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Conductivities of  aqueous ZnSO4-H2SO 4 solutions are reported for a wide range o f Z n S O  4 and H2SO 4 
concentrations (ZnSO 4 concentrations of  0 ,-~ 1.2 M and H2SO 4 concentrations of  0 ~ 2 M) at 25 ~ C, 
40~ and 60 ~ C. The results indicate that the solution conductivity at a given ZnSO4 concentration 
is controlled by the H2SO 4 (H + ) concentration. The variation of  the specific conductivity with ZnSO 4 
concentrat ion is complex, and depends on the H2SO 4 concentration. At H2SO 4 concentrations lower 
than about  0.25 M, the addition of  ZnSO 4 increases the solution conductivity, likely because the added 
Zn 2+ and SO]-  ions increase the total number  of  conducting ions. However,  at H2SO 4 concentrations 
higher than about  0.25 M, the solution conductivity decreases upon the addition of  ZnSO 4. This 
behaviour is attributed to decreases in the amount  of  free water (through solvation effects) upon  the 
addition of  ZnSO4, which in turn lowers the Grot thus-type conduct ion of  the H § ions. At  H2SO4 
concentrations of  about  0.25 M, the addition of  ZnSO 4 does not  appreciably affect the solution 
conductivity, possibly because the effects of  increasing concentrations of  Zn 2§ and SO]-  ions are 
balanced by decreases in Grot thus  conduction. 
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ion size parameter (m) 
Bjerrum distance of closest approach 
(m) 
stoichiometric concentration (molm -3 
or mol L-  1 ) 
ionic strength (mol L 1) 
constant in Kohlrausch's law 
molar concentration (mol L- 1) 
absolute temperature (K) 
electrochemical valence of species i 
(equiv. mol-1 ) 
(z+ I z_ 1) 1/2 = 2 for ZnSO 4 
valence of cation in salt (=  + 2 for Zn 2+) 
valence of anion in salt (=  - 2 for SOl ) 

1. Introduction 

The measurement and interpretation of conductance 
have provided many important insights into the pro- 
perties of electrolyte solutions. For complex mixed 
electrolytes such as solutions of ZnSO 4 and H2SO4, 
which are commonly used in zinc electrowinning, elec- 
trical conductivity plays a particularly important role 
in economic considerations because of its impact on 
electrical energy consumption. Therefore, consistent 
data on electrical conductivities and an understanding 
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ff 
O'expt 
A 
A 0 
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letters 
fraction of ZnSO4 dissociated 
specific conductivity (fl- 1 m- 1 ) 
measured specific conductivity ( f l l m  1) 
equivalent conductivity (f~-J m 2 equiv.- ~ ) 
equivalent conductivity at infinite dilution 
(f~-l m 2 equiv.-1 ) 
equivalent conductivity calculated using 
Equation 2 (f~- 1 m 2 equiv. - 1 ) 
measured equivalent conductivity (f~-lm2 
equiv. 1) 
equivalent conductivity of ion i at infinite 
dilution (f2-1 m 2 equiv.- i ) 
reciprocal of radius of ionic cloud (m ~) 
viscosity of solvent (Pa s) 
dielectric constant 
mean molar activity coefficient 
density (gcm -3) 

of the behaviour of the ZnSO4-H2SO4 system are of 
considerable importance. However, although there 
have been attempts to predict the behaviour of con- 
centrated ZnSO4-H2SO 4 solutions [1], to date there 
has been little published on the electrical conductivity 
of ZnSO4-H2SO4 solutions [2, 3]. Consequently, in the 
present communication, we report accurate values of 
the conductivities of ZnSOe-H2SO4 solutions measured 
over a wide range of ZnSO4 and H2SO 4 concentrations 
(ZnSO4 concentrations of 0 ~ 1.2 M, and H2SO4 con- 
centrations of 0 ~ 2 M). 
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2. Experimental details 

2.1. Apparatus 

Electrical conductivities were measured using a 
Radiometer model CDM83 conductivity meter in 
combination with a Metrohm model 6.0903 Jones- 
type measuring cell. The solutions were maintained at 
the desired temperatures (25 ~ C, 40~ or 60 ~ to 
within _+ 0.1~ by immersing the measuring cell in 
a recirculating constant temperature bath (Julabo, 
model 5B) containing paraffin oil. 

