NOTES

for Li*, Na*, K* and Mg?* are 1-67, 1-05, 0-75 and
3-08 respectively). According to hole model®?, the
enthalpy of hole formation, the rate determining
step, depends on the surface tension (Y) of the melt
through the relaticn (2).
H; = 4mr3(Y—T<cr[eT) ...{2)
Since the surface tension of the melt would be
governed by the interionic forces in the medium,
the above dependence of E; on the average cationic
field appears to be consistent with the model.

The authors thank the CSIR, New Delhi for
financial assistance and a fellowship to S.K.]J.
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The possibility of ion-pair formation in aqueous
solutions - of potassium and ammonium dichromates
has been investigated conductometrically. The
thermodynamic association constants have been esti-
mated to be 57 & 0-3 (at 25°), 3-8 & 0-2 litre mole™ (at
35°) for KCr,0; and 7-5 + 0-4 (at 25°), 57 4 0-3 (at 35°)
for NH,Cr,O;. The limiting ionic conductances of
Cr,0% are 60-36 + 0-11 at 25° and 71-27 + 0-11 ohm™
¢ equiv' cm? at 35° Thermodynamic parameters,
ion-size parameters and Bjerrum’s parameters are

also reported.

IN our earlier papersh? we have reported the
formation constants of some ion-pairs in aqueous
solutions of peroxydisulphate ion from conductivity
studies. Walden3 on the basis of his conductivity
studies of aqueous solutions of K,Cr,O, simply
pointed out that it behaves as a 2-1 type of elec-
trolyte. Watkins and Jones® have estimated the
degree of dissociation of Na,Cr;0;, in aqueous
solutions from conductometric studies. In view
of these meagre studies on dichromates it was a
thorough investigation of the interest to study
the ion-pair formation in aqueous solutions of di-
chromate ion from conductance measurements of
dilute solutions of potassium and ammonium d,l-
chromates which show deviations from Onsager's
equation®. The results presented in this note have
been accounted for in terms of jon-pair formation.

Equivalent conductivities (accuracy +0-05%)
of aqueous solutions of potassium dichromate (AR,
Pfizer) and ammonium dichromate (AR, BDH)
were determined as described earlier at 25° and 35°
in the concentration range 6x10™¢ to 20x104M.
The dielectric constant, visccsity of water and
limiting icnic ccnductances of K* and NH} ions
in water at 25° and3 5° were taken frcm the litera-
turesab,

The asscciation constants were calculated by
plotting equivalent conductivities against tte square
roots of the molar concentration i.e., v/m to obtain
the approximate values cf equivalent ccnductivities
at infinite dilution (A°approx.). These values of
A°qpprox) Wwere used to calculate the theoretical
slopes (S) in Onsager’s limiting equaticns:

Aexp = A°—-Sm1/2

the Aexp+-Sm1/? values were then plotted against
m to get a more accurate value of A°.

As K,Cr,0, and (NH,),Cr,0, are uni-bivalent
electrolytes, the asscciaticn equilibrium cf the type
M*+4+A=MA- (1)
appears most likely in their scluticns. If m is the
molar concentration of the solutien and ‘a’ is the
degree of dissociation of the ijon-pair fermed, then
the concentrations of M*, A% and MA- could be
represented as (1+a)m, wm and (l—a)m res-
pectively. The thermodynamic associaticn con-
stant (K) is then given by Eq. (2):

ke MAT S
— [MFIA%] fufa
(—a) | fus . (2)

a(l+a)m fufa
where f’s are the activity coefficients. The solution
was considered as a mixture of completely disscciat-
ed uni-bivalent salt of molar concentration ‘am’
and a completely dissociated uni-univalent salt
of concentration (1—a)m. Hence
2Aexp = (1—a)A1n+20A0: N k))
where Ai;; and Ajp.; are the theoretical equivalent
conductivities of uni-univalent and wuni-bivalent
salts calculated from the Onsager’s equation®. The
limiting mobility of the ion-pair was calculated
from relation (4)
A°Ma=0-6A"s- ...{4)
as suggested by Righellato and Davies? from which
A1a was calculated. The ionic-strength (I) of the
solution was calculated using the relation (5)
I = {1+42a)m o -+(5)
Activity coefficients were calculated using the
Davies’ equation® (6) -

I

—_A72{ MY _ o
log f, = AZ2 (1+«/.7 031) .e(6)
The method of successive approximation was used
for calculating the degree of disscciaticn (a), ionic-
strength (I), activity coefficient (fcrot) and the
association constant (K) fcr each concentration
employed, as described in an earlier publication.
TDC-12 computer was used for the above calcula-
tions. The computer programme replaced the
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TaB

Temp.

