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E = —o0.665, exclusive of liquid potentials. The potential of the normal
calomel electrode we have found in the preceding paper to be —o0.2776.
The absolute potential, therefore, of the above electrode is —o0.943.
Hence we may obtain the normal potential of this electrode from the
equation —0.943 = E°%g — (0.05915/5)log(HT)8(10;~). Assuming the
degree of dissociation of o0.001M HIO; to be 0.97, the concentration of
each ion is 0.00097M;
E®gs = —1.193; AF 4 = —5EF’ = 137590. (21)

I(s) 4+ 3/20, + © = I0;— —Combining Equation 21 with the value
we have used above for the free energy of formation of liquid water and
of hydrogen ion, we find

AF % = —32270 (22)
This value is in surprisingly good agreement with the one obtained above..
The latter calculation is by far the more reliable of the two and ean hardly
be in error by more than 200 calories.

In concluding we wish to express our obligation to the Rumford Fund
of the American Academy of Arts and Science for financial aid in this
investigation.

Summary.

We shall not summarize here the various subsidiary calculations used
in this paper, but merely repeat the final values of the free energy of forma-
tion of the iodine compounds investigated.

TaBLE VL
Substance. AF %¢s. Equation. Substance, AF%ss.  Equation.
3 () F o Hi(g)......... 310 II
1 (0) P 460 I I —12304 13
Lig)............. 4640 4 I —12216 I5.
Igy....c.coo it 16965 7 HIO(aq.) —23300 Ty
Iy(aq.).. 3926 8 10,7 .......... —32270 22
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L. “Caleulated” \, as a Criterion of Precision.

If the ideal mass law for weak electrolytes is given the form & =
{a?/1— &) or B = cA/Ao(Xo — N), since a = N/, is assumed to hold
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exactly in any given case, it is possible to calculate the value of the con-
ductance at zero concentration or infinite dilution from two measure-
‘ments of its conductance at two different concentrations. If N\ and N
represent the molar conductances of this electrolyte at the concentra-
tions C and C, respectively, then 2 = ¢A2/7; (A6 — N) = c1 M2/ X (Mo —N1)
from which A, = AN(cN — aM) /(N2 — ai\?).2

Since the ideal mass law in the above form can only hold rigorously
‘where the nature of the solution no longer changes with change in con-
centration, it is obvious that the mass law in this form is never rigorously
-obeyed.

Vet there may exist electrolytes which obey it accurately enough so
that our measurements do not detect any deviations at small concentra-
tions. Fortunately, data are fast being accumulated which show to what
degree the ideal mass law in the above form is approximated and may be
used, therefore, to draw valuable conclusions concerning the behavior
-of electrolytes, as, for example, the calculation of the molar conductance
.at zero concentrations in the manner just described. The recent accurate
work of Kendall? upon the conductance of acetic acid in aqueous solu-
‘tion at 25° warrants one in believing that this acid very closely approx-
‘imates the ideal mass law in the above form, and it may be used in the
-calculation of the molar conductance of acetic acid at zero concentration,
which value will hereafter be called the ‘“‘calculated” A\,. Table I, that
follows, gives the results of these calculations for all possible combina-
tions of the dilutions measured by Kendall together with the correspond-
‘ing values for its molar conductance and ionization constant.

As stated in the introductory paragraphs to the article, in order to cal-
-culate Ao, as has been done in the table, the mass law in the above form
s assumed to be approximated to such a degree that experimental errors
in the measured values of N and )\;, and C and C, are not greater than those
iintroduced by the difference in values for the ionization constant corre-
:sponding to these concentrations, since these values are made identical
in the calculations. The values given by Kendall for the ionization
-constant corresponding to the different concentrations or dilutions, as
seen from the table, justify the above assumptions and it is evident that
-small differences in these values do not influence the ‘‘calculated” Xo
.appreciably. The concentrations, at which the constant for ideal mass
law in the above form is most accurately known, may be determined as
follows: The percentage error introduced into the ionization constant
by errors in A and A, (C is assumed to have a negligible error, 7. e., is a

t Kohlrausch and Holborn, “Leitvermégen der Elektrolyte,” 1898, p. 103.

