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Abstract 

A simple chromatographic separation method has been developed for quantitative sorption of strontium(II) from an 

aqueous solution of 5×10-4 M picric acid using poly [dibenzo-18-crown-6] as stationary phase. The sorption of 

strontium(II) was quantitative 1×10-4 M to 5×10-2 M  picric acid. The elution of strontium(II) was quantitative with 0.5–6.0 

M HCl, 1M HBr, M 1.0M H2SO4. The capacity of poly [dibenzo-18-crown-6] for strontium (II) was found to be 0.236 ± 

0.01 mmol/g of crown polymer. The effects of concentrations of picric acid, strontium (II), foreign ions and eluents have 

been studied. strontium(II) was separated from a number of cations in multicomponent mixtures. The applicability of the 

proposed method was ascertained for the determination of strontium (II) in real samples. The reliability of method was 

checked by comparison of the results with those obtained using flame photometer. The method is very simple, rapid and 

selective with good reproducibility (approximately±2%).  

© 2016 Universal Research Publications. All rights reserved 

Key words:- A sorption and separation, strontium (II), picric acid, poly [dibenzo-18- crown-6]. 

 

 

1.1 Introduction:- 

In growing field of separation science, the most 

challenging research area of present day is due to the 

growing concern for environment protection and 

radioactive waste management. Therefore there is an 

analytical requirement for the trace determination of 

Strontium (II) in various types of samples. The radioactive 

isotopes of strontium do not occur naturally but are 

produced via nuclear fissions.90Sr is main and most 

hazardous radioactive isotopes of the strontium and other 

radioactive strontium isotopes have been employed for 

medical uses. Strontium is considered one of the 

environmentally hazardous constituents and therefore tends 

to concentrate in the teeth, bones and blood-forming tissue 

[1–4]. In animal studies excess of stable strontium 

demonstrated adverse effects on skeletal development in 

juveniles [5].In recent years, extraction chromatography 

appears to be simple, rapid and effective analytical 

technique for the separation of metal ion [6-7]. 

The discovery of crown ether opened a new era in 

supramolecular chemistry used in various fields in 

chemistry. As  most  of crown ether are useful as stationary  

phase  in  chromatographic  method  [8].  Polymeric  crown  

 

ethers exbhits special features such as high resistance to 

chemicals, radiolysis, temperature and also polar solvents. 

By using poly [dibenzo-18-crown-6] we have reported the 

sorption behavior and selective separation of metal 

cation[9-11]. Horwitz et al. reported the chromatographic 

resin consisting of an octanol solution of 4,4'(5')-bis                     

(t-butylcyclohexano)-18 -crown-6 sorbed on an inert 

polymeric support for Strontium (II)[9-12]. Macroporous 

silica-based N,N,N,N-tetraoctyl-3-oxapentane-1,5-diamide 

(TODGA) chelating polymeric used as chromatographic 

separation of Strontium (II)[13]. Systematic evaluations of 

a strontium-specific extraction chromatographic resin were 

carried out using crownether[14]. Reported method for 

separation alkaline earth metal[15]. Extraction behavior for 

strontium ions were carried out using various crown 

ether[16-23]. According to literature survey reveals that 

there are no reports on the use of poly [dibenzo-18-rown-6] 

for the chromatographic separation of Strontium (II) in 

glycine medium. The aim of the present study is to 

optimize conditions on a laboratory scale for the 

chromatographic separation and recovery of Strontium (II) 

from other associated metal ions employing poly [dibenzo-

18-rown-6] as the sorbent in glycine as counter ion. 

Available online at http://www.urpjournals.com 

International Journal of Chemical Science and Technology 

Universal Research Publications. All rights reserved 
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2.1 Experimental 

Apparatus and reagents 

A Ziess (German) Spectrophotometer, a digital pH 

meter (Model LI-120, ELICO, India) with glass and 

calomel electrodes and a digital Flame photometer (PI, 

Model No. 041, India) were used. A stock solution of 

strontium (II) was prepared by dissolving 1.207 g of 

strontium nitrate (Sigma-Aldrich Chemicals Pvt Limited 

Plot No 12 Bommasandra - Jigani Link Road 560100 

BANGALORE INDIA) in 100 mL of distilled deionized 

water and standardized gravimetrically[24]. A solution 

containing 100 µg/mL of stronium(II) was prepared by 

appropriate dilution of standard stock solution. Picric acid 

solution (5×10-3 M) was prepared by dissolving 0.2846 g of 

picric acid in distilled demonized water and diluted to 250 

mL.  

 Poly[dibenzo-18-crown-6] (E Merck Darmstadt, 

Germany) was used after screening to 100-200 mesh. A 

total of 0.5 g of polymer was slurred with distilled 

deionised water and poured into a Pyrex glass 

chromatographic column (20×0.8 cm i.d.). The column was 

used after preconditioning with Picric acid solution. 

2.2 General procedure 

100 μg of stronium(II) was mixed with picric acid 

in the concentration range of 1×10-4 M to 5×10-2 M in a 

total volume of 10 mL. The solution was then passed 

through poly [dibenzo-18-crown-6] column, 

preconditioning with same concentration of picric acid as 

that of the sample solution at flow rate of 0.5 mL/min. The 

column was then washed with the same concentration of 

picric acid. The sorbed strontium(II) was then eluted with 

different eluting agents (described later) at the flow rate of 

0.5 mL/min. 5.0 mL fraction were collected and 

strontium(II) in the aqueous phase was determined 

spectrophotometrically with sulfonazo (III) at 640 nm[25]. 

The concentration of strontium(II) was calculated from  a  

calibration graph. 

3.1 Results and Discussion  

Sorption of strontium(II) on poly[dibenzo-18-crown-6] 

as a function of picric acid concentration. 

  Sorption studies of strontium(II) were carried out  

from Picric acid medium. The concentration of picric acid 

was varied from 1×10-4 M to 5×10-2 M. After sorption, the 

elution of strontium(II) was carried out with 2.0 M 

hydrochloric acid. It was found that there was quantitative 

(100%) sorption of strontium (II) from 1×10-4 M to                   

5×10-2 M picric acid. The results are shown in (Figure: 1). 

 

Figure  1. Sorption of strontium (II) as a function of picric 

acid concentration 

The subsequent sorption studies of strontium(II) were 

carried out with 5×10-3 M picric acid . 

3.2. Elution study of strontium(II) with various eluting 

agents  

 100 μg/mL of strontium(II) was sorbed on the 

poly[dibenzo-18-crown-6] column at 5×10-4 M picric acid 

concentration. After sorption, elution of strontium(II) was 

carried out using hydrochloric acid, hydrobromic acid, 

sulphuric acid, perchloric acid and acetic acid. The 

concentration of eluting agents varied from 0.5 M to 8.0 M. 

The elution profile of strontium(II) with various eluting 

agents is shown in (Figure : 2). Showed that strontium(II) 

was quantitatively eluted with 0.5 M to 6.0 M hydrochloric 

acid, 1.0 M sulphuric acid and 1.0 M hydrobromic acid 

whereas perchloric acid and acetic acid were found to be 

inefficient eluents for strontium(II). Further elution studies 

of strontium(II) in this work was carried out with 2.0 M 

hydrochloric acid. 

 
Figure: 2. Elution profile of strontium(II) with various eluting agents 
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3.3. Effect of varying concentration of strontium(II)  

 In order to find out the capacity of poly[dibenzo-

18-crown-6] for the strontium(II), the concentration of 

strontium(II) was varied from 100-1000 μg/10 mL in picric 

acid and 2.0 M hydrochloric acid as eluent. The results 

(Table 3) showed that the sorption of strontium(II) was 

quantitative (99.6%) up to 600 μg. With increase in 

concentration of strontium(II) there was decrease in the 

percentage sorption of strontium(II) and is shown in the 

(Figure 3)From this study it was found that the capacity of 

poly[dibenzo-18-crown-6] for strontium(II) was found to 

be 1.74 ± 0.01 mmol/g of crown polymer (Figure: 3). 

 
Figure 3 Effect of varying concentration of strontium(II) 

3.4 Separation of strontium(II) from binary mixtures   

 An aliquot of solution containing 100 μg of 

strontium(II) was mixed with foreign ions and picric acid 

was added so that its concentration was 5×10-3 M in total 

volume of 10 mL. The tolerance limit was set as the 

amount of foreign ions required to cause ±2% deviation in 

the recovery of strontium(II). The solution was passed 

through a poly[dibenzo-18-crown-6] column, pre-                            

-conditioned with 5×10-3 M picric acid at a flow rate of 0.5 

mL/min. Subsequently the column was washed with 15 mL 

of 5×10-3 M picric acid to remove unsorbed metal ions. 

Various foreign ions were not sorbed and hence                    

passed through the column. The effluent was collected and  

 

analyzed for foreign ion content. The tolerance limit of 

various foreign ions is shown in Table 4.3.4. The most of 

the alkali metals show high tolerance limit except 

rubidium(I) and cesium(I). In case of alkaline metal 

lithium(I) cesium(I) and alkaline earth metals calcium(II), 

magnesium(II) tolerates strongly. Most of the p-block and 

d-block elements were sorbed and shows low tolerance 

limit. Amongst the inner transition elements, As compared 

lanthanum(III), cerium(III), thorium(III) low tolerance limit 

of uranium(VI) were sorbed quantitatively. The anion of 

inorganic and organic acids showed high tolerance limt 

(Table:1). 

Table 1: Separation of strontium(II) from binary mixtures 

Sr(II)- 100 µg, sorption- 1×10-4 M L-picric acid eluent- 2.0 M HCl 

 

Ion 

 

Added as 

Tol. 

Limit 

(mg) 

 

Ion 

 

Added as 

Tol. 

Limit 

(mg) 

Li+ 

Na+ 

K+ 

Rb+ 

Cs+ 

Be2+ 

Mg2+ 

Ca2+ 

Ba2+ 

Co2+ 

Ni2+ 

Mn2+ 

Zn2+ 

Cr3+ 

Fe3+ 

Al3+ 

LiCl 

NaCl 

KCl 

RbCl 

CsCl 

BeSO4.4H2O 

MgCl2.6H2O 

CaCl2 

Ba(NO3)2 

CoCl2.6H2O 

NiCl2.6H2O 

MnCl2.4H2O 

ZnCl2 

Cr(NO3)3.9H2O 

FeCl3.6H2O 

Al(NO3)3.9H2O 

10 

5.0 

1.0 

5.0 

15 

5.0 

10 

10 

0.5 

0.5 

0.5 

0.5 

5.0 

1.0 

1.0 

5.0 

 

La3+ 

Ce3+ 

V5+ 

Th4+ 

U6+ 

Mo6+ 

Cl- 

Br - 

SCN- 

ClO4
- 

CH3COO- 

SO4
2- 

BO3
3- 

NO3
- 

Tartrate 

Ascorbate 

LaCl3 

CeCl3.6H2O 

NH4SO4 

Th(NO3)4 

UO2(NO3)2.6H2O 

(NH4)6Mo7O24.4H2O 

HCl 

HBr 

NaSCN 

HClO4 

CH3COOH 

H2SO4 

H3BO3 

HNO3 

Tartaric acid 

Ascorbic acid 

0.5 

0.5 

5.0 

10 

0.3 

5.0 

15 

15 

6.5 

15 

10 

3.0 

15 

5.0 

10 

5.0 
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Table 2: Separation of strontium(II) from multicomponent mixture 

No. Mixture 
Taken 

µg 

Found* 

µg 

Recovery 

% 

Sorption 

Condition 
Eluent 

 

1 

Li(I) 

Sr(II) 

Ba(II) 

100 

100 

100 

98.5 

99.5 

98.5 

98.5 

99.5 

98.5 

1×10-3 M 

Picric Acid 

NSPC** 

3.0 M HClO4. 

0.5 M HCl 

 

 

2 

Mo(VI) 

Sr(II) 

Ba(II) 

 

100 

100 

100 

99.5 

98.5 

99.5 

99.5 

98.5 

99.5 

1×10-3 M 

Picric Acid 

NSPC** 

3.0 M HClO4. 

0.5 M HCl 

 

 

3 

Fe(III) 

Sr(II) 

Ba(II) 

 

100 

100 

100 

 

98.5 

99.5 

98.5 

 

98.5 

99.5 

98.5 

1×10-3 M 

Picric Acid 

NSPC** 

3.0 M HClO4. 

0.5 M HCl 

 
* Average of triplicate analysis 

** NSPC = No Sorption Passing through the Column  

 # Ammonium carbonate 

Table 3:  Determination of strontium(II) in real sample 

Sample Present Found 

Milk 30 29 

SY-II 1100 1080 

 
4.3.3 Separation of strontium(II) from 

Multicomponent mixtures  

 Separation of strontium(II) was carried out from 

number of associated elements in multicomponent mixture. 

