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LEED Images 

Low energy electron diffraction images are presented as a function of coverage and sample annealing 
temperature. All images were taken with a primary beam energy of 61 eV. 
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Figure S 1: LEED patterns as a function of Zn coverage and annealing. 

 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2014



Details of SRPES fitting procedure 

After subtracting a linear background corresponding to the low-BE profile, all SRPES data were fitted with a 
superposition of Doniach-Šunjić (DS) lineshapes,1 an analytical function that takes into account screening by 
conduction electrons and their interaction with the photoelectron during its escape from the metal. It follows 
the form: 

𝑌(𝐸) =  cos �𝜋𝛼
2

+ (1 − 𝛼) tan−1 �𝐸
𝛾
�� (𝐸2 + 𝛾2)−

(1−𝛼)
2 , 

where E is the energy relative to the peak maximum (at E=0 in this form), γ is a Lorentzian-like lifetime 
broadening, and α is an asymmetry parameter that describes the shake-up processes due to the effect of the 
conduction band. To account for the effects of instrumental and inhomogenous broadening, each of the DS 
profiles was convoluted with a Gaussian of width Γ. 
 
Thus, each of the fitted components is described by five parameters: its binding energy (EB), its intensity (I), 
and the Lorentzian, asymmetry, and Gaussian (γ, α, Γ) parameters for the lineshape. To reduce the parameter 
space, it is assumed that the latter three components are identical for each synthetic peak within a single 

spectrum. Moreover, for the Pd 3d 
lineshape it is assumed that these 
parameters are intrinsic and do not vary 
over the entire course of the experiment, 
once fixed by a rational fitting 
procedure for data obtained from the 
clean surface. 
 
The clean surface was fit with three 
separate components. The detailed fits, 
including the lineshape parameters and 
χ2 values, are shown in Figure S 2. In 
these particular fits, all parameters are 
allowed to vary freely in order to 
minimize the least-squares difference by 
the Levenberg-Marquardt algorithm. 
However, while the γ, α, and Γ 
parameters are all free to vary, they are 
shared between all of the separate 
components in each fit. 
 
While it is clear from both the shape of 
the residual curve and the χ2 values that 
the fitting is improved by going from a 
single component to two components, it 
is worth noting that the χ2 value is not 
improved when going from a two-
component fit to a three-component fit. 
However, it is well known that the core 
level spectrum of Pd(111) comprises 
two small surface core-level shifted 
(SCLS) contributions, from the surface 
(at lower binding energy) and the 2nd Figure 1:  Figure S 2: Peak-fitting steps for the (clean) Pd 3d5/2 core level spectrum. 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2014



layer (at higher binding energy), in addition to the dominant peak from the bulk states.2 With the three-
component fit we find SCLSs of -273 meV (surface) and +530 meV (2nd layer), as well as a bulk peak 
binding energy of -334.94 eV, all in excellent agreement with the previous study. We have therefore chosen 
to take the lineshape parameters derived from the three-component fit to treat all of the Pd 3d spectra. 
 
The procedure described above is virtually identical for the fitting of the Zn 3d core level. However, there are 
a few key differences. The spin-orbit splitting in Zn 3d is not sufficient to treat only the 3d5/2 peak in the 
analysis, and hence each spectrum is fit with a series of DS doublets. As with the Pd 3d data, the doublets all 
comprise identical γ, α, and Γ parameters, but additionally comprise two additional parameters for the spin-
orbit splitting (∆SO) and the branching ratio (β). Because of the low binding energy of the Zn 3d core level 
(≈9 eV) and its susceptibility to influence by the local crystal field,3 we find a larger variability in these 
lineshape parameters when fitting the doublets, as described in the MS text. The data were considered to be 
well fit when the χ2 value was not reduced by the addition of any new identically-shaped doublets. The fits 
were improved by iteratively fitting the dataset, allowing parameters to vary in turn, until the χ2 values for all 
spectra were below an acceptable threshold. To ensure self-consistency of the dataset, the iteration was 
finalized when the parameters α, β, γ and the SLCSs were identical across all fitted spectra. 
 

 

1. Doniach, S. and Šunjiić, M., Many-electron singularity in X-ray photoemission and X-ray line spectra 
from metals, Journal of Physics C: Solid State Physics, 3, 285, (1970). 

2. Gladys, M. J., et al., Chemical composition and reactivity of water on clean and oxygen-covered Pd{111}, 
Surf. Sci., 602, 3540-3549, (2008). 

3. Ley, L., et al., Crystal-field effects on the apparent spin-orbit splitting of core and valence levels observed 
by x-ray photoemission, Phys. Rev. B, 10, 4881-4888, (1974). 

 

 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2014



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


