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Introduction 
Synthesis of Hacddt 

(1,2,5,6,8,11-Hexaazacyclododeca-7,12-Dione-2,4,8,10-Tetraene) 

In case of this ligand, first prepare intermediate product 
glyoxal-bis-semicarbazone, and the macrocycle is obtained when 
the intermediate productreacts with lithium hydroxide. 
Synthesis of Intermediate Product (Glyoxal bis Semicarbazone)  

An ethenolic (100 ml) solution of semicarbazide (0.04 mol, 
4.44g)wasadded to an ethanolic (50 mL) solution of glyoxal (0.02 
mol, 1.16g) in thepresence of 2 mL of cone. HCl. All the reagents were 
addedalternativelydropwisewith stirring. The reaction mixture gives a 
homogeneous solution on reflux for about half an hour. After 
addition of all the reagents the mixture was 
refluxed for 5 hours along with mechanical stirring. On keeping it 
overnight,Yellowish white coloured powdered solid was formed, which 
was filtered, washed with ethanol and dried dessicator. 
 Yield: 60% ; Melting point: 255

°
C.When ethanolic solution of 

this intermediate product glyoxal-bis-semicarbazone is reacted 
(refluxed) with equimolar solution LiOH, on cooling hexaazacyclo 
macrocyclic compound is obtained, which is filtered, washed with 
ethanol and dried in dessicator. 

  

Abstract 
The use of Schiff base macrocyclic ligands and their metal 

complexes as carrier in ion-selective electrodes has been little Known. 
The design of macrocyclic chemical structures capable of specific 
and effective molecular recognition of metal ions is of vital 
importance to broad areas of analytical chemistry and separation 
sciences. Selectivity of macrocyclic ligands in binding to metal ions 
can be finely tuned either by incorporating different soft and hard 
donar atoms in the chelating ring, or by modifying the flexibility 
properties of the macrocyclic structure. The 12-,14- and 16membered 
Schiff based macrocycles could prove to be a better option for the 
development of anionic/ cationic selective electrodes.Mangneese 
complex of 1,2,5,6.8,11- hexaazacyclododeca- 7,12-dione-2,4,8,10-
tetrene (HACDDT) used as an ion carrier in construction of acetate 
selective sensor exhibits high selectivity of acetate anion over other 
anions like nitrate and perchlorate ion. This electrode can be used for 
at least 9 months without any considerable divergence in its potential. 
It can be used as an indicator electrode in the potentiometric titration of 
silver ion. 
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Aim of the Study 

 acetate selective sensor constructed from 
mangneese complex of HACDDT as an ion carrier 
represents high selectivity towards acetate ion 
over other ions. 
Application of Hacddt 

Manganeese complex of 1,2.5,6,8.11-
hexaazacyclododeca-7,12-dione2,4,8,10-tetraene 
(HACDDT) has been used as an ion-carrier in 
construction of ion-selective sensors for some 
common anions like nitrate, thiocyanate, iodide, 
salicylate, acetate, etc. The potential responses of 
these electrodes are shown in Figure 1. As can 
be seen, the membrane senor displays selectivity 
for CH3C00

- 
ions over other anions as a result of 

the selective interaction between the central 
metal ion and acetate ions. The preferential 
response towards CH3C00

-
 is believed to be 

associated with the coordination of acetate with 
the central metal of the carrier resulting in an 
increase in size and axial coordination. It is 
well understood that the sensitivity and selectivity of 
the ion-selective electrode depend not only on the 
nature of the ion-carrier used, but also 
significantly on the membrane composition and the 
properties of solvent mediators and additive used. 
The potentiometric response curve of this acetate 
selective electrode exhibits stable potentiometric 
responses for acetate anions after conditioning for 2-
3 days in 1.0 x 10

-2
 M NaCl solution.  

The effect of the membrane composition, 
nature of solvent mediator and additive on the 
response characteristics of the acetate sensor are 
given in Table A. Since the nature of the 
plasticizers influences the dielectric property of the 
membrane phase and mobility of the ionophores in 
the PVC matrix, its selection is one of the most 
important tasks in designing a sensitive and 

selective anion selective electrode. The 
responses of the acetate sensor based on 
IIACDDT complex using three plasticizers having 
different polarities have been investigate. The 
plasticizers examined were DBP, DOS, BA and 
their nature significantly affected the sensor 
performance regarding slope, linear 
concentration range and detection limit (Figure 
2). Among them DBP offered the best response to 
acetate anion with a slope of -55.0 mV/decade 
over a wide concentration range 2.5 x 10-

5
 to 1.0 x 

10-
1
 M. the limit of detection was found to be 4.27 

x 10-
6
 M. among the three different plasticizers 

used, the use of DBP (E I) resulted in the best 
response characteristics, whereas the use of BA 
and DOS resulted in super-Nernstian slopes of the 
electrode response.  

Table A shows that the optimum amount of 
ionophore HACDDT is 1.7 %. It is well known that the 
cationic additives improve the EMF response of 
the anion-selective electrode. The presence of 
HTAB in the membrane composition increases 
the sensitivity of the sensor. The electrode El 
with an optimum ratio of HTAB/ HACDDT of about 
0.35 % revealed a Nernstian response to the 
concentration of acetate. By addition of more HTAB 
to the membrane composition, the selectivity of the 
electrode for the high lipophilic anions such as 
perchlorate and salicylate will increase by co-
extraction of ion-pair formation between 
perchlorate or salicylate anions and 
hexacecyltrimethyl -ammonium cation. Table 12 
shows that the PVC membrane electrode with PVC: 
DBP: IIACDDT: HTAB percent ratio of 31.4: 66.3: 
1.7: 0.6 results in the near-Nernstian behaviour of 
the membrane electrode over a very wide 
concentration range. 
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Table-A & Fig.1 

 
Figure 2 The curves showing the effect of 
different plasticizers 
Potentiometric Selectivity Data for CH3C00

- 
ISE 

(EI) Shown In Table B. 

 
 

Conclusion 

The proposed membrane acetate 
electrode was successfully used as an indicator 
electrode in potentiometric titration of acetate ion 
solution (20 mL, 0.01 M) with 0.01 M Mn

2+ 
ion. 

Experiments were also conducted to measure the 
acetate anion concentration of the water sample 
containing a known concentration of acetate 
anion. Although the amount of acetate anion 
recovered was somewhat less than the added 
amount, the sensor electrode was confirmed to 
detect acetate anion very efficiently with 99 % 
recovery. 
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