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Electrochemical Data XII. Electrolytic Conductivity of Aqueous Solutions
of the Sodium Halides

ABSTRACT

This report gives a critical evaluation of the available data on the
electrolytic conductivity of aqueous solutions of sodium chloride at 0, 5,
10, 15, 20, 25, 30, 35, 40, 45, 50 and 55 °C, of sodium iodide at 0, 25,

29.92 and 49.3 °C, and of sodium bromide and fluoride at 25 °C.

I. Introduction

This report gives a critical evaluation of the available data ou the
‘electrolytic conductivity of aqueous solutions of the sodium halides. Of
the sodium halides the conductivity of sodiqm chloride solutions has been
investigated the most. Thus, we were abie to study data on the conductivity -
of sodium chloride solutions at concentrations ranging from 0.0001 to 5.0 N
and at temperatures at 5°C intervals ranging from O to 55 “C. Work on the
other halides has been confined to 25 °C in the period since 1930, with the
exception of one paper in which the measurements were made on sodium iodide
at 0, 29.92 and 49.3 °C in the concentration range 1.0 to 7.5 N.

Rounded walues of the egquivalent conductance are given for the concen-
tration and temperature ranges covered by the experimental data reported in
the literature. In addition, in the case of sodium chloride some interpolated
results were obtained to fill some gaps at certain concentrations or temper-
atures. Tﬁe data was evaluated by the methods described in Part IIT of thie

geries.



1. Theorutical Constants

The equivalent conductsnce at infinite dilution A, of soluticns of NaCl
at 5, 15, 25, 35, 45 and 55 °C were -dt«iied from a paper bty R. L. Kay "1].
His results are based on the data of F. W. Tober [ 2], H. E. Cunning and A. R.
Gordon {37, and G. C. Benson and A. R. Gordon {4°, B. saxton and T. W. Langer
51, and T. Shedlovsky et al [6]. They were fitted to the revised Fuoss-Onsager
equation by means of a computer proéram. ¥e used a least squaves fit of the
above 4, values to obrain values at 0, 10, 20, 30, 40 and 59 °C. At 25 °C, we
also included the more recent data gf €. G. Swain anc D. F. Evans [77,
F. Accascina [8], and R. %. Kunze and R. M. Fuoss '9] in arriving a: the 4,
value.

The relation between &, and t for NaCl solutions can be expressed by
the following equations:

0-35°

3 6

Q et

A = 67.243 + 2.0519 t + 0.0147 tz - 0.000076667 t s = 3.6 x 10
35 - 35 °C

2 6

AL = 65.514 + 2.2419 t + 0.007825 t2 + 0.0600005 £ s = 6.3 x 107

Table 1 summarizes the constants used in fitting the NaCl data. These
sre in absolute unité'and~are based on the fundamental constants as given in

Part I of this series.



TABLE 1 - Theoretical Constauts ured in this study of HaCl solutions,

t °C. A, 8 ) E *J(a)c 8
0 67.24 m——- 44.69 23.37 87 3.3
5 77.86 0.01 52.55 27.30 100 1.2

10 89.16 ———- 61.01 31.61 ~—— -—-
15 101.07 0.02 70.02 36.:8 145 1.6
20 113.55 - 79.61 41,36 -——- ---
25 126.53 0.02 89.74 46.82 182 0.6
30 139.95 - 100.39 52.64 - ~—-
35 153.78 0.03 111.54 58.9G 238 2.5
40 168.03 ———— 123.21 65.59 ——— ——
45 182.70 0.04 135.39 72.79 290 3.7
50 197.80 ———- 148.09 80.50 - ———
55 213.32 ¢.03 161.31 83.81 327 1.7

% .
Obtained from the best fit of the data at corcentrations below 0.01 H.

Tebles 2, 3 and 4 illustrate the process followed in arriving at A,

values for elec* -olytic solutions of NaBr, Nal, and NaF &t 25 °C. These

tables summarize the results obtained on applying the Fuoss-Accascina

extrapolation [10] to the available data up to 0.0l N. Where possible, the

ity value cbtained on data in the 0.002 - 0.81 N range was used, to avoid the

effect of errors due “o the application of the solvent correction to data

below 0.002 as pointed out by Kunze and Fuoss [97.

Table 5 lists the constants

used in fitting the data at 25 °C for aqueous solutions of sodium bromide,

sodium fodide, and sodium fluoride.



TABLE 2 - Results of Fuoss-Accascina extrapolations on

data for dilute NaBr aqueous solutions.

