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Mo.o:+ species is quite common as explained by 
Cotton and Curt1s11• The feeble paramagnetism 
of complex [Mo 1 0 8 (PBzH) 11Br &] can be attnbuted 
to bulky volume of the bonded hgand molecule. In 

0 
this case, the angle of twist of Mo I "-Mo bond 
may be greater than n/4 due to bulky volume of the 
bromine which causes incomplete pairing of spins 
of Mo1 0t+ species11• 

Both mono- acd di-nuclear complexes display 
electronic reflectance bands at 13 330-14 300, 19 610· 
20 800 and 22 390-24 400 cm-1 attributable to 
1 B1-.1 E(I), 1 B1- 1 B1 and 1.B 1~1E(Il)+C-T 
transitions, respectively, similar to ligand field 
bands of octahedral molybdenum(V) com• 
plexes11-u. 

Ir spectra : From the studies of ir spectra of 
PBzH and its complexes with metal ions, the 
coordination of the ligand has been suggested from 
tertiary pyridine mtrogen of benzimidazole part115•18 • 

The N-H stretching mode of PBzH (3 249 cm-1 ) 

is shifted to lower frequency only by 5-30 cm-1 in 
complexes but raised to higher frequency in complex 
salt (PBzH)H1 [MoOC1 11] by 30 cm-1 suggesting that 
NH nitrogen ts not involved in coordination. The 
~'C•!Il of PBzH {I 638 cm-1 ) is shifted to lower 
frequency in complexes suggesting the coordination 
of ligand through tertiary pyridme nitrogen of ben
zimidazole partU. The pyridine ring breathing 
mode of vibration of ligand (996 cm-1 ) is raised to 
higher frequency (5-25 cm-1 ) which has been taken 
to be diagonostic of the coordinated pyridine 
nitrogen 111•18• 

The complexes (PBzH)H1[MoOX 15] and [\1oO
(P.BzH)X8] (X=Cl or Br) display strong and sharp 
'~'.Mo•O stretch at 990-975 cm-J. while the dmuclear 
complexes [Mo1 0 8(P.BzH) 1 X.] (X=Cl or Br) 
exhibit ~'Mo•O as strong and broad band at 
-965 cm-1. The observed order of wave number 
and nature of IIMo•O VIbration are in good agree
ment with ~'Ma-o occurrmg in oxomolybdenum(V) 
complexes containing MoOs+ and Mo.o~+ 
spectesn .u. Due to a number of Jigand vibrations 

0 
between 850 and 650 cm-1 the Mol "-Mo vibra
tiOn could not be located definitely (the region 800-
650 cm-1 is the range of VlbrationH,ll), In far
infrared reg1on, the hgand and its complexes display 
a number of bands between 600 and 400 cm-1 • The 
new it bands located at 370-300 cm-1 have been 
tentatively assigned to 11Mo-N and t'Mo-X in these 
complexes19• 
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OUR recent studies1- 8 on quaternary complex for· 
mation of lanthanide ions indicated that inspite 
of being high electropositive in nature, the 

lanthanides are capable of extending their coordina· 
tion sphere to acquire an unusual coordination 
number, greater than six. The present paper 
includes our extended studies on 1 : 1 : 1 : 1 Lnlll. 
NTA/EDTA/CDTA-SUA-PDA quaternary systems 
which have not yet been studied potentiometrically. 

Experimental 

Solutions of all the chemicals (A. R., B. D. H I 
E. Merck) were prepared in double-distiiJed water. 
Standard solutiOns of lanthanide nitrates were 
prepared and standardised"•15 • Solutions of di- and 
tri- potassium salts of NT A and EDT A/COT A, 
respectively, were prepared by dissolving their cal· 
culated amounts in the required volume of potas
sium hydroxide. The concentrations of these solu· 
tions were further checked potentiometrically 
against 0.1 M KOH solution. All other solutions 
were prepared by direct-weighing method. 

