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Abstract:

The electrochemical behaviour of tetradentate Schiff base complex with oxovanadium(1V), VO(salen) 1,
(salen = N,N-ethylene bis-(salicylaldiminato) dianion), bidentate Schiff base complex with
oxovanadium(lV) complex VO(sal-anl), 2 (sal-anl= Salicylaldehyde-aniline) and VO(bipy).?* 3
(bipy=2,2’-bipyridine) have been examined in DMSO with 0.1M TBAP using cyclic voltammetry at a Pt
working electrode. The behaviour of tetradentate and bidentate Schiff base ligands are observed in
different scan rate and found that reversible and irreversible both peaks are obtained in tetradentate Schiff
base Oxovanadium (IV) complex while in bidentate mostly irreversible peaks are obtained. Complex 1
showed two irreversible anodic waves at Epal = +0.68 V and Epa2 = +1.06 V vs SCE and also two
irreversible cathodic peaks at Epcl/ = -0.90 V and Epc2 = -1.325 V vs SCE followed by an irreversible
anodic peak Epa21 = -0.42 V. Complex 2 and 3, irreversibly oxidized (VO?"3*) in the positive potential
region with Epa; = +1.05 — 1.12V vs SCE at 200 mVs. The initial reduction of this complex revealed two
irreversible cathodic peaks in the more negative potential region with Epc:=-0.96 to —1.13 V and Epc. =
-1.17 to -1.30 V vs SCE. This potential depends upon the Inductive effect and electron donating and
withdrawing group.

Index Terms - Cyclic Voltammetry, Schiff Base, Electrochemical, Oxovanadium

I. INTRODUCTION

The coordination chemistry of oxovanadium (IVV) complexes has growing applications in catalysis,
therapeutics, and biological activity [1-3]. Vanadium containing compounds have their utility as insulin
mimetic and antiamoebic agent [4]. Vanadium dependent enzymes, mainly nitrogenases and
haloperoxidases are still a subject for intensive biochemical investigation V**/** and VV**** redox systems
are very significant from reactivity view point. Vanadium compounds have been utilized in various
homogeneous/heterogeneous catalytic processes [5], where they exhibited good synthetic potential.
Oxovanadium complexes are coordination compounds containing vanadium in its oxo form (VO?*),
widely studied for their structural diversity, catalytic activity, and biological relevance. They are
particularly important in oxidation reactions, enzyme mimicking, and potential therapeutic applications
[5,6]. Vanadium coordination chemistry has recently attracted increasing interest due to the model
character of many of its complexes for the biological function in catalysis and material chemistry and
potential applications such as the treatment of diabetes [2-4].

I EXPERIMENT

The details of the electrochemical measurements are already described in our earlier papers [7-8]. Pt was
used as a working electrode. The saturated calomel electrode (SCE) was used as reference electrode
(E°=+242mV vs NHE). The potentials reported here are uncorrected for junction potentials. All
experiments were performed at 25+1°C in dimethylsulfoxide (DMSO) and dimethylformamide (DMF).
containing 0.1M Tetrabutyl ammonium perchlorate (TBAP). Analytical grade chemicals were used
without any further purification. TBAP (Fluka), VOS04.2H,0, 2, 2-bipyridyl, 1, 10-phenanthroline, DMF
and DMSO (E. Merck) were procured different commercial sources and were used as such without further
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purification. The Schiff bases and their complexes with vanadium (IV) were prepared according to
literature procedures [11].
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Figure: Structure of ligands and their compounds
111 RESULT AND DISCUSSION

