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ABSTRACT: Conductivities were measured for the ternary systems Y(NO3)3 + Ce(NO3); + H,O, Y(NO3); + Nd(NO3); + H,O,
and Ce(NO3); + Nd(NO3); + H,O and their binary subsystems Y(NO3); + H,O, Ce(NO3); + H,O, and Nd(NO3); + H,O at
(293.15, 298.15, and 308.15) K. The measured conductivities were used to test the generalized Young’s rule and the semi-ideal
solution theory. The comparison results show that the generalized Young’s rule and the semi-ideal solution theory can yield good
predictions for the conductivities of the ternary electrolyte solutions, implying that the conductivities of aqueous solutions of
(1:3 + 1:3) electrolyte mixtures can be well predicted from those of their constituent binary solutions by the simple equations.

B INTRODUCTION

The thermodynamic properties and the transport properties
of mixed aqueous solutions play an important role in a variety of
fields, including chemistry and chemical engineering, separation
process, wastewater treatment, pollution control, and oil recov-
ery. Electrical conductivity is one of the principal transport
properties of aqueous electrolyte solutions, not only for its
intrinsic interest but also for technical and industrial applications
such as batteries and plating. In addition, conductivity measure-
ments are usually used to verify electrolyte theories." However,
whereas the thermodynamic and the transport properties of
binary electrolyte solutions are extensively reported in the liter-
ature, relatively few data are available for mixed solutions,
especially for aqueous solutions of (1:3 + 1:3) electrolyte mix-
tures. Therefore, it is very important to develop simple pre-
dictive equations to predict the properties of multicomponent
solutions from the available properties of their binary solutions.”

The semi-ideality model has been extensively used to interpret
deviations of the osmotic coefficient of aqueous solutions from
ideal behavior,®”® which means that the solute—solute interac-
tions can be neglected and the solute—solvent interactions can
be simply described by a series of hydration equilibria. In 1966,
Stokes and Robinson proposed a semi-ideality concept for
aqueous solutions of several nonelectrolyte solutes under iso-
piestic condition.'® Recently, a semi-ideal solution theory has been
proposed to describe the process of mixing the binary nonideal
solutions at constant water activity.' "' Both the Young’s rule'®
and the semi-ideal solution theory' "> provide good predictions
for the thermodynamic properties (including activity coeffi-
cient of each solute in multicomponent solutions, volumetric
properties,'* and thermal properties'”) of mixed electrolyte
solutions from the properties of their binary subsystems. They
have also been extended to conductivity of mixed electrolyte
solutions."®'” However, because the conductivities of aqueous
solutions of (1:3 + 1:3) electrolyte mixtures are not available in
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the literature to our knowledge, tests were limited to aqueous
solutions of (1:1 + 1:1), (1:1 + 1:2), and (1:1 + 1:3) electrolyte
mixtures and limited to lower ionic strength. Therefore, in this
study the conductivities were measured for the ternary systems
Y(NO;); + Ce(NO3); + H,O, Y(NO;); + Nd(NO;); + H,0,
and Ce(NO3); + Nd(NO;); + H,0, and their binary subsystems
Y(NOs); + H,0, Ce(NO5); + H,0, and Nd(NO;); + H,O at
different temperatures and up to I, < 24.4 mol-kg . The
results were used to verify the applicability of the generalized
Young’s rule and the semi-ideal solution theory.

B MATERIALS AND METHODS

Y(NO;);-6H,0 (99.99 %), Ce(NO;);-6H,O (99.99 %),
and Nd(NO3);+xH,0 (> 99 %) supplied by Shanghai Aladdin
Reagent Co., Ltd. were dissolved into double-distilled deionized
water. The resulting rare earth nitrate solutions were adjusted to
their equivalent concentrations with dilute HNOj solutions and
then reheated and readjusted until stabilized."® The molalities of
rare earth nitrate stock solutions were analyzed by both EDTA"
and sulfate methods.'® The stock solution concentrations were
determined with an accuracy of < 0.10 %."? Low-conductivity
water was double-distilled, passed by a reverse osmosis system,
and finally treated with a water purification system. The con-
ductivity of the water was less than 0.050 4S-cm ™.

