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The relative stabilities of the metal derivatives of hydrazo pyrazolone dyes
containing ortho —OCH,, —COOH, and —NO, groups have been measured
potentiometrically in 75% (v/v) dioxane—water mixture at 30 °C and < 0.1 ionic
strength. The stability constant of their 1: 1 and 1 : 2 chelates with twelve trivalent
lanthanide ions Lr(III) have also been determined. The effects of substituents on
the hydrazo-moiety of the ligand on the equilibria are discussed. The affinity of
different ligands for complexation with lanthanide ions reaches its highest value
with ortho-carboxyphenylhydrazopyrazolone. The data were correlated and the
results were used to explain the stabilization of such chelates by dative z-bonding
between La(I1T) and the ligand.

[Keywords: " 1-Phenyl-3-methyl-4-( x-phenylhydrazo )-5-pyrazolone ligands,
Stability of lanthanide (111)]

Bestimmung der Stabilitdtskonstanten einiger o-Methoxy-, o-Carboxy und o-
Nitro-substituierter 4-Pyrazolon-Farbstoffe mit trivalenten Lanthanidenionen

Es wurden die relativen Stabilititen der Metallderivate von
Hydrazopyrazolon-Farbstoffen mit ortho-OMe, —COOH und —NO, poten-
tiometrisch in 75% (v/v) Dioxan—Wasser bei 30 °C und einer Ionenstirke < 0.1
bestimmt. Die Stabilitdtskonstanten der 1:1 und 1:2 Chelate mit zwdlIf triva-
lenten Lanthanidenionen La(IIT) wurden ebenfalls gemessen. Die Substituentene-

76%



1102 . B. A. El-Shetary etal.:

ffekte werden diskutiert. Dabei zeigen o-Carboxyphenylhydrazopyrazolone die
hochste Affinitdt zu Lanthanidenionen. Die Daten werden miteinander korreliert
und die Resultate auf der Basis einer dativen n-Bindung zwischen Lx(ITT)-Ion und
dem Liganden diskutiert.

Introduction

Questions about the involvement of metal ligand complexes in medical
treatment are of special interest [1], especially structure—stability
relationships. Pyrazolones were used as analgetics and antipyretics, but
their most commercial use was as dyes. Snavely etal. [2] determined
potentiometrically the relative stabilities of the metal derivatives of simple
aryl-azo-5-pyrazolones. The structure stability relationship of some
substituted 4-pyrazolone dye chelates with Cu(II) and Ni(II) has recently
been reported [3]. In continuation of our studies we have investigated the
effect of substituents on the chelating tendency of a series of 5-pyrazolone
dyes (I-111) towards a series of lanthanide ions. The hydrazo structure of
the ligands (I-II) has been confirmed [4-11].

Experimental

The ligands were prepared by coupling 1-phenyl-3-methyl-5-pyrazolone [12]
in sodium acetate with the diazonium salt of the corresponding amine. The crude
products were recrystallized from acetic acid.

The purity of the organic ligands were confirmed by chemical analysis and
melting points (compare Refs. [12]-{14]); m.p. of (IT) 270271 °C.

The 1.25-1072 M ligand solutions were prepared by dissolving the accurate
weights of ligand in proper volumes of purified dioxane. Stock solutions of the
lanthanide were prepared as nitrates from metal oxide (99.9% BDH) as mentioned
previously [15] and standard potassium hydroxide was prepared in the usual way.

pH-meter titrations were carried out using a China pH-meter Model-25
(reading of + 0.02 pH) calibrated by means of standard buffer solutions produced
by Burrough’s Wellcome & Co. (England). All titrations were carried out in 75%
(v/v) dioxane—water at constant temperature (30°C) and an inert atmosphere
(nitrogen). The pH-meter readings were taken after the addition of alkali
hydroxide when the reading became constant. The correction for pH value in 75%
(v/v) dioxane—water was done using the equation —log [H*] = pH + 0.28 [16].

Dioxane was purified following the recommended method [17].

Results and Discussion

The titration curves of 1-phenyl-3-methyl-4-(2-carboxyhydrazo)-5-
pyrazolone (II) and 1-phenyl-3-methyl-4-(2-methoxyhydrazo)-5-
pyrazolone (I) in presence and absence of Ln*3 ion (Ln = La, Ce, Pr,
Nd...Lu)areillustrated, as examples, in Figs. 1 and 2. The appearance of
only one inflection in the titration curve of the free ligand (II) after m =1
(m = number of moles of NaOH added per mole of ligand), corresponds
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to complete neutralization of the carboxylic proton in a single step. The
dissociation of the hydrazo proton on the ligand starts at pH 11.0, whereas
the appearance of only one weak inflection in the titration curves of the
free ligands (I) and (III) after m =1 corresponds to complete neu-
tralization of the hydrazo proton. This inflection is screened in ligand (IT)
by the sharp inflection of the carboxylic group.

The titration curves of the ligands are greatly altered in presence of
Ln(II1) as a result of the complex formation. The inflection points which
occur on the curves of the ligands (I) and (IIT) at m = 1 and on the curves of
ligand (I) at m = 2 in presence of the lanthanide ion indicate the complete
formation of a bis-chelate as the higher complex formed.

