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concentrations. Similarly, the three-component system BaCl,-HCIl-H,O
studied by Schreinemakers at 30°! illustrates the use of hydrochloric
acid to the same purpose. Indeed the method can, generally speaking,
be recommended before the study of the two-component system whenever
there is considerable tendency to formation of concentrated, viscous,
aqueous solutions, provided of course that acid salts are not readily formed.

Finally it may be observed that the solubility of the anhydrous salt at
25° corresponds to those obtained by Bassett and Taylor at the higher
temperatures and not with that obtained by D’Ans as previously men-

tioned.
PRINCETON, N. J.
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RADIOMETRIC MEASUREMENTS OF THE IONIZATION CON-
STANTS OF INDICATORS.?
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An investigation of the ionization constants of methyl orange and phenol-
phthalein has already been published in THIS JOURNAL by Shaeffer, Paulus
and Jones.? In this paper a new method, based upon the absorption of
light by solutions of indicators, was developed for the determination of
the constants of indicators. It was shown that this method serves as
well for a two-colored as for a one-colored indicator. The work recorded
herein is to be regarded as a continuation of the original investigation,
and the purpose is to test the applicability of the method to the determina-
tion of the ionization constant of rosolic acid. A description of the ap-
paratus used has already been given in detail in the original paper.

Theoretical Discussion.—Considering, first of all, that rosolic acid is
monobasic,* the ionization constant K;, is expressed by the simple equil-
ibrium equation _

(H+)(Iu) = K, (1)
(HIn)

If, then, the hydrogen ion concentration of the indicator solution is fixed,
the ratio (In)/(HIn) at equilibrium can be determined. It has been
shown in the original paper® that the percentage transmission of a solution,
such as that of rosolic acid, containing two absorbing components is given
by the equation

L Z. physik. Chem., 68, 89 (1909).

2 This investigation has been carried out with the aid of a grant from the
Carnegie Institution of Washington to H. C. Jones.

8 THIS JOURNAL, 37, 776 (1915).

4 The behavior of rosolic acid as a dibasic acid will be discussed later.

§ Loc. cit.
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In (I/I,) = —Kc—K'¢q, (2)
where ¢ and ¢; are the concentrations of the two absorbing components,
and K and K’ are constants depending upon the nature of the absorbing
components and the wave-length of light employed. Applying this equa-
tion to rosolic acid, let ¢ represent the concentratior of the red component,
or (In) in Equation 1, and let ¢; represent the concentration of the yellow
component or (HIn). Equation 2, then, will represent the percentage
transmission for some given depth of an incompletely transformed solution
of rosolic acid. In a solution containing a large excess of acid ¢ = o,
and Equation 2 becomes

In (I/I,)) = —K'c; = —K'T. (3)
If a large excess! of alkali is added to the indicator solution ¢; = o, and
Equation 2, reduces to
In (I/L,)" = — K¢ = — KT, (1)
where T equals the total concentration of the indicator in solution. If
the percentage transmissions are determined for the same depth of solution
and for the same wave-length of light, and if the total concentration of the
indicator is the same in all solutions, then the values of the constants
K and K’ given by Equations 3 and 4, can be substituted in Equation 2,
whence
T X 1In(I/L) =1n (I/L) X ¢+ 1n T/L) X . (5)
Since the total concentration of the indicator T is always equal to the
sum of the two components, T = ¢ + ¢;, Equation 5 reduces to
c/oy = In (I/I,)" — In (I/Io)' ©6)
In (I/I,) —1n (I/15)"

The ratio ¢/c1 = (In) /(HIn) can be determined from Equation 6.
(I/1,) is the percentage transmission for some given depth of the in-
completely transformed solution under investigation, for some wave-
length of light; (I/I,)" the percentage transmission of the indicator solu-
tion completely transformed into the yellow component, for the same
wave-length; and (I/1,)” the percentage transmission for the same depth
of indicator solution completely transformed into the red component,
for the same wave-length of light. The total concentration of the indicator
in these three solutions must, of course, be the same, but the total con-
centration need not be known.