The experimental procedures are similar to those used in our
previous study'’ and are described briefly as follows. Dilute
solutions were prepared by diluting a stock solution by mass with
water. We prepared the ternary solutions by mixing the binary
solutions with known concentrations by mass. All solutions
were prepared immediately before use, and the uncertainty

Received: ~ May 8, 2011
Accepted:  September 9, 2011
Published: September 28, 2011

3794 dx.doi.org/10.1021/je200415u | J. Chem. Eng. Data 2011, 56, 3794-3799



Journal of Chemical & Engineering Data

Table 1. Parameters for the Binary Systems Y(NO3); + H,O, Ce(NO3); + H,0, and Nd(NO3); + H,O at Different Temperatures

T/K 293.15 298.15 308.15
OY(NO,), + H,0
Ay 3.554291 2.946847 9.001244
10724, 1.903583 2.245822 2.502971
10724, —1.208557 —1.446431 —1.579533
10714, 3.073794 3.774747 4.007953
A, —3.650538 —4.634991 —4.736773
10As 1.675685 2210391 2.139818
Loy 75-107* 21-107* 8.5-107*
ONd(NOy), + H,0
Ay 7.852768 9.167663 13.650377
1024, 1.672822 1.834471 2.120852
10724, —1.163168 —1.288338 —1.477699
10714, 3.283565 3.743737 4.254943
A, —4.393174 —5.280104 —5.906276
10As 2292078 2.986023 3.245291
0% 20-107* 41-107* 53-107*

T/K 293.15 298.15 308.15
OCe(NO,), + H,0
Ay 8.110726 12263023 14.187170
10724, 1.674526 1.772205 2.110410
10724, —1.229512 —1.284984 —1.530772
10714, 3.716791 3.810032 4.590621
A, —5.381911 —5.389806 —6.595535
10As 3.071183 2.993848 3.718466
lo} 7.0-107* 61-10* 65-107*
GRS, o Mmoo GRS e mo
By 0.816929 —3.299233 0.760181
B, —0.343762 14.079971 —0.131740
B, 0.722643 —19.061765 0.132389
B, —0.164927 12.696013 0.207792
By 0.010871 —4.046712 —0.102828
Bs —0.000546 0.499920 0.014000
o5, 9.7-107* 4.0-107° 65-107*

was + 5+10 > mol-kg . The conductivity measurements were
carried out with a METLER TOLEDO SevenEasy conductivity
meter (cell constant = 0.57 cm ') calibrated with the standard
aqueous potassium chloride solutions, and the uncertainty was
+ 0.5 %" During measurements, the cell was immersed in a
model SO1A thermostatic bath filled with silicone oil. The bath
temperature was kept constant to within £ 0.05 K. The tem-
perature was measured with a PT100 with an evaluating standard
uncertainty of = 0.006 K.

Predictive Equations for Conductivity of Mixed Electro-
lyte Solutions. In the following section, the variables with the
superscript (io) together with the subscript M;X; were used to
denote the quantities of component M;X; in the binary
solution M;X; + H,O (i = 1, 2, .., n) having the same water
activity as that of a mixed solution, and those without the
superscript (io) denote the corresponding quantities in the
mixed solution.

. S .20
The linear isopiestic relation™ can be expressed as

mMmX;

ZmMX -1

) <1 (1)
LY

a,, = constant and 0 < ( 2
MyX;

where my; x and ml(\if )x are the molalities of M;X; in the mixed
aqueous solution M;X; + .. + MX; + H,O and its binary
subsystems MX; + H,O (i = 1, 2, .., n) of equal water activity.

According to the semi-ideal solution theory, the conductivity
of a mixed electrolyte solutions can be expressed as'”*'

Ino = ZxMX In O'MX 2)
where
myx, + SS. 51 )
) x
MX, —
Zi mvx, +
M;X;

is the mole fraction of the binary solution MX; + H,O in the
mixed solution M; X, + ... + MiX; + H,O of equal water activity.

