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ABSTRACT 
The reaction of benzyl chloride with aqueous ammonium sulfide was carried out in an 
organic solvent – toluene, using tetrabutylammonium bromide (TBAB) as phase transfer 
catalyst (PTC). Benzyl mercaptan (BM), dibenzyl sulfide (DBS), and dibenzyl disulfide 
(DBDS) are formed during the reaction. The reaction was found to be kinetically controlled. 
The selectivity of DBS was maximized in this study by changing the different parameters such 
as NH3/H2S mole ratio, concentration of catalyst, concentration of benzyl chloride, and 
temperature.  The selectivity of DBDS remained at low values and was unaffected by any of 
the parameters studied. The selective formation of DBS was achieved with excess benzyl 
chloride in the organic phase with the efficient sulfide utilization although the conversion of 
benzyl chloride remains low. The complete conversion of benzyl chloride could be achieved 
with very low selectivity of DBS and very high selectivity of BM at low benzyl chloride 
concentration. The apparent activation energy of the reaction was calculated as 10.30 
kcal/mol. 
 
 
INTRODUCTION 
During the course of many processes in the petroleum and coal processing industry, one or 
more gaseous streams containing hydrogen sulfide (H2S) are quite commonly produced. Also 
in the natural gas industry where the H2S content of certain gas streams recovered from 
natural gas deposits in many areas of the world is often too high for commercial acceptance. 
The removal of H2S from these gaseous streams can be desirable for a variety of reasons. (1) 
The hydrogen sulfide is odiferous in nature, corrosive in presence of water, poisonous in very 
small concentrations. Therefore, it must be almost completely removed from the gas streams 
before its use and preferably before transport. (2) If these gaseous streams are to be burned as 
a fuel, the removal of H2S from the fluid stream may be necessary to prevent environmental 
pollution owing to the resultant sulfur dioxide. (3) The presence of H2S in the refinery gas 
streams can cause a number of detrimental problems in subsequent processing steps such as: 
corrosion of process equipment, deterioration and deactivation of catalysts, undesired side 
reactions, etc.  It is, therefore, desirable to remove H2S from the gas stream while affording 
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the opportunity to generate useful products capable of being used in further reactions, 
processes or other activities.  
 
Conventionally the gas streams containing hydrogen sulfide are sent through amine treating 
unit to remove hydrogen sulfide, which is further oxidized in the Claus unit to produce 
elemental sulfur (Kohl and Nielson, 1997). However, several disadvantages of air oxidation 
of hydrogen sulfide, including loss of a valuable hydrogen source, precise air rate control, 
removal of trace sulfur compounds from spent air, and an upper limit on the ratio of carbon 
dioxide to hydrogen sulfide, led to the development of alternative processes for the 
conversion of hydrogen sulfide in gaseous by-products to some value added products like 
dibenzyl sulfide (DBS), benzyl mercaptan (BM), and dibenzyl disulfide (DBDS).  
 
The ammonia is present as non-hydrocarbon co-impurity in most of the gases (coal gas or 
refinery off gas). Therefore, it was thought desirable to use ammonium hydroxide solution to 
remove both H2S and ammonia present in the gaseous streams and thereby producing some 
value added chemicals using this hydrogen sulfide rich aqueous ammonia solution called 
ammonium sulfide solution. Additionally, the ammonia-based process has some inherent 
advantages over the conventional amine based process. (1) The ammonium hydroxide can 
selectively absorb H2S from the gas streams containing both H2S and CO2 (Kohl and Nielson, 
1997). The applicability of the process primarily depends on this because most of the gaseous 
streams contain CO2 as one of the major impurities. (2) The ammonia is essentially 
unaffected by the presence of carbonyl sulfide (COS), carbon disulfide (CS2) and hydrogen 
cyanide (HCN).  
 
The diaryl sulfides and disulfides such as DBS and DBDS find many applications such as 
additives for extreme pressure lubricants, anti-wear additives for motor oils, stabilizers for 
photographic emulsions, in refining and recovery of precious metals, and in different 
anticorrosive formulations (Pradhan and Sharma, 1990).  BM is an important precursor for 
agrochemicals (Labat, 1989). It is mainly used for the synthesis of herbicides like esprocarb, 
prosulfocarb, tiocarbazil, etc. The present work deals with the synthesis of DBS, DBDS, and 
BM under liquid-liquid phase transfer catalysis (PTC) conditions using tetrabutylammonium 
bromide (TBAB) as catalyst.  
 