Reference A, s J(a)c 8 Fit Range (N) No.®
f11] 128.18  0.02 196 5 0.03  0.050992 - 0.00536 10
" 128.18 .02 196 5 .03 woo- " 19
" 128.18 .01 196 3 .01 v " 6
T12] 128.19 .01 199 3 .01 0.0005 - 0.005 5
" 128.19 .01 159 3 .01 v w 5
{13)] 128.52 .02 186 2 .03 0.00197 - 0.0118 14
u 128.53 .02 186 2 .03 AN w 14
" 128.50 .01 191 2 .02 0.00197 -~ 0.00972 12
Combined  128.19 .05 225 9 .12 0.0005 ~ 9.00972 27
" 128.19 .05 224 9 12 "o " 27
" 128.12 .02 233 4 .06 ". " 19
" 128.05 .05 241 8 09 0.002 - M 18
" 128.06 .03 232 5 .05 v " 13
n 128.07 .03 233 4 .04 noo- " 11
" 128.08 .02 232 2 .03 noo- u 10
" 128.08 .02 232 2 .03 e om 10

*
Number of experimental observations.



TABLE 3 - Results of Fuoss-Accascina extrapolations on

data for dilute Nal aqu s's solutioms.

Author 1 38 J(a)e s F%t Range (N) No.
r14] 127.19  0.01 238 3 0.02  0.000204 - 0.00540 6
n 127.19 .0l 239 3 .02 mooo. 6

n 127.20 .01 236 3 .62 0.000416 - 0.00540 5
r1s] 127.04 .10 205 2 18 0.000237 - 0.00915 8
0 127.06 .10 205 2 .18 nooo- 8

" 126.93 .08 217 1 .09 "o n 5
Combined  127.16 .06 198 1 .17 0.000204 - " 14
y 127.16 .06 197 1 .17 moo-om 14

n 127.25 .02 190 5 .05 noo- o 9

n 127.25 .04 196 9 .09 "o " 8

n 127.24 .03 192 5 .05 wo- " 7

n 127.22 .02 193 2 .04 woo.om 6

" 127.22 .02 193 2 .04 noooo 6

" 127.22 .02 193 2 . 04 "o n 6

*Number of experimental observations.



TABLE & - Results of Fuoss-~Accascina esirapolations to

dilute NaF aqueous solution data,

(3

Author A 8 J(a)e s F%t Range (N) No.”™
“16. 105.52 .04 142 10 0.09 0.000293 - 0.00783 8
" 105.52 A 142 10 .09 " - " 8
" 105,54 .02 140 4 .03 0.000359 - " 5
M3’ 105.45 .06 156 9 .07 0.00209 =~ 0.0101 8
" 105.45 .06 156 9 .07 o - " 3
" 105.34 .03 170 4 .02 " - 0.00998 5
Combined  105.50 .03 148 6 .08 0.000293 - 0.0101 16
" 105.50 .03 148 6 .08 " - " 16
" 105.54 .02 139 3 .03 0.000359 - n 10
" 105.47 .04 153 6 .06  0.00209 - " 12
" 105.47 .04 153 6 .06 " - " 12
n 105.47 .04 151 2 .06 " - " i1

TABLE 5 - Theovetical Constants used in this study

of NaBr, Nal and NaF soluticns.

Solute A, s S E J(a)c s
NaBr 128.08 0.0z 90.10 47.64 232 2
Nal 127.22 .02 89.90 47.18 193 2
NaF 105.4/ .04 84.90 35.60 151 2




I1I. Results

The equivalent e‘ectrélytic conductance of the sodimm halides at
round concentrations e given in Tables 6 - 10. Table 5 gives this
information for the temperuture range 0 to 55 °C. Values in parentheses
were obtained by interpoletion :cross the table of values derived from-
measurements at intermediate temperatures.

Tables 7 and 8 giveﬁ the equivalent conductance of aqueous solutions

of sodlum bromide and sodium iodide at 25 °C. Inspection of tﬁese tables
shows that at lower concentrations the equivalenttconductauce o1 the bromide
is greater, but that in the vicinity of 0.3 N the conductance of the iodide.
becomes greater. Heydweiller, Annalen der Phye*w., 30, §]3, 1909 aiso
observed this in measuremerts at 18 °C.

The equivalent conductance of sodinm iodide solutions st an odd
assortment of temperatures and a* concentrations from 1 - 7.5 N are presented

in Table 9. The vresults obtained for sodium fluoride solutions are shown in

Table 10.
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TABLE 6 - BEquivslent conductance of aquawus s¢lutic's of‘aodium chloride st various temparatures.

