
Indian Journal of Chemical Technology 
Vol. 7, November 2000 pp.276-279 

Reactions of nitrotoluenes with sodimn sulphide :Phase transfer catalysis and 
role of .Q phase 

Narayan C P radh an 

Department of Chemical Engineering. Indian Insti tute of Technology. Kh aragpur 72 1 302, Indi a. 

Received 10 February 2000: accepred 23 June 2000 

The react ions of nit rotoluenes (o-. 11 1- and p-) wi th sodium sulphide were carri ed ou t both in th e li quid- liq uid and solid­
liq uid modes with phase transfer catalyst. tetrabutylammoniu m bro mide (TB AB) . In the liq uid- liquid mode. the reactions of 
all three nitrotolucnes were found to be kineticall y controll ed with activation energy values of 4.7 1 x I 04

• 5.25x I 04 and 
3.92x I 04 kJ mor 1 wi th o-, 111 - and p-nitroto luenes respectively as the organ ic substrates. In so lid-liquid mode. the reactions 
of o- and p-nitrotoluenes were kinet icall y con troll ed whereas that of 111-nit ro toluene was found to be mass tran~fc r controll ed 
wi th an acti vatio n energy of 1.16x I 04 kJ mo t·1

. The effect of Q phase on the rate of solid-liq ui d reaction was also stud ied 
and a maximum six-fold enhancement in rate was observed with 111-nitroto luene as the organic substrate. 

The reducti on of nitrotoluenes to the corresponding 
am ines is commerc ia ll y very important as the 

products-toludines have wide commercia l 
applications as inte rmedi ates fo r dyes, ag roc hemica ls 
and pharmaceutical products. T he use of sodium 
sulphide as a reduc ing agent is of considerable 
practica l value due to some inherent ad vantages of the 
method o ver othe r conventi onal processes. For 
example, cata lyti c hydrogenati on requires more 
expensive equipment and hydrogen handling fac ili ty; 
addi tional problems a ri se due to cata lyst preparati on, 
cata lys t poisoning haza rds and the ri sk of reducing 
other groups. A lthoug h the red uc ti on by iron is 
reserved for small scal e comme rc ia l appli ca ti ons, it 
cannot be used fo r reducti on o f a single nitro group in 
a po lynitro compound , nor can it be used o n 
substrates ha rmed by ac id media (e.g., some e the rs 
and thi oethers) . Meta l hydrides (e.g., lithium 
a luminium hydride) genera ll y convert nitro 
compounds to mixtures of azoxy and azo compo unds, 
bes ides being ex pensive . 

T he ad vantages of the use of phase transfer 
ca talys ts in ca rrying out mul tiphase reacti ons 
effic ientl y a re we ll recogni zed. T he use of these 
ca talysts in the two phase reduct ions of nitroto luenes 
by sodium sulphide may be very inte res ting f ro m 
commerc ia l as well as academi c point of view. 

Di ffe rent researchers have carri ed out the 
red ucti ons of ni troto luenes with d iffe re nt reagents and 
cata lysts. Anilines have been prepared in good to 
exce ll ent yields by the treatment of nitroa renes with 
Fe,(C0) 1 ~ , aq ueous NaO H, benzene and 

benzy ltriethyl ammonium c hl oride as the cata lys t '. 
A lper and A maratunga2 have prepared a number of 
amines by the treatme nt of corresponding 
nitrocompound s with CO , at roo m te mperature and 
atmospheric pressure, with Ru3(CO) ~::: as cata lyst and 
in the presence of benzy ltriethy l ammonium chl oride 
as phase transfe r cata lyst. RuCb(PPh3) 3 has a lso been 
reported to cata lyze the phase transfe r reductio n of Ill­
and p -nitroto luenes by synthes is gas at room 
te mperature and atmospheri c press ure w ith 20 to 71% 
yie ld of toludines3

. 