Returning now to Equation 1, the method of obtaining all the data
necessary for calculating the ionization constant is known, except that for
determining the concentration of the hydrogen ion. This was fixed by
solutions of disodium phosphate containing varying amounts of hydro-

1 By “a large excess’’ is meant sufficient alkali to convert the indicator entirely
into its red component.
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chloric acid. The addition of hydrochloric acid converts the hydrophos-

phate ion almost quantitatively into the dihydrophosphate ion. The

hydrogen ion concentration is given in such a solution by

+ _ 195 X IO:7 (H,PO,)? ()
(HPO,)

If we represent by a, the concentration of the added hydrochloric acid,

and by b, the concentration of the disodium phosphate, then Equation 7
becomes

H

+ = 195 X 1077 X aoy

(b —_ a) (271
where oy and o represent, respectively, the dissociations of the mono-
and disodium phosphates present at equilibrium.

If the quantity of disodium phosphate in the solutions investigated is
always kept the same, the hydrogen ion concentration can be varied simply
by the addition of different amounts of hydrochloric acid. In this case
the total salt concentration is constant. This is extremely desirable, as
it has been shown by Rosenstein,? that neutral salts have a great effect
upon the fraction of the indicator transformed. The value of the ioniza-
tion constant in the case of phenolphthalein is doubled by increasing the
total salt concentration from 0.03 to 0.40 N.

Preliminary Work on Rosolic Acid.—Three stock solutions were pre-
pared, all solutions being made up at 20° with conductivity water. The
stock solution of disodium phosphate was prepared from a pure sample
of standard make. Its concentration was 0.1036 g. molecules per liter,
the concentration being determined gravimetrically as magnesium pyro-
phosphate. The concentration of the stock solution of hydrochloric acid
was 0.08085 N. . The stock indicator solution was prepared by dissolving
about 0.4 g. of an excellent sample of rosolic acid in two liters of conduc-
tivity water. The total quantity of the indicator did not dissolve, but
as has been previously explained, it is not necessary to know the con-
centration of the indicator employed.

The incompletely transformed solutions to be tested were prepared
from the stock solutions, so that all contained the same amounts of in-
dicator and disodium phosphate, but different amounts of hydrochloric
acid. This procedure was followed to keep the total salt concentration
the same in all solutions. The volume of each solution was 100 cc. The
percentage transmissions (I/I,) were taken with a 20 mm. depth of each
solution, and for the same five wave-lengths of light. As explained in the
original article,® the percentage transmissions were determined by a

1 The value of the constant was taken from the work of Abbott and Bray, THIS
JourNAL, 31, 760 (1909).

? THIS JOURNAL, 34, 1128 (1912); see also Ibid., 37, 804 (1915).

8 Loc. cit.
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differential method, which avoided the necessity of introducing certain
correction factors due to the glass ends with which the cells were provided.

A consideration of Equation 6 will show that the method of calculating
the ratio of the red to the yellow component of any incompletely trans-
formed indicator solution, not only depends upon the transmission of the
solution under investigation, but also upon the transmission of an indicator
solution containing a large excess of acid in which the indicator is totally
transformed into its yellow constituent; and also upon the transmission
of an indicator solution containing a large excess of alkali in which the
indicator is totally transformed into its red component. Table I gives
the results of a series of measurements made upon the indicator solution
containing an excess of alkali. All solutions contain 50 cc. of the stock
solution of rosolic acid, plus the amount of N NaOH indicated in the
table, the solutions being in all cases diluted to 100 cc. The percentage
transmissions are given for five wave-lengths of light between N = 0.56
and A = 0.58u, which is the region of the spectrum employed throughout
this investigation. In certain cases, the results of duplicate measurements
are given, which indicate in a general way the accuracy of the results.

