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Spectrophotometric Investigations of the Interactions of Proteins with Organic Anions

By IRvVING M. KLOTZ

The interactions of organic ions with proteins
have been explored by spectral studies™!® as well
as by other methods of investigation.!’ Spectro-
scopic experiments, however, have been concen-
trated largely on solutions of organic cations in
the presence of protein anions, or of organic an-
ions in the presence of protein cations. Spectral
shifts under these conditions may be attributed
to the electrostatic attraction of the oppositely
charged entities.!*!  Changes in absorption
spectra have been observed also when added pro-
teins disturb the polymer-monomer equilibrium
of a dye, even in media where both species have
similar charges.®!® Few investigations have been
made, however, of spectral displacements in solu-
tions of monomeric organic anions and negatively
charged proteins. Under these conditions specific
attractive forces must exist which overcome the
repulsion between ions of similar charge. An un-
derstanding of the nature of these forces is essen-
tial to the comprehension of many biochemical
actions.

Experimental

Reagents.—A sample of azosulfathiazole (I), where R
is a thiazole ring, was kindly supplied by the Winthrop
Chermical Company.
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A purity of 97.2% +Had been found by titration with methyl-

ene blue. Asindicated by the manufacturer, the impurity

is probably only sodium chloride, used in salting out the

dye.

Orange I (II), and Orange II (III), were obtained
through the courtesy of the National Aniline Division of
Allied Chemical and Dye Corporation. The purity of
these substances had been determined by titanium chlo-
ride titration and was 92.5% for Orange I and 959 for
Orange II.

The methyl orange, Na*~0;S—CsH;—N=N- -CsH,—
N(CHay)e, was a commercial sample of reagent grade.
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Crystalline boviite serum albumin and purified bovine
v-globulin were furnished through the courtesy of the
Armour Laboratories. The gelatin was Eastman Kodak
Co. “Purified Calfskin Gelatin” with an isoelectric point
of 4.7 and an ash content of 0.023%,.

Sodium dodecy! sulfate was a specially purified sample
generously supplied by the Fine Chemicals Division of the
du Pont Company. The Carbowax was a commercial
sample used without further purification.

The amino acids used were all of reagent grade. The
glutathione and salmine were commercial samples and were
used without further purification. The organic acids used
in the competition -experiments were either of “highest
purity' grade (Eastman) or were recrystallized twice from
appropriate solveuts.

Buffer solutions were made from phosphate or borate
salts and were approximately (.1 molar in concentration.

Absorption Spectra.—The absorption of light by the
dye solutions was determined with the Beckman spectro-
photometer in a room at approximately 25°. One-
centimeter cells were used and extinction coefficients were
calculated from the familiar equation

€= c—tilogm (Io/I) (1

where I, is the intensity of the light passing through the
solvent, I, the intensity of the light passing through the
solution, -¢, the molar concentration of solute, and 4, the
thickness of the absorption cell in centimeters.

Results and Discussion

Spectral Changes and Complex-formation.—
The spectral properties of azosulfathiazole are
typical of a large number of dyes which have
been investigated. Its absorption spectrum in a
buffered aqueous solution at a pH of 6.92 is illus-
trated in Fig. 1, and shows a maximum typical of
azo compounds at 4950 The magnitude of ab-
sorption of light by this substance has been found
to be directly proportional to its concentration
up to the region of 10~% molar. This adherence to
Beer’s law indicates that the dye exists in the
monomeric state in aqueous solutions below 103
molar.

The spectrum of this azo compound is not af-
fected significantly by the presence of sodium chlo-
ride, at least up to concentrations of 0.5 molar.
Similarly the absorption is independent of pH
over the region of 2 to 9 though there is a pro-
nounced change at higher pH'’s presumably due to
the ionization of the phenolic hydroxyl group.

