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ABSTRACT 

The origin of 2p3/2 satellites of Nickel dihalides have been explained using plasmon 
theory with new approach by considering relative contribution of extrinsic and 
intrinsic effects. The present calculated values for the energy separation and relative 
intensity agree well with the experimentally observed values. Our calculation shows 
that satellites are due to surface plasmon excitation. We have also reviewed the 
existing calculations and experimental measurements. 
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1. Introduction 

      The phenomenon of surface plasmon has been known for a long time. The 
underlying principles and theories are well understood and a number of publications 
can be found which discuss their properties in detail. The concept of surface 
plasmon was first introduced by Ritchie [1] shortly after the discovery of bulk 
plasmon. In 1957, Ritchie published a series of papers on electron energy losses in 
thin films, in which he described that plasmon can also exist near the surface of 
metals and thus Ritchie represented first theoretical description of the surface 
plasmon. Gabor [2] attempted to develop the theory to describe the energy loss 
characteristics of electrons passing through finite metal crystals. As Ritchie [1] 
pointed out, Gabor mistakenly assumed electric field is always zero at the surface of 
the crystal, which led to unrealistic results. Rithcie [1] corrected this and applied 
more realistic boundary conditions to calculate the electron interactions in extremely 
thin films. His work resulted in the prediction of surface plasmons and consequently 
pioneered a whole new field of interest in surface physics. However, in Maxwell’s 
theory it has been already shown that electromagnetic surface waves can also 
propagate along a metal surface or a metal film with a broad spectrum of eigen 
frequencies. Using this idea Ritchie [1] theoretically proved that surface plasmon 
simply arise as purely 2D solutions of Maxwell’s equations that propagate as 
transverse magnetic wave along the metallo- dielectric interface and hence, 
calculated surface plasmon energy as-  

                                             ћωs= ћωp/√2                             (1) 
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where ωp = bulk plasmon frequency. This equation is valid for free electron model, 
but to a fairly good approximation. It can also be used for semiconductors and 
insulators. Ritchie’s [1] prediction of surface plasmon was confirmed in a series of 
experiments carried out by Powell and Swan [3] who demonstrated the existence of 
collective electronic oscillations at the surface of Mg and Al. Shortly after, Stern and 
Ferrell [4] pointed out that surface electromagnetic waves at a metallic surface 
involve electromagnetic radiation coupled to the surface plasmons. They showed 
that surface plasma frequency not only depend upon bulk plasmon frequency, but 
also depends upon dielectric constant of second medium (ε2) adjacent to the metal. 
This is due to fact that a part of restoring field of surface plasma oscillation also 
extends beyond the metallic boundary. Thus the surface plasmon frequency is given 
by equation- 

                                                ωs= ωp/√ (1+ε2)                                                       (2)                                                 

For a complete clear metal surface in a vacuum  ε2=1, and so above equation reduces 
to Ritchei equation. Since then there has been significant advancement in both 
theoretical and experimental investigations of collective modes in the vacuum solid 
interface. The renewed interest of surface plasmon has come from x-ray satellite 
spectra in transition metal halides. In a particular case, the collective excitation of 
electrons in the bulk of transition metal halides has been extensively discussed, 
while the surface plasmon excitation has been less frequently studied. In this paper 
we focus exclusively on surface plasmon excitation in Nickel halides.  

2. Energy separation calculation 

X-Ray photoemission spectra of core levels in many transition metal compounds 
show intense satellites occurring on high energy binding energy side of main line [9-
11]. Such satellites have been observed in gas phase molecules as well as in solids. 
During the photoemission process the solid absorbs a photon and emits an electron 
form core level. The outgoing electron may suffer energy loss processes including 
before escaping out of the material. Thus, in core level energy loss spectrum of a 
metal or compound shows a zero loss peak centered at energy E0 and satellite peaks 
centered at E0-ћωp, E0-2ћωp, E0-3ћωp etc. where ћωp is plasmon energy.  

In a core level electron energy loss spectrum both bulk and surface plasmon 
losses are observed. The excitation of surface plasmon is well known in oxides of 
transition metal compounds [12-13]. Since halogens are very nearer to oxygen in the 
periodic table and more electronegative than it, hence the possibility of surface 
plasmon excitation in halogens can not be ignored.  In the present work 2p3/2 
satellites of Nickel dihalides are examined for the excitation of surface plasmon by 
calculating their energy separation and relative intensity. Satellites of these 
compounds are earlier observed by J. Zaanen et.al. [14] experimentally and they 
explained their origin using charge transfer model. Later, Kozo Okada et. al. [15] 
has also reanalyzed these satellites using cluster model approach making some 
modifications in the previous model but discrepancy in explaining the relative 
intensity of these satellites could not be removed. In order to remove this 
discrepancy and to calculate the relative intensity we have applied plasmon theory 
but, applying some modified terms which prove superiority over old plasmon 
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method [12-13, 16]. First we calculated the energy separation of satellites from main 
line using formula given by Marton [17]  as-  

                                     ħωp = 28.8 (Z'σ/W)1/2                                                         (3) 

where Z' = effective number of electrons taking part in plasma oscillation, σ = 
specific gravity of compounds, W = molecular weight of compounds. This equation 
is valid for free electron model, but to a fairly good approximation, it can also be 
used for semiconductors and insulators. Since at the surface a more localized 
oscillation can occur with frequency ωs and also depending upon conditions and the 
energy of corresponding peak, surface plasmon may also be seen. The surface 
plasmon energy is calculated using equation (1) given by Ritchei [1]. The present 
calculated values of surface plasmon energy in table-1 are in better agreement with 
experimentally observed [14]   values. 