TaBre I.
(I/I,) — depth of solution equals 20 mm.
1. 2. 3. 4. 5. 6. 7. 8.. 9. 10.
0.5 ce. N NaOH.
3.0 ce.
A= After After After After After After 5 hrs. After 24 hrs. after
A v 5 min. 10 min. 20 min. 30 min. 55 min. 24 hrs,

5598 22.6 16.1 12.5 10.7 ©9.08 7.55 6.25 6.37 6.53 6.53 9.16
5648 36.1 30.6 27.4 22.6 20.0 20,0 17.0 16.7 17.6 16.7 19.I
5698 52.3 44.8 44.2 38.8 37.9 37.0 34.5 34.5 32.2 32.2 35.6
5748 64.8 60.6 58.3 55.6 52.8 51.4 52.4 50.7 49.3 48.7 50.7
5798 77.0 73.3 71.1 68.4 64.1 64.8 66.6 66.2 63.5 63.7 66.3

Column 2, Table I, gives the percentage transmissions of an indicator
solution containing o.5 cc. N NaOH, the transmissions being determined
within a short time after the solution was prepared. Columns 3 to 7,
inclusive, give the percentage transmissions after the same solution had
stood for various intervals of time up to 55 minutes. Columns 8 and ¢
give the percentage transmissions of new indicator solutions containing
the same amount of indicator and alkali, after these solutions had stood,
respectively, for 5 to 24 hours. It will be observed that the percentage
transmissions for any given wave-length of light become constant after
the solutions have stood between 1 and 5 hours.

The fact that solutions of rosolic acid containing an excess of alkali
become less and less transparent to yellow light on standing, clearly indi-
cates that the concentration of the red component (In) present is be-
coming greater and greater, with a resulting decrease in the concentration
of the yellow component (HIn), since the greater the concentration of the
red component the more opaque the solution becomes to yellow light.
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According to the most recent views! concerning the cause of color pro-
duction of indicators of the aurine type, the color is not due simply to the
presence of a quinoid group as such, but to an inter- or intramolecular
combination of the metallic phenolate with the quinoid complex. It is
very probably true, in the case of rosolic acid, that this combination be-
tween the metallic phenolate and the quinoid complex takes place rather
slowly, with a corresponding intensification of the red color.

It will be observed that the transmission values recorded in Column 10,
Table I, of an indicator solution containing 3 cc. N NaOH are considerably
higher than those recorded in Columns 8 and g, for a solution containing
0.5 cc. N NaOH. In both cases the solutions have come to equilibrium,
since it. has been shown that equilibrium is established after the solutions
have stood between 1 and 5 hours. When very much larger amounts of
alkali are added (say 10 cc.), a very perceptible bleaching takes place.
In solutions, then, containing an excess of sodium hydroxide two opposing:
reactions take place: first, a gradual intensification of the red color brought
about very probably by a time reaction between the metallic phenolate
and the quinoid complex; and second, a bleaching of the red color which
is greater the larger the amount of the alkali added. Since it is necessary
to know the true percentage transmission (I/1.)" of a solution completely
transformed into the red component, in order to determine the ratio
¢/c1 (see page 1695), it follows that the bleaching must be avoided. This
result can be obtained by keeping the concentration of the alkali as small
as possible, only adding sufficient to transform completely the indicator.
The obvious method was to increase gradually the hydroxyl ion concen-
tration, until the solutions were shown to be completely transformed.
Table II gives the results of such a determination. All solutions contain
50 cc. of the stock solution of indicator, plus the amount of disodium
phosphate and hydrochloric acid indicated in the table. All solutions
were allowed to stand a sufficient length of time for equilibrium to be
established.

TaBLr II
(I/Io") — depth of solution equals 20 mm.

