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Polarography between Nd(III) and crotonic acid (CA) + acrylic acid
(AA) at pH 2.50 = 0.02 and 25 = 1°C has been used to study complexes.
The methods of DeFord and Hume and of Schapp and McMaster have been
successfully applied to determine the formation constants of binary and
ternary complexes. [Nd(CA)(AA)]* and [Nd(CA)2(AA)] mixed complexes
with formation constants values of log f11 =6.02 and log f2; = 8.58,
respectively have been found. Possible mechanisms of electron transfer and
complex formation have been described in aqueous media.

Nd(III) gives a well defined reversible reduction wave! in 1.0 mol d> m KCl
and 0.01% gelatin in the range of pH 2.40 to 2.75. Crotonic acid and acrylic acid
have been used with In(III) for the polarographic study of mixed complexesz’ 3
but no report in the literature on the mixed ligand complexes of rare earths using
polarography have been reported. Hence this study has been undertaken.

All chemicals used were of AnalaR/BDH grade. A stock solution of Nd(III)
was prepared by dissolving the requisite amount of a metal oxide in minimum
quantity of hydrochloric acid and the solution was standardized by amperometric
titration. 1.0 Mol dm™ KCl as supporting electrolyte and 0.01% gelatin as
maximum suppressor were used while recording the polarograms.

The pH of the test solution was adjusted with dil. HCI/NaOH solution. pH
Measurements were made on a Toshniwal digital pH meter, model CL-46.
Polarograms were obtained on an Elico pen-recording polarograph. The DME
with a characteristic of m?? {6 =231 mg?? 712 was used throughout. Pure
hydrogen gas was bubbled through the test solution before recording the
polarograms. All measurements were made at 25 + 1°C.

Nd(III) and its complexes with crotonic acid and acrylic acid give a three-
electzon reversible and diffusion-controlled wave in 1.0 mol dm™> KCI at pH
2.50 = 0.02. The slope of linear plots of log {i/(iz — i)} vs Eg lies in the range of
21-19 mV which attributes to the three-electron reversible reduction of Nd(IIT)
and its complex species.

Nd(II)-Acrylate System
With the addition of increasing amounts of acrylic acid, E,, of Nd(III) is
shifted to more negative values, thus indicating complex formation. A plot of
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Eq, vs. log[AA] is smooth, thereby showing the formation -of successive
complexes. DeFord and Hume’s method® was applied to calculate overall stability
constants of binary complexes. This revealed the formation of [Nd(AA)]?*,
[Nd(AA),]* and [Nd(AA)s] with stability constant values of log fyo = 2.55,
log B2 = 5.35 and log B3 = 7.85.

NA(IID)-Crotonate System

The cathodic shift in E,f, values along with the decrease in diffusion currént

with increasing concentration of crotonic acid indicated complex formation of
Nd(III) with crotonic acid. The plot of E;, vs. log [CA] was found to be smooth,

thereby showing the formation of successive complexes. DeFord and Hume’s
method was applied to evaluate the stability constants. Three complex species

[Nd(CA)]*, [Nd(CA),]* and [Nd(CA)s] with log Bo; = 2.92, log Bo = 5.48 and
log Bo3 = 8.51 were observed.

Nd(III)-Crotonate-Acrylate System

The Schapp and McMaster method® was applied to study mixed complexes.
Two concentrations of acrylic acid, 0.2 M and 0.4 M, were chosen for the study
of the mixed ligand systcm, where 1:1 and 1:2 complexes predominate. The
concentration of crotonic acid varied form 0.0 mM to 5.0 mM. A more negative
shift in E;, values, as compared to shift observed in absence of acrylate ion, was
observed. This indicated the formation of mixed complexes. Leden’s’ extrapola-
tion approach was applied to calculate A, B, C and D [Table 1]. The result revealed
the formation of [Nd(CA)(AA)]* and {Nd(CA),(AA)] with formation constants
log P11 = 6.09 and log B,; = 8.62.