Hashimoto and Fiji4 have carri ed out reducti on of 
p-nitro to luene with sodium sulphide and bi sul phide 
and have got p-to ludine as the onl y prod uct. Ogata et 
al. 5 have carri ed o ut reac ti o n of p -nitrotoluene with 
sodium po lysulphide and have reported 100% yie ld of 
p -to ludine in 3 h. Reducti ons of nitroaro rnati cs such 
as 111-nitrochl orobenzene, 111-dinitrobenzene and p­
nitroaniline by aqueous solut ions of sodi um 
monos ulphide and di sulphide has al so been ca rried 
out without using any cata lys{ Prad han and Sharma 7 

have carried o ut the phase transfe r ca tal yzed reac tions 
of nitroc hlorobenzenes with solid sod ium su lphide 
and have reported a change in product se lectivity 
(from a mine to di ary! sulph ide) with catalyst 
concentrati on. 

From the above disc uss ion, it is c lear that the 
informati on on the sulphide reduc ti on o f nitroto luenes 
is ve ry limited . M oreover, there is hard ly any 
information on the use of phase tra ns fe r catalyst to 
fac ilitate the reac ti on and the ro le of mass transfe r in 
suc h cases. It was, the refore. thoug ht des irab le to 
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study the phase transfer catalyzed reduction of 
nitrotoluenes with sodium sulphide in liquid-liq uid 
and solid-liquid modes and to assess the role of mass 
transfer in the system. It was also thought desirable to 
assess the role of small a111oun t of water (Q phase) in 
the solid-liquid phase transfer cata lyzed reactions. 

Experimental Procedure 
Materials 

All nitrotoluenes used in this study, namely o- m­
and p-nitrotoluenes were obtained from Fluka 
Chemica. Catalyst tetrabutylammonium bromide 
(TBAB) was also of Fluka grade. Sodium sulphide 
(extra pure) was obtained from Loba Chemie Pvt Ltd , 
India. Solvent toluene (99.5 %) was obtained from S D 
Fine Chemicals Pvt Ltd , India. 

Method 
The reactions of nitrotoluenes (o-, 111- and p-) with 

sodium su lphide were carried out batchwise in a 0.05 
m i.d. fully baffled mechanically agitated glass 
reactor. A six-bladed glass disk turbine impeller of 
0.015 m diameter was used for agitation . The reactor 
was placed in a constant-temperature polyethylene 
glycol 400 bath whose temperature could be 
controlled wi thin ± O.SOC. The reactions were stud ied 
in both liquid-liquid and solid-liqu id modes, and 
toluene was used as the solvent. 

In the liquid-liquid mode, 5.0x10·5 m3 of aqueous 
phase containing known concentration of sodium 
sulphide was charged into the reactor and kept well­
agitated until the steady-state temperature was reached. 
Then 5.0x10-5 m3 of organ ic phase containing 1.0 mol 
m-3 of organic substrate and 0.025 mol m-3 of catalyst. 
TBAB , in solvent toluene, kept separate ly at the 
reaction temperature, was charged into the reactor. 
The speed of agitation was varied from 16.67 to 
33.33 rev s-1

• Samples from the organic phase were 
withdrawn at regular intervals after stopping the 
agitation and complete separation of the phases. 

In a typical run in the solid-liquid mode, 5.0xl0-5 

m3 of organic phase, containing same concentrations 
of organic reactants and catalyst as in the liquid-liquid 
mode, was kept in the reactor at a predetermined 
temperature. Then solid sodium sulphide (Na2S, 
3.5H20) of a pa1ticular size range was added in one 
lot and the mi xture was agitated at a fixed speed of 
agitation. Samples from the organic phase were 
withdrawn as earlier after stopping the agitat ion and 
sett ling of the sclid particles. 

All the samples from the organic phase were 
anal yzed by gas- liquid chromatography (GLC) using 

a 2 x 0.003 rn stainless steel column packed with 10% 
OV-17 on Chromosorb W (801100) and nitrogen as 
the carrier gas. The rates of reaction of organic 
reactants were calculated knowing the time required 
for a fixed conversion (20%) from the concentration 
versus time plot. The sodium sulphide content of the 
solid salt and also the concentration of the sulphide in 
aqueous phase were determined by the standard 
iodometric titration procedure8 

Results and Discussion 

The reactions of o-, 111 - and p-nitrotoluenes (ONT, 
MNT and PNT) with sodium su lphide were carried 
out both in the liquid-liquid and solid-l iquid mode. ln 
both the cases, 100% yields of the reduction products. 
i.e. , toludines, were observed as reported in the 
literature4

·
5

. The role of mass transfer in the system 
was assessed for both I iquid-1 iquid and sol id-1 iquid 
modes of reaction. 

