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both temperatures. The pH of the saturated solutions is related 
to the ratio NH,-N:P,O, (R) at 0 OC by 

pH = (-1.27 f 0.14) + (24.6 f 0.5)R (3) 

with a melation coemdent of 0.997 and a prediction standard 
deviation of 0.04 pH unit, and at 25 O C  by 

(4) 

wlth a conelation coefficient of 0.996 and a prediction standard 
deviation of 0.05 pH unit. 

pH = (-1.76 f 0.17) + (26.7 f 0.6)R 
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Densities, VbcOsTties, and Conductances of Saturated Solutions in 
the Systems Mercuric Chloride-Hydrogen Chloride-Water, Mercuric 
Chloride-Potassium Chloride-Water, and Mercuric Chloride-I ndium 
Chloride-Water at 25.0 "C 

Ellnor M. Kartzmark 
Department of Chemism, Universi@ of Msnitoba, Winnipeg, Manitoba, Canada R3T 2N2 

The demltles, Vkco&ks, and spedfk conductances of 
saturated sobtlons In the systems mercuric 
chlorkle-hydrogen drkrlde-water, mercurlc 
chlorkle-potarrk#n chktde-water, tnercurlc 
chkrlck-lnclkm chkrkle-water were determined at 25.0 
O C .  The same p r w k s  wero determined for aqueous 
solutlonr of lndlum trkhlorkle In the concentratkn range 
0.642-5.157 N and for mercuric chloride solutions from 
0.001 N to saturation, both at 25.00 OC. 

Introductlon 

In  a previous paper ( I ), the phase diagram of the system: 
HgC1,-InCI,-H,O was determined. The solubility curve of 
HgClds) Indicates a large increase in solubility, from 6.7% to 
33%, by the addition of a relatively small amount of indium 
chloride. This pheMwnenon is even more marked in the system 
HgCI,-HCI-H,O (2), where addition of -8% HCI produces a 
tenfold increase in solubility. In  both systems, no compound 
separates in the solid state, the sdid phase being HgCI, an- 
hydrous. This is in contrast to the system HgCI,-KCI-H,O 
where three double salts have been reported by Linke and 
Seidell(3). Here the solubility increases to 25% with the ad- 
dition of 5 %  KCI. I t  may be expected that this increase in 
solubilii of mercuric chloride would be the result of a change 
of the molecular species present in solution, in whlch case 
measurements of conductance and viacostty of solutions satu- 
rated with mercuric chloride (or double salt) would be of value. 

Experimental Sectlon 

In  each of the three systems, several saturated solutions 
were prepared at 25.0 OC. The phases were separated by 
centrifuge at room temperature because of the high viscosity 
of the solutions. This introduces a small uncertainty in the 
temperature and therefore In the composition of the saturated 
solutions but would not change the nature of the sotid phase@). 
 he k q u ~  phases were anabzed for ~ g * +  as ~ g s  and then for 
CI- as AgCI. Solutions containing indium were made strongly 
acidic with sulfuric acid, so that indium sulfide would not sepa- 

Table I. Specific Conductances ( K ) ,  Densities, and Viscosities (q) 
of Solutions of Hydrogen Chloride Saturated with 
HgCI, (s) at 25.0 "C 

1 HClI P-bia,ll 
w t %  w t %  M 
16.4 1.53 0.487 
27.3 2.90 0.1036 
34.0 3.14 1.449 
41.0 4.56 1.926 
57.7 6.55 3.464 
65.4 8.05 5.145 
69.3 9.64 6.499 
69.2 11.0 8.373 

density, 
gmL-' qa K ,  a-' cm-' 

1.160 1.121 0.1370 
1.303 1.229 0.2951 
1.413 1.355 0.3817 
1.540 1.541 0.4543 
1.929 2.530 0.5102 
2.331 5.059 0.4100 
2.459 6.728 0.3620 
2.776 9.441 0.3170 

Table 11. Specific Conductances ( K ) ,  Densities, and Viscosities (q) 
of Solutions of Indium Trichloride Saturated with 
HgCl, (s) at 25.0 "C 

wt % M 

2.81 0.148 
8.91 0.518 
9.25 0.584 

13.5 0.903 
16.8 1.191 
20.6 1.553 

[Hga,l, 
wt % 

15.9 
20.3 
25.0 
27.1 
28.8 
29.7 

density, 
g mL-' 
1.166 1.213 
1.284 1.458 
1.397 1.796 
1.479 2.108 
1.568 2.568 
1.667 3.347 

K,  a-' 
cm-' 

