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Abstract  In past few years world is facing serious issue of increased pollution due to heavy toxic metals. In order 
to minimize such issues an appropriate novel compound was developed for determination of zinc from the various 
sources of samples. The present work demonstrates the development of new ligand 2,-4-dimethyl-3H-1, 5 
benzodiazepine (DBA) and its application in the zinc estimation using spectrophotometric extraction technique. In 
the Laboratory, synthesis of novel reagent and its characterization has been also performed using mass 
spectrophotometer and IR, NMR. The reaction between Zinc metal and novel reagent (DBA) produces colored 
compound, this red colored compound then subjected to extraction process by monitoring constant pH 8.5 with n-
butanol as a best solvent. The optimum values of several experimental parameters like highest absorption, extinction 
coefficient and sandell’s sensitivity of the red colored compound reported to be 540 nm, 5063 L mol-1cm-2 and 
0.01304 μg cm-2, respectively. In a limit of selective concentration range the Beers law is also validated. The developed 
analytical reagent is found to be best, simple and efficient over the earlier reported reagents. Application of the novel 
analytical reagent for removal of zinc ions, operating at optimal conditions revealed best results in the real use. 
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1. Introduction 

In past years the tremendous growth in industrial 
development, its effluents and rapidly growth of 
population contributes to the environmental pollutions and 
these contributions causes contamination of heavy metal 
ions, resulted to severe health problems to the human 
beings [1,2,4,5].  

The extraction is one of the simplest as well as 
inexpensive methods used for separation of heavier metal 
ions from industrial waste water as compared to conventional 
methods viz. electrolysis, ion exchange, precipitation, 
coagulation, adsorption as well as membrane separation 
etc [6,7,8,9]. The liquid- liquid extraction was accomplished 
by use of analytical reagent for elimination of heavier 
metal ions from industrial waste [10,11,12]. The extraction 
technique seems to be efficient and effective than that of 
conventional methods of separation [13,14,15,17]. 

The local public in most of the developing countries 
like India has frequently came across the unwanted effects 
of pollutants. [18,19,20,21,22]. Different methods like 
adsorption and ion exchange have been reported for 
elimination heavy metals from effluent water [23,24,25,26]. 
Vast literature survey indicates that the earlier investigators 

have reported different analytical reagents for removal of 
metal contaminations from industrial liquid wastes. The 
removal of heavy metal ions like Zn, Cu, Ni, Pb, Cr, Co, 
Mo, Pt, Fe by using spectrophotometric extraction with 
suitable analytical reagents [27,28,29]. 

Among all these reported method for removal of heavy 
metal ions, the liquid-liquid extraction is proved to be 
superior because it is a selective, consuming less time, 
cheaper, highly efficient., The several analytical regents 
have been  also reported in the literature for the removal 
of metal ions using liquid-liquid extraction [30,31,32]. 

From the above literature review, it is revealed that no 
work has reported, till date on the extractive estimation of 
Zn ions using DBA as novel ligand. Hence, present work 
addresses the development of a new analytical reagent 
namely 2, 4 dimethyl -3H-1, 5 benzodiazepine, and its 
application for determinations of small traces of Zinc ions 
with the help of spectrophotometric method 

2. Experimentation 

2.1. Instruments 
In the experimental investigations, the absorbance and pH 

was recorded using calibrated visible UV spectrophotometer 
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and calibrated digital pH meter. The specifications of 
highly sophisticated instruments are presented in Table 1 
and optimum parameters maintained in the laboratory 
work are also depicted in Table 2 

Table 1. Specifications of instrument 

Name of instrument Specifications 
Ultra Violet visible 
spectrophotometer  
(Model: Shimadzu 2450,  
10 mm quartz cell) 

Make: Shimadzu Europe, 
Supplier: Scientific 
Engineering works,  
Tamilnadu, India 

Digital pH meter Make: Elico LI-120, supplier: 
Trade India 

Table 2. Optimum parameters maintained in the experimental work 

Parameter maintained Remark 
Maximum Absorbance 540 nm 
Solvent used n- butanol as best among studied 
pH required 8.5 
Equilibration time observed 60 seconds 
Stability of Zn- reagent 50 hrs 
Optimum Beer’s concentration limit 1 to 10 mg cm-3 
Molar exction coefficient 5063 L mol-1cm-2 
Sandell’s sensitivity 0.01304 mg cm-2 
Molar ratio of Zn : DBA 1:1 

