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Magnetism and Surfaces

• Above Curie temperature the material becomes paramagnetic 
 



  

Surface and Adsorbate choice

 Ferromagnetic elements: Fe, Co, Ni

  Simple atomic adsorbates: C, N, O
 Produced experimentally through dissociation of 

CO, N2 and O2.

  fcc (110) surface



  

Surface and Adsorbate choice

Reasons:  

Detailed study of similar materials provides a 
comprehensive comparison

Analysis provides insight into nature of surface 
states and gas phase adsorption



  

Methodology

 CASTEP code
 Ultrasoft pseudopotentials
 Bader partitioning of electron density
 Slab calculation:

 Four fixed layers simulating bulk, top two variable 
– adsorption only on top surface



  

Choice of sites

 0.5ML and 1ML 
coverages of 
adsorbates in 5 sites:

 Added row 
reconstruction:



  

Results - Oxygen
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Results - Nitrogen
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Results - Carbon
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Results - Reconstruction
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Results – OCo (recon)
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Results – OCo (recon)
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Results – OCo (recon)
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Results – OCo (recon)
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Results - OCo

• Isosurfaces of residual majority spin (gold) and minority spin (silver) for oxygen 
on Co(110) 

 ρα−ρβ =±3×10−3 μB / Α
3
Ο



  

Results – Fe (110) Spin moment

2.5112.5002.5002.5032.5075.4622.4945

2.5242.5212.5112.5202.5212.5452.4776

2.3372.4152.3682.3232.4932.4972.5087

2.3382.5562.3782.6132.4972.4362.5068

0.9941.7730.8701.6072.2382.4132.4699

0.9631.8190.8011.5992.2202.5062.47910

1.5962.9291.7462.9141.6572.4932.95211

1.5951.6271.7481.6181.6562.5922.94712

-0.222-0.196-0.124-0.0880.0500.132Adsorbate (average)

1 ML½ ML1 ML½ ML1 ML½ ML

CNOCleanLayer



  

Results – Co (110) Spin moment

1.6451.6531.6281.6591.6431.6601.6785

1.6611.6701.6411.6701.6591.7051.6886

1.6721.6001.7531.6311.6921.6731.6977

1.6731.7381.7541.7621.6871.6781.6948

0.8331.2861.0941.4951.6441.7071.6269

0.8201.6281.1301.5051.6531.7991.63610

0.6002.0330.6632.0151.6821.8781.86311

0.6000.6440.6590.8121.6841.8761.86612

-0.131-0.145-0.051-0.0180.2040.263Adsorbate (average)

1 ML½ ML1 ML½ ML1 ML½ ML

CNOCleanLayer



  

Results – Ni (110) Spin moment

0.5900.5980.5830.6060.5990.6080.6145

0.6030.6060.5870.6070.6070.6380.6226

0.6000.5270.5520.6120.6510.6120.6167

0.6140.5880.5520.6120.6510.6140.6148

0.3910.2260.0920.3290.6510.6050.6099

0.4140.2430.1010.3440.6750.6570.62110

0.0400.664-0.0120.6720.3870.6680.74011

0.0740.032-0.012-0.0190.3800.6660.74012

0.001-0.014-0.0040.0010.2040.208Adsorbate (average)

1 ML½ ML1 ML½ ML1 ML½ ML

CNOCleanLayer



  

Results – Reconstruction (Fe)

2.4952.4945

2.5112.4776

2.5042.5087

2.5352.5068

2.6912.4699

2.6722.47910

2.6482.95211

0.179Adsorbate (average)

½ ML½ ML½ ML

CNOCleanLayer



  

Results – Reconstruction (Co)

1.6511.6351.6785

1.6661.6501.6886

1.6451.6681.6977

1.7591.7281.6948

1.5991.7851.6269

1.6041.7851.63610

0.8141.6371.86311

-0.0070.198Adsorbate (average)

½ ML½ ML½ ML

CNOCleanLayer



  

Results – Reconstruction (Ni)

0.6010.6050.6130.6145

0.6080.6150.6250.6226

0.4570.5780.6090.6167

0.5930.6410.6810.6148

0.1510.3710.7070.6099

0.1420.3750.7050.62110

0.0150.0290.5780.74011

-0.0250.0350.167Adsorbate (average)

½ ML½ ML½ ML

CNOCleanLayer



  

Conclusions

 General trend identified concerning bonding 
nature of C, N and O on magnetic surfaces.

 Detailed look at electronic structure reveals 
complex picture:
 No states strongly localised on adsorbate 

identified near the Fermi level (so far)
 p-states heavily delocalised over a large energy 

generally speaking
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