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ABSTRACT

2, 4-Lutidine-1-oxide (2, 4-LutQ) complexes of lanthanide nitrates of the formulae Ln (NQ3),
(2, 4-LutQ)4 where Ln = La and Pr, Ndz (NOj)e (2, 4-LutO), and Ln (NO3)s (2, 4-LutO); where
ILn=Tb, Dy and Yb and LnCl3 (2, 4-LutO); where Ln = La, Pr, Nd, Tb, Dy and Yb, have
been prepared and characterised by chemical analysis, IR, NMR, and conductance data. IR data
indicate both mono and bidentate nitrate groups In the complexes of La and Pr-nitrates and only
bidentate nitrate groups in the other lanthanide nitrate complexes. Proton NMR data along with
the IR data show that the ligand coordinates to the metal through the oxygen. Conductance data
of the complexes in acetonitrile suggest that all the anions are coordinated to the metal.

1. INTRODUCTICN

Z-METHYL pyridine-1-oxide  (2-PicO} and 2,6-
dimethyl pyridine-l-oxide (2,6-LutO) complexes
of lanthanide nitrates have the same metal to Iligand
ratio, indicating that the steric effect due to the methyl
groups at 2, and 2 : 6 positions of the pyridine-1-oxide,
respectively is the samel:2. However, the steric
effect is less in the 2-PicO complexes compared to
2 6-LutO complexes of the lanthamide chlorides4.
In this paper we report the complexes of 2,4-dimethyl-
pyridine-1-oxide (2,4-LutO) with lanthanide nitrates
and chlorides. The complexes have been characterised
by analytical, IR, NMR and conductance data and the
results have been compared with those of the corres-
ponding complexes of 2-PicO and 2, 6-LutO.

2. EXPERIMENTAL
2.1. Materials

2, 4-Lutidine was obtained from Aldrich Chemical
Co., U.S.A. Lanthanide oxides 99-9% pure, were
obtained from Indian Rare Earths Ltd., Kerala State.
All other chemicals used were of reagent grade.
Solvents were purified by standard methods.

2.2. Preparation of the ligand 2, 4-LutO |
The ligand prepared according to the method given
by Ochiai5, by the N-oxidation of 2, 4-Lutidine, was
purified by distillation under reduced pressure (110°/
1 mm Hg).
2.3.  Preparation of the hydrated lanthanide  salts
The hydrated lanthanide nitrates were prepared by
dissolving the corresponding oxides in dilute nrric
acid and evaporating the solution on a stcam bath.
Hydrated fanthanide chlorides were prepared similarly,
ysing hydrochloric acid.
2.4, (a) Preparation of the lanthauide nitrate conplees
Hydraied lanthanide nitrate (0-6 mM) was mined
with excess heand (3-6 mM) folloned by the additinn
of acetone (2-3 ml) and heated on a steam bath with
Jirring, to get a clear solution.  On heating  the
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solution, with stirring, on the steam bath, a solid was
formed, which was stirred wth benzene (10 ml),
filtered, washed with benzene dried and preseived
over phosphorus (V) oxide in a vacuum desiccator.

(b) Preparation of lanthanide chloride complexes

06 mM of the hydrated lanthanide chloride was
mixed with 3-6 mM of the ligand and heated on the
stcam  bath, with stirring. The salt dissolved first
and on continuous heating and stirring, a solid complex
formed which was stirred with about 10 ml of benzene,
filtered, washed with benzene, dricd and preserved
over phosphorus (V) oxide in a vacoum desiccator.

