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The crystals of silver and thallous halides have atiracted the attention of numer-
ous mvestigations (Mayer 1933, Lynch 1967, Bettger & Geddes 1967, Jai Shanker
1973) bocause of their complicated nature of the chemical honding between the
ions. The present of d-clectrons in Agh and TI¥ jons causes the deviations {from
1he purely ionic bonding. The evaluation of polarizabilities in silvor and thallous
halides 15 useful for wnderstanding the dicloctric behaviour of these crysials.
In the present study we evaluate the electronic polarizatbilitics and sizes of ions
in those crystals by taking into account the cffect of Madelung potential as
suggosted by Ruffa (1968) and the polarizability-radius cube relation (Jai Shanker
el al 1973). The method of calculation will not be discussed in dotail here as it
has already beon presentod in an earlior paper (Jai Shanker & Verma 1975).
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The crystalline state polarizability (ac) of an 1on is related to its free siato valuo
(o) by the expression

By o\
- = (Ef_VM) T

where fiy 15 the enorgy parwmetor corresponding to free stale introducod by
Rufta and V7 is the Madolung potential existing at the 1on site. It xhould,
ol course, be remembered that Fpy s not the only contributing potential and
for the completencess of the lotmalism ope should also account for other nderact -
ing terms bke short vange repulsive potentials  Howevor, st 1s apparend. from
the work of Mayer (1933) that the magmitude of repulsive potentaal 1s much smaller
than that of V5 Therefore. assuming 1737 to be a dommant contnbution to
the crystal polential we obtain approxmate values of (&) {or cations {rom eq.
(1) taking o from Paulmg (1927) The values of o thus obtained (table 1),
for Agr and T wns in their halides, are utilised 1o calculato the sizes (re) of
these sons cor esponding to erystalline state using the polarizability-radius cube
(o =) relation (Jai Shanker ef @l 1973)  Accordmg 1 o-- relation one can
wule

Xe — e’ (.))
—a] e e (2

The values of (xgfar) are dueetly dedueible from eq (1) The ione radu
determined by Pauling (1960) are fiee state radin for the reasons discussed by
Tos1 (1964). 1t 15 also evident from an analysis of the electronie charge distiibu-
tions corresponding 1o free ion wave lunctions recently performed by Deb &
Glosh (1975) that Panling’s radii are nearly equal {o those m free state. Thus
using the values of 7; fiom Paulmg and (ae/or) from eq. (1) we have calenladed
re from ey. (2) for Ag' and TI+ jons in thew halides

The erystallme state polarizabilities of anions, however, cannol, be estimated
from eq. (1). Thix s duc to the fact that for anions the situation 1s somew-hat,
difforent, because tho escitation levels contribute substantially to the anior
polarizability in tho crystal. Tn order to ewcumvent the dificulty we follow a
different procedure to extimate the amon polarizabilities. LFiist, we dolerimine
the erystalline state radii (r5) of anions from the experimental micriome sopara-
tions (Mayer 1933) by subtracting the approprate cation radius ovaluated lrom
og@s. (1) and (2). The valuvs of 1 for halogen jons, thus obtained, have heen
utilised to ostimate a for these jons {rom oqg. (2) using the values of a; and 7y
from Pauling (1927, 1960).

The results obtained have beon listed in (table 2) alongwith the mput para-
~ wotors (£y and Vp). U s informative {o obscerve from table 1 1hat the clectronic
polarizability and radius of Ag* or TI* ion show a smooth trend of variation from
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@ chlorwde to the corrosponding 1odide ciystal — This trend ol variation is similar
to that predicted by Lowndes & Martin (1969) for the effective ionic charges
m silver and thallous hahdes  In fact the varations of polarizability, radius
and the eltective chaige of the ion from crystal to crystal ae related with tho
character of bonding between the ions (Lucovsky el al 1971).

In tabloe 2 we present a comparison of the caleulated crystalline  state
polarizabilities (Average values) with the corresponding values derived by Tessman
ek af (1953) Liom experimontal refraction data on crystals (given within paran-
theses)  For the sake of contrast, we have also aited the pclamizabibibies of {ree
wns e table 2. Woas imteresting to vemark {rom table 2 that the polarizabilitics
caleulated m the present study agree with the oxpermoental values within nearly
109 except for L 1on and differ from the free state polarizabilities m a manncs
suggestig the loosening of cations and tightening ol amons i the erystalline
stale  The loosening and tightening cffects were long ago predicted by Fajans
& Joos (1924) and were subsequently confirmed by Tetrachen ef af (1960)  For
jodude 10n, we have obtamed substautially lower values of electromwe polarizabilivy
and ionic radius, particularly in Agl erystal  This precduction needs further
attontion. 1t js noteworthy to mention that Agl datlers m the following respects
[rom the other crystals under study . (i) it erystallizos m the zine—blende struc-
turo and bence the number of nearest noyghbowrs is reduced to 4 m conteast o
NaCl (CsCl) stsuctwe where the coordination number ss 6 (8). L can be
understood that the reduction m the number of ncarest neighbours is dircetly
tesponsible for the Tower values of clectrome polarizabiity and iorie radius in
Agl erystal. (i) It s appatent from the theory of chemical bonding (Phallips
1970) that Agl is a erystal with signiticant covalent chwacter.  The effeet of thas
covalency on the wnic radin has been analysed in detail by Van Veehten & Phullips
(1970) and thear analysis also suggests that the wme radins and eleetrome polariza-
bility of I= ion should be much smaller in Agl crystal than in highly ionie acrystals.

Table 1. The values of juput parameters (Hy and Var in eV), cal-
culated crystalline clectronic polarizabilities (a, in A%)
and crystalline radii (1, m &)

Crystal Ly Var o, oo Top Y.
Agl 63 99 8.9% 2,48 2.87 1.10 167
AgB 063.99 863 2.44 3.69 1.09 1.79
Agl 53.99 8.30 2.41 371 1.08 1.73
TiC1 49.91 7.62 4.86 2.67 170 1.63
TIBr 19.01 7.28 4.80 3.45 1.69 1.75

T 49.91 692 473 5.17 1.68 1.94
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Table 2. Averago values of crystalline electronic polarizabilities
(in 43) of jons.

Agt T+ cl- Br- 1-
Calculaied 244 4.70 277 3.57 4,44
Exporimental 2.40 520 296 4.16 6.43
Froe State 1.72 3.50 3.66 4.7 7.10
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