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Introduction 

Reactions between substrates located partly in aqueous phase and partly in organic phase are mutually immiscible and 

hence very slow and ineffective. This is due to the inability of the reactant and substrate to mutually cross over the 

phase boundary to come together for effective interaction by collisions. Such difficulty was initially resolved to some 

extent by employing dipolar aprotic solvents like DMSO, DMF etc. which ensures mutual solubility and miscibility of 

both ionic reagent and organic substrate [1-4]. But the use of dipolar aprotic solvents has many disadvantages like 

toxicity, lack of availability, purity, high cost etc.  

Introduction of phase transfer catalysis (PTC) in the latter half of last century was highly successful to overcome 

the difficulties in a biphasic reaction [5-9]. PTC has emerged as an excellent technique for organic synthesis to carry 

out two phase reactions involving lyophilic organic substrates and hydrophilic reagents. This method involves the 

usage of phase transfer catalyst (PT catalyst) which enjoys solubility in both the solvents. When used in catalytic 

quantities, it can bring one of the reactants from its normal phase into the normal phase of the other reactant in a more 

reactive form. This ensures smooth reaction with advantages like high yield, selectivity, cost reduction, optimum 

temperature etc. [10-14]. Commonly used PT catalysts are crown ethers and quaternary ammonium or phoshphonium 

salts. 

PTC technique is significant in organic oxidation reactions in which various inorganic oxidants like 

permanganate, chromate, hypochlorite etc. are used. These reactions are carried out in presence of small quantity of 

PT catalyst by which inorganic oxidant ion is transferred to organic phase as an ion pair which is highly reactive. 

There are reports on such oxidation reactions using permanganate [15-18], chromate [19-22], and hypochlorite [23-

25].  

Hypochlorite ions are superior to other inorganic oxidants in the way that they are easily available, low cost, 

environmental friendly and highly selective in product formation. The extraction studies of inorganic oxidants from 

aqueous phase to organic phase are scanty and this prompted to carry out this investigation. The extraction of 

hypochlorite ion from aqueous phase to various organic solvents like ethyl acetate, toluene and dichloromethane was 

carried out by using PT catalyst like tetrabutylammonium bromide (TBAB), tetrabutylammonium hydrogen sulphate 

(TBAHS), tetrabutylphosphonium bromide (TBPB), cetyltrimethylammonium bromide (CTMAB) and 

tricaprylylmethylammonium chloride (TCMAC, Aliquat 336). 
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Experimental 

Analar grade sodium hypochlorite (SRL, Mumbai) was used for the preparation of hypochlorite solution in doubly 

distilled water. All the solvents, ethyl acetate, toluene and dichloromethane (Merck, India) were purified further by 

distillation under reduced pressure. The PT catalysts tetrabutylphosphonium bromide (Merck KGaA, Germany), 

tetrabutylammonium bromide, tetrabutylammonium hydrogen sulphate, cetyltrimethylammonium bromide 

(Spectrochem, India) and tricaprylylmethylammonium chloride (SRL, Mumbai) were used as such.  

The extraction of hypochlorite ion from aqueous to organic phase with the assistance of PT catalyst was carried 

out and the effect of concentration of PT catalyst, effect of structure of PT catalyst and effect of solvent have been 

studied. 

A known concentration of aqueous hypochlorite (20 mL) was shaken with 20 mL organic solvent containing 

varying amount of PT catalyst for about one hour at room temperature. The amount of hypochlorite extracted to 

organic phase was determined by titration of the aqueous layer against standard sodium thiosulphate solution and 

from the obtained results the percentage of extraction of hypochlorite from aqueous to organic phase was determined 

from the ratio of hypochlorite in organic phase to aqueous phase. 

Results and Discussion 

The experimental results on the extraction of hypochlorite ions from aqueous to organic phase in presence of PT 

catalyst were carried out and the effect of catalyst and solvent with various concentrations of PT catalyst are given in 

Tables 1-5. 