1. 2. 3. 4.
25 cc. NaaHPOu. 25 ce, NaaHPOy, 25 ce. NasHPO4. 25 cc. NasHPO4.
1 ce. HCI 0.5 cc, HCL 0 ce. HCL 0 cc. HCL

After 24 hrs. After 48 hrs.
A=A U ——— After 48 hrs. —_— After 96 hrs,
5598 4.44 4.35 4.68 4.68 4.76 5.00
5648 13.7 14.0 I1.1 10.8 11.0 9.6
5698 22.8 22.8 19.4 19.4 18.8 19.0
5748 40.0 40.0 33.3 34.1 34.9 34.5
5798 51.6 5I1.0 48.4 48.4 49.4 48.8

Solution 1, Table II, in which the hydrogen ion concentration is 0.8266
X 10~8, gives higher values for the percentage transmissions than solu-
t Am. Chem. J., 39, 537, 650, and 651 (1908).
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tions 2 and 3, in which the hydrogen ion concentrations are, respectively,
0.4157, X 107% and 0.043 X 107% This shows that Solution 1 is not
completely transformed, since an increase in the red component and a
corresponding decrease in the yellow component make the solution more
opaque to yellow light. Solution 2 must, however, be completely trans-
formed since, when the hydrogen ion concentration is still further de-
creased as is the case in Solution 3, the transmission values remain the
same. The values of the percentage transmissions recorded in Columns
2, 3 and 4 are the values to be substituted for (I/I,)” in Equation 6.

In order to ascertain if this same decrease in the transmissions, cor-
responding to an increase in the red component, would take place on stand-
ing with solutions of indicators which are incompletely transformed,
four solutions were prepared containing in 100 cc.—50 cc. rosolic acid,
25 cc. NagHPO, and 1 ce., 5 cc., 10 cc. and 15 cc. of HCI, respectively.

In Table III, are given the percentage transmissions for a depth equal
to 20 mm. of the above series of solutions. The transmissions were de-
termined after the solutions had stood for intervals of 5, 16 and 24 hours.
The transmission values recorded in Columns 1 and 3 were determined
with the same series of solutions. A new series of solutions were prepared
for the 16-hour determination, the results of which are recorded in Column
2. Solution 1 was not made up for this determination. Duplicate meas-
urements are given in every case.

TasrLE III.
(I/Io) — depth of solution equals 20 mm.

. Afterls' hrs. Afterzl.G hrs. After 32'4 hrs.

Solution, r=A U -
I5598 16.7 16.3 4.44 4.35
5648 - 32.7 30.2 13.7 14.0
No. 1 containing 1 cc. HCI 5698 42.8 43.2 22.8 22.8
Plus 25 cc. NagHPO, | 5748 59.1 57.4 40.0 40.0
L5798 69.7 70.3 51.6 51.6
5598 30.8 30.8 25.7 25.0 26.4 26.4
5648 39.3 39.6 35.4 35-9 37.5 35.7
No. 2 containing 5 cc. HCl 5608 52.6 51.7 48.3 40.0 50.0 49.3
Plus 25 cc. Na,HPO, 5748 66.1 64.5 60.8 60.7 60.3 59.4
5798 72.7 74.3 71.0 71.0 70.7 70.6
5598 49.0 49.0 50.7 50.7 49.0 49.1
5648 57.8 57.8 60.0 59.3 60.0 38.8
No. 3 containing 10 cc. HCI 5698 66.7 68.3 68.7 68.7 70.6 70.6
Plus 25 cc. NaHPO, 5748 73.8 73.4 78.5 77.7 76.2 77.4
5798 83.3 83.6 84.2 84.2 84.4 83.0
5598 66.1 67.3 68.0 67.2 67.3 67.8
5648 72.4 74.1 74.9 74.3 76.4 76.4
No. 4 containing 15 cc. HCl { 5698 81.6 80.3 81.3 80.4 81.0 79.5
Plus 25 cc. NagHPO, 5748 83.2 83.2 87.2 87.2 85.5 85.5
5798 88.2 89.4 90.2 90.2 87.7 87.8
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An examination of the transmission values recorded for Solutions 1
and 2, Table III, show that a decrease in the transmissions of incompletely
transformed solutions of rosolic acid also takes place on standing._' Solu-
tion 2, in which the hydrogen ion concentration! is 4.484 X 108, has come
to equilibrium between 5 and 16 hours, as is shown by the fact that the
transmission values become constant after 16 hours. In Solutions 3 and
4, in which the hydrogen ion concentrations are, respectively, 10.53 X 10~8
and 19.52 X 107%, equilibrium was established before standing 5 hours.
This points to the conclusion that in the incompletely transformed solu-
tions of the indicator, the more alkaline the solution the greater the time
before equilibrium is established.