Phase transfer catalysis (PTC) is now an attractive technique for organic synthesis because of 
its advantages of simplicity, reduced consumption of organic solvent and raw materials, mild 
operating conditions, and enhanced reaction rates and selectivity (Starks and Liotta, 1978). 
Phase transfer catalysts are widely used to intensify otherwise slow heterogeneous reactions 
involving an organic substrate and an ionic reactant, either dissolved in water (liquid-liquid) 
or present in solid state (solid-liquid). The intensification of L-L PTC reactions can be greatly 
altered by converting the same reaction as a solid-liquid reaction. A small quantity of 
aqueous phase in an S-L PTC reactions leads to enhancement in reaction rates and this is 
termed as the omega phase. In liquid-liquid-liquid phase transfer catalysis (L-L-L PTC), the 
third liquid phase is the main reaction phase. L-L-L PTC is preferred over normal PTC 
because of increase in reaction rates, easier catalyst recovery and reuse, and better selectivity. 
However, the disadvantages of L-L-L PTC are: (1) more amount of catalyst is required, 
which is expensive; (2) the method is not suitable for systems where a very high temperature 
is required to carry out the reaction. As the temperature increases, the stability of third liquid 
phase decreases. However, if the catalyst is stable, then by lowering the temperature at the 
end of the reaction it could be easily separated into a third phase for recovery and reuse. 
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Among several varieties of phase transfer catalysts, quaternary ammonium salts are most 
preferred for their better activity and ease of availability.  
 
Sodium sulfide is well known for the preparation of diaryl sulfides. Pradhan and Sharma 
(1990) synthesized DBS and bis (4-chloro benzyl) sulfide from the respective chlorides using 
sodium sulfide and different phase transfer catalysts in liquid-liquid and solid-liquid modes.  
Tetrabutylammonium bromide (TBAB) was reported to be the most effective out of six 
catalysts they tried under solid-liquid mode of operation.  A detailed study was reported using 
the best catalyst, TBAB. Use of ammonium hydrosulfide (NH4SH) for the preparation of BM 
is also reported in the literature.  As for example, Bittell and Speier, 1978, prepared BM by 
using the solution of NH3 and methanol saturated with H2S at 00C. The benzyl chloride was 
added to this methanolic ammonium hydrosulfide (NH4SH) solution at 00C while slowly 
bubbling H2S through the solution. The reaction was completed in 1 h with BM (92%) and 
DBS (8%) as the detectable products. Labat (1989) prepared BM of more than 99% purity by 
reacting benzyl chloride and ammonium hydrosulfide in a molar ratio NH4SH/C6H5CH2Cl of 
at least 1, preferably between about 1.05 and 1.5 under autogenous pressure in a closed 
reactor in two steps. The first step comprised of adding the benzyl chloride to an aqueous 
solution of ammonium hydrosulfide at a temperature below 800C. The second step comprised 
of heating the reaction mixture to a temperature in the range of 800C to 1000C for about 2 
hours. DBS (∼1%) and DBDS (∼2%) were the other detectable products. 
 
However, the use of aqueous ammonium sulfide for the selective preparation of DBS is not 
reported in the literature. Considering the importance of the system, the present work was, 
therefore, undertaken to synthesize DBS in high selectivity by reacting benzyl chloride with 
aqueous ammonium sulfide in the presence of a phase transfer catalyst, TBAB. In this study, 
the selectivity of DBS was maximized by changing the different parameters such as stirring 
speed, NH3/H2S mole ratio, concentration of catalyst, concentration of benzyl chloride, and 
temperature.   
 
 
EXPERIMENTAL 
Chemicals. Toluene (≥99%) of LR grade, and liquor ammonia (~26%) of analytical grade 
were procured from S. D. Fine Chemicals Ltd., Mumbai, India.  Synthesis grade benzyl 
Chloride (≥99%) was obtained from Merck (India) Limited, Mumbai, India.  
Tetrabutylammonium bromide (TBAB) was obtained from SISCO Research Laboratories 
Private Limited, Mumbai, India. 
 
