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ABSTRACT.

In an ionic crystal the work necessary to remove an ion from the interior of the crystal to a point outside
it is less than the lattice energy by an amount jed, where ¢ is the potential set up at the vacant lattice point.
This has been calculated by Mott and Littleton. The present paper deals with a method of calculating this
amount of work from date on KB spectrum of the ion concerned. This has been calculated in case of KCI
and NaCl crystals and the results compared with those of Mott and Littleton. The difficulties and limitations
have also been discussed.

In any compound built up of atoms or ions, the removal of an ion or an atom from the
interior of the crystal requires the expenditure of some amount of work. In solids which are
composed of molecules bound together by Van der Waal forces, this work amounts to 2W,

where W, is the lattice energy. This is not the case for the removal of an ion from polar

crystals. When an ion is removed from such a crystal the medium surrounding the vacant
lattice point will find itself in an electric field. It, therefore, becomes polarised and the polarisa-
tion of the surrounding medium will set up at the vacant lattice point an electrostatic potential
which we denote by ¢. Thus the work necessary to remove an ion W, [vide Mott and Gurney

(1940)] which is referred to as activation energy will be, instead of W,
1
WH = WL_ é 6¢.

Jost (1933) for the first time calculated the value of ¢ for the alkali halides and made a
rough estimate of W . The detailed method of calculating the potential has been given by

Mott and Littleton (1938). They performed the calculation separately for the two cases:

I. When all the ions of the crystal are held at rest in their mean positions.
2. When the ions are allowed to move into their new positions of equilibrium.

The activation energy is intimately connected with the problems of lattice defects, and
its value is useful in the determination of distribution of lattice holes and defects. The present
paper deals with a method of calculating the activation energy of the negative ions of the alkali
halides from experiments on the KB spectra of the elements concerned. No direct determina-
tion of W, has been as yet reported to my knowledge.

In the modern theory of solids, which Ewing and Seitz (1936), Mott and Gurney (1940),
Shockley (1936), and others have been developing of late (Zone theory of solids), a crystal is looked
upon as a large molecule in which each valence electron is in a definite energy state just as are the
electrons in an isolated atom ; all the valency electrons are free to wander through the lattice.
The probability of finding the electron at a given point of the lattice depends on the configura-
tion of the potential field, and has ‘the periodicity of the field. According to this theory the
valence electron levels are grouped into zones or sets of N levels, N being the number of unit
cells in the crystal block, separated by regions of energy in which no allowed levels exist; in
a zone, levels are so dense that for all practical purposes they are continuous. The difference in
density, distribution and population of these levels accounts for the observed differences in
the electronic properties of different solids.

The zone structure of the monovalent halides (NaCl, etc.) has been quantitatively studied
by Ewing and Seitz (1936) and Shockley (1936). The result is shown diagrammatically in Fig. 1.
The levels of the positive ions are sent upwards by the influence of the surrounding ions while
those of the negative ions are brought downward because of the fields of the surrounding positive
ions. The lowest level is, therefore, due to the overlapping of the levels S~ and P~ (S and P
levels of the negative ion) which can accommodate just eight electrons and the crystal is a
non-conductor.

KB spectrum of Na or Cl in a NaCl crystal, therefore, arises due to the transition of an electron

from the common level (ST and P7) into the inner K shell of Na or Cl respectively, which is
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assumed to have retained its atomic character in NaCl crystal. KB spectrum, therefore, gives us
the difference in energy between the K levels of Cl and its valency zone. Evidently the energy
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() of the electrons lying in the uppermost region of this level can be obtained by subtracting
the energy of the Cl KB from the energy of the Cl K level in NaCl crystal. The activation
energy of Cl jon of the erystal can be calculated from this . This has been tried in the case
of NaCl and KCl erystal. Now, the K absorption edge of Cl in NaCl cannot be taken as the
energy value of the K shell, for absorption in this case is due to transfer of the K electron to
the first available zone of the crystal lattice and difference of opinion may arise as to the validity
of taking this to be identical to removing the electron to infinity.

In order to determine the energy of the Cl K level in the chlorides use is made of Pauling’s
theory on the effect of chemical combination on X-ray absorption edge and photoelectric
thresholds. According to Pauling (1929), if the energy required to remove an electron from
a free ion is hyy, then the energy required to remove the same when the ion is in the crystal
lattice is hv = hvy4 W —E,, where W is the increase in the binding energy of an electron due
to the external screening effect of the surrounding ions and is approximately equal to the lattice
energy, E. is the electron affinity of the crystal and is proportional to the magnetic susceptibility
of the crystal.

If K represents the K-absorption edge of Cl in the gaseous state, K .+ W —E, may be
taken as the energy of the K shell of Cl ion in chloride crystals. The corresponding values
are given in Table 1.

TasLE 1.

K of Cl in gaseous state

Calculated
Substance W—E, K-edge of Cl
Wavelength In volts
in X.U.

NaCl .. .. .. 4381-6 2817-07 33 2820-37
KCl1 .. .. .. 43816 2817-07 2:8 2819-87

The value of Cl KB in NaCl crystals also presents certain difficulties. This spectrum lies
in the soft X-ray region where reliable data are as yet badly lacking. The spectrum also presents
a band shape with structures as it should be, for it represents the energy spectrum of the valency
electrons in the crystal. It is, however, the short wavelength limit of the band which is
necessary for the evaluation of . Unfortunately this limit has not yet been measured with
sufficient accuracy. Dasgupta (results to be published shortly) has recently photographed
these spectra. He has measured three peaks; the shortest peak wavelength as measured by him
has been chosen for want of anything better for the present purpose. Cl KB and the corre-
sponding ¢ values are given in Table II. i/h should be approximately the low frequency limit
of photoelectric emission from the crystal surface.
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¢ can be related to W, with the help of the following cycle:—
1. Remove a negative ion from the crystal, the work necessary being W .

2. Remove an electron from the halogen jon forming a halogen atom; work done is
E, the electron affinity of the ion.

3. Replace the halogen atom to its original position, the necessary work may be assumed
to be zero.

Adding up these energies, = W, +E.
The corresponding values calculated for NaCl and KCl are given in Table II.

TasLe 1I.
Wy Wy
Ko KB ¢ =Ko —KB B Wy (obsd.) | (calculated)| caleulated
(2) (1)
KCl 2819-87 2810-97 89 375 5-15 479 574
NaCl 2820-37 2811-61 876 3:75 5-01 5-1 6-42

The value of W, so determined, agrees well within experimental error with those calculated

by Mott and Littleton in the second case, 7.e. in the case when the neighbouring ions are aliowed
to move to their new positions of equilibrium. A better agreement is expected when accurate
data of KB spectra in this region are available.

If we accept the agreement of the experimental value of W, with that in the second case

of Mott and Littleton as a settled fact, this leads to an important conclusion. An act of
absorption of some radiation by an electron takes place within an interval of 10-16 sec. whereas
for emission a period of the order of 10-12 sec. is necessary ; this period is of the same order
-ag the period of atomic vibration in crystal. So, there is a finite probability that rearrangement
of ions will occur before an emission process takes place. Qur results in these cases point to
this assumption.

My thanks are due to late Prof. B. B. Ray, D.Sc., Calcutta University, for his interest
in the work and many helpful discussions.
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