The electrochemical behaviour of tetradentate Schiff base complex with oxovanadium(1V), VO(salen) 1,
(salen = N,N-ethylene bis-(salicylaldiminato) dianion), bidentate Schiff base complex with
oxovanadium(lV) complex VO(sal-anl), 2 (sal-anl= Salicylaldehyde-aniline) and VO(bipy).?* 3
(bipy=2,2’-bipyridine) have been examined in DMSO with 0.1M TBAP using cyclic voltammetry at a Pt
working electrode. A representative scan of cyclic voltammogram of 4mM VO (salen) 1 in 0.1 M
TBAP/DMSO at a scan rate of 200 mVs?is displayed in Figure and the CV results are presented in Table
1. A positive scan initiated at -0.25 V in the potential range from + 1.0 to -1.75 V vs SCE revealed an
oxidation peak (a1) at + 0.45 V, while the reverse scan produced a reduction peak (c1) at +0.36 V, in
addition to a large irreversible cathodic wave (c2) at -1.65 V over a range of scan rates studied. Switching
at -1.75 V and scanning anodically, an irreversible small anodic peak (a’2) appeared at -0.125 V in the
second cycle (Table 1). The lack of associated anodic wave of the first reduction (c2) for this complex is
due to the formation of a V'"'-oxo complex species that is likely to be very unstable. The dependence of
anodic wave (&) on the reduction peak, ¢, further supports that the first reduction process (cz) follows the
ECE mechanism [6]. The electrochemical and EPR studies of some oxovanadium (IV) complexes with
ONO donor Schiff base ligands have very recently been reported by Prasad et al [7]. The redox process in
these complexes also follows ECE mechanism. The oxidation of 1 is both chemically and
electrochemically reversible with the cathodic-to-anodic peak current ratio, (Ipci/lpazi) equal to unity and
peak potential separation, AEp ~ 60 mV. Scan rate dependence studies (25-300 mVs™) show that all of the
peak currents scale with the square root of the scan rate (v'?) as expected for diffusion [8] of the
electroactive species to the electrode surface, this indicates that within this potential range and at these
scan rates, the electroactive species remains in solution. Schiff base ligands assure a constant coordination
geometry and an electronically flexible environment to the metal. The vacant coordinate site(s) may be
occupied by coordinating solvent molecules particularly in mononuclear vanadium complexes in solution.
These results are reasonably represented by equations (1) to (4):

r
E
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[VIVO (salen)S] ' [VVO (salen)S]* +& ailc (1)

[VVO (salen)S] +& —E 5 [V"MO (salen)S] e (2
V'O (salen)S] +2H" c:éf\tn V' (salen)Sz]* + Hz0 3)

[V!" (salen)S,]* i) [VV (salen)S2]% +¢& ad,  (4)

where, S is a solvent molecule.

It should be mentioned that the peak potentials (Epaz, Epc: and Epcz) of VO(salen) are more positive in
the present study as compared to those reported previously [9] in a given solvent. In fact in earlier studies
TEAP was used as the supporting electrolyte. The difference in peak potentials may to be due to the effect
of electrolytes. The electrochemical behaviour of complex 2 showed two irreversible anodic waves at Epa;
= +0.68 V and Epa; = +1.06 V vs SCE and also two irreversible cathodic peaks at Epci’ = -0.90 V and
Epcz = -1.325 V vs SCE followed by an irreversible anodic peak Epaz* = -0.42 V. On the basis of CV
results, (table 2) it is concluded that in complex 2, the redox processes ai and c, are metal-based
corresponding to:

ir
[VOY(sal-anl)2] B, [VOV(sal-anl);]*+& and

Ir
[VO(sal-anl)z]+2H*+5 —E— 5 [V"(sal-anl)2S2]*+H20

On the otherhand, the redox processes a; and ¢:’ seem to be ligand-based.

A cyclic voltammogram of VO (bipy)2** complex 3 in 1:10 VO?*-bipy system in DMS0/0.1M
TBAP at a Pt working electrode at 200 mVs™ is shown in Figure. A positive scan initiated at 0.0V in the
potential range from +1.25 to -1.50 V vs SCE reveals an irreversible oxidation peak (ai) at +1.05V in the
forward scan and scan reversal at +1.25V does not show its associated cathodic peak. However, three
partly overlapped irreversible cathodic waves (marked as ¢1, ¢1 and c2) are observed at -0.93, -1.13 and -
1.27V, respectively (Table 1). It is noteworthy that a potential scan initiated in the negative direction at
0.0V with potential range -1.5 to +1.25V shows only two irreversible cathodic peaks c; and ¢ in the
forward cycle and two irreversible anodic peaks Epa’y and Epa”; at -0.50 and +0.62 V, respectively, in
addition to anodic peak az. It is evident from the voltammograms (Figure) that the cathodic peak c'1 is
dependent on the anodic peak a; and the anodic peaks a1 and a’; are dependent on the cathodic process
c1. It must be mentioned that solutions containing 1mM bipy in DMSO containing 0.1M TBAP do not
show any electrochemistry (no redox process) in the potential range studied. On the basis of these results,
the anodic process (a1) may be attributed to the irreversible single - electron oxidation of the complex,
[VO(bpy)2]?* to [VO(bipy)2]**, which is unstable under the experimental conditions and that the electron
transfer reaction is coupled with a fast chemical reaction [10,11].

