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The dissociation constants of barium chloride {K1 ), zinc chloride (K1 ) and 
cadmium chloride (K1 and K1 ) bave been studied In 10, 20, 30 and 40% {w/w) dioxane• 
water mixtures at 25, 30, 35, 40 and 45" in presence of HCI from potentiometric 
studies. Barium chloride and zinc chloride are found to be completely dissociated 
upto 0.1 ionic streogth (except ZnCI1 in 40% dioxane). The thermodynamic quantities 
(AG", AH0 and AS") for CdCI1 and for ZnCI1 {in 40% dioxane) bave been calculated 
at 25". 

INVESTIGATION of cells of the type: 

) IHCI(m1 ) dioxane (X)%1A Cl A (I) 
Pt. Hs(1 atm MCill{m 1 ) water (Y)%1 g - g ··· 

has not been done so far in aquo-organic solvents, 
specially in dioxane-water mixtures. Lately Prasad 
and coworkers1 •1 have studied similar cells using 
quinlJydrone and calomel electrodes in aqueous 
solutions for BaCI 1 and CdCI,, and found BaCt. 
to be completely ionised upto 0.03 M in aqueous 
solution and have determined both K1 and K 1 for 
CdCI 1 • In the present investigation the cell (I) 
was studied for BaCI, and ZnCI, (i.e. M = Ba or 
Zn) in 10, 20, 30 and 40% dioxane-water mixtures 
at 25, 30, 35, 40 and 45". The above cell was 
studied earlier8 for CdCI 11 in 200;{, dioxane-water 
mixture at 35, 40 and 45". This work has been 
extended to cover different solvent compositions 
i.e. 10, 30 and 40% dioxane-water mixtures in the 
temperature range 25-45" and the results are 
reported in this paper. 

Experimental 

Barium chloride (BDH, AR) and cadmium 
chloride (GR) were recrystallised and dried at 
110•. The stock solution of these salts were pre
pared. Barium, cadmium and chloride contents 
were estimated gravimetrically. A stock solution 
of zinc chloride (BDH, AR) was prepared and 
desired quantity of HCI (Khalbaum) was added to 
maintain the pH at 4.0 to prevent hydrolysis•. Zinc 
and chloride contents were estimated gravimetri
cally. Tne other experimental procedures regarding 
preparation of electrodes, setting up of the cell 
etc. were the same as described earlier 6 • A Tinsley 
vernier potentiometer (accuracy ± 0.01 mV), with 
a matching galvanometer, was used for potential 
measurements. Duplicate readings were taken in 
each case and those which did not agree within 
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± 0.01 mV were rejected. The emf readings of 
the cell 1 after correction to 1 atml pressure in 
the usual way are reported in Table 1. 

Results and Discussion 

Emf of cell I is given by 
E=E•-k log [H+][CJ-]-k log fH+fcc ... (1) 

where E• is the standard potential of the cell, k 
equals 2.3026 RT/F and f's are respective activity 
coefficients. 

The Guggenheim equation 6 for activity coeffi
cient is 

(2) 

where 'I' is the ionic strength of the solution, 'A' 
the Debye-Huckel constant and 'C' is an empirical 
constant which takes into account the ion-size 
parameter, dielectric constant, etc. It bas already 
been noted that the Guggenheim equation (eqn. 2) 
can be applied satisfactorily to solutions of these 
solvents (dioxane-water mixtures) '· 8 • Substituting 
equation (2) in equation (1) and rearranging one 
gets 

E+ k log [H+][CI-J-?:: 1r = E•- kCI ... (3) 

For barium chloride (M=Ba), linear graphs are 
obtained when the L.H.S. of equation (3) is 
plotted against 'I', from which E• and 'C' are found 
out and are given in Tables 2 and 3, respectively. 
The E• and 'C' values so computed agree well 
with those obtained from the study of a similar 
cell taking HCI alone as the electrolyte in the cell 
18·', in all the solvent compositions studied. 
This suggests that barium chloride is completely 
d issociateti in 10, 20, 30 and 400;{, dioxane-water 
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TABI.R I-EMF (tN V) Oil TBR OKI.I. I 

