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Mo-va-ons
Quantum  theory  w i th in  the  DFT 
frameworks  provides  very  powerful  tools 
in  analyzing  the  fundamental  chemical 
processes  governing  the  reac1vity  of 
plasma  facing  surfaces  in  nuclear  fusion 
devices.  In  this  contribu1on  we  present 
plane‐waves  DFT  calcula1ons  results  on 
the  reac1vity  of  surfaces  of  interest  in 
fusion devices. 

Oxygen  and  water  are  always  present  in 
the tokamaks (because of accidental leaks) 
or  in  laboratory  experiment.  A\er 
beryllium  oxida1on  by  pure  oxygen,  we 
present  here  water  molecule  and  water‐
oxygen  adsorp1on  and  dissocia1on  on 
Be(0001).

Deposi1on  of  a  lithium  thin  layer  onto 
graphite  was  found  to  considerably 
suppress  physical  spu^ering.  DFT 
calcula1ons  are  developed  on  lithium 
interac1on  with  pris1ne  and  defec1ve 
graphite surfaces, oxidized or not, in order 
to  evaluate  hydrogen  reten1on  and 
res1tu1on.  Li  is  found  to  significantly 
enhance H/D  adsorp1on. Oxygena1on or/
and  perturba1on  (single  vacancies)  is 
shown  to  give  rise  to  complex  structures 
modifying  hydrogen  trapping  on  surface 
and inducing Li diffusion towards the inner 
graphite layers.





Single water molecule on pure Be

defaults used                           
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1,2: Top; 3: bridge, 
5,6: hcp; 7,8: fcc

H2O dissociates only on bridge site.
Other sites: high barrier of ac7va7on 
and weak adsorp7on. 



2 water molecules on pure Be

Dissocia7on + vdW bonding

Barrierless dissocia7on 
+ surface corrosion

O2 + 2H2O on pure Be



Non defini-ve conclusion

1) Water molecule dissociates only on one symmetry site of the Be(0001) surface
2) An extra molecule favors dissocia-on
3) Hydrogena-on and oxida-on passivate the surface layer 
4) O2 + H2O co‐adsorp-on                        exothermic dissocia-on and surface 
modifica-on

Water molecules on pre‐adsorbed H or O on Be

Weak interac7on similar to on BeO crystalH passiva7on



Lithium atom adsorp-on

According to the Li posi1on 
above the surface   ➠ Li or Li+ 

Model of defec-ve surface ➠ atomic vacancy A single 
vacancy on the surface is a good approxima1on of  the reac1vity 
of zigzag and armchair edges

DOS of Li adsorbed on graphite

Li peroxide forma-on

pris1ne surface defec1ve surface
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① Weak long range Li ‐ C interac7ons

② Excellent agreement between PBE‐D and high level ab ini7o methods 

③ & ②  Li always enhances H  bonding, even at long distance 

④

⑤

Higher reac7vity of the vacancy for individual atom adsorp7on 

Li adsorp7on counterbalance the vacancy 