Liquid-liquid phase transfer catalysis (b-LPTC) 
The reactions ONT, MNT and PNT with saturated 

of aq ueous sod ium sulphide were carried out in the 
presence of phase transfer catalyst tetrabutyl­
ammonium bromide (TBAB). The effects of speed of 
agitation and temperature on the rates of reacti ons 
were studi ed with the following observati ons. 

Effect of speed of agitation 
The effect of speed of agitation on the rate of 

reaction of nitrotoluenes with aqueous sodium 
sulphide was studied by varying the speed of agitation 
from 16.67 to 33.33 rev s-1

• The rates of reactions of 
all the three nitrotoluenes were found to be practically 
independent of the speed of agitation as shown in 
Fig. l. The mass transfer resistance is, therefore. 
negli gible in case of liquid-liquid phase transfer 
catalyzed reduction of nitrotoluenes. 

Effect of temperature 
The rate of reaction of nitrotoluenes with aqueous 

sod ium sulphide in presence of cata lyst TBAB was 
determined at five different temperatures in the 
range 40-80°C as shown in Table 1. A linea r 
regression analysis of the data obtained gives the 
activation energies for these kinetically controlled 
reactions as 4.7lx104

, 5.25xl04 and 3.92xlO.J kJ 
mol" 1 with ONT, MNT and PNT respectivel y as the 
organic substrates. 

Solid-liquid phase transfer catalysis (S-LPTC) 
The reactions of nitrotoluenes with solid sodium 

sulphide (Na2S, 3.5H20) were also carried out in the 
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Fi g. !- Effect of speed of agitation on the rate of reaction of ni­
trotoluenes with aqueous sodium sulphide. Reaction conditions: 
Volume of organic phase = volume of aqueous phase= 5.0 x 10·5 

m3
; concentration of nitrotoluenes in the organic phase = 1.0 mol 

m·3; concentration of catalyst TBA B = 0.025 mol m·3 of organic 
phase; sodium sulphide concen trati on in the aqueous phase= 2.75 
mol m·3; temperature= 60"C; matching conversion= 20%. 

Table !-Effect of temperature on the reactions of nitrotoluenes 
with aqueous sodium su lphide" 

Temperature. Rate of reaction x 105
, mol m·3 s·1 of 

"C o-nitrotoluene m-nitrotoluene p-nitrotoluene 

40 0.47 3.05 2.45 

50 0.82 6.48 3.94 

60 1.54 12.43 6.38 

70 2.40 19.47 9.44 

80 3.60 30.47 13.36 

"Reaction conditions: Volume of organic phase volume of 
aq ueous phase = 5.0 x 10·5 m3

; concentration of nitrotoluenes in 
the organi c phase = 1.0 mol m·3; concentration of catal yst TBAB 
= 0.025 mol m·3 of organic phase ; sodium sulphide concentration 
in the aqueous phase = 2.75 mol m·3; speed of agitation = 16.67 
rev s·1; matching conversion= 20%. 

presence of catalyst TBAB and the role of mass 
transfer in the system was assessed. 

