ANALYSIS OF THE DATA

5.1 Method of Analysis
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where k equals RT/F , m, and m, are molal concentration and y is the
mean molal activity coefficient of the zinc and halide in the
solution. This formal activity coefficient  becomes the
stoichiometric mean molal activity coefficient vz of aqueous zine

halide when L% is zero (no potassium halide is present). [ Ena"' ]
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and [ X~ 1 are the molal concentrations of the free ions at
equilibrium (mol kg“} and v,, is the activity coefficient of the
non complexed zinc halides.

In aqueous solutions, a series of four complex equilibria

occur, which are given by

WP e 0= 1,2,3,4 (19)
-

(20)
( curve brackets ig
The corresp@nd iirf-zri ation quotients Y ~ are
defined
- (21)
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In eq.18 , Yik coefficients represent molal activity

coefficients of the component dissociated electrolyte, with cationic

valency 1 and anionic valency k and Yo is the coefficient of the



neutral complex ( ZnX, 1
There are several relations between the concentrations of
the various species present 1:; the solution.They are as followed.

Firstly, the relations for the conservation of mass,

y
m, = SL0 2™ ) (23)
(21111 +m Jinl:znxg-n ] (24)
and |
| ‘ = M
.f"xkk;\x 1 (25)
(2m, Aga 1adnEty Lot [x 1" (26)
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nezlecting the concentration of

free hydrog  famall amounts of the
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I = 0.5( 4[Zn%*] + [ZnX*] + [znx;] + HEZnIii + X +m,) (28)

hydrolysis ';54;';'?- -
]

Equation 25 and 26 may be combined to give a fifth order polynomial,
expressing free halide concentration in terms of concentration

quotients and knowWn concentrations
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alx"1® « h[x"]" + c[x']3 & r.ll::ll:']2 +eflX1+C=0 (29)

where

2m1+m2}]

The valugh Brf free adt nd, ‘halide concentrations are
restricted by the gom ’_,' of h‘w\ and 18, and one given as

m, (Em! +m, 12 V — 3 e O ]E 731 (30)

unts may be expressed

by extended Deb! Huankel Bquatiﬂrm (eq. 31 4 d),

ﬂummmwmm o

log v,, &) -1.023I (312)
ARSI o o
log v, = BI+B'I® +B"I° . (31¢)
dog ¥jy = T02at2 | (g, TR DM BT Br13  (310)
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where A21 = haa1 v Ay o= ba, and A,, = ba,,

with b= 0.3291 at 298.15 K and a

ik the corresponding distance of

closest approach (A ).
The input parameters are E and the corresponding total
concentrations of zinc and halide. Initially, the value of E must

be determined, the

hich is described in section 5.1.1.

of eq.20 and fifteen unknown

ﬁcmfﬂ cients (eq.31) are

Then four complex
parameters in th;f-fl
evaluated by the Pro -
5.1.1 The DEtofndn; ?JE :::T. standard Potential E, of

the |

2
was

br Mede nins f;_ f'E \, the concentration of KX,m

was set to zero' the zinc halide,m

1l

less than 0.1. range, there is little
possibility of self the salt. The square and the

higher powers-g and 26 can thus be

neglected, i.84 € reeds onl: TLhe species Zn", ZnX',

Iy
fﬂﬂiﬁ%ﬂﬂﬁ ENEJQ, jf, ) (32)
PMAANIUNRINEIRY o,

and I = 0.5(4Czn®*]+Czact*]1+C0C1" 1) (34)

and X. Thus , Iﬂ

The ecalculation procedure requires initial assumption

about ioniec strength. In this case, the ionic strength of fully



49

dissociated 2:1 electrolyte at the same concentration was used as an
initial guess. The chosen value of F‘ , and the starting wvalues of.
the parameters in the extended Debye-Hueckel eqs.31a and 31b were
used to calculate the approximate value of chloride concentration

for each point (egs.32 and 33). The concentration of Inz"' and ZnC1”

W value of the ionic strength was

é roved estimation of ionie

1 the ionic strength was
nZ

were computed from eq.24 a
obtained from eq.34. ‘
strength,
constant and Cl- were then
‘*\ from eg. 18. This
\ the standard deviation

obtained and
procedure
of the E valued we 4.\ A2l pe ameters were then optimized
the lowest standard

deviation. The floW : 1d. Ehie F gramme used for this procedure

i !
5114: 7 ,H = i An O D
.l

7 S =
'ﬁ_t; “the ah) complex formation

Formation Constants

ely, the mrocadura of which is

1V VT30 (8 VT S
mamﬁi AW

2. By fixing the value of 51. the value of BE was

constant was md Justed

evaluated from the data of the solution concentration up to 0.5
mnl.kg"?. Within this limit, the effect of the anion complexes was
assumed to be negligible. The initial guess of EE' ioniec strength

and a,B parameters in the Debye-Hueckel expression (eq.31) were used
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to calculate the halide concentration from the pentic equation
(eq.29). The Bairstow's method (19) was employed, the procedure of
which is shown in Appendix (I). The species concentrations were then

computed from eq.(24) and the new value of ionic strength was

obtained from eq.(28). The calculation was repeated until the ionic
%. The resulting values of zine,

halide concentrations w:,'f 8 : fricient values were then

d_
used in eq.(18) to calculs e @mtara were optimized
until the minimum at#faePd déviation bebween the calculated and the

H\:\‘\ emaining, B' and B''

parameters in thegexiéngd I v" 'f%-. 3q. 31) were then adjusted

measured emf.s
to obtain the lows

\\:113 the values of 8, and

;=7 edure the value of E3 was

obtained by extending the ange ion range of solution up to

1.5 mol.kg’1;. t plthe value of B, was
\ "7 = Y]

determined. ‘

ﬂ Finall:.r. the value of ﬂaz,ﬂxa,ﬂu and all other

"”“’“‘““ﬂﬂﬁ‘ﬁ WEIﬂﬁ'WEJ’Tﬁ'ﬁ“” it

Rosenbrockfsubroutine.