Table 1 Effect of PT catalyst and solvent on extraction of hypochlorite 

PT  

catalyst 

Percentage of extraction 

Toluene Ethyl acetate Dichloromethane 

TBPB 23.2 31.6 29.8 

TBAB 20.6 26.4 25.2 

TBAHS 21.0 26.6 25.4 

CTMAB 20.2 24.8 23.7 

TCMAC 26.8 37.4 35.8 
[OCl

-
] x 10

2
 = 2.0 mol dm

-3
; Temperature - 300 K;  

Time – 60 minute; [PT catalyst] = 1.0 x 10
2
 mol dm

-3
 

Table 2 Effect of PT catalyst and solvent on extraction of hypochlorite 

PT  

catalyst 

Percentage of extraction 

Toluene Ethyl acetate Dichloromethane 

TBPB 38.0 42.2 40.4 

TBAB 31.8 40.5 39.7 

TBAHS 32.0 39.2 38.3 

CTMAB 30.1 33.5 32.8 

TCMAC 42.2 44.5 43.9 
[OCl

-
] x 10

2
 = 2.0 mol dm

-3
; Temperature - 300 K 

Time – 60 minute; [PT catalyst] = 2.0 x 10
2
 mol dm

-3
 

Table 3 Effect of PT catalyst and solvent on extraction of hypochlorite 

PT  

catalyst 

Percentage of extraction 

Toluene Ethyl acetate Dichloromethane 

TBPB 42.0 47.4 45.7 

TBAB 34.2 37.3 35.6 

TBAHS 33.6 38.8 35.2 

CTMAB 31.8 34.2 33.7 

TCMAC 47.8 52.2 50.2 
[OCl

-
] x 10

2
 = 2.0 mol dm

-3
; Temperature - 300 K 

Time – 60 minute; [PT catalyst] = 3.0 x 10
2
 mol dm

-3
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Table 4 Effect of PT catalyst and solvent on extraction of hypochlorite 

PT  

catalyst 

Percentage of extraction 

Toluene Ethyl acetate Dichloromethane 

TBPB 52.8 57.4 55.9 

TBAB 46.3 52.7 50.8 

TBAHS 46.8 54.2 52.0 

CTMAB 43.8 49.6 47.5 

TCMAC 57.2 68.8 66.2 
[OCl

-
] x 10

2
 = 2.0 mol dm

-3
; Temperature - 300 K 

Time – 60 minute; [PT catalyst] = 4.0 x 10
2
 mol dm

-3
 

Table 5 Effect of PT catalyst and solvent on extraction of hypochlorite 

PT  

catalyst 

Percentage of extraction 

Toluene Ethyl acetate Dichloromethane 

TBPB 54.6 58.9 56.6 

TBAB 48.5 54.6 53.2 

TBAHS 48.8 54.2 52.6 

CTMAB 44.4 50.4 48.5 

TCMAC 59.4 70.5 68.8 
[OCl

-
] x 10

2
 = 2.0 mol dm

-3
; Temperature - 300 K 

Time – 60 minute; [PT catalyst] = 5.0 x 10
2
 mol dm

-3
 

The above results show that the percentage of extraction of hypochlorite ion from aqueous phase to organic phase 

in a given solvent increased with increase in concentration of PT catalyst. The extraction reaches maximum value and 

attains almost steady state when the PT catalyst concentration becomes twice that of hypochlorite concentration. 

All the PT catalysts were found to be very effective in transferring hypochlorite ions from aqueous phase to 

organic phase which will not take place in the absence of catalyst. The reactivity of PT catalysts are in the order 

TCMAC > TBPB > TBAHS > TBAB > CTMAB. It is already established that the alkyl groups of PT catalyst should 

be sufficiently organic to transfer the desired anion into the organic phase. TCMAC shows more reactivity since it is 

having bigger alkyl groups compared to other catalysts. TBPB also shows higher reactivity because of the presence of 

phosphonium as the central onium atom whereas all other PT catalysts are having ammonium as the central onium 

atom. It is found that phosphonium is more reactive to make ion pair with hypochlorite than ammonium in a PT 

catalyst. The anions present in the PT catalysts are chloride, bromide and hydrogen sulphate. All these anions in the 

PT catalyst are able to exchange with hypochlorite ions in the aqueous phase in a similar fashion. 

The extraction of hypochlorite from aqueous to organic phase in various organic solvents is in the order ethyl 

acetate > dichloromethane > toluene. The solubility and partitioning behaviour of quaternary salts are affected by 

slight changes in the nature of organic phase. Solubility and partitioning of quaternary salts are increased by 

increasing the polarity of the aprotic organic phase. Since the dipole moment of solvents is in the order ethyl acetate > 

dichloromethane > toluene the extraction also higher in ethyl acetate than in dichloromethane and toluene. 

Conclusion 

The extraction of hypochlorite ion from aqueous phase to various organic phase was conveniently carried at room 

temperature with the help of a PT catalyst. The effect of various PT catalysts, their concentration and the effect of 

various solvents on extraction were studied. The extracted hypochlorite in organic medium is found to be fairly stable 

for about ten hours. This can be used for the oxidation of various organic substrates in organic medium and kinetics of 

such reactions can be easily studied. 
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