2 J, Ckem. Soc., 101, 1283 (1912); and Meddelanden fran K. Vetenskapsakademiens
Nobelinstitut, 2, 38 (1913).
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TABLE 1.
Conductance data.l
v. A kg% ® X 10—+
13.57 6.086 1.845,
27.14 8.591 1.85%
54.28 12.09 1.849,
108. 56 16.98 1.849:
217.1 23.18 1.831
434.2 33.22 1.849
868.4 46.13 1.850:
1737.0 63.60 1.854.
3474.0 87.17 1.855
6948.0 116.8 1.870
o 387.7
“‘Calculated’” \,. “Calculated’ \,. “*Calculated’’ A,.
Dilutions. Ao Dilutions. No. Dilutions. Ao o
12.57and  27.14 766 54.28 and 108.56 290* 217.1and 434.2 379%
54.28 449 217.1 402 868.4 388
108.56 359 434.2 391 1737.0 393
217.1 416 868.4 392 3474.0 392
434.2 402 1737.0 393 6948.0 398
868.4 399 3474.0 393 434.2 and 868.4 394
1737.0 399 6948.0 399 1737.0 398
3474.0 396 108.56and 217.1 s51* 3474.0 394
6948.0 400 434.2 434 6948.0 400
27.14and  54.28 348 868.4. 414* 868.4 and 1737.0 400%™
108.56 311 1737.0  408%* 3474.0 381
217.1 389 3474.0 go1* 6948 .0 401
434.2 384 6948.0  403* 1737.0 and 3474.0 390
868.4 388 6948 .0 401
1737.0 532 3474.0 and 6948.0 409
3474.0 301
6948.0 458

constant for the given case) is easily obtained by differentiating the
logarithmic form of expression £ = CA2/X; (Ac — M), whence
dk/k = [(2h — N)/(Ne — NI[AN/N — dNo/No].
As the solutions become more concentrated, A approaches zero as its:
limit when dk/k = 2[dN/N—dXo/Ns]. On the other hand, as the solution
becomes more dilute, N approaches )\, as its limit, whendk/k = « (d\/N —
dXo/No). Obviously, the ionization constant is least influenced by er-
rors in N and A, the greater the concentration, which, however, must
never be so great that the degree of ionization ceases to be measured by
the expression a = A/\, with the requisite accuracy for the above dis-
cussion. For most weak electrolytes, the value of this upper limit of
concentration is in the neighborhood of 0.02 N according to recent in-
vestigations. Thus, for Kendall’s measurements the value 1.849 X 1078
I Uncorrected for the specific conductance of the conductivity water.
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may be taken as the ionization constant of acetic'acid according to his
data. The error in this value may be greater or less than that in X or
Mo accordingly as dN/X and @)\, /), are of the opposite or the same sign,
respectively. Before the correct weight can be given to this value for
the ionization constant for acetic acid the amount and the direction of
the errors in N and A\, must be ascertained. However, it is sufficiently
obvious that acetic acid very closely approximates the mass law and that
a correct value for its ‘““calculated’ N\, may be found as described.

It is now necessary to determine which value of “calculated” A, is
most free from the errors in A and \; or which value is most sensitive to
these errors if the ‘‘calculated’ A, is to be used as a criterion of the ac-
curacy of the conductance data. In a similar manner to that in which
the percentage error in the ionization coastant was found, and again as-
suming that the errors in C and C, are negligible, the percentage error
in A, with those in N and \; may be calculated from the expression:

A, CM[CM2 + CM— 2O dN T CMCM? A O —2CAN] dM

Y [ON—CNJ[CNE—CA » 7 [OV—CAJ[CN—C?] N
C1>\1[ (:1>\12 + C>\2_2C>\>\1] b= C)\[ (:1>\12 + C>\2_2C1>\)\1]
[CA—CM][C—CE [CA—CiM][CN—CNE
and solving for their numerical values in the following cases, using the
data given in Table I, the results of Table II are obtained:

Letting a =

TaBLE IT,

C. Cu ke. ke a. 5.
1/54.28 1/108.56 1.849 X 10°% 1.849 X 10 ® —1i110.5 +111.2
1/54.28 1/434.2 1.849 X 1G*  1.849 X 10" —33.4 T 34.4
1/54.28 1/6948 1.849 X 108 1.870 X 1078 — 5.3 -+ 6.3
1/108.56 1/217.1 1.849 X 10°° 1.851 X 10 5? —i151.1? +151.9?
1/217.1  1/434.2 1.851 X 10°°% 1.849 X 105 —71.5 + 72.5
1/434.2 1/868.4 1.849 X 10 % 1.850 X 10 ° — 51.6 +'52.7
1/868.4 1/1737.0 1.850 X 10°% 1.854 X 10°° — 36.0 4 37.3

From Table II it is seen that the error in ‘“calculated’ A, for acetic
acid is never greater than that in X or ), depending upon which is most
in error, as long as d\/X and dM/\ have the same sign, since (a) and
(b) always have opposite signs. This appears to be the case with
Kendall’s data. As long as this is true the “calculated” N\, may be
found with the same accuracy whatever combinations of N and N\
(C and C,) are employed, provided the ideal mass law in the above
form is approximated with sufficient accuracy. In other words, the
“calculated” X, is an equally sensitive criterion of the precision of
the molar conductances under these conditions whatever the values of
C and Cl.

