CHAPTER III

EXPERIMENTAL

3.1 Materials
3.1.1 Ccnductivity y The conductivity water was

prepared by first double ﬁQ the tap-water using " Double

WS " manufactured by
——

James A Jobling yodeionisation through

the "Eigastat" ic conductance of

NN

water is usuall

3,1.2 K@

—

less than 99.8 %purity

was used_without ‘salt was dried above

o
100 C to constant

3.1.3 ZnC1, ,:=Lw=‘ yse ZnCl2 with 99.8 % purity
gﬁf’xt
was used witho-‘ ‘ dry-salt was used to

make up a stock ," .‘r‘
: .m
Concentrated Riedel “Pe Haenag fur Analyse

Ziiiii?iﬂ,mﬂﬁm mﬂm:ﬂ:afrn*a“ ——
3 WPRdns ﬂﬂhﬂJz‘H% ﬂ%}ﬁﬁﬁ FLipe g

of Sw1izerland with 99.99% purity was used as an anodes

314H

3.2 Apparatus

3.2.1 Conductivity Bridge

A complete assemble of the A.C. conductivity bridge

with oscillator, type " RC 18A ", ‘manufactured by Beckmann
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Instruments,Inc.,was used to make conductance measurements
throughout this work. The resistance can be measured with the
range O - 111,111 & and gives the results accurate about £0.05%

of the decade resistance readings over range 500 - 50,000 £ .

3.2.2 Conductivity Cell

ivity cells as shown in Fig 3.7 «

Three types of the cond
re made of pyrex glass

n and the cell walls.

- Tndirc@T ovinG adarysCe!
The indirect i g ) L %\\\\ sed in this work is

7 ﬂ

v \»,- L{- )« It consists of
' # > -tt\\\ thode, and anode units.
2 ;3\- the solvent correction

\

arising from the adsorp@d snd le ingiof electrolytes between

the same as that devg
the main body of the 4

A1l parts are made of

the glass walls and the sod

A diagram<of _the compleve TransSicrcns gel nunber cell is
N \‘
b -ﬁs the same size as

J

shown in Fig 3.2. T

i

the rest of the tublﬁF The ends of the stopcock was cut open,as

shown in Fig ﬁu%gﬂﬂﬂﬁxﬂlﬂﬂrﬂ ‘ﬁllows free circu-

lation of the ermostat 11q%?d which prevents 1oca1 heating.

e s YR A RN NN Y

A separate H shaped pyrex glass vessel shown in Fig 3.4
served as a cathode unit which was connected to the top of the
moving boundary cell by avground glass joinf. The anode unit
consists of a closed anode compartment at the lower end of the

boundary cell fitted with an appropriate electode plug.
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Fig. %.1 Diagram of conductance cells .
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- Fige. 3.2 Diagram of the Complete

Transference Number Cell
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i —J 7. Fig. 3.3 The Stopcock
j%z: I :i (showing circulation)
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| \\_/J : - Fig. 3.4 The Cathode Unit
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Table 3%.71 Dimensions of the Transference Number Cell

Bore Size Middle Section Anode-B J-A Total Cell
i.d./mm A-B length/cn length/cm length/cm length/cmI
5 28.5 23.0 10.0 45,0

A refers to ball and cu

B refers tib stopcock

J refers to top of

3.2.4 Temperaif

It is vef ié, nt! oihave, an & rate temperature
control within thé" ns range frelquired, for high precision con-
ductivity and transTex » ,,' € easur nts. The temperéture
of the solution'mea-‘r: immeréion of the cell
in an electrically opera It -ath‘fillea with water.
The temperature e I sstat bat egulated by means of a

s

Beckman contact tHe

¥$ 25.00%0.01 C. The

(] o
A.S.T.M.thermomet% R 37386 ang%@ to 35 C, graduated
i g O OZ C, was used ffex temperatuge reading. It was callbrated

with a standa w g mﬂns WOEJ ’1{3] ‘;al Laboratory K.K.

