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Abstract.  By varying techniques and parameters in wet-chemical synthesis Co-nanoparticles different crystallographic 
structures (hcp, fcc and epsilon) can be synthesized.  Co-K XANES and EXAFS spectra are very powerful tools to 
distinguish between those structures. In this study we are investigating for the first time the effect of the precursor 
molecule used for the synthesis on the electronic and geometric properties of cobalt nanoparticles. As precursors two 
organometallic cobalt complexes were used:  alkyne-bridged dicobalthexacarbonyl [(Co2(μ-HC≡CH)(CO)6] (ADH) and 
the well known dicobalt octacarbonyl [Co2(CO)8] (DCO). Both precursors were thermally decomposed under identical 
reaction conditions. Besides, effect of the precursor on the Co NPs was also investigated when two different types of 
surfactants are utilized in the reaction, oleic acid and n-trioctylphosphine. When only oleic acid was used as the 
surfactant, the XAFS analysis showed formation of fcc structure with ADH and hcp with DCO. When a combination of 
oleic acid and TOP were used, the crystal structure of CO NPs obtained is currently being analyzed.  

Keywords: Co-nanoparticles, XANES, EXAFS . 
PACS: 78.70.Dm, 78.40.–q, 61.46.Df, 81.07.–b. 

INTRODUCTION 

While the effect of surfactants, reaction conditions 
and different types of reactors has been widely 
investigated, there is no information on the effect of 
precursors on the formation of Co nanoparticles. It 
also appears that DCO is the only cobalt 
organometallic complex that has been extensively 
investigated as a precursor. Although some studies that 
used other complexes have been published, no 
comparative studies of these precursors with reference 
to DCO were reported. Therefore, we have 
investigated the decomposition of two different 
precursors, alkyne-bridged dicobalthexacarbonyl 
[(Co2(μ-HC≡CH)(CO)6] (ADH) and dicobalt 
octacarbonyl (DCO),  under identical reaction 
conditions to understand the role of different 
precursors in the formation of cobalt nanoparticles. 
The effect of the precursor on the Co NPs was also 
investigated when two different types of surfactants 
are utilized in the reaction. Two samples, DCO1 and 
ADH1, were produced using only oleic acid, and two 
more, DCO2 and ADH2, using a combination of oleic 
acid and n-trioctylphosphine.  

RESULTS AND DISCUSSION 

Figure 1 shows TEM images of the NP samples. 
Bigger particle size (6 nm) with narrower size 
distribution were obtained in ADH1 sample compared 
to DCO1. When a stronger binding ligand n-
trioctylphosphine (TOP) was used in addition to oleic 
acid, the trend in size is reversed, with the mean NP 
size of about 1.7 nm in the ADH2 sample. 

  

 

 
 

FIGURE 1.  TEM micrographs of DCO 1 and 2 (top) and 
ADH 1 and 2 (bottom) nanoparticles. 

 



Cobalt K-edge XANES and EXAFS-spectra were 
collected at the Double-Crystal Monochromator 
(DCM) beamline at the 1.3 GeV electron energy 
storage ring synchrotron radiation facility of the 
Center for Advanced Microstructures & Devices 
(CAMD) at Louisiana State University. In order to 
prevent oxidation during the sample preparation, 
samples were prepared in a nitrogen-filled glove box 
and loaded into the beamline in a sealed container with 
no exposure to air. XANES and EXAFS experiments 
were carried as described previously. 
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FIGURE 2.  XANES of Co NPs and standards. 

 

XANES spectra, Figure 2, were analyzed using the 
“fingerprint methods”, i.e. by comparing spectra with 
those of either well known compounds or with spectra 
that were calculated using the FEFF8 code. Both 
DCO1 and ADH1 spectra closely resemble that of hcp 
Co foil. However, as shown in Figure 3, theoretical fcc 
and hcp spectra are very similar which makes both  of 
these structures likely candidates. The most dramatic 
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FIGURE 3.  Calculated XANES of fcc and hcp Co phases. 
 

differences between the theoretical fcc and hcp spectra 
can be observed in the white line region. The XANES 
spectrum of the DCO1 NPs provides a better match for 
the hcp fingerprint, while the shape of the white line of 
the ADH1 spectrum shows more resemblance to the 
fcc β-Co spectrum.  
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FIGURE 4.  EXAFS spectra of Co NPs. 

 

EXAFS spectra were analyzed in r-space including 
higher coordination shells using the IFEFFIT XAFS 
analysis program.  Figures 5 and 6 show experimental 
and theoretical FT EXAFS spectra.  
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FIGURE 5.  FT EXAFS spectra of Co NPs. 
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FIGURE 6.  Calculated FT EXAFS spectra of several Co 
structures. 

