CHAPTER IV

RESULTS AND THEORETICAL ANALYSIS OF TRANSFERENCE NUMBER DATA

FOR DILUTE AQUEOUS ZINC CHLORIDE SOLUTIONS

L,o1.1 Conduam,ll. Meeg Q of Aqueous ZnCl2 Solutions

In this wor : nductivity \gf corrected for solvent
conductivity by e j 23\ \\N\“mh ’ ‘

\;olvent

The magnitude of K_Ji -7+ deg on the choice of the

conductivity water useuﬁ preparation. In most cases,
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this correctlo_-wur— --------- nined to within 4-‘ 0.5 = 1 % of the
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?n-uctance results
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value of K -
solve
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attributed to the gre0151on in the cell constants, the accuracy

of the res;ﬂéﬁﬁx!ﬂsﬁﬁ% %Wl&l‘é“ﬂﬁn the solvent

correction relative to the‘measured conduct1v1ty of the solutione.
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concené&atlon. The determination of cell constants is precise to

0.05% and 0.06% for the cells used with moderate and dilute
concentration respectively. The resistance measurement was
accurate within 0.05%. An error in solvent correction was small

in most cases. The uncertainty of this correction contributed
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about B 0.01% error in conductivity of most dilute solution.
On this basis the conductance results are reported with an

accuracy of 0.1% over the concentration of solution studied.

Results of conductivity vs. concentration for 0.001 -

o

Oe1 mol dm aqueous ZnCl., solution at 25° C are listed in

Llion of C% over this
%.1. The same plot for
1 —J.
1so giwg. L,2. The observed

Solutions “shown in Fig. 4.2 is an
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Table 4.1. A plot of A
concentration range
M &1 x 1072 mol df
conductance of di
apparently linea . 4 R \{ A). Linear extrapolation
of this plot ffom L 4'i f‘ infinite dilution by the

least squares met 24.34 cm2J1-1 equiv-1..
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This result is som value of Zn012 =
S |
129.35 cmZJL_1 equiv _;t‘;,,* ned b using the literature data
° LA MIA T 0 b
of &' . =53.Q cm *equiv” ind. A = 76,55
Zn Yo —) C1~
cma,n___’l equiv-:~Q; é}‘L slopes calaulated
i "

from equation (21’), Chapter 2, using A ncl, = 129.35 cm%;; L
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(B and C).

Transference numbers of zinc ion-constituent were

calculated from equation (3.3) in section 3.6.3 . The error

involved in T is small compared with other uncertainty in this

H
ZnClz)

experiment. External analysis of the following solution (m



Table 4.1

. -]
Equivalent Conductance of Zinc Chloride in Water at 25 C
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was capable of giving a result with 0.1% uncertainty. Results of
the transference number determination are shown .in Table 4.2 .

In most cases, the results from the two samples agree within

+

f 0.1%. The results were reproducible, and independent of
. ZnCl2
current within - 0.15%. The values of TZn obtained in this

work are thus reported wit

tration of solution

Results OJ-.—

solutions are sum

y uncertainty over the concen-
.

vE wlon of aqueous ZnCl2

The mean deviation obtained

\\ -

by averaging the - 3:$\*:?N5\2 ns is given. A plotvof
ZnC1, 4 \\\\5\ e

Too as a functj oo, 18, 8hoynsin Fig. L,3. T of

\\ ‘ Zn
\\\0.009 mol dm-3) shown

tion of M% . Linear
ZnCl2

dilution by the least

squares method gave the interce 0.4079 with a mean diviation

of ¥ 0.0006. Thatlis T, 0%, 0.0006 with a mean

|

deviation compa

e Y]
:—.m. - certainty of £ 0.15%

in the dilute range.

Thﬂruuﬁ?}m Y %’ HET VR Sproonsrasion o

agqueous chy solutions by Partlngton (22), Harrls (23) and the
prethW'ﬂ AT BRI IR G Bloe
comblnes the results at high concentration (0.05 - O. 4 mol kg
ZnClZ) from Harris's e.m.f. measurements with the results at
low concentration (0.003 - 0.09 mol kg-1 'ZnClZ) obtained by

the indirect moving boundary method from the present work.



