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Synthesis and structural investigation on tridentate ligands 
possessing oxygen and nitrogen donor atoms 
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The d:ssocialmn cnnsldntq of 0-(N-fursn-2-acetylimino) henzoic acld (HFB) and o-(N-pyrro!c-2-metI~Ylim~no) 
knzolc acid (H,PB) and the stability constants, and theimodynamic parameters of .their chelates r l t h  La(lI1). 
CeiIIi). Pr(II1). Nd(llI), Sm(lII), Gd(lII), Tb(l1I). Dy(lII), Ho(lI1) and Er(ll1) have been deternrmed by 
Calvin-Bjerrum pH-tltiatlon technique as modilied by Irving and Rossotti. The stability constants 01 the metal 
cheiates mcrezse with decreasing ionic size of the LnRIIiions. Solid Ln(Il1l chelates are characterised bv moIecu!ar . . . . 
=ass measurements, clcmental analyses, magnetic moment, conductance, 'H nmr, electronic and ir spectral data 
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1. Introduction 

The complexes formed by Schiff bases containing nitrogen, oxygen and sulphur donor 
atoms have proved lo be promising analytical materials in the determination of some 
inner transition metalsi-'. With a view to extend these investigations and to understand 
more fully the nature of bonds involved in the chelates containing nitrogen and oxygen 
donor atoms, chelates of La(III), Ce(lIl), Pr(lII), Nd(III), Sm(III), Gd(IlI), Tb(lll), Dy(III), 
Ho(II1) and Er(II1) with the Schiff bases derived from anthranilic acid and 2-acetyl furan 
or 2-acetyl pyrrole have been synthesised and characterised by elemental analysis and 
spectroscopic techniques. The stability constants of the chelates have also been determined. 

2. Experimental 

2.1. Preparation of HFB and H,PB 

HFB and H,PB (fig. 1 )  were prepared by heating under reflux for 2-3 hours stoichiometric 
proportions of ethanolic solutions of anthranilic acid and 2-acetyl furan or 2-acetyl pyrrole. 
On cooling the contents in ice, a solid mass separated out which was crystallised from 
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0 
0-(N-phrrole-2-methyl-lmino) 
Benzolc add (H,PB). 

acetone to obtain HFB and H,PB (Yield 80-85%). mp 126°C (HFB), 108°C (H,PB). For 
HFBfw~nd:C,6S.5i:H.1.54:N,6.01;calcdfor(Cl,HllNO,):C,68.12;H,4.80;N.6.11% 
and for HI PB found: C, 68.1 1 ;  H. 1.93; N, 11.99; calcd for (Cl,Hl,O,N,): C, 68.42; 1-1, 5.26; 
K, 1?.28S,. 'H nmr, CDC!,;TMS, for HFB 6 (ppm): - 7.40 (Ar-H), - 6.29 (furan ring H), - 9.72 I--COOH), - 1.08 (H,C > C=N) and for H,PB G(ppm): - 7.15(Ar-H), - 6.38 
(>  NHt. - 10.03(-COON), - 1.32(H3C > C=N). 

The chrlates were synthesised by adding an excess of ethanolic solution of HFB or H,PB to 
an aqueoussoiution of Ln(II1) nitrate. After adjusting the pH of the solution to the optimum 
value (7.5. 9.OI the sohd chelate formed was filtered, washed and dried. 

Poteniiornetrk t~trations were carried out in accordance with Bjerrum's extension of Irving 
and Rossotd6 method in 30fi (v!v) dioxan-water medium (p = 0.01 M, 0.05 M and 0.1 M 
NaCIO,) at 25,35 and 45'C. and the pH values were corrected for partially aqueous media7. 

The metal in the complexes was determined by cornplexometric titrations with EDTA8. 
Analysis ior carbon, hydrogen and nitrogen were made by microaualyrical methods. 
Molecular mass was determined ebulliometrically In dioxan by Gallenkemp semimicro 
ebuliiometer. Conductance measurements were made on a Toshniwal conductivity bridge 
and magnetic measurements at room temperature were made on a Gouy magnetic balance9 
using Hg[Co(CNS),] as the calibrant. The ir spectra were recorded in nujol on a 
Perkin-Elmer spectrophotometer using KBr discs. The 'H nmr spectra were recorded in 
CDCI, T!dS using Hitachi, nmr spectrometer. 

