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ABSTRACT 

Two new mixed ligand cobalt(III) complexes containing bibenzimidazole (bbenzimH2) ligand with 

composition [Co(phen)2bbenzimH2](ClO4)3 (1) and [Co(bpy)2bbenzimH2](ClO4)3 (2) have been 

synthesized and characterized using UV-visible, Infrared, ESI-MS and cyclic voltammetric 

techniques. Both complexes 1 and 2 exhibited quasi-reversible electrochemical wave. The anion 

binding studies with these metallo-receptor complexes were carried out using UV-vis and 

fluorescence spectroscopic titrations and complex 2 was found to be selective towards iodide anion. 

Though complex 2 possesses potential hydrogen bonding sites, namely –NH, it was found that the 

basic anions like F-, OH- and OAc- do not bring about any dramatic visual colorimetric changes. 

However, metallo-receptor 2 brings about vivid color change with iodide anion visually and this 

could be due to charge transfer transition via ion pair formation with iodide ion.    

 

Keywords: Cobalt(III) complexes/ anion binding/ Charge transfer/ Metallo-receptor/ Iodide 

 

 

 



2 

 

1. Introduction 

 Inorganic anions play a vital role in various biological, environmental and industrial 

processes [1-3]. Chloride ions are important in maintaining acid-base balance within the body and 

also in regulating the blood pressure. Fluoride ions have significant role in dental care and in the 

treatment of osteoporosis [4]. Phosphate anions have major role in biomineralization process like 

bone formation. Lot of enzyme substrates and co-factors that are responsible for many biological 

phenomena within living systems, consists of anions [5]. Anions act as base, phase transfer catalyst 

and also as redox agents in various chemical processes. However, if anions are present either in 

excess or deficit, it may have harmful effects on both mankind and environment. Presence of high or 

low levels of chloride ions in the body is indicative of kidney problems [6]. Deficiency in iodide 

leads to goitre in mammals as well as in humans [7]. Enormous usage of phosphate and nitrate 

fertilizers in agriculture has resulted in eutrophication of rivers, estuarines etc., and pose serious 

threats to environment and aquatic biodiversity [8]. Hence, there is an immediate need for the 

systematic qualitative and quantitative detection of various anions due to their vast utility as well as 

deleterious effects [9].  

 The design and synthesis of anion receptors that recognize anionic molecules is a great 

challenge for the synthetic chemists. Anions are much more difficult to sequester than cationic or 

neutral molecules. This is because of the fact that anions are relatively larger in size compared to 

isoelectronic cations. For example Br- has an ionic radius of 196 pm while Rb+ is only 149 pm. 

Multiple atom containing anions like SO4
2- (230 pm) and PO4

3- (238 pm) are also considerably larger 

in their ionic radius. This means that an anion has a lower charge to radius ratio than an isoelectronic 

cation that will make its electrostatic interactions weaker with a potential receptor molecule. In 

addition to that, solvation or hydration energy is high for anions. This makes the receptors difficult to 

recognize anions, since it has to overcome the hydration energy [10-15]. Hence, designing and 

synthesizing of anion receptors that specifically senses the anions is a great promising field of 

research. Two different strategies can be adopted in the designing of anion receptors. One is the 

electrostatic interaction and other is the hydrogen bonding interactions with the anions. For 

electrostatic interaction, the receptor molecule should possess the cationic site and this method is 

non-selective. Therefore, the other selective approach involving hydrogen bonding interactions, 

gains appreciation among researchers in the design and development of anion receptors.   

The design and structure of the receptors play an important role in the anion sequestration. 

Synthetic receptor for anions was first reported by Park and Simmons in 1968 with the in,in-1,11-
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diazabicyclo[9.9.9]nonacosane bisammoniumdication, by monitoring the incorporation of halide ions 

into its cavity, through hydrogen bonding and electrostatic attraction [16]. Subsequent to this, a large 

variety of synthetic anion receptors have been investigated, including calixarenes, amides, amines, 

urea, thiourea, porphyrins and cyclen derivatives [17,18]. However, imidazole containing class of 

organic compounds are considered to be promising candidates for the anion sensing due to its 

hydrogen bonding ability with the anions [19]. In the imidazole family of ligands, biimidazole and its 

derivatives are attractive structural motifs for the anion receptors since they contain both imine and 

amine nitrogen atoms which undergo protonation and deprotonation and are considered to be the 

active site for the recognition of anions as well as cations [20]. However, the disadvantage with 

organic ligands is that proper orientation in the geometry of the ligands cannot be attained for their 

interaction with the anions [17,18,21-23]. In order to overcome this difficulty, organic ligands may 

be complexed with transition metals thereby orienting the ligands in the right conformation so as to 

aid in the recognition of various anions [24-27].  

