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ABSTRACT  

Research in medicinal inorganic chemistry has extended in 

recent times by the development of a variety of chelating 

ligands to modify the properties of metal ions in biological 

systems. Macrocyclic metal complexes offer the benefit of 

high stability complex formation and, through 

fictionalization, in the biological systems. Recent 

developments in coordination chemistry in particular the use 

of protonated polyaza macrocycles is expected to have 

significant impact on the design of new medicines and 

receptors for anion complex for its application as sensor. In 

the present study anionic transition metal complexes with 

tetraaza protonated 2,15-dihydroxy-3,7,10,14-

tetraazabicyclo[14.3.1]icosane-1(20),2,7,9,14,16,18 heptaene 

has been analyzed for its potential as pH indicator and 

chemosensor. 
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INTRODUCTION 

The era of anion coordination chemistry began with the earlier work of Shriver and Biallas, 

in 1968. This was followed by the work of Simmons and Park, in which the design of a 

suitable host system for a guest chloride anion was demonstrated[1-3]. Thereafter, the field 

started to bloom, in particular during the last decade, due to the inspirational work of Graf 

and Lehn[4], and Schmidtchen[5]. Anions in biological systems are believed to be crucial for 

many of the biochemical processes. For instance, more than two thirds of enzyme substrates 

and cofactors are anionic in nature[6]. Today, it has been well established that anions play 

vital role in the biological systems especially in the process of anion encapsulation and 

biological catalysis.  

Recently, it has been shown that anion based chloride channels significantly contribute to the 

stabilization of the membrane potential. Thus, anion biochemistry serves as the backbone of 

biochemical processes associated with the regulation of pH, volume homeostasis, organic 

solute transport, cell migration, cell proliferation and differentiation[7] malfunction of natural 

Cl- ion channels has been associated with Bartter syndrome, Dent’s disease and Cystic 

Fibrosis (CF)[8,9]. Similarly, defects in proteins that facilitate transmembrane bicarbonate 

transport have been linked to diseases of the brain, heart and bones, as well as CF[10,11]. 

Therefore, a better understanding of the biochemical mechanisms of anion recognition is of 

prime importance to conceive efficient synthetic anion receptors for potential medicinal 

applications. However, anions such as phosphate and nitrate are largely incriminated as 

pollutants of drinking water[12]. Hence, anion-binding systems may be used for environmental 

cleanup purposes.  

Anion coordination chemistry has attracted growing attention in supramolecular chemistry 

due to the essential roles that anions play in biology, medicine, and environmental science[13]. 

Much effort has been expended on the design of receptors for anion complex for its 

application as sensor. This has been a great challenge because anion complex with the 

receptor is different from that of metal cation, operates through metal coordination. Further, 

the characters of anions with vary size, shape and charge, and pH-dependent species[13]. Yet 

substantial progress has been made in the development of anion based receptors. Several 

excellent reviews on the recent advances in this field has been available in the literature[14–17]. 

Basically, anion receptors are neutral or sometimes positively charged. Further, anion–

receptor interactions are favored through hydrogen bond and/or electrostatic interaction, 
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although deprotonation of the acidic hydrogen bond donor occurs in some cases. 

Alternatively, neutral anion receptors are based on amide, (thio) urea and pyrrole groups that 

bind anions via favorable hydrogen bonds. 

MATERIALS AND METHODS  

Preparation of Complexes: 

All the metal complexes were prepared and reported [18].  

RESULTS AND DISCUSSION 

Activities of Complexes  

pH dependence of UV-VIS spectra 

The aqueous solutions of the copper complex {(Mac.2) [CuCl6]}} (20 mL (1 mM); 20 μmol) 

was prepared, and the electronic absorption spectra were recorded at every addition[19] of 

0.66 mL of 0.03 M (20 μmol) NaOH aqueous solution until the total volume of the NaOH 

solution (3.96 mL; 120 μmol)) neutralized the six equivalents of macrocyclic protons. Prior 

to the addition of NaOH solution, pH of the complex solution is 3.70. Upon addition of 3.96 

mL of 0.03 M base, the pH changed from 3.70 to 12.49. Then, to the above neutralized 

solution was added 0.05 M HCl solutions in 0.4 mL (20 μmol) increments for the reverse 

procedure of protonation, and the electronic spectra were recorded. During addition of 2.4 

mL of 0.05 M acid, the pH changed from 12.49 to 3.28. 
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Visible Region 