LB b a1 1 e
inclfiding the znx -KX systems. All parameters obtained from the
analysis of anz systems were used as initial guesses. The
procedures for the calculation of the emf and for the evaluation of
the complex formation constants were the same as previously

described.
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5.2 Results of Analysis

5.2.1 Zinec Chloride System

The standard potential of the cell

(II)
was caloulated bBY Lhemethod d 584 in section 5.1.1. This
gives Euu = 0.98 W #ith © 5 0.00025.Y. The standard electrode
] ' o
potential of AgCL ~ E e11 ¥ of

=D.7Hh16_, V. is same method, Lutfullah

3

and Paterson (20) \0.98428 V. and -0.76194 V.,

with o =0.00015 V.
Usin o v otential values in the analysis
of the data, the comple» -‘—F; gonstants were found to be

{7 'Y
51 , =2%1.30 + 0.10

! — T

i¥

n ga +0.08 8 =" 1.00 £ 0.03

ﬂummmwmm

The paraméfers of the autlvity mefﬂcimtn in the Debye-Hueckel

“‘*“ﬂ‘W"fWﬁﬁfﬁWﬂﬂﬂEﬂﬂﬂ
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Table 5.1 Activity coefficient parameters of the extended

Debye-Hueckel equations in system of ch12.

a B B' BELE
log

Y54 4.13 0.00437 | 0.00025

1 |  0.00131 | -0.00050

Yo 0.00060

Y12 -0.00120

“enf.s of the cell (II)

as a function of“Zng N . 0 aemhlad in Table 5.2. The
concentration of specfes i Y fons are shown in Table 5.3.
The graphical represeil : pamentage* distribution of
species as a fignc trions is given in Fig
5.1 . 1 —

'

18
i
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* -
percentage distribution of species = onXiz lﬂ':l x 100 / m, %

g
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Table 5.2 The measured and calculated emf.s of the cell (II) as
function of chlz concentrations.

“znc12 1 Emeasd. Eeald. =

mol.kg mol.kg | V. V. V.
0.00098 0.00293 1.2377 -0.0001
0.00294 ‘ 1.1985 =0.0003
0.00366 1.1909 -0.0001
0.00442 1.1844 0.0003
0.00508 1.1796 0.0003
0.00735 1.1671 =0.0001
0.00827 1.1631 -0.0001
0.01039 1.1556 0.0001
0.01204 1.1507 0.0003
0.01549 1.1424 0.0001
0.02052 1.1333 0.0002
0.02201 1.1311 0.0003
0.03017 .1210 0.0004
0.04243 1.1101 0.0005
0.05913 0.16078 1.0993 1.0996 0.0003
0.065 u ‘o EJ V'I o lf]ﬂ 963 0.0003
a.naaﬁ E‘Egm | ?m :‘Eaas 0.0003
e ﬁ na 0.0004
R ANTTAU NI N YIRY | oo
0.15817 0.40201 1.0673 1.0675 0.0002
0.19300 0.48123 1.0604 1.0608 0.0004
0.23171 0.56626 1.0545 1.0545 0.0000
0.32792 0.76360 1.0433 1.0427 -0.0005
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continue
"‘zmug1 1 52 Epeasd. Ecald. =
mol.kg mol.kg V. V.
0.37307 0.84987 _1 .0386 1.0385 =0.0001
0.49003 1.05811 1.0298 ~0.0002
0.54438 1148700 1.0267 -0.0003
0.60653 1.0235 0.0002
0.68557 1.0200 0.0000
0.78735 " 1.0162 0.0004
0.84448 1.0142 0.0005
0.89037 1.0128 0.0004
0.93123 1.0115 0.0002
0.97995 1.0101 0.0005
1.09970 1.0069 0.0004
1.29993 1.0021 0.0004
1.40031 0.9999 0.0005
1.50247 Y 9.9977 0.0007
1.60265 lﬂ 0.9957 0.0004
1.70085 2475384 049935 0.9939 0.0004
19965 9l] 215 B V] 58 2| ) 73 5503 0.0004
1.98896 4 3.10266 0.9886 0.9887 0.0001
¢ o Q/

| . m um m E!(Iﬁ EJ 0.0003
YEQNTTAUHRLINETRY .
2.61177 3.80660 0.9789 0.9791 0.0002
2.94767 4.16261 0.9743 0.9744 0.0001
3.22138 4.44181 0.9710 0.9709 -0.0001

The standard deviation of emf.( o } is 0.0003 V.

AE

emf

Eald: — Fusasd.
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Table 5.3 The molal concentrations of the individual species in
agueous Znﬂlz solutions.