Experimental Set-Up. The reactions of benzyl chloride with aqueous ammonium sulfide 
were carried out in batch mode in a 6.5 cm i.d. fully baffled mechanically agitated glass 
reactor (capacity 250 cm3).  A 2.0 cm diameter six-bladed glass disk turbine impeller (with 
the provision for stirring speed regulation), located at a height of 1.5 cm from the reactor 
bottom was used for stirring the reaction mixture.  The reactor was kept in a constant 
temperature bath whose temperature could be controlled within ±1oC. 
 
Preparation of Ammonium Sulfide Solution. About 10% ammonia solution was prepared 
by adding suitable quantity of liquor ammonia in distilled water.  H2S gas was bubbled 
through the ammonia solution kept in a 250 cm3 standard gas-bubbler. The gas bubbling was 
continued until desired sulfide concentration was obtained in aqueous ammonia solution.   
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Experimental Procedure. In a typical experimental run, 50 cm3 of the aqueous phase 
containing a known concentration of sulfide was charged into the reactor and kept well stirred 
until steady-state temperature was reached.  Then the organic phase containing measured 
volume of benzyl chloride, TBAB, and solvent (toluene) kept separately at the reaction 
temperature was charged into the reactor.  Samples were withdrawn from the organic layer at 
regular intervals after stopping the stirring and allowing the two phases to separate.  
 
Analysis. All the samples from the organic phase were analyzed by gas-liquid 
chromatography (GLC) using a 2 m x 3 mm stainless steel column packed with 10% OV-17 
on Chromosorb W (80/100).  A Chemito Model 8610 GC interfaced with Shimadzu C-R1B 
Chromatopac data processor was used for analysis.  The column temperature was 
programmed with an initial temperature of 1500C for 50 seconds, increased at a rate of 20 
0C/min up to 3000C, and maintained at 3000C for 2 min. Nitrogen was used as carrier gas 
with a flow rate of 20 cm3/min.  Injector temperature of 2500C was used during the analysis.  
An FID detector was used at a temperature of 3200C. The products were characterized by GC 
and by IR spectra. The initial sulfide concentration was determined by the standard 
iodometric titration   method (Scott, 1966). 
 
 
RESULTS AND DISCUSSION 
The reaction of benzyl chloride with aqueous ammonium sulfide was carried out in batch 
mode both in presence and absence of PTC. The following products were detected from the 
reaction mixture by GLC: DBS, DBDS, and BM. No benzyl alcohol was detected in the 
reaction mixture even after a batch time of 10h. The ammonium hydrosulfide (NH4HS) and 
sulfide ((NH4)2S) were formed in the aqueous phase by the reaction of ammonium hydroxide 
with H2S. These were then reacted with benzyl chloride in the organic phase to produce BM 
and DBS respectively. The selectivity of DBDS was found to be very small and not affected 
by any of the parameters studied.  Therefore, it was thought that during the preparation of 
ammonium sulfide solution small amount of disulfide ((NH4)2S2) was formed by the aerial 
oxidation of ammonium sulfide that resulted DBDS. Accordingly, the reaction system may be 
represented by the following scheme (Scheme 1):  
 