Table 2. Conductivities of the Binary Systems Y(NO3); +
Hzo, Ce(NO3)3 + Hzo, La(NO3)3 + Hzo, and Nd(NO3)3 +
H,O at Different Temperatures”

mg 039315 0398.15/mS - em™! O308.15
mol-kg ™~ ! mS-cm ™ exp. ref. mS-cm
Y(NOs); (B) + H,0 (A)
0.4989 72.02 83.39 99.22
0.9965 100.31 116.14 136.92
1.4972 103.55 119.96 141.72
1.9820 94.33 109.04 130.31
2.9475 63.49 74.21 90.84
3.9452 36.76 43.96 56.11
4.9575 18.88 22.84 30.78
Ce(NO3); (B) + H,0 (A)
0.5112 66.18 74.00 87.75
1.0313 85.13 94.46 112.42
1.5546 82.17 91.49 109.50
1.9969 72.44 81.03 97.79
3.1308 43.09 48.98 61.36
3.9676 26.73 30.99 40.18
44616 19.12 22.44 29.59
Nd(NO;); (B) + H,O (A)
0.5220 67.83 7476 (49.35)"  49.28%° 89.71
1.0213 87.84 96.64 (33.68) 33.63 11543
1.5554 86.55 95.45 (22.66) 22.64 114.44
2.0934 7440 82.70(15.14)  15.16 100.09
3.0857 47.08 5329 (7.10) 7.11 66.51
4.1242 25.21 29.31(3.14) 3.13 38.21
42972 22.19 26.23(2.73) 2.73 34.22

“ Standard uncertainties u are u(mg) = & 0.00005 mol - kgfl, u(T) =
£ 0.05 K, and the combined expanded uncertalnty U.is U(0) =
+ 0.5 % (level of confidence = 0.95). ”Values in parentheses
are equivalent conductances, of which the unit is (absolute ohm)™"
-cm’+equiv
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Table 3. Comparisons of Measured and Predicted Conduc-
tivities of the Ternary System Y(NO;); (B) + Ce(NO3); (C) +
H,O (A) at Different Temperatures”

o Ao

—1 —1
mg mc mS-cm mS-cm

rnol-kgf1 mol-kgf1 exp eq2 eq3 Ao 2 Ao 3

= =8

293.15K
0.2545 07679  87.86 88.64 88.94 0.78 1.08
0.5027 0.5111 9145 9230 9271 0.85 126
0.7527 02523 9512 9620 9651 1.08 1.39
0.4944 14988 7677 7728 77.77 051 1.00
0.9897 09998 8194 8257 8321 063 127
1.4843 0.5014 8736 8820 88.68 0.84 1.32
0.7655 23177 4724 47.80 4795 0.56 0.71
1.4879 1.5503 5232 5260 5281 028 0.49
2.2402 07513 5759 5801 $8.17 042 0.58
0.9855 29766 2874 28.87 29.19 0.13 0.45
1.9734 19830  31.08 3120 31.69 0.12 0.61

09 79.107° 14.1072

298.15K
0.2545 07679  98.69 99.55 99.92 0.86 123
0.5027 0.5111  103.80 104.81 10532 1.01 1.52
0.7527 02523 109.17 11039 11077 122 1.60
0.4944 14988 8648 8735 87.89 0.87 1.41
0.9897 09998 9350 94.16 94.89 0.66 1.39
1.4843 0.5014  100.42 101.37 10191 0.95 1.49
0.7655 23177 5424 5477 5498 0.53 0.74
1.4879 1.5503 6022 60.68 6098 0.46 0.76
2.2402 07513 66.84 67.38 67.61 0.54 0.77
0.9855 29766 3373 3379 3418 0.06 0.45
1.9734 19830 3668 3681 3742 0.3 0.74

09%  79.107° 1.5.1072

308.15K
0.2545 07679 11721 11816 118.56 0.95 1.35
0.5027 0.5111 12301 124.09 124.63 1.08 1.62
0.7527 02523 12905 13036 130.77 131 1.72
0.4944 14988 10425 10511 10571 0.86 1.46
0.9897 09998 11215 113.00 113.80 0.85 1.65
1.4843 0.5014  120.1S 121.32 12191 117 1.76
0.7655 23177 6775 6824 6840 049 0.65
1.4879 15503 7450 7520 7543 0.70 0.93
2.2402 07513 8219 8300 83.18 0.81 0.99
0.9855 29766 4345 43.57 4410 0.12 0.65
1.9734 19830  47.05 4722 4807 0.7 1.02

oQt  78.107° 14.102
“ Standard uncertainties u are u(mg) = = 0.00005 mol - kg™ Lu(me) ==+
0.00005 mol-kg™", u(T) = £ 0.05 K, and the combined ex Eand_ed
uncertamty U.is U.(0) = £ 0.5 % (level of confidence = 0.95)." 51" =

5% 1 (|9eq) — Tjtewp)|/Tjcexp))/N.

oand Ggﬁ[f))(i are the conductivities of the mixed solution and its
binary solution M/X; + H,O (i = 1, 2, .., n) of equal water
activity.