If, however, d\/X and d)\/N\,, are opposite in sign, then the error in
“calculated” A, is greater the greater the value of C and C,, since (a) and
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(b) always have opposite signs, Table II shows that for Kendall’s data
on acetic acid, that the ‘“calculated” \,, found by using concentration
which are as different as possible, is least affected by errors in X and N\
when d\/\ and d\;/ )\ are opposite in sign. Thus in the series of values
of “calculated” X, in which C = 1/54.32 (Table I) is the common
concentration, when C; = 1/6948, the ‘‘calculated” A\, is 399; while
the average of all the values of ‘“‘calculated '\, for all possible combina-
tions of concentrations from 1/54.32 to that of 1/6958, excluding those
marked by the asterisks, is 398 with a mean error of =6 for each value.
It is also clear that “calculated” N\, is a much more sensitive criterion of
the precision of the conductance data when C and C; are as near in value
as possible if d\/N and d\;/\; are opposite in sign.
II, “Calculated” )\, as a Criterion of Constant Errors.

The mathematical methods for the determination of the precision of
experimental results have been very accurately developed and employed
for conductance data, but such methods are of little value where constant
errors are present. It is the presence of constant errors in most of the con-
ductance data of weak electrolytes that renders the same useless when
quantitative conclusions are to be drawn. Therefore, more attention
must be paid to the development of methods for the detection of such
constant errors in conductance data.

In the present discussion, fortunately, the molar conductance at zero
concentration for weak electrolytes, like acetic acid, which closely ap-
proximate the ideal mass law in the above form, may be determined,
independently of the conductance data for the acid, by the following
well-known - method :

M RCO.H = N RCO:Na + NHT — A Nat

The mobilities of the hydrogen and sodium ions are known from con-
ductance and transference measurements upon strong acids and their
salts. The molar conductances of the sodium or other salts of the weak
acid are extrapolated to zero concentration by one of the well-known
methods in order to determine their molar conductance at zero concentra-
tion. In this manner, by independent measurements, the molar conduc-
tance at zero concentration of a weak electrolyte may be determined.
Such a value for A\, will be spoken of as determined by the salt method
in the following discussion:

A comparison of the “calculated” \, for weak electrolytes like acetic
acid with that obtained for the same acid by the salt method offers a means
of 'detecting constant errors in conductance data. This means assumes
that the conductance data for the salt is fairly accurately known and,
similarly for the values of the mobilities of the sodium and hydrogen
ions. It is not necessary that the weak electrolyte approximate the ideal
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mass law, in the above form, as accurately as does acetic acid in order that
‘“‘calculated” N\, may be used to detect constant errors in conductance data,
as will be shown from the discussions in the following sections. It must
be pointed out, however, that the conductance at zero concentration
for most uni-univalent salts of weak electrolytes falls between the limits
80 and go while the mobility of the hydrogen ion at 25° for aqueous solu-
tion has been given the limits 338 and 365.! Obviously, fairly large er-
rors in the molar conductance at zero concentration for the sodium salt
will not introduce a correspondingly large error in the N\, value determined
by the salt method, since the former value is additive in the above equa-
tion to the mobility of hydrogen and sodium ions. Similarly it is not
necessary that the mobility of the sodium ion be known with anything
like the accuracy with which the mobility of the hydrogen ion must be
known, since the value of the former is 52 compared 338 to 365 for the
latter at 25°. Unfortunately, the uncertainty is greatest concerning the
mobility of the hydrogen ion, which should be most accurately known.

Kendall, in the article referred to above, has recently attempted to
ascertain the most accurate value for the mobility of the hydrogen ion
at 25° His indirect method consisted in the calculation of the ideal
mass law constant from his measurements of the conductance of cyano-
acetic, o-nitrobenzoic, o-chlorobenzoic, etc., acids at concentrations
where these acids very closely approximated this law. These calcula-
tions were made with varying values for the mobility of the hydrogen
ion, provided it was always in the neighborhood of 350 and that value
was chosen for this mobility which gave the most consistant mass law
constant at the smaller concentrations. His method gave him the value
347.2, provided the specific conductance of water was not greater than
0.9 X 1078 No correction was made for such water.