2.2. Reagents 

All solutions were prepared using deionized water 
from a Millipore 'Milli-Q' water system (conductivity 
of 4 x 10 5f~-1 m-1 after exposure to the atmosphere) 
and analytical grade reagents: ZnSO4" 7H20, KC1, 
(both BDH AnalaR), and H2SO 4 (Baker Analysed). 
The Z n S O  4 and H 2 S O  4 concentrations were deter- 
mined by titration with standardized solutions of 
ferrocyanide [4] and NaOH, respectively. The method 
for zinc titrations described in [4] was modified slightly: 
the ferrocyanide solutions were standardized inde- 
pendently (against solutions of  zinc metal (Johnson- 
Matthey, 99.9999%)), and a blank subtraction was 
used for the recommended ferricyanide additions. 
KC1 solutions were prepared by weight, using dried 
KC1. 

2.3. Procedure 

The conductivity meter was calibrated with KC1 solu- 
tions (see Section 3.1 below). Conductivity readings 
were recorded every 10-15 rain until a stable reading 
was obtained (most of the readings were stable within 
1 h). 

3. Results and discussion 

3.1. Cell calibration 

Calibration of the conductivity cell at 25~ with 
standard KC1 solutions (0.009972 M, 0.09969 M and 
0.9954M, having specific conductivities (0) of 
0.1409~ ~m -1, 1.286f~-lm -~ and ll .13f~ ~m -1, 
respectively [5]) gave a cell constant of 5.30 cm 1. This 
cell constant was also used for measurements at 40 ~ C 
and 60 ~ C, since expansion of  the Pyrex cell over 25 ~ C 
to 60 ~ C was calculated to be negligible. In any event, 
measured standard values of  the conductivities of KC1 
solutions at 40 ~ C and 60 ~ C are not yet available [6]. 

3.2. Conductivities of aqueous ZnS04 solutions 

The conductivities of aqueous Z n S O  4 solutions were 
measured to verify the efficacy of the measuring system 
and technique. The conductivities of  aqueous ZnSO4 
solutions measured over a wide range of  concentration 
(0.0001 ~ 2.6M) are shown in Fig. 1 and Table 1. 
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Fig. 1. Measured equivalent conductivities of aqueous ZnSO 4 at 
25~ 40~ and 60~ and comparison with literature values 
[7-10]. Key: (El) This study, (0) [7], (+) [8], (~) [9] and (x) [10]. 

The excellent agreement between the available litera- 
ture values [7-10] of  the equivalent conductivity, A, 
(A = a/(Cz), where C is the ZnSO4 concentration, 
and z = 2 for ZnSO4) and the experimental data 
shown in Fig. 1 confirms the reliability and consist- 
ency of the technique and the equipment used. 

At low concentrations (less than about 0.001 M), 
there is a linear relationship between the equivalent 
conductivity and the square root of the concentration 
(C), as described by Kohlrausch's Law [11]: 

A = A ~  (1) 

where A ~ is the equivalent conductivity at infinite 
dilution, and k is a constant. A value of  A ~  
133.3 • 10-4~ ~m2equiv. ~ was obtained by extra- 
polation of  the linear region of the curve for 25 ~ C to 
infinite dilution. This value is within 0.5% of the 
literature values of  A ~ = 132.7 x l0 4 ~ 132.8 x 
10-4~ lm2equiv, i [9, ll]. 

A considerable amount of ion association can be 
expected for a bi-bivalent electrolyte such as ZnSO4 
[11]. Such ion pair formation lowers the electrolyte 
conductivity, since the uncharged ion pairs are non- 
conducting species. At low concentrations (up to 
0.05 M ~ 0.1 M), the degree of  ion association of  a 
symmetrical electrolyte such as ZnSO 4 can be esti- 
mated from measured conductivities, using a modified 
Onsager equation (see Appendix). Calculated values 
of c~ at different concentrations are shown in Table 2 
(see Appendix for sample calculation). The value of 

= 0.452 for 0.103 M ZnSO4 in Table 2 compares 
well with the value of e = 0.459 for 0.102M, cal- 
culated using equilibrium data given in [11]. It can be 
seen from Table 2 that even at low concentrations, a 
significant fraction of  the ZnSO4 appears to exist as 