140
—— exp. values for Y(NO3)3+Ce(NO3)3+H20
at the three temperatures
120 0O , O , # predicted by eq2
+ , X , ¥ predicted by eq 3
- 0 , + pred. values at 293.15 K
£ 100 © . X pred. values at298.15 K
(;.'; ¥ * pred. values at 308.15 K
\E
5 80
2
Q.
o}
60 |-
40 -
20 s | " 1 I | s | " | 1
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-1
Gy /MS-cm

Figure 1. Comparisons of measured and predicted conductivities of the
ternary system Y(NOj3); + Ce(NO3); + H,O at different temperatures.

The generalized Young’s rule for the conductivity of the mixed
electrolyte solutions'® can be expressed as

0= Znyx,Gﬁ’afx, (3)

where yy x = Iy x,/ Yl x; is ionic strength fraction. Of(,} x is the
conductmty of the bmary solution MX; + H,O of equal ionic strength.
Comparisons with Experimental Data. The measured con-
ductivities were used to test eqs 2 and 3, and the test procedure is
briefly summarized as follows:
(1) Represent the measured conductivities of the binary
solutions by the following polynomial equations:

N
O;A‘Xi(calc) = Z Al(m?\/[,vx,)l (4)

where 0} x (cac) and myy x denote the conductivity and
molality of the binary aqueous solution MX; + H,O (i = 1,
2, .., n). The optimum fit was obtained by variation of [ until
the values of O x = I~ 1(|oky X, () ~ OMX, (ew)l/
O”M X, (exp))/le less than a fewparts in 10 *. The values of A
and (50,M[ x, obtained for the three binary solutions are shown
in Table 1. Note that seven molalities were studied for each
binary solution, and Ay — As were used in each case to
precisely reproduce the measured values. Therefore, eq 4 is
not suitable for extrapolations to higher or lower molalities.

(2) The reported osmotic coefficient data®* >* were repre-
sented by the equations @Y x_ (calc) = XA oBi(mas x, )2,
The obtained values of B are shown in Table 1. Then, the
compositions (ml(\ﬁf )x) of the binary solutions having the
same water activity as that of the mixed solution of given
molalities myy x, (i= 1,2, .., n) were determined using the
osmotic coefficients of MX; (i=1,2, ..., n)22 **and eq L.

(3) Determine the compositions (mf; x,) of the binary solu-
tions having the same ionic strength as that of the mixed
solution of given molahtles iy X (i=1,2,.,n).

(4) Insert the values of o )x and o' IX calculated from eq 4
into egs 2 and 3 to yleld the predictions for the mixed
solutions of given my; x (i=1,2,..,n), which are then
compared with the correspondmg experimental data.
Note that ml(v[ x, and mM x, are within the experimental
molality ranges of the blnary solutions and are close to
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Table 4. Comparisons of Measured and Predicted Conduc-
tivities of the Ternary System Y(NO3); (B) + Nd(NO3);
(C) + H,0 (A) at Different Temperatures”

o Ao
mg mc mS-cm ! mS-cm !
mol-kg ' mol-kg ! exp eq2 eq3 Aeq2 Ay 3

293.15K
0.2532 0.7618 89.85 90.78 90.97 0.93 1.12
0.5005 0.5083 93.01 93.78 94.04 0.77 1.03
0.7512 0.2514 9592 9697 97.16 1.05 1.24
0.5132 1.5514 7842 79.03 79.32 0.61 0.90
1.0147 1.0217 83.09 83.88 84.27 0.79 1.18
1.5034 0.5055 87.98 8893 89.23 095 1.25
0.7595 2.2906 50.58 5090 S51.06 032 0.48
1.5011 1.5142 5448 54.89 S§S5.11 041 0.63
2.2355 0.7454 5876  59.13 5929 037 0.53
1.0125 3.0658 2745  27.54 2799 0.09 0.54

