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STUDY OF IONIC HYDRATION AND
ITS VARIATION WITH TEMPERATURE

IN aqueous electrolytic solutions, thg. solute-solvent
interactions result from the splitting up of the
solute into ions when it diffuses through the solution
and each ion is surrounded by a definite number
of water molecules. Since water is considered as
the best solvent, the solvation features are explained
mostly to aqueous solutions only. Bockris’ sug-
gested the term “primary hydration” that should
be used as a reference to the number of solvent
molecules near to an ion which have lost their
translational degree of freedom and move as one
entity with the ion during its Brownian motion.
In the present investigation, determination of
primary hydration is considered.

Determination of hydration numbers is based on
the measurement of the adiabatic compressibility of
solution at infinite dilution. This measurement
with acocustic initerferometer yields ionic hydration
numbers which are very close to those evaluated by
ionic mobility and entropy methods. Varnable
path acoustic interferometer, working at 700 Kcs,
s used to evaluate the hydration numbers of metal-
lic ions belonging to (1-1), (2-1) valent type elec-
trolytes at different temperatures ranging from 35° C
to 55°C. Wada et al2 developed the expressions
for hydration number n°.

¢° (K) = — 5, v,
where ¢° (K) is apparent molar compressibility at
infinite dilution, and the volume of water molecules
attached to each ion v, is the product of »° and
molar volume of water v, at the temperature of
investigation. After studying the apparent molar
compressibility ¢° (K) in the case of NH,I Owen
and Brinkly3 found positive values of »° (K) in
the case of NH,I. Padova3 has explained the
situation by assuming that ions like NH,* and 1}
are not hydrated. Padova has come to a conclusion
that ion like I~ is not hydrated. Employing addi-

tive rule, cationic hydration numbers for Lit, Rb*,

Ba -+, Ca*+, Zn+" and Th+++have becn evaluated.
taking Padova’s values of »° for T- and NO;~
These are compared against the computed values
of Padova in Table I. There is close agreement
between these values.

In the course of our study, we have an interesting
situation in the cases of Zn+ and Cd "'. In these
two cases, cationic hydration numbers evaluated
from the corresponding halides do not show an

agreement among themselves and also against values
computed by Padova. The results are presented in
Table 1I.
TABLE 1
Cationic hydration numbers compared between
experimental data at 35° C and computed data of
Padova at 25°C

. Hydration numters from
Cation — S

Experimental data

Computed data

Lit ‘e 3 2

Rb+ > a 2 * &

BatT ‘e 8 8

Catt .o 7 3

Thtr++t . 14 .
TABLLE II

Hydration nunibers of Zn -+ and Cdt+ compared
against computed values of Padova

Hydration numbers from ¥ 6

Cat'E s _ T Computed
M MCl,  MBr. ML,  Values
'Z.n‘*"f .e 0 2 11 6
C‘Ll-{ ™ P 2 o 10 0

—_—

The hydration numbers for metallic ions of
Li+, Rb+, Ba -+, Ca-+ and Zn’+ have been studied
as a function of temperature. In all these cases
'n° decreased with increase in temperature.

Department of Physics, A, V. SATYAvATL
P-G. Centre, Warangal.
India, May 20, 1972.
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CALCULATION OF CHARGE DENSITIES
AT VARIOUS ATOMIC SITES QOF
PHTHALIC ACID

Tue intermolecular resonance mtegrals  pluy  an
important role in the calculation of energy band
structures and mobilifies of excess charge carriers in
organic molecular crystalsi 4, Such integrals require
for their evaluation. a suitable moleculiar potential
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TApDLE 1
Wheland coefficients corresponding to filled orbitals of phthalic acid
Energy Ieveis Wheland coefhicients
tn units  Symmetry e e e e et e e e e - -
of }3 Cl C::: Ca C-:I Cﬁ Cu
~ «8290 Ay . 3156 —+0223 -« 1343 - +2343 — 0223 4156
— 11004 Ay » 5094 « 2607 —~10093 ~ «1093 «2607 =5080
— 11000 Ao 1918 + 4850 + 5497 — + 5497 - +4850 —+]918
- 1-3033 A, —+3218 — 3572 ~ 3737 —+3732 —+3572 — +3273
-1-7033 A, — + 1022 - =0391 - + 0097 — 0097 0391 1022
-~ 17385 A, —+3124 <847 «0399 + 0399 + 0847 « 2129
Energy levels Wheland coefhicients
in units  Symmetrv - - — e e
i cf ﬁ C- ‘ng Cgr Clﬂ Cn Clﬂ
- <8200 A, 04§36 0439 - +1331 —«'531 - -1531 — +1531
— 1=1004 A, 0 0 — 201 ~ 2111 ~+ 2111 — 2111
- 11000 Al 0 0 0731 —+0794 «0794 —+0794
- 1-3053 Ay -0436 +(1430 «1710 « 1710 <1710 1700
— 17633 Ay 3710 —+3710 «4202 —+4202 - 4202 — 4202
- 1-7385 A, - 3673 3673 3867 »3867 «3867 - 3867
Tasre II
Charge densities at various atomic sites of plithalic acid molecule
Atomic
site 1 2 3 1 5 6 1 8 9 10 11 12
No.