Cationic transition metal complexes do attract anions depending upon the degree of ion-pair 

interaction. In solid state, the metal complex undergoes electrostatic attraction with the anions in 

order to balance the charge, to optimize the crystal packing force and lattice energies. But in 

solution, the degree of attraction between transition metal complex and anions depends on several 

other factors like polarity of the solvent, electrostatic attraction of the metal centre and directional 

binding effects of appended H-donor functional groups of the ligands [15,28]. The sensing or 

recognizing of anions/neutral molecules by metallo-receptors can be broadly classified into two 

types, namely, first and second sphere coordination. In the first sphere coordination, there is a direct 

interaction of cationic metal centre with the targeted anion. Hence, the anion binds to metal centre by 

forming primary coordination sphere. In the case of second sphere coordination, selective and 

effective binding of anion can be accomplished by the metal, which makes the functional groups of 

the ligand more flexible, directional and accessible to the incoming anions [18,29-32].  

Anions interacting with the metal complexes through second sphere coordination are known 

to induce changes in their spectral and electrochemical properties. These changes depend on the 

protonation, deprotonation or stable complex formation with the ligand systems [33]. Ruthenium 

polypyridyl complexes are one of the extensively studied anion receptors since they possess 

chemical stability, luminescence and redox properties [23,34,35]. Most of the metallo-receptors are 

designed in such a way that they contain signaling subunit and a second sphere coordinating site. In 

ruthenium complexes Ru(bpy)2 act as signaling subunit and the appropriate ligand containing 
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potential binding site for second sphere coordination with the anions are incorporated. Ye et al. have 

meticulously used this strategy in the synthesis of various anion receptors [36-38]. He has shown that 

BiimH2 containing Ru(bpy)2 complex was able to undergo colorimetric changes upon the addition of 

acetate and fluoride anions. The colorimetric changes were due to the mono and bi-deprotonation of 

the –NH group present in the BiimH2 ligand. Lahiri et al. have shown that paramagnetic Ru(acac)2 

containing BiimH2 ligand was selective against OAc- and F- anions [39]. Similarly, cobalt(II) and 

ruthenium(II) sulfonamido complexes showed high affinity towards F- and AcO- anions while 

moderate affinities were observed towards H2PO4
- and  OH- anions and almost no affinities for Cl-, 

Br- or I- [40]. The anion sensing ability of the metallo-receptors eventually depend either on the 

hydrogen bonding ability or the protonation or deprotonation of the ligand. This mainly depends on 

the acidity of the –NH groups. Therefore, varying the acidity of the –NH group of the ligand can lead 

to alterations in the sensing properties of the metallo-receptors and this can be achieved by 

complexation with different cations or varying the substituents in the ligands. With these 

considerations, the present work focuses on cobalt(III) complexes containing either phen or bpy and 

bbenzimH2, as second sphere coordinating ligand for the interaction with the anions. The structures 

of the cobalt(III) complexes used in the present study are given in scheme 1. These cobalt(III) 

complexes were synthesized and characterized using various spectroscopic and electrochemical 

techniques and evaluated for their sensing abilities of various anions.  
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Scheme 1: Structure of metallo-receptors 
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2. EXPERIMENTAL DETAILS 

2.1 General methods 

Elemental analyses were performed on a Euro Vector CHNS elemental analyzer. Infrared 

spectra of ligand as well as corresponding cobalt complexes were recorded using Perkin Elmer RX-I 

FT-IR spectrometer. Potassium bromide was used for making analyte pellet and the spectrum was 

recorded from 4000-400 cm-1. Shimadzu UV-1800 spectrophotometer was used for recording 

electronic spectra of complexes and also for anion binding spectral titrations. 3 mL quartz cuvettes of 

1 cm path length were used and the acetonitrile solvent medium was maintained for all the titration 

experiments. Emission spectral titrations were recorded using Varian spectrofluorimeter. 