Boundary System

0.4253 mHC1 / 0.1200 mZnCl,

0.3758 mHC1 / 0.1092 mZnC1,

0.3281 mHC1 / 0.0892 mZnCl

0.2664 mHC1 / 0.0753 mZn012
U

0.2214 mHC1 / 0.0618 ZnCl

| .85

BT

*0 05792

*0,04880

SN | o

(B) Tch12(A) TZnCla(B)
ZnCl 7Zn Zn
/mol kg A
_ = 0.3550 -
0.09024 0.3552 }0.3550
- 0.3574 -
0.08036 0.3575 10.3574%
- 03587 "
0.07040 0.3581 0.3585
093630 -
0.36306 0.3631
0.3676 -
’1@4&5 0.3673 |0.3673
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Results

Boundary System

0.1468

0.1382
0.0926

0.0695

0.0564

mHC1 / 0.0409 mZnCl,

mHC1 / 0.0409 mZnCl,

mHC1 / 0.0301 mZnCl

i

mHC1 / 0.0210 mZnCl,

' ‘ ‘s
mHC1 / 0.0196 anﬁ
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2.00

2. 75

mnmim&mmaa

- 350

*0,01616
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0.01613

*0,01522

(B) TZnCla(A) TZnClZ(B)_
ZnCl2 Zn Zn
/mol kg - |
0.03289 | 0.3732 0.3729
e 073765 -
0.05119 | 0:3757 0.3755
- 0.3796 -
- 043790 -
= 0.3878 -
SE 0.3875 &
0.01611 | 0.3871 0.3866
003881"" -
0.3889 -
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Boundary System

0.0428 mHC1 / 0.0151 mZnCl2

0.0348 mHC1 / 0.0101 mchi2

0.0380 mHC1 / 0.0126 mzﬁcﬂ

qn

ZnCl._ (A)| 2ZnC1l_(B)
méﬁél Ty ° L ;
> n ..Zn
mol kg
, & 0.3923 -
0.01012 0.3917 | 0.3921
0.01009 0.391% | 0.3909
- 003929 =
- 0,3928 -
.230 X 10'3 0.3916 | 0.3919
_ ]ﬂﬁ- 0.3926 =
3.00 |¢8.996 x 107> | 8.993 %4077 | 0.3923 | 0.3921
152 umwma&z 05918 | 0.3913
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Boundary System

0.0326 mHC1 / 0.0097 mZnCl2

0.0264 mHC1 / 0.0081 mZnC1l

0.0215 mHC1 / 0.0069 mchizﬁq
U,

N

21 %

ZnCla(A) ZnClZ(B)
TZn TZn
003953 -
0.3951 | 0.3947
0.3936 | 0.3941
003967 -
0.3963 | 0.3964
0.3955 | 0.3950
0.3975 | -
5.163, %4077 | 0.3973 | 0.3974
Hﬂ)ﬁ)ﬁ 0.3961 | 043959
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Boundary System

0.0159 mHC1 / 0.0052 mZnCl,

0.0126 mHC1 / 0.0041 mZnCl,

<
7nC1_(A)| 2ZnC1_(B)
o) o
& n TZn
043995 -
2 0.3991 | 0.3993
& 0.3981 0.3%976
0.3988 -
5 0,3986 0.3988
5 0.3978 0.3972
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Table 4.3
* v
Cation Transference Numbers in Aqueous Zinc Chloride Solutions

= 0.003 - 0.09 mol kg~

"2nC1,
ZnC1

10° "2nc1, Ton :
0.3039 <+ 0.000k 0.0005
0.3836 T 0.0006" e |y 0.0006
0.5156 = O,V (0558 0.0006
0.631% * 0.0009#" 4 _7-_’. 0.0006
0.764k 0. 0.0005
0.8239 < 0.0006
0.8990 = 0.0003
1,011 = 0.0004
B 0.0002
1569 - 2 0.0005 ** =
2,113 = .0.0003
5.188 = 0.0006 **
4,877 i, 0 ﬁn O/ 0.367L 0.0002"
qu INenINEinTo

W& a0l g T B

9.025 < 0.002 0.3551 = 0.0001

o These results were obtained by averaging the values observed

from independent runs.

