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Abstract 
Pentaerythritol xanthate (PEX) has been synthesized 

by the reaction of pentaerythritol (PE) and carbon 

disulphide (CS2) by condensation reaction. In this 

reaction water is used as solvent and product PEX is 

soluble in water. The xanthate was extracted by ether 

and purified by re-crystallization from methanol.  

 

The yield of synthesized PEX is about 80%. PEX was 

characterized by using micro-analytical data, 

Elemental analysis of C, H, N, S and O, spectral data 

as Fourier – Transform Infrared (FT-IR), Nuclear 

Magnetic Resonance (NMR). The PEX is used in 

removal of metal ion (CuII and NiII) from water by 

complexation a method which was studied using by 

Ultra Violet (UV-visible) absorption spectra. 
 

Keywords: Pentaerythritol xanthates, metal ions, 

complexation, drinking water. 

 

Introduction 
Currently human society is baffled with the extensive 

environmental pollution present in every part of earth. 

Among this water pollution is one of the major serious 

problems from which more than 8 lac people die every year 

by consuming polluted drinking water1. Many of the harmful 

effects of polluted water are caused by different metal ions 

such as nickel, copper, lead, cadmium, mercury etc. which 

go into the aquatic ecosystem by direct draining of toxic 

wastewater into the natural water bodies. Some metal ions 

enter into the body of living being by the use of 

contaminated water and gradually get accumulated into the 

cells.  

 

Therefore, the concentration of metal ions continuously 

increases into living cells. After reaching a certain 

concentration level, these metal ions not only affect the 

human health2-4 but also change the genetic character of the 

living organism5. These metals come into the water system 

from various industries likes mining, galvanoplastics, pipe 

corrosion etc. The removal of metal ions is essential for the 

human health, for this purpose various types of chemical and 

polymeric materials such as polyacylamide6 activated 

carbon, silica gel, aluminium silicates7and metal solvent 

extraction 8have been used. 

 

 An important class of organic compounds is xanthates 

which show a variety of applications as in industries, 

analytical and coordination chemistry9. On the basis of their 

coordination behavior, xanthates are used as reagent in 

analytical chemistry and also used in separation of metal 

ions from water10-12. Copper xanthates adducts with 

derivatives of pyridine13 attracted the attention of 

researchers for removal of metal ions from the water by 

complexation process for this purpose. Diphenylmethyl 

xanthates are used as ligands for complexation with divalent 

metal ions (FeII, CoII, NiII, CuII etc.)9.  

 

Pentaerythritol with their derivatives has a variety of 

applications viz. recovery of exhaust of heat14, retardation of 

flame15, oil based lubricant16, supramolecular gelator17, 

energetic materials18 and some azo oxetane derivatives used 

as energy binder as in rocket propellent19. 

 

In this study, the synthesis and characterization of 

pentaerythritol xanthates have been discussed and the use of 

this compound is investigated as novel compound which is 

used for the removal of NiII and CuII ions from the drinking 

water by the complexation process.  

 

Material and Methods 
Materials: Pentaerythritol, carbon disulphides, sodium 

hydroxide, ether, alcohol, nickel and copper metal ions as 

sulphates salts are of synthetic grade (99.9% pure) 

commercially obtained by S.D. Fine Chem. Ltd. and used 

without further purifications. 

 

Synthesis of Pentaerythritol Xanthates: 5.44 g (40mmole) 

pentaerythritol was dissolved in 25mL of deionized water in 

two neck 250 mL round bottom flask and stirred for 30 

minutes, then 1.6g (40mmole) NaOH was dissolved in 25mL 

deionized water, mixed into the pentaerythritol solution, 

stirred for 1.5h at 80oC and then 2.50g (40mmole) carbon 

disulphide was added into the solution and stirred for 24h at 

room temperature, orange color turbid solution was 

obtained.  

 

The product was extracted by using excess amount of ether 

and separated by filtration. The product was dried at 40oC 

temperature in hot air oven and purified by re-crystallization 

in methanol (reaction shown in scheme 1). The synthesized 

compound PEX is (C6H11O4S2) M.W. 211, Yield: 80%. 

Elemental anal.: (Calc) Found %: C (34.12) 34.01, H (5.21) 

5.20, O (30.33) 30.31 and S (30.33) 30.32. 

 

PEX metal ion (CuII and NiII) reaction in water: 

CuII(Cu1000mg/L) and NiII(Ni 1000mg/L) solution were 

prepared by dissolving 1.9645 g CuSO4.5H2O and 1.3119g 

NiSO4 in 500mL distilled water.
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Scheme 1: Synthetic diagram of pentaerythritolxanthate. 

