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ABSTRACT

A new Hg(ll) complex of the type ({(BPIB){Hg(NG;).},] (L)that BPIB = 1,4-bis([1,10] phenanthrolin-[5,6-
d]imidazol-2-yl)benzene has been synthesized aathcterized using FT-IR, UV-vis ahld-NMR spectroscopies.
Also electrochemical behavior of comp(@ywas studied by Cyclic Voltammetric method. The RTesults showed
that the ligand was coordinated to metal centeedionic spectra of this complex was recorded i@ BMSO

solution. These spectra confirm the intraligandns#ion bands £—z*), (n—=z*) in UV region. The UV-vis
spectrum of title complex don't show anydltransition for central ion. Electrochemical datd this complex
showed quasi-reversible waves attributed to redekBBigand.
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INTRODUCTION

1,10-phenanthroline (phen) has a rigid frameworll anssesses a superb ability to coordinate to nmaetal
ions[1]. This ligand is an attractiveconjugated ligand and various metal complexeshanpand its derivatives
have been synthesized [2].

1,4-bis([1,10] phenanthroline-[5,6-d]imidazol-24y8nzene (BPIB) is one of the phenanthroline dexigatthat was
synthesized for the first time in ethanol solveptMr Nobuaki Negishiy, in 2003, and many yearsaie 2007.It
was synthesized and detected, in acetic acid sobye@haofan Zhong and et al. [3].

BPIB contains two 1,10-phenanthrolinegroups and tis nitrogen donors on two sides that can cheiatievo
metal center§4]. BPIB has a big-conjugated structure, which results in maximumssion leading to red shift[5-
7].This ligand possesses empirical formw#GsNgand it melting point is120°C. It can be said thae do the
benzene ring in the center of the ligand, it issidered as a flat ligand and especially the presefidmidazole
double bands reduces the possibility of rotatioom& applications of this ligand are catalytic rodpecial
electronical and optical properties and also candeel as create polymeric complexes and molecwitctees.

EXPERIMENTAL SECTION
Materials

All materials were obtained from Merck Co. and wesed without any further purification. All solvenised in this
work were analytical grade.
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I nstrument and measur ements

The FT-IR spectra were obtained on a Perkine-Elgparctrum(KBr pellet). NMR spectra were recordedaon
Bruker NMR400 spectrometer operating at 400 MHzoatm temperature in DMSO solution. Ultraviolet higi
(UV-vis) spectra were measured with JASCO V-5708pebotometer in DMSO solvents.

Cyclic voltammograms were recorded by using a Metr®694 apparatus. Three electrodes were utilizeithisn
system, a platinum disk working electrode (RDE)platinum wire auxiliary electrode and Ag/AgCl redace
electrode. The platinum disk working electrode wesually cleaned with 1-lm diamond polish prioretach scan.
The supporting electrolyte, 0.1 M tetrabutylammaoniiexafluorophosphate (TBAH). DMF was distilled over
alumina and degassed under vacuum prior to useydliccvoltammetry. The solutions were deoxygenabsd
bubbling with Ar for 15 min.

Synthesis

Synthesis of 1,10-phenanthrolin- 5,6-dion (phendion)

A mixture of 1,10phenanthrolin(4.0 g, 19mmol) an®rk(4.0 g, 33mmol) were added to a three neckeskfla
equipped with a dropping funnel. Then ice cold mmigtof concentrated 330, (40 mL) and HN@20 mL) were
added to this solution drop wise. The mixture weatéd to reflux for4 h. The hot yellow solution wamured over
600 mL of ice and water and neutralized carefulithwNaOH until neutral to slightly acidic pH wastahed.
Extraction with CHCwas followed by drying with anhydrous MO, and removal of solvent and the precipitate
was purified further by crystallization from abs@wethanol to give 5.6 g (96%) of 1,10-phenanthesh,6-dione
[11].Scheme 1.shows the synthesis of the 1,10-pitbr@ine- 5,6-dion (phendion) ligand from 1,10 phethroline
(phen) .
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Scheme 1. Synthesis of the phen-dion ligand

Synthesis of 1,4-bis([1,10] phenanthr oline-[5,6-d]imidazol-2-yl)benzene (BPI B)

The mixture of 0.335 g (0.25 mmol) of terephthaddlgde, 0.105 g (0.5 mmol) of phenénd 1.2 g of ammonium
acetate in EtOH (100 mL) was refluxed for 7 h. Dgrithis time, the color gradually changed due tmeange
precipitateis produced The reaction mixture was cooled and EtOH was remcdby rotary evaporation. After
addition of water, the orange product was filteftl washed with water and EtOH. Yield: 70%.Analal€
C,74.70; H, 3.52; N, 21.78. Found: C, 74.40; H33M, 20.91. Scheme 2.
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Scheme 2. Synthesis of the BPIB ligand

