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Studies on Complexes of Rare Earths with
Furchydroxamic Acid
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The complexes of Pr(11I), Eu(Ill), Gd(1l), Dy(IlI) and Yb(III)
with furohydroxamic acid (FHA) have been characterised by ele-
mental analysis, magnetic susceptibility measurements, IR and elec-
tronic spectral studies. The IR spectra suggest bidentate behaviour
of the furohydroxamic acid. A coordination number seven is pro-
posed around the metal ions with capped octahedron geometry of
the complexes.
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INTRODUCTION

The hydroxamic acids which find extensive uses in analytical chemistry,
pharmaceutical and biological activities'™ are potential bidentate ligands having
complexing sites at hydroxyl and carbonyl groups and thus can give rise to
complexes of varied coordination number depending upon the amount of acid
used®. The chemistry of coordination number of the rare earth ions makes it
interesting to study the nature of the rare earth-hydroxamate bond in the
complexes with different types of simple and substituted hydroxamic acids®™.
Thus in the present work, we report the synthesis and physico-chemical properties
of rare earth complexes of furohydroxamic acid .

EXPERIMENTAL

Furohydroxamic acid (FHA) was prepared by the reported method®. All
reagents used were of AR grade.

Preparation of Metal Complexes

10 mL alcoholic solution of FHA (0.01 M, 25 mL) was added to 10 mL aqueous
solution of metal acetate (0.005 M, 25 mL) in a round bottom flask. The solution
was stirred for 10 min and refluxed on a water bath for ca. 3 h, 2 mL ammonia
solution was slowly added to this solution and again refluxed for 1 h. After this the
hot solution was filtered and the filtrate was kept at room temperature for crystalli-
zation. The crystals were obtained after 24 h, which were washed with water,
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alcohol and followed by ether. Finally the crystals were dried over P,Os in a vacuum
desiccator.

Lanthanides(III) were determined gravimetrically or volumetrically by adopt-
ing standard methods®. The rare earth metal complexes were estimated by igniting
them so that their oxides were formed. After dissolving the oxides in 50% HCI,
titrated with EDTA using xylenol as indicator. The elemental analyses of carbon,
hydrogen and nitrogen were done on CHN microanalyzer. Infrared spectra of
metal complexes were recorded in KBr on Perkin-Elmer 577 spectrophotometer
in the region ¢a.4000-200 cm™', were recorded at the RSIC, CDRI, Lucknow.
Magnetic susceptibility measuremnts of the synthesized complexes were carried
out at room temperature on EG&G Model 155 VSM (vibrating sample magne-
tometer) at RSIC, IIT, Chennai. The electronic spectra of the complexes in
solution (H,O/DMF) were recorded on Systronics-106 at room temperture at the
Department of Chemistry, R.B.S. College, Agra.

RESULTS AND DISCUSSION

The analytical results, melting points, colour and magnetic moments of the
complexes are presented in Table-1.

The magnetic moments of the new complexes are found to be indicative of
paramagnetic nature. The magnetic moment data of lanthanide(III) complexes are
givenin Table- 1.

In electronic spectra of lanthanide(III) complexes, the value of nephelauxetic
parameter (B) has been determined by the method of Jorgenson er al.!% ! using the
relation.
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Honrie and Choppin'? bonding parameter (b"%), the nephelauxetic ratio (B)'?,
angular covalency and Sinha’s covalency parameter () and (8%) have been
calculated by using the following equations:
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The electronic spectra have been recorded in DMF. In the present study of
complexes, the value of 8 is found to be less than unity while the values of 8% and
b'’2 are found to be positive, thus indicating that the nature of metal-ligand bond is
purely covalent. The values of different parameters such as B, 8%, b'’ and 1 are
presented in Table-2. The spectra of Pr(III), Dy(IIT) and Eu(III) show red shift in the
electronic spectral bands in comparison to the aqua metal ions. The complexes of
Gd(IIT) and Yb(III) have no significant absorption.
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TABLE-2
ELECTRONIC SPECTRAL DATA AND VARIOUS LIGAND FIELD PARAMETERS FOR
THE Pr(IlI), Eu(IIl) AND Dy(1ll) COMPLEXES

B?n.d Band position . 1n
position . Assignments B b 8% n
(standard) (in complex)
Pr(CsHsNO3)2(CH3CO0)3
16949 16129 SMs>'Dy 09516  0.1550 5.086 0.025
20833 20000 Py 09600  0.1414 4.166 0.020
22472 21739 P, 09695  0.1234 3.145 0.016
Eu(CsHsNO3)2(CH3COO)3
21500 20833 SfooD2 09690  0.1245  3.1992 00158
Dy(CsHsNO3)2(CH3COO)3
12345 12391 ®Hisn—S%sn 09925 00612 07549  0.0037
—_ 26810 —4Mi92 — - — —
27855 — —4lup — — — _
3344 — —4H;32 — — —_ —_
TABLE-3

INFRARED SPECTRAL DATA (cm™") OF LANTHANIDE COMPLEXES

Bands assignments
Complexes
VWWN—OH) v(C=0) WvC—N) Vv(N—O) v(Ln—0)
Pr(CsHsNO),(CH3COO0)3 —_ 1593b 1402b 1017m 480w
Eu(CsHsNO3),(CH3CO0)3 —_ 1594s 1366s 1076b 465w
Gd(CsHsNO3),(CH3C00)3 — 1592s 1369s 1016m 470m
Dy(CsHsNO3),(CH3;C00)3 — 1589b 1410b 1016s 455s
Yb(CsHsNO3),(CH3;CO0); —_ 1599b 1408b 1017s 480s

Important IR frequencies are given in Table-3. Band observed at ca. 3155
cm™ may be assigned to v(N—OH)'* group in the ligand. These frequencies in
the spectra of complexes disappear. The strong band at ca. 1595 cm™ in the ligand
is attributed to v(C==0) shifted to lower frequencies in the complex at 1560
cm™!, suggesting coordination through keto group'*. The strong band at ca. 1361
cm™ in the ligand is attributed to v(C—N) shifted to higher frequencies ca. 1420
cm™ on complexation, indicating that coordination of hydroxamic acid occurs
through oxygen of C==0 group. A medium band due to N—O stretching vibration
ca. 904 cm™ in the ligand gets shifted to higher frequencies ca. 1020 cm™ on
complexation. The new band which appeared in the spectra of complex at
480-450 cm™ indicates the presence of v(Ln—O) bonds. The IR spectra of
complexes confirm that FHA acts as a bidentate ligand coordinating through two
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hydroxyl and two carbonyl oxygen. Based on the results a tentative structure may
be proposed for these seven coordinated complexes of lanthanides.
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