Temperature •o 
[MCl,].r (HOl)T 25 so 35 40 45 

1\l=Ba 

10% Dioxane 
0.004 0.002 0.49876 0.50034 0.50168 0.50!195 0.50401 

0.006 0.003 0.4792!1 0.48044 o.~8J40 0.48250 0.48318 

0.008 O.OOi 0.46584 0.46687 0.46713 0.46795 0.46850 

0.010 0.005 0.45467 0.4.5551 0.45613 0.4.15678 0.45711 

0.020 0.010 0.42158 0.42188 0.42193 0.42203 0.42191 

0.030 0.015 0.40196 0.40205 0.40178 0.40168 0.40117 

20% Dioxane 
0.004 0.002 0.48976 0.49075 0.491'11 0.49!145 0.49292 

0.006 0.003 0.47040 0.47110 0.47182 0.47225 0.47286 

0.008 0.004 0.45673 0.45722 0.45769 0.45792 0.45786 

0.010 0.005 0.44618 0.44651 0.44681 0.44688 0.44669 

0.020 0.010 0.41346 0.41327 0.41302 0.41264 0.41188 

0.030 0.015 O.S9U1 0.89352 0.39299 0.89281 0.39122 

80% Dioxane 
0.004 0.002 0.48002 0.48094 0.48167 0.481117 0.48254 

0.006 0.003 0.46100 0.46168 0.46221 0.46244 0.46241 

0.008 0.004 0.44763 0.44813 0.44841 0.448411 0.44837 

0.010 0.005 0.43729 0.48764 0.48781 0.43765 0.43736 

0.020 0.010 0.40511 0.40509 0.40489 0.404110 0.40843 

0.030 0.015 0.38588 0.38564 0.38527 0.88425 1 0.38317 

40% Dioxane 
0.004 0.0011 0.46656 0.46636 0.46676 0.46686 0.46625 

0.000 0.003 0.4481111 0.44775 0.44791 0.44756 0.44694 

0.008 0.004 0.43521 0.43458 0.43453 0.43411 0.43318 

0.010 0.005 0.42528 0.42445 0.411422 0.411867 0.42264 

0.020 0.010 0.39401 0.89285 0.39227 0.39114 0.88978 

0.030 0.015 0.37515 0.37876 0.37294 0.37150 0.36986 

1\l=Zn 

10% Dioxane 
0.004 0.0020 0.49378 0.15C029 0.50160 0.50297 0.50400 

0.005 0.00115 0.48794 0.489311 0.49045 0.49168 0.49253 

0.006 0,0030 0.47915 0.480411 0.48189 0.48244 0.48318 

0.007 0.0035 0.47172 0.471114 0.47375 0.47465 0.47528 

0.008 0.0040 0.46532 0.46685 0.46710 0.46795 0.46850 

0.009 0.0045 0.45968 0.46062 0.461811 0.46205 0.46250 

0.010 0.0050 0.454611 0.45548 0.45068 0.45675 0.45712 

110% Dioxane 
0.004 0.0020 0.48972 0.49075 0.49170 0.491144 0.49293 

0.005 0.00115 0.47900 0.47992 0.48070 0.481118 0.48158 

0.006 0.0030 0.47038 0.47110 0.45156 0.471121 0.471136 

0.007 0.0035 0.46808 0.46366 o.464111 0.46454 0.44460 

0.008 0.0040 0.45674 0.457115 0.45770 0.45791 0.45786 

0.009 0.0045 0.45120 0.45160 0.45195 0.4151110 0.45200 

0.010 0.0050 0.44620 0.44652 0.44680 0.44687 0.44668 