Enﬂl? i con:antratiun of speciaj (mol kg_;i J

mol.kg [Zn7] [znc1™] | [ZnCl,] Ezm::13] [znc1) 1| [C1 ]
0.00098 | 0.00097 | 0.000Q1y | ©,00C00 | 0.00000| 0.00000 | 0.00000
0.00294 | 0.00288 | Q.00006" ,-.‘H 0.00000 | 0.00000 | 0.00528
0.00366 | 0.00358w0.00C ‘t}. 804+ 0.00000 | 0.00000 | 0.00724
0.00442 | 0.00438 ' u 3.00000 | 0.00000 | 0.00430
0.00508 | 0.004g 0,00000 | 0.00000 | 0.01001
0.00735 | 0.00%4 c:-onu 0.00000 | 0.01441
0.00827 | 0.007% ,00000 | 0.00000 | 0.01519
0.01039 | 0.00983 0.00000 | 0.02026
0.01204 | 0.01158 0.00C00 | 0.02342
0.01549 | 0.01448 .00000| 0.00000 |0.02997
0.02052 | 0.01894 0.00000 | 0.00000 | 0.03945
0.02201 | 0.02024 0.00000 | 0.00000 | 0.04224
0.03017 89 1 0.00003 10100000 | 0.00000 |0.05729
0.04243 | 0.0%287 : “‘n 0.00000 | 0.07982
0.05913 . 050t 0.00807 | 0.00014 | O=00001 | 0.00000 | 0.10986
0.06549 .:-Ei 9 i 0.00002,| 0.00000 |0.12116
n.nB3ETFJJn ?j?gj-; ﬂ}.ﬁﬁﬁ 0.00001 |0.15236
G.ﬂgﬁr 0.07609 | q.msﬁﬁ 0.0004@w | 0.00006 ‘ Q0.00002 | 0.16755
oy | Vb4 || 0. 6s ik Voolsd [1.8a00d Plofeboos |o.1e727
{:-.11‘&1? 0.12283 | 0.03329 | 0.00144 | 0.00039 | 0.00022 |0.27812
0.19300 |0.14586 | 0.04369 | 0.00230 | 0.00080 | 0.00054 | 0.33317
0.23171 |0.16978 | 0.05567 | 0.00351 | 0.00153 | 0.00122 | 0.39127
0.32792 |0.22418 | 0.08560 | 0.00763 | 0.00507 | 0.00543 |0.51803
0.37307 |0.24727 | 0.09895 | 0.01000 | 0.00775 | 0.00910 |0.56753
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continue

mzn(:lg concentration of species (mol kg"‘}

mol.kg '| [zn®*] [znc1™] [2ZnC1,] [2nc1§] [zmuf'] [c17]
0.49003 | 0.30129 | 0.12972 | 0.01680 | 0.01778 | 0.02443 | 0.66566
0.54438 | 0.32420 ' 010 | 0:02383 | 0.03425 | 0.69807
0.60653 | 0.34914 & . 0.03171 0.04723 0.72667
0.68557 | 0.37937, ) 0.G286071"0.04306 | 0.06598 | 0.75221
0.78735 | 0.416M p5965 | 0.09288 | 0.77134
0.84448 | 0.436 —- 5985 | 0.10896 0.77673
0.89037 | 0.4 ‘ 850 | 0.12225 0.77883
0.93123 | 0.4664# 8642 | 0.13404 | 0.77872
0.97995 | 0.4828} s 09650 | 0.14887 | 0.77816
1.09970 | 0.52250 .122?9 0.18527 0.76968
1.29993 | 0.58694 0.17231 | 0.24634 | 0.74249
1.40031 | 0.61858 0.19972 | 0.27644 | 0.72486
1.50247 | 0.6504 0.22935 | 0.30643 | 0.7C520
1.60265 | 0.5845+ 0.33505 | 0.68474
1.70085 | 0.71132 | _ 0.36225 | 0.66887
1.89969 |o0. ?T136 0.08535 0.41441 | 0.62061
1.9889€ f" 2T 8S Eﬂd’i 0.43648 0.60108
2.07495 ?El d'qrs u.uﬂa 3@3 0.45693 | 0.58236
2 - m ﬁ » lﬁi‘,‘if 501 | 0.52600
zaﬂ L@rﬂhﬁ ﬂﬁ: ﬂzzzg | Elaua 0.47165
2.94767 |1.07453 |0.318B95 | 0.11586 | 0.81846 | 0.61987 0.40981
3.22138 |1.15042 |0.33441 | 0.12138 | 0.95940 | 0.65577 | 0.36432
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Including the data of ZnCIE-Kcl mixture in the

snalysis delivers the following complex formation constants

4.95 + 0.05 B

™
—
Ll

1.10 £ 0.30

™
n

2.55 £ 0.10

s in the Debye-Hueckel
equation are shown is

Table 5.4 Activi eters of the extended
N

Debye=~H 5 ‘-ﬁ_.\n of ZnCl, and ZnCl,-KCl

mixture.

B!

log
Yor / r‘l"ﬂ 0.00025
1,'11 Eu 0.30000 '01TT -0.00050
el
Y129 i ) . 498 0.0008 =0.00120

DO ™ |/ - - o1 .: . .

a "\ l.. ‘ ' [ .| l. ! w l J |1 i

q

The measured and calculated emfs. of the cell
Zn-Hg / ZnCl, (m,), KCl (m,) / AgCl,Ag are shown in table 5.5. The
concentration of the species in zn(;l2 solutions and ZnﬂlE-KCI
mixtures are shown in table 5.6. The graphical representation of the

