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A semicolon here denotes a metallic contact at an electrode. A single
bar refers to a nonmetallic phase boundary, a double bar to a liquid
junction,

The HZ’ C02 gas ‘xture at the platinum electrode was held at

ambient pressure while the mole fractlon of CO, wis variel from 8 to 247,

The molar ionic streng'’ (mol Z—l of solution) was varied from .01 to
.18, Below .02 mol 2—1 the solutions contained no NaCl, It was
feasible to omit the use of a chloride salt in the test solution
because a salt ' idge provided chloride at the reference 2lectrode
irrespective of the compositi of the test solution. Measurements
were made only at 38°C, approximately tie temperature of human blood.

MacInnes and Belcher [1933, 1935] employed tke cell:

Glass

Electrode MHCO3(m

l)’ MCl(mz), COZ(m3) AgCl ; Ag

where M ref s to Na or K. The concentration of CO2 was controlled

by passing a current of pure CO, gas or mixture of CO, and N

2 2

gas (range 0.5 to 31% COZ) at ambient pressure over the solution.

2

Extrapolations to infinite dilution were found to be independent of
salt cation and CO2 partial pressure. The molar ionic strength was
varied from .002 and .25. Measurements were made at 25° and 38°C.

Harned and Davis [1943] employed the cell:

Pt ; HZ’ CO2 NaHC03(ml), NaCl(mz), C02(m3) AgCl ; Ag

The Hz, CO2 gas © ' ture at the platinum electrode was held at ambient

(1ID)

(I11)
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by Weiss [1974]}, the resulting product, SKl, at all three temperatures,

agrees with the electromotive force data within the range of dis-

agreement of the solubility data of Table 2. Thus, the correct

values of -log SK., between 20° and 38’C are probably within .02

1

of the values of Harned and Davis.
III. THE SECOND DISSOCIATION CONSTAN™

The equilibrium condition:

- w4+ cot”

HC03¢ 3

is governed by the equilibrium quotient:

“pco, ™Hco, YHYC03

== 3

2 "’Hco3 cho3 YHco

3
with reference state conditions analogous to those for kl.
Hastings and Sendroy [1925] emploved cell (1) again except

that Na2C03(m3) replaced C02(m3). The concentration ratio of

Na2C03 to NaHCO3 was made high enough that the solution exerted

very little pressure of CO They thus dispensed with edding

9
CO2 to the hydrogen gas used at the hydrogen electrode. They

varied the molar ionic strength from .02 to .21. Below .08

molar their solutions contained no NaCl.

To calculate © and m they considered the hydrolysis
"HCO co J
) 3 3

equilibrium:

2- - -
CO3 + H20 — HCO3 + OH

(4)
























Page 16

We have not attempted to determine the depeadency of u from
the data of Harned and Davis [1943] at all temperatures reported,

but for 25° we find from their figure 3 that:

Yiico
- log -— — = ,141 u

a, Yoo Y
H,07c0,"c1

log Kl

Since at 25° the data of Harned ar ' Bonner [1945, p. 1029]

indicate that:

log aH20 = ~-,015
log Yoo .102 ¢
2
it follows that:
YHco
log K, - log —— = ,054
1 c1

In comparison, Harned and Bonner [1945] over a wider range

in u experimentally found a dependency for the left side of

equation (20) of only .016 u. (See their equations (18), (21), (28)

and (30).) The " :-a of Harned " Bonner indicate a similarly
small dependency at 20° and 38°. Therefore, we conclude that

most of the dependency on u which Harned and Davis found in their

extrapolation functions (approximately .14 p) was a result of their

employing the solubility relation in the form of equation (2) rather

than as equation (3).

(19)

(20)
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theory is more successful for solutions containiig singly charged

ions than multiply charged ions. 1In spite of this uncertain ap-
plicability of the Debye-Huckel formulation, Harned and Scholes

stated (p. 1708) that they '"'seriously doubt the correctness"-

of the direct extrapolation used by Maclnnes and Belcher.

The Harned and Scholes data (see our figure 1) are not a Figure 1
strong basis for rejecting that extrapolation, however. Indeed,

the two measurements of Harned and Scholes at lowest ionic strength
agree closely with the extrapolation curve of MacInnes and Belcher.
These measurements were rejected by the authors as belonging to a
"first series" for which "less consistent results were cbtained" at
ionic strengths below 0.018. Since the '"second series" did not extend
below an ionic strengths of 0.02, the accepted data provide no experi-
mental verification of the Debye-HUckel formula in the concentration
range most critical to the extrapolation. Thus, it is not obvious that
the data and extrapolation of Harned and Scholes are to be preferred to
those of Hasting and Sendroy or Maclnnes and Belcher. The measurements
of Ndsdnen are too few and poorly described to be of use in resolving
this controversy. Another set of data, however, tend to support the
validity of the extrapolation used by the Harned group. These data

will now be described.
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and where ¢0 denotes the value of ¢u at zero ionic strength. From
this point on in our discussion ¢u and ¢0 will denote computed
val s assuming no ion pairing with Na or K, whereas ¢u', ¢O' will
denote corresponding values with ion pairing.
The agreement of the experimental data with prediction is

adily discerned by comparing values of ¢0 and ¢0' as computed
from indivi® " experimental runs or groups of runs of nearly
the same ionic strength., Computed values of log ¢0, listed in
Table 7, are practically constant for solutions below .05m in i1onic
s’ B " 2rage v " es for sod’ and potassium, 2.490 and
2,497, respectively, are in close agreement with a value of 2,491
which Walker et al. [1927] found by extrapolating graphically
17 s of 7 1 ¢ versus YU both for salts of sodium and of potassium.
If, however, the data are included up to ionic strength of .1l6m
the value of log ¢0 for potassium rises with ionic strength to

near 2.520 while that for sodium falls to near 2.485. The difference

in behavior of soaium and pot#géium salts at ionic sf;eﬁgnhs abéﬁe
.05m can also be seen in figure 2. This difference is consistent
with evidence that potassium ions have less tenc¢ 1cy than sodium ions
to form ion pairs in sea water (Sce e.g. Disteche [1974] pe 97).