Electrospray ionization mass spectra (ESI-MS) of ligand and cobalt complexes were recorded using 

the Thermofinnigan LCQ 6000 advantage max ion trap mass spectrometer. The carrier solvent was 

acetonitrile and capillary voltage was maintained at 20 KV. Electrochemical analysis of cobalt(III) 

complexes were performed with CH instrument (USA) model CH-620 B,  electrochemical analyzer. 

This consists of three electrode system containing a glassy carbon electrode as working electrode, 

saturated calomel electrode (SCE) as reference electrode and platinum electrode as counter electrode. 

Tetrabutylammonium perchlorate (TBAP) was used as a supporting electrolyte for non-aqueous 

medium. Before performing the voltammetric measurements, the samples were deoxygenated by 

purging with nitrogen gas. 

2.2 Chemicals and Precursors 

Chemicals used in the synthesis of bibenzimidazole [bbenzimH2] ligand such as (+)-tartaric 

acid and 1,2-diaminobenzene were purchased from Sigma Aldrich and used without further 

purification. Other chemicals like potassium permanganate, silver nitrate, sodium perchlorate, 

hydrogen peroxide were obtained from SD fine chemicals (India). Solvents such as acetonitrile, 

acetone, ethanol, methanol, hydrochloric acid, perchloric acid, diethyl ether, dimethyl sulphoxide 

were purchased from Merck India. For the preparation of mixed ligand cobalt complexes 1,10-

phenanthroline, 2,2’- bipyridyl, cobaltous chloride hexahydrate were obtained from Sigma Aldrich. 

Ammonia solution was purchased from Rankem (Mumbai) India. Tetrabutylammonium salts used 

for the anion sensing studies like tetrabutylammonium fluoride trihydrate (TBAF), 

tetrabutylammonium bromide (TBAB), tetrabutylammonium iodide (TBAI), tetrabutyl ammonium 

perchlorate (TBAP), tetrabutylammonium hydroxide (TBAH) and tetrabutylammonium acetate 

(TBAA) were purchased from Sigma Aldrich (India). 
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 The starting material namely benzimidazole carboxaldehyde for the synthesis of ligand 

bbenzimH2 was prepared by following a slightly modified reported procedure [41]. [Co(phen)2Cl2]Cl 

and [Co(bpy)2Cl2]Cl which were used as precursor complexes were prepared according to the 

reported procedure [42]. The [Ag(bbenzimH2)]NO3 complex was synthesized by following the 

previously published method [43]. 

2.3 Synthesis of bbenzimH2 ligand 

 Bibenzimidazole (bbenzimH2) ligand was prepared by adopting the reported procedure [44]. 

Benzimidazolecarboxaldehyde (1mmol, 146 mg) and ortho-phenylenediamine (1 mmol, 108 mg) 

were dissolved in acetonitrile. To this, 37 % of HCl (3.5 mmol) was added, followed by  the slow 

addition of aqueous solution of 30 % hydrogen peroxide (700 mmol) to the mixture and then stirred 

for 24 hrs using magnetic stirrer under room temperature. Resulting solution was neutralized using 

ammonia solution to a pH 9. On standing, light brown yellow colored bbenzimH2 ligand was 

obtained which was then filtered and dried in vacuo. Yield: 79%. Found: C, 71.67; H, 4.40; N, 23.83. 

Anal.Calcd for C14H10N4: C, 71.78; H, 4.30; N, 23.92%. IR (KBr, νmax/cm−1): 3443vs (N-H). ESI-

MS: m/z 235.27 ([L + H]+). Color: Pale yellow. 