25
35

25

1E | —— EQuivALENT CONDUCTIVITY AND LIMITING
MOBILITY OF ION-PAIR FOR POTASSIUM AND AMMONIUM
DICHROMATES
A° GA° °Cr,0%
(ohm™ g equiv. fohm™ g equiv.™
cm?) cm? )
K,Cr,0,
133-90 + 0-07 0-01 60-40 + 0-07
159-51 & 0-08 0-02 71-30 + 0-08
(NH,),Cr;0,
133-88 + 0-07 0-01 60-33 4+ 0-07
159-97 + 0-08 0-02 71-24 4- 0-08

35

TABLE 2 — VALUES OF ASSOCIATION CONSTANT AND
- VARIOUS PARAMETERS FOR POTASSIUM AND AMMONIUM

Temp.

25
35

25
35

DICHROMATES
K a b AH® AG° AS°
(litre (&) (kcal (kcal {e.n.)
mole1) mole-!) mole™)
K,Cry0,
57 £ 03 52 275 —-1-0 =215
3-8 4- 02 59 243 —-74 08 —221
(NH,,Cr,0,
75+04 47 306 -12  —-127
57 £ 03 53 271 —-50 —141 -12-7

graphical method by the numerical method of least

squargs
i.e. cA°

and calculated the standard error in A°
values also. From these values of assccia-

tion tonstants, the ion-size parameter (a) and

Bjerrym’s parameter (b) were calculated using

Bjerrym’s® expressions (7 and 8):
4nN [(1Z,Z,)e2\?

K=1_[72 (7
1000( KT ) Or @
41Z,)e?

b= 42427 (8
DETa ®)

From the values of association ccnstants at two

temperatures the thermodynamic parameters AH°,

AG® a
The v
nium
tanceg
Table
meter
meter
it is
and 7
The
that
are al
soluti
are sin
soluti
The
and 9
their
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nd AS° were calculated for the equilibrium (1).
alues of A°, 6A° of potassium and ammo-
dichromates alongwith the limiting conduc-
of Cr,0% ion at 25° and 35° are presented in
1. The association constants, Bjerrum para-
ion-size parameter and thermodynamic para-
5 are tabulated in Table 2. From Table 1
evident that 3Acror is 60-36+0-11 at 25°
1-27 +0-11 ohm™? g equiv.” cm? at 35°

low values of association constants indicate
the potassium and ammonium dichromates
most completely dissociated in dilute aqueous
bns used in the present work. These findings
nilar to those of Watkins and Jonest on aqueous
vns of sodium dichromate.

authors wish to thank Shri P. Kishta Reddy
hri A. Prakash Rao, Computer Centre, for
valuable assistance.
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Sorption of Nickel on Zeokarb 226 (NH;)
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Sorption of nickel on Zeokarb 226 (NH; form) as a
function of pH has been studied. The results show
that nickel is initially sorbed as Ni?* which transforms
to NiOH' with increase of loading. This/provides an
example of site sharing on a cation exchanger.

CARBOXYLIC acid exchangers are recommend-
ed for the recovery of nickel from electrolyte
baths!, waste solutions®3, etc.*7. However, there
are apparent differences in the pH conditions of
sorption®7?. Hence sorpticn of nickel as a function
of pH was studied by equilibrating varying amounts
of the metal ion in 100 ml at different pH values
(adjusted with ammonium chloride and ammonium
hydroxide) with 0-25 g of Zeokarb 226 (NHj).
The nickel in the solution phase at equilibrium was
determined either complexometrically® or spectro-
photometrically?. When the amount of nickel
taken is small, its sorption is practically quantitative
in the pH range of 6:0 to 9:0. Studied at higher
concentrations, it is maximum at pH 7-5 and less
on either side as against 7-0 (ref. 5) and 6-0-65
(refs. 6 and 7) recommended by earlier workers on
similar exchangers with different ionic forms.
The sorption profile of nickel on a column was
obtained by passing 0-05M nickel solution at pH

[

Ni SORBED, meq
N

-

10

0 2 4 6 8 12

FRACTION NO.
Fig. 1 — Sorption and elution of nickel from Zeokarb 226
(NHj-form) [Curve 1, resin capacity 5-93 meq. (fraction
50 ml); and curve 2, resin capacity 2670 meq. (fraction
10 ml)]