The stoichiometric acid dissociation constants pK of each ligand are
calculated from equations of monoprotic and diprotic acids and the
results of the computations are given in Table 1. The calculated values for
—NH (Table 1) shows that it depends on the nature of the substituent on
the phenylhydrazo moiety (Scheme 1).

Scheme 1
CHB\O—"‘I_lI O%N/O\I_ll
N N—N—P
NN--P
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The electron releasing group would make the nitrogen more negative,
leading to a higher pK for methoxy, while the electron attracting group
(—NO,) would have the opposite effect as seen from its acidity constant.
The higher pK; value for ligand (IT) is due to the chelate formed; after the
first ionization a six-membered ring may result from the chelation of the
carboxylate oxygen and the hydrazo hydrogen which is less stable than the
five-membered chelate ring in ligand ().

The log K; values for Lu(11l) chelates were calculated using the
expression by Irving and Rossotti [18]:

log (IL'> =logK,+pL
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This expression was solved by the graphic relation in the plots of
log (n/1 —n) vs. p L. The intersection of the straight line with the p L axis
gives the value of log K;. The values selected of () were between 0.1 and
0.8. The number of readings in each case was 7-8 and all points fell on a
straight line whose correlation coefficient was found to be close to unity in
each case.

The values of log K, were calculated using the equation:

7—1
log<L_> =logK,+pL
2—n

The values of the selected (77) were between 1.1 and 1.8. The accurate
values of log K; and log K, were determined by the method of least squares
[19]. The linear regression program was used to obtain the best straight
line.

The stability constants of the chelates formed are listed in Table 1. In
case of ligand (III), log K, cannot be determined due to lanthanide
precipitation.

The possible hydrolysis of the central ion which can affect the values of
the constants appear to be negligible over the experimental range as
revealed from data of Lu’*. As the hydrolysis constant of this ion is
appreciable, this may lead to the release of protons to the solution which
may need some corrections. Supposing that the only species containing
Lu*? are Lu(OH)**, Lu**, LuL™ ", and LuL,", one can calculate
[Lu(OH)* ] from the experimental points of titration using the cal-
culated values of formation constants K; and K, and using the equations:

_ [Lu(OH)* *][H*]
" [Lu’*]

(K, = hydrolysis constant)

and Lu}" = [Lu(OH)* "]+ [Lu** ]+ [LuL™ *]+ [LuL;];

Kh [Lu;:l‘

++7 _
O = e T KL 1+ K KL T

Using this equation in the pH titration range 4.10-6.03 where rireached 1.8
and precipitation does not occur, shows that [Lu(OH)**] is not
appreciable compared to [Lu3'].

Correlation of Chelate Stability with the Nature of Metal lon

Figure 3 gives the correlation of logK; for phenyl-hydrazo-5-
pyrazolone-Ln’* complex with the atomic number of the lanthanide
series. A curve is obtained, the first part (La*3>—Eu*?) shows linear



1105

Determination of Stability Constants

19°01 IS'9—  €1°8 LTI €L0E  TOP6—  ¥S9I €0°1 €ULT 9L6h—  OL'S A
601 ISYh—  8LL LET 08T SST6— 8191 701 6891  S8'8y— PS8 c+9X
701 OL'Ey V9L 0€1 €8T OL16— €091 pO'T 6791 66'L—  6€°8 e+l
LOOL  T9TP—  ShL 671 78T 8S16— 1091 SO'1 P91 TT8r— €8 ¢+OH
16'6 LTT— 6L 8T'1 WL LY16— 661 901 P91 6L8F—  9p'8 e+ A
SL'6 0STr— YL 97’1 0S'8CT  S606—  08'SI P01 0L9T  89°8y—  1S°8 ¢+9L
09'6 Ww— 8L €T1 6L°8T  €L06— 98I POl 891  6l'6b—  09'8 ¢+PD
LV'6 6S'Ir—  LTL €1 068  9€'16—  L6SI 501 UL PE0S— 088 c+d
Y6 €EETr— OFL Tl 1887 L906—  S8°ST 601 STLT  I€1S—  L6'8 ¢+ WS
506 70—  €0°L VTl WseT  60006—  SLSI 611 LSST  vE'Sh—  Sb'8 ¢+PN
688 IFLE—  ¥59 LTT SI'6T  v0'06—  PLSI €1°1 LEST  9S9b—  PI'S c+3d
0L'8 L8SE—  LT9 611 LS'8T  ¥8'88— €SSl 80°T 0TST  6I'Sh—  06'L ¢+20
8’8 S6TE—  9LS 8¢°] P97  SLL8—  PEST AN 9¥l  S9Ch—  £9°L e+ BT
, oy w301 (%y/'y)8o1  g3op 'y Yy8or  (9y/'y)801r  ¢3or oy Ly 80

il Z

enustod o0 FL6=Yd 800F91I=9d 900F s L="yd Y00 F 0TI =XYd uot
oruo] ‘ON-T—=X HOODT—=X ‘HOOT—=X BN