2.4 Synthesis of bis(benzimidazole)bis(phenanthroline)cobalt(III) perchlorate, 

[Co(phen)2bbenzimH2](ClO4)3 (1) 

The precursor complexes [co(phen)2Cl2]Cl (1 mmol, 526 mg) and [Ag(bbenzimH2)]NO3 (1 mmol, 

404 mg) were refluxed in methanol: water 3:1 v/v mixture for three hours. The reaction mixture was 

cooled and then kept in refrigerator for two days. The clear solution formed above the precipitate 

was decanted in order to remove the silver chloride precipitate formed during the reaction. Then, the 

clear solution was concentrated to 1/4th of the volume using rotary evaporator. To this, a saturated 

solution of sodium perchlorate in 0.1 M perchloric acid was added leading to slow precipitation of 

brownish yellow solid. The precipitate was filtered, washed with diethyl ether and dried under 

vacuum. The complexes [Co(phen)2bbenzimH2](ClO4)3 was recrystallized from MeCN-water 

mixture. Yield: 87%. Found: C, 47.85; H, 2.99; N, 11.62. Anal.Cald.for 

[Co(phen)2bbenzimH2](ClO4)3, C38H26Cl3CoN8O12 (1): C, 47.94; H, 2.75; N, 11.77 %. ESI-MS m/z, 

base peak at 326.07, ([Co(phen)2bbenzimH2]3+ – H+);651.07, ([Co(phen)2bbenzimH2]3+ – 2H+ ). IR 

(KBr phase, νmax/cm−1) 3424vs, 1615m, 1420m, 1084br, 850w, 748w, 627m. 
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2.5 Synthesis of bis(benzimidazole)bis(bipyridyl) cobalt(III) perchlorate, 

[Co(bpy)2bbenzimH2](ClO4)3 (2) 

 This complex was prepared by refluxing [Co(bpy)2Cl2]Cl (1 mmol, 477 mg) and 

[Ag(bbenzimH2)]NO3 (1 mmol , 404 mg) with methanol:water 3:1 v/v for three hours. Mixture was 

kept in refrigerator for two days. The clear solution formed above the silver chloride precipitate was 

removed by slow decantation. The solution was concentrated using rotaevaporator. To this solution 

saturated solution of sodium perchlorate in 0.1 M perchloric acid was added. Brownish yellow mixed 

ligand complex was precipitated slowly. The precipitate formed was filtered and washed with 

diethylether and dried under vacuum. The complex [Co(bpy)2bbenzimH2](ClO4)3 was recrystallized 

from MeCN-water mixture. Yield: 86%. Found: C, 45.20; H, 2.88; N, 12.51. Anal.Cald.for 

[Co(bpy)2bbenzimH2](ClO4)3, C34H26Cl3CoN8O12 (2): C, 45.16; H, 2.92; N, 12.40 %. ESI-MS m/z, 

base peak at 302.00, ([Co(bpy)2bbenzimH2)]3+-H+); 602.93, ([Co(bpy)2bbenzimH2]3+ – 2H+ ). IR 

(KBr phase, νmax/cm−1) 3397vs, 1606m, 1429m, 1084br, 767w, 627m. 1H NMR (DMSO – d6) δ ppm: 

4.07 (b, 2H, -NH), 9.09 (d, J 8.1Hz, 2H), 8.95 (d, J 7.8 Hz, 2H), 8.70 (t, J 7.8 Hz, 2H), 8.48 (t, J 7.8 

Hz, 2H), 7.9 (t, J 6.5 Hz, 2H), 7.8 (d, J 6.3 Hz, 2H), 7.77 (t, J 7.2 Hz, 2H), 7.71 (d, J 8.7 Hz, 2H), 

7.38 (d, J 5.7 Hz, 2H), 7.26 (t, J 7.5 Hz, 2H), 6.98 (t, J 7.0 Hz, 2H), 4.92 (d, J 8.4Hz, 2H), (s, singlet; 

d, doublet; t, triplet; b, broad).  

Caution! Perchlorate salts of the cobalt complexes used in this study are potentially explosive and 

therefore should be handled in small quantities with utmost care. 

In the spectral titration experiments, the concentration of complexes 1 and 2 were kept 

constant (20 µM) and the TBA salt of various anions having concentrations of 20 µM, 40 µM 100 

µM and 200 µM were titrated. For the fluorimetric and colorimetric sensing experiments, the 

complex 2 concentration (0.5 mM) was maintained constant and the anionic concentration of 5 mM 

was added to the complex to make a final volume of 5 mL. 