NH4OH + H2S ⇌ NH4HS +H2O 
2 NH4OH + H2S ⇌ (NH4)2S + 2H2O 

4 NH4HS + O2 ⇌2 (NH4)2S2  + 2 H2O 
C6H5CH2Cl + NH4HS ⇌ C6H5CH2-SH (BM) + NH4Cl 

2 C6H5CH2Cl + (NH4)2S  ⇌ C6H5CH2-S-CH2C6H5 (DBS) + 2 NH4Cl 
C6H5CH2Cl + C6H5CH2-SH ⇌ C6H5CH2-S-CH2C6H5 + HCl 

2 C6H5CH2Cl + (NH4)2S2  ⇌  C6H5CH2-S-S-CH2C6H5 (DBDS) + 2 NH4Cl 
NH4OH + HCl → NH4Cl + H2O. 

Scheme 1 
 
Effect of Stirring Speed. The effect of the stirring speed on the conversion of benzyl 
chloride was studied in the range 1000-2000 rev/min as shown in Fig.1. From the figure, it is 
seen that the variation of conversion of benzyl chloride with stirring speed is very small. 
Therefore, mass transfer factors become unimportant and the reaction is controlled by the 
kinetics only. In order to avoid the effect of mass transfer on reaction kinetics, all other 
experiments were conducted at 1500 rev/min. 
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Effect of NH3/H2S Mole Ratio. The effect of NH3/H2S mole ratio on the conversion of 
benzyl chloride and selectivity of various products were studied by varying the initial sulfide 
concentration in the aqueous phase keeping ammonia concentration fixed at 5.62 kmol/m3. 
For fixed ammonia concentration, with increase in NH3/H2S mole ratio, the conversion of 
benzyl chloride decreases because of the limited quantity of sulfide in the aqueous phase as 
shown in Fig. 2.  The effect of NH3/H2S mole ratio on selectivity of various products is 
shown in Table 1. As it is observed from the table, the selectivity of DBDS remains almost 
constant and at low values at higher NH3/H2S mole ratios. With increase in NH3/H2S mole 
ratio, the selectivity of DBS increases; whereas, the selectivity of BM decreases. The 
concentration of sulfide ions (S2-) relative to hydrosulfide ions (HS-) in the aqueous phase 
increases with increase in NH3/H2S mole ratio, which results in the higher selectivity of DBS. 
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Fig. 1. Effect of stirring speed on 
conversion of benzyl chloride. volume of 
organic phase = 6.5×10-5 m3; concentration 
of benzyl chloride = 2.0 kmol/m3; volume 
of aqueous phase = 5.0×10-5 m3; 
concentration of catalyst = 0.08 kmol/m3 
of organic phase; temperature = 600C; 
concentration of sulfide = 1.32 kmol/m3; 
NH3/H2S mole ratio = 4.25. 
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Fig. 2. Effect of NH3/H2S mole ratio on 
conversion of benzyl chloride. volume of 
organic phase = 6.5×10-5 m3; 
Concentration of benzyl chloride = 2.0 
kmol/m3; volume of aqueous phase = 
5.0×10-5 m3; concentration of ammonia = 
5.62 kmol/m3; concentration of catalyst = 
0.08 kmol/m3 of organic phase; 
temperature = 600C; stirring speed  = 1500 
rev/min. 

  
 

Table 1. Effect of NH3/H2S mole ratio on selectivity a
  Selectivity (%) at 60% conversion of benzyl chloride 

NH3/H2S mole ratio BM DBS DBDS 
2.46 84.91 12.47 2.62 
4.25 57.01 31.61 11.38 
5.27 22.21 65.60 12.19 

a All conditions are same as in Fig. 2. 

 

 

 
 

 
 

Effect of Catalyst Loading (TBAB). The effect of catalyst loading on conversion of benzyl 
chloride and selectivity of various products was studied in the range of 0.0-0.08 kmol/m3. 
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With increase in catalyst concentration, the conversion of benzyl chloride increases as shown 
in Fig. 3. Only by increasing the catalyst concentration, benzyl chloride conversion of about 
90% was achieved whereas it was only about 70% without catalyst even after 445 minutes of 
reaction under otherwise identical conditions.  This shows the importance of the PTC in 
enhancing the reaction rate. The effect of catalyst loading on the selectivity of various 
products is shown in Table 2. The selectivity of DBDS remains at low value and unaffected 
by the catalyst concentration. The selectivity of DBS increases with increase in catalyst 
concentration and the selectivity of BM decreases with catalyst loading as it is observed from 
the table.   
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Fig. 3. Effect of catalyst loading on 
conversion of benzyl chloride.   Volume 
of organic phase = 6.0×10-5 m3; 
concentration of benzyl chloride = 1.44 
kmol/m3; volume of aqueous phase = 
5.0×10-5 m3; concentration of sulfide = 
1.06kmol/m3; NH3/H2S mole ratio = 5.27; 
temperature = 600C; stirring speed = 1500 
rev/min. 
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Table 2. Effect of catalyst loading on selectivity a

 
Selectivity (%) at 50% conversion of benzyl chlorideTBAB concentration 

(kmol/m3 of org. phase) BM DBS DBDS 
0.0 88.28 9.10 2.62 

0.01 82.94 14.09 2.97 
0.05 78.71 17.74 3.55 
0.08 74.88 21.34 3.78 

a All conditions are same as in Fig. 3. 