254 OO C of the standard ﬂﬁermomete:& thls thermometer reads

25.05:'% RAMNNIUANTINGIAEY

For transference number determination, an additional
water jacket was required to accommodate the whole length of
the moving boundary cell.” A top-cut plexi glass cylinder
partially immersed in the glass water tank was used. Circu;ation

#
7

of the thermostat water through this vessel was achieved by a
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glass centrifugal pump. This pump was immersed in the water bath
with all the chambers filled with waFer. Rotation of the % way
glass tubing by a stirrer motor produced centrifugal force

which generated flows. The temperature in the water jacket was

o
set accurately at 25.00i 0.01 C

5.2 A Current Reg

s

\5\\ 1

In this work, ‘ascur tgldator with the range 1 - 10

milliamps, designed D 2 ha ﬂmaqi aboot of the Department

of Chemistry,Chulalengke o7 \R\%QS* .5 used. This current’
regulator can suppd¥y u 50 \\\\

Stock zinc &hl 1@i&51 £ about 0.5 mol kg L was
(s = o)
prepared by dissolving the—sa
AR T8 ‘
tration of the s#pock ntion wa inegd. by the conducto -

deionised water. The concen-

o -

-
" . R ‘= g .
metric analysis ﬁy ﬁﬁ‘a V1Z,

= 2, 31946 + 171.946 = 1‘@.1111 M® ( 0.34M £0.7)

and was redlq,uﬁﬁrﬂw %’wegﬁ ﬁ% The two results

agreed with

Q%ﬂﬁﬁﬂﬁﬁﬂﬁ%‘ﬂﬁ‘iﬂﬁ s

was prerw Sared by weight dilution of the concentrated analysed
HC1l solution. The concentration of the stock was determined by

the conductometric analysis develcped by R.H. Stokes (39).

LN . ' i
Detail of this calculation can be found in Appendices 1,2,3.



35

3.3.2 Preparation of Solutions by Weight Dilution

Solution of the desired concentrations were prepared by
weight dilution of the appropriate amounts of the stock solutions
with deionised water. Bouyancy correction (40) were applied to

all massese.

%.4 Preparation of the Elec

3.4,1 Silver lectrodes

| —
Silver - si i@ etrodes were used as cathodes.

The copper wire w | Q glass bing with the outer end
joined to a 1 mm' i oriate amount of silver

\\ i @ a current of about
\\\ electrode in 1 mol kg—1

@ially stored in deionised

was con§erted to
0.5 to 1 mA betwee
hydrochloric acid. B
water over night to a

ic acid to diffuse out and

was kept 1mmersed in the

vff F*, tion before use.

-

3.4.2 _h;i,,‘:‘—- ode——— 1

TS DeD me made by sealing a
Zinc rod fit 1{15 oppe nig ea ‘i to an appropriate .
ground glassﬂdﬂ %Hﬂ 'ﬂ;ﬂ}l‘ﬁlﬁ. The glass tubing
below ﬁ a éﬂzjhe ,rubber‘
base. iﬁﬁﬁq fli gilﬁgl 'ﬁzjg:]n d to long

p.V.C. tubing which extended above the thermostat llquid and

The anode!unit shown 1r

provided additional insulation for the electrical lead. Before
use, the zinc anode surface was cleaned by immersion in 2 mol kg'1
nitric acid then it was rinsed several times with deionised water

and dried with tissue paper.