C O N D U C T I V I T I E S  O F  A q .  Z n S O 4 - H 2 S O  4 217 

Table 1. Specific and equivalent conductivities of ZnSO4-HzO solutions 

[ZnS04] (M) cr (~ lm i), A x 104 (~ lm 2equiv. a)~f 

25 ~ C 40 ~ C 60 ~ C 25 ~ C 40 ~ C 60 ~ C 

0.000101 0.00256 124.27 
0.000449 0.0106 118.04 
0.000899 0.0196 109.01 
0.00103 0.0217 105.34 
0.00179 0.0356 99.4 

0.00206 0.0396 96.1 
0.00412 0.0706 85.7 
0.00449 0.0772 86.0 
0.00503 0.0866 0.110 0.144 86.1 
0.00898 0.141 78.5 

0.0126 0.180 0.230 0.295 71.4 
0.0206 0.259 62.9 
0.0269 0.326 60.6 
0.0449 0.482 53.7 
0.0899 0.829 46.1 

0.0995 0.911 1.15 1.45 45.8 
0.103 0.921 44.7 
0.308 2.19 2.77 3.49 35.6 
0.4975 3.06 3.91 4.95 30.8 
0.512 3.04 29.7 

0.515 3.03 29.4 
0.606 3.44 28.4 
0.746 4.00 5.11 6.50 26.8 
0.995 4.69 6.07 7.75 23.6 
1.01 4.65 23.0 

1.03 4.64 22.5 
1.23 5.19 6.76 8.74 21.1 
1.53 5.43 17.8 
2.04 5.64 13.8 
2.61 5.28 10.1 

109 143 

90.9 117 

57.8 72.9 

45.0 56.7 
39.3 49.7 

34.2 43.5 
30.5 38.9 

27.5 35.5 

* a = specific conductivity 
I A = equivalent conductivity = a/(Cz), where C is the ZnSO 4 concentration and z = 2 for ZnSO4. 

ion pairs, and also that the degree of ion association 
increases with increasing concentration. Accordingly, 
a significant fraction of the ZnSO 4 in ZnSO4-H2SO4 
solutions can be expected to form non-conducting 
Zn 2+ SOl-  ion pairs. 

3.3. Conductivities of aqueous H2S04 solutions 

The experimental technique and the accuracy of the 
apparatus were also checked using the H 2 S O 4 - H 2 0  

system. The results are shown in Fig. 2 and Table 3. 
The close agreement between the experimental data 
and values given in [7] for high H2SO 4 concentrations 
is clearly shown in Fig. 2. A value of A ~ = 427.6 x 
1 0 - 4 ~  1 m 2 equiv.-~ was obtained by extrapolation of 

Table 2. Degree of ion association of ZnSO 4 in H20 at 25~ 

[ZnS04] (M) o~* % ZnSO 4 associated 

0.000899 0.887 11.3 
0.00898 0.705 29.5 
0.0899 0.463 53.7 
0.103 0.452 54.8 

* See the Appendix for a sample calculation. 

the data for 25 ~ C, which is within 0.5% of the calcu- 
lated value of 429.65 x 10 4 429.8 x 10-4f~- lm 2 
equiv. -a, obtained using the values 2~ +) = 349.65 x 
1 0  - 4  "~ 349.8 x 10-4f~-lm2equiv. -1 and 2~ 2-) = 
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Fig. 2. Measured equivalent conductivities of  aqueous H 2 S O  4 a t  
25 ~ C, 40 ~ C, and 60 ~ C, and comparison with literature values [7]. 
Key: (rn) This study and ( 0 )  [7]. 
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Table 3. Specific and equivalent conductivities of n2so4-n2o solutions 

[H2S04] (M) a (~-lm i), A x 104 (f2-1m-2equiv.-l)t 

25~ 40~ 60~ 25~ 40~ 60~ 

0.000403 0.0320 397.02 
0.00161 0.118 366.46 
0.00403 0.274 340.5 
0.0161 0.915 284 
0.0253 1.37 1.54 1.69 271 304 334 

0.0403 2.05 254 
0.0507 2.50 247 
0.101 4.74 5.36 6.01 235 265 298 
0.253 11.2 12.7 14.3 221 251 283 
0.391 17.0 217 

0.488 20.8 213 
0.507 21.3 24.6 27.8 210 243 274 
0.973 38.8 199 
1.01 39.5 45.6 52.4 196 226 259 
1.95 65.1 167 

2.02 65.9 77.2 89.8 163 191 222 
4.03 81.5 101 

* a = specific conductivity. 
t A = equivalent conductivity = a/(Cz), where C is the H2SO4 concentration and z = 2 for H2SO 4. 