 

Figure No. 1: a) Absorption spectra of a 10-3 M solution of copper complex measured in the 

visible region at varying pH values (3.70(red), 5.48 (green), 6.38 (blue), 9.68 (yellow), 11.47 

(pink), 12.11(cyan) and 12.49 (black)) with the addition of 0.03 M NaOH solution 

(deprotonation);  

Figure No. 1: b) Absorption spectra of a 10-3 M solution of copper complex measured in the 

visible region at varying pH values (12.11 (black), 11.47 cyan), 10.01 (pink), 9.44 (yellow), 

6.74 (blue), 5.83(green), and 3.28(red)) with the addition of 0.05 M HCl solution 

(protonation).  

The electronic spectrum of yellowish green copper complex (Fig. 1 (a)) without NaOH 

solution exhibited a broadband at λmax = 775 nm assignable to a d-d band. On addition of 

0.66 mL of 0.03 M NaOH solution, the color changed from yellowish green to green, and the 

d-d band shifted to lower wavelength λmax = 669 nm with an increase in intensity. On 

gradual addition of NaOH solution, the solution became pale green cloudy, pale blue cloudy 

and finally to dark blue clear solution with the d-d band shifting to lower wavelength, with an 

increase in intensity, from λmax = 669 nm to 587 nm.  
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The deprotonation involves the removal of four protons from protonated aza groups and two 

from iminol hydroxyl groups[20] as per the above scheme. It is envisaged that upon addition 

of four equivalent of base, the complex A first loses four aza protons to give a cloudy product 

B; subsequent addition of two more equivalents of base may lead to the formation complex 

C. On addition of 0.05 M HCl solution in the reverse procedure, the color changed from dark 

blue to yellowish green through pale blue, pale green, green and the d-d band shifted to a 

higher wavelength with decrease in intensity and the spectrum (Fig. 1 (b) finally reached its 

original value.  

UV Region  

 

Figure No. 2: a) Absorption spectra of a 10-3 M solution of copper complex measured in the 

UV region at varying pH values (3.70(red), 5.48 (green), 6.38 (blue), 9.68 (yellow), 11.47 

(pink), 12.11(cyan) and 12.49 (black)) with the addition of 0.03 M NaOH solution 

(deprotonation);  

Figure No. 2: b) Absorption spectra of a 10-3 M solution of copper complex measured at 

varying pH values in the UV region (12.11 (black), 11.47 cyan), 10.01 (pink), 9.44 (yellow), 
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6.74 (blue), 5.83(green), and 3.28(red)) with the addition of 0.05 M HCl solution 

(protonation).  

The electronic spectrum of copper complex (Fig. 2 (a)) without NaOH solution exhibited two 

bands in the UV region. The higher energy band λmax = 205 may be assigned to -* 

transition, while lower energy band λmax = 235 is attributable to n-* transition. The 

addition of base results in the increase of intensity of n-* transition band.  

On addition of 0.05 M hydrochloric acid to neutralize the added base in the reverse 

procedure, the intensity of n-* transition band decreases. These observations can be 

explained as follows. As no lone pair of electrons is available on nitrogen atom in the 

protonated iminol system       [-NH+=C(OH)-], it is expected that n-* transition is due to the 

excitation of non-bonding electrons localized on oxygen atom. Upon addition of one 

equivalent of base one equivalent of protonated aza groups lose their protons to create free 

iminol group [-NH=C(OH)-] wherein nitrogen contains lone pair of electrons. Now 

additionally n-* transition is expected from the excitation of non-bonding electrons 

localized on nitrogen atom. 

Due to the lower electronegativity of nitrogen relative to oxygen, the nonbonding electrons of 

nitrogen will have higher energy relative to that of oxygen. Therefore n-* transition will 

have lower energy (higher wavelength) if transition takes place from nitrogen lone pair. 

Nevertheless, in the present case, this transition seems to overlap with n-* transition from 

oxygen lone pair to boost up the intensity of the transition. Progressively more free iminol 

groups are formed by addition of further equivalents of base thereby increasing the transition 

probability of n-* transition. This culminates in the hyper-chromism of the transition. The 

neutralization of the added base by the addition of HCl reverses the trend (Fig. 2 (b)) and the 

spectrum reaches the initial shape.  

pH Indicator 

 

Figure No. 3: Variation of color with pH of Copper complex 
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The copper complex shows color change from pale green to blue with increase of pH (Fig. 

