
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 06, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 645 

Synthesis, Characterization and Application of Guar Epoxy Dithizone in 

Toxic Heavy Metal Treatment 
Jasmine Singh1 Sangeeta Loonker2  

1,2Department of Chemistry 
1,2Jai Narain Vyas University, Jodhpur, Rajasthan(India)

Abstract— The naturally available guar was made to react 

with epichlorohydrin to yield guar epoxy dithizone which in 

turn was reacted with dithizone to yield guar epoxy dithizone 

(GED). The characterization of GED was done using FT-IR, 

NMR, XRD, Mass spectrometry and elemental analysis 

techniques. Swelling and water regain capacity, moisture 

content, bulk density, bulk volume, total ion exchange 

capacity, effects of pH and treatment time were also studied. 

The heavy metal ion uptake efficiency was found to be in the 

order, Zn+2 > Cu+2 > Pb+2 > Fe+2 > Cd+2 
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I. INTRODUCTION 

Now-a-days pollution is commonly seen everywhere. It has 

engulfed our food, air, water, land and everything that we 

come across in our day-to-day life. The continuous dumping 

of waste products by the exponentially rising world’s 

population has caused the global pollution, of which heavy 

metal pollution is of prime concern [1, 2]. A compilations of 

recently reported data for metal emissions indicates a clear 

dominance of anthropogenic emissions for most of the 

important trace elements [3]. 

Heavy metals are those which have density greater 

than 5g/cm3 and are generally non-essential for the human 

body [4]. If, in case, they are engulfed by the body via air, 

water, food or dermal contact, not metabolized due to their 

persistent nature and remain in the body as such. Despite this, 

during the course of time, they make their way in the various 

metabolic pathways of vital systems and hinder the normal 

functioning of the body. This result in many physical, mental 

and behavioral disorders or malfunctions [5-7]. This has 

challenged many scientists and researchers to innovate new 

schemes, techniques and compounds in order to reduce or 

prevent this ever increasing pollution. Some of these 

conventional methods include chemical precipitation, 

chemical oxidation and reduction, filtration, ion exchange, 

electrochemical treatment, application of membrane 

technology and evaporation recovery [8-14]. But sometimes 

these techniques become ineffective and extremely expensive 

when high metal contaminants are present. 

Metal sequestering properties of polysaccharides 

offers considerable promise. Many types of compounds such 

as resins have been studied earlier which have been known to 

chelate heavy metal contaminants in the surroundings [15-

21]. It is well known that polysaccharides which are 

abundant, renewable and biodegradable resources have a 

capacity to associate by physical and chemical interactions 

with a wide variety of molecules because of their particular 

structure, physico-chemical characteristics, chemical 

stability, high reactivity and excellent selectivity [22, 23]. 

The immobilization of dithizone onto the surface of polymer 

and silica gel has been reported and successfully used for the 

removal and selective preconcentration of heavy metals [24]. 

With the same attempt and concern for the environment, this 

paper reveals the synthesis and applications of a novel green 

compound, Guar Epoxy Dithizone (GED). This compound 

was synthesized from beans of guar (Cyamopsis 

tetragonolobus (L.) Taub.), a plant commonly found in arid 

zones of Rajasthn (India). The synthesis of GED is very cost 

effective and involves a simple technique. GED can be used 

as an adsorbent in chromatographic techniques. It can be used 

as an alternative of silica gel or alumina in the column 

chromatography. It efficiently complexes heavy metals from 

the sample solution which can be later fractioned using acid 

solution. The compound can also be regenerated by acid 

treatments and reused for future use. 

II. MATERIALS AND METHOD 

Guar (Loba Chemicals, Mumbai) was used as received. 

Dithizone (Diphenylthiocarbazone) and epichlorohydrin 

(Asses Chemical works, India). All the reagents were of 

analytical grade and their purities were more than 98%. Metal 

solutions were prepared by dissolving their appropriate 

standard salts in the de-ionized water. 

A. Synthesis of GED 

Epoxy ether of guar was synthesized by the reaction of guar 

with epichlorohydrin using dioxane as the solvent at pH 7.8. 