In a solution containing a few hundredths of a
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Fig. 1.—Absorption spectra of azosulfathiazole; A, in
buffer at pH 6.92; B, in buffer containing bovine albumin
(0.2%), pH 6.90; C, in buffer contajning bovine albumin
and p-aminobenzoic acid (1.3¢ X 1072 M), pH 6.45.
The slight difference in height of the maximum in this figure
as contrasted to that in an earlier publication [Science,
104, 264 (1946)] is due to the absence of information on
the water content of the compound at the time the latter
paper was subrmitted.

per cent. of bovine serum albumin, the spectrum of
azosulfathiazole is significantly altered, and very
large changes are observed in the presence of 0.2%
of the protein (Fig. 1). The observed shifts can-
not be due to changes in the pH of the medium,
for the addition of protein to the aqueous buffer
solution decreases the pH by a few tenths of a
unit and never takes the solution outside the
range in which the pure dye shows a constant
spectrum, Similarly the alteration of the spec-
trum cannot be attributed to displacements in
dimer or polymer equilibria, for the dye has been
shown to be monomeric in aqueous solution. Thus
it becomes apparent that the interaction of the
bovine albumin and azosulfathiazole is a specific
effect due to the combination of the protein with
the dye anion to form an intermolecular complex.

The existence of such a complex has been con-
firmed by direct binding studies,!* and is also quite
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evident from the dependence of the spectrum on
the concentration of protein. As one would ex-
pect from equilibrium principles the addition of
protein to a solution with a fixed dye concentra-
tion should increase the extent of complex forma-
tion. After a certain point, however, further in-
creases should produce no observable effect for
practically all of the anion would be in the com-
plex. These predictions are in agreement with
the observation that in dye solutions of approxi-
mately 1 X 107° molar concentration, the addi-
tion of albumin up to about 0.2, concentration
preduces a progressive lowering of the absorption
spectra, but further increases up to concentra-
tions as high as 19 produce no-additional effect.

This relationship between spectral changes and
complex-formation may be substantiated further
by comparison of quantitative calculations of the
extent of combination from spectroscopic dava
with the results obtained in direct binding stud-
ies.’t In solutions of low protein concentration
which contain both bound and unbound azosulfa-
thiazole, the absorption of light may be expressed
by the relation

log (Jo/I) = exc1d + excid 2
where the subscript 1 refers to the unbound anion

and the subscript 2 to the bound azosulfathiazole.
If we define eappasent by the relation

_ log (Io/D)
€apparent = —_———(Cl + Cz)d (3)

then it can be shown readily that
€apparent = at(ﬂ - 52) + e (4)

where a; is the fraction of dye which is free, and

consequently that

€apparent " €2
€ — €2

oy = (5)
Knowing a1 and the total concentration of dye,
one may determine the concentrations of bound
and unbound dye by the steps outlined in Table I.
The vatiation of bound dye with the concentra-
tion of free azosulfathiazole is illustrated in Fig. 2.
Also plotted in this figure are values determined
directly by dialysis-equilibrium experiments.!* In
the'region in which the two types of experiment
overlap, the agreement is excellent. It is also
obvious from the ''spectroscopic titration” alone
that more than one mole of dye is bound by each
mole of protein, but the precision of this method

TaBLE I
CALCULATION OF BOUND AZOSULFATHIAZOLE
azo&ﬁt"lact’ti:zfole. Concn, of albumin €apparent Concn. of free Concn. of bound  Moles bound azo
moles/liter moles®/liter at 4950A. ad azosulfathiazole azosulfathiazole  Moles total protein
1.59 X 1078 2.47 X 1075 18000 0.11 0.18 X 107¢ 1.41 X 10~ 0.57
2.38 2.36 18200 .14 0.33 2.05 0.87
3.97 2.14 19300 .31 1.23 2.74 1.28
0.794 0.515 20400 .49 0.39 0.40 0.78
1.59 , 0.493 21200 .61 0.97 0.62 1.26

s Calculated on basis of 70,000 for molecular weight of bovine serum albumis,

23,650 and e = 17,300.

b T this series of experiments, ¢ =
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falls off rapidly at high concentrations of free dye
and hence cannot be used by itself to investigate
regions of higher binding,
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Fig. 2.-—Quantitative data on extent of binding: O,
from spectral measurement; O, from dialysis-equilibrium
studies.

