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Short Communication

Synthesis, characterisation and structural determina-
tion of VO**, UO3™, Cu(ll), Ni(ID), Co(Il), Zn(II) and
Cd(IT) chelates of o-(N-2-pyrrolidimino)ethane sulpho-
wic acid

S. P. Ranca, K. DaGA. Santwana GAUR, SUNITA BHANDARI anp R. K. MEHTA
Department of Chemistry, University of Jodhpur, Jodhpur 342 001.

Abstract

The dissociation constunts of o-(N-2-pyrrolidimino)ethane sulphonic acid (H;PE), stability constant and ther-
modynamic parameters of it chelales with VO, UO3*, Ca(Il), Ni(1I), Co(IF), Zn(Il) and Cd(II) have
been determined potentiometrically in agueous medium (u = 0.01 M, 0.05M and 0.1 M NaClO,) by
Bjerrum’s method at 25, 35 and 45°C. The solid complexes and their pyridine and picoline adducts have been
synthesised and physicochemically studied.
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1. Introduction

The medicinal value of pyrrole derivatives is well known'2 but their compleXi?_%
behaviour with metal ions has not been thoroughly studied. A survey of literature’
reveals that no work has so far been reported on the bivalent metal chelates of
0-(N-2-pyrrolidimino)ethane sulphonic acid (H,PE) and hence the same bas been
reported in the present communication.

2. Experimental

HPE was synthesised by the condensation of N-2-pyrrolidone with taurine by the
reported procedure”. It gave satisfactory elemental analysis (r.n:p. 182°C).. T%']e reagents
used were AnalaR pure (BDH). The solid chelates, their pyridine and picoline addu.cts
were synthesised as reported earlier®. The physicochemical measurements were carried

out as reported earlier’.

Potentiometric titrations of the following mixtures (total volume 40 ml) were cartied
out according to Calvin-Bjerrum’s method® at 25, 35 and 45°C (p = 0.01 M,. _0,05 M
and 0.1 M NaClO,): (i) 10 m1 0.0 MH,PE+4 ml1 MNa(?lO4+26 ml H;0; (i) 10 m?
0.01 M H,PE+4 ml 1 M NaClO,+10 ml 0.01 M metal ion solution+ 16 ml water;
(ii}) 20 m10.01 M H,PE +4 M NaClO, + 10 ml 0.01 M metal ion solution +6 ml watf;:].3
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These mixtures were titrated against carbonate-free .1 M NaGH in an inert atmos.
phere and the ttration curves were found o follow standard trend.

3. Results and discussion

The p&y and pRy of FLPE were found (443 and HLIR at 25 0427 and 9.82 at 35°,3.95
and Q.27 at 3570 pow 00 MONaCHO Y 1o Bl with sise of wmperature, suggesting that
HLPE is @ biprotic figand. Formation curves of the metal-ligand systems were obtained
by plotting A vis ~log[t ] andd the values of stability constants obtained were further
refined by various comptitationad methods (interpolation af various 4 values, correction-
term, convergence formula and suceessive approvimation method, ete)). The stabilities
of these chelates were found o follow the order VO 2 U0 = Cu(ll) > Nidll)
> Cotll) > Zo(l) > CA(I1), in agreement with Irving Witliams rule®.

The values of MG, A7 and AS have been evaluated using Gibbs-Helmholtz
equation (Table 1), The A6 values are more negative at higher temperatures than at
25 and 35°C while the Af77 values are positive in all cases indicating endothermic nature
of the reaction. The positive values of A8 for all the chelates suggests that the entropy
term s favourable for their formation,

The data were also  analysed in terms  of  Harned's  refation™, [{ pk”
~ o) = =206 | [)I\',',f—- rU"\)j and the values of 0, /:/\'” and pl\',’,f were evaluated
(Table ). The A" obtained by Harned's equation and Gibbs-Tlelmholtz equation are
found in agreement with cach other,

Table 1

Thermoedynamic parameters of bivalent metal chelates of o-(N-2-pyrrolidimi-
no)ethane sulphonic acid (H,PE)

Meral ion  log 8° Thermodynamic parameters at 35°C

25°CIFC 45 -AG" AH? as
(KJ mot 1) (KJ mot 4 (KJ mol ' deg )

oI 1207 1242 12.94 73.28 69,86 0,463
Ni(IT) 1325 1364 1410 50,44 77.12 0.512
Cu(In) 70 1512 1575 89.17 87.10 0.572
Zn(1l) 6.22 6.5 6.76 38.75 48.99 0.285
Cd(In) 5.85 6.13 6.32 36.15 42.64 0.256
uo3 1633 1690  17.36 99.67 93.45 0.627
VO»+ 1775 1836 18.90  108.27 104.34 0.690