3. Results and discussion 

3.1 Synthesis and characterization 

 The replacement of the chloride ions in the precursor cis- dichlorocobalt(III) complex by the 

imine nitrogen of the bbenzimH2 ligand is kinetically slow and takes several hours to get the desired 

mixed ligand cobalt(III) complexes. However, the reaction can be performed with much ease by 

converting the ligand bbenzimH2 to its silver complex and then allowing it to react with precursor 

complexes. The Ag+ present in the complex facilitates the easy removal of the two chloride ions 
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present in the precursor complex by their precipitation as silver chloride as well as substitution of 

imine nitrogen of the bbenzimH2 ligand. The synthesis of complexes [Co(phen)2bbenzimH2](ClO4)3 

(1) and [Co(bpy)2bbenzimH2](ClO4)3 (2) was carried out in methanol-water medium which by virtue 

of its slightly acidic nature, helps in keeping the acidic –NH proton intact. Cobalt(III) complexes 

with bbenzimH2 ligand were precipitated as perchlorate salts and were obtained in good yields. The 

authenticity of the two cobalt(III) complexes were confirmed from the ESI-MS spectra. In the mass 

spectrum of complex 1 (Fig. 1.), base peak was found at m/z 326 which is due to the loss of one 

acidic proton ([Co(phen)2bbenzimH2]3+ – H+) and other peak found at m/z 651 

([Co(phen)2bbenzimH2]3+ – 2H+ ) is due to the loss of two acidic protons present in the bbenzimH2 

ligand. The mass spectrum also confirms the presence of two –NH acidic protons in the cobalt 

complexes. Similar trend has been observed in the case of mass spectrum of the complex 2 which 

shows base peak at m/z 302 ([Co(bpy)2bbenzimH2)]3+–H+) and another peak at m/z 602.93 

([Co(bpy)2bbenzimH2]3+ –2H+ ) as evident from Fig. 2. IR spectra of both complexes show a band at 

3400 cm-1 which again confirmed the presence of –NH in the cobalt(III) mixed ligand complexes. 

The two characteristic bands at 1084 and 627 cm-1 in the spectrum of both complexes confirm the 

presence of perchlorate counter anions. The complexes were also characterized by UV-visible 

spectroscopy.  Fig. 3 shows the absorption spectra of complexes 1 and 2 in ultraviolet region and (b) 

visible region. Complex 1 shows characteristic doublet peaks centered at 276 nm. These peaks are 

attributed to π-π* transitions of the phenanthroline ligand. The peaks at 320 nm and 338 nm are 

attributed to the n-π* and π-π* transitions of bbenzimH2 ligand. In the case of complex 2, doublet 

peak is centered at 320 nm. These transitions are due to bpy and bbenzimH2 ligand. The visible 

region of both complexes exhibit weak and broad absorption bands which are due to the spin 

forbidden MLCT transitions. Electrochemical studies were performed for both mixed ligand 

complexes of cobalt(III) in non-aqueous medium. Both the complexes show quasi-reversible 

electrochemical waves. Fig. 4 shows the cyclic voltammograms of complexes 1 and 2. Complex 1 

shows quasi-reversible anodic peak at 0.359 V and cathodic peak at 0.480 V while complex 2 

exhibits anodic peak at 0.249 V and cathodic peak at 0.602 V. These peaks are due to one electron 

Co(III)/Co(II) redox couple. A similar quasi-reversibility has been observed in the case of mixed 

ligand cobalt(III) complex containing biimidazole ligand [45].  
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3.2 Anion sensing studies  

 Anion sensing studies of the mixed ligand cobalt(III) complexes 1 and 2 with different 

biologically important anions like F-, Br-, I-, ClO4
-. OH-, OAc - were perforned using various methods 

such as colorimetric studies, UV-vis and fluorescence spectroscopic studies.  