Charge 1-7846 120692 1+5030 15030 1°+2692 1-7846

den:ity

+3818 +UBI8 1:0430 1-0430 1-0430 1:0430

JRE— —_— e - — e = — . =

and appropridie molecular orbitals'3, For aromatic
hydrocarbons having uniform w charge distribution,
the potential of a neutral molecule is usually taken
as the sum of Goeppert-Mayer and Sklar potentialt
of neutral carbon atoms but for heteroatomic
molecules having non umform » charge distribution,
such molecular potential is modified? by taking
proper consideration of charge disiribution in them 1o
order to get exact values of intermolecular resonance
integrals. We are interested in the band structure
calculations of phthalic acid hence as suggested
above we have calculated here the electronic charge
densities at various atomic sites of this molecule
by LCAO method under Wheland approxmmation®
(inclusion of overlap) using Slater type of atomic
orbitals.

Th: methods adopted here is based on the work
of Chirgwin and Coulson?. The 12 x 12 deter-
minant for this molecule has been broken by
diagonalization method into smaller ones belonging
to A, and A, representations respectively using its
C,, symmetry. The reduced secular determinants
have been solved by Horner's method and the
calculated values of energy levels along with
coefficients are given in Table I. The charge density

on j-th atomic site has been calculated using the
relation8

— ¥ .y @ N
qj = E;;ﬂk [C;,z; + ij;:z'l {(=F J CI&:SH]

(1)

where { and j are neighbour atoms of phthalic
acid, ¢;,’s are Wheland coefficients, n, is the
number of electrons in the molecular orbital which
may be 0, 1 or 2. 5, represents overlap integral
between adjacent atoms j and ! and summation
is carried out over all occupied molecular orbitals
taking twice of those occupied by two electrons.
The overlap integrals have been taken from Mul-
liken's tabled. The calculated values of charge
densities are given in Table 1L

Since orbitay overlapl® also depends on the value
of charge density we can Jlocate the points of
maximum and minimum overlapping in this
molecule. From Fig. 1 and Table II, the maximum
and minimum values of charge densities are found
at atomic sifes I, 6 and 7, 8 respectively. There-
fore there will be grealter overlapping of molecular
orbitals at atomic sites 1, 6 and smaller overlapping
at atomic sites 7, 8 of this molecule. These calcula-
ted vaiues of charge densities will be used in correct
evaluation of intermolecular resonance integrals in
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the energy band structures calculation of phthalic
acid.

012,

Fic. 1. Various atomic sites in the phthalic acid
molecule.
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NEW COMPOUNDS OF THE A+B5tBS! Qg4
TYPE I STRUCTURE

FURTHER to our work on the titanates!’=, nio-
bates3-4, tantalates® and molybdates®? we have
studied the present systems in order to investigate
the solubility of MoO, and WO, in the A+B5+0,=2-
(where A+ = Na+, K+ and B5+ = Tab+ Nbi*r). The
samples were prepared by usuval ceramic techmiques,
using as starting materials Na,CO,, K,COy,
Nb,O,, Ta,0,, MoO, and WO, of AR. grade
quality. The firing was done at 600° C to 900° C
for 12 hrs and the samples were furnace cooled

to room temperature. X-ray powder photographs
were taken on Debye-Scherrer powder camera of
14cm diameter using CuKe radiation filtered
through Ni foil.

Table I summarises some of our results, The
compounds NaTaMoO,; and NaTawWO, both have
columbite structure. The X-ray diagrams of
NaNbWQ,, and NaNbMoO, were, however,

complicated, showing a large departure from
true columbite structure, part of the lines
could, however, be indexed on the basis
of a perovskite unit cell. It was also found
that K compounds invariably gave rise to a per-
voskite (perhaps distorted) structuore,

TABLE [
Summary of the results of A-Bé B6+(0 2
composilions

Composition  Structure ype Unit cell parameters A

NaTaMoOg Columbite Orthorhombic
2q=5+20, #q=14-30.

:’"ﬂ=5'90
NalTaWQq do. ag =521, 4,=14+35,

f;} = 5 ' 96
NaNbMoOg h Ortherhombic
Percvskite }

=057, 5,=3-8% X 4,
NRNbWOﬂ ) =8+ 50

—i

The following systems have been investigated in
some details.

(a) NaNbO,-WO,—This system shows a solid
solution with NaNbO, structure upto about 20
mole% WO, and a columbite structure between
20-35% WO,. whereafter lines due to WO, begin
to appear and the X-ray pattern becomes more
complicated comprising of a mixed phase.

(b) NaTaO.-WQO,.—This series showed a com-
plete solid solution upto about 50 mole®% WO,
whereafter a two phase region appears.

(c) NaNbO,-MoO, and NaTaO.,-MoQO.,.—A one
phase region with NaNbO, structure upto about
0-10 and 0-20 mole% MoQO, respectively in the
two systems is observed. Larger coacentrations
of MoO, resulted in complicated X-ray patierns.
The compounds KNb(Ta)O, + Mo(W)O, invar-
ably gave rise to the perovskite structure for low
(£ 50 mole%) MoO, and WO, additions after
which lines due to Mo(W)O,, begin to appear. Absence
of a columbite structure in this series can be attri-
buted to the large ionic size of K+(1:33 A)¥ the
columbite structure being restricted to ions of small
size at the A site in the structure®. The a: b ¢
ratio in the NaTaMo(W)O, is 0-88:2-42:1 ax
compared to 0-89;2-49:1 in the rrue columbite
structure!®, implying that the 'A' axis for these
systems i comparatively smaller. This may be