Complex-formation and Nature of Dye.—The
formation of a complex with bovine serum albu-
min is exhibited by compounds other than azo-
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Fig: 3.-——Absorption spectra of Orange I: A, in buffer
at pH 6.81; B, in buffer containing bovine albumin (0.29,),
pH 6.81; C, in buffer containing bovine albumin and po-

tassium acid phthalate (0.98 X 1072 M), pH 6.63.
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sulfathiazole also. Neoprontosil (I, R = H), for
example, closély related to azosulfathiazole (I),
undergoes the same type of spectral depression in
the presence of the protein. Similar behavior is
observed with Orange I (II), Orange II (III) and
methyl orange, typical curves for which are shown
in Figs. 3, 4 and 5. It seems most likely that the
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Fig. 4 —Absorption spectra of Orange II: A, in buffer
at pH 6.83; B, in buffer containing bovine albumin (0.2%,),
pH 6.83; C, in buffer containing bovine albumin and po-

tassium acid phthalate (0.99 X 102 M), pH 6.66.
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Fig. 5.—Absorption spectra of methyl orange: A, in
buffer at pH 6.84; B, iu buffer containing bovine albumin
(0.2%); pH 6.83; C, in buffer containing bovine albumin

and potassium acid phthalate (0.98 X 10~2 M), pH 6.64.
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sulfonate group, common to all of these sub-
stances, is primarily responsible for the binding to
the protein, as is the case in the interactions of de-
tergents with albumin.!2!3

While the addition of bovine albumin lowers the
value of the maximum extinction coefficient in
each dye investigated, the shift in the wave
length of the absorption peak is not the same in
each case (Table II). Thus the complex with
azosulfathiazole has its peak shifted to longer
wave lengths, that with methyl orange to shorter
wave lengths, while that with Orange I or Orange
IT, respectively, shows no significant displacement.
Apparently the relative effect of the protein on
the energies of the ground and excited states of
the dyes is dependent on the nature of the entire
molecule, and not only on the character of the
binding sulfonate group.

TaBLE II

EfFECT OF BOVINE SERUM ALBUMIN ON THE POSITION OF
THE ABSORPTION MAXIMUM

Absorption

Absorption maximum in

maximum presence of
Dye in buffer, A. protein,
Azosulfathiazole 4950 5050
Orange I 4730 4730
Orange I1 4810 4810
Methyl Orange 4600 4400

Complex-formation and Nature of Protein.—
The available evidence indicates that quater-
nary nitrogens on the albumin molecule are the
foci of attachment of the organic sulfonate an-
ions. That the changes in absorption are not due
merely to van der Waals interactions between
the dye anion and the large protein molecule is in-
dicated by the absence of any spectral shifts for
azosulfathiazole in the presence of sodium dodecyl
sulfate (with a molecular weight of 20,000 in the
micellar state in aqueous solution!?) or on the ad-
dition of Carbowax (a commetcial polyoxymeth-
ylene polymer with a molecular weight of about
6000%4). It is also of interest to note that no
spectral shift is obtained when gelatin is used as
the added protein in place of bovine serum albu-
min. Wlle gelatin is not a homogencous protein,
carefully treated samples have average molecular
weights of 60,000 or more, values whicli- are
quite close to that of serum albuinin, Neverthe-
less no spectral alterations were observed with
either methyl orange or azosulfathiazole in solu-
tions containing as high as 19, gelatin, a quantity
which is alimost five times as much as is neces-
sary to prodiice a maximum effect with bovine al-
bumin.

The spectra of methyl orange in solutions of
bovine v-globulin'at a concentration of 0.29, and

(12) H. P. Lundgren, D. W. Elam and R. A, O'Conneli, J. Biol.
Chem., 149, 183 (1943).

(13) F. W. Putnam and II. Neurath, ibid., 168, 195 (1945).

(14) C. P. McClelland and R. L. Bateman, Chem. Eng. News, 23,

247 (1945).
(153) N. R. Joseph, J. Biol. Chem., 126, 389 (1938).

IrviNG M. KrLOTZ .

Vol. 68

at pH’s of 6.9 and 7.4 were examined also, but
no significant protein effect was observed. Such
behavior is in agreement with the observation
from dialysis studies that v-globulin does not
bind methyl orange.!®

With 0.29%, bovine serum albumin, the spec-
tral depression for either methyl orange or azo-
sulfathiazole has been found to be of about equal
magnitude at all pH’s from 5 to 9. This would in-
dicate that the quaternary nitrogens involved in
this interaction are those of the e-amino group of
lysine or of the guanidinium group of arginine in
the protein, for histidine has a pX in the region of
5 to 9 and one would expect a decreased interac-
tion on the basic side of its ionization constant.
On the other hand, lysine and arginine with pX’s
between 10 to 12?7 would exist overwhelmingly in
the positively charged quaternary form at all
pH's below 9 and hence would interact electro-
statically with the negative sulfonate ion.

