CHAPTER I

INTRODUCTION

1.1 General Introduction

rties of electrolytes are conduc-

"8“ entratlon dependence of

conductances depend only

- The basic transport pxo

tance and transference
the' transference numb
on the electrophoreti relaxation effect.
Structufal investi ence numbers experi-
ments alone or wi ents, have given

certain informatio roperties of some

There are thfeelprideiplé Methods for determining trans-

ferenceé numbers : d, the e.m.f. method and

the moving boundiﬁf ethed requires great

skill and precision :U,;S time. The e.m.f.

method, though usegnl, is 0 ult @; interpret the experi-
mental data. It is hbwever evidentifrom the literature data that
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significant 1mprovement has Seen achiewed by seveﬂh&developments
of the Qpﬂrlﬁq njm;lmqg mﬂr] ﬁﬂntlal experi-
mental factors. In the early development of this method the
emphasis was on a direct-moving boundary technique. This technique
was found to give trensfegence'numbers resulps.aqpyrate poi?Q,Qj%»
(6). Certain limitations of thé direct moving boundarj method have

subsequently increased the attraction of the indirect moving
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boundary method whereby such limitations are eliminated. The accu-
racy  of the results depends on the analyais of a small quantit&
of the following solution, thus depands on the brecision of the
analyticai technique employea, and the justification of’thé use
of-the indirectmmoving boundary method. Most of the work done by

the indirect moving boundary method has been limited to the deve-

1.2 Development of the din t L.ng Boundary Technique

Cady and rst to investigate

the extent of Kohl stment (a) from the
change in the tot ratus when a known
length of leading sdlu ‘gﬁnf, dis ed by indicator (or
following solufion), e
behind the boundary wi i€ "., J ed microprobes. The condi-

tion, later known as Ha
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quantitative work using the dndirect meving boundapy was by
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design and construct a suitable apparatus for the determination
of the Kohlrausch concentration, the so called " balanced boundary
apparatus " with internal condpctomefric analysis, gave satisfac-

tory results. The transference numbers of lithium ion-constituent

in lithium chloride solutions were measuréd to about 1% precision



.

with KC1l, NaCl and HC1l as leading electrolytes.Hartley's cell
made use of small air bubble ahd a controlled.glass piston for

the mechanism of the boundary formation.

An improvement of the accuracy in determining adjusted
indicator concentrations in the indirect moving boundary method

was made in 1952 by Gordon and Kay (9). Cells for both rising
and following boundaries were f ucted in such a way that the
middle section of the mERIESE &)be (3cm long) could be

separated from the W @ter each run, and by

appropriate insert

a small conductance af PR ith ing solution. Several

two-salt boundary s /1301 ¢ 5 KCl/BaClZ) were
studied in these cel tained accurate to
about ¥ 0.2%. They ex at the equalisation of
concentration under th in narrow channels ( 2.5
. xceedingly Siow process, analogous to diffusion.
mm.i ) is an exce 1n§%ggﬁgp ; 55, ogous to usion

Therefore, with pr bing factor can be

largely eliminatée le 35' and Gordon (10)

y , . G
C;lbr determining followi concentrations behind

a moving bou ﬂ‘ﬁ & ith, ecision comparable
to that obtaﬂ:e]ﬂin themﬁﬂiﬁ aujirjiethod. Their
movingaow!a]yﬂeﬁlﬂai gﬁtaj , e ohpand Kay(9)'
with shearing ;nechanism, except mgﬂ:ﬂi’lﬁ Ejnannel was

longer (30 cm). External conductometric analysis in a small

described a metho

conductance cell (0.8 cmscapacity) was used in the determination

!
of following concentration. The procedure was tested with the-

[
system KC1/NaCl at 25 C. The results agree with direct moving

boundary data (11) within * 0.03%. These results which in fact



apparent transference numbers, were later corrected for volume

change during boundary movement by Spiro (12).

In 1969 a new method was described by Kay, Vidulich and
Fratiello (13) in which transf;}erence numbers for both leading
: | .

and following ion-constituentsi could be determined in the same

moving boundary experiment.