percentage distribution of species as a function of ioniec strength

is given in Fig.5.2.
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Table 5.5 The measured and calculated emf.s of the cell
Zn-Hg / ZnCl, (m,), KC1 (m,) / AgCl, Ag
™M o 2'“1"““2_1 1 Epneasd. cald. 4k
61 ek mol kg mol kg V. V. V.
0.00098 1.2378 --0.0000
0.00294 1.1986 -0.0002
0.00366 1.1910 -0.0000
0.00442 1.1845 0.0004
0.00508 1.1797 0.0004
0.00735 1.1672 0.0001
0.00827 1.1633 0.0001
0.01039 1.1557 0.0002
0.01204 1.1509 0.0005
0.01549 1.1427 0.0004
0.02052 1.1336 0.0005
0.02201 1.1314 0.0006
0.03017 1.1213 0.0007
0.04243 1.1106 G.0010
0.05913 1.1001 0.0008
0.06549 i 1.0969 0.0009
0.08327 1.0892 0.0009
0,09; of ,.ﬁ ﬁd 0.0010
TR asein il |
0.15817 0.31634 0.40911 1.0673 1.0683 0.0010
0.19300 0.38600 0.49190 1.0604 1.0617 0.0013
0.23171 0.46342 0.58155 1.0545 1.0555 0.0010
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continue
3 Erl11""""2 ¥ Emaasd . Ecald A Hf
mol kg'1 mol kg"! mol l-r:g_1 V. V. V.
0.32792 0.65584 0.79358 1.0433 1.0438 0.0005
0.37307 0.74614 0.8481 1.0386 1.0395 0.0010
0.49003 0.98006,I% u A/ 0300 1.0309 0.0009
0.54438 1.08& "—g 22 l-. a2 1.0277 0.0007
0.60653 1 1.0245 0.0012
0.68557 1.0208 0.0008
0.78735 1.0168 0.0010
0.84448 1.0147 0.0010
0.89037 1.0138 0.0008
0.93123 1.86246 1.0119 0.0006
0.97995 1.95990 1.0104 0.0008
1.09970 2.19940 : 1.0065 1.0070 0.0005
1.29593 2.59986 15 % kise06 017 | 1.0020 0.0003
1.40031 150062 —2-61445——0:9994 |  0.9997 0.0003
1.50247 3.%& : 997 0.9976 0.0006
1.60265 3.2n§%2h 2.93550‘J 0.9953 0.9956 0.0003
1.70085 ] 0.9937 0.0002
1.89969 3.79938 | 3.31973 0.9899 0.9902 0.0003
AW IRy | o
2.0%4 .14 4 ~987 . 0.0003
2.34061 4.68122 3.92196 0.9830 0.9833 0.0003
2.61177 5.22354 4.29525 0.9789 0.9795 0.0006
2.94767 5.89534 L.78084 0.9743 0.9751 0.0008
3.22138 6.44276 5.21267 0.9710 0.9716 0.0006
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continue
L b bl 2 Eneasd. Ecald. .
mol kg~' | mol kg™'| mol kg V. V. V.
»0.02889 | 0.57676 | o0.58574 | 1.0747 1.0749 0.0002
*0.03265 | 0.58623 1.0730 1.0730 0.0000
%0.03730 | 0.59692 1.0710 0.0001
*0.04353 1.0686 0.0000
#0.06551 1.0620 0.0000
*0.07512 1.0596 0.0000
*0.08762 1.0571 0.0000
*0.10538 1.0538 | -0.0001
*0.13224 1.0497 | -0.0002
*0.17737 1.0440 | -0.0002
#0.25838 1.0369 | -0.0002
*0.29268 1.0387 0.0001
%0.58117 1.0161 0.0008
*0.74772 1.0137 0.0007
*0.90005 1.0091 0.0004

e i Tnenat

. ZnCIE-Kcl mixture solutions

AUAANENTNYINT. e
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Table 5.6 The melal concentrations of individual species in ZI:ii.':l2

and ZnCl.-KCl mixture sclutions.

2
m, I concentration (mol kg-1]

lmo1 kg™ [mo1 kg™ | [2n®*] | C[znc1*]| [znC1,) (znc13] [zmzli"] [c1™]
0.00098| 0.00293 0.00000 |0.00000| 0.00000 | 0.00195
©.00294| 0.00871 ‘ 0.00000| 0.00000 | 0.00582
0.0036€| 0.01081 0.00000| 0.00000 | 0.00724
0.00442| 0.01303 0.00000| 0.00000 | 0.00872
0.00508| 0.01494 1 0.00000| 0.00000 | 0.01001
0.00735| 0.02149 0.00000| 0.00000 | 0.01442
0.00827| 0.024 0.00000| 0.00000 | 0.01620
0.01039| 0.0301§ 0.00000| 0.00000 |0.02027
0.01204| 0.03483 0.00000| 0.00000 |0.02343
0.01549| 0.04452 0.00000| 0.00000 | 0.03000
0.02052| 0.05849 2 1.0.00001 |0.00000| 0.00000 |0.03950
0.02201| 0.0625 .nuuuu 0.00000 | 0.04229
0.03017 | 0.08455 | 0.02 »|b.oocoo| o0.00000 |0.05750
0.04243 n.m@ 0.0 .ﬂumﬁ 0.00000| 0.00000 |0.08706
0.05913| 0.16172 ¢ 0,05135| 0.007§5 | 0.00011 0.00001| 0.00001 |0.11033
0.06549 ﬂ.% ’an %ﬁawy’)ﬂaféncuz 0.00001 |0.12174
0.08327 | 8422388 | 0.07044 | 0.01253 Ennzu 0.00004| 0.00002 |0.15332
0. ‘D'ﬂﬁ ﬂﬁ 3 mﬁm ?ﬂm E:_J].ﬂuunﬂ 0.16872
0.10852 | 0.27502 | 0.08597 u.m”.‘mrpu.uﬂuaa u.aﬁa 0.00006 |0.18875
0.15817| 0.40911 | 0.12614 | 0.03028 | 0.00098 |0.00037| 0.00041 |0.28137
0.19300 | 0.4919¢C | 0.1505€ | 0.03923 | 0.00150 |0.00074| 0.00097 |0.33766
C.23171| 0.58155 | 0.17671 | 0.04929 'a.ﬂuzm 0.00141| 0.00209 |0.39713
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continue
m, I concentration (mol k5—1}