~< S 5 10 15 20 28 30 - 38 40 45 30 83

0.0001 66.79 77..° Y(88.54) 100.37 (112.75) 125.83 (138.93) 152.86 (166.80) .81,3% (176.32) 211,70
.0005 66..5 76.69 (87.80) 99.52 (111.78) 124,54 (13/,71) 151,31 (165.30) 179,70 (194,51) 209.73
L001  65.84 76.22 (87.26) 98.89 (111.07) 123.73 (136.81) 130.31 (164.20) 178.48% (193.18) 208.28
.005  64.25 74.33 (85,08) 96.43 (108.26) 120.56 (133.28) 146,40 (15¢ 89) 173.74 (167.96) 202.53
01 63.16 73.05 87 v6  94.78 106.51 118.44  130.91 143.82 (157.93) 170.61  184.37 198,69
02 61,71 7V %% 6 .89 92,58 104,07 115,68 (127.7 ) 140.2 (1¥3.0) 166,2  179.98 193.6
.03 60.70 't 80.58  91.05 102.36 113,76 (125.5 ) 137.6 - (150.1 ) 163.1 176,77 190.0
.G 59.92 79.54  89.87 101.01 112.26 (123,83 ) 135.4 (l47.9 ) 160.7 174,26 187.1
.05 59,28 . 78.68  88.89 99,88 11L.01 (122.4 ) '134.0 (146.0 ) 158.7 172,19 184.6
.06  58.74 o 77.94  88.06 98,92 108.94 (121.1) 132.8 (144.4 ) .157.0  170.41 182.6
.07 58,26 67.40 - 77.29  84.34  98.07 108.99 (120.0 ) 131.2 (142.9 ) 1%8.4  168.86 180.7
.08 57.85 66.93 76.71 86.69 97.31 108,18 (119.0 ) 130.1 (141.7 ) 1%34.0 167.47 17%.1
.09  57.48 66.51  76.1%  86.11  96.62 107.38 (118.1 ) 129.1 (L40.%5 ) 152.8 166,21 177.6
1 57.14 66.13  75.71 85,58 95,98 106,69 1163  128.1  138.9  131.6  165.06 176.2
.2 54.79 63.40  72.30  81.78  91.48° 101.61 110.1  121,3 1311 143.6  .,u.76  166.8
.3 53.22 61.45 70,08  79.13  88.52  98.28 106.3  117.3  126.3  138.6  151.12 160.4
b 51.97 59.90  68.37  77.06  86.24 95,72 103.6  114.2  122.9 134,86  146.86 155.8
.5 51.02 58.90  66.93  73.59  84.33 93,87 101.4  111.7  120,1  131.8  143.33 152,1
I mesee eeees eases weseee 91,68 99,6 109.6  117.8  129.2  140.24 149.0
W] meeme memmee cemen eese w-ews 89,98 98,1  107.7  115.8  126.9  137.46 146.2
8 ememe eeaen mummn wewes awees 88,43 96,7 105,99  114.,0 1247 134,92 143.6
N T e emena 86,97 95,4  104.3  112.3  122.8  132.56  141.2

[

*Vaiues in perentheses obtained by interpolation,



TABLE 6 ~ Equivalent conductance of aqueous sclutions of s‘odipm chloride &t various temperstures (contisued).

~XE o s 10 15 20 25 30 38 40 45 50 /55

1.0 mmemm mmmee cmeee - ———— ' 85.61 94,2 102.8  110.7 - 120.9  130.35 138.9
2.0  emeem cemea eeae. ————— am——— 4,74 83.4 8%.4 $6,9  104.7 112.86 119.8
3,0 e wwmme  mmmwee= 65,51 73,0 . 77.8 841 90.9 99,01 104.0
4.0 --------------------- 57029 63'3 67'3 7310 7900 36.92 9009

5,0  mmmmm mmeme mmmae memas e 49.55 55.8  58.6 5.2 68.6 75.90  79.8
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TABLE 7 - Equivalent conductance of aqueous solutions of
sodium bromide at 25 °C. '

¢ a4 ¢ A
0.0001 127.18 0.2 105
.0005 126.10 .3 102
.201 125.32 4 100
005 122.32 .5 98
.01 120.44 .6 96
.02 117.6 .7 94
.03 115.7 .8 o3
04 114.3 9 o1
.05 113.1 1.0 90
.06 C112.1 2.0 77
.07 111.2 3.0 67
.08 116.4 4.0 59
.09 109.7 5.0 52