Effect of speed of agitation 
The effect of speed of agitation on the rate of 

reaction of nitrotoluenes with solid sodium sulphide 
was studied by varying the speed from 16.67 to 
33 .33 rev s· 1

• It can be seen from Fig. 2 that the speed 
of agitati on has neglig ible effect on the rate of 
reaction of 0 T and PNT whereas it has strong effect 
on the reacti on of MNT as there is almost a two-fold 
variation in rate as the speed of agitation varies from 
16.67 to 33.33 rev s- 1

• Therefore, the reaction of MNT 
with solid sodiu m sulphide is mass transfer controlled 
whereas the reactions of ONT and PNT are free from 
mass transfer res istance. 
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Fig. 2-Effect o f speed of agitation on the rate of reaction of 
nitrotoluenes with solid sodium sulphide. Reacti on conditions: 
Volume of organic phase = S.Ox i0-5 rn3

; concentration of 
nitrotoluenes in the organic phase = 1.0 mol m-3

; concentrat ion of 
catalyst TBAB = 0.025 mol m·3 of organic phase; solid sod ium 
su lphide (Na2S.3.5 H20 ) loadi ng = 30% (w/v); average pani cle 
size of solid sulphide = 9.25 X I 0-4m; temperature = 60°C; 
matching conversion= 20%. 

Table 2-Effect of temperature on the reactions of nitrotoluenes 
with solid sodium sulphide" 

Temperature, Rate of reaction x I 05
. mol m·3 s·1 of 

"C o- nitrotoluene 111-nitrotoluene p-nitrotoluene 

40 0.38 1.24 0.99 

50 0.56 1.37 1.37 

60 0.82 1.60 1.90 

70 1.08 1. 81 2.5 1 

80 1.3 7 203 3.39 

"Reacti on conditions: Volume of organic phase= 5.0 x 10·5 n/ 
concentration of nitrotoluenes in the organic phase = 1.0 mol m·3; 

concentration of catalyst TBAB = 0.025 mol m-3 of organic 
phase; solid sodium sulphide ( a2S.3.5HP) loading = 30'k (11'/ l'); 
average parti cle size of solid sulphide = 9.25 X I o·~m ; speed or 
agitation= 16.67 rev s·1; matching conversion= 20%. 

bjfect of temperature 
Table 2 shows the rates of reactions of 

nitrotoluenes with solid sodium sulphide, in the 
presence of catalyst TBAB , determined tn the 
te mpe rature range of 40-80°C. The apparent 
activation energies were calculated from the linear 
regress ion analysis of the experimental data as 
2.94xlO.j kJ mor 1 and 2.8lxlO.j kJ mor 1 with ONT 
and PNT as organic substrates, respective ly. With 
MNT as the orga nic reactant, the apparent activation 
energy obtained was l.l6xl04 kJ mor 1

. These 
activation energy va lues indicate that the reactions of 
ONT and PNT with solid sod ium sulphide is 
kinetically controlled whereas that o f MNT is a mass 
transfer controlled one. 
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Table 3--Effect o f added water on the reactions o f nit rotoluenes 

wi th solid sodium sulphide" 

Vol ume of Rate of reaction x I a s. mol m·3 s·1 of 

added a- nitro- 111-nitro- p -nitro-

water x lOs. m3 to luene tol uene toluene 

0 0 82 1.60 1.90 

1.0 0.87 6 10 3.0) 

2.0 0 .92 9 .95 4 .62 

3.0 1.05 10.17 5.09 

"Rraetion conditions: Volume o f organic phase = 5.0 X I o ·S m3; 

concentrati on of nitro toluenes in the organi c phase = I .0 mo l m·3: 

concentration of catalyst TBAB = 0 .025 mol m·3 of o rganic 
phase; solid sodium sulphide (Na2S,3.5H20 ) loading = 30 % (JV/v) ; 
average particle size o f solid sulphide= 9 .25 x 10-4m; speed of 
agitation= 16.67 rev s· 1

; temperature = 60"C ; matching conver­
sion= 20%. 

Effect of added water (.Q Phase) on solid-liquid 
phase transfer catalysis 

Different researchers have studied the effect of 
added water on solid-liquid phase transfer catalyzed 
reactions. Some studies have revealed that trace 
amount of water do not affect the course of reaction 9 . 

Some other authors maintain that a small amount of 
water can have a profound effect on the rate of 

. 10-16 w· I I b f reactiOn . 1t 1 camp ete a sence o water, very 
littl e or no reaction occurs, but with increasing 
amounts of water, the rate goes through a maximum, 
decreases and finally becomes independent of the 
amount of water present 14-16. 

