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Effects of Hydrogen Atoms on Vacancy Formation at feec Fe(111) Surfaces
Yuji Kunisada and Norihito Sakaguchi
Center for Advanced Research of Energy and Materials, Faculty of Engineering, Hokkaido University, Sapporo 060-8628

We have investigated effects of hydrogen atoms on vacancy formation at fcc Fe(111) surfaces. To calculate hydrogen ad-
sorption properties and vacancy formation energy, we performed first-principles calculations based on density functional theory
with generalized gradient approximation. We considered fcc Fe (111) surfaces with monoatomic vacancies in second and third
surface layers. We constructed exhaustive potential energy surfaces of hydrogen atoms in the vicinity of monoatomic vacancies,
and obtained the most stable adsorption sites and corresponding adsorption energy. We found that hydrogen atoms can stably ad-
sorb in the vicinity of monoatomic vacancies, while hydrogen atoms cannot be stable in the fcc Fe(111) subsurfaces without
monoatomic vacancies. We also clarified that the vacancy formation energy is reduced by containing hydrogen atoms in the vicini-
ty of vacancy sites. These results indicate that hydrogen atoms and vacancies can stabilize each other, which results in superabun-
dant vacancies of fcc Fe(111) in hydrogen atmosphere. [doi:10.2320/jinstmet.JAW201508]
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Fig. 1 Slab models of fcc Fe(111) with monoatomic vacancies
in (a) second and (b) third surface layers. Black and gray balls
are iron atoms and monoatomic vacancies, respectively. Black
lines show the supercell which we considered.
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Fig. 2 Adsorption sites for potential energy calculations of
hydrogen atoms on Fe(111) surfaces.
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Fig. 4 Adsorption structures of hydrogen atoms at (a) tetra-
hedral and (b) octahedral sites in fcc Fe(111). Black and white
balls are iron and hydrogen atoms, respectively.

Table 1 Potential energy of hydrogen atoms at stable adsorp-
tion sites of Fe(111) surfaces and subsurfaces. We considered
monoatomic vacancies in second and third surface layers.

Potential energy, E,/eV

Vacancy Surface Subsurface
fh hh b th oh v
Second surface layer —1.07 —1.01 -0.61 0.79 —0.04 -0.23
Third surface layer -0.70 —-0.70 -0.54 0.84 0.07 -0.27

No vacancy -0.70 -0.68 —0.54 0.80 0.09

(N
' hh & fn
1+ . .
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5 th,
ﬁ-
H
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Coouimate n [101] ducctlon 1w/ &

Fig. 3 The cross—sectional view cutting through the top—hcp hollow—fcc hollow—top sites of Fe(111) surfaces with monoatomic
vacancies in (a) second and (b) third surface layers. Schematics of stable adsorption sites of Fe (111) surfaces and subsurfaces is also
shown. Gray and dotted circles are iron atoms and monoatomic vacancies, respectively.
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Fig. 5 Isosurfaces of electron density difference of hydrogen
atoms on Fe(111) surfaces with monoatomic vacancies in (a)
second and (b) third surface layers. Electron density increases
in darker regions and decreases in lighter regions. The isosur-
face value is 0.002¢ A-3. Black and white balls are iron and
hydrogen atoms, respectively. Black lines show the supercell
which we considered.
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W NICEIDFAET A Fe(11D)ERICEWTH v A b
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Fig. 6 Isosurfaces of electron density difference of hydrogen
atoms in Fe(111) subsurfaces with monoatomic vacancies in
(a) second and (b) third surface layers. Electron density in-
creases in darker regions and decreases in lighter regions. The
isosurface value is 0.002¢ A-3. Black and white balls are iron
and hydrogen atoms, respectively. Black lines show the super-
cell which we considered.
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Table 2 Monoatomic vacancy formation energy in second and
third surface layers of Fe(111) surfaces. Results of bulk fcc
iron® are also included for comparison.

Vacancy formation energy, E;/eV

Vacancy without hydrogen atom with hydrogen atom
Second surface layer 2.30 1.98
Third surface layer 2.43 2.03
2% 2x2 bulk® 2.39 2.08

BRI, Fe(11D) Y78 —7 . —AICBIF HZEBHICE
FAKERTFOMEICER L7, Table 2 ICKMAE2BEL X
UH3EICBIAEILOBRIRIVF—2RmL TW5. K
FRFVPEEL 2 VHEORESE 2 Fk LUHE 3FICki)
LZHLOMR T FIVFE—ZZNnTh, 2.30,2.43eV TH5.
2X2X2 A ADA—/N—Y )% A\ 7o — R PR T IRpEE
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