Aot
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3.5 Conductivity Measurements

3.5.1 Experimental Procedure

Al]l measurements were made in conductance cells held in
4 )
a thermostat bath maintained at 25.00% 0.01 C. The resistance

was observed at the oscillator frequency of 1000 and 3000 cycles

per second. The conductance 'c ere thoroughly cleaned with

owed by rinsing with

w. The cells were filled

The cell 4 imes with the desired

solutions, after the appropriate solution
and immersed in thg it attained thermal
equilibrium. The re t 5 minute intervals
in a series of 4 - 10 equency dependence
resulted, the value of ;5? 'by plotting the observed

res l St ances w 1 t L :"-Av--I-ll-vAvxa——Y‘l---v‘:-mé‘;:;::-:v:—J:‘. -

nd extrapolating
A

je "

them to an infiniiﬂ : ﬂﬁ

After the ﬁt t set of mQ@surements was made, the solu=

mﬂum BENIWEADT e sensurenent

was repeated. Thls additionédl shakln ad been feund to eliminate

the soble/leoh N NIURIINIAY o e

solutlons. For moderately dilute solutions, it was found neces-

sary to carry out 2 - 3 successive measurements after the cell

had been refilled with the same solution.



38

3.5.2 Determination of Cell Constants

The cell constants were determined, using the method
of Jones and Bradshow (42) by measuring the conductivities of
standard 0.01D KC1 solution. The value of the specific conduc-

tance in Table 3.2 was used to calculate the cell constants.

Table 3.2 Specifid i‘}’ tivities of KC1 Solutions
; B -1 |
Solutions | g KCl/100ku_;: , K(adem™ ")
' S0 Lut 1 o —r ' : 18°% 25°c

(in vaccug —— .
1D 71. 358 . \\ . ‘o.097838 o.1113l+2

0.1D 7k 0.011’1667 0.0’12856O

0.01D «7h o.oq122052 0.0014087

Because o onstants, cell B and C were
T 1

also determined by intercon ntparisomswith the cell whose cell
i :':3”'

constant is accu e methods mentioned

in reference (4 ‘j, Ve ‘ esults which agree

ne cell c-ltants are shown in

ﬂUEJ’J‘VIEJ'V]ﬁWEHﬂ‘E

Tab1®e 3.5 Gell Cal?bratlon )

withinZ 0.05% - T@ values of

Table 3.3 .

Typejof Cell Cell Constant/cm_1
A : 4.511_% ,o002
2 .
B - . 0.1977 % .0001
g .. 0.1600 % .0001
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3.5,3% Conductivity of Zinc Chloride in Aqﬁeous Solutions

The conductivities of aqueous ZnCl2 solutions at various
concentrations were measured by the conventional—technique
mentioned above.. For the solutions of high concentration, the
conductance measurements were made in the conductance cell A.

The conductance cell B and e used for the solution of

moderate and low concent: : n y/
. . /

%3.5.4 The Ce

the.Conductance

From the r surementgy. the conductivity was

calculated using.

£ 3%

where Kobs is th f the solution, and b

is the cell const nt correction, thus the

conductivity was calculad G ation (3.2 )

O 19 5 e e A, O A o 2. S . ( 3.2 )
Y = ¥

3.6 Determinati% : jﬁ er

"

3.6.1 Expefimental Proc

Aftg l L jwﬂ’lﬂ‘ik grease with
) )3 L 13 ﬂﬁiﬁﬁfﬁii?

each run. Subsequently soaking and rinsing was made w1th distilled
water and then with deionised water, followed by drying in an
oven. The apparatus was assembled using silicone grease on the

ground glass joints.
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Shearing method employing a stopcock for the boundary
formation was used in this work. Aqueous HC1l and ZnCl2 were used
as leading and following solution respectively. Filling technique

of the moving boundary cell was carried out as follow.