mol kg~ | mol kg~ | C[zn°*1| [znc1*] [znc1,)f [znc13] [znr:lﬁ']l [c1”]
0.3279Z | 0.79358 | 0.23734| 0.07321 |0.00436 |0.00465 | 0.00837| 0.52650
€.37307 | 0.88817 | 0.2638Q |40k 08329 | 0.00547 |0.00708 | 0.01343| 0.57694
0.49003 | 1.12015 4| .00836 |0.01631 | 0.03288| 0.67786
0.54438 | 1.22301 62 [0.00200 | 0.04460| C.71204
0.60653 | 1.33721% 0.02955 | 0.05964 | 0.74311
0.68557 | 1.47826 0*| 0.04073 | 0.08071| 0.77241
0.76735 | 1.6538 0.05759 | 0.11010| 0.79680
0.84448 | 1.74993 0.06824 | c.12732| 0.80523
0.89037 | 1.82601 4f0. 0.07742 | 0.14146 | 0.80982
0.93123 | 1.89296 0.08623 | 0.15416 | 0.81239
0.97995 | 1.97149 0.09681 | 0.16942 | 0.81388
1.09970 [ 2.16081 0.12573 [ 0.20717 | 0.81123
1.29993 | 2.46606 0.18116 | 0.26986 | 0.79197
1.40031 | 2.6 % G099 21197 | 0.30071 | 0.77735
1.50247 | 2.7627 , 2 0.24515 | 0.33159 | 0.76000
1.60265 |2.9055 ‘o .80134 | 0. 1unun 0.02033 |0.27924 | 0.3613 | 0.74117
1.70085 ﬁ;jﬁ ?ﬁm iaﬂ? 0.39000 | 0.72115
1.89969 ol 1501 .$6784 | 0.u4667 | 0.67746
N PR
2. qa 5 , fll) 2017 0. .49583 | 0.63649
2.34061 [3.92196 [1.0798z |0.11180 |0.0194% |0.55951 | 0.57004 | 0.57186
2.61177 [4.29525 |1.18269 |0.09902 |0.01835 |c.66324 | c.64847 | 0.50421
2.94767 |4.78084 |1.31397 |(0.08231 (0.01658 |0.77822 | 0.75659 | 0.41886
3.22138 [5.21267 |1.42712 |0.06863 [0.01483 |0.84824 | 0.86308 | 0.34798
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continue
m, I concentration (mol kg"1}

mol kg" mol kg~ | [2n°*] | [znc1*] (znC1,] [znc1§1 [ZnCli-] | {+2 I |
*0.02889| 0.58574 | 0.01940| 0.00764| 0.00048 | 0.00044 | 0.00093 [0.56312
#0.03265| 0.59620 | 0.0218 0.00055 | 6.00052 | 0.00109 |0.57057
*0.03730| 0.60811 ) 0.00062 | 0.00132 |0.57867
*0.04353| 0.62344 0.00076 | 0.00163 |0.58889
*0.06551| 0.67398 0.00133 | 0.00296 |0.62090
*0.07512| 0.70292¢ 0.00165 | 0.00376 |[0.63929
*0.08762| 0.72294 67} 0.00203 | 0.00466 |0.65040
*0.10538 | 0.7631 0.00273 | 0.00637 |0.6T414
*0.13224| 0.82137 | )| 0.00395 | 0.00944 |0.70736
*0.17737| 0.9184 i : | 0.00651 |0.01592 |0.75292
*0.25838 | 1.06138 [f0. f508u{ 0 0508 0.01221 |0.03006 |0.80715
*0.29268 | 0.94992 ”’Em 0.00904 |0.01999 [0.69145
*0.58117 | 1.90076 852} 0,078 0.07937 | 0.18246 | 1.04493
%0.74772 | 1.880l 40368421 & 1116615 S1hakIY 08427 [0.17113 |0.19695
%0.90005 | 2.114%5 39{ 0.11853 |0.22147 [0.90607

e GHEANENING NS
RININIUUNIININY
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5.2.2 Zinc Bromide System
The standard potential of the cell

in-Hg / ZnBr, (m) / AgBr,Ag (1II)

;,i";‘-p.nun1 V. The standard
- , 9 g
1 a -]

was found to be 0.83

potential electrodes@i-asic e

-.,‘_ ( E A, AgBr E “nl of
-D-TE153 V. was thus_ob¥z - This result agrees with that obtained
for ZnCl, system.
A N
Usig stendard potential of the cell in the

analysis of the da

were found to be

1.25 + 0.05
. 43 + 0.01
—d!

i | prit
The parameters Jsf the activity coefficient®s in the Debye-Hueckel

e AAEAME S nens
RIAINTUNRIINGAY
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Table 5.7 Activity coefficient parameters of the extended

Debye-Hueckel equations in system of ZnBrE.

a B B B!
log
Vo1 4. ”M' 4 0.00094 | 0.00035
t b — _.3'1 M.nnza'r 0.00041
Yo umﬁu 0.00041

| ZIEN

as a function of ZnBf cenkentr: gns & e!liatad in Table 5.8. The

concentration of apacia lutions are shown in Table 5.9.

The graphical¥y p sentation :ii:La distribution of

species as a:’ﬁ , éji ations is given in

E
Fig.5.3 . i

ﬂﬂEJ’WIEJVI?WEJ’]ﬂ'ﬁ
QWWMﬂ‘iﬂJNW]’JV]EﬂﬂB

percentage distribution of species = Ean;E‘“)J x 100 / m %

oy



Table 5.8 The measured and calculated emf.s

68

of the cell (III) as

function of Znﬂrz concentrations.

'"z:snﬂr‘_zt & -1 Em&aad. Ecnld. 3E

mol.kg mol.kg v V. V.