Results with Rosolic Acid.—For the first determination of the indi-
cator constant K;, solutions were used containing in 100 cc., 50 cc. rosolic
acid, 25 cc. Na;HPO, and 5, 10 and 15 cc. HCI, respectively.

These solutions were prepared from the stock solutions, and solutions
were allowed to stand for 24 hours, which time, according to the results
of the preliminary work, was amply sufficient for equilibrium to be -es-
tablished. In Table IV are given the percentage transmissions for a depth
equal to 20 mm. of each of these solutions, the values being in every case
the average of two measurements. These are the values to be substituted
for (I/1,) in Equation 6. As has previously been explained, the ratio
¢/c1 also depends upon the percentage transmission (I/1,)” of an indicator
solution completely transformed into the red component, and also upon
the percentage transmission (I/I,)" of an indicator solution completely
transformed into the yellow constituent. The transmissions (I/I,)”
used are the averages of those recorded in Columns 2, 3 and 4, Table II.
It was found that solutions containing 50 cc. of the stock solution of the
indicator, plus the necessary amount of hydrochloric acid to convert
the indicator entirely into the yellow component, were completely trans-
parent to the five wave-lengths of light used. ‘The transmissions (I/L,)’
are therefore in every case 100%.

In Table IV the ratios ¢/¢c1 = (In)/(HIn) were calculated from Equation
6, and the constants K; from Equation 1. The hydrogen ion concen-
trations were calculated by means of Equation 7, e, and a; being inter-
polated from the percentage ionizations of monosodium and disodium
phosphates at various dilutions given by Abbot and Bray.?

Another series of solutions, similar to the preceding with the amounts
of acid indicated in Table V, were prepared, and allowed to stand 16 hours,
in which time all of them had come to equilibrium. The percentage
transmissions,? calculated ratios, ¢/c1, and the constants K;, are given in

! See page 1696.
2 THIS JOURNAL, 31, 7290 (1909).
3 The average values of two determinations are given.
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Table V. The same values for (I/I,)" and (I/1,)” were used as for the

preceding determination.

TasLE IV.
Average
percentage
Solutions. »=A U, gt X 105 transmissions.
5598 26.4
5648 36.6
1 (5 cc. HCD......... 5698 4.484 49.6
(25 cc. Na;HPO,) 5748 59.8
5798 70.6
5598 49.0
5648 59-4
2 (rocc. HCD........ 5698 10.53 70.6
(25 cc. Na,HPO,) 5748 76.8
5798 83.7
5598 67.5
5648 76 .4
3 (r5cc. HCD........ 5698 19.52 80.2
(25 cc. Na;HPO) 5748 85.5
5798 87.7
TaBLE V.
Average
percentage
Solutions, A= A U, B+ X 105 transmissions.