** The high uncertainties of these results were due to the effect

of 50% variation of current used for electrolysise.
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Table L L

. Cation Transference Numbers in Aqueous Zinc Chloride Solutions

m = 0.003 - 5.0 mol kg~
2 2

0.003039

| 0.00383%6
0.005156
0.006314
0.007644
0.008239
0.008990
0.01011 0.390
0.01322 58857 . /M0 . 0210 0.379 .
0.016714 —r—*"———i::;;:.‘.':,,, 4.372
0.02113 ‘ ‘*L-T‘ 0.369
0.03123 | /0 3759 0. oso% 0.365
ol Y HIMUNFINBANT o
0.05793 U 0. 3630 0. 0672 o 361
QRO AERI U A (A B
0.08036 0.3574 0.0862 0.351
0.09025 0.3551 0.0986 0.347
0.1 0.350 6.1344- 0.342
0.2 0.335 0.1500 0.341




Table 4.4

Cation Transference Numbers in Aqueous Zinc Chloride Solutions

m = 0.003 - 5.0 mol kg"1
m(1) Zn012(1) (2) TZn012(2)
ZnC1l Zn
2

0.5 0.338

150 03357

2.0 0333

%:0 0.330

k.o

50

ZnC1.(1). =
m(1) ve. T.m Sl aieife aimed from the present
Zn012 Zn, i
—_— .""" .

work by the inf,G:_ h d._for dilute ZnCl

2

Se obtalned by Harris

: |
solutions (0.003 J U

from the ﬂu ’ﬁﬁﬁﬂ mﬁyqrﬁhﬁr neasurements

For ZnCl2 s ion above

"o ) ﬁ?@ﬁﬂﬁmﬂﬁﬂmnﬂlﬁ E.l oy

Hittorf measurement.

0.09 mol kg ) and thé
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Partington's results for the concentration range 0.009 - 0.3

mol kg—1 are plotted as curve B.

4,2 Theoretical Analysis of Transference Numbers for Dilute

Aqueous Zinc Chloride Solutions

The relationship e cation-constituent

transference number a conductances of ionic

species present in is gl uation (2.6) (Chapter 2)

q
w‘% which has the usual form,

N

A L.- \ AW Ry Gy K
i »f several ionic. species
, § ' "‘ s P ’

. A
Ar(lz'], 2,—- !‘f' '~‘ nt

The Lee and Wheaton

X
AY & 7 79 KA)

allows the equivalen

ation in dilute solutions

to be evaluated from knowh—2

le cs. These data thus'permlt s

the calculation }“__.
"T b-u

f

at\
the theory, the a ;ﬂ

u— Iy TN

Varldﬂk sets of - and R were used to

mmmmﬂf umﬁmmmm ;

comparlng the experimental T vs. M curve with those
Zn Zn Cl2

obtained from the calaulations the set of A° and X . values
2+ g
. Zn ZnC1l

which gave the best fit between the experimental and predicted

concentrations

by equation (2.6 !‘ the application of

Jﬂly51s of the transferente number data were

ZnCl2

T vse M curve was obtained.The predicted zinc ion-consti-
n ZnCl2

tuent transference numbers are listed in Tablel.5.These plots are
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°
shown in Fig. 4.5. From this analysis, using A
Z

cm24m71 equiv—1. which is the best.value , curve II was obtained.
2 =1

= 535,

2+
n

Curve I was obtained by. using the values of 56.2 and 35.0 cm

. =1 o e , E )
equiv . for A and A ‘respectively. This set gives
2% +
Zn ZnC1l

the best fit for conductance analysis by the Lee and Wheaton

‘ o
equation. Curve III was obtained using the literature A o4
; .

e value of A , = 35.0
ZnC1l

A;humzxL- equiv_ . the value

ZnClZ, o . 7Znl S
of TZn : was caeltlaft e g sl The limiting slope of
the zinc ion-constd Ghare : number was then calculated
from these values uE 2 €108 s09% Chapter 2, and is
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Table 4.5

ZnC1l

Predicted TZn VS MZnClZ
10°M Predictad Tznc12
ZnCl2 / 7Zn
mol dm"3 LT
0.3044 0.4098
1.283% 0.4107
1.915 0.4004
2.199 0.3994
2.744 0.3952
3 430 4 0.3967
.72k - 0.3943
ye:
5.656 G 0.3938
8.053 AT 0.3882
8271 0.3881
8.630 0.3874
8,94k 0.3866
ﬂutmww INHANT ome
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53.57 cm%zL
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) .
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equiv
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1.; A ,=35.0 cm®a 1equiv
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o
-1.; A =35.0 cmajL-1equiv'

ZnCl+
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