0.00100 0.00299. 1.0855 0.0001
0.00203 0. _ 1.0600 0.0004
0.00325 0. 1.0832 1 1.0434 0.0002
0.00400 0. 0361 1.0361 0.0001
0.0051C 0 ] 13027, 1 1.0277 0.0003
0.00762 0 R "1.0140 0.0005
0.00822 5 A P 1.0114 0.0004
0.01281 0 SR 99 , 0.9965 0.0005
0.01887 0 %;_, f;‘ 0.9837 0.0005
0.02500 0.087} 1 0.9744 0.0004
0.03210 ﬂ.ugzaggr—jj;_ 0.9663 0.0003
c.0ko00 | | il 0.9592 0.0001
0.05000 £.0.9518 0.0003
0.05705 E.we | 0.9475 0.0005
0.0728% 0420672 0.9394 0.0004
oonofl | BIRHN 2[V1BHE AT | oo
0.10000 ¥ [ 0.27973 0.9218_ 0.9288 0.0010
il Mﬂ’?’ﬁu AWYIN M @ - Bl
0.80269 0.54912 r 0.9032 .9040 0.0003
0.28113 0.7468T 0.8910 0.8916 0.0006
0.33976 0.89025 0.8844 0.8841 -0.0003
0.38082 0.98850 0.8797 0.8796 -0.0002
0.45553 1.16262 0.8724 0.8723 -0.0001
0.48207 1.22305 0.8697 " 0.8700 0.0003
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continue
m2n3r§1 s s Eneasd. Ecald. &5
mol.kg mol.kg V. V. Y.
0.52198 1.31256 0.8664 0.B66T 0.0003
0.56246 1.14074 0.8631 0.8637 0.0006
0.58149 144314 0.8623 0.0006
0.64224 1.5 ‘ 0.8583 0.0004
0.67096 0.8565 0.0002
0.70318 0.8546 0.0005
0.80044 0.8494 0.0002
0.92025 . 0.8438 0.0006
0.99049 0.8409 0.0008
1.01024 0.8401 0.0004
1.30092 0.8298 0.0003
1.49993 0.8239 0.0004
1.65193 0.8199 0.0007
1.82372 .8158 -0.0000
1.97743 /p.8124 -0.0001
2.13239 0.8092 -0.0001
2.2U645 31279 0.8072 0.8070 -0.0002
2.4853 - EJ =1 EJ!:H 27 -0.0001
z.agmﬂ w:z?m mgﬁ ﬂ.‘xgu 0.0003
6 ﬂﬁ ¢ g 5 0.0002
AT QLU NELINELIAE o
3.09691 5.40685 0.7929 0.7935 0.0006
3.30599 5.65839 0.7901 0.7907 0.0006
3.55661 5.95578 0.7861 0.7875 0.0014

The standard deviation of emf ( oemr ) is 0.0003 V.

AE

Ecald. i

measd.
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Table 5.9 The molal ccncentrations of the individual species in
aquecus EnErz sclutions.

mzHBiiar N cnnczntratinn of species (mol k§_1;- -
mol.kg [Zn“"] [ZnBr ] [ZnBrEJ [ZnBrE] [Znaru 1| [Br]
0.00100 | 0.00100 0.00000 | 0.00C00 | 0.00199
0.00203 | 0.00202 o 0.00000 | 0.00000 |0.00405
0.00325 | 0.00322%»0w00003 ¥ 0.0000¢ ©.00000 | 0.00000 | 0.00647
0.00400 | 0.0039 | 0.00000 | 0.00795
0.00510 | 0.0050 | | nnu 0.00000 | 0.01012
0.00762 | 0.00747, I’ 20,0001 uuu 0.00000 | 0.01509
0.00822 | 0.00 44900608 {4,0-00000 | 0.00000 | 0.01627
0.01281 | 0.012 7 ) nonu 0.00000 | 0.02524
0.01887 | 0.01815 ).00000 | 0.00000 | 0.01815
0.02500 | 0.02386 0.00000 | 0.00000 | 0.04884
0.03210 | 0.0304C 0.00000 | 0.00000 | 0.06246
0.04000 | 0.0% 0.00000 | 0.07752
0.05000 | 0.4 AT 0.00000 | 0.09647
0.05705 | 0.05283 | © 0.00000 | 0.10974
0.07289 | 0.06674 | 0.00590 | 0,00024  0.00000 | 0.00000 |O. 13938
0.09000 'ﬁt%ﬂ’;ﬁwﬂﬁz‘w WEJS}nﬂnﬁJ 0.00001 |0.17111
0.10000 [1D.09006 n.angig 0.00051 | 0.00000 qc:;uuum 0.18951
0 'Taﬂf ?mﬂ m wﬂaj &ﬂuu’r 0.28024
aﬂzﬁ 0-17434 | 0. 0.00262 nl e [*b. 00029 | 0.37345
0.28113 | 0.23530 | 0.03889 | 0.00554 | 0.00018 | 0.00122 | 0.50686
0.33976 | 0.27910 | 0.0490C | 0.0084€ | 0.00039 | 0.00281 | 0.60120
0.38082 | 0.30889 | 0.05587 | 0.01086 | 0.00061 | 0.00459 | 0.66386
0.45553 | 0.36117 | 0.06759 | 0.01584% | 0.00124 | 0.00969 | 0.76931
0.48207 | 0.37914 | 0.07144 | 0.01777 | 0.00155 | 0.01217 | 0.80386
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continue
My B "'2 concentration of species (mol kg-1}
mol.kg™ ' | [2n%*] [znBr*] | (ZnBr,] [ZnBr;] [znnrf'] [Br~]
0.52192 | 0.40561 | 0.07687 | 0.02077 | 0.00212 | 0.01662 | 0.85273
0.56246 | 0.43176 | 0.08191 w: 391 | 0.00283 | 0.02205 | 0.89851
0.58149 | 0.4438% | 0.08H1C ;@\ 0.00322 | 0.02493 | 0.91871
0.64224 | 0.48157 17005041 4 0.9302571 0.00469 | 0.03551 | 0.97783
0.67096 | 0.4984 0:03 00551 | 0.04117 | 1.00267
0.70318 | 0.51768 )0655 | 0.04807 | 1.02867
0.80044 | 0.5 1046 | 0.07193 | 1.09428
0.92025 | 0.638 01704 | 0.10661 | 1.15417
0.99049 | 0.6758 0.12906 | 1.17943
1.01024 | 0.68895 0.13335 | 1.17943
1.30092 | 0.8286" 0.05417 | 0.23972 | 1.22921
1.49993 | 0.92022 0.08526 | 0.31408 | 1.22300
1.65193 | 0.98560 0.11533 | 0.37164 | 1.20680
1.82372 1. 0.43431 | 1.17777
1.97743 | 1.11886 || 0.48818 | 1.14543
213239 | 1.17556 | o. o744y oigaan 0.24517 | 0.54002 |1.10837
2.24645 m:ﬁﬁ ‘ MZJT ?ﬁz a]ﬂuj 0.5767T4 |1.07924
2.48530 " I'12 0-09454] 0.37139 | 0.64818 |1.01398
Rt VS prasb i) 1ol W
2.887 } . Gl .09 Yol S4hy 475840 |0.89581
3.&?}691 1.5229¢ | 0.04085 |0.09118 | 0.63530 | 0.80667 |0.83802
3.30599 |1.59297 |0.03527 |0.08891 | 0.73412 |0.85471 |0.77767
3.55661 |1.67627 |0.0293% |0.08568 | 0.85523 |0.91011 [0.70642
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Including the data of ZnBr_ mixture in the analysis,