 

Table 1 

Spectral data of PEX and Metal complex of PEX 
 

Compounds Absorption Range (cm-1) Type of Vibration 

PEX 3329 O-H Stretching20 

 1633 O-H Bending20 

 1041 -C=S and C-S group9 

 1129 ,, 

 1015 –C-O- group9 

Cu-PEX 3318 O-H Stretching 

 1623 O-H Bending 

 1022 -C=S and C-S group coordinated with metal ion9 

 1080 ,, 

Ni-PEX 3334 O-H Stretching 

 1635 O-H Bending 

 1025 -C=S and C-S group coordinated with metal ion 

 1085 ,, 

 

100, 80, 60, 40 and 20 mg of PEX were mixed into 50mL of 

prepared metal ion solution and stirred for 12h at room 

temperature, a blackish and greenish precipitate were 

obtained in CuII and NiIIion solution respectively. The 

reaction mixture left for 2h and the settled down precipitate 

was separated by filtration of solution. Precipitates were 

dried in hot air oven and confirmed by IR spectroscopy as 

PEXM (MII= CuII and NiII) complex compounds (shown in 

figure 1) and percentages removal of metal ion obtained by 

the UV-visible spectra and percentage removal of metal ion 

as calculated by the equation 1. 

 

 
Figure 1: PEX metal complex. 

where MII = CuII and NiII ion 

 

Q =
𝐶𝑜−𝐶𝑒

𝐶𝑜
 X 100                                                                (1) 

 

where Q = Percentage removal of metal ion after 12h, Co = 

Initial concentration of metal ion and Ce = Concentration of 

metal ion after 12h.       

 

Spectroscopic Characterization: Elemental analyses of C, 

H, N, S and O percentage were obtained by using an 

elemental analyzers Euro-E 3000 instrument, Fourier – 

Transform Infrared(FT-IR) spectra recorded  on a Parkin 

Elmer spectrum version 10.03.06., 1HNMR spectra recorded 

by Burker, 400MHz NMR, Advanced III and UV-visible 

absorption were recorded Microprocessor UV-visible 

double beam spectrophotometer L1-2700.  

 

Results and Discussion 
IR Spectral: Table 1 shows the spectral data of 

pentaerythitolxanthate and their complex with metal ion 

observed. The absorption peak 3329cm-1 and 1633cm-1 

confirmed O-H stretching bending which confirmed the 

presence of hydroxyl (–OH) group that means all the 

hydroxy (–OH) groups of pentaerythritol were not replaced 

by carbondisulphides. The CS2 group (C=S and C-S) 

attached with the pentaerythritol shows the presence of –C-

O- group in xanthates. The reduction of absorption peak 

from1129cm-1 to 1080 cm-1 and 1041cm-1 to 1022cm-1   

frequencies indicate that-C=S of –O-C(=S)-S- participates in 

complexation with transition metal. 

 

NMR Spectroscopy:1H NMR spectra were recorded in 

duterated acetone. The doublet peak at δ3.5 ppm indicates 

the 8H in form of –CH2-group and δ3.6 to δ37ppm shows 

the presence of 3H of –OH group in triplet.  

 

Effect of PEX amount on absorption: The effects of 

amount of PEX (mg) on the absorbency were investigated 
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after 12h constant stirring of PEX and metal ion solutions as 

shown in table 2.  The graph shown in figure 2 (CuII ion) and 

in figure 3 (NiII ion) shows that UV-visible absorption 

decreases with increase of PEX doses. The metal ions were 

combined with PEX to form precipitate of PEX-metal 

complex easily removed by the filtration. 

 

Table 2 

Amount of PEX and UV absorption of CuII ion and NiII ion solution after 12h. 
 

Amount of PEX (mg) 100 80 60 40 20 

Absorption of CuII (%) 0.169 0.178 0.192 0.202 0.226 

Absorption of NiII (%) 0.043 0.047 0.049 0.054 0.057 

 

 
Figure 2:  Graph for UV absorption of CuII ion solution v/s PEX amount (mg) 

 

 
Figure 3:  Graph for UV absorption of NiII ion solution v/s PEX amount (mg) 

 

Table 3 

Amount PEX and percentage removal of MIIafter 12h. (M= CuII and NiII) 
 

Amount of PEX (mg) 20 40 60 80 100 

Removal of CuII (%) 56 63 69 72 78 

Removal of NiII (%) 58 61 69 74 86 
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Figure 4:  Graph for percentage removal of CuIIand NiII ion from solution v/s PEX amount (mg) 

 

Effect of PEX doses on percentage removal of metal ion: 

The percentage removal of CuII and NiII was calculated by 

the equation 1 (shown in table 3) and graph shown in figure 

4 shows that the percentage removal of CuII increases from 

56-78% and NiII from 58 to 86%  with increasing of PEX 

doses. 

 

Conclusion 
Analysis of IR and NMR data clearly shows that the only 

one CS2 molecule reacts with pentaerythritol and also IR 

data indicate that the -(C=S)-S group acts as ligand during 

the complexation with metal ion forming precipitate which 

is easily separable. The UV data shows results of removal of 

metal ion form the water.  
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