2:5. Analyses

The metal content of the complexes was estimated
by EDTA litrations using xylenol orange as the indj-
cator®., The nitrate and the chioride were estimated
by the nitron-nitrate method? and Volhard’s method
respectively. The ligand 24-LutO was estimated
specirophotometrically at 254 nm, wsing the calibm-
tion curve method. The anaiytical data are presented
in Table T,

2-0. Physical Methody

The 1R spectra of the complexes of lanthanide
nitrates In nujol mulls, of the lanthanide chloride
complexes in KBr pellets and of the higand (neat) were
recorded on a Carl-Zeixs-UR-10  Infrared  spegtros
photometer, The principal IR biands and their
tentative assignments are given in Table I,

Proton NMR spectra of  the complenes and the
ligand were recorded on a Varan T-00 instriment
using CDCy as the sobvent amd TMS Us the intemal
standard (Table D

Conductance  mweaswrements 1 aevlomtole were
carvied out i a Seowan’y conductinity tridee using an
imaetsion eelt (ype 1T, cabtvared with standary)
KO solution, The concenttations of the solutions
used were of the ander of 0001 M (Table ),

1. RisuvLas ash THSCUssion

Roth the aittate and the eblotide compleves ure
hygroscopic and are soluble in chloroform and aeeto-
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TaBLE I
Analytical and Aolar Conductance Dara
°s Metal %e Ligand °%4 Anion
Complenes - ~ - — - — Molar Conductance
Found  Calculated Found Calculated Found Calculated  in acetomtrile at
237 C ohms1
cm? g moleg 4
La (NOs) {LutO)y 1708 1701 62-43 60- 37 2274 2277 57-35
Pr (NO;); (LutO)q 1736 17-20 59-78 60-08 22-69 22-72 8565
Nds (NO) (LutO), 18-65 18-97 5562 56-68 24-62 24-44 54-93
Tb (NO: s (Lut0)y  22-17 2223 52-37 51-69 2608 25-72 6712
Dy (NO3); (LutO); 22-46 22-51 52-04 5142 38-135
Yb (NO3); (LutO)s 2337 23-76 51-06 5069 . . 39-64
LaCl; {LutO); 16-09 16-15 70-08 71-47 12-24 12-38 34-98
PrCl; (LutQO); 16-56 16-33 69-52 71-31 12:13 12-35 4906
NACi; (LutO), 16-88 16-66 70-81 7104 12-03 12-30 812
TbCls (LutO), 18-28 18-05 72-33 6985 119 12-1 5262
DyCly (LutO), 18-67 18-4 72-14 69-56 11-96 12-05 35-14
YbCTy (LutO), 19-34 19-34 69-12 68-77 {i-59 {1-91 26-47
TasLe I
LR Spectra of 2, 4-LurQ complexes of lanthanide nitrates in ntjol null
2, 4-LutO* La Pr Nd Tb Dy Yb Assigament
§1245vs 1240 vs 1240 vs 1235vs 1235 v8 1235 vs 1230vs  N-O stretching
830 s 830 s 8325 830 s 830s 830 s 830s N-Q bending
800 s {10 810s 8105 810s 810s 810s C-H out-of-plane
1758 vw } 1758 vw |
1780 vw 1785vw | 1770 vw 1780 vw 1780 vw §/85vw  va(Aq) + v (By)
Nitrate
1740 vw 1745 vw 1745 vw 1745 w 1742 vw 1748 w vo (Ay) <+ v, (B)
Nitrate
10453 m 1050s 1050 5 1033 s 1035 s 1038 5 1040 5 »2 (A1) Nitrate -
Ligand
1343 s 1345 s 1315s 1315s br 1315s br 1325 s br v4(B;) Nitrate
8§25 s §25s 8§20's 820 s 820's £2Q s vy (B1} Nitrate
740 s 740 g 740 m 745 m 7458 745 s 745 s vy (A1) Nitrate |
Ligand
715 vw 710 vw 708 yW 710 vw 710w 710w v, (By) Nitrate
LR Spectig of 2, 4-LinO complexes of lamhanide cllorides in KBy pellets
§1245 vs 1235 vs 1235 vs 1235 vs 1230 s 1230s 1235 s N-O stretching
830 s 830w 330w 830 w 833 br 830 w 830 w N-0O bending
800 s 808 s 808 s 808 s 800 m 8105 §10s C-H-out-of-plane
1485 vs 1480 s 1480s 1480s 1 1490 s 1490 s br 1480s 1
1490 5 1495 s 14955 f 1495s §  Ring breathing

