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Electrochemical Reduction of m-nitrotoluene at Glassy Carbon and
Sainless Steel Electrode at Different pH
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Abstract : Thevoltammograms of m-nitrotoluene (aqueous-methanol solution) in BR buffer at
different pH 4.0, 7.0, 9.0 exhibits the one reduction peak; effect of scan rate on cathodic peak
potential indicates that these reactions are irreversible. Constant current electrolysis in acidic
and basic mediaof m-nitrotoluene gives m-toluidine and 3,3 dimethyl azo benzene respectively
asamajor productswhich were confirmed by TLC, NMR, IR spectrum analyses.
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I ntroduction

Numerousinvestigationshavebeenmade
onthereduction of arometic nitro compounds
and number of different products hasbeen
obtaned under variousconditions(Zumanand
Rupp, 1995). This is caused more by
differencesinthechemicd follow-upreactions
rather than by the electrochemica reactions.
Itiswell known that the reduction of Nitro
compounds has played a vital role in the
development of organic-electrochemistry
(Fichter, 1942).

The present work deals with the
electrochemicd studies(cydicvoltametry and
constant current electrolysis at SS-(316)
electrode) of menitro toluene (Swan, 1956;
Madiketal.,1999) inacidic, neutral andbasic
media

Constant current electrolysis at SS
cathode m-nitro toluene gave different
productsin different media, which have been
studied in detail by means of various
techniques(Nicholson et al., 1985; Yadav et

al., 2002a). Economicaly vigblegtanlesssted
eectrode(SS-316) hasbeen used successfully
inour laboratory (Yadav et al., 2002b).

Materialsand Methods

All thereagents, NaOH, CH,COONa,
KNO,, m-nitro toluene, methanol and acetic
acid, etc. used were of AR grade. The
solutionswere prepared in doubledistilled
water. Nitro toluene re-crystallized from
methanol was used for reduction purpose.
Priortodectrolyss, TLC, whichgavesingle
spot, was used to check the purity of the
compound.

Cyclic voltammogramswererecorded
on a fully computer controlled Basic
Electrochemistry System-ECDA 001
(Conserved, Mumbai, India), using 3-
electrode cell assembly with Imm diameter
glassy carbon asworking electrode, AQ/AQCI
asreferenceeectrode and Pt wireas counter
electrode. In aqueous media, 1.0 mM
concentration of depolarizer and KNO, were
used assupporting eectrolyteto maintain the
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ionic strength of thesolutionat 0.1 M. BR
buffer was used to maintain desired pH viz
4.0,7.0,and 9.0. Galvanostat, designed and
made by CDPE (Centrefor Devel opment of
Physics Education, Univ. of Rajasthan,
Jaipur), wasused for carrying out controlled
current eectrolysis. Stainlesssted (SS-316)
electrodewas used as cathode. The solution
was stirred by a Remi 2LH hot plate cum
stirrer throughout the electrolysis. FT-IR
spectraof m-nitro toluene and the products
were obtained and compared for analysis,
identification and characterization.

The preparative el ectrolysis of 200 ml
0.1IM me-nitro toluene was carried out at
condant current (at 1amp.) inadkdinesolution
containing (1M CH,COONa +
0.5MNaOH) as well as in acidic media
containing (IM CH,COONa+ 1M CH,—
COOH pH=4) in 1:1 CH,OH: H,0.

After electrolysis the methanol was

removed from the solution by distillation at
reduced pressure (30 mmHg). Thecatholyte
wasthen extracted repeatedly with ether layer.
Theether layer was collected in watch glass
and was allowed to evaporate. After
evaporation product wasthenrecrystallized
with absol ute a cohol and purecrystalswere
obtained.

Results and Discussion

Most cyclic voltammograms were
recordedwithaninitia potentid E of 700mVv
andfind (switching) potentia E_of -1400mV
at different scan ratesviz. 30, 60, 100, 200,
400 and 500 mV/sec (Fig. 1, 2 and 3). m-
nitro toluene at scan rate of 30mV/sec and
pH=7, 4 and 9 gppeared a -839 mV, -824mV
and-890 mV, respectively. Asthesweeprate
wasgradually increased to 60, 100, 200, 400
and 500 mV/sec, peak gradually shifted
towards higher values asis expected for an
irreversbledectrontransfer processes.