The boundary movement was detected

by the 'change in potentia inum microprobes sealed in
series into the movin mdar, 4ir method ‘permits trans-
| <k

ference numbers mea
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e as dilute as 1 x 10

N
42Rg \:\.\ or the indirect .
,i\\

ic analysis was used

mol dm with low

Indaratna (14)'
has developed th
moving boundary me

e ‘ ing centration. The trans-

Ags m* Z 2 .

agueous CdClasolution w‘ g-‘mea oW.1 - 0.2 % precisiori.

Literatures > 2 ,-,\J‘, is remarkable as -

a divalent d’lO catmn with pronounced compmx forming tendenciéé.
This behavior i niw i o eavy metal such
as cadmium, @ﬁii ﬁalﬂl‘ Eujh‘;’hthe existence
of comp ﬁﬁ e from
X-ray (Qngqﬁimnﬁj Y[:E PIBSZEe (18)

studies. The ease of formation of complex ions is in the order

-

D

cdar, > c:dBr2 > cdcl,

ZnC1 > ZnBr D, ZnI2 Fa

Hgl, > HgBr, > HgCl, .



Owing to the association of the metal and halide ions, fewer
conducting species are present. The observed conductivities of
these solutions are therefore substantially lower than those of

normal 2:1 electrolytes such as CaCl,, MgCl., and BaCl2 (19,
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At high concentrations the cation transference numbers of these

-

solutions decrease rapidly to zero, then became negative. This

is again in marked contrast havior of the transference

numbers of normal 2:1 e: %s CaCl2 (20) and

Zn(C10,) (21). Activit electrolytes are

very low compared with ed- electrolytes.

The transfer ueous 2ZnCl. solutiodns

2

have not been well e . done by Partlngton
(22) in 1945 gave a vl PO anes 7 at 25° C for 0.09
mol kg_1 solution of 2 | ation, Harris's (23),
e.m.f. measurement gave ervalue 550. In 1978, Paterson(24)
reported transference measures ; ZnC1 solutions from 0.1
to 3.5 mol dm™~ bys ———mu———unn—;v"-wu—v --------- £e¢l]l method. His
two sets of resulfg':e ; and also agree'with

)
the Harris's data.
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work with concentrated solution and the lowest concentration

limit of about 0.01 mol dm™>. The e.m.f. method using cell with
transference give results with precision of about % 0,2% owing
to the approximate differential forms used for the computation

of the transference numbers. Therefore, the results obtained are

i



rarely more accurate than t1% (6) The moving boundary method,
on the other hand, has been regarded as the mqst precised tech-
nique for the determination ofithe transference numbers, with no
upper limit of concentration. &he direct moving boundary tech-
nique usually gi;és results wifh precision of about +0.03% for
most electrolyte systems (6). However, it normally requires

-the observed transference

complicated experimental set

numbers are subject to vo

indirect moving bound@
ST

. The complementary

d,"is;ﬁat relatively easier
- T—

to employ due to its

this technique ta 0.00 CdCl., solutions

2

was found to give res ‘_;f 1, =402 % provided that the

cell used was suitably igned. nique has therefore

given much insight for §F { T ?"if ication. Chemistry of'
agueous ZnCl2 solution i 1ath i ’ 1h to that of aqueous
CdCl2 solution in that the 7 ex and have low cation-
constituent m0b11f3¥1 In ? it may also

hydrolyse. RegardL;,g
consideration for tga
the indirect ?;f E ihdar method& using cell and technique
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ers measured@nts weresggarried outpat 25 C.for:-
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The transference numbers of zinc ion-constituent in ZnCl2

developed by

solutions, which was calculated from the analysis of the Lee and

Wheaton conductance equation was also included in this work. =~

N\

; -'erenE} number determination,



	Chapter I Introduction
	1.1 General Introduction
	1.2 Development of the Indirect Moving Boundary Technique
	1.3 Zinc Chloride in Aqueous Solution
	1.4 Present Work