A Toshniwal CL46 digital pH meter with 
electrodes assembly was used and standardised 



NOTES 

against (0.05 M) potassium hydrogen phthalate solu
tion at 15± 1 •• The ionic strength (p. 0.1 M KN08 ) 

of the solution was maintained constant. The pH 
values were plotted against m (mole of base added 
per mole of metal ion or ligand) Fig. 1. 

11 II 10 

• 

' 
4 

10~------~----~~----~----~.----~, 
m -------+ 

Flg.1. System 1 : 1 : 1 : 1 Laiii-ODTA-SUA-PDA : (a) 
La(N01)a (0.025 M), (b) K 1 0DTA (0.025 M), (c) SUA 
(0.025 M), (d) PDA (0.025 M), (e) 1 : 1 Lalli (0.02 M)+ 
ODTA (0.025 M), (f) 1 : 1 Lalli (0.0;15 M) +SUA 
(0.025 M), (g) 1 : 1 Lain {0.025 M) + PDA (0.025 M), 
(h) 1: 1:1 Lain (0.025 M)+ODTA (0.025 M)+SU.A 
(0.025 M), (1) 1: 1 : 1 Lalli (0.025 M)+ODTA (0.0211 
M)+PDA (0.0211 M), (j) 1:1:1: 1 Lalli (0.025 M)+ 
ODTA (0.025 M)+SUA (0.025 M) -t-PDA (0 0211 M): 
inittal volume•IIO ml, KOH=0.1 M, T=theoretioal 
composite ourre, (-+)•appearance of precipitate. 

The ionisation constants (Table 1) of ligands 
were calculated by the method of Chabereck and 
Martell8 and the formation constants (Table 1) of 
the resulting quaternary species by the method of 
Ramamoorthy and Santappa". 

Results and Discussion 

A representative pH-titration curves for the 1 : 1, 
1 : 1 : 1 and 1 : 1 : 1 : 1 mixtures of Lnm, {NTA/ 

TABI,B 1-PB.OTON·LIGAND CONSTANTS AND FoRMATION 
OONSTAN'l'S OJ' MIII-NTA/EDTA/CDTA-BUA-PDA 

QUAR'l'BRNARY 00MPLBXJI:<; (M-La, Pr, Nd) 

Constant SUA PUA K 1 NTA K 1 EDTA K 1 0DTA 

9,96 

II.U 

log K=·NTA•SUA·PDA 

2.40 

•.eo 

log K: .. :a:DTA•SUA·PDA 

log lt:•CTDA.•SUA•PDA 

9.86 

La III 

15.611 

111.911 

16.18 

9.81 10.18 

Priii Ndlli 

111.'12 15.8' 

16.02 16.09 

1e.s• 1tU9 

EDTA/CDTA), SUA, PDA is shown in Fig. 1. An 
initial lowering in the buffer region right from 
beginning as compared to that exhibited by the 
curves representing binary and ternary systems 
followed by an inflection at m == 5, may be correlated 
to the simultaneous attachment of all the three 
ligands to the metal ion, .contributing one proton 
from K 1 NTA/K1 EDTA/K8 CDTA and two each 
from SUA and PDA forming 1 : 1 : 1 1 1, Lnm
(NTA/EDTA/CDTA)-SUA-PDA quaternary species 
in solution. 

The orders of tho formation constant (log 
KMLL'L") have been found to be Lam<Priil< 
Ndm for the lanthanide ions, and NTA<EDTA< 
COT A for tho aminopolycarboxylic acids, arising 
out of decreasing size and increasing ionic potential 
(charge/radius ratio) of the lanthanide ions with the 
increase of atomic number. The increased stability 
of CDTA in comparison to EDTA complexes (as 
both the ligands being hexadentate), is probably 
due to the extra-stabilisation caused by the presence 
of an aryl rfns in COT .A.. 
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