out  81.107° 13.102

298.15K
0.2532 0.7618 100.22 101.30 101.54 1.08 1.32
0.5005 0.5083 105.17 106.04 106.36 0.87 1.19
0.7512 02514 109.88 111.04 111.28 1.16 1.40
0.5132 1.5514 88.09 88.86 89.16 0.77 1.07
1.0147 1.0217 94.38 9532 9573 094 1.35
1.5034 0.5055 101.00 102.02 102.34 1.02 1.34
0.759S 2.2906 57.78 58.13 5835 0.35 0.57
1.5011 1.5142 62.74 6320 63.51 046 0.77
2.2355 0.7454 68.02 68.59 6883 0.7 0.81
1.0125 3.0658 3231 324S5 3278 0.14 0.47

09" 84.107° 13-.1072

308.15K
0.2532 0.7618 119.36 120.53 120.79 1.17 1.43
0.5005 0.5083 124.80 125.73 126.09 0.93 1.29
0.7512 0.2514 130.22 131.21 13148 0.99 1.26
0.5132 1.5514  106.27 107.14 107.47 0.87 1.20
1.0147 1.0217  113.57 114.52 114.98 0.9S 1.41
1.5034 0.5085 121.08 122.17 122.52 1.09 1.44
0.7595 2.2906 71.65 7224 7242 0.59 0.77
1.5011 1.5142 77.51 7817 7843 0.66 0.92
2.2355 0.7454 83.62 8443 84.63 081 1.01
1.0125 3.0658 41.78 4192 4251 0.14 0.73

0L 80.107° 12.1072
“ Standard uncertainties u are u(mg) = & 0.00005 mol-kgfl, u(me) =
+ 0.00005 mol-kg ', u(T) = & 0.05 K, and the combined exgand_ed
uncertainty U, is U(0) = £ 0.5 % (level of confidence = 0.95). " 05 =
%= 1 (19eq » — Gicexp)|/Tjtesp)) /N

ml"lex “and, therefore, eq 4 can yield accurate predictions
for (71(\51‘? )X and OK’,[II X,
In this paper, the differences between predicted and measured
conductivities are defined by’

Aeqi = Ocqi — Uexp (5)

140
| —exp. values for Y(NOz)s+Nd(NO3)s+H20
at the three temperatures
120 + O , ¥ predicted by eq 2

, ¥ predicted by eq 3

pred. values at 293.15 K
pred. values at 298.15 K
pred. values at 308.15 K

100 -

» OO0+ 0

¥ X + X

-1
Cpreq/MS-cM
o]
o
T

40 +

20 " 1 I 1 n 1 n 1 It 1 1
20 40 60 80 100 120 140

. -1
O yp/mS-cm

Figure 2. Comparisons of measured and predicted conductivities of the
ternary system Y(NO3); + Nd(NOs); + H,O at different temperatures.

The average relative differences between the predicted and
measured conductivities over the entire experimental composi-
tion range of the ternary solution are defined by'”

N

0o = X, |00,il/N (6)

i=1

with O = (0; (calc) = O (exp))/ T (exp)y Where N is the number of
experimental data.

B RESULTS AND DISCUSSION

Table 2 shows the measured conductivities of the binary solu-
tions Y(NO3); + H,O, Ce(NO;); + H,0, and Nd(NO3); +
H,O at different temperatures. Only the measured conductivities
for binary solution Nd(NO3); + H,O at 298.15 K are compared
with the values reported in ref 25. It can be seen that the
agreements are good.

Table 3 and Figure 1 compare measured and predicted con-
ductivities for the ternary solutions Y(NO;); + Ce(NO3); +
H,O at different temperatures. It is notable that the osmotic
coefficients of its binary subsystems at 298.15 K are used to
calculate the compositions (ml(\ﬁf )X) of the binary solutions at
(293.15 and 308.15) K. It is clear from the third to seventh
columns of Table 3 that the agreements are good: the 05 2 values
at (293.15, 298.15, and 308.15) K are 7.9-107°, 7.9:10 7,
and 7.8+ 10>, respectively. The values of 051 ® at (293.15, 298.15,
and 308.15) K are 1.4-10 % 1.5-10 % and 1.4+ 10" 7, respectively.

