found.
• Detailed structures need to be refined.
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