5598 12,1
5648 20.8
1 (3cc. HCD......... 5698 2.533 32.0
(25 cc. Na,HPO,) 5748 48.1
) 5798 60.9
5598 25.4
5648 35.7
2(5cc. HCl)......... 5698 4.484 48.3
(25 cc. NaoHPO,) 5748 60.8
5798 71.0
5598 50.7
_ 5648 59.7
3 (rocc. HCD........ 5698 10.53 68.7
(25 cc. NagHPO,) 5748 78.1
5798 84.2
5598 67.6
5648 74.6
4 (15¢ce. HC)........ 5608 19.52 80.8
(25 cc. Na;HPO,) 5748 87.2
5798 (90.2)

c/a.
.803
811
-734
920
1937
.306
.302
266
326
329
148
.136
154
171
223)
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K; x 108,
.60
.64
.29

13
20

.23
.19
.81
<44
.48
.89
.66
.05
.34
(4.

35)

K; x 108,
77
.89
.56
.42
.63
.69
.81
<53
.82
.07
.03
14
.08
.14
.30
.89
.93
.89
.85
.26)

The values of K;, Table V, show a steady decrease from 5.65 X 10~8%
to 2.89 X 1078, as the solution becomes less alkaline.

constant is 3.91 X 10731

The average
It is to be remembered that the constants
were determined on the assumption that rosolic acid is monobasic.

As is

! The value given by Salm, Z. physik. C_hem., 57, 496 (1907), is 1.1 X 1078,
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well known the indicator is dibasic, and the decrease in the constants with
decreasing alkalinity was expected. Rosolic acid actually dissociates
in two stages according to the equations, HyIn = HIn 4+ H*, and HIn =
In + Ht.

Behavior of Rosolic Acid as a Dibasic Acid.—With regard to the two
ions HIn and In, three assumptions can be made: (1) that the intermediate
ion HIn is yellow and the secondary ion In is red; (2) that the ion HIn is
red and the ion In is yellow; (3) that both the ions HIn and In are red.
In the first case the ratio of the red to the yellow component will be given

by

In
¢/t = —=——.
/%= Ha+ Hia (©)
In addition, the equilibrium equations given below have to be considered.
+ n H(In
(Y (HI) _ (HHY(IR) _ 0
(HoIn) (HIn)
By combining these three equations we obtain
KK,
/ey = —————. 11
/47 a1 ) 0

In the second case, when the ion HIn is red and the ion Inis yellow, the
ratio becomes _
Hln

/o= ———— 12
[ o (x2)
and from Equations 10
H+K,
/o = ———. I
fa= o TRE, (13)

In the third case, ¢. ¢., when both ions HIn and In are red, the ratio is
given by

HIn + In
¢/ = ————— 1
/a1 o (14)
+
Whence, C/Cl = M} (IS)

Ht?
Equations 11, 13, and 15 were tested by substituting the experi-
mental values of the ratios ¢/c; and the hydrogen ion concentrations
given for Solutions 1 and 4, Table V, in the equations, and solving for the
constants K; and K,. The constants were then used to calculate the
ratios for Solutions 2 and 3. In Table VI, are given the values of the
ratios ¢/c1 calculated from the various equations, and also the observed
experimental ratios which are the averages of those given in Table V.

1 The development is essentially the same as given by Rosenstein for phenol-
phthalein. = THIS JOURNAL, 36, 1124 (1912).
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TasLg VI.
Values of ¢/a1.

Solution. Bt X 108 Observed, Cale, by 11.  Cale. by 13. Cale, by 15.
S 2.533 2.23 2.23 2.23 2.23
2iiiiie e 4.484 0.842 1.12 0.953
B irnatenans 10.53 0.298 0.371 0.308
N 19.52 0.148 0.148 0.148 0.148

On the first assumption, namely, that the ion HIn is yellow and the jon
In is red, the ratios calculated by Equation 11, for Solutions 2 and 3, do
not at all agree with the experimentally determined values. On the
assumption that the intermediate ion HIn is red and the secondary ion
In is yellow, the constant K, Equation 13, was found to be a negative
quantity. ‘This, in itself, proves the absurdity of the assumption; con-
sequently, no ratios for Solutions 2 and 3 were calculated. On the as-
sumption, however, that both the ions HIn and In are red, the ratios
calculated by Equation 15, agree fairly closely with the experimentally
determined values. The agreement is as close as might be expected
considering that in work of this character so many different sources of
error are possible. The results lead to the conclusion, therefore, that
rosolic acid acts as a dibasic acid, and furthermore, show that both the
primary and secondary ions are intensely colored.

