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ABSTRACT
Rare earth complexes of kojic acid of the general composition [Ln(CiHxO,)(H,0),]

(where Ln represents Dy*3, Ho™8 and Y*3) have been studied.

L

These complexes have been

1solated and characterised by analyses, conductomettic, amperometric, magnetic and LR. spectral

studies.

Composition and LR. spectra of the complexes show that kojic acid is acting as a

bidentate ligand and the two water molecules are also present in the coordination sphere.

EXPERIMENTAL
Materials and Methods

THE measurement of conductance and i.r., spectra

of the samples were made as reported earlierl.
Kojc acid was of BDH (AR) quality. Solvents
were reagent grade and were purified and dried
before use.

A Toshmiwal manual polarograph (CLO-2) with
Pye scalamp galvanometer in the external circuit,
was employed for carrying out amperometric titra-
tions. The polarographic cell was kept .immersed
In a water thermostat maintained at 30 == 0-1° C.

susceptibtlities were determined by Gouy’s method,
using copper sulphate pentahydrate as a calibrant.
The rare earths (Dy, Ho and Y) were estimated
as their oxides by direct combustion of the com-
plexes. To make an actual estimate of water mole-
cules bound per chelate, larger quantities of the
compounds (0-4 g) were heated around 120° to
constant weight. The percentage loss in weight
was assumed to correspond to the number of water
molccules. The microanalyses for carbon and
hydrogen were carried out at the LLT. Kanpur.
The analytical data are given in Table I, other
physical properties are summarised in Table IL.

TaBLE |
Analytical data

Carbon Hydrogen Metal Water
Complex (Ya) (73 W) (%)
[ Dy(CH;0 ,): (H,0):] Caled. : 34-78 3-05 2614 5-79
Found: 34-76 3:01 26- 21 5-35
[Ho (CcH;0,); (H,0):] Calcd. 34- 64 304 26-43 5.76
Found: 34-20 3-05 26-33 580
[Y (CsH;0,4); (H:0):] Caled. : 39-43 3-47 16-22 657
Found: 39-49 3-09 16-19 610
TABLE 11
Physical properties
Molar Conductance
Complex Colour Yield Dec. £2 — 1 em® mole!
(%) temip., (1003 M Nitromcthane)® €
[Dy (C¢H,0,): (H.O).] Cream ~50 260--290 23 (non- clectrolvte)
[Ho (CeH .O4); (F1.0).] White ~60 270-295 29 do.
{Y (CilI;04)s (11.0).] Ycllow ~65 250-295 25 do.
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Fischer capillary with a drop time of 3:4 sec was
used for the dropping mercury clectrode.  Purified
hydrogen was  used for  deacration,  Magnetic

kel m—— s

Preparation of the Complexes.—A general method
ecmployed for the preparation of rare earth com-
plenes of kojic acid iy deseribed here,
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Agueous solutions of kojic acid (0-02 M) and
lanthanide acctate (002 M) in the molar ratio 4 : 1
were mived.  The solutions were kept stirred by
scratching the wall of the container; crystalline
precipitates began to form in case of Ho'3, whereas
in the case of Dy ¥ and Y3 the precipitates were
cbtained after the concentration of the reaction
miature on a water-bath. The reaction mixtures.
after hecping for about 2 hours at room tempera-
ture. were filtered and washed successively with
water, ethanol and ether. The compounds were
dried in vacuum.

Complexes of Dysprosinm, Holmium and Yittrium with Kojic Acid
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ion has often been observed2. The magnetic
moments observed for the kojates of dysprosiuni
and holmium are 10-44 B.M. and 10-15 B.M.
respectively which are in fair agreement with those
reported for typical lanthanide sulphates3.
Infrared Studies—The assignments of various
bands of kojic acid and its complexes are presented in
Table TII. The presence of several absorption peaks
in the region 2400-3000 cm™! in all the rare earth
complexes show that hydrogen bonding is present
in these complexes. Murakami et al.t have also
observed the presence of hydrogen bonding in transi-
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Results and Discussion

Analytical results show 1:3 metal to ligand
stoichiometry 1n all cases. All the rare earth
complexes behave as non-electrolytes as revealed
by their molar conductance measurements in
nitrometnane (Table I1).