Table V, with the subsequent discussion, offers convincing proof of the
correctness of this value for the mobility of the hydrogen ion at 25° for
transition electrolytes in aqueous solution. For, in Kendall's work,
he must assume the mass law and draw his conclusion from the mass
law constant, which is in reality reasoning in a circle; since he had no
independent measurements to justify his assumption of the mass law
for his measurements. The calculation of the “calculated’”” N\, from the
conductance data of these acids, as has been done in Table V, while also
assuming the mass law, gives a value which may be checked by inde-
pendent measurements and thus justify the assumption of the mass law.
This procedure entirely substantiates the conclusions drawn by Kendall
as to the mobility of the hydrogen ion at 25° for_transition electrolytes,
which is apparently, as the theories demand, the same value as for strong
electrolytes.

! See article by Kendall mentioned above.
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In the case of weak electrolytes (k< 10—*) Kendall justly states that
his method for determining the mobility of the hydrogen ion is not sensi-
tive, since large variations in this value do not influence the ionization
constant to anything like the extent that it does for the transition elec-
trolytes. In fact the water correction, which has a slight influence for
the transition electrolytes, is of much more importance than slight varia-
tion in the value for the mobility of hydrogen ions upon the ionization
constants of weak electrolytes, as will be discussed later. However, in
accordance with theory, Kendall uses the value 347 for the mobility of
the hydrogen ion in acetic acid at 25° and calculates what he considers
the best ionization constant for acetic acid at 25°, as was seen in Table
I. In this case the unsatisfactoriness of his method, when applied to
weak electrolytes for the solution of this problem, becomes very evident,
since he did not choose the best value for the conductance of acetic acid
at zero concentration, <. e., the best value for the mobility of the hydrogen
ion, which gives the best mass law constant for his data. In determining
the molar conductance at zero concentration for acetic acid, Kendall
used the value for the mobility of the acetate ions at 25° which was de-
termined many years ago by Ostwald! and compiled by Bredig,? which,
when expressed in reciprocal ohms, is 40.7. Since the limits for the mo-
bility of the hydrogen ion at 25° are 338 and 365, the limits for the molar
conductance at zero concentration of acetic acid at 25° are 379 and 406,
accepting the mobility of the acetate ion as 41. Obviously, that value,
for A, for acetic acid, which will give the best mass law constant is found
by assuming the mass law to hold, and solving for A, from the conductance
data of the acid as was done in Section I. This value for “calculated”
o was found to be 398, which value is well within the above limits. Table
III gives the values for the ionization constant of acetic acid determined
by using this “calculated” A\, value, together with those of Kendall,
using his data for X and .

TapLe III,
Ionization constant X 10-%. Ionization constant X 10-5.
Dilutions. ?endm. Author. Dilutions. Kendall. Author.
13.57 1.845 1.749 434 .2 1.849 1.750
27.14 1.851 1.752 868 .4 1.850 1.750
54.28 1.849 1.752 1737.0 1.854 1.750
108.56 1.849 1.749 3474 .0 1.855 1.749
217.1 1.851 1.750 6948.0 1.870 1.755

Kendall’s measurements and interpretation give the average value
for the ionization constant of acetic acid at 25° as 1.852 X 10~% with a
mean error in each value of =7 X 10~8, while the author’s interpreta-
tion gives the average value 1.750 X 10~° with the mean error in each

v Z. physik. Chem., 2, 45 (1889).
? Ibid., 13, 218 (1894).
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value of =2 X 107% In the term (A, — X\) employed in these calcula-
tions, N was rounded off to a whole number, except where the decimal
was close to 0.5 of a unit, so that the above results for the ionization
constant are as uniform as possible, since the value for N\, is not known
to a fraction of a whole unit. This value is practically the same as that
obtained by Ostwald! when his results are expressed in international
units, using the accepted values for the mobilities of the sodium and hydro-
gen ions at 25° (51.2 and 347). Xendall stated that Ostwald obtained
the value 1.80 X 10~% for this constant, but overlooked the fact that
the values for these mobilities had changed since Ostwald made his calcu-
lations.

The fact that Kendall’'s data for acetic acid give the value 398 for the
“calculated” N\, while the salt method gives 388 means that some con-
stant error is present in these data, if the mobility of the hydrogen ion
at 25° is 347 for such weak electrolytes. This constant error may be
due to the fact that no correction was made for the specific conductance
of the water used in the dilutions (see last section).

Finally, it is interesting to note that this value for “calculated” X,
for acetic acid is much closer to that obtained by the salt method by using
the mobility of the hydrogen ion as 365 as suggested by Noyes and
Sammuel.?

III. Application of the Criterion, ‘“Calculated” A, to other Data upon
the Conductance of Acetic Acid.

In order to test the precision of, and constant errors in, the conductance
data for acetic acid that follow, the ‘“‘calculated’” N\, was determined for
all possible combinations of concentrations as given in Table IV.