[Voipy), J'* —— [obipy), | a

VO (bipy), [** —*= Pr oduct (P)
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Figure: Cyclic Voltammograms for 1:10 VO?*-bipy system in DMSO/ 0.1M TBAP

Thus, the redox process (c'1) may be assigned to irreversible reduction of the complex species (P) into
some lower oxidation state. On the otherhand, cathodic processes ci: and c2 may possibly be due to the
reduction of oxovanadium(IV)-bipy complex, [VO(bipy)2]?* into lower valent non-oxovanadium tris-
(bipy) complex species, V(bipy)s™* (n < 3). In fact lack of coulometric results at hand prohibit us to assign
the correct oxidation state of the metal in the various electrochemically generated complex species.

Table 1-Cyclic voltammetric data for 4mM VO(salen) in dimethylsulfoxide (DMSO)
containing 0.1M TBAP

Sca

n
rate Epai/m Epci/m lIpai/p lpc/p E%m  AEp/m lpci/lp - Epea/  lIpca/p  “Epa’2/m

/ Vv Vv A A V Vv a1 V A Vv
mV

S-l

25 +360 +300 2.4 2.0 +330 60 0.83 -1.65 3.5 -600

50 +360 +300 3.2 2.6 +330 60 0.81 -1.68 5.0 -590
100 +360 +300 4.4 3.6 +330 60 0.82 -1.70 6.5 -590
150 +370 +300 5.6 4.2 +335 70 0.75 -1.71 7.8 -580
200 +370 +300 6.4 4.8 +335 70 0.75 -1.73 8.5 -580
250 +370 +290 7.2 5.6 +330 80 0.78 -1.74 9.3 -570
300 +380 +290 8.0 6.0 +335 90 0.75 -1.75 10.2 -560

*|paz/ not measurable

[JCRT1136250 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ 810


http://www.ijcrt.org/

www.ijcrt.org © 2019 IJCRT | Volume 7, Issue 2 April 2019 | ISSN: 2320-2882
Table 2-Cyclic voltammetric data for 4mM VO(sal-anl)2 in dimethylsulfoxide (DMSO)
containing 0.1M TBAP

Sca
n Ipc/p  Epa’2/m
rate Epai/m Epaz lIpai/p lpau Epci/m  Epc/ Ipcip A \Y Ipal2/p
/ \Y \Y A A \Y V A A
mV
gl
25 +650 +1.04 1.3 5.0 -880 -1.275 0.5 11.2 -520 0.5
50 +660  +1.05 1.8 5.4 -890  -1.300 0.7 13.8 -490 0.6
100 +680 +1.06 2.7 7.0 -900 -1.325 15 18.5 -420 0.8
150 +710  +1.07 3.0 9.0 -920 -1.350 2.2 21.0 -390 1.0
200 +730 +1.07 3.5 10.5 -930 -1.350 3.0 23.5 -370 1.5
250 +750 +1.08 4.0 11.7 -940 -1.375 4.5 26.0 -360 1.7

Table 3-Cyclic Voltammetric Data for 1:10 VO?*-bipy system in DMSO/ 0.1M TBAP
VOSO04.2H20=2mm

Sca
| Epa/ Epcy/ lpai/p lpci/p Epci/ *Epca lpc/p Epal/ Epay Ipat/  1palt/
rate

\Y \Y A A V \Y A V \Y HA pA
/mV
S-l
25 4095 NA 3.0 --- -1.10  -1.22 2.25 NA NA -- -

50 +0.97 -0.90 4.2 1.00 -112 -125 3.00 NA NA -- -

100 +1.00 -0.92 6.0 125 -113 -127 450 -050 +0.60 0.50 0.50

200 +1.05 -0.93 8.2 175 -114 -130 6.00 -050 +0.62 0.75 0.65

300 +1.07 -0.95 10.0 225 -115 -131 750 -050 +0.63 1.00 0.75

*|pc2 is not measurable; NA; not appeared.

It should be noted that the anodic peak(a1) potentials for the oxidation process VO?*3* are shifted to more
positive values in the sequence: VO(salen) (+370mV) — VO(sal-anl), (+730mV) — VO(bipy)2
(+1050mV) , indicating that the oxidation of complex 3 is most difficult while complex 2 is easily
oxidizable .In principle, the elctronic effects(c-donation and r-backdonation) in combination with steric
factors of the ligands and solution factors affect the redox potentials of the complexes [12-13].
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