The addition of individual amino acids (0.29,
concentration) at pH's near 7, to solutions of ei-
ther azosulfathiazole or methyl orange produces
no spectral shift. The basic amino acids, arginine,
histidine and lysine, as well as others such as gly-
cine, tyrosine and cysteine were investigated.
Negative results were obtained also with gluta-
thione. On the other hand the addition of either
methyl orange or, azosulfathiazole to an aqueous
solution of salmine produces a precipitate. Since
this protamine contains over 879, arginine,' its
precipitation by these dyes indicates strong inter-
action with the sulfonate anion. The absence of
interactions with the free amino acids indicates
that the electrostatic attraction must be supple-
mented by van der Waals forces in order that a
stable bond may be formed. A method of evaluat-
ing the magnitude of these forces has been out-
lined in a previous paper.!!

Competition Phenomena.—The addition of
any one of a large number of organic acids to a
solution of the protein-dye complex will reverse
the effect of the protein on the spectrum of the azo
compound. Tlus reversal has been observed with
each of the dyes investigated and typical examples
are illustrated in Figs. 1, 3, 4 and 5. The extent
of reversal depends on the concentration of the
added organic acid. Apparently the latter com-
pound displaces the azo dye from the protein
complex. The carboxyl ion and the sulfonate ion
thus must compete for the points of attachment
on the protein molecule.

It is of interest to compare the extent of reversal
for the three 'orange” compounds which are
very similar in that each contains but one sulfon-
ate group. A comparison of the corresponding
spectra in the presence of potassium biphthalate
indicates that methyl orange is more readily dis-
placed from the protein than is either Orange I

(18) Unpublished work in this Laboratory.

{17) E. J. Cohn and J. T. Edsall, “Proteins, Amino Acids and Pep-
tides,* Reinhold Publishing Corp., New York, N. Y., 1943, page 445.

(18) E. J. Cohn and J. T. Edsall, ibid., p. 338.
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or Orange II. The most significant difference be-
tween these latter two compounds and methyl
orange is the presence of an additional aromatic
ring in Orange I and Orange II. This added ring
apparently contributes an appreciable portion to
the binding energy of the protein-dye complex.
This effect is also apparent from the observation
that concentrations of carboxyl compound of the
order of 102 molar will displace only a fraction of
the dye from the complex even though the con-
centration of azo compound is only about 10-3
molar. That this weaker affinity of the carboxyl
compound is not due to the difference in relative
attraction to the protein of the carboxyl and sul-
fonate groups will be evident from the discussion
to follow. Obviously then, the greater strength of
attachment of the azo compounds to the protein
must be due to the additional van der Waals
forces in these large molecules.

It is also of interest to note that Orange I is
more readily displaced from its complex than is
Orange II or, in other words, that the latter is
more strongly bound by the protein. The only
difference between these two dyes is in the posi-
tion of the phenolic hydroxyl group. The greater
affinity of Orange II, with the hydroxyl group
ortho to the azo group, may lie in the fact that an
intramolecular hydrogen bond is formed in this
compound, so that the -—OH group does not inter-
act strongly with the solvent water molecules. On
the other hand, in Orange I, the hydroxyl group is
in the para position and hence cannot form an in-
tramolecular hydrogen bond. In consequence, the
para —QH group can form hydrogen bonds read-
ily with the water molecules, and hence Orange I
would be subject to an attraction by the solvent
which would be greater than that of Orange II and
which would make its protein affinity relatively
weaker than that of Orange II. Such an inter-
pretation is in line with the observation that salt
formation is inhibited in dyes containing a phe-
nolic hivdroxyl ortlio to an azo group.*®

The degree of displacement of methyl orange or
azosulfathiazole, respectively, by a given carbox-
vlic acid seeins to be approximately the same under
equivalent concentration and pH conditions.
Binding studies!! indicate that the maximum num-
ber of bound molecules of azosulfathiazole is the
same as that for methyl orange. This fact would
mean that only one sulfonate group on each azo-
sulfathiazole niolecule is involved in the complex
with the protein and that the second one is rela-
tively free for interaction with solvent water
molecules. The interactions of this second sulfo-
nate group, as well as the other polar substituents
on arzosulfathiazole, with the solvent molecules
would tend to decrease the affinity of the dye
for the protein and hence compensate for the in-
crease in affinity promoted by the van der Waals
attraction of the additional aromatic ring. The
net result of these counteracting effects is a com-

(19) W. B. Reynolds, Chem. Eng. News, 34, 916 (1946).
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plex with a stability roughly the same as that of
methyl orange.

