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ABSTRACT

A linking ligands containing sulfur and nitrogen donor atomsin the termi-
nal thiophene and pyrrolerings, 1,2-bis(thiophene-2-ylmethylene)hydrazine
(L1) and 1,2-big(pyrrolyle-2-ylmethylene) hydrazine (L 2) were prepared by
Schiff-base condensation. Some complexes have been prepared by salts
of CoCl,,, NiCl, and FeCl,, reacting with azine ligands dissolved in alcohal in
the molar ratio of (1:2). The prepared complexes were characterized by
using IR, UV-Visible and cyclic voltammetry. Conductivity of the powder
samples were measured by two probe method. We report here the synthe-
sis, characterization and electrochemical behavior of azines and its com-
plexes. Measured electrical conductivitiesof Co(ll), Fe(l11) and Ni(l1) com-
plexes of azines are investigated in this study. It is found that at room
temperature these complexes show insulator behavior.
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INTRODUCTION

Azinescontaining the N, O donor system arean
important classof ligandsand havefound wide appli-
cation invariousfields. Many studies have shown that
azinesare good synthonesfor obtai ning heterocyclic
compoundssuch aspyrazols, purines, pyrimidinesand
pyrroles. These compounds can be utilized for some
useful synthetic transformationsand they congtitute an
important d assof compoundswith unexpected biologica
activitied*®, Also Poly(azomethine)sexhibit interesting
propertieswhich are associated mainly with their con-
jugated backbone and the presence of imine sites”.
Thus, they present good thermal stability, mechanical
strength, non-linear optical properties, ability toform
metal chelates, semiconducting properties, environmen-

tal stability and fiber-forming properties®9.

Azineshavea so been extensively used asligands
in coordination chemistry, sincetheflexibility of these
compounds around the N-N bond offers different
mononucl eating and binuc eating coordi nation modes ™
B8, On the other hand, azine compounds are conju-
gated systemsand they have good potentia for prepa
ration of conducting polymerg617,

Wereport herethe synthesi s, characterization and
el ectrochemical behavior azinesderived from hetero-
cydlic adehydes, withthiophene- 2-aldehyde (L 1) and
pyrrole-2-adehyde(L2). Thentheselinking ligandscon-
taining sulfur and nitrogen donor atomsintheterminal
thiophene and pyrrol e ringswere used to prepare of
Fe(I11), Ni (1) and Co (II) complexes. Electrical and
electrochemica propertiesof ligandsand itscomplexes
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have been studied. Also € ectropolymerization behav-
ior of conjugateligands has been investigated.

EXPERIMENTAL

Materials

Thiophene-2-carboxaldehyde and pyrrole-2-
carboxa dehyde were obtained from theAldrich Chemi-
ca Co. and were used without further purification. All
other chemicalswerereagent grade. All other chemi-
calsused asreceived. The FTIR spectra (500-4000
cmrt) and UV-Vis spectrum were obtained fromABB
(MB3000, Canada) spectrophotometer and PG T60,
respectively. Scanning € ectron microscope (SEM) was
used for investigated morphol ogy of ligand anditscom-
plex. Cyclicvoltammetry of ligandsand itscomplexes
wereinvestigated with Parsatate instrument. Glassy
carbon, Pt and Ag/AgCl were used asworking el ec-
trode, counter electrode and reference electrode, re-

Spectively.
Preparation of 1,2-bis(thiophen-2-yImethylene)
hydrazine(L 1)

To an ethanol solution (30 mL) containing hydra-
zine (35wt% solutioninH,0) (0.916 mL, 10 mmol)
and 2-thiophenecarboxal dehyde (1.836 g, 20 mmol)
was added adichloromethane solution (30 mL) con-
tainingformicacid (0.2mL), andthesolution wasstirred
for 4 h. Theresulting brown durry wasfiltered, washed
with hexane (25 mL x 2), and dried under vacuum to
giveayelow solid of (L1)“.

Preparation of 1,2-bis(pyrrolyl-2-ylmethylene)
hydrazine(L2)

To an ethanol solution (20 mL) containing 2-
pyrrolecarboxal dehyde (0.38 g, 20 mmol) and acetic
acid (0.2 ml) was added a ethanol solution (20 mL)
containing hydrazine (0.2 ml), and thesolutionwasre-
fluxed for 4 h. Solvent was separated with rotary and
dried for 24 h under vacuumto giveared solid of (L2).

Prepar ation of complexes

FeCl,,6H,0, NiCl,,6H,0, CoCl,,6H,0 and Cd
Cl,, 6H,O wasdissolvedin MeOH and an MeOH so-
Iution of theligandswasaddedtoitin 1:2 molar ratios.
Thesolutionwasrefluxedfor 1 hand, after concentrat-
ing, waskept overnight in arefrigerator. The precipi-
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tate obtai ned was washed repeatedly with C.H,and
thenwith cyclohexaneand finaly dried in vacuum.