In terms of Hameds equation pK* at 35° is 14.03; pKY = —6.12 and ¢°C = 669.67.
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3.1 Solid chelates

The results of clementad analysis, molecuiar mass and magnetic moment of the hydrated
solid chelates fof VO U Callh, Ni(ly, Coglh, Zn(Il) and Cd(ID)] alone are
shown in Table 11, although the adducts with pyridine and picoline were also prepared.
The elemental analysis and molecular mass indicated 10 1 {metal-ligand) stoichiometry
of the composition {A{PE)Y,] where M = bivalent metal ion. PE = C,H,,N,SO; (the
Jdeprotonated form of TLPE) und X = H0, CHN or CH,N. The TC A analysis
showed a weight-loss of water molkecules as indicated in Table I1. Negligibly small
conductance values of the compounds in DMFE suggested them to be non-electrolytes.
The magnetic moments indicate the presence of 3, 2, 1 and 1 unpaired electrons in
Co(I1), Ni(II), Cu{il) and VO chelates. respectively.

The infrared spectra of F1L,PE show bands at 3320, 1620 and 1160 cm™ assignable to
wN-H, #=>C=N and +5O.OF respectively. On complexation »>C=N of H,PE gets
shifted to lower frequency {(1605-1610 em '), indicating coordination through N of
>C=N. All the complexes give one broad band in the region 3210-3230 cm™' due to
vOH of water molecute. The loss of water molecule at high temperature beyond 180°C
and a band in the region 720-760 cm ! in IR spectra suggests that these are coordinated.
Besides, the appearance of two new bands in the region 420-440 cm ™! and 590610 cm ™’
suggest the formation of M-N and M-O bonds.

On the basis of the magnetic and electronic spectra measurements (Table I1) an
octahedral stercochemistry is suggested for Ni(lI), Co(ll), UO3* and VO** che-
lates”', while Cu(ll) chelates appear to display tetragonally distorted octahedral
configuration in terss of Jahn-Teller effect. Zn(11) and Cd(I1) chelates are expeeted to
be of tetrahedral geometry as is common with these jons'”.

Although no clear spectral evidence for the formation of >C=N-M, besides
2C-N-M, is available, various physico-chemical measurements do point out the bonding
of only one -».X moicty to the metal ton. This indirectly suggests the presence of
2C-N-M band and hence a probable structure involving four-membered ring around the

metal ion (fig. 1).

N nX
Y \M" X =H,0, GHN or  GHN
\N’ ~o when r =3, M = COQII), Ni(iI) and Cu(13)
I { n=2 M=VO”
HZC\C/SOZ n =1, M= U0}, Zn(ll) and Cd(ID).
Hy

FiG. 1. Bivalent metal chelates of HoPE.
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Table I
Yield, elemental analysis, lar mass, magnetic electronic spectral data and possible transitions of HPE and
its hydrated metal chelates
Ligand/metal chelate Molecular  Elemental analysis, Found {Caled.}% Heif Abzor-  Assignments
(Yield, %) mass, (B.M)  ption
Found C H N S Metal  Water  at 3057 K bands
(Caled.) fem ¥y
[CoHNaS0,)] 183 3729 el 1414 — - — - -
(85) (192) (7500 (0257 {1458
[Co{CeHuN-80:) (H203,] 201 2370 A 9.16 WA 4.38 e R b4
(63) (303) (23.76) (3.3 (9241 {10807 (%A 1T
(NI(CHN.80,) (.00 289 Mas AN 918 3k Z
(68) 1303 (23760 23 9.l =
[CalCHuNSOH00] 206 3.3 w5y o P =
{73} {31} {23331 [ARET
{Zn(CaH N30 H,0)] 36,39 i -
%] 2 {26.37}
[CA{CH,10N.80;31H-03] 313 BEH Dig -
(65) 320y [SLAL {
JUOLCH, NS0, 00 469 14.98% b.808 - _
(16} {478y {15.08) {6.64)
[VO(CH,oN.S05) (HL0).] 284 24.40 3.32 10.84 2279 2.1 RIRK O
(69) (293) (24.57)  (3.41) (9.56) {10.92) (22.83) (12.29) 19800 °
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