A fairly extensive survey of the competitive
abilities of a number of different organic acids
has heen made for methyvl orange and azosulfa-
thiazole, respectively. The results obtained are
summarized in Tables IIT and IV. The reversing
effect has been expressed in terms of Ae, the in-
crease in extinction coefficient of the dye in an al-
bumin solution containing the organic acid over
that observed with only albumin and dye. This
method of expression has been adopted in prefer-
ence to mere listing of the absolute value of the
extinction coefficient in albumin-organic acid solu-
tions, because the absolute value in such a solu-
tion, as well as in one containing albuinin but no
carboxyl compound, is affected by sinall variations
in concentration of dye, corresponding ‘to slight
changes in the extent of binding.

TABLE III
CoMPETITION BETWEEN CARBOXYLIC ACIDS AND METHYL
ORANGE
Aeat 9, Compd. in
Concn., 4600 form of
Compound moles/liter pH A. anion®
Salicylic acid 1.46 X 10-2 6.88 3100 1009
Potassium acid 1.01 X 10-® 5.26 2600 50A-, 50A™d.
phthalate 0.98 X 1072 6.4 1200  4A-,96A™%¢
Benzoic acid 1.64 X 1072 7.04 2200 100/
p-Chlorobenzoic acid  1.02 X 1072 6.32 2100 1007
o-Chlorobenzoic acid  1.02 X 10-2 6.52 2000 100/
o-Aminobenzoic acid  1.46 X 10-2 6 36 2200 98>
p-Aminobenzoic acid 1.45 X 10-% .88 1100 99?
Sulfanilic acid 1.15 X 1072 6.61 1400 100%
Maleic acid 1.73 X 1072 6.067 1100 20A~, 80A™*

¢ These calculations are based on ionizatioun constants
obtaiuied from the following sources: * *‘Landolt-Bérn-
stein, Physikalisch-chemische Tabellen,” 5th edition;
¢ gbid., Erg, 1; 4 ibid., Erg. 1I; ¢1bid., Erg. III; /1 H. S.
Harned and B. B. Owen, “The Physical Chemistry of
Electrolytic Solutions,’”’ Reinhold Publishing Corp., New
York, N. Y., 1943, p. 210; ¢ P. H. Bell aud R. O. Roblin,
Jr., THIS Jour~aL, 64, 2905 (1942); * M. E. Cupery,
Ind. Eng. Chem., 30, 627 (1938).

TABLE IV
COMPETITION BETWEEN CARBOXVLIC ACIDS AND AZOSULFA-
THIAZOLE
Aeat 9 Compd. in
Conen., max- form of
Compound moles/liter pH ima anion%

p-Chlorobenzoic acid, 1.18 X 102 6.51 5100 100/
o-Chlorobenzoic acid 1.18 X 1072 6.51 4300 1007
o-Aminobenzoic acid 1.35 X 1072 6.45 43500 97°
p-Aminobenzoic acid 1.34 X 10-® .45 2000 7°
p-Aminobenzoic acid 1.44 X 1072 9,02 0 1o0b
Sulfanilic acid 0.96 X 10-2 6.55 1400 100?
Sulfanilamide 1.31 X 10~ 5.12 0 o¢
Sulfamic acid 2.06 X 1072 8 .81 0 100*
Salicylic acid 1.47 X 1072 8,98 3100 1009
Potassium 1.98 X 1072 4.79 4300 75A-,24A7d¢

acid 0.49 X 1072 5,42 3700 41A-, 359A=%e

phthalate 0.38 X 10~z 9.02 400 100A-d*
Maleic acid 1.60 X 1072 5.82 3000 64A~, 36A™¢
Maleic acid 1.65 X 107 8.64 200 100A=*
Succinic acid 1.71 X 1072 4.38 0 58A°, 5A™*
Suécinic acid 1.65 X 1072 8,72 0 100A™e
Veronal 1.12 X 1072 5.12 0 o0¢