In the case of phenolphthalein, it has been shown by Rosenstein! that
the colored form of the indicator is only produced in appreciable quantity
when the second hydrogen of the indicator acid is replaced by the base.
This is in accord with the theory already referred to,! that the cause of the
color production is due to a combination between the metallic phenolate
and the quinoid complex: since it is only where the second hydrogen
is replaced that the formation of the quinoid phenolate complex is possible.
In the case of rosolic acid, however, the quinoid phenolate complex can
be found when the first hydrogen of the indicator acid is replaced by the
base. The experimental fact, then, that the intensely colored form of the
indicator is produced when the first hydrogen is replaced by the base is
perfectly in accord with the theories advanced.

Summary.

1. An intensification of the red color of rosolic acid solutions incom-
pletely transformed by the addition of alkali was found to take place when
such solutions were allowed to stand, the time reaction being in all proba-
bility due to a slow union of the metallic phenolate with the quinoid
complex.

2. In rosolic acid solutions containing a large excess of alkali a per-
ceptible bleaching of the red color was also indicated.

3. The ratio (¢/c;) of the red to the yellow component has been de-

1 Loc. cit.
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termined for indicator solutions of various hydrogen ion concentrations
using the radiometric method developed in the original article.!

4. The values of the ionization constant of rosolic acid calculated from
the ratio ¢/c;, on the assumption that the indicator acid is monobasic,
were found to decrease with decreasing alkalinity. When the hydrogen
ion concentration was increased from 2.533 X 10”2 to 19.52 X 1078, the
total salt concentration being 0.0259 N, the value of the ionization constant
K, was found to decrease from 5.65 X 1078 to 2.8¢ X 1078,

5. It was found that this variation in the constants could be explained
by regarding the indicator as a dibasic acid, and it was shown, furthermore,
that the intensely colored form of the indicator is formed when the first
‘hydrogen of the indicator acid is replaced by the base.

BALTIMORE., MD.
April, 1915,

THE SOLUBILITY OF MAGNESIUM CARBONATE IN NATURAL
WATERS.?
By Rocgr C. WELLs,
Received May 10, 1915,

Treadwell and Reuter,® who determined the solubility of magnesium
carbonate in water under given partial pressures of carbon dioxide, found
for a partial pressure of ‘o mm.” of carbon dioxide at 15° 0.6410 g.
magnesium carbonate and 1.9540 g. magnesium bicarbonate per liter.
'This is equivalent to o.51 g. magnesium and 2.09 g. carbon dioxide
per liter. Cameron and Briggs,* however, found only 0.18 g. magnesium
and o.543 g. carbon dioxide per liter at room temperature after passing
a current of air through the solution for a very long period. Feeling
that more attention should be paid to the nature of the solid phase, I
have carried out experiments that show a difference in the behavior of
magnesite, the simplest natural variety of magnesium carbonate, and
nesquehonite, the trihydrate MgCO;.3H:O and, furthermore, find solu-
tions in equilibrium with the latter substance under atmospheric condi-
tions at 20° to contain 0.36 g. magnesium and 1.01 g. carbon dioxide per
liter.

As the object of the experiments was to imitate natural conditions,
the solutions were exposed to the action of outdoor air over long inter-
vals, in order that they might come into equilibrium with the small amount
-of carbon dioxide in the atmosphere. The air was filtered through cot-
ton, washed by distilled water and bubbled through the solutions con-
tained in Jena flasks immersed in a thermostat. The thermostat was

1 Loc. cit.

2 Published by permission of the Director of the United States Geological Survey.
3 Z. anorg. Chem., 17, 202 (1898).

4 J. Physic. Chem., 5, 553 (1901).