3). This pH dependent color change (wavelength shift) divulged an idea that the complex 

may act as pH (acid-base) indicator[21]. The idea was subsequently verified by performing 

neutralization titration as discussed below. The NaOH (0.8140 N, 10 ml) solution, when the 

saturated aqueous copper(II) complex solution was added as indicator, becomes dark blue 

colored. This blue colored solution was titrated with HCl (1.031 N) solution till it becomes 

yellowish green at endpoint. The endpoint was observed at 7.9 ml of HCl and just before the 

endpoint pale green color was noticed. The same titration was repeated using 

phenolphthalein indicator and the endpoint occurred exactly at 7.9 ml of HCl. The color 

change (transitions) of the complex was found to be 4.5 to 6.5 pH range. The exactness of the 

volume of acid consumed for the neutralization of base regardless of using either 

phenolphthalein/metal complex indicator ascertains the validity of the metal complex as 

indicator.  

 

Figure No. 4: Variation of color with pH of Cobalt complex 

The indicator behavior of the copper (II) complex solution was successful in the 

neutralization titration of base in the range 0.1N to 1 N. Similarly, the same indicator 

behavior was also performed in the cobalt complex, which shows color change from yellow 

to pale green with increase of pH (Fig. 4). 

Chemo Sensors 

Addition of various anions to the copper complex solution gives different colors (Fig. 5); 

drastic color change is observed for iodide, thiocyanate and carbonate anions while for other 

anions such as sulphate, nitrate, acetate, oxalate little or no color change is seen. The color 

change is expected when the chloride ligand (weak field) of anionic metal complex is 

substituted by other anionic ligands; the color change will depend on the strength of the field 

imposed by substituting ligands around metal. It is envisioned that three dimensional network 

of hydrogen bonding exists between cationic macrocycle and anionic complexes. Ligands 

such as sulphate, nitrate, having strong tendency for making hydrogen bonding, will 
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associate with cationic macrocycle rather than substitution of chloride of anionic complex; 

consequently, color change is not observed. On the other hand ligands such as iodide, 

thiocyanate having weak tendency for hydrogen bonding could diffuse through the network 

and substitute chlorides of anionic metal complex to effect an observable color change. These 

observations augment the inference that the anions and anionic complexes are present outside 

the macrocyclic cavity. 

 

 

 

 

Figure No. 5: Chemosensor behavior of copper complex 

REFERENCES 

1. Simmons HE, Park CH. Macrobicyclic amines. I. Out-in isomerism of 1,(k+ 2)-diazabicyclo [klm] alkanes. 

Journal of the American Chemical Society. 1968;90(9):2428-242 

2. Park CH, Simmons HE. Macrobicyclic amines. II. out-out in-in prototropy in 1,(k+ 2)-diazabicyclo [klm] 

alkaneammonium ions. Journal of the American Chemical Society. 1968;90(9):2429-2431. 

3. Park CH, Simmons HE. Macrobicyclic amines. III. Encapsulation of halide ions by in, in-1,(k+ 2)-

diazabicyclo [klm] alkane ammonium ions. Journal of the American Chemical Society. 1968;90(9):2431-2432. 

4. Lehn JM, Sonveaux E, Willard AK. Molecular recognition. Anion cryptates of a macrobicyclic receptor 

molecule for linear triatomic species. Journal of the American Chemical Society. 1978;100(15):4914-4916. 

5. Valik M, Král V, Herdtweck E, Schmidtchen FP. Sulfoniumcalixpyrrole: the decoration of a Calix [4] pyrrole 

host with positive charges boosts affinity and selectivity of anion binding in DMSO solvent. New Journal of 

Chemistry. 2007;31(5):703-10. 

6. Gale PA, Quesada R. Anion coordination and anion-templated assembly: Highlights from 2002 to 2004. 

Coordination Chemistry Reviews. 2006;250(23-24):3219-44. 

7. Sessler JL, Gale PA, Cho WS. Anion receptor chemistry. Royal Society of Chemistry; Cambridge: 2006. 

8. Mindell JA, Maduke M, Miller C, Grigorieff N. Projection structure of a ClC-type chloride channel at 6.5 Å 

resolution. Nature. 2001;409(6817):219. 