In this work, the effect of Q phase on the reactions 
of nitrotoluenes with solid sodium sulphide was 
studied by varying the amount of added water from 0 
to 3.0 xl0-5 m3 and determining the rate of reaction at 
each stage. As the amount of water varies, the mode 
of operation changes from solid-liquid to solid-liquid­
liquid (slurry) and finally to liquid-liquid. With ONT, 
added water has ve ry limited effect as there was only 
a 28% increase in rate with 3.0 xl0-5 m3 added water 
(which forms saturated solution with the used solid 
sulphide) as shown in Table 3. The maximum effect 
was realized with MNT as the organic substrate with a 
six-fold enhancement in rate. With PNT as the 
substrate, a maximum three-fold enhancement in rate 
was observed with the same volume of added water. 
As the reaction of MNT with solid sulphide is mass 
transfer controlled, the maximum rate enhancement 
may be attributed to the fac ilitated mass transfer in 
presence of externall y added wate r'5·

17
. With ONT 

and PNT, as the reactions are kinetically controlled. 
the added water has limited effect on the rate of 
reaction. It has been reported that maximum rate 
enhancement with added water is in the case of mass 
transfer controlled reactions of benzyl chloride/p­
chlorobenzyl chloride with solid sodium sulphide 16. 

Conclusion 

The reactions of nitrotoluenes with sodium 
sulphide were studied in the presence of phase 
transfer catalyst tetrabutyl ammonium bromide 
(TBAB) and in both liquid-liquid and solid-liquid 
modes. The role of mass transfer was assessed in both 
the modes. 

It was found that the liquid-liquid reaction s of all 
the three nitrotoluenes were kinetically controlled . In 
solid-liquid mode, the reactions of ONT and PNT 
were found to be free from mass transfer resistance 
whereas that of MNT was found to be mass transfer 
controlled . 

The effect of added water (Q phase) was studied 
with all three substrates and a maximum six-fold rate 
enhancement was observed with mass transfer 
controlled reaction of MNT with solid sodium 
sulphide. 

References 
I Des H A & Alper H, JAm Chem Soc, 99 ( I 977) 98. 
2 Alper H & Amaratunga S. Telrahedron Lei/ , 2 I ( I 980) 2603. 
3 Januszkiewicz K & Alper H, J Mol Calcli , 19 ( 1983) 139. 
4 Hashimoto S & Fiji H; Chem Abslr, 8 1 (1973) 25240. 
5 Ogata Y, Kawasaki A, Sawaki Y & Nakagawa Y, Bull Chem 

Soc Jpn , 52 ( I 979) 2399. 
6 Bhave R R & Sharma M M, J Chem Techno! Biolecllllol. 3 I 

( 1981 ) 93. 
7 Pradhan N C & Sharma M M, lnd Eng Chem Res, 3 1 ( 1992) 

1606. 
8 Scott W W, S1andard Mel hods of Chemical Analysis, 6th Ed .. 

(Van Nostrand, New York), 1966, Voi.IIA , 21 8 1. 
9 Zubriek J W. Dunbar B I & Durst H D, Telrahedron Leu . 

( 1975) 71. 
10 Yadav G D & Sharma M M, lnd Eng Chem Process Des Dev, 

20 ( 1981) 385 . 
I I Sasson Y & Zahalka H A, J Chem Soc Chem Com1111111 . 

( 1983) 1347. 
12 Dermeik S & Sasso n Y, J Org Chem, SO ( 1985) 879 . 
13 Dehmlow E V & Raths H C, J Chem Res, Synop , ( 1988) 384 . 
14 Starks C M & O wens R M, JAm Chem Soc. 95 ( 1973) 361 3. 
I 5 Zahalka H A & Sasson Y. J Chem Soc Clwn Comtnun . 

( 1984) 1652. 
16 Pradhan N C & Sharma M M, lnd Eng Chem Res. 29 ( 1990) 

1103. 
17 Arrad 0 & Sasson Y. J Chem Soc Chem Comllll lll . ( 1988 ) 148 . 