80% Dioxane 
0.004 0.0020 0.47998 0.48096 0.48171 o.48220 U8255 

0.005 0.00115 0.46956 0.47035 0.47090 0.47130 0.47150 

0.006 0.0030 0.46100 0.46166 0.46214 0.46214 0.46240 

0.007 0.0035 0.45388 0.4s.l40 0.411476 0.4s.l90 0.45481 

0.008 0.0040 0.44765 0.<1.4820 0.44840 0.44844 0.44836 

0.009 0.0045 0.44229 M4260 0.441193 0-441180 0.44.263 

0.010 0.0050 0.48740 M3778 0.43794 0.43781 0.48750 

40% Dioxa.ne 0.46731 0.46777 
0.004 0.0020 0.46747 o.46786 0.46744 

0.45741 0.45711 0.45789 0.45736 0.45677 
0.005 0.0025 

0.44923 0.44879 0.44898 Q.448811 0.44811 
0.006 0.0030 

0.£4230 0.44183 0.4H93 Q.44158 Q.44082 
0.007 0.0035 

0.48696 0.49577 0.43575 0.43542 0.43454 
0.008 0.0040 0.43112 0.43050 0.43044 Q.42998 Q.42906 
0.009 0.0045 0.42643 0.411570 0.42557 0.411506 0.411407 

0.010 0.0050 .. 
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(Table 1 Contd.) 
Tempemtnre •o 

[M~l1]~ [HCl].r 25 30 85 4Q 45 

M=Cd 
10% Dioxane 

0.003 D.0015 0.51552 0.51741 0.51904 0.52075 0.52215 

0.004 0.0020 0.50194 0.50865 0.50500 0.50651 0.50764 

0.005 0.0025 0.49151 0.49800 0.49481 0.49557 0.49655 

0.006 0.0030 0.48297 0.48440 0.48555 0.48667 0.48750 

C.007 0.0085 0.47482 0.47710 0.47814 0.47920 0.47992 

0.008 0.0040 0.46965 0.47082 0.47181 0.46773 0.47835 

0.009 0.0045 0.46415 0.46525 0.46612 0.46702 0.46760 

0.010 0.0050 0.45932 0.46032 0.46110 0.46189 0.46235 

0.020 0.0100 0.42825 0.42890 0.42982 0.42985 0.42995 

0.022 0.0110 0.411396 0.42460 0.42493 0.42538 0.411545 

0.024 0.0120 0.42005 0.42060 0.42090 0.42131 0.42131 

0.026 0.0180 0.41640 0.41697 0.61722 O.U751i 0.41755 

0.028 0.0140 0.41311 0.41358 0.41882 O.!l1414 0.41407 

0.030 0.0150 0.41005 0.41047 O.U065 0.41095 fU108:! 

20% Dioxane 

0.003 0.0015 0.50638 0.50776 0.50906 0.51011 0.51094 
0.004 0.0020 0.!1.9304 0.49!1.17 0.!1.9522 0.49612 0.49660 

0.005 0.002b 0.48272 0.48369 0.484.65 0.48532 0.48581 
0.006 0.0080 G.!l7!l87 0.47521 0.47604 0.47660 0.47689 
0.007 0,0035" 0.46726 0.46804 0.46873 0.46981 0.46945 

0.008 0.0040 0.46117 0.46188 0.46248 0.462!10 0.46290 

0.009 0.0045 0.45678 0.45689 0.46701 0.46727 0.46731 

0.010 0.0050 0.46096 0.46151 0.45197 0.452112 0.45220 

Q.020 0.0100 0.42130 0.42145 0.42162 0.42154 0.4212!1. 