80.0 x 10 4f~-Im2equiv, 1 for the equivalent con- 
ductivities of  aqueous H + and SO ]-  ions at infinite 
dilution [9, 11]. 

The rapid decrease in the equivalent conductivity 
from 0 ,-~ 0.1M (0 ~ 100molm -3) H2SO 4 can be 
attributed to the presence of  an increasing proport ion 
of low mobility bisulfate ions at higher HzSO 4 con- 
centrat ions,  resulting from incomplete dissociation of 
the H z S O  4. At sulfuric acid concentrations greater 
than about  0.1 M, less than 50% of the acid dissociates 
completely to H + and SO42- ions [11]. 

3.4. Conductivities o f  m ixed  ZnSO4-H2SO4-H20 
solutions 

3.4.1. Equilibrium calculations. Equilibrium calcula- 
tions were made to estimate the concentrations of  
Zn 2+, H § SO ] -  and HSO4 ions, and the fraction of  
ZnSO 4 dissociated (a) for several of  the ZnSO4-H2SO 4 
solutions. The results are shown in Table 4. Such 
estimation of  the speciation in acid-sulfate solutions 
can provide useful insights into the mechanisms of  
transport  phenomena [12]. The calculation method 
was the same as that previously described in detail for 
CHSOa-H2SO 4 solutions [12], except the equilibrium 
constant for formation of Zn2+SO] - ion pairs was 
taken as Kx = antilog (2.38) [1, 13], instead of  
Kl = antilog (2.37) for Cu2+SO42 ion pairs. The solu- 
tion densities and the stoichiometric mean activity 
coefficients for ZnSO4 used in the calculations also are 
shown in Table 4. The solution densities were measured 
using relative density bottles (Fisher, 25mL).  The 
activity coefficients were interpolated from tabulated 
data for C u S O a - H  2 SO 4 solutions [ 14]. The mean activ- 
ity coefficients for Z n S O  4 and CuSO4 have been shown 

to be very similar in acid-sulfate solutions [15]. Since 
the activity coefficient data in [14] are for 0.1 ~ 1.0 M 
H 2 5 0 4 ,  we  have limited the equilibrium calculations 
to this range of  acid concentrations. 

Some interesting behaviour is indicated by the 
results of  the equilibrium calculations. First, a large 
fraction (40 ,-~ 70%) of the Z n S O  4 added to solutions 
containing 0.1 ~ 1.0M H2SO4 forms Zn2+SO42- ion 
pairs. Secondly, the H + concentration remains approxi- 
mately constant for a given HzSO4 concentration. 
Furthermore,  the fraction of  H2SO4 completely disso- 
ciated remains constant at about  0.6 for H2SO4 con- 
centrations of  0.1 ,-~ 1.0M, even upon addition of 
ZnSO4. In this regard, according to [11], the percen- 
tage of  H2SO4 completely dissociated decreases with 
increasing ionic strength up to an ionic strength of 
about  ,-~0.6M (i.e. up to [HzSO4] about  0.1 M), but 
then remains constant at 50 ~ 60% for higher ionic 
strengths. 

3.4.2. Conductivities o f  aqueous ZnSO4-n2so 4 solu- 
tions. The measured specific conductivities of  aqueous 
ZnSOa-H2SO 4 solutions at various concentrations at 
25 ~ C, 40 ~ C and 60 ~ C are listed in Table 5. The effects 
of  the Z n S O  4 and H 2 S O  4 concentrations on the con- 
ductivities of  ZnSOa-HeSO 4 solutions at 25~ are 
summarized in Figs 3 and 4. (A logarithmic scale has 
been used on the ordinate in Fig. 3 for clarity.) 