2
the following complex formation constants

By = 2.40 + 0.10 BE = 1.80+ 0.05

Ea = 0.041 % 0.02 BIII = 0.38 + 0.01

are obtained. The comp

3 1
» w1 e
bt
"'\_'-:
e
- -

sarameters in the Debye-Hueckel

Table 5.10 Activ ' ent s of the extended

N of ZnBr, and ZInBr_-KBr

2 2

Br
log
Yy, ) B ety 0.00094 | 0.00035
Yy : ;. ' BP>1 | o.000m
Yo i | -0.00323 | 0.00091
T‘ﬂ -0.00040
uﬁ?wﬂﬂ%% AHY

IMINIRNINIRY . .

In-Hg [ ZnBr, (m,), KBr (m,) / AgBr,Ag are assembled in table 5.11.
The concentration of the species in ZrlBr'2 solutions and ZnBr'z-KB_r
mixtures are shown in table 5.12. The graphical representation of

the percentage distribution of species as a function of ionic

strength is given in Fig.5.4.
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Table 5.11 The measured and calculated emf.s of the cell
Zn-Hg / ZnBr, {u‘]. KBr [mzi / AgBr, Ag
s T 2”‘1""‘2_1 1 -1 Emeas. Eeal s

rol kg mol kg mol kg V. V. V.

0.00100 0.00200 1.0854 0.0000
0.00203 0.00408 1.0600 0.0004
0.00400 1.0361 0.0001
0.00510 1.0277 0.0003
0.00762 1.0140 0.6005
0.00822 1.0114 €.0004
0.01281 0.996€ 0.0006
0.01887 0.9838 0.0006
0.02500 0.9746 0.0006
0.03210 0.9665 0.0005
0.04000 0.9594 0.0004
0.05600 0.9522 0.0007
0.05705 0.9479 0.0009
0.07289 s 0.20674 0.9399 0.0009
0.09000 ‘uﬁ ‘ u%" , r ajo.gazg 0.0009
0.10000 F‘lﬂﬂu ﬂﬂmg ”El:‘j 0.9293 0.0015
0.15000_ _ | 0.30000 Sy 4 0 0.0009
AR AR AT RD | oo
u.zé!13 0.56226 0.75361 0.8910 0.8921 0.0011
0.33976 0.67952 0.90019 C.884Y 0.8846 0.0002
0.38082 0.76164 1.00251 0.8797 0.8798 0.0001
0.45553 0.91106 1.18032 0.8724 0.8725 0.0001
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continue
My 2 s . Emeas. Ecal L8
mol kg"1 mol kg-1 mol kg'1 V. V. V.
0.48207 0.96414 1.28274 0.8697 0.56702 0.0005
¢.52198 1.04396 ! c.8669 0.000%
0.56246 0.8638 0.0C07
0.58149 0.8624 C.0007
0.68224 . 0.8582 0.COo04
0.67096 0.8565 G.0002
0.70318 0.854€ 0.00C5
0.80044 0.8494 C.0c02
0.02025 0.8438 0.0006
€.99049 0.8409 0.0008
1.01024 2.0204§ 0.840z 0.0005
1.30092 2.60184 0.8300 C.0005
1.45993 0.8242 0.0007
1.65193 0.8202 0.0010
1.82372 0.876C 0.0002
1.97743 3.95 _Bg 4.03542 . 0.8124 0.8126 0.0002
2.13239 | il dﬂ;ﬁ 0.8093 0.00C0
2.24645 q)| L.49290 | A4.42582 0.8072 0.8071 -0.0001
Anasmennendy | o
z.691 ; { “5h0M2s 7951 M 0.0002
2.89758 5.75516 5.26158 0.7562 0.7961 -0.0001
3.09661 6.19362 | 5.49076 0.7929 0.7932 0.0003
3.30599 6.61198 | 5.71917 0.7901 0.7904 0.0003
3.55661 7.11322 | 5.98163 0.7861 0.7872 0.0011
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continue
" 2m1+m2 I meas. cal AR
rol kg mol kg~'| mol kg~ V. V. V.
*0.02339 0.57921| 0.5929€ 0.9232 0.9223 -0.0009
*0.02941 0.55729 0.9201 0.9203 0.0003
%0.03301 | 0.9190 0.9185 -0.0005
£0.04098 e + 4 0.9151 0.0003
*0.0624¢5 0.968C -0.0003
*0.07026 0.9058 0.0007
*0.C997C 0.8991 -0.0010
%0.14946 0.8904 0.0010
*0.20757= 0.8825 0.0014
*0.29614 0.8727 =0.0007
*0.44097 0.8615 --0.0009
*0.55054 0.8519 -0.0001
*0.60742 0.849€ 0.0003
*0.72267 0.84€2 0.0011
*0.85016 40079 | 0.835C 0.0008
¢ o [
ﬂytadgduﬂmnzfﬂﬂ :IEQ :iia 0.0006 V

