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strength of 0.1 N. This value and those obtained
in the present investigation are in qualitative agree-
ment with values found for other uni-bivalent ex-
changes.®

F. A. Sxavery, W. C. FerNELIUS AND B. P. BLock

Vol. 79

Acknowledgment.—The authors wish to express
their appreciation of a grant from the Office of
Ordnance Research, U. S. Army.

LAWRENCE, KaNsas

[CoNTRIBUTION FROM THE COLLEGE OF CHEMISTRY AND PHYsICS, THE PENNSVLVANIA STATE UNIVERSITY]

Molarity Quotients of Some Metal Complexes of Pyrazolone Dyes!

By FrRED A. SNavELY,? W. CONARD FERNELIUS AND B. P. Brock
RECEIVED JuLy 30, 1956

The relative stabilities of the metal derivatives of simple azo pyrazolone compounds have been measured potentiometri-

cally in 75 volume 9, dioxane.
the orders already reported for other bidentate groups.
portional to the pQD values for the chelating agents.

Introduction

Aryl azo compounds which contain an acidic or
basic group ortho to the azo linkage are well known
for their ability to form cobdrdination compounds
with metal ions. In spite of the many applications
of these compounds in the dyeing of fabrics® and
in the preparation of organic pigments,* almost no
measurements have been made on the inherent
stability of these metal derivatives toward disso-
ciation into their constituent ions. The only meas-
urements of this type recorded are those of
Schwarzenbach and Biederman® for the magnesium
and calcium derivatives of dyes of the type of
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The work reported here was part of a general
study undertaken to determine (1) the adaptability
of the Bjerrum’™Calvin® techniques to the study of
the metal derivatives and (2) the order of stability
among a series of metals with a given azo com-
pound and among a series of azo compounds with a
given metalion.

The study of the simple azo derivatives of 1-
phenyl-3-methyl-5-pyrazolon is reported here.
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The order of decreasing stability of the metal derivatives, Cu > Ni> Co > Zn, agrees with
The log Q values for the compounds of a given metal ion are pro-
Three new metal derivatives of the azo compounds were prepared.

Experimental

Preparation of Materials.—The azo compounds were pre-
pared by coupling the appropriate diazotized amines to 1-
phenyl-3-methyl-5-pyrazolone. They were recrystallized
from hot dioxane.

I. -Phenyl-3-methy1—4-( phenylazo)-s-pyrazolone rorange
needles, m.p. 155°, reported® 155°.

II. -Phenyl-3-methy1-4-(4-methylphenylazo) -5-pyrazo-
lone: orange needles, m.p. 138-140°, reported® 136-37°.

II1. 1-Phenyl-3-methy1-4-(4-chloropheny1azo)-S-pyrazo-
lone: long, bright orange needles (like colored glass wool),
m.p. 141-142°, reported® 141-142°.

IV. 1-Phenyl-3-methyl-4-(4-nitrophenylazo)-5-pyrazo-
lonce: red-orange platelets, m.p. 198-200°, reported!! 198-

Each of the azo compounds was tested for purity by use of
a chromatographic column packed with 100/200 mesh Flori-
sil.1z2  Development of the chromatogram using dioxane
showed only one band in each case. Determination of the
neutral equivalents by potentiometric titration gave the val-
ues in Table I.

TapLre I
Milliequiv. Exptl. Theor.
Dye Wt. of NaOH neut. equiv. neut. equiv.
I 0.2781 1.00 278 278.3
IT .2923 1.00 292 202.3
III .3137 1.00 314 312.8
v .3234 1.00 323 323.3

Potentiometric Titrations.—The titrations were performed
at 30.0 == 0.1° in 759, dioxane as described previously.13

Titrations with iron(II) and cobalt(II) were carried out
under a nitrogen atmosphere; all other titrations at pH val-
ues above 9 were made under a nitrogen atmosphere. The
solutions were so adjusted that in 100 ml. of solution there
was 1.00 mmole of dye, 1.482 mmoles of nitric acid and 0.210
mmole of metal nitrate. In general, no more electrolyte
could be added without salting out the azo compounds or
their metal derivatives. A 0.9983 N solution of sodium hy-
droxide was added in increments of about 0.05 to 0.10 ml.,
and readings were taken on the pH meter after each addition
until a constant value was obtained. With this procedure,
results were found to bereproducible. Theaverage time per
titration was about 2 to 2.5 hr.

In 75 volume 9, dioxane it was necessary to calibrate the
pH meter, Van Ultert and Haas!* have shown that a cell
contammg a glass electrode measures hydrogen ion activity
in dioxane-water solutions as defined by the hydrogen elec-
trode and that at a given salt concentration an empirical
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calibration —log [H*] = B + log Ug holds over a range of
meter readings from 2 to 11 ([H*] is the stoichiometric con-
centration of hydrogen ion in solution, B is the meter read-
ing and log Ug is the correction factor).

The pH meter was calibrated by titrating an aqueous
solution of known nitric acid content with dioxane. The
values obtained in this fashion were checked against a ti-
tration of dioxane with a 0.10 N nitric acid solution.

The small change in the composition of the solution caused
by titrating with aqueous sodium hydroxide can produce an
error of #0.03 in the empirical calibration. The addition
of 0.40 = 0.03 to the reading of the pH meter gives a value
which is equal to the negative logarithm of the hydrogen ion
concentration.

Calculations.—The molarity quotients’® were calculated
by the method of Block and Mclatyre.®

Discussion

Representative titration curves with the azo com-
pounds I and IV are given in Figs. 1 and 2. Itis
to be noted that the titration buffer zones with
copper(1I) ion present show that 2 hydrogen ions

12.00

10.00

8.00

pH.