The mixture containing lithium(I), iron(III), barium(II), 

molybdenum(VI), strontium(II) was passed through the 

poly[dibenzo-18-crown-6] column at 1×10-4 M picric acid 

concentration, lithium(II), iron(III) was not sorbed and 

hence passed through the column. The barium(II), 

strontium(II), were sorbed. The sorbed strontium(II) was 

first eluted with 25 mL of 3.0 M perchoric acid. After that 

strontium(II) were eluted with 0.5 M acid and finally the 

barium(II) was eluted with 0.5 M hydrochloric acid and 

effluents are analyzed spectrophotometrically. Using this 

method, separation of barium(II), iron(III), lithium(II), 

strontium(II) mixtures was achieved. The results are shown 

in (Table: 2). 

Application  

(Table:3) 

4.4 Conclusion 

 The important feature of this method is that using 

column chromatographic method and poly[dibenzo-18-

crown-6] the separation of strontium(II) from associated 

element in picric acid medium has been achieved. The 

capacity of poly [dibenzo-18-crown-6] for strontium(II) 

was found to be 0.87 ± 0.01 mmol/g of crown polymer. 

Strontium(II) was separated from number of cations in 

binary as well as multicomponent mixtures. The method 

was extended to the determination of lead in real sample. 

The aim of present investigation is to demonstrate a simple, 

selective and cheap method and has good reproducibility 

(approximately ± 2%). 
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ABSTRACT 
A  simple  chromatographic  separation  method  has  been  developed  for  quantitative  sorption  of 
Ni(II)  from  an aqueous  solution  of  1×10-3 M  Glycine using  poly  [dibenzo-18-crown-6]  as  
stationary  phase. The sorption of Ni(II)  was quantitative 1×10-2M to 1×10-6 M Glycine. The elution 
of Ni(II)  was quantitative with 0.1–8.0 M HCl, 7.0-8.0M HClO4, 5.0-8.0 M HBr M 0.1-8.0 M H2SO4 
and 2.0-8.0M CH3COOH The capacity of poly [dibenzo-18-crown-6] for Ni(II)  was found to be 3.15 
± 0.01 mmol g-1 of crown polymer. The effects of concentrations of Glycine, Ni(II),  foreign ions and 
eluents have been studied.  Ni(II)  was separated from a number of cations in multi component 
mixtures. The applicability of the proposed method was ascertained for the determination of Ni(II)  in 
real samples. The reliability of method was checked by comparison of the results with those obtained 
using flame photometer. The method is very simple, rapid and selective with good reproducibility 
(approximately±2%).  
 
Graphical Abstract 

 

 
 

Effect of varying concentration of Ni(II) 
 
Keywords: Sorption, Separation, Ni(II), Glycine, poly [dibenzo-18- crown-6], Chromatography. 
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INTRODUCTION 
 

Nickel in nature is mainly available in the form of ores like Gernirite, Magnesium nickel silicate of 
variable composition. The important oxidation state of nickel is Ni(II). In olden days nickel is used as 
a coinage metal. Now days nickel becomes an important element, not only for industry, but also for 
biological systems. In rapidly expanding analytical fields, such as environmental, biological and 
material monitoring for trace metals. Nickel is used in ceramic industry and also used in batteries 
which are in convincing to the environment, dietary deficiency of nickel leading to various 
pathological manifestations. Nickel is relatively non toxic element. The high concentration of the 
nickel does show serious health hazards. The high incident of respiratory track moplacia and 
dermatitis has been observed when exposed by nickel refineries. In views of this separation and 
determination of nickel from associated elements is indispensable. Therefore, it is very important to 
develop sensitive, rapid and economical method for quantitative determination of it’s trace amount in 
various samples of environmental importance. Several analytical techniques have been monitored for 
the determination of trace level Ni(II), it includes atomic absorption spectrometry[1-4] Inductive 
coupled plasma emission spectrometry[5-7] and X-Fluorence Spectrometry[8, 9] were reviewed. A 
few reagents are available for the spectrophotometric [10-18] determination of nickel (II).  
 
      Literature survey indicated that several spectrophotometric methods [19-36] were reported for the 
determination of Ni(II) by using various chromogenic reagents.  
 
      No attempts were made for the separation of nickel from associated element using amino acid 
media and column chromatography. This chapter describes in detail the sorption study and separation 
of Ni(II) using  glycine medium on poly[dibenzo-18-crown-6. The concentration of glycine required 
for quantitative sorption of Ni(II) is very low, clean cut separation with good separation yield was 
achieved. The Ni(II) was successfully determined in various real samples by using this method. 

 
MATERIALS AND METHODS 

 
A Ziess (German) Spectrophotometer, a digital pH meter (Model LI-120, ELICO, India) with glass 
and calomel electrodes and a digital Flame photometer (PI, Model No. 041, India) were used. A stock 
solution of Ni(II) was prepared by dissolving 0.2808 g of nickel sulphate hepta hydrate (AR, Merck) 
in 100 mL of distilled deionized water and standardized gravimetrically using dimethyl glyoxime 
from complexometrically [37]. A solution containing 50 µg mL-1 of Ni(II) was prepared by 
appropriate dilution of standard stock solution. Glycine solution (1×10-1 M) was prepared by 
dissolving 1.875 g of glycine in distilled deionized water and diluted to 250 mL.  
 
       Poly[dibenzo-18-crown-6] (E Merck Darmstadt, Germany) was used after screening to 100-200 
mesh. A total of 0.5 g of polymer was slurred with distilled deionised water and poured into a Pyrex 
glass chromatographic column (20×0.8 cm i.d.). The column was used after preconditioning with 
glycine solution. 
 
      50 μg of Nil(II) was mixed with glycine in the concentration range of 1×10-1 M to 1×10-9 M in a 
total volume of 10 mL. The solution was then passed through poly[dibenzo-18-crown-6] column, 
preconditioning with same concentration of glycine as that of the sample solution at flow rate of 0.5 
mL min-1. The column was then washed with the same concentration of glycine. The sorbed Nil(II) 
was then eluted with different eluting agents (described later) at the flow rate of 0.5 mL min-1. 5.0 mL 
fraction were collected and Ni(II) in the aqueous phase was determined spectrophotometrically with 
dimethyl glyoxime at 445 nm. The concentration of Nil(II) was calculated from a calibration graph. 
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RESULTS AND DISCUSSION 
 

Sorption of Ni(II) on poly[dibenzo-18-crown-6] as a function of glycine concentration: Sorption 
studies of Ni(II) were carried out from Glycine medium. The concentration of glycine was varied 
from 1×10-1 M to 1×10-9M. After sorption, the elution of Ni(II) was carried out with 4.0 M 
hydrochloric acid. It was found that there was quantitative (100%) sorption of Ni(II) from 1×10-2 M to 
1×10-6 M glycine. The results are shown in (Table 1) and (Figure 1). The subsequent sorption studies 
of Ni(II) were carried out with 1×10-3 M glycine. 
 

 
 

Glycine concentration  
(M) 

Sorption of 
 Ni(II) (%) 

1x10-1 90.24 
1x10-2 100 
1x10-3 100 
1x10-4 100 
1x10-5 100 
1x10-6 100 
1x10-7 97.40 
1x10-8 64.20 
1x10-9 55.33 

 

Figure 1. Sorption of Nil(II) as a function of glycine 
concentration Ni=50 µgmL-1; Eluent= 4.0 M HCl. 

Table 1. Sorption of Nickel(II) as a function of glycine 
concentration Ni=50 µg mL-1; Eluent= 4.0 M HCl 

 
Elution study of Ni(II) with various eluting agents: 50 μg mL-1 of Nickel(II) was sorbed on the 
poly[dibenzo-18-crown-6] column at 1×10-3 M glycine concentration. After sorption, elution of Ni(II) 
was carried out using hydrochloric acid, hydrobromic acid, sulphuric acid, perchloric acid and acetic 
acid. The concentration of eluting agents varied from 0.1 M to 8.0 M. The elution profile of Ni(II) 
with various eluting agents is shown in (Figure 2). The results (Table 2) showed that Ni(II) was 
quantitatively eluted with 0.1 M to 8.0 M hydrochloric acid, 0.1 M to8.0 M sulphuric acid and 5.0 M 
to8.0 M hydrobromic acid, 7.0 M to 8.0 M Perchloric acid and 2.0 M to 8.0 M acetic acid. Further 
elution studies of Ni(II) in this work was carried out with 1.0 M hydrochloric acid. 
 

Table 2. Elution of Nickel(II) with different eluting agents 
 

Conc. 
Acid(M) 

0.1M 0.5 M 1.0 M 2.0 M 3.0 M 4.0 M 5.0 M 6.0 M 7.0 M 8.0 M 
Percentage elution of Nickel(II) 

HCl 100 100 100 100 100 100 100 100 100 100 
HClO4 100 100 100 100 100 100 100 100 100 100 
H2SO4 65.15 70.96 75.82 80.12 84.76 88.23 91.56 95.82 100 100 
HBr 88.24 90.66 92.81 94.64 98.25 99.20 100 100 100 100 

CH3COOH 85.20 88.49 92.58 100 100 100 100 100 100 100 
 

 
 

Figure 2. Elution profile of Ni(II) with various eluting agents 
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Effect of varying concentration of Ni(II): In order to find out the capacity of poly[dibenzo-18-
crown-6] for the Ni(II), the concentration of Ni(II) was varied from 50-1000 μg 10mL-1 in glycine and 
1.0 M hydrochloric acid as eluent. The results (Table 3) showed that the sorption of Ni(II) was 
quantitative (100%) up to 800 μg. With increase in concentration of Ni(II) there was decrease in the 
percentage sorption of Ni(II) and is shown in the (Figure 3) From this study it was found that the 
capacity of poly[dibenzo-18-crown-6] for Ni(II) was found to be 1.24 ± 0.01 mmol g-1 of crown 
polymer. 
 

