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The 1 : 1 complexes of lanthanide(III) ions such as La(III), Pr(III), Nd(III), Gd(III) and
Er(III) with tris-(salicylidene amino)-triethylenetetramine have been prepared. Among these
complexes, the lanthanum(III) complex is unique in infrared spectra and solubility to the
solvents; it is soluble in chloroform and nitrobenzene and found to be dimeric in chloroform solu-

tion.
and are assumed to be polymeric.

Tris - (salicylidene amino) - triethylenetetramine,
{which will be abbreviated as (trien-S;)Hj;) was
prepared from salicylaldehyde and triethylene-
tetramine as a multidentate ligand by Mukherjee,?>

CsH,OH
|
CH

TN
HOCH,CH=NCH.CH.NCH,CH,NCH;CH,N=
CHCH,OH
(trien-S;)H;.
However, Sarma ef al.2:> found that when this
compound reacts with metal ions such as, Co(III),
Fe(III), Mn(III), Ga(ILI), AI(III), Co(II),
Ni(IT) and Cu(II), one molecule of salicylaldehyde
is hydrolyzed from it, and the metal complexes
of sexadentate ligand, HOCH,CH=-NCH,CH,-
NHCH,CH,NHCH,CH,N=CHC;H,OH, (which
will be abbreviated as (trien-S,)H;), are formed.
No metal complexes of (trien-S3)2~ have ever been
obtained, in spite of their elaborated investiga-
tions.
In this investigation we have isolated and
characterized (trien-S;)3~ complexes of La(III),
Pr(IIT), Nd(III), Gd(IIT) and Er(III).

Experimental

Preparation. (irien-S;)H;. The methanol solu-
tions of triethylenetetramine and salicylaldehyde were
mixed in 1 :3 mol ratio. After heating at 60°C for
a few minutes, ether was added to this mixture, and
the yellow crystals were separated, filtered and recrystal-
lized from methanol solution. Mp 103—104°C.

Found: G, 70.15; H, 6.59; N, 12.32%,. Calcd for
027H3|]N403: C, 70.72; H, 6.59; N, 12.22%.

Laf(irien-S;). One millimole (0.458g) of (trien-
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The other lanthanide(III) complexes are practically insoluble in any available solvents,

S3)H; was dissolved in 20 m! of ammoniacal methanol
(~pH 8). To this solution was added 1 mmol (0.448 g)
of lanthanum(III) perchlorate dissolved in 5ml of
methanol, and heated at 60°C for a few minutes unitl
the white precipitate was formed. After cooling, the
precipitate was filtered, washed with methanol, and
purified by recrystallization from chloroform solution.
This compound was also obtained by adding the metha-
nol solution of 1 mmol of triethylenetetramine to the
mixture of 1 mmol of lanthanum(III) perchlorate and
3 mmol of salicylaldehyde in methanol, and boiling the
mixed solution for a few minutes.

The compound is colorless plates, and slightly soluble
in methanol, fairly soluble in chloroform and nitro-
benzene and practically insoluble in other solvents.

Found: La, 23.2; G, 54.23; H, 4.63; N, 9.50%.
Caled for LaCy;H,;N,Oy:  La, 23.3; C, 54.55; H, 4.58;
N, 9.50%.

M(trien-S;), M=Pr, Nd, Gd, and Er. These com-
pounds were prepared by the same method as described
above except using Pr(III)-, Nd(III)-, Gd(III)- and
Er(III)-perchlorate instead of lanthanum(III) perchlo-
rate. However, since these compound were practically
insoluble in any available solvents, purification through
recrystallization was not in practice.

Found: Pr, 23.4; C, 53.09; H, 4.73; N, 9.209%,.
Caled for PrC,Hy;N,O;: Pr, 23.6; G, 54.37; H,
4.56; N, 9.39%.

Found: Nd, 23.5; G, 52.90; H, 4.65; N, 9.329%.
Caled for NdCyHy:N,O;: Nd, 24.0; C, 54.07; H,
4.54; N, 9.349%.