2.2. Synthesis of analytical Reagent 
A quantity of 1 mole of o-phenylenediamine and 1 

moles of Acetyl acetone in the Ethanol (solvent) are 
thoroughly mixed to prepare DBA reagent, as presented in 
reaction scheme. The mixture obtained is then heated on 
water bath at constant temperature of 100°C in a round 
bottom glass flask, maintain under total reflux for 2 hrs 
duration. The solution obtained after mentioned route is 
then placed in ice bath to develop crystals, which is then 
recrystallized with ethanol as a solvent. Later the novel 
reagent is synthesized; it is characterized by NMR and IR 
spectrum. The synthesized reagent can be used for 
spectrophotometric determination of Zinc metal traces. 
Moreover, a stock solution of DBA reagent in a methanol 
with concentration of 0.05% was prepared for remaining 
experimental work. The reaction scheme is depicted as 
below. 

2.3. Reaction Scheme 

 
Reaction Scheme: Synthesis of novel analytical  

Reagent 2, 4-DIMETHYL -3H- 1,5 BENZODIAZEPINE (DBA) 

2.4. Stock Solution 
An accurate measured amount of 4.40 mg of Zinc 

sulphate was carefully dissolved in limited volume of 
purified water, and then diluted to 100 ml solution; this 
will produce 100 ppm stock solution. Additional, 1 to 10 

ppm solutions were made ready by dilution from the stock 
solution. 

2.5. Experimental Technique 
The mixture consisting 1 ml (1 ppm) to 10 ml (10 ppm) 

having 1 ml increment of zinc sulphate solution with  
0.05% analytical ligand in a methanol was prepared. The 
pH of prepared mixture constantly monitored to 8.5, using 
the adequate quantity of buffer solution. The prepared 
solution with the addition of 10 ml of n-butanol (solvent), 
is then subjected to gravity separation in a glass funnel. 
Using gravity effect the solvent rich phase (organic) and 
water rich phase (aqueous) are separate out. The solvent 
rich phase (organic) is then put under spectrophotometric 
analysis to record the absorbance. 

3. Results and Discussions 

3.1. pH Selection 
In the experimental analysis, various Buffer solutions 

with pH ranging from 1 to 11 were prepared in the present 
extraction, by persistently monitoring molar ratio between 
organic phase and aqueous phase as 1:1. Fig. 1 indicates 
an influence of pH on % extraction of zinc traces. This 
figure also indicates that the absorbance increases with 
increase in pH and attain the maximum absorbance at pH 
8.5 .Thereafter, the absorbance reduces with increase in 
pH. Hence, the buffer of pH 8.5 was preferred in the 
laboratory work. 

 
Figure 1. Selection of pH for Extraction 

3.2. Selection of Solvent for Extraction 
In this section, different organic solvents were tested to 

select competent solvent in the extraction of Zinc traces 
and results obtained with several solvents are summarized 
in Figure 2. In comparison with all tested solvents, the n-
butanol was proved to be best solvent for extractive 
determination of Zinc ions. 
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Figure 2. Selection of solvent 

3.3. Selection of Wavelength  
Figure 3 shows the effect of wavelength on the absorbance, it is also seen that increase in wavelength, rises absorbance 

and highest absorbance was noticed at corresponding wavelength of 540 nm. However, the increase in wavelength 
beyond the magnitude of 540 nm, the absorbance declines drastically. The wavelength corresponds to maximum 
absorbance was opted for laboratory work.  

 
Figure 3. Variation of Absorbance with Wavelength 
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3.4. Formulation of Calibration Curve 
As discussed in the experimental procedure, using 

spectrophotometer the absorbance of known concentration 
of Zinc ions were documented. The samples of various 
Zinc ion concentration (concentration varies from 1-10 
ppm) were prepared, mixed with novel reagent, and then 
employed to extraction operation using n-butanol as 
preferred solvent. Moreover, the absorbance of 
corresponding samples was noted, and a calibration curve 
was developed, as indicated in (Figure 4). 