The hydroxyl group of galactomannan (guar) attacks the 

epoxide carbon of epichlorohydrin to give the chlorohydrins 

of guaran which was later converted into its epoxide by 

reaction with NaOH. The so formed epoxy ether of guaran 

was filtered, washed and dried and then derivatized to Guar 

epoxy dithizone after reaction with dithizone in excess of 

methanol. The whole reaction was carried out at 40ºC with 

continuous stirring on magnetic stirrer for 6-7 hours each for 

the synthesis of epoxy ether of guaran and GED (Fig. 1). 
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Fig. 1: Scheme for synthesis of GED 
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B. Characterization of GED 

The GED was characterized using moisture content, bulk 

density, bulk volume, swelling in water and water regain 

capacity, elemental estimation, pH-titration, AT-IR and XRD 

techniques.  

1) Swelling and Water Regain Capacity: 

GED being polar in nature, swell only in polar solvents like 

water dimethylsulfoxide (DMSO), dimethyformamide 

(DMF), glycol and mixture of water and lower alcohols etc. 

The water regain (Wr) is defined as the number of 

grams of water adsorbed when 1g of the adsorbent is 

completely hydrated. However, this values deal with that 

water which is taken up by the substance and not with the 

water molecules trapped between the interstitial spaces of the 

substance.  

Water regain (Wr) = (W1-W2) / W2 where 

W1 = weight of wet substance and 

W2 = weight of dry substance 

2) Moisture Content: 

Moisture content is the amount of water molecules present in 

the sample kept at room temperature. 1 g of GED was taken 

and dried to a constant weight in a vacuum dessicator at 70ºC 

overnight and finally it was weighed. 

% moisture content = ((W1-W2) × 100 where 

W1 and W2 weight of substance before and after 

keeping in dessicator. 

3) Bulk Density and Bulk Volume: 

In a 100cm3 measuring cylinder, 10 g of GED, dried to a 

constant weight was poured. The cylinder was then pounded 

gently on a hard rubber filter, until the volume of the GED 

does not change. Then the volume of the stationary phase was 

read.  

4) Total Ion Exchange Capacity: 

1 g GED in hydrogen ion form, 200mL of 0.05N 

(standardized) NaOH containing 5mL of 5% NaCl solution 

were taken in an Erlenmayer flask. The resulting solution was 

made to stand overnight afterwhich 25mL of the aliquot of 

the supernatant solution was back titrated with 0.05N HCl 

using phenolphthalein as the indicator. The total ion exchange 

capacity was calculated as follows:                      

Q (Meq/g) =
(0.05N × V1) − 8(0.05N × V2)

m
 

Where, 

Q (Meq/g)  = Total scientific weight capacity 

V1              = Volume of NaOH used 

V2              = Volume of HCl used  

m                = Weight in grams of dry GED 

5) Element Detection: 

The elements nitrogen and sulphur were determined using 

Kjeldhal’s and Carius met hod respectively whereas carbon, 

oxygen and hydrogen were estimated with the help of Libig’s 

method.  

6) pH- Titration: 

The pH - titration of novel green GED was done by 

employing batch method technique. The functionalized ion 

selective polymer was first converted into its hydrogen ion 

form and then washed with de-ionized water to remove 

excess of acid and dried overnight at 50ºC. Then 0.2g of GED 

was taken in 8 different flasks, each of which contain a 

mixture of 1N NaCl solution, 0.1 NaOH solution and de-

ionized water. The contents of each of the flasks were 

equilibrated in the tightly closed flasks by stirring 

continuously on magnetic stirrer till the solution attains the 

constant pH. The final pH of each of the solution was 

recorded using digital pH meter (Delux pH meter Model 

151R). The pH values were plotted against the Meq. values 

of alkali per gram of GED (Fig. 2). 

 
Fig. 2: pH titration curve for GED 

7) Ft-Ir Analysis: 

The infra-red spectra of GED were scanned in the full range 

of 400cm-1 using AT-IR (ALPHA CX Bruker) 

spectrophotometer. 

8) XRD Analysis: 

The XRD spectra was studied using PANalytical X’pert Pro 

MPD diffractometer of Cu K α radiation (1.5406 Aº) operated 

at 45 kV and 40 mA with a scanned step size of 0.05 º and 

duration of each step of 1 second. 

C. Factors Affecting Adsorption: 

1) Effect of Temperatures: 

A prominent effect of temperature on the percentage 

adsorption of metal ions on GED can be studied from the 

figure 3, which clearly indicates that percentage of metal 

adsorption on GED is inversely proportional to the 

temperature. The figure depicts the decrease in percentage 

adsorption of metal ions when the GED was treated for 3 

hours with metal solution with the temperature varying from 

25˚C to 75˚C. This can be accounted by the low stability of 

chelates formed at high temperature.  