Figures 3 and 4 show that the specific conductivity 
increases as the acid concentration is increased at a 
fixed Z n S O  4 concentration. As shown in Fig. 4, the 
specific conductivity increases linearly with HzSO4 
concentration at a given ZnSO4 concentration. The 
equilibrium calculations indicate that the concentra- 
tion of H-- remains approximately constant at a given 
H2SO 4 concentration, even upon addition of Z n S O  4 



CONDUCTIVITIES OF Aq. ZnSO4-H2SO4 219 

Table 4. Results of equilibrium calculations for aqueous ZnSOa-H2SO 4 solutions at 25 ~ C, and values of 7+_ [14] and densitites used in the 
calculations 

[H2S04I [ZnS04l [Zn2+l [H+I [SO~-] [HSO, ] ~ 7+ P 
(M) (M) (M) (M) (M) (M) (g cm-3) 

0.101 0,101 0,057 0.121 0,077 0.081 0.563 0.0950 1.005 
0.308 0,174 0.115 0.188 0.087 0.564 0.0667 1.019 
0,503 0.287 0.116 0.302 0.086 0.570 0.0545 1.083 
0.754 0.415 0.117 0.431 0.085 0.551 0.0468 1.122 
1.01 0,535 0.119 0.553 0.083 0.530 0.0420 1.161 
1.23 0,643 0.120 0,662 0,082 0.523 0.0390 1.199 

0.253 0.0995 0.046 0.312 0.105 0.194 0.463 0.0797 1.017 
0,308 0.157 0.301 0.205 0.205 0.509 0.0604 1.029 
0.4975 0,270 0,299 0.316 0,207 0,543 0.0499 1.093 
0.746 0.403 0,301 0,451 0.205 0.540 0.0433 1.132 
0,995 0.526 0.303 0.576 0.203 0.529 0.0392 1.169 
1.23 0.644 0.305 0,696 0.201 0.524 0.0364 1.208 

0.507 0.101 0.044 0.635 0.172 0.379 0,434 0,0603 1.031 
0.308 0.148 0,624 0.265 0,390 0.480 0.0502 1.045 
0,503 0.256 0.620 0.369 0.394 0,509 0.0450 1.106 
0.754 0.376 0.620 0.489 0,394 0.499 0.0407 1.147 
1.01 0.488 0.622 0.603 0.392 0.483 0.0377 1,183 
1.23 0,555 0.623 0,671 0.391 0.451 0.0363 1,267 

1.01 0.103 0.0275 1,294 0.312 0,725 0.267 0.0524 1,074 
0,207 0.0637 1.290 0,344 0.730 0.308 0.0487 1,097 
0.515 0.197 1.282 0,469 0.738 0.382 0.0411 1.136 

(see Table 4). Therefore; the specific conductivity also 
increases linearly with H + concentration, which indi- 
cates that the specific conductivity at a given ZnSO 4 
concentration is controlled by the H + concentration. 

As seen in Figs 3 and 4, the variation of the specific 
conductivity with ZnSO 4 concentration is complex, 
and the type of variation depends on the H2SO4 (H + ) 
concentration. Three distinct forms of variation of the 
specific conductivity with the Z n S O  4 concentration 
are clearly distinguishable (see Figs 3 and 4). At 
H 2 S O  4 concentrations less than about 0.25M, the 
solution conductivity at a fixed acid concentration 
increases as the concentration of ZnSO4 is increased. 
Conversely, at H 2 S O  4 concentrations greater than 
0.25 M, the solution conductivity decreases as the con- 
centration of ZnSO4 is increased. At an acid con- 
centration of about 0.25 M, the solution conductivity 
remains approximately constant over a wide range of 
Z n S O  4 concentrations. As shown in Figs 5 and 6, 
similar trends are observed at 40 ~ C and 60 ~ C, although 
as expected, the conductivities increase in magnitude 
as the temperature is increased. 

3.4.2.1. Behaviour at low 92304 concentrations.  At 
relatively low acid concentrations (less than about 
0.25 M), the electrical conductivity increases as the 
ZnSO4 concentration increases (Figs 3 and 4). Accord- 
ing to the equilibrium calculations, the concentrations 
of H + and HSO~, as wellas the fraction of ZnSO4 
associated, remain approximately constant at a given 
H2SO4 concentration (Table 4). Therefore, at low 
H 2 S O  4 concentrations, for example, 0.1 M, the ad- 
dition of ZnSO4 increases the total number of con- 
ducting ions, and consequently, increases the specific 
conductivity. The slower rate of increase of the specific 

conductivity at higher ZnSO4 concentrations may be 
the result of  increasing solution viscosity as well as 
increasing interference with ionic motion from the 
larger number of dissolved particles. 

