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Introduction 

Scientists and technologists have been study 
hydrogen in bulk metals.  

Minot and Demangeat have studied the 
electronic structure of Fe-H on BCC and HCP 
fases [1]. The results indicates that heat formation 
is endothermic and the preference location site of 
H is the  tetrahedral site in both geometries. 

Jiang and Carter, have reported periodic spin-
polarized density functional theory (DFT) 
predictions of hydrogen adsorption, absorption, 
dissolution, and diffusion energetics on and in 
ferromagnetic BCC iron [2]. 

Teus et al have studied the effect of hydrogen 
on electronic structure on FCC iron in relation to 
hydrogen embrittlement of austenitic steels [3]. 

The interactions of hydrogen with lattice 
imperfections are important and often determining 
the H influence on the properties of solids.  

Our group  have studied the multiple H location 
in vacancy contained- BCC Fe [4].  The authors 
suggested that vacancies act as trap sites for 
hydrogen.  
 
FCC Fe Clusters and Computational Method  

In this work, theoretical studies of H in FCC 
iron structures were addressed. Due to energy 
interactions, it is performed the comparison of H 
adsorption in perfect bulk FCC iron with H 
location in FCC Fe containing a vacancy. The 
Calculations were performed with the YAeHMOP 
program (Yet Another extended Hückel Molecular 
Orbital Package) [5]. 

The perfect and the vacancy contained-FCC 
structures have been represented by clusters of 180 
and 179 metallic atoms respectively (see Fig. 1). 
We have made the same procedure, majoring the 
same parameters and comparing the results of H 
location at the vacancy zone, with H location in the 
perfect Fe structure.  

The most stable posicion for the hydrogen was 
found; chemical  bond and electronic structure of 
Fe-H and Fe-Fe interactions were analized, before 
and after H introduction, in the perfect and 
defective FCC iron structures.  

 

 
 

Fig. 1. Schematical view of the Fe179+V-H cluster. 
 
Results and discussion 

In the first place we calculate the energy of the 
system in order to localize de H atom inside the 
perfect Fe cluster, having the most stable position 
at -6.52eV. This was found at 1.741 Å from Fe 
first neighbor, and this location in the FCC 
structure belongs to an octahedral site. Then, we 
perform calculation for H inside the cluster having 
a vacancy, majoring a minimum energy of  
-6.72 eV at 1.617 Å distance from the H closest Fe 
atom, and to 1.340 Å from the center of the 
vacancy (see Fig. 1 and 2). Minimum Fe-H 
distance between 1.4 Å and 1.7 Å were found for 
multiple H location in vacancy containded- BCC 
Fe [4].   

The interstitial H atom has influence in the Fe 
first neighbors electronic states density.  After the 
H introduction, the s orbital population from the 
closest Fe atom has a  9% reduction and 
simultaneously the population of the p and the d 
orbitals decrease 8% and 3%, respectively. These 
are indicating that from the closest Fe atom 4s and 
4p orbitals are sharing the main H-Fe  interaction. 
A -0.179 e- charge variation between Fe atoms 
close to the hydrogen has been observed, while the 
H atom developed a -0.273 e- charge. 

The hydrogen introduction into the Fe-vacancy 
system also affect the Fe first neighbors, changing 
their electronic density. The s orbital from the Fe 
atoms nearest the vacancy decrease the orbital  
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Fig. 2. Energy contour lines for the Fe179-V-H  
system. The vacancy (V), and the octahedral (O) and 
tetrahedral (T) sites are indicated.  
 
population to about 12% and, the p and d orbital 
population decreases 2% and 3% respectively, 
indicating the main participation of the 4s orbitals 
in the Fe-H bond. A 0.256e- charge variation takes 
place between the H closest Fe atoms. The H 
presents a negative charge  of -0.328 e-  and  at the 
same time a positive charge is given to the Fe first 
neighbors.  

The charge and electronic structure from 
remote Fe atoms is not affected by the hydrogen 
presence. We conclude that the H influence is 
limited to the Fe first neighbors.  

COOP curves for the perfect Fe180 cluster show 
the Fe-Fe OP for the Fe closest to H atom 
decreasing from 0.225 for the cluster without H to 
0.158 when hydrogen is present. The OP between 
Fe atoms decrease about 30%. On the other hand, 
COOP curves for the Fe179-V cluster show the Fe-Fe 
OP for the Fe closest to hydrogen decreasing from 
0.227 for the cluster without H to 0.163 when the 
H atom is located in the cluster (28%). This 
reduction is lower than in the perfect Fe cluster. 

For the Fe-H interactions in the perfect Fe180 
cluster, the most of the states are complete, 
however the antibondings states are pushed up 
over the Fe 3d band. These states are taking place 
due H  1s orbital interaction with the Fe 4s and 4p 
orbitals, with a small contribution of the Fe 3d. 
The Fe-H overlap population is 0.188. 

For Fe-H bond in the Fe179-V cluster, again the 
most of the states are also complete. The bonding 
states are due to H 1s orbital and Fe 4s orbital, with 
a small contribution of the Fe 4p and Fe 3d. The -
16.5 eV minimum energy value is due mainly to 
the H1s-Fe4s (see Fig. 3).   

Particulary, in both cases the COOP curves 
peaks indicate a strong bonding interaction 
between H and Fe. Comparing both clusters, based 
in our calculation, the Fe-H overlap population 
from the Fe179-V cluster is 0.312,  larger than in the 

perfect Fe180 cluster (0.188). The vacancy zone is 
the most favourable for the Fe-H interaction.  
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Fig. 3. COOP curve for the Fe-H interaction in the 

Fe179+V –H cluster.   
 

Conclusions 
The most stable position for the H atom, in both 

perfect FCC Fe and FCC Fe containing a vacancy, 
was determinated. We have corroborate through 
YAeHMOP calculations that in perfect Fe system 
the octhaedral site is energeticaly favourably, 
however in the vacancy contained- system the H 
preferes vacancy region. The Fe-Fe  interaction in 
the metalic matrix for both systems, before and 
after the hydrogen atom location, was also studied. 
The changes in the electronic structure was 
analyzed. We observed a weakness in the Fe-Fe 
bonds first neighbors to H because the Fe-H 
interaction is formed. The Fe-H distance was 
calculated and it is according to the literature.  
 

References 
1. Minot C, Demangeat C. Hydrogen in iron, 

vanadium and FeV: heat of formation, lattice 
location and the hydrogen-metal bond. J. Less-
Common Metals 1987; 130:285. 

2. Jiang DE, Carter EA. First principles assessment 
of ideal fracture energies of materials with mobile 
impurities:implications for hydrogen embrittlement 
of metals. Acta Materialia 2004; 52,: 4801-7. 

3. Teus SM, Shivanyuk VN, Shanina BD,  
Gavriljuk VG. Effect of hydrogen on electronic 
structure on fcc iron in relation to hydrogen 
embrittlement of austenitic steels. Phys. Stat.  
Sol. (a) 2007; 204(12): 4249-4258. 

4. Simonetti S, Pistonesi C, Brizuela G, Juan A. The 
multiple hydrogen location near a α-Fe vacancy. 
J. Phys. Chem. Solids 2005; 66:1240-1246. 

5. Landrum G, Glassey W. Yet Another extended 
Hückel Molecular Orbital Package (YAeHMOP) 
Cornell University, Ithaca, NY, 2004.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