0.022 0.0110 0.!1.1712 0.!1.171111 0.!1.17!1.8 0.!1.1722 0.41682 

0.024 0.01510 O.U3811 0.418!1.0 O.!UMO 0.41380 O.U285 

0.026 0.0180 0.!1.0987 0.409!1.11 o.uooo 0.!1.0970 o.t0925 

0.028 o.ouo 0.!1.0667 0.!1.0672 0.40672 0.406411 M0590 

0.080 0.0150 0.40870 o.!l0365 0.40864 0.!1.0324 0.40265 

30% Dioxane 

o.oos 0.0015 0.48847 0.48!1.45 0.48534 0.48594 0.48642 

0.006 0.0025 0.47328 0.47418 0.47482 0.47581 0.47557 

0.006 0.0030 0.46495 0.46570 0.46628 0.46658 0.46679 

0.007 0.0085 0.46794 0.45862 0.46905 0.46931 Q.i5985 

0.008 0.0040 0.45196 0.46248 0.46286 0.45805 0.411296 

0.009 0.0045 0.4!1.660 0.44710 0.44788 0.44744 0.44729 

0.010 0.0050 0.44191 0.4!1.228 0.44251 M4243 0.44280 

0.020 0.0100 0.41355 0.44881 0.41!1B2 0.41358 0.41811 

0.022. O.OllO 0.40948 0.4096!1 0.40968 0.40926 0.40880 

0.024 0.0120 0.40578 u.40WO 0.40584 0.4L550 0.40002 

O.Oll6 0.0180 0.40248 0.40:!47 0.40235 0.40189 0.4018B 

0.0'28 o.ouo 0.3992\1 0.89930 0.89911 0.89865 0.!19805 

0.080 0.0150 0.39633 0.39630 0.89620 0.39572 0.39507 

40~ Dioxane 

0.008 0.0015 0-483'73 O.!I.SBSS 0.48445 0.48!85 0.48470 

0.004 0.0020 0.47075 0.!7060 0.47117 o.4'7194 0.47092 

0.005 0.0025 0.46076 0.4.6050 0.46083 0.46088 0.46086 

0.006 0.0030 0.451168 0.451119 0.45245 0.411236 0,45172 

0.007 0.0035 0.44575 0.44~2li 0.44540 0.44517 0.44441 

0.008 0.0040 0.43979 0.43926 0.43983 0.!1.8901 0.43818 
0.()09 0.0045 0.48!1.69 0.43996 0.43<196 0.48355 0.48268 
0.020 0.0100 0.!10060 G.!l0272 0.40249 0.40180 0.40065 
0.022 0.0110 0.89965 0.39870 0.<19888 0.39778 0.89656 
0.024 o.o120 0.89607 0.39505 0.39478 0.89401 0.891!68 
0.026 0.0130 0.392811 0.89165 0.391!15 0.39062 0,389118 
0.028 0.0140 0.38968 0.88817 0.88830 0.88788 0.88618 
o.oao 0.0150 0.88695 0.88585 0.88561 0.38446 0.88310 

mixtures at 25, 30, 35, 40 and 45° in the concentra- equation (3} for zinc chloride in 10, 20 and 30%. 
tion range studied. dioxane-water mixtures at 25, 30s 35, 40 and 45 

The data for ZnCl1 were analysed in a similar within the concentration range studied. Bu~ 
manner. Linear plots were obtained according to departure from linearity was observed ill 
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TABI.I$ 2-VAI.UI$S Oil E 0 Oil 'rHI$ C!$LI. I 
Wt. % dioxane Temperature •c 

25 30 35 40 45 

10 0.21363 0.21030 0.20674 0.20320 0.19938 

20 0.20305 0.19915 0.19516 0.19096 0.18652 

30 0.19105 0.18695 0.18260 0.17810 0.17335 

40 0.17420 0.1G875 0.16395 0.15890 0.15315 

TABI.B 3-VAr.uas oF 'C' O.sTAINBD PROM C•r.r. I 
Wt. % dioxane Temperature •c 

25 30 35 40 4.5 

10 0.5758 0.5846 0.6116 0.614.4 0.6205 

20 0.7862 0.8212 0.8178 0.8470 0.8712 

30 1.1131 1.1083 1.0480 1.0907 1.1088 

4.0 1.5805 1.5611 1.5820 1.6278 1.8299 

dioxane-water mixtures. This departure suggests 
the possibility of the formation of ZnCJ+. Similar 
results were also observed in the case of cadmium 
chloride in all the solvent mixtures studied sugges
ting the formation of CdCJ+ species. Binary 
electrolytes MCI 11 (M=Zn or Cd) dissociate in two 
stages as 

K1 
MC1 11~MCJ+ +Cl-

aud 

Ks 
MCl+~W<~++CJ-

The first stage of dissociation has been found 
to be complete for both ZnCI1 (in 40% dioxane) 
and CdCJ 11 (in all the solvent mixtures studied) 
upto [MCI1)r=O.Ol M. The data for ZnC1 1 (in 
40% dioxane) and CdC1 1 were treated in the 
mannli:r of Prasad and coworkers1 to study the 2nd 
stage dissociation. The dissociation constant for 
the 2nd stage dissociation, 'K1 ', is given by 

K _[M~+][Cl-] fMstfca- (4) 
.- [MCI+J {Ma+ ~ ... 