TaBLE IV.
Conductance Data.
Ostwag' 25°. Jonest 25°. Van't HoAﬁ" 19,1°,
’. r kX078 A R X 1075, ’. A
8 4.61 1.75 2 2,089 1.69 18.53 7.110
16 6.48 1.74 8 4.342 1.83 37.07 9.970
32 9.19 1.68 32 8.699 1.86 74.15 14.03
64 12.81 1.73 128 17.11 1.84 148.3 19.76
128 18.03 1.74 512 33.24 1.82 206.6 27.53
256 25.23 I1.74 1024  45.87 1.81 593.2 38.16
512 34.23 1.63 2048 63.00 1.80 1186.4 49.60
1024 48.90 1.74 2372.8 71.65
4745 .6 97.36
9491.2 129.7

1 Z, physik. Chem., 3, 170 (1889).

3 Ibid., 43, 49 (1903).

3 Ibid., 3, 174 (1889).

4 H. C. Jones, "Electrical Conductivity, etc., of Certain Salts and Organic Acids.”
8 Z. physik. Chem., 2, 779 (1889).
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TaBLE IV (continued).
Calculated A,.

Owld. J’()ﬂes. Van'& Hoff.
Solutions. e Solutions. No- Solutions. Ro-
8and 16 151 2 and 8 — 28.2 18.54 and 37.07 117
32 645 32 — 82.2 74.17 237
64 234 128 — 348.0 148.3 382
128 1647 512 41900 296.6 331
256 358 1024 698 593.2 318
512 216 2048 524 1186.4 312
1024 366 8 and 32 —I279 2372.8 319
16 and 32 —468 128 + 434 4745.6 344
64 +279 512 345 9491.2 349
128 351 1024 329 37.07and  74.15 446*
256 412 2048 334 148.3 582*
512 222 32 and 128 434 296.6 384%*
1024 388 5I2 288 593.2 344
32zand 64 135 1024 292 1186.4 328
128 236 2048 308 2372.8 329
256 321 128 and 512 301 4745.6 353
512 185 1024 301 9491.2 363
1024 205 2048 317 74.15 and 148.3 740*
64 and 128 509 512 and 1024 301 296.6 369
236 539 2048 325 593.2 333
512 211 1024 and 2048 344 1186.4 322
1024 414 2372.8 325
128 and 256 562 4745.6 350
512 183 9491.2 361
1024 402 148.3 and 296.6 269*
256 and 512 128 503.2 289*
1024 373 1186.4 298*
512 and 1024 —695 372.8 302*
4745.6 340"
9491.2 355*
296.6 and 593.2 299*
1186.4 317
2372.8 315
4745.6 347
9491.2 36I
593.2 and 1186.4 336
2372.8 320
4745.6 355
9491.2 359
1186.4 and 2372.8 281*
4745.6 334
9491.2 346
2372.8 and 4745.6 406*
9491.2 392*
4745.6 and 9491.2 384"
The criterion establishes the fact that the measurements by Ostwald

and by Jones lack precision and contain constant errors that render them
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valueless from a quantitative standpoint when compared to those by
Kendall. Further, the criterion establishes the second fact that the errors
in'A and ) are often in opposite directions since the value for ““calculated”
Ao may suddenly jump from —468 to 4279 in the case of Ostwald’s meas-
urements, or from —1279 to 4434 in the case of those by Jones (see Table
IV).

The fact that the ionization constants calculated from the measure-
ments of Ostwald, as well as from those by Jones, show a much greater
precision than the corresponding values for “calculated” N\, must be
attributed in part to the fact that there is a compensation in the errors
of A by those of A, since the previous section shows that

dk/k = [(2h — N)/(he — N ]1[AN/X—adNo/No ]
In other words, the errors in A and A, must be in the same direction
so that d\/X and dX, /), have the same sign. Further, fairly large differ-
ences in the values for A\, do not greatly influence the value for the mass
law constant of acetic acid. These facts make it clear that the use of the
criterion, ‘‘calculated’” A, is much more sensitive as a test for the precision
of, and of constant errors in, the conductance data of weak electrolytes
than the ionization constant and that its use is indispensible at present,
if accurate quantitative conductance data of such electrolytes is desired.

The measurement by van’t Hoff and L. Th. Reicher give values for
‘“calculated” )\, which fall, as a rule, close to the value determined by
the sodium salt method. The average value for “calculated” X\, of all
the calculations from the dilution 37.07 to that of g491.2, neglecting
those marked by the asterisks, is 345 with a mean error of =19 in each
value. ‘The most probable value for this quantity by the salt method
is not far from 352 at 19.1°.

