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Formation of Mixed Ligand Complexes of Some Tripositive
Rare Earth Ions
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Quantitative  complex equilibrium reactions of La**, Ce*,
Pr**, Nd**, Sm* and Eu® with o-aminophenol (HA) (and catechol
(H,B) involving the formation of binary complexes MA%, MA%Y,
MAj;, MB*,MB3, MB}~ (where M = La**,Ce™, Pr'* Nd*,
Sm**and Eu*) and the ternary complexes MAB,
MA,B™, MBzA2" due to simultaneous coordination of A~ and
B2 with the metal ion, have been studied at 25°C and an ionic
strength of 0.10 M KNOj3. The corresponding equilibrium constants
calculated by the methods reported earlier by Nayan and Dey, have
been discussed.

INTRODUCTION

In spite of the extremely rapid development of coordiantion chemistry, the
equilibrium studies on nitrogen and oxygen donor molecules with the metal ions,
specially the rare earths ions, involving the formation of mononuclear complex
species have not reached yet maturity. In addition, these complexes have potential
for further developments. Informations on the mononuclear species provide an
important tool in the investigation of other complicated complex species including
the mixed ligand complexes existing in solution.

Sufficient attention has not yet been paid on the formation of mixed ligand
complexes of the rare earth ions. Most of the systems studied, reported in
literature, involve coordination of polynucleating ligands, and the biologically
important electron donor molecules with the metals in different steps' 2. But, the
reactions, where association of the two ligands with metal occurs in a single step,
have been least studied.

Here, an attempt has been made to study the complexing properties of some
rare earth ions, e.g., La*, Ce™, Pr**, Nd**, Sm* and Eu™* using the pH-titration
technique as described by Nayan and Dey™* Simultaneous coordination of
o-aminophenol (HA) and catechol (H,B) with these metal ions in the formation
of mixed ligand complexes containing two and three ligand molecule units, has
been investigated at 25°C (1= 0.10 M KNO3/NaCl)

EXPERIMENTAL
Standard solutions of 0.1786 N NaOH, 1,0 M KNO; and KCl, and 0.07856 N
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HNO, and HCI were prepared using analytical grade reagents. Aqueous solution
of Ce* jon was obtained by using its chloride salt (Johnson Matthey).
La™, Pr**, Nd*, Sm* and Eu™ carbonates were precipitated from their chloride
salts (Johnson Matthey). Excess of metal carbonate was treated with known
amount of nitric acid and filtered. Metal content was determined in the filtrate
(and Ce** ion in its solution) gravimetrically after precipitation as oxalate and
subsequent ignitions to oxide. Aqueous solution of o-aminophenol was obtained
by dissolving the ligand in one equivalent alkali which was neutralized before
each titration. Solution of catechol was prepared by direct weighing and
dissolving in distilled water. .

The titration mixtures (ligand: 1:1, 1:2, 1:3, metal-ligand: 1:1:1, 1:1:2, 1:2:1,
metal—pair of ligand mixtures) were prepared and titrated as described earlier’
against sodium hydroxide solution (0.1786 N) using Systronic 335 pH-meter.
Experiments of Ce* systems were carried out in chloride medium while those of
the rest tripositive rare earths were performed in nitrate medium, keeping the
ionic strength 0.1 M KNO;/NaCl and temperature 25°C. The titration curves
obtained from experimental data were analysed.

RESULTS AND DISCUSSION

Proton-ligand dissociation

Two protons are liberated in steps from the protonated amino group and the
phenolic group, respectively, in o-aminophenol system. There is no sharp change
in colour due to dissociation of protons from the ligand, However, a gradual colour
change from brown to yellow and finally to yellowish green at higher pH values
has been noted. The brown, yellow and the yellowish green colours may be
expected due to existence of protonated, neutral and anionic ligands, respectively.
The evaluated proton-ligand dissociation constants are

Kll‘l = ]0'4.]7 +.05 and K|2'| - 10—10.51 +.01

Existence of proton-ligand equilibria corresponding to dissociation of protons
from the two phenolic groups of 1,2-dihydroxybenzene (catechol) is evident from
the titration curve (Fig. 1). The dark reddish brown colour of neutral ligand
molecule gradually turns into yellowish brown (at pH ca. 8.6), and subsequently
the mixture appears light reddish brown beyond pH ca. 10.0. The proton-ligand
dissociation constant for the two phenolic groups, Ki'=107%*05 and

K'2*=.10']]""‘)"“)‘6 can be compared with those earlier reported by Martell
etal and Singh’.