0.019 95 
0.034 47 
0.043 0 
0.045 3 
0.044 71 
0.039 94 

rate out on addition of hydrogen sulfide. The second cation in 
each system was obtained by difference. The densities, vis- 
cosities, and specific conductances of the saturated solutions 
were measured at 25.0 OC. These data are given in Tables 
1-111, where the weight percentages of hydrogen chloride, 
potassium chlorkle, and indium chloride are also expressed as 
molarities In order to compare the properties of the saturated 
solutions with those of aqueous solutions of hydrogen chloride, 
potassium chloride, and indium chloride of the same molarities. 
These latter values were taken from the literature in the case 
of hydrogen chloride (5) and of potassium chloride (6) ,  while 
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Table 111. Specific Conductances ( K ) ,  Densities, and Viscosities ( a )  of Saturated Liquid Phases in the System HgC1,-KCI-H,O at 25.0 "C 

density, [ H a 2 1  [ KC11 
w t %  M wt % M .g mL-' na K ,  E' cm-' nature of solid ahase 
9.43 0.38 0.676 0.099 1.086 

18.4 0.81 3.04 0.49 1.200 
24.9 
18.6 
20.6 
24.1 
27.4 
3.68 
9.65 

15.5 
14.8 
21.4 
19.2 

1.0 - 

0.9 

0.8 

5 0.7 
W 

- - - 
- 

- 
'E - 
v 

Q 0.6 - 

1.19 
0.85 
0.99 
1.25 
1.50 
0.16 
0.46 
0.78 
0.74 
1.12 
0.99 

4.77 
8.16 

11.90 
16.7 
19.9 
26.2 
26.1 
25.8 
25.4 
22.7 
23.2 

0.83 
1.36 
2.08 
3.14 
3.98 
4.28 
4.52 
4.75 
4.64 
4.33 
4.34 

1.294 
1.245 
1.304 
1.404 
1.490 
1.217 
1.290 
1.371 
1.363 
1.426 
1.396 

10.0, I I I I I I I I I 

9.0 - 

8 8.0 - 
9 - 

$ 7 0  

- 

- 
~ 6.0 - 

L k cn 2 3 0 5 - Q  
0 v, 5 0 . 4 - >  
0 w > 
0 0 . 3 -  F 

J u 
0 

0) 

a 
2 0.2 - E 

0.1 - 
I 17 I 

M HCL 

Flguro 1. Viscoskies and specific conductance in the system Hg- 

the data for indium chloride and for mercuric chloride solutions 
were determined in this study. 

The conductances of pure mercuric chloride solutions were 
measured at 25.00 OC in the following manner. A saturated 
solution of mercuric chloride (Fisher reagent grade) in conduc- 
tance water (K = 1.0 X loa) was prepared at 25.00 OC and 
analyzed (6.75 * 0.01 wt %). This stock solution was used 
to prepare solutions of mercuric chloride by welght dilution. 
Densities were determined by pyknometer at 25.00 OC. Con- 
ductances were measured in a cell, calibrated with reagent- 
grade potassium chloride (cell constant = 0.5436 cm-'), using 
a Beckmann conductance bridge. The measurements were 
repeated by using a second stock solution (6.78 * 0.01 wt %). 
The conductances, densities, and viscosities of indium chloride 
solutions were also determined at 25.00 OC. These data are 
given in Tables I V  and V. 

Mscusslon 

The specific-conductance values of the mercuric chloride 
solutions, classify the solute as a weak electrolyte, as is 
well-known. This indicates that the bulk of the solute is present 
as uncharged species in equilibrium with ions such as Hg2+, 
HgCi', HgCI,*-, Ci-, etc. When the solutions are mixed with 
other chlorides, the equilibrium must shift toward unconducting 
species so that any contribution of mercuric chloride to the 
specific conductances of the mixed solutions is negligible except 

CI2-HCi-H20. 

1.063 
1.114 
1.150 
1.061 
1.076 
1.149 
1.252 
1.101 
1.149 
1.207 
1.205 
1.213 
1.213 

0.009827 
0.0416 8 
0.06 3 00 
0.1228 
0.1896 
0.2576 
0.3032 
0.3856 
0.3845 
0.3826 
0.3 85 1 
0.3389 
0.3500 

HgCl , (s) 
HRCl , (s) 
HgC1, (s) 
HgCl,~KCl~H, 0 
HgCl,~KCl.H, 0 
HgCl,.KCl.H, 0 
HgC1,. KCl . H , 0 
KCl 
ItCl 
KCI 
KCl + HgCl,~ZKCl~H,O 
HgCl,. 2KCl.H, 0 
HgC1, .2KC1.H2O 