The mixing constant and stability constant for the reaction

3INd(CA),]" + ;INA(AA)]™ = [Nd(CA)AA)"

which is a measure of relative stability of the ternary complexes in solution as
compared to the parent binary complexes have been calculated®® by the relation
Kp = B11/VBo2B2o and log K = log K, - log 2 respectively. The low values of
Kn and K showed that the mixed complexes are more stable than binary
complexes.

ACKNOWLEDGEMENTS

Authors are grateful to Dr. K.S. Pitre of University of Sagar, Sagar for
,encouragement and needful discussion. Thanks are also due to Dr. S.V. Dharmad-
hikari, Principal, for providing laboratory facilities.

AsianJ. Chem.



479

A.K. Lavale and S.C. Lavale

0T XL0T=,a°01*x€0T=00IX0T=800T=V QI *X6r'T=A ‘01 XII'T=D000€=€d°0C=V

ST PWLL  TL6E €696'00T 0081 09T 16T  8T9ST  pUIS  €HOLOO0v LSLT ST os 8
ST O6TL 9L6CT EELEOIZT 96LT  OLZ 8T €CWL  €LTE  LETSTEL SLLT  OO0E oy L
61 LO1S  0S9T  OSSOSIS 8T S8 081 L6V9  6vTT 9IVEY  wLT  OTE o€ 9
€T $9SE 66  TTGLOT tBLT  SOE ST TLO9  SU'SL whLy  OLLT  SEE sz s
[Z0  swst e0v  TSI®IOl 9T OTE  TTT SPSE 6001 SL81TT VLT OSE 0z v
00  $901 09T  LIWO6S LT  SEE  LyO 0081  OLS LISSOT  SSLT  S9E ST '€
—  — 150  SussT LT 0¥ —  — ¥y 0S¥y OSLT  O8E 01 g’
- - = - wv oo — —  —  — w1 0w 00 T
L L L L smmmm (Wp) 01X 01X OIX ~8M>w: (arp) owmoﬁvowwm oN
axes Axg (Ax)0g avig- b ok (0%g (A0t Aig- ' vopenmoouoy S

(poxX1d) W pOT1°0 = Pioe S1A10Y {(paxt]) W Z0'0 = Pe OADY O,1 * §Z = aimessdwa], ‘200 * 052 =Hd ‘(03 Wo'T =1 ‘Ww. 1°0 = (IDPN

WHLSAS IXTA AIVIANOV-LIVNOLOYO-(IDPN YO

SNOLIDONNA (AX)M ANV SOLLSIHALDVIVHD JHIVIOOYVIOd
1919VL

Vol. 5, No. 2 (1993)



480 Binary and Ternary Complexes of Neodymium(III) with Crotonic Acid and Acrylic Acid

w

R A AN O

REFERENCES

Estee and G. Glockler, J. Am. Chem. Soc., 70, 1344 (1946).
S.C. Lavale, J. Electrochem. Soc. India, 36, 57 (1987).

AK. Lavale and S.C. Lavale, Proc. Unusual Valency State in Coordination Compounds,
BARC Bombay, C-23 (1987).

S.C. Lavale and K.S. Pitre, Reviews in Analytical Chemistry, Israel, VI-3, 169 (1982).
D.D. DeFord and D.N. Hume, J. Am. Chem. Soc., 73, 5321 (1951).

W.B. Schapp and D.L. McMaster, J. Am. Chem. Soc., 83, 4699 (1961).

I. Leden, Z. Phys. Chem., 188, 160 (1941).

R. Sundersan and A K. Sunder, Proc. Ind. Acad. Sc., T4A, 161 (1974).

S.L. Jain, J. Kishan and R.C. Kapoor, Indian. J. Chem., T9A, 161 (1974).

(Received: 4 June 1992; Accepted: 1 August 1992) AJC-469

Asian J. Chem.