Formation of binary complexes

The 1:1 metal-o-aminophenol mixtures remain turbid above pH ca. 6.8, 6.7,
6.6, 6.4, 6.3 and 6.2, respectively, in La**, Ce*, Pr’**, Nd*, Sm* and Eu*
systems. The titration curves (Fig. 1: La®* system, others omitted) show weak
inflections at a = 1.0 indicating formation of 1:1 metal-ligand species, MAZ,
The calculated log K, values are reported in Table-1. Formation of 1:2 metal-
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Fig. I pH vs acurves of La3+-u-aminophen0| (HA)-catechol (H,B) complex systems, (1)
HA, (2) H,B, (3) La*-HA, @) La**-2HA, (5) La’**-3HA, (6) La**-H,B, (7)
La**-2H,B, (8) La**-3H,B (ligand) = 5.0 x 10™* M), (9) La**-HA-H,B, (10)
La*>*-2HA-H,B, (11) La**-HA-2H,B (metal = 5.0 x 107* M).

ligand complexes is evident from the corresponding pH vs a curves (Fig. 1) which
indicate weak inflections at a = 1. Equilibrium constants of complexes evaluated
below pH of precipitation (pH ca. 6.9, 6.8, 6.6, 6.5, 6.4 and 6.2, respectively, for
La*, Ce™, Pr**, Nd*, Sm** and Eu* systems) are not very close to K, values
of the corresponding metal system. Also, the K 5 is greater than K,, in each case.
Like 1:1 and 1:2 metal-ligand systems, the pH vs a curves for their 1:3 ratio
systems also show weak inflections. From the shape of these curves formation of
MA; is inferred below a = 1.0. Equilibrium constant value is generally smaller
than the corresponding K,, value (Table-1). Precipitation of the reaction mixtures,
like other aforesaid sytems, from pH ca. 6.9, 6.9, 6.7, 6.6, 6.4, 6.3, respectively,
for La**, Ce*, Pr'*, Nd**, Sm*" and Eu** systems did not permit further analysis
of the complex species existing over higher pH range.
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1:1 metal-catechol mixtures of La**, Ce**, Pr**, Nd*, Sm*, Eu* turn turbid
at pH ca. 7.8, 7.6, 7.6, 7.5, 7.4, 7.3, respectively. Stability constant of the MB*
(B> = ligand dianion) species calculated as usual are given in Table-1. 1:2 metal
(La*, ce™, Pr**, Nd**, Sm* and Eu™)-ligand mixtures also turn turbid from pH
ca. 8.3, 8.2, 8.1, 8.1, 8.0 and 7.8, respectively. K,g calculated below these pH
values are also very close to each other and follow almost a regular trend of
increase in values with decrease of size of the metal ion, The pH vs a curves for
1:3 metal-ligand systems show steep inflections at a = 2.0 indicating the formation
of MB3™ species below this a value without interference of the other species
existing at higher pH range. Like other systems, the titration mixtures remain in
turbid form beyond a = 2.0. The stability constant K,g calculated below the pH
of precipitation (i.e. below pH ca. 9.8, 9.7, 9.4, 9.4, 9.2 and 9.1, respectively, in
La*, ce*, Pr*, Nd*, Sm¥, Eu™ complex systems) are given in Table-1.

Comparing the values of equilibrium constants given in Table-1, it is concluded
that oxygen donor, 1,2-dihydroxybenzene, behaves as stronger electron donor
ligand than the nitrogen-oxygen mixed donor ligand, o-aminophenol.

