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salt of B-alanine, to give the corresponding ethyl
acetylpantothenate, ethyl carbobenzoxypanto-
thenate and p-nitrobenzoylpantothenic acid. p-
Nitrobenzoylpantothenic acid was inactive in
microbiological tests. Ethyl pantothenate and
ethyl acetylpantothenate were practically in-
active in microbiological tests but were active in
rats and chicks.

Evidence is described which shows that when
sodium a,y-dihydroxy-3,8-dimethylbutyrate is
acetylated, then treated with thionyl chloride,
then treated with §-alanine or its ester, the major
mechanism of the formation of the pantothenic

Dissoc1aTION CONSTANT OF BROM CRESOL GREEN IN WATER

2667

acid derivative involves the condensation of
a-acetoxy-8,8-dimethylbutyrolactone with g-
alanine, while only a minor part of the synthesis
is accomplished through the condensation of the
diacetyl acid chloride with B-alanine.

Pure a,y-diacetoxy-B,8-dimethylbutyric acid
was made by the treatment of «,y-diacetoxy-
B,8-dimethylbutyramide with amyl nitrite in
acetic acid. Subsequent treatment with thionyl
chloride and pB-alanine ester gave pure ethyl
diacetylpantothenate which was saponified to
pantothenic acid.
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The Dissociation Constant of Brom Cresol Green in Water!

By MARTIN KILPATRICK

Several determinations have been made of the
equilibrium constant for the reaction

Brom cresol green + H,O 2 H;0*% + Brom cresol green
(yellow) (blue)( )
1

and the dissociation constant
K¢ = CroK(am0) = Cro+ Cpy/Cay (2)

at zero ion concentration has been reported by
various workers.2%45  Since the wvalues vary
from 1.03 to 1.20 X 1075, it has seemed worth-
while to present a summary of a number of deter-
minations made in this Laboratory. The first
series involves the colorimetric determination of
the equilibrium constant, K4z, of the reaction

Brom cresol green 4+ Acetate :
(yellow)
Acetic acid 4+ Brom cresol green (3)
(blue)
where
_ Ca Cn
Kwo = & Ta (4)

The constant Ka;p may be related to the thermo-
dynamic equilibrium constant [Kagp]® by the
equation

log Kap = log [Kas]® + A(Zs — Za)vVE + Bu (5)
where u = !/; 3°CZ? and Z, and Z,, are the
charges on the buffer acid and indicator acid, re-
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(4) Kilpatrick, Chem. Rev., 16, 57 (1935).

(6) Minnick asd Kilpatrick, J. Phys. Ckem.. 48, 259 (1939).

TasBLE I
THE EQUILIBRIUM CONSTANT AT 25°

Brom cresol green -+ Acetate 2
(yellow)
Acetic acid + Brom cresol green
blue)

lonic strength, log Kais,
B obsd.
0.00079 1.827
. 00082 1.826
.00129 1.833
.00162 1.837
.00188 1.844
.00202 1.847
.00208 1.851
.00216 1.851
.00233 1.847
. 00246 1.849
. 00256 1.859
.00302 1.849
.00375 1.855
. 00506 1.860
.00516 1.861
.00602 1.866
. 00622 1.835
.00740 1.868
.00784 1.867
. 00950 1.873
.01000 1.886
.01000 1.877
.01035 1.886
01152 1.887
.01286 1.897
01477 1.881
.01842 1.889
.02000 1.895
.02020 1.807
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spectively.® Equation (5) offers a convenient
method of extrapolation to infinite dilution of
results at low ionic strengths. For the solvent
water, 4 has a value 1.020 at 25° and B is a con-
stant based on the assumption that the deviation
from the Debye—Hiickel limiting law is linear in
the concentration of electrolyte. Twenty-nine
runs covering the ionic strength range 0.00079 to
0.02020 gave values of log K, which differ on the
average from the values calculated from the fol-
lowing equation by = 0.005. Figure 1 shows these
results graphically as well as the corresponding
results of Hastings and Sendroy? and Guggen-
heim and Schindler.?
log Kapp = 1.802 + 1.020 V& — 27 (6)

[K a;8]° the ratio of the thermodynamic dissocia-
tion constant of brom cresol green to that of
acetic acid, is 0.634 as compared with 0.59 ob-
tained by Guggenheim and Schindler (ref. 3) by
a different method of extrapolation. On the basis
of the value of 1.754 X 107° for the dissociation
constant of acetic acid,” the dissociation constant
of brom cresol green is 1.12 X 10~° Hastings
and Sendroy? report 1.20 X 10~ for this dissocia-
tion constant. These authors found that the dis-
sociation constant of brom cresol green was inde-
pendent of temperature over the range 20-38°%°

(8) Kilpatrick and Mears, Tuis JoUrNAL, 62, 3047 (1940).
(7) Harned and Ehlers, ibid., 55, 962 (1933).

(8) Hastings and Sendroy, J. Biol. Chem., 61, 695 (1924).
{9) Hastings, Sendroy and Robson, :bid., 66, 381 (1925).
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and the results in this Laboratory confirm this re-
sult, within the experimental error of the measure-
ments, over the range 21-28°. Extrapolation of
individual runs at 21, 22, 23, 25, 27 and 28° yields
values of the dissociation constant of 1.13, 1.14,
1.10, 1.09, and 1.06 X 10-%, respectively.!

In a second series the equilibrium constant be-
tween brom cresol green and benzoate was deter-
mined. The results can be represented by the
equation

log Kapp = 1.241 + 1.020 v/ — 124 (7)

and the calculated values agree on the average
with the observed values given in Table II within

TaBLE 11
THE EQUILIBRIUM CONSTANT AT 25°

—_
Brom cresol green -+ Benzoate ¢

(yellow)
Benzoic acid + Brom cresol green

(blue)
Ionic strength, log Kajs
o obsd.
0.00207 1.292
.00275 1.292
.00457 1.303
.00516 1.312
.00684 1.319
.01031 1.326
.01367 1.343
.01715 1.343
.02450 1.375
.02730 1.386
= (.005. Combining the value 0.174 for the

ratio of the thermodynamic dissociation constant
of brom cresol green to that of benzoic acid with
the value 6.312 X 10~° for the thermodynamic
dissociation constant of benzoic acid from con-
ductance measurements,!! the dissociation con-
stant of brom cresol green is found to be 1.10 X
10—%. This value is in good agreement with
1.12 X 1075 found from the measurements with
acetate buffers.

Summary

The thermodynamic dissociation constant of
brom cresol green (yellow to blue) has been found
to be 1.11 X 1075 at 25°.
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(10) These determinations were carried out by Dr. W. H. Mears,
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