Table IV. Specific Conductances ( K ) ,  Equivalent Conductances 
(A), Densities, and Viscosities (q)  of Solutions of Indium 
Trichloride at 25.00 "C 

4 
density, K ,  i 2 - I  a-' cmz 

wt% N gmL" qa cm-' equiv- ' 
4.58 0.642 1.0346 1.114 0.01820 28.3 
9.76 1.428 1.0776 1.247 0.02857 20.0 

13.87 2.103 1.1185 1.373 0.03293 15.7 
19.39 3.096 1.1767 1.607 0.03553 11.5 
24.54 4.107 1.2336 1.866 0.03469 8.45 
29.33 5.157 1.2967 2.254 0.03148 6.104 
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Flgure 2. Viscosities and specific conductances in the system H g  
Ci2-InCI3-H2O. 

that addition of mercuric chloride produces in every case an 
increase in the viscosity of the solutions and thus has an in- 
fluence on their conductance. Addition of mercuric chloride to 
a solution of, e.g., hydrogen chloride of known molarky changes 
the volume of the solution and therefore changes the molarity 
of the hydrogen chloride in it. To compare the properties with 
and without mercuric chloride, I calculated the molarity of hy- 
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Figure 3. Viscosities in the system HgC12-KCi-H20. 

Table V. Specific Conductances ( K ) ,  Equivalent Conductances 
(A), and Densities of Mercuric Chloride Solutions at 25.00 "C 

WgC41 density, 1 0 3 ~ ,  A, 52-l 
Wt % N g mL-' ~ 2 - l  cm" cmz equiv-I 

6.75 0.524 1.0551 0.2035 0.388 
3.87 0.278 1.0278 0.1410 0.508 
2.26 0.169 1.0158 0.1105 0.655 
1.29 0.0955 1.0078 0.0856 0.897 
1.11 0.0821 1.0066 0.0803 0.978 
0.418 0.0310 1.0051 0.0548 1.770 
0.213 
6.78 
4.96 
1.80 
1.76 
0.743 
0.135 
0.04 11 
0.0197 

0.0157 
0.527 
0.379 
0.171 
0.132 
0.0547 
0.00994 
0.00302 
0.00145 

1.0008 
1.0559 
1.0375 
1.0165 
1.0140 
1.0040 
0.9981 
0.9980 
0.9980 

0.0427 
0.2051 
0.1688 
0.1111 
0.0979 
0.0678 
0.0363 
0.0241 
0.0185 

2.725 
0.389 
0.445 
0.648 
0.744 
1.240 
3.652 
7.975 

12.80 
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Figure 4. Conductance-viscosity product In the system HgCI,-KCI- 

drogen chloride in the mixed solution. Figure 1 gives plots of 
viscosity and specific conductance of solutions containing 
mercuric chloride (vrmx and K ~ )  and those of pure HCI (7 and 
K). The same treatment is given the system HgCI,-InC13-H20 
in Figure 2. 

I n  Figure 1, it is seen that addition of mercuric chloride 
produces a large increase in Viscosity of the HCI solutions, by 
a factor of 6 in the extreme, while for the same solution the 
specific conductance decreases by a factor of 2.5. The de- 
crease in specific conductance is therefore very much less than 
that required by the increase in viscosity. This may be ex- 
plained in terms of the Grotthus mechanism of hydrogen-ion 
conductance which is largely independent of the viscosity be- 
cause it involves hydrogen transfer from the water rather than 
migration of ions through the solution. 

The behavlor of the system HgCI,-InCI,-H,O is in sharp 
contrast to that of the hydrogen chlorkle system. Here, addition 
of mercuric chloride to indium chloride solution produces an 
increase in viscosity and at the same time an increase in the 

H2O. 

Table VI. Ratio of Conductance-Viscosity Products 

HgCl,-HCl-H, 0 HgCI,-InCI,-H, 0 HgCl,-KCI-H2 0 

0.487 
1.036 
1.449 
1.926 
3.464 
5.145 
6.499 
8.373 

0.88 
1.00 
1.07 
1.15 
1.39 
1.85 
2.01 
2.36 

0.148 1.50 0.099 
0.518 1.40 0.49 
0.584 1.88 0.83 
0.903 1.79 1.36 
1.191 2.40 2.08 
1.553 1.96 3.14 

3.98 
4.28 
4.52 
4.75 
4.64 
4.33 
4.34 

0.81 
0.80 
0.78 
0.88 
0.96 
0.93 
0.96 
1.00 
0.99 
0.97 
1.01 
0.96 
0.97 

solid phase 

H g a ,  
HgC4 
H a 2  
1 : l : l  
1 : l : l  
1 : l : l  
1 : l : l  
KCl 
K C1 
KCI 
KCl+ 1:2:1 
1:2:1 
1:2:1 
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specific conductance, (Figure 2). These observations have 
been repeatedly confirmed. 