Finally, the measurements by Kendall (Table I), although they pos-
sess satisfactory precision, contain constant errors, provided the mobility
of the hydrogen ion at 25° is 347, as maintained by Kendall for acetic
acid, since the ‘““calculated’ A, is 398 while Kendall chose 388 by the salt
method.

IV. Application of the Criterion of “Calculated” A\, to the Conductance
Data of Transition Electrolytes.

In the case of transition electrolytes, Kendall® has pointed out for cyano-
acetic, o-chlorobenzoic, o-nitrobenzoic acids, etc., that fairly consistent
values for their ionization constants are obtained for solutions sufficiently
dilute, provided an arbitrary value was chosen for the mobility of the
hydrogen ion (347) and that the specific conductance for the conductivity
water was not greater than o.9o X 1078 In general, it is believed
that all electrolytes approximate very accurately the mass law in the

! See reference above,
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TAaBLE V.
Cyanoacjtic acid. o-Chlorobenzoic acid. o-Nitrobenzoic acid.
v a2 %1008 AR %1078 s o A2 x10-d
20.80 96.2  0.398 150.1 134.6 0.1293 32 139.7 6.72
41.60 127.1 0.38¢ 300.2 174.0 0.1286 64 179.0  6.60
83.20 164.5 0.331 6o 4 218.0 0,128 128 221.0 6.45
166.4 207.3 0.375 1201.0 262.6 0.1284 256 265.0 6.33
332.8 252.4  0.372 2402.0 302.1 0.1279 512 303.6  6.28
665.6 294.4 0.372 4804.0 333.0 0.1286 1024 333.5 6.27
1331.0 320.2 0.372 9608.0 353.7 0.1288 2048 353.6 6.29
2662.0 353.2  0.371 o 380.2 4006  365.3 6.18
5324.0  368.3 ® 379.2
® 385.9
Cyanoacetic acid. o-Chlorobenzoic acid. o-Nitrobenzoic acid.
Dilutions. Ao Dilutions. Xo- Dilutions. Ao
20.80 and 41.60 302.2 150.0I and 300.2 25I.7 32 and 64 356.1
83.20 350.1 600.4 348.9 128 362.3
166.4 361.0 1201.0 340.3 256 367.4
332.8 370.4 2402.0 3579 512 372.2
665.6 377.5 4804.0 368.5 1024 375.5
1331.0 380.5 9608.0 374.2 2048 377.4
2662.0 383.4 300.2 and 600.4 379.8 4096 378.0
5324.0 384.7 1201.0 379.5 64 and 128 364.2
41.60 and  83.20 357.4 2402.0 380.2 256 369.3
166.4 366.6 4804.0 380.3 512 373.6
332.8 374.2 9608.0 380.4 1024 376.3
665.6 379.8 600.4 and 1201.0 380.4 2048 377.0
1331.0 382.8 2402.0 379.7 4096 378.3
2662.0 384.2 4804.0 380.3 128 and 236 372.1
5324.0 385.2 9608.0 380.4 512 375.4
83.20and 166.4 372.3 1201.0 and 2402.0 379.4 1024 377.4
332.8 378.1 4804.0 380.3 2048 378.4
665.6 382.4 0608.0 380.4 4096 378.5
1331.0 384.2 2402.0 and 4804.0 380.8 256 and 312 377.3
2662.0 384.9 9608.0 380.6 1024 378.4
5324.0 385.6 4804.0 and 9608.0 380.5 2048 379.0
166.4 and 332.8 381.6 4096 378.8
665.6 381.6 512 and 1024 379.1
1331.0 383.4 2048 379.3
2662.0 385.5 4096 379.0
5324.0 383.9 1024 and 2048 379.3
332.8 and 065.8 386.3 4096 378.9
1331.0 386.0 2048 and 4096 378.7
2662.0 385.8
5324.0 386.1
665.8 and 1331.0 385.9
2662.0 385.8
5324.0 386.1
1331.0 and 2662.0 385.8
5324.0 386.1
2662.0 and 5324.0 386.3
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form here discussed, if measurements can be made, on solutions sufficiently
dilute, with the necessary degree of accuracy. It is interesting, there-
fore, to apply the criterion of ‘“‘calculated” A, to such electrolytes which
have been so carefully measured, these results are given in Table V, as cal-
culated from the data given by Kendall.