The values of ¢0' assuming ion pairing for both potassium and
sodium can be brought into close agreement with the Debye-Hiickel
formulation, at ionic strength up to .16m and even higher, but not
with kAl and kAZ based on the experimental measurement of the mean
ionic activity of NaCl of Butler and Huston [1970] as listed in Table 6.

These v ues produce estimates of log ¢0' which rise steadily with increasing


















Figure 4.

Equilibration vessel.
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talc "ition of Assay

The equation of state used to calculate the amount, n, in moles

of CO2 gas from the manometric data is expressed in the implicit form.

PV = nRT(1 + 3 B(T)+....) (41)

where P, V and T denote the measured pressure, volume, and

absolute temperature, R is the gas constant, and B(T)

is the temperature dependent second virial coefficient in the
expansion of the compressibility factor, PV, in powers of the density
1/V. Higher order terms in 1/V are neglected. Equation (41), when

solved for n, reads:

_ LY (o T4 PR
n = -5z (1 1+ RT ) (42)

where specifically:

(1) P and T are expressed in dynes cm—2 and °K, respectively.
(2) V ° the calibrated volume of the manometric chamber,

. 3

in cm”,
(3) B is the value of the second virial coefficient for

CO2 gas at temperature T, in cm3/mol, as calculated with

the following interpolation function from values tabulated

125548.

T - .483343T

by Sengers et al. [1971]: B = 442.002 -
(4) R 1is the gas constant, taken as 8.31436 x 107 ergs mol-l
°K—l.

The pressure P is calculated from the difference between two






















































TABLE 7. Analyses of Equilibrated Carbonate-Bicarbonate Solutions
at 25°C Derived from Data of Walker et al. [1927]
No. of o n PCO " /;
runs 1 2 6 1
averaged (mmol/Kg) (mmol/Kg) (atm x 107) (mmol/Kg) (mol/Kg) log ¢ log ¢u log ¢0 log ¢0'
Na HCO3 - I\]azg_g_3 Solutions
1 7.86 .69 360 9.93 .100 2,396 2,396 2,485 2,506
5 9,04 .97 347 11.94 .109 2.388 2.389 2,486 2.510
1 10.80 1.33 360 14,78 .122 2,386 2,389 2.494 2,523
1 16,29 3.72 312 27.43 .166 2.360 2,363 2.499 2,541
1 23.55 7.51 343 46,05 .215 2.332 2.336 2,503 2,559
2 28.38 12,14 325 64.76 .254 2.310 2.312 2.502 2.568
3 41,90 29,09 350 129.11 .359 2,236 2.240 2,482 2.572
2 42,26 30.98 332 135.13 .368 2.239 2.242 2,488 2,580
1 43,93 34,11 332 146,19 .382 2,233 2,234 2,486 2.581
wt. av., (17 runs) 2.490
rg
aCalculations were carried out first on the individual runs and then the computed values of u, log ¢, etc. %
w
oo

were averaged.






Experiment

No.

29

30

31

32
33
34

35
36

37
38

39

* Omitted from average

Weight of
Na,C0,(g)
.137912
.075075
.073369
.384310
729802
.039384

.022335
.016410

.332855
.156150

.031260

TABLE 8.

Carbon Assays of Anhydrous ‘'Sodium Carbonate.

Manometric Data

Pressure Volume
(mm_Hg) (cc)
376.132 63.277
73.773 323.795
205.899 63.277
40,328 323.795
201.050 63.277
39.363 323.795
205,254 323.795
389,550 323,795
426.679 15.973
108.015 63.277
242.129 15,973
179.068 15.973
45,292 63.277
178.321 323,795
429,546 63.277
84,260 323.795
338.946 15.973
85.915 63,277

Average of 10 assays

Temperature

(9)

19.60
19.96

20.58
20.48

20.47
20.38

19.91
20,12

20.05
20.20

19.92

20.83
20.83

20.86

22.10
22,26

20.94
21.41

Assay %
Single
etermination Average
99.98

100,00 99.99

100,07

100,21 100.14

100.02

100,13 100.07
99.96 99.96
99.95 99.95

100,13

100.14 100.13

100,11 106.11

100.40%*

100,50% 100.45%
99.90 99.90
99.98

100.06 100.02
99.83
99.90 99.86

100.01

.10

09 23eg












TABLE 10. Extrapolation Function for Second

Dissociation Derived from Data of Table 9.a

Series N:;n:f u 1/2 log ¢0 -log K2
No. averaged (mol/Kg) at 20°C at 25°C
1 9 .050 2.578 10,317

2 8 .089 2.585 10.324

3 4 «142 2,583 10,322

4 2 .209 2,578 10,317

a All first runs (e.g. 30.0) omitted from averages.

%9 23eg
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