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T, p/c, φe 
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environment 

  H2  +  ½ O2                        H2O 



Damjanovic, A.; Genshaw, M. A.; Bockris, J. O. M. 
                                            J. Phys. Chem. 1964, 45, 4057 







  H2  +  ½ O2                        H2O 



Determine the actual ORR mechanism dependent on T, p, U, and pH  
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T, p/c, φe 

(reactive) 
environment 

H2 + ½ O2          H2O Pt 

Pt(111) in  
      aqueous electrolytes 



 Water-Solvent: 

 Reaction Mechanism: 

Surface Surface 

+ Langmuir–Hinshelwood-type 
Eley–Rideal-type 
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ambient conditions U = 1.23 V 
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Potential (V) (vs. RHE)
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expected 
high 

activity

0.00 0.4 0.6 0.8 1.0 1.2

ΔΔ
G

‡  (
eV

)

-0.3
-0.4

-0.2
-0.1
0.0
0.1
0.2
0.3
0.4

O2 pathway

0.2

HOOH pathway

OOH pathway

operational 
potential 

range

J. A. Keith, G. Jerkiewicz, T. Jacob, Chem. Phys. Chem. 11, 2779 (2010) 
J. A. Keith, T. Jacob, Angew. Chem. Int. Ed. (hot article), 49, 9521 (2010) 

Potential (V) (vs. RHE)
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MD Routine 

Bonding table 

1: 2  3  4 
2: 1  5  6 
3: 1 
4: 1 
5: 2 
6: 2 

non-reactive forcefields 
(only spheres and springs) 

Atom positions 

1: x1 y1 z1 
2: x2 y2 z2 
3: x3 y3 z3 
4: x4 y4 z4 
5: x5 y5 z5 
6: x6 y6 z6 

fix
ed

 

MD Routine 

analyzing 
bonds 

Reactive forcefields 

Atom positions 

1: x1 y1 z1 
2: x2 y2 z2 
3: x3 y3 z3 
4: x4 y4 z4 
5: x5 y5 z5 
6: x6 y6 z6 
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8 H2+ 4 O2 in contact 
with a perfect 96-atom (111)  

Pt-surface. T=1000K 

8 H2 + 4 O2 in contact 
with a stepped 84-atom (111) Pt-

surface. T=1000K 



T, p/c, φ 

(reactive) 
environment 

H2 + ½ O2          H2O Pt 

Pt(111) in  
      aqueous electrolytes Li-Ion Batteries 



C-‐based	  electrode	  

Li-‐polysulfide	  

•  Density	  Func8onal	  Theory	  (DFT)	  calcula8ons	  on	  Li-‐polysulfides	  in	  
gas	  and	  in	  solu8on	  	  

•  DFT	  of	  carbon-‐based	  electrodes	  
•  DFT	  and	  Force	  field	  Simula8ons	  on	  the	  electrochemical	  interface	  



S8 Li2S8 Li2S6 Li2S4 Li2S3 Li2S2 Li2S 



Ni clusters were „grown“ one atom at a time 
on the illustrated graphene defects 

Atomization energies (Eb) and cluster 
adsorbtion energies (Ead) were computed for 
each cluster. 

Gao, W.; Mueller, J. E.; Anton, J.; Jiang, Q.; Jacob, T. In preparation. 



Gao, W.; Mueller, J. E.; Anton, J.; Jiang, Q.; Jacob, T. In preparation. 

Ni-Ni bonding is worth 1.5 - 3 eV per Ni 

Ni-C-π bonding  is worth < 1 eV per Ni 

1.26 0.54 1.02 1.91 1.28 0.18 0.74 0.78 0.69 0.54 
Adsorption Energies in eV 

Ni-Cσ bonding is worth > 4 eV per Ni 





4 (non-linear) PDEs 
8 Boundary conditions 

Numerical solution 

Transport equations: 

-  Lithium diffusion in anode/cathode 

-  Li+ diffusion in solid-electrolyte 

      new system of equations 

Double layer: 
-  Poisson equation 

Boundary conditions: 

-  Potential-step at electrode/solid-electrolyte interface 

-  Electrochemical reactions 

-  1. order redoxreaction 

-  Ion concentration at interface 



Weppner et al., Angew. Chem. Int. Ed., 46 (2007). 



Solid-Electrolyte: Li7La3Zr2O12 
Weppner et al., Angew. Chem. Int. Ed., 46 (2007). 





T, p/c, φ 
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environment 

H2 + ½ O2          H2O Pt 

Pt(111) in  
      aqueous electrolytes 

Faceting of Ir(210) 

Li-Ion Batteries 



  P. Kaghazchi, K. A. Soliman, F. C. Simeone, L. A. Kibler, TJ, Faraday Diss., 140, 69 (2008) 





Fixing potential at 0.2 V 

A B C

sec. sec. 

Potential Cycling 
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0.1 M H 2 SO 4 
10 mV/s 

E / V vs. SCE 
  P. Kaghazchi, K. A. Soliman, F. C. Simeone, L. A. Kibler, TJ, Faraday Diss., 140, 69 (2008) 



EN = -0.90 V    TN =500 ms 
EL = -0.40 V    TL = 50 ms 
EU = 0.61 V     TU = 50 ms 

SEM characterization  



T, p/c, φ 

(reactive) 
environment 

H2 + ½ O2          H2O Pt 
Pt(111) in  

O2-atmosphere 

Li-Ion Batteries 

Faceting of Ir(210) 

Pt(111) in  
      aqueous electrolytes 





Verlässt man nie den 
herrlichen elektrochemischen 
Leitfaden, so kann uns das 
Übrige auch nicht entgehen.  

Goethe in einem Brief an Döbereiner 

z.B.  …, Novalis, 
 Gebrüder Schlegel, 
 Achim v. Arnim, 
 Schiller, 
 Herder, 
 Ritter, 
 Goethe, 
 Döbereiner, … 