— — - T e, ey g

* Ligand = neat,
vs == yery strong, s == strang, w = weak, vw = very weak, nl = medium, br == broad.
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TapLe 111
Proton NMR Speceral Data

— - T— w - Pl

Compound (6-H) (3, 5-H) 2-CHj; 4-CH,

La (NQ3)3 (LutO)4 1-75 3-Q2 7-43 7-69

Pr (NQO3)3; (LutO)4 —0-13 0-8 (3G-H) } 5.1 65
1-14 (5-H)

Nd; (NO3)s LutO), ~3.56 124 (3-H) 1 6-04 674
1-64 (5-H) J

Yb (NO3)3 (LutO)s3 1-63 4-55 (3-H) 8-03 R-62
4-9% (5-H)

LaCl; (LutO), 1:20 7-35 7.65

PrCl; (LutO), 0-34 -0 18 (3-1) } 5-42 617

1-85 (5-H)

NACl3 (LutO)s 0-Q 1-67 3-H) } 6:87 (2 and 4 CH,)
2:3 (5-H)

YbCls (LutO)s 665 5-084 8-35 (2 and 4 CH,)

- S s S ——

Spectra of 2, 4-LutQ and its compiexes were obtained in CD();.
Chemical shifts are given in 1.

TMS was used as the internal reference.

nitrile. They are insoluble in benzene and carbon
tetrachloride The colours of the complexes resemble
those of the parent salts but appear to be less intense.

Analytical data show that the complexes of lantha-
nide nitrates have the formulae Ln (NQ3); (2, 4-LutQ),
where Ln =La and Pr, Nd, (NO3) (2, 4-LutO),,
and Ln (NO;3); (2, 4-LutO); where Ln= Tb, Dy and
Y¥b. The corresponding complexes of lanthanide
chlorides have the formula LnCls (2, 4-LutQ); where
In=La, Pr, Nd, Tb, Dy and Yb. The ligand to
metal ratio in the heavier lanthanide nitrate compiexes
ts the same as in the corresponding complexes of 2-
PicO and 2, 6-LutOQ'2,

Molar conductance data in acetonitrile indicate
that all the complexes behave as noneclectrolytes m
this solvent®, suggesting thereby that all the anions
arc coordinated to the metal.

The IR specira of the complexes of the lanthanide
nitrates show that the N-Q streiching vibration of [he
lipand occurring at 1245 cm! is shifted to 1240 ¢m |
in the La and Pr-complexes and to 1230-35cem !t
in the comnlexcs of Nd, Th, Dy and Yb, The ohull
10 lower frequencies indicates the coordination of the
Yigand through the oxygen of NW-O grovp., The
Av,.o (5-15 cm=1) in these complexes being less than
that observed for the corresponding 2-PicQ (2033
cm~!) and 2,6-LutQ  (21-30 cm™?) complexes with
lanthanide nitratesh?, sugpests a weaker metal-ligand
bond. The shift of the C-H out of plane vibration

[—
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'

of the ligand at 800 cm™ to 810 em=! in all the com-
plexes is indicative of the drainage of electron density
from the pyridine ring to the metal ion. The narre
of binding of the nitrate groups to the metal can be
predicted by examining the combination bapds in
the 1700-1800 ecm~! region of tke IR spectrums—13.
There are three combinalion bands in the spectra of
the complexes of La (1740, 1758 and 1780 cme1) and
Pr (1745, 1758 and 1785 cm1) nitrates, showing thereby
the presence of both mono and bidenatate pitrate
groups!4. The spectra of the complees of Nd, Th, Dy
and Yb nitrates containing only two combination
bands with a scparation of 28-38 cm™! which liey
in the range (29-54 cm™1) reported for bidentate nitrate
groups! =13 reveals bidentate bonding of the nitrate
groups in these compleaes,