Since Kendall finds that, at and below a certain concentration, constant
values are obtained for the mass law constant, it would be expected that
a similar behavior would be found in the values for ‘‘calculated’’ Xo.
For each acid given in Table V, it is seen that the values for ““calculated”
Mo regularly increase to a constant maximum value. This increase in
value should be steady for increasing dilution or decreasing concentration
and never fluctuate from greater to lesser to greater, etc., values. If such
is the case, the criterion, ““calculated” A,, demonstrates the lack of pre-
cision due to errors in the measurements. The extreme sensitivemess
of the criterion detects such errors even in the very accurate data of Ken-
dall for o-chlorobenzoic acid given in Table V. The application of ““cal-
culated” N\, as a test of the precision of the conductance data of transi-
tion electrolytes is, therefore, obvious.

To detect the presence of constant errors, the average maximum con-
stant value for ‘‘calculated” M\, must be compared with the value for A,
obtained independently by the salt method as shown under Section II.
If no maximum constant value is obtained in any given case, it is obvious
that the conductances of more dilute solutions must be measured, but for
most organic electrolytes it will be unnecessary to measure solutions
more dilute than o.0005 N. A graph, obtained by plotting A, as ordin-
ates against the dilution as abscissae will often give much information
concerning what dilutions must be measured in order that constant values
for ““calculated” X, may be obtained. However, this graphic method
will not give the correct value for “calculated” N\, since a range of dilu-
tion is employed in its calculation. The application of this criterion of
constant errors to the data of Table V is given in next section.

V. A Simple and Accurate Method for the Determination of the
Molar Conductance-at Zero Concentration of Organic Electrolytes.
In Section I it was shown that electrolytes of the strength of acetic

acid obeyed the ideal mass law in the form & = CA\2/X (X0 — ) for all

concentrations below o.02 N, within the error of the present measure-
ments.

In Section II it was shown that the molar conductance of such electro-
lytes at zero concentration could be calculated from any two values of
its molar conductance at two different concentrations, provided such con-
centrations are below 0.02 N, with the same degree of accuracy with which
this value can be determined by the salt method, and in fact to'a much
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greater degree of accuracy if no choice is made between the limiting
values 338 and 365 for the mobility of the hydrogen ion at 25° in aqueous
solution, ‘

In Section IV it has just been shown that, assuming the ideal mass law
to hold for transition electrolytes, and determining the values for ‘‘cal-
culated” N\, at different concentrations, a regularity in the increase in
these values with decreasing concentration was obtained, ceasing in a
maximum constant value, below which concentration the ideal mass law
is approximated to such a degree of accuracy that our measurements
can detect no deviations. Obviously this maximum constant value for
the molar conductance of the electrolyte must be identical with the same
value obtained by the salt method if measurements and theories are cor-
rect,

From Table V it is seen that for cyanoacetic acid that the last thirteen
values for “‘calculated’ A, are practically constant and are the maximum
values obtained. In fact their average value is 385.9, while a mean error
of =0.2 is present in each value, The value chosen by Kendall from the
salt method is 385.9 and an exact coincidence is obtained, as must be the
case if the measurements and theories are accurate. Similarly for o-chloro-
benzoic acid the last fourteen values for ‘‘calculated” A\, are constant
and maximum in value. Their average maximum value is 380.3 while
a mean error of ==0.4 is present in each value. Kendall chose for this
constant 380.2 by the salt method. For o-nitrobenzoic acid, the last
eight values for ‘‘calculated” X\, are constant and maximum, The aver-
age maximum value is 379.0 and a mean error of =o0.2 is present in each
value, while the salt method gives the value 379.2 according to Kendall.
The data for this acid show how much more sensitive the criterion *cal-
culated” N, is than the criterion the mass law constant for the determina-
tion of the approximation of an electrolyte to the ideal mass law, but less
strikingly than the calculations given in Section III.

VI. Mobility of the Hydrogen Ion at 25°.

Section IV shows that the molar conductance at zero concentration for
any organic electrolyte may be determined from' the values of ‘‘calcu-
lated’’ A\, with the same degree of accuracy as by the salt method. Since
this is the case this constant may be freed from the uncertainty attached
to the mobility of the hydrogen ion when it is determined by the salt
method. However, for the detection of constant errors in conductance
data it is necessary to calculate A, by both methods, and it is therefore
necessary to know the velocity of the hydrogen ion at 25°. Kendall
varied the value for this constant between certain limits, choosing that
value which gave the best precision in the values for the ionization con-
stant of the electrolyte concerned, which, he states, is ‘“347.2 at 25°
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with a maximum divergence of *=0.4.” However, he did not always
choose the correct value for A\, which would give the best precision in the
values for the ionization constant. He should have assumed the mass
law and calculated the value for \, from his data, as has been done in this
paper. These statements are supported by the facts given in Table III
for acetic acid. He chose 387.7 as the molar conductance at zero con-
centration for acetic acid while his data gives 398, which would mean that
the mobility of the hydrogen ion at 25° is 357 instead of 347 as he claims,
However, for the other electrolytes considered in this paper, the *calcu-
lated” A, checks within the experimental error the A, value obtained by
the salt method, when the mobility of the hydrogen ion is taken as 347.
It is, therefore, probable that the data given by Kendall for acetic acid
contains constant errors which account for the high value of the mobility
of the hydrogen ion, obtained from the same by the calculation of the
‘““calculated” N,. At present it would seem that the mobility of the
hydrogen ion at 25° is 347, as claimed by Kendall and others, at least
for the transition electrolytes.