3.2.1 Interaction of cobalt complexes 1 and 2 with various anions 

 The interaction of cobalt complexes with various anions were investigated using UV-visible 

spectroscopic titrations. For this, 10 equivalents of different anions were added to 20 µM of cobalt 

complexes 1 and 2 in acetonitrile solution. No significant changes were observed except slight 

decrease in the intensity of absorption spectrum of cobalt(III) complexes upon addition of Br- and 

ClO4
- anions. This demonstrates that there is no interaction between these two anions with cobalt 

complexes 1 and 2. The addition of TBA salts of F-, OH- and OAc- anions induced significant 

changes in the ligand centered transitions of the cobalt complexes 1 and 2. Blue shift in the ligand 

centered transitions and few new peaks with weak absorption appeared in the UV region which may 

be ascribed to interaction of these anions with cobalt(III) complexes 1 and 2. It is not surprising 

because these anions are highly basic and therefore form hydrogen bonds with bbenzimH2. Fig. 5 

and 6 show the UV-vis spectra of both complexes 1 and 2 in the presence of various anions in 1:10 

molar concentration.  

The addition of 10 equivalents of TBA salt of I- to cobalt complexes 1 and 2, caused a blue 

shift of 8 nm and 16 nm in the ligand centered transitions of the complexes. The intensity of the peak 

too increased with addition of I- and the hyperchromism was found to be 160 % in the case of 

complex 2. It is well known that I- possess poor hydrogen bonding ability compared to F-, OH- and 

OAc-. Hydrogen bonding ability among the halides also decreases from F- to I-. Since the addition of 

bromide anions had no perturbations in the spectra of cobalt complexes, one would expect the same 

in the case of iodide ion i.e., no changes in the spectra of the complexes. Ye et al. had showed that 

the ruthenium complex containing the bbenzimH2 ligand has no significant changes on the addition 

of iodide ion [37]. In contrast, a vivid spectral change in the ligand centered transition was observed 

in cobalt complexes upon the addition of iodide anions. This conclusively indicates that iodide ions 

interact with cobalt complexes with alternate mechanism. Though iodide ion is less basic, it 

possesses good nucleophilic character and cobalt atom in its +3 oxidation state is electrophilic in 

nature. Therefore, there is high tendency for I- to form charge transfer complex with the cobalt(III) 

complex 2. Reports are available wherein cobalt(III) ammine complexes form ion pair with iodide 

anion resulting in an outer sphere charge transfer absorption spectra [46,47]. Therefore, it is evident 
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that the blue shift with increase in intensity observed in the present cobalt(III) complexes upon 

addition of iodide ion may be due to charge transfer complex formation. 

Among the two complexes 1 and 2, the complex 2 shows a significant shift in the wavelength 

of the absorption spectrum. Though the binding site for the anions (bbenzimH2) is same for both 

complexes 1 and 2, they differ in their ancillary ligand namely phen and bpy ligand. The variation in 

ancillary ligand has direct effect on the spectral changes induced upon the addition of anions. In the 

case of bpy, a significant change of about 16 nm shift in the spectrum was observed while phen 

ligand has only 8 nm. This clearly shows that bpy ligand acts as a potential signaling subunit in the 

metallo-receptors. The same strategy has been adopted by various researchers in the synthesis of 

novel metallo-receptors [31,36-38,48]. Therefore, further studies with anions were focused only on 

complex 2 containing bpy ligand. 

For determining the minimum concentration of various anions required for complex 2 to 

sense, the absorption spectral titrations were carried out by varying the concentrations of anions. The 

ratios of concentration of cobalt complex 2 and anions were maintained as 1:1, 1:2 and 1:5. The ratio 

1:1 does not show any characteristic changes in the spectra of the complex 2 upon addition of 

various anions. However, the addition of 2 equivalents of TBA salt of various anions to complex 2 

resulted in substantial changes in the UV spectrum. Fig. 7 represents the UV-vis spectrum of 

complex 2 in the presence of 2 equivalents of different anions. From this spectrum it is clear that 40 

µM concentration of iodide anion was sufficient to bring about a significant shift in the ligand 

centered transitions of the cobalt complex 2, while other anions do not induce prominent variations 

in the spectrum as it is evident from the Fig. 7. 