Concentration of  
Ni(II) (µg) 

Percentage  
sorption 

50 100 
100 100 
200 100 
300 100 
400 100 
500 94.29 
600 85.12 
700 82.45 

800 78.20 
 

 
 

Table 3. Effect of varying concentration of Ni(II) 
 

 
Figure 3. Effect of varying concentration of Ni(II) 

 
Separation of Ni(II) from binary mixtures: An aliquot of solution containing 50 μg of Nickel(II) 
was mixed with foreign ions and glycine was added so that its concentration was 1×10-3  M in total 
volume of 10 mL. The tolerance limit was set as the amount of foreign ions required to cause ±2% 
deviation in the recovery of Ni(II). The solution was passed through a poly[dibenzo-18-crown-6] 
column, preconditioned with 1×10-3M glycine at a flow rate of 0.5 mL min-1. Subsequently the 
column was washed with 15 mL of 5×10-3M glycine to remove unsorbed metal ions. Various foreign 
ions were not sorbed and hence passed through the column. The effluent was collected and analyzed 
for foreign ion content. The tolerance limit of various foreign ions is shown in table 4. The most of the  
alkali metals show high tolerance limit. In case of alkali metal lithium(I) cesium(I) and alkaline earth  
 

Table 4. Separation of Ni(II) from binary mixtures Ni(II)- 50 µg, 
 sorption- 1×10-3 M L-glycinee eluent- 4.0 M HCl 

 

Ion Added as 
Tol. 

Limit 
(mg) 

Ion Added as Tol. 
Limit 

Li+ LiCl 24 Tl3+ Tl(NO3)3.3H2O 6 
Na+ NaCl 12 La3+ La(NO3)3.6H2O 4 
K+ KCl 8 Ce3+ CeCl3.6H2O 1 
Rb+ RbCl 5 V4+ VOSO4.4H2O 2 
Cs+ CsCl 30 Th4+ Th(NO3)4 0.1 
NH4

+ NH4Cl 16 Cr6+ K2Cr2O7 2.5 
Be2+ BeSO4.4H2O 5 Mo6+ (NH4)6Mo7O24.4H2O 0.3 
Mg2+ MgCl2.6H2O 18 W6+ Na2WO4O.4H2O 7 
Ca2+ CaCl2 16 Cl- HCl 7 
Sr2+ Sr(NO3)2 3 Br- HBr 11 
Ba2+ Ba(NO3)2 1 SCN- NaSCN 13 
Co2+ CoCl2.6H2O 0.6 ClO4

- HClO4 7.4 
Mn2+ MnCl2.4H2O 0.5 CH3COO- CH3COOH 14 
Zn2+ ZnCl2 5.8 SO4

2- H2SO4 9 
U6+ UO2(NO3)2.6H2O 10 BO3

3- H3BO3 4 
Pb2+ Pb(NO3)2 4.5 Tartrate Tartaric acid 9 
Cr3+ Cr(NO3)3.9H2O 0.1 EDTA EDTA 2.5 
Fe3+ FeCl3.6H2O 1.7 Ascorbate Ascorbic acid 8 
Al3+ Al(NO3)3.9H2O 0.05    
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metals calcium(II) and magnesium(II) tolerates strongly. Most of the p-block and d-block elements 
were sorbed and shows low tolerance limit. Amongst the inner transition elements chromium(VI) and 
aluminum(III) show low tolerance limit. The anion of inorganic and organic acids showed high 
tolerance limit (Table 4). 

 

Separation of Ni(II) from Multicomponent mixtures: Separation of Ni(II) was carried out from 
number of associated elements in multi component mixture. The mixture containing lithium(I), 
zinc(II), lead(II), cadmium (II), thorium(IV), uranium(VI), magnesium (II), calcium (II) and strontium 
(II) was passed through the poly[dibenzo-18-crown-6] column at 1×10-3 M glycine concentration, 
lithium(I), magnesium (II), calcium (II) and strontium (II) was not sorbed and hence passed through 
the column. The zinc(II), lead(II), cadmium (II), thorium(IV), uranium(VI) were sorbed. The sorbed 
zinc(II) was first eluted with 25 mL of 0.5 M LiOH. After that Ni(II) were eluted with 4M 
hydrochloric acid and effluents are analyzed spectrophotometrically. Using this method separation of 
lead(II), cadmium (II), thorium(IV) and uranium(VI) mixtures was achieved. The results were shown 
in table 5. 

 
Table 5. Separation of Ni(II) from multi component mixture 

 

No. Mixture Taken 
µg 

Found* 
µg 

Recovery 
% 

Sorption 
Condition Eluent 

 
1 

Li(I) 
Zn(II) 
Ni(II) 

50 
40 
50 

49.5 
39.9 
49.5 

90.0 
99.80 
99.00 

1×10-3 M 
Glycine 

NSPC** 
0.5 M LiOH. 
4.0 M HCl 

 
2 

Li(I) 
Pb(II) 
Ni(II) 

50 
40 
50 

50 
39.8 
49.9 

100 
99.50 
99.80 

1×10-3 M 
Glycine 

NSPC** 
0.2MA.C. 
4.0 M HCl 

 
3 

Mg(II) 
Th(IV) 
Ni(II) 

50 
40 
50 

49.5 
39.7 
49.8 

90.0 
99.25 
99.60 

1×10-3 M 
Glycine 

NSPC** 
0.2M A.C. 
4.0 M HCl 

 

4 

Li(I) 
Cd(II) 
Ni(II) 

50 
40 
50 

50 
39.6 
50 

100 
99.20 
100 

1×10-3 M 
Glycine 

NSPC** 
0.2MLiOH. 
4.0 M HCl 

 

5 

Ca(II) 
Th(IV) 
Ni(II) 

50 
40 
50 

49.7 
39.8 
49.8 

99.40 
99.50 
99.60 

1×10-3 M 
Glycine 

NSPC** 
0.2M A.C. 
4.0 M HCl 

 

6 

Sr(II) 
U(VI) 
Ni(II) 

50 
40 
50 

49.6 
39.7 
49.8 

99.20 
99.25 
99.60 

1×10-3 M 
Glycine 

NSPC** 
0.2M A.C. 
4.0 M HCl 

 

7 

Mg(II) 
U(VI) 
Ni(II) 

50 
40 
50 

49.7 
39.5 
49.9 

99.40 
98.75 
99.80 

1×10-3 M 
Glycine 

      NSPC**
 0.2M A.C. 

4.0 M HCl 
* Average of triplicate analysis 

** NSPC = No Sorption Passing through the Column 
 

APPLICATION 
 

Determination of Ni(II) in Aluminium based alloy: About 0.4 g alloy samples was treated with 15 
mL of 1:1 HCl, to this 3 mL of HNO3 was added and the contents boiled until dissolution was 
complete. Then, 10 mL of water and 40 mL of 4N ammonium hydroxide solution were added and 
filtered through a Whatman filter paper (No.41). The filtrate was collected into 25 mL volumetric 
flask and made up to the marks with distilled water. 
 

Sample Present% Found % 

BAS-20 1.93 1.91 
BAS-85 0.91 0.90 

Cu-Ni alloy 31.20 31.15 
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Determination of Ni(II) in Vegetable Oils: 100g of hydrogenated groundnut oil (edible) was dried 
in a hot air oven at 100°C and subsequently dissolved in 20ml mixture of 1:2:5 H2SO4:H3PO4:HNO3. 
The contents were heated until sulphurous fumes were evolved and the volume was reduced to about 
5 mL. A little quantity of distilled water was added and filtered through an acid washed Whatman 41 
filter paper into a 100 mL volumetric flask and made up to the mark with distilled water. 
 

Sample Present 
µg mL-1 

Found 
µg mL-1 

Hydrogenated Groundnut Oil 0.56 0.55 

 
CONCLUSION 

 
The important feature of this method is that using column chromatographic method and poly[dibenzo-
18-crown-6] the separation of Ni(II) from associated element in Glycine medium has been achieved. 
The capacity of poly[dibenzo-18-crown-6] for Nickel(II) was found to be 1.24 ± 0.01 mmol g-1 of 
crown polymer. Ni(II) was separated from number of cations in binary as well as multi component 
mixtures. The method was extended to the determination of nickel in real sample. The aim of present 
investigation is to demonstrate a simple, selective and cheap method and has good reproducibility 
(approximately ± 2%). 
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ABSTRACT 
A  simple  chromatographic  separation  method  has  been  developed  for  quantitative  sorption  of 
chromium(III)  from  an aqueous  solution  of  1×10-5 M  Glycine using  poly  [dibenzo-18-crown-6]  
as  stationary  phase. The sorption of chromium(III)  was quantitative 1×10-3M to 1×10-6M Glycine. 
The elution of chromium(III)  was quantitative with 0.5–8.0 M HCl, 0.5-8M HClO4 and 0.5-8.0 M 
H2SO4. The capacity of poly [dibenzo-18-crown-6] for chromium(III)  was found to be 1.54 ± 0.01 
mmol/g of crown polymer. The effects of concentrations of glycine, chromium(III),  foreign ions and 
eluents have been studied. Chromium(III)  was separated from a number of cations in Multi 
component mixtures. The applicability of the proposed method was ascertained for the determination 
of chromium(III)  in real samples. The reliability of method was checked by comparison of the results 
with those obtained using flame photometer. The method is very simple, rapid and selective with good 
reproducibility (approximately±2%).  
 
Graphical Abstract 

 

 
Elution of chromium(III) with various eluting agents 

 
Keywords: Sorption, Separation, Chromium(III), Chromatography, poly [dibenzo-18-crown-6], 
Glycine.  
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 INTRODUCTION 
 

Chromium and its compounds are very useful in everyday life. It is used on a large scale in many  
different  industries,  including  metallurgical, electroplating,  production  of  paints  and  pigments, 
tanning,  wood  preservation,  chromium  chemicals production,  and  pulp  and  paper  production. 
The recovery and removal of such species are important not only from environment protection view 
point, but also for the importance as the secondary resource recycling and economical purposes [1]. 
Chromium and its compounds are known as strategic minerals widely used in various industrial plants 
such as electroplating, leather tanning, painting, pigment production and metallurgy [1, 2]. Chromium 
metal (Cr) occurs naturally in the environment and has both beneficial and potential human risks. Cr 
exists in many oxidation states with Cr(III) and Cr(VI) being the primary existing oxidation states in 
the environment. Cr(III)is an essential nutrient for maintaining lipid, insulin, and glucose metabolism 
and its deficiency may lead to diabetes [3], of the many Cr species, hexavalent chromium (Cr(VI)) is 
one of the most toxic, especially when compared to trivalent chromium [4]. Chromium oxidation 
states ranges from +2 to +6. Among them trivalent and hexavalent ions are two relatively stable 
valance states in the natural samples [5]. Although Cr(III) is an essential component for some 
biological activities, Cr(VI) is categorized as one of the most toxic chemical species, being an agent 
for various cancers [2, 6]. Thus, there moving of hexavalent chromium from industrial wastewater 
before discharging to the environment is a crucial concern as well as a challenging problem in 
industries from economical view point. Liquid-liquid extraction [7-10], facilitated transport through 
liquid membrane [11-14], adsorption by activated carbon [15-18] and ion exchange [19-22] are 
among the techniques frequently used for recovering of chromium ions. Nowadays, membrane 
technologies have gained an important role in a variety of industries such as water desalination, food 
processing and medical applications [14, 23, 24]. 
 
       Many methods have been reported for the quantitative determination of chromium. The analytical 
technique varies from inductively coupled plasma-atomic emission spectroscopy [25], atomic 
absorption spectroscopy [26], neutron activation analysis [27], X-ray absorption spectroscopy [28], 
complexometric [29], catalytic kinetic [30], sequential injection [31] to flow injection methods [32-
35], for the separation of chromium various methods were used [36-38]. 
 
      According to literature survey reveals that there are no reports on the use of poly[dibenzo-18-
crown-6] for the chromatographic separation of chromium(III)in glycine medium. The aim of the 
present study is to optimize conditions on a laboratory scale for the chromatographic separation and 
recovery of chromium(III) from other associated metal ions employing poly[dibenzo-18-crown-6] as 
the sorbent in glycine as counter ion. 