Amperometric Titrations~——Amperometric titra-
tions, both direct and reverse, were carried out
using 2 M potassium nitrate as supporting electrolyte
and 0-29% pgelatine as the maximum SUpPpPressor,
at an applied potential of 1-2 V (metal) and 0-95V
(ligand) respectively. The results of these titra-
tions also prove the existence of 1:3 complex in
all these systems.

Magnetic Measurements——The f electrons of the
lanthanide ions are shielded from the perturbing
effect of ligand by the outerlying s and p electrons.
Therefore, a behaviour similar to the free gaseous

tion metal complexes and have proposed the follow-
ing four resonating structures (I-IV) for kojic acid.
The absorption bands at 1680 cm™! and 1620 ¢m-1
in the spectra of the kojic acid have been assigned to
the non-hydrogen bonded (structure V) and hydro-
gen-bonded (structure IV) carbonyl hydrogen modes,
respectively. When kojic acid forms a complex
with a rare e¢arth ion (as is illustrated by structure
V1), the former mode disappears and the latter
shifts to lower frequencies.

The other significant bands, appearing at
1585¢m™ and 1575cm™ in the free kojic acid
which are due to stretching modes of C = C vibra-
tions, also shift to lower frequencies through the
formation of metal coordinate bonds. Thus, the
shifts of both C=0 and C=C bands to lower fre-
quencies in the spectra of all the rare earth com-
plexes seem to indicate that the contribution of
resonance structures 1I, TI1 and 1V. in which a
hydrogen atom is replaced by a metal ion, becomes
greater as metal coordinate bonds are formed. The
resonance interaction involving structures 11, Y1
and IV tends to delocalize olefinic and carbonyl
7 electrons over both «v-pyrone and chelate rings,
thereby decreasing the double bond character of
clefinic and carbonyl bonds.

Further evidence for the presence of a metal-
oxygen bond in the complexes may be considered
due to the disappearance of stretching and deforma-
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Significant peaks in the infrared spectra of lanthanide kojates (cm™1)

——
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Koji: Asid Dy (III)-Kojate Ho (III)- Kojate Y (III)-Kgojate Assigniment
- - e e e e~ ot et g =P~ mgermemmarr. - SS—
3715-3725 (sh) v (OH) of Phenol.
3300-3400 (sb) 3300-3360 (sb) 3245-3445 (sh) v (CH) of H,0.
3,100 (m sh) 3,100 (m sh) 3,150 (m sh)
2,930 (w) 2,940 (w) 3,080 (w sh)
2,470 (w) 2,480 (w) 2,490 (w) v (OH) H-bonded.
1,680 (s) 1,690-1,620 (s) 1615-1630 (s) 1,620-1635 (s)
;620 {s) 1570-1590 (sb)s 1570-15935 (sb)¢ 1580-1670 (sb)? v (C=0) of Ketone.
1,535 (s) 1,530 (w) 1,515-1,540 (w) 1,525-1,550C (b)
1,575 (m sh) 1,520 (w) 1,480 (s) 1,475 (w) v (C=C)
1,510 (w)
1,381 (m)
1,340(s) 3 (OH) of Phenol.
1,025 (m) 1,000 (w) 970 (m)
9%0 {m) 970 (m) 945 (m) or (H,0) Coordi-
nated water.
860 (s) 860 (s) 885 (s) 885 (s)
770 (s) 800 (s) 825 (s) 820 (s) v (C—H) out of plane.
750 (W) 775 (W) 775 (w sh) éw (H,0) Coordi-
nated water.
390 (m) 390 (m) 400 (m) vy (M-0)

— —

s, strong; w, weak; Sh, shoulder; b, broad; 3r, rocking; 3w, wagging.
® broadness of the band may be due to ovetlapping of 8 (I1.0) of coordinated water.

tion OH of phenolic group on complexation. A 2.
weak absorption band around 400 cm™1 has also
been observed in the spectra of all complexes which

Cotton, F. A. and Wilkinson, G., Advanced
Inorganic Chemisiry, 2nd Edn., Interscience,
N.Y., 1957, p. 1056.

m2y be dus to M-(o) stretching vibrations. 3. Figgs, B. N. and Lewis, J., Technigues of
Inoreani Cl STryY, ' Y.
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