In order to obtain a quantitative insight into the metallo-receptor and iodide anion interaction, 

titration experiment was carried out using various concentrations of iodide anion with constant cobalt 

complex concentration (20 µM). Fig. 8 shows the UV- vis titrations of complex 2 with various 

concentrations of TBA salt of iodide ion. The minimum concentration at which the spectrum shows 

clear displacement in the wavelength from 321 nm to 304 nm is 40 µM of iodide anion. As the 

concentration of iodide anion (60-200 µM) was increased, there was a gradual increase in the 

intensity of the peaks in addition to the blue shift in the wavelength.  On further addition of iodide 

anion, there is neither increase in the intensity nor shift in the wavelength of the complex indicating 

that it has reached a limiting value at R {[iodide]/[complex]} = 14. 
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3.2.2 Colorimetric sensing 

 Metallo-receptor 2 has been examined for its anion sensing ability by visual colorimetric 

changes of the complex induced by various anions. The experiment was carried out with TBA salt of 

various anions, keeping the concentration of both receptor 2 and the anions constant. Fig. 9 shows 

the visual color changes brought about by the addition of various anions. From the figure, it is 

evident that addition of basic anions like F-, OH-, OAc- does not bring about any vivid colorimetric 

changes. Similar trend has been observed for other anions like Br-, ClO4
- anions. However, the 

addition of iodide anion induces dramatic color change from colorless to dark yellow. This 

chromogenic recognition of iodide ion by cobalt complex is due to its capability of forming charge 

transfer complex formation with iodide anion.  As discussed earlier, the basic anions though have the 

ability to form hydrogen bonding or have the ability to deprotonate does not bring about any 

colorimetric changes in the cobalt complex. This is in contrast to the ruthenium(II) complex 

containing the same ligand which brings about chromogenic recognition of the anions like fluoride 

and acetate [37]. However, in the present case, neither fluoride nor acetate anion does not bring 

about any vivid color change.  

3.2.3 Emission spectral changes of metallo-receptor 2 upon addition of various biologically 

important anions 

 Emission spectroscopic studies were performed using 0.5 mM solution of metallo-receptor 2 

and 5 mM solution of tetrabutylammonium solutions of various anions in MeCN and the emission 

spectra is depicted in Fig. 10. Complex 2, on excitation at 280 nm shows emission band at 402 nm. 

The addition of Br- and ClO4
- anions caused slight decrease in the intensity of the emission spectra of 

cobalt(III) complex 2. However, the emission intensity of metallo-receptor is completely quenched 

on addition of tetrabutylammonium salts of F-, I-, OH- and OAc-. In the case of anions like F-, OH- 

and OAc-, the complete quenching of fluorescence of complex 2 was due to their hydrogen bonding 

ability and high basicity of these anions. But, this is not applicable in the case of I- which lacks both 

properties. The fluorescence quenching may be brought about by several mechanisms such as 

ground-state complexation, charge-transfer phenomena, electronic energy transfer, fluorescence 

resonance energy transfer (FRET), heavy atom effect, magnetic perturbations etc., [49-55]. In the 

case of I-, the quenching of fluorescence may be due to the heavy atom effect via formation of charge 

transfer complex [56,57]. Similar effects have also been reported for (TBA)I salts and metal iodides 

in carbazole containing conjugated co-polymers and benzimidazole based tripodal receptor [58,59]. 
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 In order to gain more insight into the use of metallo-receptor 2 as a sensor for iodide anion, a 

fluorimetric titration experiment was performed with increasing amount of iodide anion. The 

addition of increasing amounts of iodide anion to metallo-receptor 2 led to quenching of fluorescence 

intensity at λem= 402 nm. Fig. 11 shows the photoluminescence titration of cobalt(III) complex 2 

with increasing amount of iodide anion. The inset graph confirms that complete quenching of 

fluorescence of complex 2 by iodide anion was achieved at two equivalents of anionic concentration. 

This result is consistent with the spectrophotometric titrations with iodide anion wherein two 

equivalents of iodide ion are sufficient to bring about the spectral changes. Thus the metallo-receptor 

2 can also be used as a fluorimetric chemosensor for iodide anion. 