VII. The Application of the Cqrrection for the Specific Conductance
of the Conductivity Water to the Conductance Data of
Organic Electrolytes.

Since the “calculated” A, as a criterion offers a method for the deter-
mination of the accuracy with which a given electrolyte approximates
the ideal mass’law in the form,hereldiscussed, it may be used to decide
whether or not a correction for the specific conductance of the water used
in the dilution of the organic acid should be applied to the conductance
data of such acids. The method is simply to calculate the values for
“calculated” A, for the corrected and uncorrected data and compare
the same with the value of A, obtained by the salt method. This is possi-
ble, since the water corrections, necessary for the determination of A,
by the salt method, are far less influential than in the *“calcu-
lated” A, values and do not affect the former value by more than a few
tenths of a per cent. at the most. ‘This is easily seen when one considers
the manner in which the A, value is obtained by the salt method, which
necessitates the measurement of the conductance of a strong acid, like
hydrochloric acid, where the water correction is far less influential than
in the case of a weak acid like acetic acid, and of the conductance of a
salt, where the water correction is a large factor. But the mobility of
the cation, like sodium (51.2 at 25°), so obtained is additive to a much
larger quantity, that of the mobility of the hydrogen ion (347 at 25°),
from the hydrochloric acid, and hence does not need to be known with

anything like the accuracy with which the value for the latter must be
known.



2282 C. G. DERICK.

The same facts are true of the conductance of the salt of the organic¢
acid at zero concentration as for the cation. Hence in the value for )\,
by the salt method, the water correction is of slight importance in com-
parison to this value when calculated from the conductance of the organic
acid. Further, the question of the application of the water correction
to salts has been fairly well agreed upon and it is usually applied, so that
the only uncertainty which surrounds this correction to the A\, value by
the salt method is its application to the conductance of the strong acid
(hydrochloric acid), from which the mobility of the hydrogen ion is ob-
tained, where it is of minor influence, how rer.

The very accurate work of Kendall discussed in this paper shows that
no water correction should be applied to his data upon tramsition electrolytes
if the specific conductance of the water is less than 0.9 X 1078, since his
uncorrected data give ‘‘calculated” N\, values which agree with the values
obtained by the salt method with an accuracy greater than o.1% in the
dilute solutions. Kendall found that he obtained a better constant for
the mass law using his uncorrected data and, therefore, chose this data
as the most accurate, which choice is justified by the application of the
criterion ‘““calculated’ A, in this paper.

To realize what influence the water correction has upon the ionization
constant and upon the criterion “calculated” N\, the following tables
have been compiled, using Kendall's data upon acetic acid discussed in
Section I of this paper. In Table VI, Column I gives the dilution ()
of the measurement, II the corrected specific conductance (L), III the
corresponding uncorrected specific conductance (L*), IV the percentage
influence of the water correction, V and VI the ionization constants for
the uncorrected (k%) and corresponding corrected data (%%). Table
VII gives the ‘““calculated” )\, values for the corrected (A{) and corre-
sponding uncorrected (\y) data.

Table VI shows that the uncorrected data for the conductance of acetic
acid give far more satisfactory ionization constants than the corrected
data and that, even though the water correction is 1.69% of the total
uncorrected specific conductance, it should be entirely neglected if acetic
acid approximates the mass law within o.1%.

Table VII shows that acetic acid does closely approximate the mass
law and the correction for the specific conductance of the water should
be neglected entirely for all concentrations for the data measured by Ken-
dall. A comparison of the corrected and uncorrected ionization constants
of acetic acid from Table VI with the corresponding corrected and uncor-
rected values for ““calculated’ N\, from Table VII shows how much more
sensitive the latter values are as a criterion of the precision of and constant
errors in the conductance data for weak electrolytes. Numerous other
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measurements in this laboratory, which will be published shortly, confirm
Kendall in neglecting entirely the correction for the specific conductance

of the conductivity water.

The advantage of this method in determining

the question of the application of the water correction is that it is applica-
ble to the given solution of a weak acid under the ordinary conditions
of measurement and necessitates no other procedure than a simple calcula-

tion.
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