Cyclic Voltammograms of m-nitrotoluene at different scan rates
0
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Fig. 1 : Cyclic Voltammograms of m-nitrotoluene at different scan rates
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Cydlic Voltammograns of mmnitrotoluene at different scan rates
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Fig. 2 : Cyclic Voltammograms of m-nitrotoluene at different scan rates

Cyclic Voltammograms of mrnitrotoluene at different scan rates
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Fig. 3 : Cyclic Voltammograms of m-nitrotoluene at different scan rates
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Table-1 summarizes current potential
measurementsby cyclic voltammetry for m-
nitrotolueneinacidic, bascaswel asinneutrd
media, which confirmsirreversible nature of
thereduction process of m-nitro toluene.

Above mentioned electrolytically
reduced produced was obtained in

reasonably good yield. Single spot TLC
checked the purity of compounds. The
identity of productswasfurther confirmed on
the basis of melting point spectroscopic
analysis. IR and NMR datahave been given
below intable2 and 3.

Table 1: Current potential measurements by Cyclic Voltammetry for m-nitrotoluene

Condition applied:
Initial potential E,: 700mV
Switching potentia E_: -1400mV

Electrodesapplied :
Working Electrode: Glassy Carbon

Reference Electrode: Ag/AgCl
Auxilliary Electrode: Platinum

Medium Cathodic Wave
rate
Effect of scan Rer |ak
SN ExMV) | 1nuA) o (Cathodiic
pH | (mvig) [ & [ | 13 I wave)
peak | peak | peak peak
1 4.0 30 -824 - 907 - With increasing | Irreversible
2 | a0 60 | -857 | - | 1377 | - |Scanraes pesk o aghe
potential  shifts
3 4.0 100 -873 - 1796 - towards Irreversible
4 4.0 200 | -902 - 2701 - | negative side of | |rreversible
potentia .
5 4.0 400 -918 - 4026 - Irreversible
6 4.0 500 | -931 . 4133 - Irreversible
7 7.0 30 -839 - 680 - Peak potentid | Irreversible
8 | 70 60 | -864 | - 927 .| show Irreversible
considerable
9 7.0 100 -878 - 1155 - cathodic shift of | Irreversible
10| 70 200 | -890 - 1558 - | potentia  with| |rreversible
InCreaang Scan N
11 7.0 400 -907 - 2282 - rates. Irreversible
12 7.0 500 | -924 . 2509 - Irreversible
13 9.0 30 | -890 | -1166 | 270 | 260 |Pesk potentia | Irreversible
14 | 90 60 | -804 | -1197 | 379 | 351 | Shifts towards | o0 gpie
negative sde of
15 9.0 100 | -897 |-1213 | 500 | 481 |potentid with| Irreversible
16 | 90 200 | 935 |-1237 | 707 | 696 | eoe © | Imeversble
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Table 2 : Characterization table for synthesis in basic media

Starting material [M.Pt. (°C) [NMR data (d) IR data (Cm'l) Product

m-nitrotoluene |46 8H, & = 6.0-8.8(1650-1440 b,s (aromaticm- azotolueneg]
unsymmetrical ring), 2880 s (C-H (3-3'dimethyl
pattern (aromatic stretching), 1510-1420 W |a70bhenzene)

Table 3 : Characterization table for synthesisin acidic media

Starting B.Pt. |INMR data (5) IR data (cm™) Product
material (°C) confirmed
m- nitrotoluene ({204  |4H, & = 6.6-8.2,{3030 s (Ar-H- stretching), 2950 s (C-{m- toluiding

unsymmetrical H stretching),1650-1440 b,s (aromatic|(3-methyl

pattern (aromatic{ring),3420 s(symmetric stretching N-{aniline)

proton), 3H, s,|H), 3500 s (asymmetric stretching N-

8=2.4 (-CHs), 2H,|H),1640 b (bending N-H), 1290 s( C-

s, 8= 3.8 (-NH,) [N stretching), 710 and770 m (m-

substitution)

Onthebasisof all above studiesaschemefor reduction of nitrotoluene (o, - m- and p-)
have been suggested that hasthebasisof proton availability issuggested.

Scheme (1). That occurring under condition of high proton availability (acidic condition).
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Here[A] is(o, - mand p-) —toluidine of their respective nitrotoluene.

Scheme(2). That occurringunder condition of low proton availability (basicand

neutral condition).
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Here[B]is(2,2 - 3,3 — 4, 4’ -) —dimethyl azobenzene of their respective nitrotol uene.
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