Electrical measur ement

The powdered complexes were palletized
isodtatisticaly inasted disk of specific diameter under
pressureof 5— 6 tons per cm? with the help of hydrau-
lic press; the pellet thus obtained was crack freeand
hard. These pellets were coated with silver paste to
make good el ectrical contacts. Theresistance of the
pelletswasmeasured on BPL — INDIA million mega
metersRM 160 mK [11A and D C micro voltmeter by
voltagedrop method*8.

RESULTSAND DISCUSSION

Preparation of ligandsand itscomplexes

Figure 1 outlines the synthetic methods for the
preparation of two ligands. Some physical properties
of ligandsand itscomplexesareshownin TABLE 1. It
can be seenwithintroducing of metal ionsinto ligands,
melting pointsisincreased. Also scanning e ectron mi-
croscopy (SEM) wasused to study theligandsand its
metal complex morphology. Figure 2 showsthat there
isno drasti c difference between morphol ogy of ligand
incomparisonwith itscomplex.
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Figurel: Scheme of preparation of thiophene2- aldehyde
azine(L1) and pyrrole-2- aldehydeazine (L 2).

TABLE 1 : Physical properties data of ligands and its
complexes.

Compounds  color solvent
Ligand L1 Yellow
Ligand L1-Ni  Yellow
Ligand L1-Co Black
Ligand L1-Fe Yellow
Ligand L2 Red
Ligand L2-Ni Yellow
Ligand L2-Fe
Ligand L2-Co

M elting point (°C)
158
304
214
265
133
148
168
172

Methanol- Chloroform
Methanol
Methanol
Methanol
Methanol
Methanol
Methanol
Methanol

green
Black
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TABLE 2. Absor ption bandsfor two ligandsand itscomplexes.

Compounds L1 L21-Ni L1-Co L1-Fe L2 L2-Ni L2-Co L2-Fe

Absorption 300, 320, 320, 300, 360, 285 300, 280,
bands(nm) 400 380 380 380 400 340 340 300

Analysisof FT-IR spectra

Theinfrared spectraof theligandswererecorded
and someimportant featuresmay be summarized as
follows. The IR spectraof ligandsexhibit at ca. 1630
cm *due to (C=N) stretching and at ca. 1050 cm'?
dueto (N-N) stretching, respectively. The absence of
C=0 stretching band of 2-thi ophenecarboxal dehyde
and 2-pyrrolecarboxaldehyde in the FT-IR spectraof
ligands confirmed azine compounds formation (Fig-
ure 3). Intheinfrared spectraof the corresponding
complexes (Figure4), the u(C-N) shiftsby ca. 20cnr
Tand U(N-N) by ca. 10 cm™ due to the bonding
through the azomethine nitrogen. Thisfeatureisfur-
ther supported by the appearance of U(M-N) inthe
far IR spectra. In the spectraof theligands, bands at
ca. 3100 cmrt and at ca. 1570 cm™ aredueto pyrrole
or thiophenering™.
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Figure3: FT-IR spectraof a) L1b) L 1-CoC) L1-Feand d) L 1-
Ni.

Electronic spectra

When the carbonyl group reactswith amine, the
iminegroup isformed and it shows some adsorption
bandsat UV-Vis spectra. Figure 5a, b represented UV-
Visspectraof ligands and its complexes. Two bands
were observed at the range of 300 to 400 nmin the
spectraof all ligands. The band at ~320 nmisdueto
then—r* transition within the aromatic ring. Another
band due to n—=n* transition within the —C=N
chromospheres of theligands at ~ 400 nm shiftsto a
shorter wavelengthin the complexesand appearsat ~
340 nm. This indicates the coordination of the
azomethinenitrogentothemeta ions.

Cyclicvoltammetry
Fgure6ashowsatypicd cyclicvoltammogramsof
the electropolymerization of L1. During the
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electropolymerization of L1, an anodic pesk isobserved
duetotheoxidation of L1inthefirst scan at ca. 1450
mV vs. Ag/AgCI. Asthe el ectropolymerization pro-
ceeds, an anodi ¢ peak current appears dueto the oxi-
dation of poly L1 inthesecond scan at ca. 40mV vs.
Ag/AQCI, duringwhich thepesk current alsoincreases
and the polymer film forms on the e ectrode surface.
After 15 scans and washing the GC el ectrode contain-
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Figure4: FT-IR spectraof a) L2b) L2-Ni C) L2-Coand d) L 2-
Fe