.1 109.1 6.0 43
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TABIR 3 - Bquivalent conductance of aqueous solutiomns of
 sodfum fodfde at 25 °C..

ci | A - e ‘ - A
0.0001 - 126.32 3.3 102
. 0005 125.23 A 161
.081 124.43 .5 99
o005 121.28° -6 98
.01 ez .7 97 -
.62 116.7 Y 96
.03 114.8 3 95
048 - 113.4 1.0;} 54
.05 112.2 2.0 84
.06 111.3 3.0 73
.07 110.4 4.9 62
.08 109.6 »s.o 52
.08 109.0 £.0 a2

.1 108.4 7.9 33
.2 104.0 — .




TABLE 9 - Equivaleat conductance of aqueous solutions of sodium
iodide at various tewpevatures.

0.0 ¢ 29.%2 *¢ »7 49.3 °C
7 Q_ A 7 a T A
1.0 52.28 132.05 | @ e
1.5 49.70 104.47 127.02
2.0 57.26 88.61 119.26
2.5 £4.78 " 81.27 111.87 -
3.0 £2.21 77.03 104.74
3.5 39.51 73.14 97.80
4.0 26.65 68.61 91.00
&.5 33.68 63.45 84.30
5.0 30.52 58.05 77.72
5.5 27.55 52.81 7 71.28
6.0 24.52 47.92 65.03
6.5 21.61 43.29 59.07.
7.0 18.88 38.69 53.48
7.5 16.36 34.06 48.42
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TABLE 10 - Equivalent conductance of aqueous sclutions of

sodium flucride at 25 °C.

c A c A
0.0001 104.62 0.05 - 50.1
. 0005 103.59 .06 89.0
.001 102.83 .07 88.90
.005 99.81 .08 87.2
.01 97.3:8 .09 86.3
.02 94.9 .1 85.8-
.03 92.9 2 80.5

.04 91.4 e me
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IV. 3Interpolation Formulas and Bata Soirces

¥aCl 0 °c w - 0.0l N

i/2

A= 67.24 - 44.6%¢ 4+ 23.37¢ log ¢ + 87.12¢ s = 0.04

Reference: L17]

NaCl ) B °c 0.01 - 0.5 ¥
A = §7.26 - 86.69¢12 4 32.59¢ +.72.102¢3 218732 + 115.476%72 s = 0.02
Reference: [187
NaCl A 5 °¢ ® - 0.01 N
, .
A = 77.86 - 52.55¢72 & 27.30c log c + 99.55¢ s = 0.02
Reference: [2] '
NaCl sec 0.01 - G.5 ¥
& = 77.86 - 52.55¢1/2 & 3.111¢ + 1295332 - 329.96¢7 + 218.06c7/2 s = 0.0
Reference: [18]
NeCL_ 10 °C 0.0l - 0.5 N
A = 89.16 - 61.01c2 & 76.516¢ - 63.834c>'2 + 20.875¢2 s = 0.01
Reference: ' 18]
NaCl 15 °C o - 0.0L N
A =101.07 - 70.02¢M% & 36.28¢ log c + 144.92¢ ¢ = 0.02
References: [31, [4)
NaGl 15 °c 6.01 - 0.5 N
A = 101,07 - 70.02¢" 2 + 66.504c + 58.096c>/% - 236.05¢7 + 165.35¢7/2 & = 0.06

Reference: (18]
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IV, JInterpolation Formulas and Data Sources (continued).

NaCl 20 °¢ 0.01 - 0.5 N
& = 113.55 - 79.61c1’ 2 + 100.9¢ - 88.457¢3/2 4 31.588c2 s = 0.01
Reference: 1187
¥aCl 25 °¢ *® - 0,01 N
A = 126.53 - 89.74c 2 + 46.82¢ 1og ¢ + 182.34¢ & = 0.02
References: '2_, {31, T&1, 51, Tel, T71, [83, (97
NaCl 25 °¢ 0.01 - 0.1 N
A = 126.53 - 89.76¢1/2 4+ 68.086c + 335.67¢372 - 1814.8¢2 + 1664.9¢572 s = 0.01
Refevences: '53, e, 781, 177
NaCl 25 °cC 0.1 - 1.0N
& = 126.53 - 89.74c72 4 113.85¢ - 104.03¢3/2 + 47.226¢% - 8.2288c>"2 s = 0.01
References: .6}, 118}, T19}
NaCl 25 °¢ 1.0 - 5.0 N
A =126.53 - 89.74c2 & 99.143¢ - 71.15¢372 + 23.962¢% - 3.1411c772 s = 0.03
References: 19!, [20]
NaCl 30 °¢C 0.1 ~5.0%n
; 9
A =139.95 - 100.39c¢2 4 96.477¢ - 51.484c372 4 9.8644cc - 0.24188¢°72 & = 0.11

Reference:

T217
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IV. Interpolation Formulas and Data Sources (continued).