 
MATERIALS AND METHODS 

 
Apparatus and reagents: A Ziess (German) Spectrophotometer, a digital pH meter (Model LI-120, 
ELICO, India) with glass and calomel electrodes and a digital Flame photometer (PI, Model No. 041, 
India) were used. 
       
      All chemicals were of analytical reagent grade or chemically pure grade and distilled water was 
used throughout the study. Chromium sulphate [Cr₂(SO₄)₃](E Merck grade) was used for preparing 
chromium(III) stock  solution  (1M)  and  standardized gravimetrically [39]. A solution containing 
100 µg mL-1 of chromium(III) was prepared by appropriate dilution of standard stock solution. 
Glycine solution (1×10-1 M) was prepared by dissolving 1.875 g of glycine in distilled demonized 
water and diluted to 250 mL. Poly[dibenzo-18-crown-6] (E Merck Darmstadt, Germany) was used 
after screening to 100-200 mesh. A total of 0.5 g of polymer was slurred with distilled deionized 
water and poured into a Pyrex glass chromatographic column (20×0.8 cm i.d.). The column was used 
after preconditioning with glycine solution. 
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General procedure: 50 μg of chromium(III) was mixed with glycine in the concentration range of 
1×10-1 M to 1×10-9 M in a total volume of 10 mL. The solution was then passed through poly 
[dibenzo-18-crown-6] column, preconditioning with same concentration of glycine as that of the 
sample solution at flow rate of 0.5 mL min-1. The column was then washed with the same 
concentration of glycine. The sorbed chromium(III) was then eluted with different eluting agents 
(described later) at the flow rate of 0.5 mL min-1. 5.0 mL fraction were collected and chromium(III) in 
the aqueous phase was determined spectrophotometrically. Takao et al., described a extraction-
spectrophotometric determination of with 4-(2-pyridylazo)-resorcinol (PAR) at 540 nm [40]. The 
concentration of chromium(III) was calculated from a calibration graph. 

 
RESULTS AND DISCUSSION 

 
Sorption of chromium(III)on poly[dibenzo-18-crown-6] as a function of glycine concentration: 
Sorption studies of chromium(III) were carried out from glycine medium. The concentration of 
glycine was varied from 1×10-1 M to 1×10-9 M (Table 1). After sorption, the elution of chromium(III) 
was carried out with 4.0 M hydrochloric acid. It was found that there was quantitative (100%) 
sorption of chromium(VI) from 1×10-3 M to 1×10-6 M glycine. The results are shown in (Figure 1). 
The subsequent sorption studies of chromium(III) were carried out with 1×10-3 M glycine. 
 

Table 1. Sorption of chromium(III) as a function of glycine concentration 
Cr(III) = 50 µg mL-1, Eluent = 4.0 M HCl 

 
Glycine concentration (M) Sorption of Cr(VI) (%) 

1x10-1 88.20 
1x10-2 97.34 
1x10-3 100 
1x10-4 100 
1x10-5 100 
1x10-6 100 
1x10-7 94.25 
1x10-8 88.55 
1x10-9 76.20 

 

 

 

Figure 1. Sorption of chromium(III) as a function of glycine concentration 

 

Elution study of chromium(III) with various eluting agents:  50 μg mL-1 of chromium(III) was 
sorbed on the poly[dibenzo-18-crown-6] column at 1×10-5M glycine concentration. After sorption, 
elution of chromium(III) was carried out using hydrochloric acid, sulphuric acid, perchloric acid and 
acetic acid (Table 2). The concentration of eluting agents varied from 0.5 M to 8.0 M. The elution 
profile of chromium(III) with various eluting agents is shown in (Figure 2). Showed that 
chromium(III) was quantitatively eluted with 0.5 M to 8.0 M hydrochloric acid and Sulphuric acid, 
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0.5 M to 8.0 M perchloric acid. Further elution studies of chromium(III) in this work was carried out 
with 4.0 M hydrochloric acid. 
 

Table 2.Elution of chromium(III) with different eluting agents Cr(III) = 50 µg mL-1, glycine 1×10-5M 
 

Conc. 
Acid 

0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
Percentage Elution 

HCl 100 100 100 100 100 100 100 100 100 
H2SO4 100 100 100 100 100 100 100 100   100 
HClO4 100 100 100 100 100 100 100 100  100 

CH3COOH 55.60 64.82 70.12 80.45 88.60 89.18 92.45 93.86 94.45 

 

 
Figure 2. Elution of chromium(III) with various eluting agents.  

 
Effect of varying concentration of chromium(III): In order to find out the capacity of poly 
[dibenzo-18-crown-6] for the chromium(III), the concentration of chromium(III) was varied from 50-
600 μg 10mL-1 in glycine and 4.0 M hydrochloric acid as eluent. The results (Table 3) showed that the 
sorption of chromium(III) was quantitative (100%) up to 400 μg. With increase in concentration of 
chromium(III) there was decrease in the percentage sorption of chromium(III) and is shown in the 
(Figure 3). From this study it was found that the capacity of poly[dibenzo-18-crown-6] for 
chromium(III) was found to be 1.54 ± 0.01 mmol g-1 of crown polymer. 
 

Table 3. Effect of varying concentration of chromium (III) 
glycine 1x10-5 M, eluent 1.0 M HCl 

 
Chromium(III) (µg) Percentage sorption (%) 

50 100 
100 100 
150 100 
200 100 
250 100 
300 100 
350 100 
400 100 
450 97.30 
500 95.45 
550 84.46 
600 77.51 

 
Separation of chromium(III) from binary mixtures: An aliquot of solution containing 50 μg of 
chromium(III) was mixed with foreign ions and glycine was added so that its concentration was    
1×10-5 M in total volume of 10 mL. The tolerance limit was set as the amount of foreign ions required 
to cause ±2% deviation in the recovery of chromium(III). The solution was passed through a 
poly[dibenzo-18-crown-6] column, preconditioned with 1×10-5 M glycine at a flow rate of 0.5 mL 
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min-1. Subsequently the column was washed with 15 mL of 1×10-5 M glycine to remove unsorbed 
metal ions. Various foreign ions were not sorbed and hence passed through the column. The effluent 
was collected and analyzed for foreign ion content. The tolerance limit of various foreign ions is 
shown in table 4. The most of the alkali metals show high tolerance limit. In case of alkaline metal 
lithium(I), sodium(I), potassium (I), rubidium(I) and cesium(I) are strongly tolerates. Most of the p-
block and d-block elements were sorbed and shows low tolerance limit. Amongst the inner transition 
elements, as compared lanthanum(III), cerium(III), thallium(III) show low tolerance limit. The anion 
of inorganic and organic acids showed high tolerance limit (Table 4). 

 

 
 

Figure 3. Effect of varying concentration of chromium(III). 
 

Table 4. Separation of chromium(III) from binary mixtures Cr(III)- 50 µg, 
sorption- 1×10-5 M glycine, eluent- 2.0 M HCl 

 

Ion Added as Tol. Limit 
(mg) Ion Added as Tol. 

Limit 
Li+ LiCl 15 Tl3+ Tl(NO3)3.3H2O 0.1 
Na+ NaCl 12 La3+ La(NO3)3.6H2O 0.03 
K+ KCl 18 Ce3+ CeCl3.6H2O 0.8 
Rb+ RbCl 16 V4+ VOSO4.4H2O 0.7 
Cs+ CsCl 8 Th4+ Th(NO3)4 0.8 

NH4
+ NH4Cl 14 Cr6+ K2Cr2O7 1.3 

Be2+ BeSO4.4H2O 1.5 Mo6+ (NH4)6Mo7O24.4H2O 9 
Mg2+ MgCl2.6H2O 0.5 W6+ Na2WO4O.4H2O 7 
Ca2+ CaCl2 1.5 Cl- HCl 2 
Sr2+ Sr(NO3)2 0.1 Br- HBr 7 
Ba2+ Ba(NO3)2 0.8 SCN- NaSCN 3 
Co2+ CoCl2.6H2O Co-extran ClO4

- HClO4 3 
Ni2+ NiCl2.6H2O Co-extran CH3COO- CH3COOH 4 
Zn2+ ZnCl2 0.5 SO4 2- H2SO4 2 
U6+ UO2(NO3)2.6H2O 2 BO3 

3- H3BO3 6 
Pb2+ Pb(NO3)2 4 Tartrate Tartaric acid 11 
Fe3+ FeCl3.6H2O 1.2 EDTA EDTA 6 
Al3+ Al(NO3)3.9H2O 0.5 Ascorbate Ascorbic acid 3 

 
Separation of chromium(III) from Multicomponent mixtures: Separation of chromium(III) was 
carried out from number of associated elements in multi component mixture. The mixture containing 
lithium(I), uranium(VI), chromium(III), cobalt(II), mercury(II), potassium(I), sodium(I), nickel (II), 
manganese(II), cadmium(II) and lead(II) was passed through the poly[dibenzo-18-crown-6] column at 
1×10-3 M glycine  concentration, lithium(I), potassium (I), sodium(I) was not sorbed and hence passed 
through the column. The uranium(VI), chromium(III), cobalt(II) mercury(II), potassium(I), nickel (II), 
manganese(II), cadmium(II) and lead(II) were sorbed. The sorbed uranium(VI) was first eluted with 
25 mL of 0.2 M ammonium carbonate. After that chromium(III) were eluted with 4 M hydrochloric 
acid and effluents are analyzed spectrophotometrically. Using this method, separation of cobalt(II), 
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chromium(III), mercury(II), potassium(I), manganese(II), nickel (II), lithium(I), potassium (I), 
sodium(I), cadmium(II) and lead(II)  mixtures was achieved. The results are shown in table 5. 
 

Table 5. Separation of chromium(III) from Multicomponent mixtures 
 

No Mixture Taken μg Found 
μg 

Recovery* 
% 

Sorption 
Condition Eluent 

1 
Li(I) 100 100 100 1x10-3M  

Glycine 

NSPC** 
U(VI) 100 100 100 0.2 A.C. 
Cr(III) 50 49 98 4 M HCl 

2 
K(I) 100 99 99 1x10-3 M  

Glycine 

NSPC** 
Cr(III) 50 50 100 4 M HCl 
Co(II) 50 48 96 0.5 M HBr 

3 
Na(I) 100 100 100 1x10-3M  

Glycine 

NSPC** 
Cr(III) 50 49.5 99 4 M HCl 
Hg(II) 100 98 98 0.5 M HBr 

4 
Li(I) 100 100 100 1x10-3M  

Glycine 

NSPC** 
Pb(II) 25 24 96 3 M HBr 
Cr(III) 50 49 98 3.0 M HCl 

 
5 

Li(I) 100 100 100 1x10-3 M 
 Glycine 

NSPC** 
Mn (II) 50 49 98 0.5 M HBr 
Cr(III) 50 50 100 3.0M HCl 

6 
K(I) 100 99 99 1x10-3 M 

 Glycine 

NSPC** 
Cd(II) 50 49 98 0.5 M HBr 
Cr(III) 50 49.5 99 3.0M HCl 

7 
Li(I) 100 100 100 1x10-3 M  

Glycine 

NSPC** 
Ni(II) 50 49 98 0.5 M HBr 
Cr(III) 50 49.5 99 3.0M HCl 

* Average of triplicate analysis, ** NSPC = No Sorption Passing through the Column    
A.C.- Ammonium Carbonate 

 
APPLICATION 

 
Determination of chromium in pharmaceuticals samples: The sample of tablet was dissolved in 10 
mL 0.1 M HCl. The solution was evaporated almost to dryness it was lixiviated with water and 
solution was made up to 500 mL aliquot of solution was taken from which  chromium(III)was 
extracted and analyzed as per general procedure (Table 6). 
 