@ These calculations are based on ionization constants
obtained from the sources indicated in the footnotes to
Table I1I.
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In all cases investigated, the reversing ability of
a given carboxylic acid decreases with increase in
pH. This trend is quite clear from the data on
potassium biphthalate in Tables III.and IV as
well as from those on p-aminobenzoi¢ acid, and
maleic acid in Table IV. . The decrease in affinity
at high pH must be an expression of the increas-
ing electrostatic repulsion of the organic anion due
to the increasing negative charge on the protein
molecule. The importance of this repulsion in de-
termining the relative attraction of two organic
anions to a protein molecule will depend on the
contributions of electrostatic and van der Waals
factors to the stability of the complex. Van der
Waals forces would contribute more to the stability
of the protein-azo complexes than to that of the
protein—organic anion complexes, since the latter
have at miost but one arpmatic ring. Thus, at high
pH's, electrostatic repulsion is relatively more ef-
fective against the organic anions than against the
azo compounds, and hence the competing ability
of the former decreases. On the other hand, in
competitions between molecules which are more
nearly alike in structure, as, e.g., p-aminobenzoic
acid and a simple sulfonamide anion, electrostatic
repulsion should be of approximately equal import-
ance in both cases.

As has been implied above, the data in Tables
IIT and IV indicate that the sulfonate and car-
boxyl groups are not greatly different in their af-
finity for the protein. A comparison of the Ae's
(at approximately the same pH) for p-aminoben-
zoic acid and sulfanilic acid, completely analogous
except for the replacement of the carboxyl group
by a sulfonate group, shows practically the same
reversing ability. The small differences are prob-
ably due to the slight variations in pH and concen-
tration between the different experiments. In
contrast there are very large differences between
two isomers, such as ¢- and ‘p-aminobenzoic
acid. o-Aminobenzoic acid is approximately
twice as effective as the para isomer both against
methyl orange and azosulfathiazole. Similarly
two other ortho-substituted compounds, potas-
sium acid phthalate and salicylic acid are very ef-
fective reversing agents. However, ortho substi-
tution is not a necessary condition for.strong af-
finity for the protein, for p-chlorobenzoic acid is
a very effective reversing agent against azosulfa-
thiazole or methyl orange, and benzoic acid is
capable of displacing a large fraction of methyl
orange from its protein complex. Furthermore,
maleic acid, which is not even aromatic in charac-
ter, is an effective reversing agent against both of
the dyes tested. Succinic acid, however, shows
little activity, but its ineffectiveness may lie in
the fact that it is not highly ionized at pH 4.3,
and is merely exhibiting the general unfavorable
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effect of high pH at 8.72. The inability of sulf-
amic acid to cause reversal may also be due to the
high pH. The ineffectiveness of veronal and sul-
fanilamide, on the other hand, is probably to be
attributed to the absence of the anionic forms at
the pH which was used.

Thus it seems that only the anionic form of the
organic acid is capable of displacing the azo dye.
It must be kept in mind, however, that this spec-
trophotometric method is not capable of distin-
guishing between small differences in binding abil-
ity and hence a small reversing ability of the neu-
tral acid may not show up. Nevertheless, it is
quite clear that the anion 1s much more effective
than the acid molecule as one might expect if
electrostatic attraction is an appreciable fraction
of the binding force. Within the list of anions
there are also some striking differences in revers-
ing ability, as one can see by comparison of sali-
cylic acid and potassium acid phthalate, or o-
and p-aminobenzoic acid. The basis of these dif-
ferences probably lies in differences in ability to
form hydrogen bonds as well as in configurational
patterns of the protein, but a clear understanding
of these variations must await further study.
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Summary

The spectra of a number of azo dyes containing
sulfonate groups undergo pronounced alterations
in the presence of. low concentrations (0.1%;) of
bovine serum albumin. +-Globulin and gelatin,
as well as certain polymeric materials, produce no
such change. The spectral shifts are due to com-
plex-formation between the dye and the protein.

-Quantitative calculations of the extent of this

complex-formation have been made from the spec-
tral studies and compared with direct determina-
tions from dialysis—equilibrium measurements.
The stability of the dye-protein complex is de-
termined both by electrostatic forces between the
sulfonate ion .and a quaternary nitrogen on the
protein and by van der Waals interactions, partic-
ularly with aromatic rings in the dye. The azo

‘compound may be displaced from the complex by

the addition of any one of a number of carboxylic
acids, particularly those of aromatic nature. Only
the carboxylate anion seems capable of competing
with the sulfonate dye, and in all cases examined
the competitive ability of the organic acid de-
creases with increase in pH, No clear relation is
evident yet between structure and displacing abil-
ity of an organic acid.
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