Table 4 and Figure 2 compare measured and predicted
conductivities for the ternary solutions Y(NOs); + Nd(NO3);
+ H,O at different temperatures. The 0212 values at (293.15,
298.15, and 308.15) K are 8.1-1073, 8.4-10" 3, and 8.0-10 3,
respectively. The values of 0512 at (293.15, 298.15, and 308.15)
Kare 1.3-10 % 1.3-10 % and 1.2-10" % respectively.

Table S and Figure 3 compare measured and predicted con-
ductivities for the ternary solutions Ce(NO3); + Nd(NO;); +
H,O at different temperatures. The 017 values at (293.15,
298.15, and 308.15) K are 5.5-1073, 5.8-10" 2, and 6.0-10 3,
respectively. The values of 851° at the three temperatures are
5.6-1073 5.9-107° and 6.1-10 3, respectively. The above
results indicate that both eqs 2 and 3 can provide good predic-
tions for the conductivities of the examined mixed solutions and
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Table 5. Comparisons of Measured and Predicted Conduc-
tivities of the Ternary System Ce(NO;); (B) + Nd(NO;); (C)
+ H,0 (A) at Different Temperatures”

o Ao

—1 —1
mS-cm mS-cm

rnol-kgf1 rnol-kg71 exp eq2 eq3 Aeg 2 A 3

Eal =

293.15K
0.2565 07673 8645 87.14 87.15  0.69 0.70
0.5097 05165 8614 8646 8647  0.32 033
0.7720 02568 8530 85.76 85.77  0.46 0.47
0.5182 15501 7335 7389 7391  0.54 0.56
1.0233 1.0207 7303 7338 7341 035 0.38
1.5159 0.5042 7261 72.87 7290 026 0.29
0.7723 23246 4575 4608 4608 033 033
1.5687 1.5396 4478 4507 4506 0.9 028
2.3415 07779 4390 44.10 4409  0.20 0.19
1.0189 3.0651 2578 25.65 2564 —0.13 —0.14
2.0174 20272 2591 2605 2603  0.14 0.12
3.0001 1.0057 2651 2640 2639 —0.11 —0.12

09%  55.10°  5.6.107°

298.15K
0.2565 07673 9530 9606 9607  0.76 0.77
0.5097 0.5165 9495 9552 9552  0.57 0.57
0.7720 02568  94.56 9495 9496  0.39 0.40
0.5182 1.5501 8172 8223 8226 0.1 0.54
1.0233 1.0207 8145 8179 81.84 034 0.39
1.5159 0.5042 8095 81.37 8140  0.42 045
0.7723 23246 S179 5222 5222 043 043
1.5687 1.5396  50.87 SLI12 SL11 025 0.24
2.3415 07779 4970 $0.07 50.06  0.37 0.36
1.0189 3.0651 2995 2974 29.74 —021 —021
2.0174 20272 3028 30.18 30.18 —0.10 —0.10
3.0001 1.00s7 3074 30.59 30.59 —0.1S —0.15

0wt 58.107°  59.1073

308.15SK
0.2565 07673 11376 114.63 114.63  0.87 0.87
0.5097 0.5165 113.37 113.88 113.89 0.51 0.52
0.7720 02568 11248 113.10 113.12  0.62 0.64
0.5182 15501  98.69 99.44 99.47  0.75 0.78
1.0233 1.0207 9839 9885 98.89  0.46 0.50
1.5159 0.5042  97.63 9827 9830  0.64 0.67
0.7723 23246 6470 6524 6523  0.54 0.53
1.5687 1.5396  63.67 6392 6392 025 025
2.3415 07779 6225 62.67 62.66 042 0.41
1.0189 3.0651 3889 3874 3874 —0.15 —0.15
20174 20272 3899 3926 3925 027 026
3.0001 1.00S7 3996 39.73 39.73 —023 —0.23

ot 60.107°  6.1-1073
? Standard uncertainties u are u(mg) = £ 0.00005 mol~kg71, u(me) =
+ 0.00005 mol-kg ', u(T) = & 0.05 K, and the combined expanded
uncertainty U, is U.(0) = = 0.5 % (level of confidence = 0.95).” 05}’ =
N
%"= 1 (19(eq i) — Ojtexp) |/ Tjexp))/N-