 
Fig. 3: Effect of temperature on adsorption 

2) Effect of Treatment Time On Adsorption 

Adsorption of metal ion increases with time. Fig. 4 shows that 

adsorption increases from 30min. and attains an optimum at 

235 min. reporting 235 min. as the optimum time keeping pH, 

agitation speed and temperature(25°C) as constant. 

Equillibrium time is one of the important parameter for the 

economical treatment of effluents. 
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Fig. 4: Effect of treatment time on adsorption 

3) Effect of Flow Rate  

In the batch column experiment, the flow rate of the sample 

solution becomes an important parameter governing the 

recovery of metal ions and also the time of analysis. the effect 

of flow rate on removal of metal ions was investigated under 

the optimum conditions such as temperature, pH, eluent, etc. 

by passing 100 mL of sample solution through the micro 

column maintained at the flow rate of 0.5-7.0 mL min-1. It 

was revealed that metal ions are chelated effectively with the 

GED in the range of 4-5 mL min-1 at which the metal 

recovery was found 95%. Flow rates lower that 0.5 mL min-

1 were not studied as they slows down the metal extraction 

process while flow rates higher than 5 mL min-1 didn’t gave 

effective adsorption probably because an equilibrium would 

not have been established between metal ions and the GED. 

4) Effect of Concentration of GED  

 The concentration of GED used for sequestering metal ion 

also influence metal ion adsorption considerably (Fig 5). 

When the concentration of GED was varied from 20-180 mg, 

it was seen that maximum removal of heavy metal ions took 

upto 120 mg of the GED after which no considerable change 

is seen with further increase in GED concentration. This can 

be attributed to the increase in surface area and hence the 

number of available sites for metal ion chelation with the 

increasing concentration of the GED. Also, after a ceratin 

extent i.e, after 120 mg of GED concentration, there is no 

change in percentage removal of metal ion because of 

aggregation of adsorption sites of the resin resulting in a 

decrease in the total surface area of the adsorbent 

 
Fig. 5:  Effect of concentration of GED on adsorption 

5) Effect of Agitation Rate 

Agitation of metal ion with the resin improves diffusion of 

metal ions towards the surface of the resin. It also ensures the 

binding sites of GED to be readily available for the metal 

ions. Concerning this the agitation rate was studied in the 

range of 0-200 rpm min-1 at a constant environmental 

conditions (temperature, pressure and pH) and was found that 

GED sequester metal ions effectively at 120 rpm min-1 (Fig. 

6). 

 
Fig. 6:  Effect of Agitation rate 

6) Application of GED: 

Using batch equilibrium technique, 0.826g of dry GED and 1 

mL of 1000 ppm metal solution containing 1 mg metal was 

taken in different flasks, each of which contain varying 

amounts of 0.2 M acetic acid and 0.2M sodium acetate. The 

total volume in each of the flask was made upto 40 mL. The 

contents in each of the flask were magnetically stirred for 1 

hour on a magnetic stirrer after which they were filtered. The 

filtrates were analyzed for metal ion concentration using 

Double Beam UV-Visible spectrophotometer 

III. RESULTS AND DISCUSSION 

A. Bulk Density, Bulk Volume, Moisture Content, Water 

Regain Capacity, Elemetal Analysis and Total Ion Exchange 

The results for all the above characteristics of GED 

are tabulated in table 1. 

S. No. CHARACTERISTICS 

1. Moisture content 1.95% 

2. Bulk density 0.705g/cm3 

3. Bulk volume 1.42cm3/g 

4. Water regain 0.0578 

5. Swelling Swells in polar solvent 

6. Nitrogen content 15.2% 

7. Sulfur content 4.32% 

10. Ion exchange capacity 2.56 Meq/g 

Table 1: Characteristics of GED 

B. FT–IR Interpretation: 

The FT–IR spectrum of GED showed a distinct vibration at 

3415.62 cm–1, characteristic of N-H stretching. The band at 

1647.47 cm–1 is assigned to –NH bending. Peaks at 1412.99 

cm–1 and 1396.81 cm–1 corresponds to –CH2 bending and –

C–N stretching vibrations respectively. Other important 

vibrations are at 1588.3 cm–1 due to C=C of aromatic 
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skeleton of phenylic groups, supported by the bands between 

812.65cm–1 and 1021.55cm–1 attributed to out of plane 

vibrations of aromatic C-H. A weak band at 2500 cm–1 

suggests the existence of –SH, while the one at 2279 cm–1 

indicates the existence of C=N suggesting the successful 

incorporation of dithiazone in Guar.(Fig.7). 