 
Figure 4. Formulation of Calibration Curve 

3.5. Choice of Molar Ratio of Zinc Ion to 
DBA  

Figure 5 presents the application of various methods 
used to decide the optimum molar ratio between Zinc ions 
and DBA reagents. One of the prominent recommended 
methods, namely Job’s continuous variation was broadly 
employed for the right selection of composition ratio of 
the extracted species. Furthermore, results achieved from 
the method of Job’s continuous variation were compared 
with another two methods like Slop ratio and Mole ratio 
method for validation purpose. It is also confirmed from 
validation that, optimum molar ratio of 1:1 to be 
maintained between Zinc ions and analytical reagent 
(DBA) in the laboratory investigations. 

 
Figure 5. Choice of molar ratio of Zinc ion to DBA 

3.6. Impact of Diverse Ions 
To validate a present method, the consequence of many 

diverse ions was examined experimentally by carrying out 
determination Zinc ions with a known amount of diverse 
ion solutions using the recommended analytical procedure. 
The tolerance criterion for a given ion was considered as 
deviation of the absorbance value higher than ±2% from 
the expected value of Zinc ions. 

The tolerated amount of different metal ions, in an 
acceptable limit as presented in (Table 3). The 
interference effects of these ions are suppressed with 
several agents for actual zinc ions determination, as 
indicated in Table 4. 

Table 3. Interference of different ions on Zinc metal ions 
determination 

S. No. diverse ions Acceptability 
1 Perchlorate 13 
2 periodate 15 
3 Mn(II), W(VI), Sn(IV), Ca(II) 13 
4 Pb(II) 12 
5 NH4+, K+ 9 

Table 4. Suppressing reagents 

Interfering Ion Added Suppressing agent 
Al (III) Triethanol Amine 
Mg (II) 2,3 dimercapto 

Zr (IV) Propanol 
Cu (II) Formaldehyde 

Co (II) Acetone 
K + Tartaric acid and Sodium Flouride 

3.7. Different Analytical Reagents for Zinc 
Ions Determination and Their Drawbacks 

Table 5 shows the comparison between different 
analytical reagents and devised DBA novel reagent for 
determination of Zinc ions. The results of DBA reagent 
seems to be superior over the earlier used reagents.  

Table 5. Different analytical reagents for Zinc ions determination 
and their drawbacks 

Analytical Reagent Disadvantages 
3-[1-(hydroxyimine) undecyl]-1- 

propylpyridinium bromide 
Sn (II), Pb (II), Zr (II), Bi 

(III), Interferes. 
1-(2-pirydyl) tridecan-1-one oxime Sandell Sensitivity is poor. 
3-[1-(hydroxyimine) undecyl]-1- 

propylpyridinium chloride (3PC10-PrCl) Unstable complex 

trihexyltetradecylphosphonium benzoate 
[P6,6,6,14][BA] Less pH range is required 

4. Application of Present Work 

The present research work addresses the systematic 
estimation of Zn metal ions using extractive spectrometric 
technique. This devised method finds wide applications  
in the several industries, processing food units, 
environmental and alloy samples. The developed 
extractive spectrophotometric method is found to be 
superior over the previous methods. 
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Table 6. Applications 

S. No. Sample tested 
Quantity of Zn 

(earlier 
method) 

Quantity of 
Zn (present 

method) 
1 Zincite 73% 74.5% 
2 Calamine 28.84% 30.1% 

3 Zn(5) + Mn(5) 4.99 ppm 5.20 ppm 
4 Zn(10) + Al(III)(10) 9.96 ppm 9.99 ppm 

5 100 gm pumpkin seeds 7.99 mg 8.2 mg 

5. Conclusion 

The present work refers to, synthesis of DBA a novel 
analytical ligand and its characterization was also reported. 
The extraction proficiency of the developed novel reagent 
was verified at many experimental parameters such as 
solvent, time, pH, etc. The research finding acquired from 
the laboratory batch extraction displays that n-butanol can 
be recognized as best solvent than other solvents since its 
ability to remove the minute traces of Zinc metals. The 
developed novel reagent can significantly extract zinc 
metal from solvents in the 25 min time span. It was also 
noted that pH at 8.5 was favorable conditions for 
significant recovery of the zinc extraction. Application of 
the novel ligand in the determination of Zinc traces from 
given samples at optimum parameters has an impressive 
result as indicated in Table 6, which depicts the use of the 
novel analytical reagent in the industrial as well 
commercial applications. 
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