3. Relative intensity calculation 
 From energy separation alone, the satellites can be regarded as being due to 
excitation of surface plasmon but in order to further confirm the involvement of 
surface plasmon, we also calculated the relative intensity (Is/Im) of these satellites 
using plasmon theory in new light. There are two types of plasmon excitation– 
intrinsic and extrinsic [19]. A sudden change in potential due to creation of core hole 
results intrinsic plasmon excitation (slow electron process). On the other hand, 
extrinsic plasmon excitation results from Coulomb interaction of the conduction 
electrons with the photoelectron traversing through the solid from the photoemission 
site to the surface (fast electron process). Besides this an interference effect can also 
be visualized as the interaction between the localized photo-hole (intrinsic) and the 
out going photoelectron (extrinsic) in which the virtual plasmon created by one is 
absorbed by the other. It has been observed that the contributions of both intrinsic 
and extrinsic plasmon excitations in photoelectron spectrum overlap one another, so 
that they are not readily separable experimentally. Also the question whether the 
photoemission satellites spectra seen are intrinsic or extrinsic in nature has aroused 
much controversy. Thus in order to analyze the spectrum a more detailed qualitative 
analysis is needed. Now in the present paper we have made new attempt to tackle 
this longstanding problem by incorporating both the processes i.e. the relative 
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We have calculated relative intensity in both the cases with new modification in the 
light of Bradshaw [20] and Lengreth [21] work, which explains that not only 
intrinsic process but extrinsic process and their relative contributions [22-23] may 
also contribute in relative intensities and applied Hartee– Fock model to calculate 
the relative intensity of satellites using formula with improved parameter as 
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where β=0.12rs which is purely intrinsic, rs= (47.11/ ħωs)2/3 is dimensionless 
parameter[24-25] and α =0.47rs

1/2 in the place of α= (1+ l/L) -1 used  by Pardee [26]. 
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This equation (4) contains a series of terms, which include both extrinsic and 
intrinsic excitation contributions [18-20] along with their relative coupling terms. 
The first term is purely extrinsic, while second term is purely intrinsic. The other 
terms are containing the relative contributions of both extrinsic and intrinsic. The 
specialty of this formula is that each term alone or simultaneously [27-29] with other 
terms is able to give the relative intensity. It is the type of excitation, which decides 
which and how many terms will be used. Equation (4) also includes both the 
categories mentioned by Bradshaw [20] and gives better results as compared to that 
and than traditional methods for calculation of the relative intensity. Earlier workers 
[12-13, 16, 27] have successfully explained many satellites up to certain extent by 
using various terms of same formula alone. But, using various terms or their 
combination of this equation (4) we are able to calculate not only the relative 
intensity of existing satellites, but also it is possible to predict those satellites which 
are yet to be discovered. It is also the beauty of the method that the relative intensity 
of higher order satellites can easily be calculated without going in much 
mathematical details. It is also possible to separate the relative contributions of 
extrinsic and intrinsic excitations in total intensity. No method is present in the 
literature which can give the strength of much higher satellites and can separate 
these contributions with such accuracy.    

Table-1: Energy separation of Nickel Compounds (eV) 
 
 Compounds   Z'          σ                 W                Present work      Experimental 
                                                                                                                                           ћωs                            [14] 

 

NiF2       2  4.72       96.71   6.4          5.5         
NiCl2    3  3.55      129.62   5.8          5.5 
NiBr2    3  5.10     218.53   5.4          5.0 
NiI2    3  5.22      312.5   4.6          4.4 

 
Table-2: Relative intensity Nickel compounds 
 
     

                    Relative intensity 
        

Compounds  rs  α  Intensity           Present work         Experimental       
       assignment                                           [14] 

 

   NiF2    3.79  0.92 β−0.1        0.36           0.33 
   NiCl2   4.02  0.94 β         0.48              0.51 
   NiBr2    4.24  0.97 β         0.51             0.48 
   NiI2  4.24          1.02 β2/2α+β3/6α2       0.20           0.29 
 

4. Conclusion 
 The energy separation of 2p3/2 satellites from main line of Nickel dihalides observed 
by J.Zaanen et.al. [14] are found to be in excellent agreement with our calculated 
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values. Now for the calculation of relative intensity compounds are treated 
microscopically [30-32]. When treated in this way, the satellites of different 
compounds slightly differ in assignment from one another in natural way as types of 
halides differ. The calculated values of relative intensity from the present theory also 
agree well with the observed values [14]. Hence the 2p3/2 satellites of Nickel 
dihalides are due to surface plasmon excitation and new formulation approach is 
also verified. 
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