The IR spectra of lanthanide chloride compleves
resemble  closely. The Av (10 1Scov 1Y which s
tess than that found in the corresponding compleves S
of 2P0 (1723¢em 1) and 2, 6Lt {I8-23cm-t)
paints (o a weaker metalligand bond, However the
Ary-, value for the chlotide complones being more
than that for the corresponding nitrate complenes
of 2, 4-LwQG, supsests a stronger metaldigand bond
in the chloride c¢omplexes. This may be attributed
to a better donor property of the nitrate group compared
to that of the chloride, The C-H out-of-plane vibra-
tivn of the hgznd shifts to a higher wive number by
10cm-f as in the case of the nitrate mmphwa
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The proton NMR spectra of the diamagnetic com-
plenes are sharp and well resolved. The doublet
occurning at 1:94r in the free ligand corresponds to
the 6H signal, while that at 3-04t is due to the 3-H
and 5-H and those at 7-57¢ and 7-721 to 2-methyl
and 4-methyl proton signals respectively., A signi-
ficant shift of the aromatic proton signals of the ligand
arises from a deshielding of the protons due to the
drainage of the electron density from the ligand to
the metal, on coordination. The down field shift
of the 6~H signal of the ligand in the lanthanum nitrate
complex is less than that in the complex of lanthanum
chloride. This may be due to a greater metal ion-
oxygen nteraction, in agreement with the IR data, in
the chloride complex, and a weaker metal ion-oxygen
interaction and/or an interaction of 6-H with the
coordinated nitrate groups!S:1¢ in the nitrate complex.
The isotropic shifts for the Pr, Nd and Yb, complexes
show that both contact and pseudocontact inter-
actions are operative as is generally observed for para-
magnetic lanthanide complexes!®18, The 2 and 4-
methyl proton signals of the ligand merge in the NMR
spectrum of NdIII) and Yb(III) chloride complexes.
Tb(lI) and Dy(1lI}) nitrate and chloride complexes
show very much broadened signals whose positions
could not be measured accurately. The 3-H and 5-H
signal of the ligand splits into two in the case of Yb
(I1I) nitrate, Pr(IIl) and Nd4{1I) (both nitrate and
chloride) complexes. In the cases of Pr(Ill), Nd
(1) and YDb(III) complexes, for which the position
of the signals could be measured, the assignments of
3-H and 5-H have been made as per the data given
for 2-PicO complexes of lanthanide iodidest®. The
broadening of the 5-H signal c¢compared to that of
3-H in Pr(IIl) complexes is indicative of the proxi-
mity of the 5-H of the ligand to the metal ion. The
broadening of the 6-H signal in all the paramagnetic
complexes is due to the relaxation effects.

4. BONDING AND COORDINATION INUMBER

The proton NMR data along with the IR data for
the complexes of lanthanide nitrates and chiorides indi-
cate the coordination of the ligand through the oxygen
of the N-O group and a weaker metal-ligand bond
in the complexes of lanthanide nitrates compared to
that in the chloride complexes.

The non-electrolytic behaviour of the La and Pr
nitrate complexes in acetonitrile, in conjunction with
the IR data for the nitrate groups suggest a coordi-
nation number of 8 or 9 for the lanthanide ions accord-
ing to whether one or two nitrate groups are bidentate,
In the NdA(III) nitrate complex the formula being.
Nd; (NO3}e (2, 4-LutQ),, the IR data indicating only
bidentate nitrate groups and in view of the non-
electrolytic behaviour of the complex in acetonitrile, a
tentative coordination number of 10 has been assigned,
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involving an oxygen bridging of 2,4-LutQ hgand-
For the other complexes the conductivity data along
with the JR data suggest a coordination number of
9 in consonance with that found in the 2-picO and
2, 6-LutO complexes of lanthanide nitrates!s2.

The IR data of the lanthanide chlonde complexes
along with the non-electrolytic behaviour of the com-
plexes in acetonitrile, suggest a coordinpation number
of 8 for the lanthanide ions in these complexes, which
is i ling with that found for the corresponding
complexes of 2-PicOQ+.
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