 

For the first coordination shell, both hcp and fcc 
models produce excellent fits for samples DCO1 and 
ADH1. In order to obtain more detailed structural 
information fitting of higher coordination shells was 
performed over the range of 1.6-5.2 Å using both hcp 
and fcc models. In all fits the degeneracy values for all 
scattering paths in a fit were modified by the same 
factor, and one common value for Δr, as well as the 
Debye-Waller factor σ2, was used for all scattering 
paths.  This allowed preserving the distinct fingerprint   
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FIGURE 7.  Best fits of the DCO1 sample produced by fcc 
and hcp model. 
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FIGURE 8.  Best fits of the ADH1 sample produced by fcc 
and hcp model. 
 

of each phase and studying the effect of different 
models on the quality of the fit. Fitting results are 
shown in Figures 7 and 8 and summarized in Tables 1 
and 2. For ADH1 the fcc model resulted in a lower 
value of the R-factor of the fit compared to hcp model. 
Visual evaluation of the fit quality also confirms that 
using the fcc model resulted in the better fit. For the 
DCO1 sample the hcp structure resulted in much better 
fit quality parameters and from the visual inspection of 
the fits hcp model is clearly better than fcc at 
reproducing the NP spectrum. 
 

TABLE 1. HCP Fitting results:  (k range: 2.1-2.5Å-1, R 
range: 1.6-5.2Å, k-weights=1,2,3). 
hcp fit DCO1 ADH1 
dr_1 -0.014+/-0.003 -0.006 +/-0.005 
Rmult 0.002+/-0.002 0.008+/-0.004 
N1 7.2+/-0.3 4.5+/-0.3 
Nmult 0.6+/-0.02 0.37+/-0.02 
E0_1 -4.1+/-0.4 -4.2+/-0.7 
E0 -0.2+/-0.7 0.2+/-1.2 
ss1 0.0098+/-0.0004 0.0079+/-0.0006 

χ2v 58.7 57.9 

R-factor 0.0028 0.0092 
 

First coordination shell consisting of Co nearest 
neighbors produces a good fit for DCO2 in the 1.6-3.0 
Å range, Figure 9 and Table 3. In the 3.0-5.5 Å range, 
tested models failed to produce a meaningful fit. 

TABLE 2. FCC Fitting results:  (k range: 2.1-2.5Å-1, R 
range: 1.6-5.2Å, k-weights=1,2,3). 
fcc fit DCO1 ADH1 
dr_1 -0.021+/-0.004 -0.013+/-0.005 
Rmult 0.004 +/-0.003 0.009+/-0.003 
N1 7.1+/-0.3 4.4+/-0.3 
Nmult 0.6+/-0.03 0.37+/-0.02 
E0_1 -4.4+/-0.5 -4.4+/-0.7 
E0 0.2+/-0.7 0.5+/-0.9 
ss1 0.0096+/-0.0005 0.0078+/-0.0006 

χ2v 107.6 59.4 

R-factor 0.0048 0.0090 
 

For ADH2, even for the first shell a good fit can 
not be produced with only Co neighbors. Introduction 
of Co—O coordination resulted in a significant fit 
improvement, Figure 9 and Table 4.  
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FIGURE 9.  Best fit of the first coordination shell of the 
DCO2 (left) and ADH2 (right) samples. 
 

TABLE 3. Fitting results for DCO2 sample:  (k range: 
2.1-2.5Å-1, R range: 1.6-3.0 Å, k-weights=1,2,3). 

dr 0.024+/-0.009 
N 4.5+/-0.6 
E0 -2.6+/-1.2 

σ2 0.0098+/-0.0014 

R-factor 0.0052 
 

TABLE 4. Fitting results for ADH2 sample:  (k range: 
2.1-2.5Å-1, R range: 1.6-3.0 Å, k-weights=1,2,3). 

dr -0.048+/-0.015 
NCo 7.2+/-0.4 

NO 1.3+/-0.4 

E0Co -9.9+/-2.2 

E0O 7.2+/-3.5 

σ2 0.0015+/-0.0022 

R-factor 0.0055 

ACKNOWLEDGMENTS 

This work was financially supported by a grant 
from DARPA (Grant No: HR0011-04-C-0068). 

REFERENCES 

1. Y. Song, M. Hartwig, L. L. Henry, C. K. Saw, E. E. 
Doomes, V. Palshin, C. S. S. R. Kumar, Chem. Mater. 
18, 2817 (2006).  

2. J. Hormes, H. Modrow, H. Bonnemann, C. S. S. R. 
Kumar, J. Appl. Phys. 10, 97 (2005). 



<<
  /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 /Warning
  /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 true
  /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 300
  /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 (None)
  /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