120
— exp. values for Ce(NO3)3+Nd(NO3)3+H20
at the three temperatures
0 , O, %« predicted by eq 2
100F 4 , X, X predicted by eq 3
O , + pred. values at 293.15 K
- O , X pred. values at 298.15 K
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Figure 3. Comparisons of measured and predicted conductivities of the
ternary system Ce(NOjs); + Nd(NOs); + H,O at different temperatures.

that the predictions of eq 2 are slightly better than those of eq 3.
One of the advantages of the semi-ideal solution theory is that its
simple equations are applicable to aqueous solutions of electro-
lyte mixtures and (electrolyte + nonelectrolyte) mixtures.”® The
advantage of the generalized Young’s rule is that it does not
require the osmotic coeflicient data of the binary solutions. A
limitation of the semi-ideal solution theory is that eq 2 needs the
osmotic coefficients of the binary solutions. However, as can be
seen from the present results and the previous results,””*® the
osmotic coeflicients measured at 298.15 K can be used to deter-
mine the molalities ml(\if: )X of the binary solutions at other temper-
atures, which can then be used to provide good predictions for
the densities or the surface tensions of the mixed electrolyte
solutions in the (293.15 to 308.15) K range or in the (283.1S to
343.15) K range, respectively. On the basis of these results, we are
confident that the use of isopiestic data at 298.15 K can yield
good predictions for the conductivities of mixed solutions in the
(293.15 to 343.15) K range. Because the osmotic coefficients of
the binary electrolyte solutions at 298.15 K have been extensively
reported in the literature, the use of the osmotic coefficients of
the binary solutions makes the calculations more complicated
but exerts little influence on the application of the corresponding
equations. For systems in which isopiestic data are not available,
a good activity coefficient model may be used to obtain the
molalities of binary and ternary solutions with equal water
activity.

The isopiestic results at 298.15 K have been reported”” for the
ternary system Y(NO3)3(B) + Nd(NO3);(C) + H,O and their
binary subsystems. These results were used to calculate the values
of z (z = (mp/my) + (mc/m¢), see Table S1 of the Supporting
Information). The thus-obtained relationship (mg/mg) + (mc/
m¢) =z were used together with the reported osmotic coefficient
data of the binary solutions*>** to determine the compositions
( ml(\ﬁf )x of the binary solutions having the same water activity as
that of the ternary solutions of given molalities my; x (i=1,2,..,7n).
The values of ml(\jf )X were used to calculate the values of
Ol(éfx )x and then to predict the conductivities for the mixed
solutions. It is seen from Table S2 (Supporting Information)
that the predictions agree well with the predictions based on
eq 1, ie., (mg/mp) + (mc/mg) = 1.
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Bl CONCLUSIONS

Conductivities were measured for the ternary systems Y(NO3); +
Ce(NOs); + H,0, Y(NO); + Nd(NOs); + H,0, and Ce-
(NO3); + Nd(NOs); + H,0, and their binary subsystems at
(293.15,298.15, and 308.15) K and then were used to verify the
applicability of the generalized Young’s rule and the semi-ideal
solution theory for the conductivity of the mixed electrolyte
solutions. The comparison results show that the two simple equa-
tions can yield good predictions for the conductivities of the
ternary electrolyte solutions in terms of the properties of the
binary solutions, but do not involve mixing parameters, avoiding
much complexity in the calculation of conductivities of the mixed
solutions. The comparison results also show that the extensively
reported osmotic coefficients of the binary solutions measured
at 298.15 K can be used to determine the compositions of
the binary solutions having the same water activity as that of the
mixed solutions at other temperatures.

B ASSOCIATED CONTENT

© Ssupporting Information. Calculated values of z for the
ternary system Y(NO3); (B) + Nd(NO3); (C) + H,O (A)
(Table S1); comparisons of measured and predicted conductiv-
ities of the ternary system Y(NO3); (B) + Nd(NO3); (C) + H,O
(A) at 298.15 K (Table S2). This material is available free of
charge via the Internet at http://pubs.acs.org,
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