(11D (I D

spup8y auojozpidd-¢-(ozpipdiyjfusyd-x ) p~jdypaui-g-jAuayd-; Aq
uonpxa)duiod aprupyuvy fo (_joud £y ur DY) (84auz 224f puv sjupisuod Ajpquis 1 QL



1106 - B. A. El-Shetary etal.:
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Fig. 1. Potentiometric titration curves for [5- 1073 A]: 1-Phenyl-3-methyl-4-(2-
carboxy phenyl hydrazo)-5-pyrazolone in absence and presence of [1-1073 A/]
lanthanide ion (T'=30°C, 75% dioxane—water, ¥, = 30 ml)
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Fig. 2. Potentiometric titration curves for [5- 102 M]: 1-Phenyl-3-methyl-4-(2-
methoxy phenyl hydrazo)-5-pyrazolone in absence and presence of [1- 1073 M]
lanthanide ion (7' = 30°C, 75% dioxane—water, ¥, = 30 ml)

increase which indicates that in each ligand system the stability of the first
complex formed was directly proportional to the total ionization potential
of the central metal ion. The second part of the curve (Eu™®—Lu™?)
shows a buffer region near the gadolinium area and the stability starts to
show a gradual increase from Dy* to Lu™ 3. The hydration effect [20-22]
can be used for explanation of the variations in the properties of rare earth
complexes.
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Relation Between log K and Ionic Radius

A plot of log K| of various lighter rare earth chelates vs. the ionization
potentials (Fig. 4) was linear for all the pheny! hydrazo pyrazolone ligands
studied in the present work. A similar relationship was obtained with
ligands containing nitrogen and oxygen as coordinating sites such as
picolinate, N-hydroxy ethylene diamine tetraacetic acid, EDTA, DCTA
[23-29] and phenyl hydrazo-S-diketone [30-33]. In this study, all rare
earth ions arein + 3 oxidation states and are more or less of the same size.
Accordingly, the electrostatic contribution to the metal-ligand bond is
assumed to be nearly the same. Therefore, log K| values for the lighter
metal complexes with different ligands were plotted against the respective
overall ionization potentials of Ln*3 (Fig. 4) to find the effect of the
electron affinity of the rare earth ions on the stability of the complexes
they formed.

The Ratio of Successive Stability Constants

As the tendency of the metal ion to coordinate to the azo ligand is
proportional to the number of vacant sites, the ratio between consecutive
constants is (to a certain extent) statistically determined [34]. Table 1
shows that for all systems studied here, log K; —log K is positive and lies
within 1.00-1.40 units. The different values of log K of the complexes of
the studied compounds (I-IIT) may be explained by the difference in the
basicity of these ligands. Calculated values (Table 1) show that they
depend on the nature of the substituent on the phenylhydrazo moiety
which indicates that the complexation of the studied ligands are not
facilitated by electron-withdrawing substituents [35]. The complexation
is increased by increasing the electron density at the reaction site. The
electron-repelling substituents increase this charge density leading to
higher stability, while electron-attracting substituents decrease this charge
density leading to less stable complexes [36].

The relatively high values of logK; and logK, for Ln*3-phenyl
hydrazo-5-pyrazolone complexes could be attributed to:

(i) The higher basicity of pKfI + pKf of the ligands.

(it) Different coordinating sites on the ligands as well as the higher
coordination number of lanthanides.

(ii1) The use of 75% (v/v) dioxane—water as solvent of low dielectric
constant which increases the degree of complexation.

The presence of the carboxylate group at the ortho-position leads to
participation of this group in chelate formation; this ligand acts as a
terdentate as shown in Scheme 2.
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Scheme 2
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This will lead to the higher stability of its complex. Another factor is
that this group is in the same plane and in resonance with the ring leading
to greater chelating power of the ligand than the other two.

Although the 0-NO, group can lead to chelate formation we find that
the stability of its complexes is the least among these ligands. This may be
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Fig. 3. log K, as a function of atomic number for various rare earth complexes
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Fig. 4. Correlation of stabilities of rare earth and ionic potentials (z%/r) for 11

explained on the basis that the —NO, group is a bulky group which favors
steric hindrance and distorts the chelate ring from the normal planar
structure.

Comparing our results with those reported by other authors [37] for
0-OCH; hydrazopyrazolones showing a strong contribution of the ether
oxygen to bond formation, will lead us to the conclusion that o-methoxy
has a role in the complexation. Under the conditions of these titrations the
methyl group of the methoxy does not undergo any hydrolysis in
agreement with the work of Snavely.

The probable structure of 1:1 and 1:2 metal:ligand complexes of
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0-CH; and 0-NO, hydrazo pyrazolone derivatives can be represented by
the structures shown in Scheme 3.

Scheme 3

@ l\lr -N \j\—ﬂ—f CH,
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M=Lnt3(La*3 Ce*3, Pr+3, Nd*3........ Lu*%)
X = ¢-OCHj; and 0-NO,
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