Synthesis of [(u-BPIB){Hg(NO;)2(H20)}2] (1)

A DMSO solution (20 mL) of the ligand BPIB (0.257 @5 mmol) was added to a methanol solution (10Q ofL
Hg(NOs),.4H,0 (0.561 g, 1mmol). The mixture wasstirred for 48ath60C. After removing the solvent, the
precipitate was washed enough with absolute methamd the filtrate was yellow, and then dried Wacuo at
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appropriate temperature. Yield: 65%, Anal. Cal@X%6; H, 2.42; N, 13.43; 0,20.45; Found: C, 311692.48; N,
13.50; O, 20.50. Scheme 3.
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Scheme 3. Synthesis of [(u-BPIB){Hg(NO3),(H20).}2](1)
RESULTSAND DISCUSSION
The ligand and complex were fully characterizedByiR, UV-vis, *H-NMR and CV.

3.1.FT-IR spectra

Infrared spectral data of the free ligand and @poading complex have been compared. The IR speadfuthe

free BPIB contains a sharp band at 1620" @msociated with the stretching frequency of th&l®@end [12]. On

complexation this frequency was observed to 1530D¢mat shift to a lower wavenumber[13].The IR fregoe

shifts (relative to the free ligand) of the amidd Nands exhibited by the diamide complexes werd ts@stablish
whether coordination occurs through the amide géroatoms and whether coordination involving nigoglonors

is accompanied by deprotonation[14].The bond arolB@0 cm® assigned to NOgroups in complex. The IR

spectrum of the complefd)shows the band at 327ctassociatedwith the stretching frequency of the Hped
[15].

UV-vis spectra

Electronic spectrum of j{-BPIB){Hg(NOs3),(H,0),},](1) in DMSO solution is shown in Fig. 1. UV-vis spectr
shows two absorption bands in 255, 290nm thatbated to the intra ligand transitions—¢xn*) of phenanthroline
and one absorption band at 370 nm related-tenf) of benzene which overlap with{ar*) of phenanthroline[16-
17]. Another bonds at 380nm and 395nm are attribtwecharge transfer (MLCT)from d-orbitals of Higo n*
phenanthroline ligand [18]. Also, UV-vis spectruifitide complex don't show any-ed transition of central ion.
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Fig 1. Absor ption spectrum of [(n-BPIB){Cd(NOs3),},]in DM SO solution

3.3. Electrochemical studies

Electrochemical behavior of the BPIB ligand and pter(1) with scan speed of 500 m¥ysin the DMF solvent
were studied and show in Fig.2 and Fig.3.Voltamograf the ligand and complex, shows cathodic aratlian
steps which are corresponding to the oxidation radldiction of the ligand. Table.1. show electrocteaindata of
BPIB ligand and comple{l).[19-20]
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Fig 2. Cyclic voltammogram of BPIB ligand in DM F solution
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Fig 3. Cyclic voltammogram of [(n-BPIB){Cd(NOs),},] in DMF solution

Table 1. Electrochemical data for Ligand (BPIB ) and complex(1) in DMF solution

BPIB 1.18/1.22 (AA*)| 0.38/0.82 (BB¥)| -0.89/-0.47 (T)
[(n-BPIBY{CA(NO3)2}2](1) | 1.16/1.25 (AA*) | 0.34/0.82(BB*)| -0.38/-0.10 (CC*
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Fig4."H-NM R spectrum of BPIB ligand
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Fig 5. *H-NMR spectrum of [(u-BPIB){Cd(NOs)5},]

3.4.'H-NMR spectra
'H-NMR is a very powerful tool for characterizatiofi compounds in solution. Figs.4 and 5 show tHeNMR
spectra of free BPIB and comp(@xespectively in DMSO-$olution at 25°C.Hydrogen atoms of imidazol groups
are seen at 2.4 ppm in BPIB. These protons nearetal center accordingly appear in up field in cterg1) and
are seen at 1.15 ppm ini{BPIB){Cd(NOs),},](1). The signals observed in the region of 7-9 pprrigs. 4 and 5
are corresponding to phenanthroline groups.

CONCLUSION

In summary, we have successfully prepared comgiéigowith bridging ligand obtained from 1-10 phettaoline.
This compounchas been characterized using FT-IR, UV-Vi4$;NMR and Cyclic voltammetry (CV) techniques.
The IR spectra suggest involvement of unsaturaitedgen atoms of the C=N moieties groups in bondirifp the
central metal ions. Cyclic voltammetry techniqu@whcomplex(1) has good electrochemical behavioes@mce
BPIB ligand in this compound causes catalytic aedteon transfer properties in complex(&Jso this compound
can be used to form an electrochemical polymer.
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