3.4.2.2. Behaviour at high H 2 S 0 4  concentrations.  At 
relatively high acid concentrations (greater than about 
0.25M H2SO4)  , the specific conductivity decreases 
upon addition of ZnSO4 (Figs 3 and 4). The equi- 
librium calculations (Table 4) indicate that at a given 
Z n S O  4 concentration, as the H2SO4 concentration is 
increased, the fraction of ZnSO 4 dissociated decreases. 
Thus, as the H 2 S O  4 concentration is increased, the H § 
ion concentration increases, while the Zn 2+ and SO] 
concentrations decrease, and consequently migration 
of highly-mobile H + ions accounts for an increasing 
proportion of the solution conductivity at a given 
ZnSO 4 concentration. The high mobility of H + ions is 
due to Grotthus conduction, in which H + ions jump 
from hydronium ions to water molecules, resulting in 
the migration of H + ions [1]. Thus, the transport 
of H + is influenced by the number of free water 
molecules available for Grotthus conduction. The 
addition of ZnSO 4 lowers the amount of free water, 
because water of hydration is taken up by the added 
ZnSO 4. (Furthermore, the water of hydration required 
per mole of ZnSO4 increases with increasing ZnSO 4 
concentration [16].) The decreases in the amount of 
free water upon the addition of ZnSO 4 result in slowed 
transport of H + ions, which is observed as decreases 
in the conductivity, as shown by the results for 
0.5 ~ 2.0M H 2 S O  4 in Figs 3, 5 and 6. 

Water activity has been used by previous workers 
as a measure of the amount of free water in 
ZnSOa-H2SO 4 solutions [1]. Accordingly, to test this 
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hypothesis,  the measured specific conductivities are 
plotted in Fig. 7 against the water activities reported 
in [17]. The same three regions observed when the 
conductivities are plotted against the ZnSO4 con- 
centrat ions (Figs 3 and 4) are observed when the 
conductivities are plot ted against the reported water 
activities (a l though the plot  against water  activities is 
less readily unders tandable  and therefore perhaps less 
useful). The curves for  0.5 M and 1.0 M H2SO 4 indicate 
that, for  H2SO 4 concentra t ions  greater than about  
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Fig. 5. Variation of the specific conductivity of aqueous Z n S O  4- 
H2SO 4 solutions with Z n S O  4 concentration at different constant 
H2SO 4 concentrations at 40 ~ C. [H2SO4]: (*) 0, [] 0.0253, (,x) 0.101, 
(+) 0.253, (x) 0.507, (o) 1.01 and (o) 2.02M. 

0.5 M, the specific conductivities increase as the water 
activity increases (al though not  linearly). However,  as 
can be seen f rom Fig. 7, the conductivities do not  
increase significantly with increasing water activity 
when the H2SO 4 concentra t ion is 0.25 M, indeed, in 
0.1 M H2SO4, the conductivities actually decrease with 
increasing water activities. Thus, factors other  than 
water activity must  account  for  the trends observed at 
lower acid concentrat ions,  as is discussed in the 
preceding section. 
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Fig. 6. Variation of the specific conductivity of aqueous Z n S O  4- 
H2SO4 solutions with ZnSO4 concentration at different constant 
H2SO 4 concentrations at 60~ [H2SO4]: (,) 0, (m) 0.0253, (zx) 
0.101, (+) 0.253, (x) 0.507, (0) 1.01 and (0) 2.02M. 
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3.4.2.3. Behaviour at intermediate H2S04 concentrations. 
The specific conductivity remains approximately 
constant upon the addition of ZnSO 4 to solutions 
containing 0.25 M H z S O  4 (Figs 3 and 4). The H + ion 
concentration in 0.25 M H2SO4 at 25 ~ C is about 0.3 M; 
accordingly, a significant fraction of  the solution con- 
ductivity can be attributed to Grotthus conduction. 
Therefore, on the one hand, addition of ZnSO4 lowers 
the amount of free water, which hinders the mobility 
of  the H + ions, and thus tends to lower the specific 
conductivity. On the other hand, since about half 
of  the added ZnSO4 is dissociated, the presence of  
increasing concentrations of  Zn 2+ and SO42- ions 
tends to increase the specific conductivity. These two 
opposing effects may balance one another, resulting in 
the observed approximately constant specific conduc- 
tivities in about 0.25 M H z S O  4. 