4. Conclusions 

 Metallo-receptors based on mixed ligand cobalt(III) complexes containing ancillary hydrogen 

bonding ligand bbenzimH2 have been synthesized. The [Co(phen)2bbenzimH2]3+(1) and 

[Co(bpy)2bbenzimH2]3+(2) were characterized using various spectroscopic and electrochemical 

techniques. Their electrochemical properties have been found to be quasi-reversible. Both the 

complexes were assessed for their ability to sense the various biologically important anions like F-, 

Br-, I-, ClO4
-, OH- and OAc- using UV-vis spectroscopic and fluorimetric titrations. Both complexes 

exhibited selective sensing for iodide anions. Among the two complexes, the ligand centered spectral 

band of complex 2 exhibited a drastic shift of 18 nm in addition to hyperchromism. Since I- has a 

poor tendency to form hydrogen bonding with imidazole ligand, the sensing of I- by cobalt(III) 

complex is through the charge transfer complex formation. This could be due to the highly 

electrophilic cobalt(III) complex interacting with the nucleophilic iodide anion. On visual 

colorimetric examination of cobalt(III) complex 2 with various anions, a vivid color change from 

colorless to bright yellow upon the addition of I- was observed while no such color changes were 

noticed for other anions. Metallo-receptor 2 also exhibited fluorescence quenching upon the addition 

of iodide anion and the quenching was due to the heavy atom effect through charge transfer complex 

formation. While [Ru(bpy)2bbenzimH2]2+ complex senses F- and OAc-, in the present case, the 

analogue [Co(bpy)2bbenzimH2]3+ has been found to be a very good sensor for I-. Thus, it is clearly 

demonstrated that the interaction of anion with second sphere receptor is determined not only by 

basicity of the anion or the strength of the hydrogen bond but also depends on the nature of the metal 

ion used. 
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Figure Captions 

Fig. 1. ESI-MS spectrum of complex 1. 

Fig. 2. ESI-MS spectrum of complex 2. 

Fig. 3. Electronic absorption spectra of complexes 1 and 2 in acetonitrile in ultraviolet region. The 
inset shows the absorption spectra of cobalt(III) complexes in the visible region. 

Fig. 4. Cyclic voltammograms of complexes 1 and 2. 

Fig. 5. Changes in UV-Vis spectra of metallo-receptor 1 in MeCN upon the addition of TBA salts of 
different anions in the ratio of 1:10. 

Fig. 6. Changes in UV-Vis spectra of metallo-receptor 2 in MeCN upon the addition of TBA salts of 
different anions in the ratio of 1:10. 

Fig. 7. Changes in UV-Vis spectra of metallo-receptor 2 in MeCN upon the addition of TBA salts of 
different anions in the ratio of 1:2. 

Fig. 8. UV-vis titrations of metallo-receptor 2 (black color represents free metallo-receptor) with 
different concentrations of iodide anion as TBA salt.  

Fig. 9. Color changes that occur when the acetonitrile solutions of the receptor 2 (0.5 mM) are 
treated with TBA salts of various anions (5 mM). 

Fig. 10. Emission spectra of metallo-receptor 2 (0.5 mM, λex= 280 nm) and 10 equivalents of TBA 
salts of various anions in MeCN solution. 

Fig. 11. Photoluminescence titration of cobalt(III) complex 2 with increasing amount of iodide 
anion.  
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Fig. 1. ESI-MS spectrum of complex 1. 
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Fig. 2. ESI-MS spectrum of complex 2. 
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Fig. 3. Electronic absorption spectra of complexes 1 and 2 in acetonitrile in ultraviolet region. The 

inset shows the absorption spectra of cobalt(III) complexes in the visible region. 
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Fig. 4. Cyclic voltammograms of complexes 1 and 2. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Changes in UV-vis spectra of metallo-receptor 1 in MeCN upon the addition of TBA salts of 

different anions in the ratio of 1:10. 
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Fig. 6. Changes in UV-vis spectra of metallo-receptor 2 in MeCN upon the addition of TBA salts of 
different anions in the ratio of 1:10 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. Changes in UV-vis spectra of metallo-receptor 2 in MeCN upon the addition of TBA salts of 
different anions in the ratio of 1:2 
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Fig. 8. UV- vis titrations of metallo-receptor 2 (black color represents free metallo-receptor) with 

different concentrations of iodide anion as TBA salt.  
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Fig. 9. Color changes that occur when the acetonitrile solutions of the receptor 2 (0.5 mM) are 

treated with TBA salts of various anions (5 mM). 
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Fig. 10. Emission spectra of metallo-receptor 2 (0.5 mM, λex= 280 nm) and 10 equivalents of 

TBA salts of various anions in MeCN solution. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Photoluminescence titration of cobalt(III) complex 2 with increasing amount of iodide 
anion.  


