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TiC and NbC 

The soft x-ray emission spectra of several of the refractory 

metal carbides and related compounds have been studied extensively 

[21-26) and have received a wide variety of explanations and inter-

pretations. The intent of the pres ent section is to demonstrate 

that an approximate calculation of the lineshapes based on self-

consistent AP~l energy-band calculations for these materials can 

yield unnorma lized curves in good agreement with the experimen-

tally observed spectra. 

The calculation involves several fundamental approximations 

which are relatively commonly used [21-28] but warrant further 

investigation: (1) The localized nature of the initial state 

is ignored. It is assumed that the ene rgy dependence of the 

transition matrix element should be well approximated by that 

matrix clement calculated between the crystalline core and 

va lence- band wave func tions. (2) The dis tortion of the valence 

wave functions, and the resulting energy shifts, \~hich are caused 

by the absence of a core electron in the initial state, are 

ignored. It is assumed that the effect on the matrix clements 

will be small and that, although the effect on the total energy 

is significant, the effect on energy differences .between transi-

tions from different parts of the valence band is negligible . . 

(3) The variation of the vector potential ~ over the dimensions 
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of the core wave function is ignored in order to reduce the 

calculation of (Z;!:.) to the calculation of (t). This approxima­

tion is equivalent to ignoring the atomic form factors for these 

x-ray transitions and should certainly be adequate for the COm­

putation of the desired lineshape estimates. 

With these approximations, the matrix element f A b o £:~ etween 

the initial and final states 1s reduced to th i I f e matr X e ement a ~ 

between the one- e lectron core wave function and the valence wave 

function for a state at the desired initial energy. 
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The expan-

for an APW eigenfunction [2,4] of band j and wave vector k then 

allows the usual atomic selection rules to be utilized to reduce 

the sununations over 1, and m. ( I h . m n t e expanslon, Y1, is a spheri-

cal harmonic, R1, a radial function.) Examination of the radial 

functions R
t 

for the materials of interest shows that their 

energy dependence, over the range of valence-band energies, is 

negligible. Furthermore, for these materials, a single value 

of t do:ninates for each x-ray transition. The fractional varia-

tion in the frequency of x-rays emitted by valence electrons, as 

they drop into a given core level, is also negligi ble. Thus. 

the energy dependence of the x-ray intensity density is well 
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