 
 

 

 

 

 

 
Effect of Concentration of Benzyl Chloride. The effect of the concentration of benzyl 
chloride on conversion and selectivity was studied at three different concentrations in the 
range of 0.78-2.0 kmol/m3. The conversion of benzyl chloride decreases with increase in the 
concentration of benzyl chloride because of deficient quantity of sulfide present in the 
aqueous phase as shown in Fig. 4. The effect of benzyl chloride concentration on selectivity 

 6



of different products is shown in Table 3. The selectivity of DBDS was found to be 
unaffected by the concentration of benzyl chloride.  The selectivity of DBS increases with 
increase in the concentration of benzyl chloride whereas the selectivity of BM decreases with 
the concentration of benzyl chloride as it is observed from the table. Since the reaction for 
BM is very fast compared to DBS, at low benzyl chloride concentration there will be 
insufficient quantity of benzyl chloride present to produce DBS, which results low selectivity 
of DBS.  
 

Table 3. Effect of benzyl chloride concentration on selectivity a

Selectivity (%) at 60% conversion of benzyl chlorideBenzyl chloride 
concentration (kmol/m3) BM DBS DBDS 

0.79 84.74 8.12 7.14 
1.44 70.41 26.97 2.62 
2.00 21.8 65.71 12.49 

a All conditions are same as in Fig. 4. 
 
With low benzyl chloride concentration in the organic phase, almost complete conversion of 
benzyl chloride was achieved. This resulted in very low selectivity of DBS, i.e., high 
selectivity of BM.  With excess benzyl chloride, higher DBS selectivity was achieved with 
efficient utilization of sulfide in the aqueous phase although the benzyl chloride conversion 
remained low.  Therefore, a question of optimization among the opposing factors (conversion 
of benzyl chloride, utilization of sulfide, and selectivity of DBS) arises. 
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Fig. 5. Arrhenius plot.  Volume of organic phase = 6.5×10-5 m3; concentration of benzyl 
chloride = 2.0 kmol/m3; volume of aqueous phase = 5.0×10-5 m3; concentration of sulfide = 
1.06 kmol/m3; NH3/H2S mole ratio = 5.27; concentration of catalyst = 0.08 kmol/m3; stirring 
speed = 1500 rev/min. 

 
Effect of Temperature. The effect of temperature was studied at four different temperatures 
in the range 30-700C.  The reaction rate increases with increase in temperature.  The 
selectivity of the products at specified conversion of benzyl chloride was found to be 
independent of temperature. Initial rate of reaction of benzyl chloride was calculated at four 
different temperatures and an Arrhenius plot of Ln (initial rate) versus 1/T was made as 
shown in Fig. 5. The apparent activation energy for the reaction of benzyl chloride, calculated 
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from the slope of the straight line, was obtained as 10.3 kcal/mol. This further confirms the 
fact that the reaction is kinetically controlled. 
 
 
CONCLUSIONS 

The reaction of benzyl chloride with ammonium sulfide is of great industrial relevance, 
which could lead to different products of commercial value. This reaction was investigated in 
detail under liquid-liquid phase transfer catalysis conditions.  The NH3/H2S mole ratio was 
found to have enormous effect on the selectivity of DBS and BM. The higher ratio favored 
DBS where as lower ratio favored BM. However, the selectivity of DBDS remained almost 
constant and was independent of any of the parameters studied.  The DBS was found to form 
selectively with excess benzyl chloride in the organic phase with the efficient sulfide 
utilization although the conversion of benzyl chloride remained low. However, the opposite 
trend was observed for BM.  The reaction was found to be kinetically controlled with 
apparent activation energy of 10.3 kcal/mol.  
 

ACKNOWLEDGMENT 
Sunil K. Maity is thankful to the All India Council of Technical Education, New Delhi, India, 
for the award of the National Doctoral Fellowship. 
 
NOMENCLATURE 

BM   benzyl mercaptan 
DBS  dibenzyl sulfide 
DBDS  dibenzyl disulfide 
PTC   phase transfer catalyst 
TBAB  tetrabutylammonium bromide 
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