Found: Gd, 25.5; C, 51.00; H, 4.59; N, 8.97%.
Caled for GdCyHy;N,O,: Gd, 25.7; C, 52.92; H,
4.44; N, 9.14%.

Found: Er, 26.0; C, 50.51; H, 4.41; N, 8.87%.
Caled for Er Co;HyN,Oj;: Er, 26.9; C, 52.07; H,
4.37; N, 9.00%.

Measurements. The infrared spectra were measur-
ed in KBr and in H. C. B. mull in the region of 4000
—650 em~! by using a Hitachi EPI-S2 infrared spectro-
photometer.

The UV spectra were obtained by a Hitachi ESP-2
spectrophotometer.

The molecular weight determination was carried out
in chloroform solution by a Vapor Pressure Osmometer
of Mechrolab Co.
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Fig. 1. Infrared spectra.
(a) (trien-S3)Hy; (b) La(trien-Sy);
(¢) Pr{trien-S3) in HCB mull.
The spectra of the Nd(III), GA(III) and Ex(III)
complexes are same as (c).
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Fig. 2. Electronic spectra.
(a) (trien-Sg)H; (a;: 3.49x10-3mol/l,
a: 3.49%10-4 mol/l) in methanol. .
(b) La(trien-S;) (3.64x10-5mol/l) in chloro-
form.

Results and Discussion

As is shown in Fig. 1, in the infrared spectra
of the lanthanide(III) complexes no absorptions
were observed in the regions of ~1100 cm~—! and
3000—3500 cm—!. This indicates that ClO,-,
-OH, H,0 and >NH groups do not exsist in those
complexes. Thus, the infrared spectra support
the experimental formula M(trien-S;) (where M
represents for a lanthanide(III) ion), derived
from the elementary analysis, since any alternative
constitutions would fail to give rigorous understand-
ing of the spectra.

The steric consideration has led to the conclu-
sion that the ligand, (trien-S;)3- could not form
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a heptadentate chelate with one metal ion. In
fact, the molecular weight of the lanthanum(III)
complex has been determined to be 1172 which is
very close to the value, 1188, calculated for the
dimeric complex, La,(trien-S;),. The most
probable structure of the lanthanum(III) complex
may be shown as:

CH:-CH. CH;—CH: CH-CH:
Q CH / \N/ \N/ \ fH
N / “CH A N

~
CH i\
I‘\I\N/ ~N N
o\ A A
CH~CH, CHe—~CH. CH»-CH.

It is remarkable that among the lanthanide(III)
complexes of (trien-S;)%~, only the lanthanum(III)
complex is soluble in chloroform and nitrobenzene,
while the other complexes are insoluble in any
available solvents. The infrared spectra of these
complexes are practically identical except the
lanthanum(III) complex as seen in Fig. 1. These
facts suggest that the lanthanide(III) complexes of
(trien-S3)3— other than the lanthanum(III) com-
plex have polymeric structure.

It is interesting that the lanthanide(I1I) ions react
with (trien-S;)H; to form (trien-S;)*~ complexes
and there was no indication of the hydrolysis of
(trien-S3)H; to form a (trien-S,)2~ complex losing
one molecule of salicylaldehyde as was reported?-®
in the cases of the other metal ions. This seems
to be due to the fact that the coordination number
and the coordination positions are not so rigid
in lanthanide(III) ions as in other metal ions,
since metal-ligand linkage of lanthanide(III) com-
plexes is mainly ionic and the ionic radii of
lanthanide(III) ions are relatively large. How-
ever, it should be noted that the UV spectrum of
(trien-S;)Hy has been seriously changed upon the
complex formation with a lanthanum (ITI) ion
as shown in Fig. 2. This fact implies that the
electronic state of the ligand has been considerably
affected by the formation of coordination bond
with a lanthanum(III) ion.
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