Table 6. Determination of chromium in pharmaceuticals samples 
 

Sample Present 
Mcg tablet-1 

Found 
Mcg tablet-1 

Chromoplex 0.200 0.199 
Fourts B 0.150 0.149 
Optisulin 0.500 0.498 

 
CONCLUSION 

 
The important feature of this method is that using column chromatographic method and poly[dibenzo-
18-crown-6] the separation of chromium(III) from associated element in glycine medium has been 
achieved. The capacity of poly [dibenzo-18-crown-6] for chromium(III) was found to be 1.54 ± 0.01 
mmol/g of crown polymer. Chromium(III) was separated from number of cations in binary as well as 
multi component mixtures. The method was extended to the determination of chromium(III) in real 
sample. The aim of present investigation is to demonstrate a simple, selective and cheap method and 
has good reproducibility (approximately ± 2%). 
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H2SO4 and 1.0-8.0M CH3COOH The capacity of poly [dibenzo-18-crown-6] for Cadmium(II) was found to be 0.533 ± 0.01 

mmol/g of crown polymer. The effects of concentrations of Glycine, Cadmium (II), foreign ions and eluents have been studied. 

Cadmium(II) was separated from a number of cations in multicomponent mixtures. The applicability of the proposed method was 

ascertained for the determination of Cadmium(II) in real samples. The reliability of method was checked by comparison of the 

results with those obtained using flame photometer. The method is very simple, rapid and selective with good reproducibility 

(approximately±2%). 

Keywords: sorption, separation, Cadmium(II), Glycine, poly [dibenzo-18- crown-6], Chromatography 

1. Introduction

Cadmium makes up about 0.1 ppm of Earth's crust. Compared 

with the more abundant 65 ppm zinc, cadmium is rare [1]. No 

significant deposits of cadmium-containing ores are known 

Greenockite (CdS), the only cadmium mineral of importance, 

is nearly always associated with sphalerite (ZnS). This 

association is caused by the geochemical similarity between 

zinc and cadmium which makes geological separation 

unlikely. As a consequence, cadmium is produced mainly as a 

byproduct from mining, smelting, and refining sulfidic ores of 

zinc, and, to a lesser degree, lead and copper. Small amounts 

of cadmium, about 10% of consumption, are produced from 

secondary sources, mainly from dust generated by recycling 

iron and steel scrap. Production in the United States began in 

1907 [2] but it was not until after World War I that cadmium 

came into wide use [3, 4]. One place where metallic cadmium 

can be found is the Vilyuy River basin in Siberia [5]. 

A considerable amount of work has been done in recent years 

on the ion exchange separation of cadmium from various other 

elements [6, 17]. While Kallmann’s [11] anion exchange method 

has successfully separated a considerable number of cations 

from cadmium, published methods on cation exchange have 

been applied to separate cadmium from only a small number 

of other cations, and are therefore of a limited application. 

The discovery of crown ether opened a new era in 

supramolecular chemistry used in various fields in chemistry. 

As most of crown ether are useful as stationary phase in 

chromatographic method [18]. Polymeric crown ethers exhibit 

special features such as high resistance to chemicals, 

radiolysis, temperature and also polar solvents. By using poly 

[dibenzo-18-crown-6] we have reported the sorption behavior 

and selective separation of metal cation [19, 23]. According to 

literature survey reveals that there are no reports on the use of 

poly [dibenzo-18-rown-6] for the chromatographic separation 

of Cadmium(II) in glycine medium. The aim of the present 

study is to optimize conditions on a laboratory scale for the 

chromatographic separation and recovery of Cadmium(II) 

from other associated metal ions employing poly [dibenzo-18-

crown-6] as the sorbent in glycine as counter ion. 

2 Experimental 

2.1 Apparatus and reagents 

A Ziess (German) Spectrophotometer, a digital pH meter 

(Model LI-120, ELICO, India) with glass and calomel 

electrodes and a digital Flame photometer (PI, Model No. 041, 

India) were used. A stock solution of Cadmium(II) was 

prepared by dissolving 1.207 g of cadmium nitrate (Sigma-

Aldrich Chemicals Pvt Limited Plot No 12 Bommasandra - 

Jigani Link Road 560100 Bangalore India) in 100 mL of 

distilled deionized water and standardized gravimetrically 

[24]. A solution containing 100 µg/mL of Cadmium(II) was 

prepared by appropriate dilution of standard stock solution. 

Glycine solution (1×10-1 M) was prepared by dissolving 1.875 

g of glycine in distilled deionized water and diluted to 250 

mL. Poly [dibenzo-18-crown-6] (E Merck Darmstadt, 

Germany) was used after screening to 100-200 mesh. A total 

of 0.5 g of polymer was slurred with distilled deionised water 

and poured into a Pyrex glass chromatographic column 

(20×0.8 cm i.d.). The column was used after preconditioning 

with glycine solution. 

2.2 General procedure 

50 μg of Cadmium(II) was mixed with glycine in the 

concentration range of 1×10-7 M to 1×10-1M in a total volume 

of 10 mL. The solution was then passed through poly 

[dibenzo-18-crown-6] column, preconditioning with same 
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concentration of glycine as that of the sample solution at flow 

rate of 0.5 mL/min. The column was then washed with the 

same concentration of glycine. The sorbed Cadmium(II) was 

then eluted with different eluting agents (described later) at 

the flow rate of 0.5 mL/min. 5.0 mL fraction were collected 

and Cadmium(II) in the aqueous phase was determined 

spectrophotometric ally with PAR at 520 nm [25]. The 

concentration of Cadmium(II) was calculated from a 

calibration graph. 

 

3. Results and Discussion  

3.1. Sorption of Cadmium(II) on poly [dibenzo-18-crown-

6] as a function of glycine concentration. 

Sorption studies of Cadmium(II) were carried out from 

glycine medium. The concentration of glycine was varied 

from 1×10-7 M to 1×10-1M. After sorption, the elution of 

Cadmium(II) was carried out with 4.0 M hydrochloric acid. It 

was found that there was quantitative (100%) sorption of 

Cadmium(II) from 1×10-4 M to 1×10-2 M L- glycine. The 

results are shown in (Figure: 1). the subsequent sorption 

studies of Cadmium(II) were carried out with 5×10-3 M 

glycine. 
 

Table 1: Sorption of Cadmium(II) as a function of glycine 

concentration Cd (II) = 50 μg, Eluent = 4.0 M HCl 
 

Glycine concentration (M) Sorption of Cd (II) (%) 

1x10-1 85.4 

1x10-2 100 

1x10-3 100 

1x10-4 100 

1x10-5 88 

1x10-6 86 

1x10-7 65 

 

 
 

Fig 1: Sorption of Cadmium(II) as a function of glycine 

concentration. 

 

3.2. Elution study of Cadmium(II) with various eluting 

agents  

50 μg/mL of Cadmium(II) was sorbed on the poly [dibenzo-

18-crown-6] column at 5×10-4 M glycine concentration. After 

sorption, elution of Cadmium(II) was carried out using 

hydrochloric acid, sulphuric acid, perchloric acid and acetic 

acid. The concentration of eluting agents varied from 0.5 M to 

8.0 M. The elution profile of Cadmium(II) with various 

eluting agents is shown in (Fig 2). It showed that Cadmium(II) 

was quantitatively eluted with 1.0 M to 8.0 M hydrochloric 

acid, 2.0M to 8.0 M sulphuric acid, 1.0M to 8.0 M per chloric 

acid and 1.0M to 8.0 M acetic acid. Further elution studies of 

Cadmium(II) in this work was carried out with 4.0 M 

hydrochloric acid. 
 

Table 2: Elution of Cadmium(II) with different eluting agents Cd (II) 

= 50 μg, glycine 0.001 M 
 

Conc. 

Acid 

0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

Percentage Elution (%) 

HCl 96 100 100 100 100 100 100 100 100 

H2SO4 90 94 100 100 100 100 100 100 100 

HClO4 96 100 100 100 100 100 100 100 100 

CH3COOH 98 100 100 100 100 100 100 100 100 

 

 
 

Fig 2: Elution of Cadmium(II) with different eluting agents. 

 

3.3. Effect of varying concentration of Cadmium (II) 

In order to find out the capacity of poly [dibenzo-18-crown-6] 

for the cadmium (II), the concentration of Cadmium(II) was 

varied from 100-1000 μg/10 mL in glycine and 4.0 M 

hydrochloric acid as eluent. The results (Table 3.3) showed 

that the sorption of Cadmium(II) was quantitative (100%) up 

to 300 μg. With increase in concentration of Cadmium(II) 

there was decrease in the percentage sorption of Cadmium(II) 

and is shown in the Fig 3. From this study it was found that 

the capacity of poly [dibenzo-18-crown-6] for Cadmium(II) 

was found to be 0.944 ± 0.01 mmol/g of crown polymer. 
 

Table 3: Effect of varying concentration of Cadmium(II) glycine 

1×10-3 M, eluent 1.0 M HCl 
 

Cadmium(II) (µg) Percentage sorption (%) 

25 100 

50 100 

75 100 

100 100 

125 100 

150 100 

175 100 

200 100 

225 100 

250 100 

275 100 

300 100 

325 93 

350 86 

375 72 

400 68 

450 63 

475 60 
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Fig 3: Effect of varying concentration of cadmium (II). 

 

3.4 Separation of Cadmium(II) from binary mixtures 

An aliquot of solution containing 50 μg of Cadmium(II) was 

mixed with foreign ions and glycine was added so that its 

concentration was 1×10-3 M in total volume of 10 mL. The 

tolerance limit was set as the amount of foreign ions required 

to cause ±2% deviation in the recovery of cadmium (II). The 

solution was passed through a poly [dibenzo-18-crown-6] 

column, preconditioned with 1×10-3M glycine at a flow rate of 

0.5 mL/min. Subsequently the column was washed with 15 

mL of 1×10-3M glycine to remove un sorbed metal ions. 

Various foreign ions were not sorbed and hence passed 

through the column. The effluent was collected and analyzed 

for foreign ion content. The tolerance limit of various foreign 

ions is shown in Table 4. The most of the alkali metals show 

high tolerance limit. In case of alkaline metal lithium(I), 

sodium(I), potassium(I), rubidium(I), cesium(I) and alkaline 

earth metals magnesium(II), calcium(II), strontium(II) tolerate 

strongly. Most of the p-block and d-block elements were 

sorbed and shows low tolerance limit. Amongst the inner 

transition elements, as compared lanthanum (III), thallium 

(IV), cerium (III), shows low tolerance limit. The anion of 

inorganic and organic acids showed high tolerance limit. 

