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ABSTRACY

Rare earth diiodosalicylates of the general formula, Ln(I1,8al) - xH,O, where x — S when
Ln = lLa, Ce, Pr, Nd; x — 4 when Ln = Sm, Ho, Yb and Y, and I,Sal = I,.C.H. (OH) COO-
have been prepared and characterised by chemical analyses, infrared, conductance and differeqtial
thermal analyses. The infrared data show that the bonding of the carboxylate grouyp to the

metal 1s bidentate.
coordinated to the metal in all the chelates.

INTRODUCTION

HE compounds of salicylic and substituted

salicylic acids with metals are of interest because
the salicvlate ion can attach itself to the metal in
a number of ways. A number of salicylates of the
rare earths has been synthesised in the pastl2
Although studies on a few compounds of rare earths
with substituted salicylic acids have been carried
out3:4, no studies have been reported on the prepara-
tion and characterisation of the rare earth com-
pounds of 3, 5-diiodosalicylic acid. A few salts
- of dnodosalicylic acid that have been prepared
have been shown to be of considerable biological
importance. Bismuth diiodosalicylate has been
used in antisyphilitic therapy3. The sodium salt
has been shown to possess antitoxic properties$, and
has been used for protection from hyperthyreosis?,
The copper complexes possess pronounced anti-
microbial properties8. The visible and ultraviolet
spectra of copper complexes®, as also the effect of
the lithium salt on the melting points of gelatinso
have been studied. The present paper deals with
the preparation, infrared, conductance and DTA
studies on the rare earth diiodosalicylates,

EXPERIMENTAL

Materials—Diiodosalicylic acid was recrystallised
from ethanol before use. Rare earth oxides, 99+9¢%
purity {(American Potash and Chemical Corporation,
US.A)), were treated with aqueous hydrochloric
acid and evaporated to dryness to obtain the
hydrated rare carth chiorides. Hydrated CeCl, was
prepared similarly by using cerium hydroxide.

Preparation of the Complexes~—~Dijodosalicylic
acid (2:5 g) was dissolved in ethanol and ethanolic
ammonia added drop by drop with stirring, when
the ammonium salt of the acid separated out. To
a warm aqucous solution of the ammonium salt was
added with stirring, an aqueous solution of the rare

carth ¢hloride (0.3 g oxide). The thick flocculent

The infrared and thermal studies reveal that one molecule of water is

precipitate which separated out was filtered, washed
with water, dried first in air and then over calcium
chioride under reduced pressure.

Analyses—The metal content of the compounds
was estimated by igniting a known weight of the
compound to the metal oxide. Carbon and hydrogen
m a few complexes were estimated by micro-
analytical methods by way of verification,

Physical Methods.—The infrared spectra, in Nujol
mull, were recorded with a Carl-Zeiss UR-10
automatic  spectrophotometer. The molar con-
ductance in acetone was determined by a Siemens
conductivity bridge, and the concentration of the
solutions was ¢q. 0:-001 M. The differential
thermograms were recorded on an automatic instru-
ment fitted with chromel-alumel thermocouples, and
using calcined alumina as the reference matenal.
The conductance and the infrared data are presented
in Table I and Table II respectively.

RESULTS AND DiIsCussioN

Analytical results of the compounds conform to
the general formula, Lo (1,Sal) . xH,O, where 1 =
when Ln = La, Ce, Pr, Nd and x = 4 when Ln = Sm,
Ho, Yb and Y. The compounds are quite stable
and arc unaffected in air. They are insoluble in
water, dimethyl formamide, dimethyl sulphowide
and non-polar solvents, bul are shghtly soluble in
cthanol, methanol and acctone.

Unlike the sodwm and ammomum  duodosab-
¢cvlates whch are soluble in water, all the rare earth
metals form insoluble  duodosalicylates,  This may
be due to an appreciable covalent chatacter of the
metal-carboaylate  bond, waler  being  unable o
sever  this bond.,  The covalency of the metals
carboaylate bond in these  compounds s futher
confirmed by their conductunce measurementx
acetone which show their won glectiolyte naturg 1N
thiy solvent,
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TaBLE 1

Analvtical and conductance data

il o —

Compound Fouu:éj Metﬂ!(ﬂa]c. Fou%;d 4 rbm(].‘alc. Fﬂ%ngi{ ydm%ﬂ?ﬂ. ]\f} l;?l{? 2;(12”?121??1&
La (I;Sal);. 5H,0 9-95 9-86 1820 1805 1-58 1-36 82
Ce (I,Sal);. 5H,O 993 10 -02 15 -4
Pr({,Sab),. 5H,0 9-98 1G -08 18 14 18 02 1-24 1-36 78
Nd (1.Sal}y. 3HO 10-18 10-30 13 -9
Sm (1.Sal),. 4H,0 10 -90 10 -81 18 -32 18 -13 I1-45 I-22 13 -9
Ho ([,Sal);. 4H;0O 11-80 11 76 8 -2
Yb (1.Sal);. 4H.0 12-23 12-26 17-92 17 -84 1:34 1-20 112
Y (1.Sal),. 4H,0 664 6-70 19-30 18 -98 i-56 128 9 -6

|

Nore~ Carbon and hydrogex have been estimated only for a few represeitative compounds.