4. Summary 

Conductivities of  mixed ZnSO4-H2SO 4 solutions have 
been reported for a wide range of  ZnSO4 and H z S O  4 

concentrations (ZnSO 4 concentrations of 0 ,-~ 1.2 M 
and H 2 S O  4 concentrations of  0 ~ 2 M) at 25 ~ C, 40 ~ C 
and 60 ~ C. The linear variation of the specific conduc- 
tivity with H 2 S O  4 concentration at a fixed ZnSO4 
concentration indicates that the solution conductivity 
at a given ZnSO4 concentration is controlled by the 
H2SO4 (H +) concentration. The variation of  the 
specific conductivity with Z n S O  4 concentration is 
complex. At H 2 S O  4 concentrations less than about 
0.25 M, the addition of  ZnSO 4 increases the solution 
conductivity, likely because the added Zn 2+ and SOl- 
ions increase the total number of conducting ions. 
However, a t  H 2 S O  4 concentrations greater than about 
0.25 M, the solution conductivity decreases upon the 
addition of  ZnSO4. This behaviour is attributed to 
decreases in the amount of free water (through solva- 
tion effects) upon addition of ZnSO4, which in turn 
lowers the (Grotthus-type) conductivity of the H + 

ions. At H 2 S O  4 concentrations of  about 0.25 M, the 
addition of ZnSO4 does not appreciably affect the 
solution conductivity, possibly because the effects of  
increasing concentrations of Zn 2+ and S@4- ions are 
balanced by the effects of  decreases in the amount of 
free water. 
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Appendix 

Sample calculation of the degree of ion association in 
0.103 M Z n S O  4 

The degree of  ion association of a symmetrical elec- 
trolyte such as ZnSO4 can be estimated from measured 
conductivities, using a modified Onsager equation 
[11]. 

meal c = AO {2.59456 • 104z3A ~ 

- \ ~ ( 1  + za*) 

2.60856 • 10-Sz 2 
+ q(eT) t/2 (1 + za*)J ~ (A-l) 

In Equation A-l,  ~ is the degree of  dissociation, 
defined as c~ = Aex0t/Acal0, where Aexpt = aexpt/Cz. The 
term Acatr is calculated using Equation A-l,  and 
za* = 1.32876 • 105z3(~C)I/2/(~T) 3/2. 

To calculate the degree of  ion association in 0.103 M 
Z n S O 4 ,  the values listed below were substituted into 
Equation A-1 to give 

(0.01563 • 1 0 - ' )  ~/~ 
A~al~ = 132.8 • 10 4 -  \ T T 3 . 0 2 4 ~ - ~  ] 

(A-2) 

The value of  ~, the fraction of ZnSO4 dissociated, was 
calculated by iteration using Equation A-2. An initial 
estimate of c~ was substituted into Equation A-2 to 
calculate an initial value of Ac~le. A new value of  

= (Aexpt/Ao,lo) was then substituted into Equation 
A-2 to determine another value of  Aca~c, and hence a. 
Iteration was continued until consecutive values of 
agreed to three significant figures. The resulting value 
of ~ for 0.103M ZnSO4 was 0.452, i.e. 54.8% of the 
ZnSO4 was associated. 

The numerical values substituted into Equation A-1 
to give Equation A-2 were as follows: 

2~ = 52.8 x 10-4f~-lm2equiv. -1 [11] 
2Oo~ = 80.02 x 10-4~ ') lm2equiv.-1 [11] 

Therefore 
m ~ = (52.8 q- 80.02)  • 10-4~'~ lm2equiv.-I 

= 132.82 • 10-4f~-lm2equiv. -1 
~water = 78.303 [11] 
qwat~r = 0.8903 • 10-3pas [11] 
T = 298.15K 
z = (2 x 2) 1/2 = 2 
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C = 0 . 1 0 3 M  = 1 0 3 m o l m  3 

Aexpt = 44 .42  • 1 0 - 4 ~  l m 2 e q u i v . - 1  
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