Reference:

[22]

NaCl 35 °¢ o - 0.0l N
A =153.78 - 111.56c72 + 58.90¢ log ¢ + 237.63c s = 0.03
References: '31, “4]
NaCl 35 °cC 0.01 - 5.0 N
A =153.78 - 111.546cM2 4 119.03¢ - 80.188¢5'2 + 24.498¢2 - 2.805¢7/2 s = 0.15
Reference: 217
NaCl ~ 40 °C 0.1 - 5.0 N
A = 168.03 - 123.21¢2? 4 116.5¢ - 61.905¢272 + 11.29¢2 s = 0.15
Reference: 2171
NaCl 45 °¢C @« - 0,01 N
& = 18Z2.70 - 135.39c1/2 + 72.79c log c + 290.08c¢ s = 0.05
References: {3}, [4&]
NaCl 45 = : 9,01 - 5.0 N
o i :
A = 182.70 - 135.39¢M2 & 146.5¢ - 161,203 % 4+ 32.19¢2 - 3.8750c72 g = 0.5
Reference: 2171 .
NaCl 50 °C « - 0.3 N
A = 197.80 - 148.09c¢1/2 4+ 158.82¢ + 21.882¢3/2 -332.41c2 + 266.16¢°/2 & = 0.03
NaCl 50 °c 0.3N = 2.0 N
: C
A = 197.€0 - 148.09¢172 4 188.55¢ - 176.61c>" 2 + 85.523¢% -16.822¢°/2 s = 0.03
NaCl 50 °C , 2.0 - 5.0 N
A = 197.80 - 148.09¢1/2 4 155.94¢c - 106.01¢3/2 4+ 34.163¢2 ~ 4.2811c%/2 ¢ = 0.02
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IV. Interpoiation Formulas and Data Sources (continued).

NaCl 55 °¢ ® - 0.01 N
= 213.32 ~ 161.31c2 & 88.81c log ¢ + 327.27¢ s = 0.02
Reference; (27
NaGl 55 °¢ 0.01 - 5.0 N
= 213.32 - 161.31c2 4 172.94¢ - 119.94c572 + 38.635c% -4.6943¢°'2 s = 0.23
Reference: 217
NaBr 25 °C © - 0.01 N
=128.08 - 90.10c2/2 + 47.64¢c log ¢ + 231.79¢ s = 0.03
References: 117, 7127, r13]
NaBr 25 °¢ 0.01 - 6.0 N
- 128.08 - 90.10c17% 4 126.37¢ - 114.19¢>/2 + 46.384c2 - 6.9637¢°/2 s = 0.20
References: 1., [23] \
Nal 25 °C © 0.01 N
= 127.22 - 89.90cM? + 47.18¢ log ¢ + 192.92¢ s = 0.03
, References: "14], [15]
Nal 25 °C 0.01 - 7.0 N
2
- 127.22 - 89.90c2 4 120.85¢ - 87.758¢>72 + 26,8317 - 3.0693¢>’2 s = 0.20

References: [157, [23]
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IV. Interpolestion Formr 3 and Data Sources (continued).

Nal 0 °c 1.0 - 7.5 N
A w 56,657 - 7.7591c + 1.8248c> - 0.49881c> + 0.053773¢* - 0.0019573¢> s = 0.05
Nal 29.92 °¢C 1.0 ~ 7.5 N
A = 322.25 - 307.91c + 162.38c - 44.855¢° + 6.6776¢" - 0.51148c"
+ 0.015843¢° s =0 08
NaI 49.3 °C 1.0 - 7.5 N
2,
= 153.95 - 20.478¢ + 2.0922c> -0.79728¢ + 0.017633c s = 0.08
Reference: 124)
NaF 25 °cC o - 0.01 N
A =105.47 - 84.90c/? + 35.60¢ log ¢ + 150.9¢ s = 0.05
refarences: 137, Tigl
NaF 25 °¢ 0.01 - 0.2 N
4 o= 105.47 - 84 90cM? 4 88.237¢ - 203.91¢3/? + 827.01¢% - 1091.1¢72 s = 0.10

References: <137, T161, [25]
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