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Notes

Explanation on the basis of quantum mechanics, Energy levels

In heavy atoms, the binding energy of the K or L shell electrons is of order of a few
keV. Hence in order to remove an electron from the K or L shell, the incident
particles, photons or electrons must have sufficiently high energy of the order of a
few keV, so that the K or L shell electron is removed to continuum. The requirement
that the K shell electron be removed to continuum is because all other higher levels
L, M, N etc ., are filled in the case of electrons in heavy atoms. Also for the ionization
to occur, the incident particle, i.e., the photon or the electron must come
sufficiently close to the K shell electron so that it is removed from the atom. The
probability that K shell electron is removed is much higher than the probability that a
L shell shell electron is removed. Also the probability that a L shell electron is
removed is much higher than the probability that a M shell shell electron is removed
and so on. The reason for this is as follows.

The K shell electrons are found in a small volume and are more likely to encounter the
incident particle than the L shell or M shell electrons which are spread over a larger
volume.

Let the binding energy of the K shell electron be Ex and of those in the L,M, N shells



be Ei, Em, En respectively. Suppose that we supply energy Ex to a K electron so that it

is removed, then the atom has an excess energy Ex. hence an electron from the L

shell may jump to occupy the vacancy in the K shell. Now, the K shell electron is
more tightly bound to the nucleus than the L shell electron, and hence the excess
energy is given out in the form of a photon of energy hvy

suchthat  hvg =Ek—EL

VELART TTTRQT TTTTT T TRy TR e ¢
F,
“»

anl K. ] \
|
i‘.
a2 L E
Ly L]
Ly kr
Ly| b Ks ’
A= M [
[ fu.
My
asd N N'
)
Ne
aes 08 +4 \\( E
n=6 P I A

X-ray energy bevel diagram (Schematic)
Above figure shows the schematic X-ray energy level diagram in the case of an element of
high atomic number. The vacancy in the K shell may be filled by the M,N or O electron, and
this gives rise to the K series which consists of the following transitions:
hvg, = Ex—EL
hVKB =Ex—Em
hvg, = Ex—En
Similarly if the electron from the L shell is knocked off by the incident photon or electron,
the vacancy created in the L shell may be filled by the M,N or O electron giving rise to the
series which consists of the following transitions:
hv,, =EL—Em
thB =E - En
hvy, =EL—Eo
As the binding energies of the electrons in the K,L,M shells are of the order of a few keV, the
characteristic X-ray transitions have energies of the order of few keV. Transitions of

electrons from one state to another must obey the following selection rules:



Al=+%1, 4j=0,%+1

There is no restriction placed on the change in the value of the principal quantum number n.

The transitions with An = 0 are very week and rare, and hence not observed. (These

transitions arise as L and M have subshells.)

characteristic X-ray lines
For every filled shell and a subshell, the resultant from a closed subshell, the allowed
values of the orbital, spin and total angular momenta for the remaining electrons in
the subshell will be the same as those for the mission electron which would
complete the subshell. Hence n,l and j for a subshell with one electron missing are
the same as for the electron which would complete the subshell. Thus if an electron

is missing from the K shell, then the n, | and j values will be n=1, 1=0 and

)=3

For the Lshell, n=2, I=1,0and j = ( . For the M shell, n=3, 1=2,1,0 and
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transition of electrons from L shell to K shell, five lines associated with transitions
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from M shell to K shell and so on. But a detailed study of X-ray spectra shows that
there are only two lines corresponding to L to K transitions and M to K transitions.

The reason for this are the selection rules which are to be satisfied. These are

Al =+1and Aj =0, 1. It is found that the transitions for which An = 0, rarely occur,
which is quite common in optical spectroscopy. The selection rules for | and j arise
naturally as a result of the quantum mechanical calculation of the probability of an

electric dipole transition between the states considered.

Except for the prominent transitions, any other transition is specified by giving the
initial and the final atomic level. The general rule, however, is as follows: First series
is specified, depending on the value of n, e.g. ., K.L, M, etc. The most prominent
transition (hence the strongest line) that is observed even with an instrument of low
resolving power is called a, the next strongest B and so on. When observed with an
instrument of high resolving power, it is found that a line is generally doublet. Here

the more intense line is called a1 and the weaker line is called as..



In the L series B1 line is the next strongest line. The other weaker lines in this series
are called B2, Bs,...... etc. The same procedure is used to designate Y lines. For the
lines which are less prominent, the method of numbering is not unique as a
numbering system which seems logical for one element appears totally chaotic for

an element with a different atomic number.

When an electron froma Liylevel (n=2,1=1andj = % ) jJumps to fill the vacancy in the K
shell, K line results. K. line results due to the transitiona Ly level (n=2,1=1andj = %)
to the K shell. The number of electrons in Ly is four ( 2j+1 =2 x % +1)andin Ly, itis two (

2j+1=2X % +1). Hence the Kq line should be twice as intense as the K. line. This has been
observed experimentally. Also the Kg; line arising from the transition from a MlIl level (n =
3,1=1,j= %) is twice as intense a the Kg line which arises from the transition from a Ml
level to the K shell. Here again the ratio of the values of ( 2j +1) is 4:2 But as seen earlier,
this kind of simple proportionality exists only for the intensities of two lines with almost the
same frequency. Thus K1 is much intense than Kg. even though both have 2j+1 equal to four.

This is because the probability that an L electron will fill a K vacancy is much greater than

that of an M electron filling it.