Thedectrochemical oxidation of L2 with apoten-
tial scan range of -1000 to 1500 mV vs. Ag/AQCl is
showninFigure7a. During thefirst scan, we seetwo
maximafor Ep_, 950 and 1100 mV vs. Ag/AgCl re-
sulting from the oxidation of L2. However, from 1500
to 400 mV vs. Ag/AgCl, nomaximaareobserved, in-
dicating anirreversiblereaction. The build-up of the
electroactive polymeric product, polyL 2, from the oxi-
dation process on the surface of the electrode, isob-
served to haveanionic structure. In Figure 7b, there-
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ing the polymer film, cyclic voltammogramsof there-
sulting polymer inthe range of -1000 to 1200 mV vs.
Ag/AgCI at various scan rates demonstrate semi-re-
versiblebehavior (Figure 6b). Asan example, theloss
of activity of thehomolog polyL 1 has been attributed
to adecreasein the conductivity of thefilm asaconse-
guence of overoxidation reactions, whichleadto aloss
of conjugation and electroactivity of the polymer filmi2,
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Figure5: Uv-Visspectraof a) L 1and itscomplexesand b) L 2
and itscomplexes.

petitivecyclicvoltammogramsof polyL2 at variousscan
ratesareillustrated with nofluctuationintheanodic and
cathodic peak currents (ip, and ip,, respectively) of
the polymer. Figure 8 showsthat thevariation of the
anodic peaksfor polyL2 vs. thescanrateislinear, a-
though thisbehavior isnot observed for polyL1. The
relaively high voltagerequired for polymerization pro-
ducesin thelong run degradation of the polymer. For
thisreason depositsthick enough, e.g., for in situ con-
ductivity could not be obtained.
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Figure 6 : Cyclic voltammogramsof 0.01 M L1in 0.1 M
LiCIO /CH,OH eectrolyteat ascanrateof 50mV s1vs. Ag/
AgCl and b) Cydlicvoltammogramsof polyL 1in0.1M LiCIO /
CH,OH électrolyteat variousscan r ates.

0.5 1

Inthe presence of metal ions such asFe, Co, and
Ni, We observed some changing inthe oxidation and
reduction peaks (Figure 9 and 10). The one new re-
duction peak appeared in the presence of metal ions.
Also two oxidation peak depend on metal ions are
changed so that the coordination meta ionswithligand
caused these changing. For detail, the oxidation and
reduction potentia of two ligandsand its complexes
areshowninTABLE 3.
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Figure7: a) Cyclic voltammogramsof 0.01M L2in0.1M
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Figure9: Cyclicvoltammogramsof a) L2b) L2-CoC)L2-Fe Figure10: Cyclicvoltammogramsof a) L2b) L2-Ni C) L 2-
andd) L2-Niin0.1M LiCIO,/CH OH electrolyteat scanrate  Coand d)L2-Niin0.1M LiCIO,/CH OH electrolyteat scan
50 mV/s. rate50mv/s.
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TABLE 3: Cathodicand anodic potentialsof twoligandsand
itscomplexes.

compounds Eiox E2ox Eirep Earep
L1 0.26 1.72 -0.42 -
L1-Ni - 15 -0.48 -0.86
L1-Co 0.97 1.64 -0.49 -0.97
L1-Fe 1.49 1.83 -0.49 -0.83
L2 0.23 0.94 -0.57
L2-Ni 0.39 1.05 -0.58
L2-Co 0.51 1.29 -0.56
L2-Fe 0.44 0.79 -0.56

Electrical properties

Measured e ectrical conductivitiesof Co(ll), Ni(I1)
and Fe(l111) complexesof azinesarestudied inthispa
per. It isfound that at room temperature these com-
plexesshow insulator behavior (Lessthan 5x10° Scnr
1). But semiconductor behavior was obtained for L1
and L2 ligandsand el ectrical conductivitiesof L1 and
L2were1.3x 102 and 3.4x 10 Scm'?, respectively.

CONCLUSION

A linking ligands contai ning sulfur and nitrogen do-
nor atomsintheterminal thiopheneand pyrrolerings,
1,2-bi5(thiophene-2-ylmethylene)hydrazine (L 1) and
1,2-bis(pyrrolyle-2-ylmethylene)hydrazine (L2) were
prepared by Schiff-base condensation. Cyclic
voltammetry of two ligandswereinvestigaetedin details.
FT-IR and UV-Vis spectroscopies and cyclic
voltammetry confirmed the presence of metal ionsin
complexes. Thedectrica Conductivity of ligandsand
its complexeswere measured and it isfound that at
room temperature these compl exes show insulator be-
havior.
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