VPRI o) R

* ZnBrE—KBr mixture solutions




Table 5.12 The molal corcentratiors of individuzl species in

and ZnBrz-KBr mixture solutions.
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ZnBr

m, I corcentration (mol kg-'}
mol ke~ '|mol kg~ 1[ [zn®*1| [2zoEr*] [ZnBr ] {Znﬂrgl [znm-;‘] i [er~]
0.00100 [0.00299 | 0.00100f € 0.00600C | 0.60000 |0.00C00 | 0.002C0
0.00203 | 0.00606 0.00000 |0.00000 | 0.00405
0.0C400 |0.0119C 0.00C00 |0.00000 | 0.00795
0.0C510 |0.01515% 0.000¢0 |0.00000 | 0.01013
0.0076Z | 0.0225€ 0.0000C |0.00000 | 0.01509
0.00€22 |0.024 : 0.00000 [0.00000 | 0.01627
0.01281 | 0.03774 30 0.0000C |0.00000 | 0.02525
001887 | 0.05521 0.00000 |0.00000 | 0.03704
0.02500 | 0.07279 207 0.00000 |0.00000 | 0.C4888
0.03210 | 0.09299 0.00000 |0.00000 | 0.06252
0.c4000 | 0.11530 0.00000 |0.0C000 |0.07761
0.05000 | 0.14 0.000C0 [0.00000 |0.09660
0.05705 | 0. '.nnunc 0.00000 |0.10991
€.07289 |0.20674}| C-0I 0.00000 |0.00000 |0.13965
0.69000 | 0.25354 ._uiﬁzuz u.m'.ruL 0.00050 | 0.00000 [0.0C001 |0.17150
€.10000 - b § : 000 |C.00001 |0.18999
0.15000 ﬁmi EH ﬂzﬂﬁg juua 0.00007 |0.28129
0.20268 e}, G 'r§ 0402295, ﬁ 3 ﬁ’ .00026 | C.37538
ﬂ.agth:ja ' ﬂﬁMﬁﬁ .t ﬁ ' TI ﬂ.cunﬁ 0.51069
0.33976 | 0.90019 |0.28460 | 0.04361 | 0.00837 | ©.00043 |0.00276 |C.60686
0.32082 | 1.00251 |0.31519 | 0.04974 | 0.01049 | 0.0C069 [0.00472 |0.67493
0.45553 | 1.18032 [0.37020| 0.05955 | C.01428 | 0.00140 |0.01010 |C.77836

0.48207

1.24274 |0.3890Z | 0.06277 | 0.01569 | 0.0017€ |0.01283

0.81339
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continue
m, I corcentration (mol k5'1]

mol kg™ || mol kg™ '| [zn°*1| [znBr*) (znr,] (zner3] LZnErf'] [Br™]
0.52198 | 1.33534 |0.41673| 0.06725 | 0.01777 |0.00241 {0.01762 |0.86266
0.56246 | 1.42774 n.!m#u-v 0.01981 | 0.00323 |0.02399 [0.90833
0.58149 | 1.47066 1&%? -’}- 073 | 0.00367 |0.02729 |0.92829
0.64224 | 1.60598 QO HGETTE 0.Qp78ef0. 02351 |0.00536 |0.03953 |0.98577
0.67096 | 1.66284 . 4 0.00630 |0.04611 | 1.00944
0.70318 | 1.7378 .,\),! 0.00748 |0.05416 |1.03378
0.80044 | 1.943 0.01187 |0.08206 |1.09325
0.92025 | z.1883 10.01918 |0.1230€ |1.14351
0.99049 | 2.32740 0.02439 |0.14854 |1.16030
1.01024 |2.36613 0.02603 |0.15621 |1.16456
1.30092 [2.91393 0.05812 |0.27447 |1.17968
1.49993 |3.26558 0.08988 |0.35769 |1.15850
1.65193 |3.52190 0.12004 [0.41950 |1.13197
1.82372 |3.7985 2340 16059 [c.48637 [1.09557
1.97743 |4.03542 | 9 0.20288 |0.54266 |1.C5914
2.13239 |4.26419 1\;0555 D'OEHE; G.02861 | 0.25124 |0.59553 |1.02037
2.24645 iv’ﬂu?’la mwﬂﬁ?ua 0.63183 |0.99128
2.48530 ﬂjﬂu 1.33600 [ C.04078 |c.02583 [0.38230 |0.70039 |0.92970
AN I o
2.89 5. a8vh. 9 1902031 . -569 . 79553 0.82656
3.09691 |5.49076 |1.54387 | 0.02721 |0.02191 |0.67226 |0.83166 |0.77936
3.30599 |5.71977 [1.61105 | 6.02372 |0.02083 |0.78708 [0.86331 |0.73212
3.55661 |5.98163 |1.68950 | 0.02014 [0.01968 |0.55392 [0.89337 |0.67848
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continue
m, I concentration (mol kg'1}

mol kg~ ! |mol kg™ '| C[zn®*1 | [2znBr*] |([2ZnBr,) | (ZnBr3] [EnBri-:l [Br7]
%0.02339| 0.59296 0.01892| 0.00360 |0.00069 | 0.00002| 0.00015 | 0.57356
#0.02941| 0.57503 0.023944 0 doli g6 4 0.00083 | 0.00002 | 0.00016 | 0.55052
*0.03301| 0.58664 © \\}\ u/‘,,: 0.00003 | 0.00019 | 0.55920
%0.04098| 0.60596| Gus 0.00004 | 0.00026 | 0.57187
#0.06249| 0.6612 0.00007 | 0.00050 | 0.60922
*0.07026| 0.6816 0219% 0.00008 | 0.00062 | 0.62303
#0.09970| 0.7561 »910.00015 | 0.00117 | 0.67264
*0.14946| 0.8799 ab545%| 0.00034 | 0.00272 | 0.75330
*0.20753| 1.0215 0.00069 | 0.00586 | 0.84186
*0.29614| 1.24384 0.00173 | 0.01511 | 0.97338
*0.44097| 1.55364 0.00470 | 0.04006 | 1.11026
*0.55054| 1.93142 0.01152 | 0.09376 | 1.28155
*0.60742| 2.01721 0.01379 |0.10798 | 1.28418
%0.72267| 2.130 24P .01749 [ 0.12672 | 1.25680
*0.85016( 2.508 19 0.03270 | 0.21030 | 1.33459

* results

AUYINYNINGINT

ZnBr.-KBr mixture solutions

@ ¢

RINNINUNINEAY
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