 
Fig. 7: FT-IR of Guar epoxy dithiazone 

C. XRD Interpretation 

The XRD data indicates that dithizone has been successfully 

loaded onto the surface of the epoxy ether of guar. The XRD 

spectra of pure dithizone shows its crystalline nature with the 

2θ ranging between 9°-25° (Fig.3). The XRD difractogram of 

GED shows very weak intense bands of dithizone due to 

small amount of it that can be loaded on guar’s surface. The 

diffractogram of GED shows that it is semicrystalline in 

nature with the 2θ ranging between 13°-30° The 

diffractogram of pure guar reflects its amorphous nature 

which changes slightly into crystalline upon complextion. 

The XRD spectra also suggest that complexation of dithizone 

onto the surface of guar does not significantly affects the 

structure of guar as shown by the unchanging pattern of the 

diffractograms upon complexation (Fig. 8). The combined 

study of the XRD and AT-IR data confirms the successful 

complexation of dithizone with guar which is also supported 

by the fact that the GED is brown in color while guar and its 

eopxy ether derivative are yellowish-white and bright yellow 

in color respectively. 

 
Fig. 8: XRD of Guar, Epoxy ether of Guar and GED 

D. pH Titration and Metal Uptake Analysis: 

The pH plays a vital role adsorption of metal ions from 

aqueous solution because it affects the solubility of the metal 

ions, concentration of the counter ions on the functional 

groups of the adsorbent and the degree of ionisation of the 

adsorbent during reaction. The variation of different metal 

ions with varying pH is shown in the table 2. The results 

depict the increasing Dg values with the increasing pH and 

the optimum pH for metal uptake was thus found to be in 

between 5.51-6.55 showing that in this range all the ion 

exchange sites take part in the reaction and the functional 

group is able to form complexes with metal cations [25].  The 

decrease in Dg values in neutral and alkaline medium can be 

explained by complex formation of GED with heavy metal 

ions. A clear maximum percentage removal in the range 5.51-

6.655 can be visualized in the table 3. The removal of toxic 

metal ions is obtained when a strong electric field may 

become a dominant factor such that small ions which have a 

huge charge density are bound more strongly with the resins 

[26].  

S.No. pH Fe2+ Zn2+ Cu2+ Cd2+ Pb2+ 

1 3.5 2065.15 1986.20 116.67 108.91 212.32 

2 4.04 3159.23 2074.29 234.18 115.54 298.85 

3 4.52 2348.75 2963.45 365.42 196.23 352.21 

4 4.97 4811.69 3596.44 398.56 20.5.45 399.45 

5 5.51 5902.78 4967.63 488.25 345.95 523.12 

6 6.02 7796.88 6987.81 505.19 386.81 789.89 

7 6.55 6583.61 5123.45 687.54 397.23 654.53 

8 7.02 5234.43 4755.75 592.28 175.92 403.65 

Table 2: Distribution coefficient (mL/g) of metal ions from 

effluents of Kanak Metal Industry, Jodhpur on GED  

S.No. 
Percentage removal of metal ions from the 

effluents 

 pH Fe2+ Zn2+ Cu2+ Cd2+ Pb2+ 

1 3.5 56.59 59.65 48.95 50.62 49.05 

2 4.04 62.18 60.26 52.02 51.54 55.23 

3 4.52 69.66 64.96 54.48 59.44 65.46 

4 4.97 72.24 75.27 63.35 62.39 70.25 

5 5.51 84.37 89.54 81.36 76.65 78.68 

6 6.02 89.35 95.69 94.59 83.72 90.45 

7 6.55 92.49 80.92 90.32 80.01 82.66 

8 7.02 69.82 59.23 65.68 63.28 60.22 

Table 3: Percentage removal of metal ions from effluents of 

Kanak Metal Industry, Jodhpur on GED 

IV.  CONCLUSION 

The adsorption of metal ions by the GED reveals that there is 

a considerable difference in their distribution coefficient 

values which can be used in the separation of different metal 

ions from the sample solution which can further be easily 

analyzed quantitatively without any interferences by foreign 

metal ions. Because of the regeneration capability, the GED 

can be reused making itself as an elegant tool in minimizing 

heavy metal contaminants in the environment. 
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