
 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 



   

   

 
  



- 1/103 -



- 2/103 -



http://www.facebook.com/advancesoft.jp http://www.youtube.com/user/advancesoft

- 3/103 -



- 4/103 -



- 5/103 -



Advance/PHASE

• Local Density Approximation
• Generalized Gradient Approximation
• (PBE , HSE

- 6/103 -



- 7/103 -



- 8/103 -



- 9/103 -



- 10/103 -



i

- 11/103 -



- 12/103 -



- 13/103 -



- 14/103 -



- 15/103 -



- 16/103 -



- 17/103 -



- 18/103 -



- 19/103 -



- 20/103 -



- 21/103 -



- 22/103 -



- 23/103 -



- 24/103 -



- 25/103 -



- 26/103 -



- 27/103 -



- 28/103 -



- 29/103 -



- 30/103 -



- 31/103 -



- 32/103 -



- 33/103 -



- 34/103 -



- 35/103 -



- 36/103 -



- 37/103 -



- 38/103 -



- 39/103 -



- 40/103 -



- 41/103 -



- 42/103 -



- 43/103 -



- 44/103 -



Surface Science

Physical Chemistry
Chemical Physics

Chemistry Letters

Chemical Physics Letters

Molecular Physics

- 45/103 -



Kohei Tada, Hiroaki Koga, Mitsutaka Okumura, 
Shingo Tanaka

- 46/103 -



- 47/103 -



J. Phys. Chem. C

Chem. Phys. Lett.

Mol. Phys.

ACS Catal.
J. Chem.

Phys.

Science

Acc. Chem.
Res.

J. Chem. Phys.

Angew. Chem. Int. Ed.

Phys. Rev. B
J. Phys. Chem. C

Bull.
Chem. Soc. Jpn. Etc.

J. Phys.
Chem. C

Surf. Sci.

Phys. Chem.
Chem. Phys.

Etc.

- 48/103 -



1.
2.

3. k
4.
5.

E E
E
n n
n n

E E E E
E E

1.
2.

3. k
4.
5.

E E
E
n n
n n

E E E E
E E

- 49/103 -



1.
2.

3. k
4.
5.

E E
E
n n
n n

E E E E
E E

- 50/103 -



- 51/103 -



G G G

G G G

G G G

1.
2.

3. k
4.
5.

E E
E
n n
n n

E E E E
E E

- 52/103 -



TTi[5c]

Ti[5c]

Ti[5c]

Ti[5c]

O[2c]

O[2c]

O[2c]

O[2c]

O[2c]

O[2c]

O[2c]

O[2c]

Ti[5c]

Ti[5c]

Ti[5c]

Ti[5c]

k

k (2 1 1)
Eads(Au) = –0.19 eV

k (4 2 1)
Eads(Au) = –0.24 eV

k (6 3 1)
Eads(Au) = –0.26 eV

k (8 4 1)
Eads(Au) = –0.27 eV

0.224 nm 0.217 nm

0.216 nm 0.216 nm

k

- 53/103 -



1.
2.

3. k
4.
5.

E E
E
n n
n n

E E E E
E E

k E G

O[2c]

O[2c]

- 54/103 -



OO[2c]

O[2c]

TTi[5c]

Ti[5c]

Ti[5c]

Ti[5c]

O[2c]

O[2c]

O[2c]

O[2c]

= 1.3 nm

1 2 anatase TiO2 (112) slab model
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EEads = –0.77 eV
Ti-Au-O = 128.7

Eads = –0.56 eV
Ti-Au-O = 43.1s
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CO + H2O  
CO2 + 2H+ + 2e–
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Graphite basal surface(periodic system)

- 59/103 -



E

d2

E

d

- 60/103 -



chemical interaction is 1.05 eV (repulsion)
physical interaction is -3.60 eV (attraction)
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Au 5 nm
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Modern Quantum Chemistry
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