6.00

4.00 |

2.00 1
0.50 1.00
1.00 N NaOH, ml.
Fig. 1—Titration curves of 1-phenyl-3-methyl-4-(phenyl-
azo)-5-pyrazolone with metal nitrates,
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Fig. 2.—Titration curves of 1-phenyl-3-methyl-4-(4-nitro-
benzeneazo)-5-pyrazolone with metal nitrates.
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are liberated per metal ion or that a 2:1, dye to
metal, compound is formed. The same type of
compound forms with nickel(II) and cobalt(II).
However, the latter ions, as well as Zn*+ with dye
IV also form 3:1 metal derivatives. This tendency
is so great that with compound IV there is only one
buffer zone of coodrdination. With the azo com-
pounds other than IV the zinc derivatives are
poorly defined and their formation buffer zones lie
just below that of the formation of zinc hydroxide.
In fact, in all cases a precipitafte is obtained before
the completion of the zinc titrations. Thus, any
log Q values reported for the zinc derivatives are
approximations.

The formation curves,” # plotted against pCH™,
are shown in Figs. 3, 4, 5 and 6. The successive
formation quotients listed in Table II are an aver-
age of those evaluated by using various sets of #
and pCh~ values. The values for log Qav(1,2) are
taken from the formation curves where 77 = 1
The values for log Qav(1,2,3) are taken from the for-
mation curve at # = 1.50. In all but one case log
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Fig. 3.—Formation curves with 1-phenyl-3-methyl-4-
(benzeneazo)-5-pyrazolone with metal nitrates,
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Fig. 4.—Formation curves with 1-phenyl-3-methyl-4-(4-
methylbenzeneazo)-5-pyrazolone and metal nitrates.
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Fig. 5.—Formation curves with 1-phenyl-3-methyl-4-(4-
chlorobenzeneazo)-5-pyrazolone and metal nitrates.
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Fig. 6.—Formation curves with 1-phenyl-3-methyl-4-(4-
nitrobenzeneazo)-5-pyrazolone and metal nitrates,

Q. is distinctly greater than log ;. Note that in
cases where IV is equal to 3 for compound IV the
three constants in two instances are found to be
quite close together. The fact that log Q; exceeds
log Q1 can probably be explained on the basis that
MCh, is a neutral entity and that MCh, has more
symmetry than MCh*.
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and nitro group are well demonstrated by the sig-
nificant increase in the acidity of compounds III and
IV as compared with I and II.

A plot of the negative logarithm of the acid dis-
sociation constant, PQp against the logarithm of
the average formation quotient, log (., for these
compounds shows a direct relationship, in that the
stronger the acid the weaker its power of codrdina-
tion (see Fig. 7). These results agree with those
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Fig. 7.-—Pyrazolone dyes.

of other investigators using different chelating

Dye Metal n=1 5% -5 &5  J8%y agents. That is, there is a direct relationship be-
I Cu 9.8 10.2 10.0 10.0 tween the tightness with which a proton is held by
Ni 73 77 75 75 a chelgtmg agent and the tightness with which a
Co 6.7 755 71 71 metal jon is held.
' ' The decreasing order of stability for the metal
I Cu 9.4 10.4 ?‘9_ 9.9 derivatives of any omne azo compound is Cu >
Ni 6.9 7.6 7.25 7.3 Ni > Co > Zn. This is in complete harmony with
Co 6.5 7.6 7.15 7.05 previously reported stability series.?
I Ca 7.8 10.5 9.15 9.15 The solutions, after titration, were slowly
Ni 6.6 7.7 7.15 7.15  evaporated over a steam-bath until a solid phase
Co 6 ca. 7 6.65 was obtained. The four derivatives reported
IV Cu 7.9 8.4 8.15 8.1 (Table IV) were the only crystalline compounds of
Ni 6.3 6.35 5.8 6.15 6.2°  constant composition obtained by this method.
Co 5.3 6.5 5.3 5.7 5.8° In all cases only 2:1 compounds were isolated.
Zn 5.1 56 4.4 5.0 5.3°  Attempts to isolate the 3:1 metal derivatives
¢log Qavat n = 1.5. yielded only the 2:1 compounds.
Cadmium, manganese(II) and iron(II) ions were
e TaeLe 111 Cotor tried without success. A color change was ob-
Dye i 500 basic sola. served in the titrations with iron(II) but in each
I Vellow orange 11.64  Darker orange case a green flocculent precipitate was obtained
II  Yellow orange 11.50 Darker orange which probably was iron(II) hydroxide.
III  Light orange 10.80 Darker orange Acknowledgment.—The authors are indebted to
IV Light orange 9.80  Darkred the Research Corporation and to The Alrose
TaBLE IV
M.p., Reptd. Theoretical Found
Dye Metal Color °C. M.p., °C. C H N C H N
I Cu Brown microcrystalline powder 226-228 22818 62.17 4.28 18.13 62.49 4.51 18.1
Zn VYell. crystalline powder 267-270 61.99 4.23 18.08 61.87 3.94 17.8
I Ni Red crystalline powder 269-272 63.44 4.70 17.42 62.76 4.72 17.2
v Cu Red purple needles 268-270 54.27 3.42 19.78 54.51 3.56 20.0

The order of acidity for the azo compounds stud-
ied is as follows: IV > III > II > I (see Table III).
The pQp of the azo compounds I and II are about
the same. As one would predict, the nitro-sub-
stituted azo compound yields the strongest acid.
In fact, the electrophilic character of the chloro
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