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IN the formation of a chemical compound there is 
always a rearrangement of the electron energy spec
trum of the elements that enter into the composition. 
These changes are accurately determined from the 
fine structure of the x-ray emission and absorption 
spectra. 

In the case of superconducting compounds of non
superconducting elements, according to the pres
ently developing concepts, 1 the fine structures of 
the x-ray spectra of the metals will change so as 
to come closer to the fine structures of the spectra 
of a superconducting metal, whose position in the 
periodic table is close to that of the metal under 
consideration (in the same period). 

We report in the present paper the results of an 
investigation of the fine structure of x-ray absorp
tion and emission K spectra of sulfur and copper 
in the pure elements and in the compound CuS. 
These results confirm the foregoing point of view. 
Sulfur and copper are nonsuperconducting elements, 
while CuS is a superconductor with a transition 
temperature 1.62° K. The CuS lattice is of space 
group D~h (reference 2 ) . 

The investigations were carried out in an x-ray 
vacuum spectrograph with bent quartz crystal ( ra
dius of curvature 500 mm, Kapitza-Johann focusing). 
Photographic registration was used. The sulfur 
spectra were obtained in reflection from the (lOll) 
plane, those of copper from the ( 1340) plane. The 
accuracy of measurement of the position of the sul
fur edge was 0.4 xE, that of copper - 0.15 xE, and 
that of the positions of the maxima of the emission 
lines of sulfur was 0.2 xE. The emission K spec
trum of sulfur was studied by a secondary method. 

The diagram shows the average microphotograms 
of the resultant spectra; the curves are arranged in 
such a way that the inflection points of the long-wave 
portion of the S and Cu edges coincide in the CuS. 
This point, accurate to the width of the initial state, 
determines the position of the Fermi surface of the 
energy spectrum of the compound. All the curves 
that represent the fine structures of the spectra are 
arranged about this point in equal energy scale. 

The experimental results obtained allow us to 
note the following ( see table ) : 

1. The sulfur spectrum in CuS does not have a 
discontinuity between the center of the short-wave 
branch of the last emission line and the point of in
flection of the long-wave portion of the edge. This 
corresponds to a metallic character of the conduc
tivity of the CuS compound. 

2. In the absorption spectrum of the sulfur in 
CuS a maximum, which is new compared with the 
spectrum of pure sulfur, appears for the absorp
tion coefficient in the long wave portion of the edge 
abc (see diagram). 

3. The intensity ratio J f3x I J 131 of the sulfur 
spectrum in the CuS is reduced to one half the value 
in the pure sulfur spectrum. 

4. The absorption edge of copper in CuS has lost 
completely the fine structure that is characteristic 
of the edge of pure copper. The form of the edge 
exhibits great similarity with the K edge of Zn or 
Ga. 

5. There is a similarity in the form of the Cu 
and S edges in CuS (the maxima of the absorption 
coefficients A and A' or B and B' are located at 
approximately equal distances from the point F; 
the regions def and d'e'f' have the same 

Wavelengths of different elements of the fine structure 

I In the pure element I In the compound I Shift Fine-structure element 
xE I ev :xE I ev !1/.., ev 

Start of sulfur absorPtion edge :i0f:8.0 2470.1 !l012.4 2467.\l -2.2 
Maximum of K,B 1 sulfur line 5019.8 24(il,. 3 .'\021.() 2463 .I! -0.9 
Maximum of K,Bx sulfur line 5013.7 2.4G7.3 5013 J, 24(i7. 4 -0.1 
Start of copper absorption edge 1377.94 6515.1 1377.55 G5Hi .!J +1.8 
Maximum of K,B5 copper line 1378,22 ()~,12. 8 1378.20 (i:i13. !J -J-1.1 
Maximum of K,B 1 copper line 1:389.G5 (i/;05. 7 138\1.2G I (iH04.3 +:Ui 
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J PI;O 

a 

J P/f 

b 

J 11'/;J 

c 

lilll9,8 J0/3.7 JOOB 

Dependence of the emission-line intensity J and of the 
coefficient of mass absorption p./ p on the wavelength: 
a- spectra of Cu: curve 1- copper metal, curve 2- copper in 
CuS; b- spectra of sulfur in CuS; c- spectra of pure sulfur. 
The emission lines are shown shaded. The energy scale is 
0.86 ev per division, corresponding to 0.13 xE in the region of 
wavelengths of the copper edge and to 1. 7 4 xE in the region 
of wavelengths of the sulfur edge. 

curvature relative to the abscissa axis). 
6. An investigation of the K,B1 line of copper by 

the ionization method has shown that the spectrum 
of metallic copper has a satellite K,B', which is 
absent from the spectrum of copper in CuS, or 
from the spectrum of Zn. 

The following is a possible interpretation of the 
results obtained: the electron configuration of cop
per (free atoms) is 3s23p4• The shortest emis
sion lines of sulfur, K,B1 and K,Bx, are due to 
transitions of electrons from the filled portion 3p 
of the band to the 1s level. The reduction in the 
intensity of the K,Bx line of the S spectrum in 
CuS and the appearance of an additional long-wave 
structure in the absorption spectrum are evidence 
that in the CuS compound a portion of the 3p elec
trons of the sulfur has gone over to a different state, 
making it possible to excite electrons in previously
occupied states. The absorption spectrum of cop
per in the compound has changed in a way as to 
approach the zinc spectrum. It follows from this 
that on the average one sulfur electron has gone 

from the 3p state to the 4s state of copper. Ac
tually this electron belongs to the conduction band 
of the entire compound, with metallic properties, 
the same as the "proper" 4s electron of copper, 
given up by each copper atom to the conduction 
band. The structure of the ionic residue of copper 
is 3d10 • The absence of a satellite K,B' in the 
spectrum of copper in CuS is an additional argu
ment in favor of the above. 

In light of these facts, it becomes necessary to 
revise the structure of covellin,3 which is consid
ered an ionic type compound. X-ray-spectral data 
indicate that CuS is a compound of the intermetal
lic type, in which the atoms of both components 
give up electrons to the conduction band. This 
agrees with the physical properties of CuS -
metallic character of conductivity and diamagnet
ism. 
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WE investigated the angular distributions of a 
particles that result from the decay of c12 ' induced 
by fast protons with energies 22 ± 1 and 29 ± 1 Mev. 
The decay of the C12 nuclei was observed in the 
form of five-pronged stars (three a particles and 
the incident and scattered protons), formed in nu
clear photoem\J.lsions Ya2 and D-NIKFI, bombarded 
by protons in the proton synchrotron of the Research 
Institute for Nuclear Physics of the Moscow State 