 

Table 4: Separation of Cadmium(II) from binary mixtures Cd(II) = 50 μg, sorption- 1×10-3 M glycine, eluent- 4.0 M HCl 
 

Ion Added as Tol. Limit (mg) Ion Added as Tol. Limit 

Li+ LiCl 10 Tl3+ Tl(NO3)3.3H2O 0.8 

Na+ NaCl 9 La3+ La(NO3)3.6H2O 0.5 

K+ KCl 7 Ce3+ CeCl3.6H2O 0.5 

Rb+ RbCl 6 V4+ VOSO4.4H2O 0.5 

Cs+ CsCl 7 Th4+ Th(NO3)4 Co-Extrn 

NH4
+ NH4Cl 15 Cr6+ K2Cr2O7 0.4 

Be2+ BeSO4.4H2O Co-Extrn Mo6+ (NH4)6Mo7O24.4H2O 2.5 

Mg2+ MgCl2.6H2O 5 W6+ Na2WO4O.4H2O 6 

Ca2+ CaCl2 5 Cl- HCl 5 

Sr2+ Sr(NO3)2 2 Br- HBr 3 

Ba2+ Ba(NO3)2 0.8 SCN- NaSCN 4 

Co2+ CoCl2.6H2O Co-Extrn ClO4
- HClO4 1 

Ni2+ NiCl2.6H2O Co-Extrn CH3COO- CH3COOH 5 

Zn2+ ZnCl2 Co-Extrn SO4 2- H2SO4 1.5 

U6+ UO2(NO3)2.6H2O Co-Extrn BO3
3- H3BO3 2.5 

Pb2+ Pb(NO3)2 3 Tartrate Tartaric acid 4 

Cr3+ Cr(NO3)3.9H2O 0.3 EDTA EDTA 1.5 

Fe3+ FeCl3.6H2O 1.5 Ascorbate Ascorbic acid 2 

Al3+ Al(NO3)3.9H2O 0.1    

 

3.5 Separation of Cadmium(II) from Multi component 

mixtures  

Separation of Cadmium(II) was carried out from number of 

associated elements in multi component mixture. The mixture 

containing lithium(I), cadmium (II),Nickel(II), lead(II), 

sodium(I), potassium (I), iron(III) was passed through the 

poly[dibenzo-18-crown-6] column at 1×10-3 M glycine 

concentration. The lithium (I), sodium (I), potassium (I) and 

iron (III) was not sorbed and hence passed through the 

column. The cadmium (II), Nickel (II), lead (II) were sorbed. 

The sorbed nickel (II) was first eluted with 25 mL of 0.1 M 

acetic acid. After that lead (II) were eluted with 4.5 M 

hydrotropic acid and finally the cadium (II) was eluted with 

1.0 M hydrochloric acid and effluents are analyzed 

spectrophotometric ally. Using this method, separation of 

cadmium (II), Nickel (II), lead (II) mixtures was achieved. 

The results are shown in the Table 5. 

 

Table 5: Separation of Cadmium(II) from Multi component Mixtures 
 

No Mixture Taken μg Found μg Recovery% Sorption Condition Eluent 

1 

Li(I) 50 50 100 

1x10-3M Glycine 

NSPC 

Ni(II) 50 49 98 0.1MCH3COOH 

Cd(II) 50 50 100 1.0 M HCl 

Pb (II) 50 50 100 4.5 M HBr 

2 

Na(I) 50 50 100 

1x10-3 M Glycine 

NSPC 

Ni(II) 50 50 100 0.1MCH3COOH 

Cd(II) 50 50 100 1.0 M HCl 

Pb (II) 50 50 100 4.5 M HBr 
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3 

K(I) 50 50 100 

1x10-3M Glycine 

NSPC 

Ni(II) 50 49.5 99 0.1MCH3COOH 

Cd(II) 50 50 100 1.0 M HCl 

Pb(II) 50 50 100 4.5 M HBr 

4 

Fe(III) 50 50 100 

1x10-3M Glycine 

NSPC 

Ni(II) 50 49 98 0.1MCH3COOH 

Cd(II) 50 50 100 1.0 M HCl 

Pb(II) 50 50 100 4.5 M HBr 

*NSPC = No sorption and hence passes through the column 

 

3.6. Determination of cadmium in wood,s metal  

1.0 g woods metal was dissolved in aqua regia and evaporated 

almost to dryness, it was then treated with 5 ml hydrochloric 

acid and evaporated almost to dryness and was extracted with 

water and diluted to 250 ml. An aliquot of sample solution 

was subjected as per the above method. The results of 

triplicate analysis are shown below. 
 

Table 6: Determination of cadmium in Wood,s Metal 
 

Alloy Percentage of cadmium (II) 

Wood ,s Metal 
Present Found 

10 9.98 

 

4. Conclusion 

The important feature of this method is that using column 

chromatographic method and poly [dibenzo-18-crown-6].The 

separation of Cadmium(II) from associated element in glycine 

medium has been achieved. The capacity of poly [dibenzo-18-

crown-6] for Cadmium(II) was found to be 0.944 ± 0.01 

mmol/g of crown polymer. Cadmium(II) was separated from 

number of cations in binary as well as multi component 

mixtures. The method was extended to the determination of 

Cadmium(II) in real sample Wood’s metal. The aim of present 

investigation is to demonstrate a simple, selective and cheap 

method and has good reproducibility (approximately ± 2%). 
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ABSTRACT    A  simple  chromatographic  separation  method  has  been  developed  for  quantitative  sorption  of 
Bismuth(III)  from  an aqueous  solution  of  5×10-3 M  Glycine using  poly  [dibenzo-18-crown-6]  as  stationary  phase. 
The sorption  of Bismuth(III)  was quantitative 1×10-2M to 1×10-6M Glycine. The elution of Bismuth(III)  was 
quantitative with 0.1–8.0 M HCl, 3-8M HClO4, M 1.0-8.0 M H2SO4. The capacity of poly [dibenzo-18-crown-6] for 
Bismuth(III) was found to be 0.306 ± 0.01 mmol/g of crown polymer. The effects of concentrations of Glycine,  
Bismuth(III)  ,  foreign ions and eluents have been studied.  Bismuth(III)  was separated from a number of cations in 
multicomponent mixtures. The applicability of the proposed method  was ascertained for the determination of  
Bismuth(III)  in real samples. The reliability of  method was checked by comparison of the results with those obtained 
using flame photometer. The method is very simple, rapid and selective with good reproducibility (approximately±2%).  
 

Keywords: sorption,  separation, Bismuth(III), Glycine, poly [dibenzo-18- crown-6], Chromatography 

 
1 Introduction 

Bismuth and its compounds came to be known in the fourteenth century. However the metal at first 
could not be distinguished from lead and tin. It occurs in Free State as well as in the combined form. The 
important sources of bismuth are bismuth glance Bi2S2, bismuth telluride Bi3Te3and bismuth oxide (Bi2O3). 
Bismuth is found in earth’s crust, up to 0.0002%. It is least toxic among the heavy metals. Bismuth has been 
used in the form of sub carbonates and sub galletes for the treatment of diarrhea, dysentery and ulcers. 
Bismuth is also used in the manufacture of low melting alloys which finds application in the fusible elements 
in automatic sprinklers, special solders; safety plugs in compressed gas cylinders and automatic shutoffs for 
gas and electric water heating systems.  

Bismuth has been used in medicines for the treatment of helicobacter pylori-induced gastritis [1,2]. 
Bismuth and its compounds are also used in semiconductors, cos-metic preparations, alloys and 
metallurgical additives and in the preparation and recycling of uranium nuclear fuels [3]. As the uses of 
bismuth in medicine increase, bismuth has spread in the environment, and the chance of exposure of 
organisms to bismuth has increased [1]. Several methods have been developed for the determination of 
bismuth. These methods include hydride generation inductively coupled plasma atomic emission 
spectrometry (HG-ICPAES) [4], electro thermal vaporization ICP mass spectrometry (ETV-ICP-MS) [5], 
atomic absorption spectrometry (AAS) [6,7], electro thermal atomic absorption spectrometry (ETAAS) [8] 
potentiometric stripping analysis (PSA) [9], anodic stripping voltammetry [10,11], cathodic stripping 
voltammetry (CSV) [12]and amperometry [13]. However, due to the presence of low levels of bismuth in 
environmental samples, the separation of bismuth from other elements and the use of preconcentration are 
typically necessary. Conventional solvent extraction and separation of Bi in the presence of coextracting 
ligands, such as bis(2,4,4,-trimethylpentyl) monothiophosphinic acid [14] and pyrrolidine dithio-carbamate 
[15], has attracted considerable attention. The disadvantages of liquid/liquid extraction include the use of 
large volumes of organic solvents, cumber some glassware and cost. However, several other techniques for 
preconcentration of Bi have been proposed including preconcentration using Mg -W cell electrode 
position[16], preconcentration with sodium di-n-propyl dithiophosphinate and activated carbon in a batch 
method, a flow injection on-line two stage solvent extraction[17], a flow injection on-line sorption 
preconcentration[18–20], a fluorescence quenching method [21] and solid phase extraction [22–28].The 
spectrophotometric method is a sensitive technique for the determination of trace amounts of bismuth(III) 
in aqueous media [29–36]. 
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2 Experimental 
2.1. Apparatus and reagents 

A Ziess (German) Spectrophotometer, a digital pH meter (Model LI-120, ELICO, India) with glass 
and calomel electrodes and a digital Flame photometer (PI, Model No. 041, India) were used. A stock 
solution of Bismuth (III) was prepared by dissolving 2.331 g of Bismuth (III) nitrate (Loba Chemie Pvt Ltd, 
Mumbai, 132, India) in 1000 mL with distilled water in a standard flask and standardized by known 
methods [37]. A solution containing 100 µg/mL of Bismuth(III)was prepared by appropriate dilution of 
standard stock solution. Glycine solution (1×10-1 M) was prepared by dissolving 1.875 g of glycine in 
distilled deionised water and diluted to 250 mL.  
2.2 General procedure 

40 μg of Bismuth(III) was mixed with glycine in the concentration range of 1×10 -1M to 1×10-10 M in 
a total volume of 10 mL. The solution was then passed through poly[dibenzo-18-crown-6] column, 
preconditioning with same concentration of glycine as that of the sample solution at flow rate of 0.5 
mL/min. The column was then washed with the same concentration of glycine. The sorbed Bismuth(III) was 
then eluted with different eluting agents (described later) at the flow rate of 0.5 mL/min. 5.0 mL fraction 
were collected and Bismuth(III) in the aqueous phase was determined spectrophotometrically with Dithizon 
at 490 nm[38]. The concentration of Bismuth(III) was calculated from a calibration graph. 

 

3. Results and Discussion  
3.1. Sorption of Bismuth(III) on poly[dibenzo-18-crown-6] as a function of glycine concentration. 
  Sorption studies of Bismuth(III) were carried out from glycine medium. The concentration of 
glycine was varied from 1×10-1 M to 1×10-10M. After sorption, the elution of Bismuth(III) was carried out 
with 4.0 M hydrochloric acid. It was found that there was quantitative (100%) sorption of Bismuth(III) from 
1×10-2 M to 1×10-6 M L- glycine. The results are shown in (Figure: 3.1). The subsequent sorption studies of 
Bismuth(III) were carried out with 5×10-3 M glycine. 
Table 3.1: Sorption of bismuth(III) as a function of glycine concentration Bi(III) = 40 μg, Eluent = 4.0 M HCl 

Glycine concentration (M) Sorption of Bi(III) (%) 
1x10-1 83.60 
1x10-2 100 
1x10-3 100 
1x10-4 100 

1x10-5 100 
1x10-6 100 
1x10-7 90.20 
1x10-8 87.10  
1x10-9 81.30 
1x10-10 75.12 

 

 
Figure: 3.1: Sorption of Bismuth(III) as a function of glycine  concentration. 
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3.2. Elution study of Bismuth(III) with various eluting agents  
 40 μg/mL of Bismuth(III) was sorbed on the poly[dibenzo-18-crown-6] column at 5×10-4 M glycine 
concentration. After sorption, elution of Bismuth(III) was carried out using hydrochloric acid, sulphuric acid, 
perchloric acid and acetic acid. The concentration of eluting agents varied from 0.1 M to 8.0 M. The elution 
profile of Bismuth(III) with various eluting agents is shown in (Figure: 3.2). It showed that Bismuth(III) was 
quantitatively eluted with 0.1 M to 8.0 M hydrochloric acid, 0.1M to 8.0 M sulphuric acid ,3.0M  to 8.0 M 
perchloric acid, Where as acetic acid was found to be inefficient eluent for Bismuth(III). Further elution 
studies of Bismuth(III) in this work was carried out with 4.0 M hydrochloric acid. 