9. Sheppard DN, Rich DP, Ostedgaard LS, Gregory RJ, Smith AE, Welsh MJ. Mutations in CFTR associated 

with mild-disease-form CI-channels with altered pore properties. Nature. 1993;362(6416):160. 

10. Bok D, Galbraith G, Lopez I, Woodruff M, Nusinowitz S, BeltrandelRio H, Huang W, Zhao S, Geske R, 

Montgomery C, Van Sligtenhorst I. Blindness and auditory impairment caused by loss of the sodium 

bicarbonate cotransporter NBC3. Nature genetics. 2003;34(3):313. 

11. Vaughan-Jones RD, Spitzer KW, Swietach P. Intracellular pH regulation in heart. Journal of molecular and 

cellular cardiology. 2009;46(3):318-31. 

12. Guzmán ER, Regil EO, Alberich ME, Hernández AR, Regil EO. Contamination of corn growing areas due 

to intensive fertilization in the high plane of Mexico. Water, air, and soil pollution. 2006;175(1-4):77-98. 

13. Sessler JL, Gale PA, Cho WS. Anion receptor chemistry. Royal Society of Chemistry; 2006. 

I- SCN- SO4
2- OAc- CO3

2- NO3
- HPO4

2- (C2O4)2- Metal  Complex 



www.ijsrm.humanjournals.com 

Citation: A. SELVAN et al. Ijsrm.Human, 2019; Vol. 14 (2): 89-98. 

97 

14. Caltagirone C, Gale PA. Anion receptor chemistry: highlights from 2007. Chemical Society Reviews. 

2009;38(2):520-563. 

15. Amendola V, Fabbrizzi L. Anion receptors that contain metals as structural units. Chemical 

Communications. 2009(5):513-531. 

16. Perez J, Riera L. Stable metal–organic complexes as anion hosts. Chemical Society Reviews. 

2008;37(12):2658-2667. 

17. Gale PA, García-Garrido SE, Garric J. Anion receptors based on organic frameworks: highlights from 2005 

and 2006. Chemical Society Reviews. 2008;37(1):151-190. 

18. Selvan A, Jayakumararaj R, Chellappa D. Available online through www. jpronline. info. Journal of 

Pharmacy Research. 2012;5(8): 4562-4565 

19. Mimura M, Matsuo T, Nakashima T, Matsumoto N. Zigzag-Chain and Cyclic-Tetrameric Compounds 

Derived by Deprotonation of Mononuclear Copper (II) Complexes with N, N ‘-Bis (2-substituted-imidazol-4-

ylmethyl-idene)-1, 4-diaminobutane (2-Substituent= H, Me): Synthesis, Characterization, Structure, Substituent 

Effect, and Interconvertibility. Inorganic chemistry. 1998;37(14):3553-60. 

20. Amendola V, Fabbrizzi L, Mosca L. Anion recognition by hydrogen bonding: urea-based receptors. 

Chemical Society Reviews. 2010;39(10):3889-915. 

21. Pallavicini PS, Perotti A, Poggi A, Seghi B, Fabbrizzi L. N-(aminoethyl) cyclam: a tetraaza macrocycle 

with a coordinating tail (scorpiand). Acidity controlled coordination of the side chain to nickel (II) and nickel 

(III) cations. Journal of the American Chemical Society. 1987;109(17):5139-44. 

 

 

 

 

 

 

 

 

 

 

 

 

 



www.ijsrm.humanjournals.com 

Citation: A. SELVAN et al. Ijsrm.Human, 2019; Vol. 14 (2): 89-98. 

98 

 

 

 

A. SELVAN  

Assistant Professor  

Department of Chemistry,  

Govt. Arts College for Women,  

Nilakottai – 624 208, India 

 

S. RAJESHWARI 

Assistant Professor  

Department of Chemistry,  

PRIST University School of Law,  

Arasanoor, Sivagangai Dist. 

TamilNadu, India 

 

N. LAVANYA 

Assistant Professor  

Department of Chemistry,  

Latha Mathavan Engg. College,  

Kidaripatty, Madurai Dist. 

TamilNadu, India 

 

R. JAYAKUMARARAJ 

Associate Professor 

Department of Botany,  

Government Arts College,  

Melur – 625 106, Madurai Dist. 

TamilNadu, India  

 