TaABLE II
Infrared spectral dara

—

I,SalH La(l,Sal),. SH,O Na-Salt Assignments
3520 O-H stretch
3480 H,O stretch
3200 H.,O streich
1706 C= O stretch
1625 1620 1638 ring C-C stretch
1580
1558 1575 asym. COO- stretch
1445 1450 1450
1420 1430 1430 § riag C-C stretch
1400 1420
1370 1368 sym. COO~ stretch
1305 C-Q stretch (of
COOH)
1240
1230 1250 1270 C-Q stretch
{(phenolic Q)
88S O-H out-of-plane
be *ding {of COOH)
882 $81 C-H out-of-plane

bending

Note—The Lr. spectra of the other dilodosalicylates
are quite similar.

The ir. spectrum of diiodosalicylic acid has not
been so far reported in literature, Hence, the
frequency assignments for the ligand and the rare
earth compounds have been made on the basis of
the ir. data available for benzoic and salicylic
acids11 12,  Of the three possible internally hydrogen
bonded forms of salicylic acid, Tsuzuki et al1¥
have preferred the one where the phenolic group
forms a hydrogen bond with the carbonyl oxygen

atom of the cis-carbonyl structure, on ithe basis of
the observation of the bands for carbonyl, carboxylic
~-OH and phepolic ~OH goups at 1650 cm™,
3530 cm™1 and 3200 et respectively, in the i.r.
spectrum of sahicylic acid, In the present investiga-
tion, i.r. bands have been observed for diiodo-
salicylic acid at 1706 cm™l and 3520 cm™l attri-
buted to the carbonyl and carboxyl —-OH streiching
vibrations, and another somewhat broadened band
m the region 3080-3200cm™} atirtbuted to the
phenolic —OH group. Hence, 1t can be inferred
that diiodosalicylic acid also exists in an internally
bonded form which is simmlar to the one present
in salicylic acid, :

The two bands at 1706 cm™! and 1310 cm™?
which are due 1o » C=0 and » C—O of the carboxyl
group of the ligand are absent in the rare earth com-
pounds. The rare earth compounds show bands at
~ 1560 cm™1 and ~ 1370 cm~1 which can be attributed,
respectively, to the asymmetric » CQO~ and symmetric
v CQOQO- wvibrational frequenc.es of the carboxylate
group. The corresponding bands for the sodim salt
are observed at 1575 c¢m? and 1368 cm™1, respec-

'tivja]y. Thus the difference between the 1wo » COO-

frequencies (A ») is less in the rare earth com-
pounds than in the sodium salt, This shows that,
in the compounds investigated, the bonding of the
carboxylate ﬁrauP to the metal 1s not monodentate ;
if it were so the frequency separation, A v, would
he more than that in the sodium salt, In the case
of a bidentate mode of coordination there are two
factors influencing the symmetric and asymmetric
carboxylate frequencies. Due to the bidentate mode
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of coordination of the carboxylate group to the
metal, there is a decrease of both the COO- strefch-
ing frequencies, as compared to the corresponding
value for the sodium salt, due to the dramnage of
the electron density from the carboxylate group
to the metal. But at the same time the O-C-O
angle is decreased due to an increase m the metal-
oxygen bond strength. This decrease in the O-C-O
angle results in a decrease 1n the frequency separa-
tion, A #1416, These two factors have a umdirec-
tional effect on the asymmetric » COO- frequency
and an opposite effect on the symmetric » COO-
frequency. Hence, when the bonding of the car-
boxylate group is bidentate, the asymmetric
frequency decreases and the symmetric frequency
shows only small shifts, thus making, A », less
than that in the sodium salt. Thus the bonding
of the carboxylate group, in the compounds investi-
cated, must be bidentate, as A » has been found to
be less in these compounds than in the sodium salt.
However, in the present chelates, the shift of the
asymmetric frequency is less than the corresponding
shift in the rare earth salicylates2, suggesting that
the metal-carboxylate bond has more jonic character
in the former than in the latter.

The —COOH group gives bands at 3520 cm™1 (s)
and 2600 cm™! (w) due to the -OH stretching
vibrations and another broad band at 885 cm™ due
to the —QH out-of-plane vibration. These bands

are absent in the chelates,

The rare earth chelates show bands in the 3000-
3600 cm™! region due to the stretching modes of
water molecules. The bands in this region can be
assigned to the lattice water (~ 3475cm™) and
to the coordinated water (~ 3,200 cm™1),

Differential thermograms were obtained for La,
Nd and Sm diiodosalicylates. They show similar
behaviour for the three compounds studied and the
same behaviour can be expected for the other rare
earth compounds as well. An endotherm in the
region 70-100° C shows the removal of water.
Heating of the samples at 100° C for 4-5 hours
showed that four water molecules were removed

Diiodosalicylates of the Rare Earths D

in the case of La, Ce, Pr and Nd chelates, and
three water molecules in the case of the Sm, Ho,
Yb and Y chelates. Thus one molecule of water
1§ coordinated in all the chelates, the rest of them
being only lattice held. There is no endotherm
in the d-ffcrential thermograms showing the removal
of the c¢oordinated water. The removal of the
coord nated water js probably accompanied by the
decomposition of the compound which gives a
strong and broad exotherm centered around 300° C.
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