Table 3.2: Elution of Bismuth(III) with different eluting agents Bi(III) = 40 μg, glycine 1 x 10-3 M 
Conc. 
Acid 

0.1 0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
 Percentage Elution (%) 

HCl 100 100 100 100 100 100 100 100 100 100 
H2SO4 100 100 100 100 100 100 100 100 100 100 
HClO4 75.28 82.57 89.47 91.21 100 100 100 100 100 100 

CH3COOH 65.24 72.64 78.49 80.91 85.17 89.42 91.54 93.39 94.62 96.18 
 

 
Figure: 3.2: Elution of Bismuth(III) with different eluting agents. 

 

3.3. Effect of varying concentration of Bismuth(III) 
 In order to find out the capacity of poly[dibenzo-18-crown-6] for the Bismuth(III), the 
concentration of Bismuth(III) was varied from 40-480 μg/10 mL in glycine and 4.0 M hydrochloric acid as 
eluent. The results (Table 3.3) showed that the sorption of Bismuth(III) was quantitative (100%) up to 320 
μg. With increase in concentration of Bismuth(III) there was decrease in the percentage sorption of 
Bismuth(III) and is shown in the Figure: 3.3. From this study it was found that the capacity of poly[dibenzo-
18-crown-6] for Bismuth(III) was found to be 0.306 ± 0.01 mmol/g of crown polymer. 

Table3.3. : Effect of varying concentration of Bismuth(III) glycine 1×10-3 M, eluent 1.0 M HCl 
Bismuth(III) (µg) Percentage sorption (%) 

40 100 
80 100 

120 100 
160 100 
200 100 
240 100 
280 100 
320 100 
360 95.38 
400 92.74 
440 88.42 
480 79.86 

 



[ VOLUME 5  I  ISSUE 4  I  OCT.– DEC. 2018]                                                           E ISSN 2348 –1269, PRINT ISSN 2349-5138 

 390          IJRAR- International Journal of Research and Analytical Reviews                                           Research Paper 

 
Figure: 3.3: Effect of varying concentration of Bismuth(III). 

 

3.4 Separation of Bismuth(III) from binary mixtures 
 An aliquot of solution containing 40 μg of Bismuth(III) was mixed with foreign ions and glycine was 
added so that its concentration was 1×10-3 M in total volume of 10 mL. The tolerance limit was set as the 
amount of foreign ions required to cause ±2% deviation in the recovery of Bismuth(III). The solution was 
passed through a poly[dibenzo-18-crown-6] column, preconditioned with 1×10-3M glycine at a flow rate of 
0.5 mL/min. Subsequently the column was washed with 15 mL of 1×10-3M glycine to remove unsorbed 
metal ions. Various foreign ions were not sorbed and hence passed through the column. The effluent was 
collected and analyzed for foreign ion content. The tolerance limit of various foreign ions is shown in Table 
5.3.4.  

Table3.4: Separation of Bismuth(III) from binary mixtures Bi(II) = 40 μg, sorption- 1×10-3 M glycine,  
eluent- 4.0 M HCl 

Ion Added as 
Tol. 

Limit 
(mg) 

Ion Added as 
Tol. 

Limit 
(mg) 

Li+ LiCl 11 Tl3+ Tl(NO3)3.3H2O 0.7 
Na+ NaCl 8 La3+ La(NO3)3.6H2O 0.4 
K+ KCl 15 Ce3+ CeCl3.6H2O 0.6 

Rb+ RbCl 12 V4+ VOSO4.4H2O 0.3 
Cs+ CsCl 10 Th4+ Th(NO3)4 Co-Extrn 

NH4+ NH4Cl 14 Cr6+ K2Cr2O7 0.6 
Be2+ BeSO4.4H2O Co-Extrn Mo6+ (NH4)6Mo7O24.4H2O 2.7 

Mg2+ MgCl2.6H2O 20 W6+ Na2WO4O.4H2O 4 

Ca2+ CaCl2 16 Cl- HCl 6 
Sr2+ Sr(NO3)2 8 Br- HBr 4 
Ba2+ Ba(NO3)2 0.7 SCN- NaSCN 3 
Co2+ CoCl2.6H2O Co-Extrn ClO4- HClO4 2 
Ni2+ NiCl2.6H2O Co-Extrn CH3COO- CH3COOH 4 
Zn2+ ZnCl2 Co-Extrn SO4 2- H2SO4 3.5 
U6+ UO2(NO3)2.6H2O Co-Extrn BO33- H3BO3 2.8 
Pb2+ Pb(NO3)2 2 Tartrate Tartaric acid 5 
Cr2+ Cr(NO3)3.9H2O 0.3 EDTA EDTA 12 
Fe3+ FeCl3.6H2O 2.5 Ascorbate Ascorbic acid 4 

 

3.5 Separation of Bismuth(III) from Multi component mixtures  
 Separation of Bismuth(III) was carried out from number of associated elements in multi component 
mixture. The mixture containing lithium(I),Copper(II), Bismuth(III), sodium(I), potassium(I), thallium(III) 
and Manganese (II) was passed through the poly[dibenzo-18-crown-6] column at 1×10-3 M glycine 
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concentration. The lithium(I), sodium(I), potassium(I) was not sorbed and hence passed through the 
column. The Copper(II), Bismuth(III), thallium(III) and Manganese (II) were sorbed. The sorbed Copper(II) 
was first eluted with 25 mL of 0.2 M LiOH. After that Bismuth(III) were eluted with 4 M hydrotropic acid and 
effluents are analyzed spectrophotometrically. Using this method, separation of Bismuth(III), thallium(III) 
and Manganese (II)  mixtures was achieved. The results are shown in the Table: 3.5. 
 

Table 3.5.: Separation of Bismuth(III) from Multi component Mixtures 
No Mixture Taken μg Found 

μg 
Recovery 

% 
Sorption 

Condition 
Eluent 

1 Li(I) 50 50 100 
1x10-3M  
Glycine 

NSPC 
Cu(II) 50 49 98 0.2 M LiOH 
Bi(III) 40 40 100 4 M HCl 

2 Na(I) 50 50 100 
1x10-3 M  
Glycine 

NSPC 
Cu(II) 50 50 100 0.2 M LiOH 
Bi(III) 40      40 100 4 M HCl 

3 K(I) 50 50 100 
1x10-3M  
Glycine 

NSPC 
Tl(III) 50 49.5 99 0.2 M A. C. 
Bi(III) 40 40 100 4 M HCl 

4     Li(I) 50 50 100 
1x10-3M 
 Glycine 

NSPC 
Mn(II) 50 49 98 1M LiOH 
Bi(III) 40 40 100 4.5 M HCl 

 *NSPC = No sorption and hence passes through the column, A. C.- Ammonium carbonate 
 

3.6. Determination of bismuth from real sample 
Analysis of Bismuth(III) from Pharmaceutical sample-  
 The determination of Bismuth III in Denol Tablet was carried out using following procedure. The 
sample of Denol tablet was dissolved in 10 ml Conc. HCl. The solution was evaporated almost to dryness and 
sample solution was prepared. Aliquot of solution was taken from which Bismuth(III) was extracted and 
analyzed as per general procedure. 

Sample Bismuth(III) mg 

Denol Tablet 
Present Found 

75 74.30 
 

4 Conclusion 
 The important feature of this method is that using column chromatographic method and 
poly[dibenzo-18-crown-6].The separation of Bismuth(III) from associated element in glycine medium has 
been achieved. The capacity of poly[dibenzo-18-crown-6] for Bismuth(III) was found to be 0.306 ± 0.01 
mmol/g of crown polymer. Bismuth(III) was separated from number of cations in binary as well as multi 
component mixtures. The method was extended to the determination of Bismuth(III) in real sample Denol 
tablet. The aim of present investigation is to demonstrate a simple, selective and cheap method and has 
good reproducibility (approximately ± 2%). 
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Abstract 

A simple chromatographic separation method has been developed for quantitative sorption of Beryllium(II) from an aqueous 

solution of 1×10-3M Glycine using poly [dibenzo-18-crown-6] as stationary phase. The sorption of Beryllium (II) was quantitative 

1×10-3M to 1×10-8M Glycine. The elution of Beryllium (II) was quantitative with 0.1–8.0 M HCl, 3.0-8.0M HBr and 7.0-8.0 M 

H2SO4. The capacity of poly [dibenzo-18-crown-6] for Beryllium (II) was found to be 0.65 ± 0.01 mmol/g of crown polymer. The 

effects of concentrations of Glycine, Beryllium (II), foreign ions and eluents have been studied. Beryllium (II) was separated from 

a number of cations in multicomponent mixtures. The applicability of the proposed method was ascertained for the determination 

of Beryllium (II) in real samples. The reliability of method was checked by comparison of the results with those obtained using 

flame photometer. The method is very simple, rapid and selective with good reproducibility (approximately±2%). 

 

Keywords: sorption, separation, Beryllium (II), Glycine, poly [dibenzo-18- crown-6], Chromatography 

1. Introduction 

Beryllium is industrially valuable metal due to its unique 

physico-chemical properties. Beryllium is rare in the earth’s 

crust and its presence is of importance. Beryllium is 

particularly valuable in specific areas of nuclear technology. 

Beryllium is widely used in metal-alloys, salts and X-ray 

tubes. Due to the ability of beryllium to reflect neutrons and 

its efficiency in the production of neutrons, when exposed to 

alpha emitter has led to its use in nuclear reactors and nuclear 

weapons. However use of beryllium carries with it some 

serious health hazards, including cancer and chronic beryllium 

disease (CBD) [1-4]. 

CBD has no known cure usually and result in death. Beryllium 

has been linked to a number of other health effects resulting 

from inference of enzyme function, DNA synthesis, protein 

phosphorylation and cell division. An estimated 10-20 million 

pounds per year of beryllium are emitted during coal and 

refuse incineration, which can contaminate air, drinking water, 

soil and agricultural products [5]. Due to the high toxicity of 

beryllium, there is a need to separate a beryllium from other. 

Beryllium is one of the toxic elements, which causes some 

health hazards. Hence, it is necessary to analyze microgram 

levels concentrations of beryllium in industry and 

environment sample. 

In the growing field of separation science numerous methods 

have been describe for the separation and determination of 

beryllium viz. Solvent extraction [6-8] ion exchange [9-11] and 

solid phase extraction [12-14] are among them but conventional 

extraction chromatography –liquid chromatography is 

comparatively fast, efficient and popular method. 

Macrocyclic compound are uncharged and contain a cavity in 

which a cation can be encapsulated The complexes thus 

formed are of great analytical interest. It was in 1967 when 

Pedersen [15] published his first paper on crown ether under the 

title “Cylic Polyethers and their Complexes with Metal Salts.” 

Since then these ligand have been used by physical, organic, 

inorganic, biochemists and also analytical chemists [16]. 

No attempts were made for the separation of beryllium from 

associated element using amino acid media and column 

chromatography. This chapter describes in detail the sorption 

study and separation of beryllium(II) using glycine required 

medium on poly [dibenzo-18-crown-6 ].The concentration of 

glycine required for quantitative sorption of beryllium (II) is 

very low, clean cut separation with good separation yield was 

achieved. The beryllium was successfully determined in beryl 

ore by using this method. 

 

2. Experimental 

2.1 Apparatus and reagents 

A Ziess (German) Spectrophotometer, a digital pH meter 

(Model LI-120, ELICO, India) with glass and calomel 

electrodes and a digital Flame photometer (PI, Model No. 041, 

India) were used. A stock solution of beryllium(II) was 

prepared by dissolving 9.828 g of beryllium sulphate 

tetrahydrate(AR grade, BDH, Poole, England) in 100mL 

distilled deionised water and standardized gravimetrically [17]. 