After the.stopcock and anode unit were put in place, a

long clean p.v.c. tubing of 0.1 mm i.d. was lowered down the

’,//Ei the bottom part of the

ube was connected to a

moving boundary tube unti
anode compartment. T
s

cm” glass syringe the anode compartment |

was made with the itable concentration,
followed by compl ent up to about 1 cm
above the lower s o} was then turn 90o
and the excess of ‘~}N» The rest of the cell
was then rinsed.wit owed by the leading
"solution. The cathode ‘ onnected and the whole cell
was completely filled°-iéﬁ%§§”‘ or-silver chloride electrode

was put into plSe—theparts—of The—cetrwese held firmly -

# ,{”‘
together in a ver!ﬂc- g glass support and rubber
bands. The complete cell was 1owered into the thermostat jacket

o s B PPN TH YA s i

hour was all ed for the ce}l 16, reach the bath temperature.
seco RARAF I N OIS B e rovones
to the uprlght position and the junction between the bottom

following and top leading solutions was formed.

For the run with moderate concentration and at the current
exceeding 5 mA the boundary was easily located and the electroly=~
sis was stopped after the boundary had passed the ball and cup

joint. For dilute solutions at the current below 2 mA, when' the
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boundary was not visible, a further 10 - 20 minutes was allowed

for the electrolysis. To ensure the passage of the boundary, the

sample of the solution above the ball and cup joint was tested
1

with 0.5 mol kg~  NaOH. A white suspension of zinc hydroxide or

hydroxychloride indicated the presence of zinc in the solution.

After electrolysis was complete, the circuit was discon-

nected and the cell was i fted out of the bath. The

upper tube was tilted - original upright position,

and the stopcock wa solate the following

solution in the mi ion was allowéd to

equilibrate with 1alysis took place.

The conce i of ot djusted indicator solutions
.were determined by ex ne °tric analysis. This
method involved samplin{'?ﬂ?e"ay stance measurements. These

techniques are de

. . Y :

Phe solutlo? in the cell was equilibrate with the room

e (BRI o

commenced.

mmmmmumm BB, .
solutlon above the ball and cup joint was discarded. The solutlon
in the middle section down to a level 1-2 cm below the joint wﬁs
removed. A long p.v.c. tubing at the end of 2 cmB syrlnge was
inserted in to the mlddle section and the top half of the
solution was withdrawn. This sample was deliver into the 10 cm3

weight pipet, which was then weighéd. The second half of the
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solution was also removed in the same way leaving the solution
2 cm above the top stopcock. A second weight pipet was used for
this sample. In most cases, about 3g 'of solution sample was
delivered each time and was subsequently weight diluted to 50 g.
Conductances of fhese solutions were determined in the same way

as described in section 3.5.1,

When only a sing Samy g to be analysed, the solution

2 cm below the joint Swm to ' the stopcock was withdraw.
- -

After samp rements of the solutions

were made. Standardgftegh hes=for ] 4\ance measurements

described in sectioxn ‘\followed.Deionised water

stored overnight in :
/ 2
dilutions. ‘iﬁ?{i
J“' T .-'Jfa ;

3.6.2.3 Calca 5;;#1‘!‘
i Earan

as used for weight

e Kohlrausch Concentration

Calculafié:J_f::E:E:fffﬂﬂnﬂ~ﬁ-—h"—zﬁ-istance measurements

T

were described inlwe ,-pﬂrximate concentration

of an analysed soluélon was obtai ned by the interpolation of 'the

conductance ﬁu&’a % Hm%wma ﬁlutlons. The exact

coqcentratlo of this solutgon was de uced by th uccessive
oo i) @t\&ﬂﬁ@&%&%’ﬁ%&ﬂ@ fchoentration
equatlon. The concentration of the following solution was then
calculated from weight dilution. Detail of the method is in

Appedix 1, 2, 3.
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3.6.3 Calculation Of the Transference Number

The volume corrected transference number (12) of the

following zinc ion-constituent is calculated from equation (3.3),

m » |Z

Zn’

(3.3)

HC1

Y was ob TH vs. concentration

H
for HC1 solution 1

my wasgob =d fron he s ion preparation by weight

dilution of stoc

m, was the es@#”j; alysis of the sample by
conductance measureme ;":.-ﬁ

N,

— - L ’

X
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