3. Result and discrasion 

The log Ky of HFB was Iound to be 5.29 at 2S°C, 5.04 at 35°C and 4.81 at 45°C at p = 0.1 M, 
for W, PB the logK7 and 1ogK9 values found were 10.03 and 5.10 at 25"C, 9.76 and 4.96 
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at 35'C and 9.48 and 4.76 at 45T, respectively. These values indicate monoprotic nature 
of the HFB and biprotic nature of the H2PB. The dissociation constant values decrease 
with the rise in temperature and increase of ionic strength. 

Formation curves of metal-ligand systems were obtained by plotting E 's pL. The va!ues 
of the stability constants thus obtained were further refined by various computational 
methods; such as interpolation at various n' values, correction term, convergence formula 
and successive approximation, and the thermodynamic parameters are shown in Table I. 
The negative values of AG' and AH" in all the Ln(II1) chelates indicated spontaneity of 
chelation reaction. The positive values of AS" suggested that entropy term was favourable 
for complexation. 

The stab~lity of the metal chelates followed the order La(II1) < Ce(II1) < Pr(II1) < 
Nd(llI1 c Sm(II1) < Gd(I1II < Tb(II1) < Dy(I1l) c HotIII) c Er(I1I) In agreement with the 
Ianthanide contraction 

In terms of Harried's equation" the values of B (the temperature at which pKH was 
minimum). pK; (pKM at t =01 and pKH were calculated (Table I). The AH' values as 

Taw I 
Tbennod)namic parameters of hnthanon(1lI) chelntes of o-(3-fmnn-Zncetylimioa) bmzoic acid 
(HFB) and o-(N-pyrrolc2-me&ptimi~o) benzoie add (H,PB) st 25,35 and 45 C (p  = 0) 

Meld1 logK. SG iklnolc-'I AH AS 
ion - (kJmolaC') (Jmole-' K') 

15- 35 45" 25' 35" 45' at 35'C at 35°C 

Notes: In terns of Hsmnds equation, pKH, pKz and 0 at 35°C were ioud to b 5.M (14.72). 1.43 
(3.87) and 258.57 (465.72). 
Thc values in parenihcws are those of the H,PB chelates. 
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The ir spectra of HFB showed two strong absorption bands at 2590 and 1 6 1 5 ~ m - ~  
assignable to I-COOI-I and r > C=N, respectively. whereas H, PB showed three absorption 
bands at 2605, 1600 and 3315cm-' assignable to 11-COOH, v > C=N and v > NH, 
respectively. In the metal chelates, the 1 . 2  C=N was found lowered (- 15 -20cm-I) 
indicating its participation in coordination. 

The bands at 2590cm-'. 2M)Scm.-' and 3315cn1-' as observed in the ligands 
disappeared in the LnillI) chelates suggesting complexation through thecarboxylate oxygen 
and pyrrole ring nitrogen. v,,(COO-) (at 1605 and 1620cm-'1 and \,,,,(COO-] (at 
145-1460cm-'I as compared to 1475cm-' and 1485 cm- ' in the free ligands were 
observed in the spectra of the Ln(1II) chelates indicating the involvement of carboxylate 
group in coordination. 

In the spectra of Ln(Il1) chelates, three new bands in the far-infrared region at 525,490 
and 300 or  385 cm- ' were observed. which may be assigned to r M - 0  (furan ring oxygen), 
sM-X ipyrrole rlng nitrogen, and YM-O (carboxylate oxygen), respectively. 

To  subxantiate further the bonding In these chelates, 'H nmr spectra of the ligands and 
their Ln(II1) chelates were recorded in CDCL,.TMS. The chemical shift values (6, ppm) 
of differznt protons are given here. 

The signals due to -COOH proton of the ligands HFB and H,PB appeared a t  6 9.72 
and 9.95ppm but disappeared in the spectra of the corresponding Ln(lIl1 chelates. The 
multiplets due to aromatic protons at 7.40-7.48ppm remain unchanged in the chelates 
showing non-involvement of these protons in coordination. In metal chelates, the 
coordination of C-IN deshields the -CH, protons and hence !hey shift downlieid 
(.lo-20ppm). The multiplet due to furan ring protons at 66.29ppm remain unchanged. 
Further. in HZPB the singlet observed at 66.38ppm due to > N H  disappeared in the 
spxrra of its Ln(Il1I che!a!es. 

From the abovedata. the lanthanon (llli HFB and H, PB chelates are tentatively assigned 
nine and six coordinated structures, respectively. 
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