Finally, the system HgCI,-KCI-H,O presents very different 
results from the other two. In  the first place, the phase dia- 
gram is different, there being three double salts and hence five 
solubility curves. The equilibrium diagrams at 25 and 34 OC are 
reported in ref 3, but the reference for 25 OC Is incorrect and 
therefore the author has not been able to consult the original. 
However, the work described for 34 OC (7) was done with 
meticulous care, leaving no doubt as to the existence of the 
double salts. The solubilities of thls paper cooroborate those 
given for 25 OC and hence the formulas of the double salts 
were assumed to be those published. 

The viscosities of the saturated solutions are plotted in Figure 
3, together with those of mercuric chloride and of potassium 
chiwide alone. In  thls system, where the solid phase changes, 
the viscosities plotted vs. molarity of potassium chloride yield 
a saw-toothed curve which shows some correlation with the 
nature of the solid phase. This suggests that the nature of the 
species in solution changes as the solid phase changes. When 
plotted vs. molarity of mercuric chloride or vs. total molarity, the 
same discontinuities in viscosity occur with change in solid 
phase. The viscosities are always greater In the saturated 
solution than in potasslum chloride solutions of the same mo- 
larity. The specific conductances are always somewhat lower 
than the corresponding potassium chloride values. 

When the products of specific conductance and viscosity of 
the saturated solutbns are plotted against molarity of KCI, there 
is an approximately linear increase: the discontinuity accom- 
panying change of solid phase has disappeared (Figure 4). The 
same behavior is observed for potassium chloride solutions of 
the same molarity. I f  the ratio of these products, viz., K ~ ~ I  
K V ~ ~ , ,  is calculated, it is found to be close to unity regardless 
of the nature of the solid phase. This means that while the 
product alters with concentration, in the saturated solutions and 
in the potassium chloride solutions, it does so to the same 
extent and is independent of the nature of the solid phases. 
This behavior is not observed with the other two systems. See 
Table VI, where the ratios are given for all three systems. 
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The vapor-llquld equlllbrla of the 
p-xylene-l,2-dkhlorwthane system were measured at 
885 mmHg pressure. Vapor-pressure data In the range of 
500-2700 mmHg are also reported. The resuits on 
enthalpy of mixing and vapor-liquid equlllbrla show that 
system behaves like an Meal system. 

This first paper in a series on the vapor-liquid equilibrium data 
of p-xylene-chioroethane systems presents data for the p- 
xylene-I ,2dichloroethane system. Vapor-liquid equilibrium 
data, apart from their utility in dlstlllation, are required to fill gaps 
in such important prediction methods as the UNIFAC method. 

Experlmental Section 

Apparatus. A modified Brown still was used to collect the 
data. The apparatus consisted of a boiler tapered gradually to 
a Cottrell pump as shown in Figure 1. The boiler was heated 
with a nichrome wire of 6042 resistance. A similar heating wire 
was wound over the entire length of the Cottrell pump and the 
separating chamber. The Internal heater was made of fine 
nichrome wire of 1.34  resistance fused to tungsten leads. 
Figures 2 and 3 show the details of the sample trap and the 

monostat manometer arrangement. A cathetometer used to 
read the manometer allowed pressures to be read to fO.l mm 
Hg. 

PurNy of Mafer/a/s. p-Xylene supplied by MIS E. Merck, 
Damtadt, West Germany, was tested for thiophene, dried with 
phosphorus pentoxide, and then distilled twice in a 150-cm 
packed column. The middle fraction of the second distillation 
boiling at a constant temperature of 407.45 K (at 685 mmHg 
pressure) was collected and stored in clean, dry, ambercolored 
bottles. 

Laboratorygrade 1,2dichloroethane supplied by MIS BDH, 
Bombary, India, was washed with a dilute solution of potasslum 
hydroxide and then with distilled water. I t  was then dried over 
phosphorus pentoxide and distilled twice. The middle fraction 
of the second distillation boiling at 353.15 K (at 685 mmHg) was 
collected and stored in amber-colored bottles. The purified 
substances were checked for purlty by refractive index, densky, 
boiling point at 760 mmHg, chromatograms (obtained by using 
an AIMIL-NCI dual-column gas chromatograph with a flame 
ionization detector), and NMR (obtained by using a Varian TC 
60 NMR spectrometer). The purity of p-xylene was also 
checked by taking its I R  spectra with a Carl Zeiss URIO 
spectrometer. The physical properties are tabulated in Table 
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