Formation of mixed ligand complexes

Turbidity appears from pH ca. 6.5, 6.6, 6.6, 6.5,6.5 and 6.5, respectivelyin 1:1:1
mixtures of metal (La**, Ce**, Pr**, Nd*, Sm** and Eu™) with 0-aminophenol and
catechol. However, a comparison of the titration curves (Ligand, 1:1, metal-ligand
and the mixed ligand complex systems) indicate the formation of ternary com-
plexes in solution below the pH of precipitation. Presence of strong and weak
inflections ata = 3.0, in pH vs. a curves of all the systems also shows the formation
of mixed ligand complexes. The equilibrium constants of these species are reported
in Table-1. The values indicate that mixed ligand complex formation is appreciable
in all the systems. For the reaction Cu(bipy) + L & Cu(bipy)L (where bipy =
2,2’-bipyridyl and L is the anion of salicylic acid, catechol or tiron) Martell et at.
reported higher values of the stepwise formation constants (from 0.9 to 1.5
logarithm units) than for the addition of L to the hydrated Cu®* ion. Earlier findings
on mixed ligand complexes of adenine, xanthine and hypoxanthine involving some
tripositive rare earth ions (Y**, Tb*, Dy*, Ho*, Er**and Tm*)® and sul-
phosalicylic acid (ss), catechol, o-aminophenol, 1-amino-2-naphthol-4-sulphonic
acid, 2-nitroso- 1-naphthol (nn) with Th*" and UO3* (except Th**-sa-ss, Th*"-ap-ca
and UO3%*-sa-ss)’ can also be compared with the results obtained by Martell ez al.
Present findings on the rare earth (La**, Ce*, Pr**, Nd**, Sm* and Eu**) com-
plexes involving o-aminophenol-catechol ligand pair are mostly in agreement with
those reported in previous publications.* 8

Formation of 1:1:2 and 1:2:1 metal-o-aminophenol-catechol complexes is
evident from the corresponding titration curves. Analysis of the data could not
be made at higher pH values (in all the systems) due to appearance of turbidity
from pH ca. 6.2,6.1,6.1,6.9,6.1,6.9 and 6.0, 6.1, 6.1, 6.0, 6.1, 5.9, respectively
in 1:1:1 and 1:2:1 mixtures of tripositive rare earth ions (La**, Ce*, Pr**, Nd*,
Sm** and Eu**) with o-aminophenol-catechol. The evaluated equilibrium con-
stants for complexes existing in solution below pH of turbidity formation are

given in Table-1.
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The results indicate that the formation constant of mixed ligand complexes for
addition of ligands A™ to MB; or B> to MA] are greater than the constants for
the addition of these ligands, separately, to corresponding aque-metal ion,
probably due to electrostatic interaction between the ligands, as high values of
equilibrium constants observed by Perrin et al’® in the reactions Ni2+-(serine)§'
ethylenediamine = Ni?*-(serine), -ethylenediamine and Ni**~(serine), + his-
tamine = Ni%*-(serine),-histamine. The values are also in agreement with those
earlier reported from these laboratories’ on mixed ligand complexes of
Y*, To*, Dy*, Ho™, Er** and Tm™ involving three molecules of ligand pairs,
adenine-xanthine, xanthine-hypoxanthine and adenine-hypoxanthine. Similar in-
formations have also been furnished in the interaction of A™, nitroso R salt (nn),
5-sulpho salicylic acid (ss), salicylic acid dianion (sa¥) with ThA (nn)2+,
ThA (sa)*, ThA (ss), ThB (nn®); ThB (ss)”, ThB (sa) respectively. But a reverse
trend is followed on coordination of saz', ss® ~, serine, histamine; ethylenediamine,
ethylenediamine with ThA (sa)*, ThA (ss), Ni2*-(ethylenediamine), Ni**-(his-
tamine),, Ni**-(ethylenediamine),, Ni**-(histamine), respectively.
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