Taking logarithm and using equation (2) for 
activity coefficients and rearranging, the equation 
(4) becomes 

4A,J1 . 
logKA(!II-l+,JI=logK1 -CI ... (5) 

[M~+][Cl-J 
where KAm = [MCt+f and 

C'=CM•++Cc~-- CMc1+ 
The plots of L.H.S. of equation (5) against I 
gave linear graphs. 

To find out the real ionic concentration of 
various ionic species, the mean activity coefficient 
and K1 , the procedure adopted by Prasad and 
coworkers1•1 was followed. The values of K. and 
C' obtained from the graph are given in Tables 4 
and 5, respectively. 

TABI.I$ 4-DLSSOCIA"riON CoNSTAN-t (K.) 

Wt.% dioxa.ne Temperature •c 
25 30 35 40 45 

10 0.00977 0.00955 0.00933 0.00912 0.00891 

20 0.00851 0.00822 0.00790 0.00767 0.00741 

30 0.00569 0.00550 0.00531 0.00513 0.00490 

40 0.00260 0.00248 0.00237 0.00224 0.00211 

T.ur.B 5-C' V AI.U!$S 

Wt. % dioxane Temperature •c 
25 30 35 40 45 

10 1.0 1.6 2.2 2.8 3.2 

20 4.6 5.2 5.8 6.4 6.8 

30 2.6 2.8 3.0 3.4 3.6 

40 2.6 3.0 3.4 3.6 4.0 

At higher concentrations i.e. above 0.01 M of 
CdCI 1 , the first stage of dissociation was studied. 
K1 is given by the expression 

_ [CdCl+][Cl-] 
K1- lCdCl.J fcastfc~-

= KA!1lfca•+fcl- (6} 
. Intro~ucing t~e expression for activity coeffi

Cient, taking loganthm and rearranging, equation 
(6) becomes 

log KAt1l-~!.J)~-=log K1-C''I ... (7) 

where C"=Ccdu+Cc1-

The K1 values obtained from the plot of the 
L.H.S. against I are given in Table 6. 

T.ur.B 6-VAI.UI$S Oil K 1 

Wt. % dioxane Temperature ·c 
25 30 35 4.0 45 

10 0.219 0.207 0.193 0.176 0.168 

20 0.119 0.111 0.102 0.098 0.089 

30 0.050 0.045 0.042 0.039 a.oss 
40 0.025 0.024 0.022 0.020 0.019 

The data have been utilised further to calculate 
the heat of ionisation ~H0 of the 2nd stage 
dissociation of ZnCl+ and for both the dissociation 
processes of CdC11 • The ~0° and .6.S0 values 
have also been calculated at 25•, The AH11 , ~0° 
and .6,S0 values are reported in Tables 7 and 8. It 
is seen that for ZnCI+ and CdCl1 both the dissocia· 
tions are exothermic. For CdCJ 1 the free energy 
increases with increase in dioxane content in the 
solvent mixture but the entropy change decreases 
with increase in dioxane content. Further, as the 
dioxane content of the solvent mixture is decreased 
the dissociation constant increases favouring 
association. 
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TABI.B 7-TH .. RMODYNAMIC PAilAMIC'l'l&RS FOR 'l'HJC 
P:a.OCKSS : ~IQl+~:MI+ +01- A '1' 25" 

Wt. - AB "/KJ mol-• AG"/KJ mol-' - AB"/KJ-•mol- 1 

%dioxane 

10' 3.724 
20' 5.356 
30' 5.941 
40' 7.950 
40.. 11.590 

• Data for ~~ = Cd. 
"Data for M=Zn. 

11.46 
11.80 
12.80 
14.17 
9.58 

51.04 
57.74 
62.76 
76.15 
70.92 

TABX.JC 8-THI&RMODYNAMJC l'ARAMB'l'li:RS JIOR 'l'H.II: 
Paocass: CdCJ.~CdCI++m- A'l' 25" 

Wt. -AB"/KJ inol-• AG"/KJ mol- 1 -AB"/KJ-1 mol-l 
%dioxane 

10 
20 
30 
40 

4b 

10.125 
10.711 
11.880 
12.929 

3.77 
5.27 
7.41 
9.12 

46.44 
53.56 
63.18 
74.06 
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