A solution containing 10µg/mL of beryllium (II) was prepared 

by appropriate dilution of the standard stock solution. Glycine 

solution (1×10-1 M) was prepared by dissolving 1.875 g of 

glycine in distilled deionised water and diluted to 250 mL. 

Poly [dibenzo-18-crown-6] (E Merck Darmstadt, Germany) 

was used after screening to 100-200 mesh. A total of 0.5 g of 

polymer was slurred with distilled deionised water and poured 

into a Pyrex glass chromatographic column (20×0.8 cm i.d.). 

The column was used after preconditioning with glycine 

solution. 
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2.2 General procedure 

10μg of beryllium (II) was mixed with glycine the 

concentration range of 1×10-1M to 1×10-11 M in a total volume 

of 10 mL. The solution was then passed through poly 

[dibenzo-18-crown-6] column, preconditioning with same 

concentration of glycine as that of the sample solution at flow 

rate of 0.5 mL/min. The column was then washed with the 

same concentration of glycine. The sorbed beryllium (II) was 

then eluted with different eluting agents (described later) at 

the flow rate of 0.5 mL/min. 5.0 mL fraction were collected 

and beryllium(II) was determined spectrophotometrically by 

Eriochrome cyanine R at 525nm [18] using a calibration graph. 

 

3 Results and Discussion 

3.1 Sorption of beryllium (II) on poly [dibenzo-18-crown-

6] as a function of glycine concentration 

Sorption studies of beryllium (II) were carried out from 

glycine medium. The concentration of glycine was varied 

from 1×10-1M to 1×10-11 M. After sorption, the elution of 

beryllium (II) was carried out with 4.0 M hydrochloric acid. It 

was found that there was quantitative (100%) sorption of 

beryllium (II) from 1×10-3 M to 1×10-8 M glycine. The results 

are shown in (Table 1). The subsequent sorption studies of 

beryllium (II) were carried out with 1×10-5 M glycine. 

 
Table 1: Sorption of beryllium (II) as a function of glycine 

concentration 
 

Concentration of Glycine (M) Percentage of sorption (%) 

1X 10-1 80.85 

1X 10-2 81.03 

1X 10-3 100 

1X 10-4 100 

1X 10-5 100 

1X 10-6 100 

1X 10-7 100 

1X 10-8 100 

1X 10-9 84.57 

1X 10-10 81.48 

1X 10-11 77.32 

 

 
 

Fig 1: Sorption of beryllium (II) as a function of glycine 

concentration 

 

3.2 Elution study of beryllium (II) with various eluting 

agents 

10 μg/mL of beryllium (II) was sorbed on the poly [dibenzo-

18-crown-6] column at 1×10-5 M glycine concentration. After 

sorption, elution of beryllium (II) was carried out using 

hydrochloric acid, hydrobromic acid, sulphuric acid, 

perchloric acid and acetic acid. The concentration of eluting 

agents varied from 0.1 M to 8.0 M. The elution profile of 

beryllium (II) with various eluting agents is shown in (Table 

2). Showed that beryllium (II) was quantitatively eluted with 

0.1 M to 8.0 M hydrochloric acid, 7.0 -8.0 M sulphuric acid 

and 3.0 -8.0M hydrobromic acid where as perchloric acid and 

acetic acid were found to be inefficient eluents for beryllium 

(II). Further elution studies of beryllium (II) in this work was 

carried out with 4.0 M hydrochloric acid. 

 
Table 2: Elution study of beryllium (II) with various eluting agent 

 

Conc. 

Acid 

0.1 0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

Percentage of Elution (%) 

HCl 100 100 100 100 100 100 100 100 100 100 

H2SO4 75.98 78.19 80.08 89.18 91.76 94.50 95.74 98.02 100 100 

HClO4 66.93 69.53 71.65 78.66 82.20 84.20 85.40 87.78 91.66 92.67 

HBr 90.07 92.37 96.15 98.16 100 100 100 100 100 100 

CH3COOH 45.39 54.67 61.17 65.19 68.89 71.37 74.56 77.03 88.23 92.39 

 

 
 

Fig 2: Elution study of beryllium (II) with various eluting agents 

 

3.3 Effect of varying concentration of beryllium (II) 

In order to find out the capacity of poly[dibenzo-18-crown-6] 

for the beryllium(II), the concentration of beryllium(II) was 

varied from 20-90 μg/10 mL in glycine and 4.0 M 

hydrochloric acid as eluent. The results (Table 3) showed that 

the sorption of beryllium(II) was quantitative (100%) up to 60 

μg. With increase in concentration of beryllium(II) there was 

decrease in the percentage sorption of beryllium(II) and is 

shown in the (Figure 3) From this study it was found that the 

capacity of poly[dibenzo-18-crown-6] for beryllium(II) was 

found to be 0.65 ± 0.01 mmol/g of crown polymer. 

 
Table 3: Effect of varying concentration of beryllium (II) 

 

Concentration of Be(II) μg Percentage of Sorption (%) 

10 100 

20 100 

30 100 

40 100 

50 100 

60 100 

70 97.78 

80 95.34 

90 86.11 
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Fig 3: Effect of varying concentration of beryllium (II) 

 

3.4 Separation of beryllium (II) from binary mixtures 

An aliquot of solution containing 10 μg of beryllium (II) was 

mixed with foreign ions and glycine was added so that its 

concentration was 1×10-5M in total volume of 10 mL. The

tolerance limit was set as the amount of foreign ions required 

to cause ±2% deviation in the recovery of beryllium (II). The 

solution was passed through a poly [dibenzo-18-crown-6] 

column, preconditioned with 1×10-5 M glycine at a flow rate 

of 0.5 mL/min. Subsequently the column was washed with 15 

mL of 1×10-5 M glycine to remove unsorbed metal ions. 

Various foreign ions were not sorbed and hence passed 

through the column. The effluent was collected and analyzed 

for foreign ion content. The tolerance limit of various foreign 

ions is shown in Table 4. The most of the alkali metals and 

alkaline earth metals show high tolerance limit except barium 

(II) and magnesium (II). In case of alkaline metal sodium (I) 

potassium (I) and alkaline earth metals calcium (II), strontium 

(II) tolerates strongly. Most of the p-block and d-block 

elements were sorbed and shows low tolerance limit but 

tungsten (VI) and lead (II) highest tolerance limit. Amongst 

the inner transition elements, As compared lanthanum (III), 

cerium (III), gadolinium (II) low tolerance limit. The anion of 

inorganic and organic acids showed high tolerance limit 

 
Table 4 

 

Ion Added as Tolerance limit(mg) Ion Added as Tolerance limit(mg) 

Li+ LiCl 1 Th4+ Th(NO3)4.6H2O 0.05 

Na+ NaCl 7 Sb3+ SbCl3 0.05 

K+ KCl 6 Sn2+ SnCl2 2 H2O 1 

Cs+ CsCl 1 Ce3+ CeCl3 6H2O 0.5 

Cr3+ Cr(NO3)3,9H2O 0.05 Gd3+ Gd(NO3)3, 6H2O 0.01 

Mg2+ MgCl2.6H2O 0.01 W6+ Na2WO4,4H2O 5 

Ca2+ CaCl2 20 Zr4+ Zr(NO3)4, 4H2O 0.5 

Sr2+ Sr(NO3)2 18 La3+ La(NO3)3 1 

Ba2+ Ba(NO3)2 0.01 NH4
+ NH4OH 3 

Co2+ CoCl2.6H2O 0.05 Citrate Citric acid 8 

Ni2+ NiCl2.6H2O 0.01 CH3COO- CH3COOH 3 

Mn2+ MnCl2.4H2O 0.05 SO4
2- H2SO4 0.01 

Zn2+ ZnCl2 0.1 Tartarate Tartaric acid 4 

Cd2+ (CH3COO)2 CdH2O 0.05 EDTA EDTA 0.05 

Pb2+ Pb(NO3)2 7 Ascorbate Ascorbic acid 5 

Fe3+ FeCl3.6H2O 0.1 ClO4
- HClO4 0.1 

Al3+ AlCl3.16H2O <0.01 SCN- NaSCN 23 

Cu2+ CuCl2 0.05 Cl- HCl 0.1 

Tl3+ Tl(NO3)3.3H2O 0.05 PO4
3- H3PO4 18 

Mo6+ (NH4)6Mo7O24.4H2O 0.01 Bo3
3- H3BO3 0.5 

 

3.5 Separation of beryllium (II) from multicomponent 

mixtures 

Separation of beryllium (II) was carried out from number of 

associated elements in multicomponent mixture. The mixture 

containing Lithium(I), Copper(II), Lead(II), Cadmium(II), 

Nickel(II), Zinc (II) was passed through the poly[dibenzo-18-

crown-6] column at 1×10-5 M glycine concentration, 

lithium(II) was not sorbed and hence passed through the 

column. The Copper (II), Lead (II), Cadmium (II), Nickel (II), 

Zinc (II) were sorbed. The sorbed Copper (II), was first eluted 

with 25 mL of 0.5 M LiOH. After that beryllium (II) were 

eluted with 4.0 M hydrochloric acid and effluents are analyzed 

spectrophotometrically. Using this method, separation of Lead 

(II), Cadmium (II), Nickel (II), Zinc(II) mixtures was 

achieved. The results are shown in (Table: 5). 
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Table 5: Separation of beryllium (II) from other elements (multicomponent mixture). 
 

No. Mixture Taken µg Recovery* % Eluent 

1 

Li(I) 50 99.00 NSPC** 

Be(II) 10 99.5 4.0 M HCl 

Cu(II) 40 99.50 0.5 M LiOH 

2 

Li(I) 50 99.20 NSPC** 

Pb(II) 40 99.5 0.2M A.C 

Be(II) 10 98.5 4.0 M HCl 

3 

Li(I) 50 99.50 NSPC** 

CdII) 40 99.0 0.5M LiOH 

Be(II) 10 99.5 4.0 M HCl 

4 

Li(I) 50 99.50 NSPC** 

NiII) 40 98.5 0.2M LiOH 

Be(II) 10 99.5 4.0 M HCl 

5 

Li(I) 50 99.50 NSPC** 

Zn(II) 40 97.00 0.2M LiOH 

Be(II) 10 99.5 4.0 M HCl 

*Average of triplicate analysis 

**NSPC- No Sorption Passing through the Column, A.C.-Ammonium carbonate 

 

3.6 Determination of beryllium (II) in beryl ore sample 

A finely powdered 0.5 g of beryl ore sample was fused with a 

mixture of sodium hydroxide and sodium peroxide. The 

cooled mass was loosened with water. The precipitated 

hydroxides of beryllium, magnesium and iron were digested 

on water bath and later filtered. The precipitated mass was 

dissolved in dilute hydrochloric acid and diluted to 250 mL 
[19]. An aliquot of sample solution was taken and subjected to 

proposed method. The separated beryllium (II) content was 

analyzed by spectrophotometer using Eriochrome cyanine-R 

indicator. The amount of beryllium (II) found by triplicate 

determination is 13.35 % as against the reported value of 

13.4%. 

 

4. Conclusion 

The important feature of this method is that using column 

chromatographic method and poly [dibenzo-18-crown-6] the 

separation of beryllium (II) from associated element in glycine 

medium has been achieved. The capacity of poly [dibenzo-18-

crown-6] for beryllium (II) was found to be 0.65 ± 0.01 

mmol/g of crown polymer. Beryllium (II) was separated from 

number of cations in binary as well as multicomponent 

mixtures. The method was extended to the determination of 

beryllium in real sample. The aim of present investigation is to 

demonstrate a simple, selective and cheap method and has 

good reproducibility (approximately ± 2%). 
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