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Titanium(III) species, generated from cathodic reduc-
tion of titanium(IV) sulphate using a perforated cylin-
drical copper cathode under nitrogen cover, have been
characterised by UV-visible spectra and by determina-
tion of redox potential of Ti(IV)-Ti(III) couple. Redox
titrations of chloramine T, chloramine B, bromamine B,
bromamine T, dichloramine T, dichloramine B, dibrom-
amine B and dibromamine T with titaniumtlll) sulphate
by volumetry with both visible and potentiometric end
points, have been carried out. The monohalo- and diha-
lo-sulphonamides undergo 2 and 4 electron reductions
respectively. These halo-sulphonamides have been used
as back tit rants for establishing the. probable number of
electrons involved in the titanium(III) sulphate reduc-
tion of certain typical compounds like hydroxylamine,
cycIohexanoneoxime and p-nitrotoluene. Utility of tita-
nium(I1I) as a reductant in the electro reduction pro-
cesses and in analytical and kinetic studies have been-
highlighted.

Titanium{III) salts have been shown to be very
good reducing agents for aromatic nitro, nitroso
and hydroxylamine compounds'. The kinetics of
reduction of nitro compounds and its substituted
products by titanium{III) chloride was studied by
Hinshelwood and coworkers' . Indirect electro-
chemical reduction of nitro compounds with tita-
nium{IlI) sulphate were reported in previous ye-
ars". Reported literature lacks essential details for
using titanium{III) sulphate for reduction of aro-
matic halosulphonamides, Hence the present in-
vestigation was undertaken.

Chemistry of N-halo-N metallo and N-N-diha-
lo-aromatic sulphonarnides is of interest due to
their diverse behaviour and wide applicationsl",

As a part of analytical, and kinetic studies with
transition metal ion redox systemsv" we present
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herein the results of the reduction of N-halo and
N-N-dihalo sulphonarnides with electrolytically
generated titanium{III) sulphate in aqueous sulphu-
ric acid medium under deareated conditions. Use
of N-halosulphonamide as a back titrant for re-
duction of hydroxyl amine hydrochloride, cyclo-
hexanoneoxime and p-nitrotoluene is also dis-
cussed.
Experimental

Titanium{IV) sulphate was prepared by the
gradual addition of titanium dioxide (Glaxo, spe-
cial quality) to hot concentrated sulphuric acid
(Glaxo, Excellar grade). Yellowish green solid of
titanium{IV) sulphate was dissolved in water
boiled well and filtered to get clear solution.

The electrolytic cell assembly consisted of 500
em? glass beaker fitted with electrodes, diaphragm
and a gas vent. A porous pot was used as diaph-
ragm in which 2 mol dm - 3 sulphuric acid (50
crrr') was taken as anolyte. A lead or platinum foil
was used as anode. The cathode was a perforated
copper cylinder and titanium{IV) sulphate (250
cm'' acidic solution) was used as catholyte. Pure
nitrogen gas was passed continuously over the
catholyte to prevent aereal oxidation of titani-
um{III) sulphate, that was generated in cathodic
compartment. The cell voltage was 4.5V and ca-
thodic current density 1-3 N dm? was maintained
and the catholyte was stirred continuously.

The UV-visible spectrum of titanium(III) sulph-
ate in aqueous sulphuric acid medium was re-
corded in Beckmann DU-6 spectrophotometer.
The absorption maximum (Amax:480 nm) was
found to be in agreement with that reported in li-
terature'.

The formal redox potential of the Ti{IV)-Ti{III)
couple E~i(rv)-Ti(III)is a measure of the reducing
properties of reductant. Different known amounts
of titaniumrlll) were cathodically generated and
the. electrode potential measured each time under
deareated condition. The Nemst equation in
which E (mV versus SCE) indicates the equilibri-
um potential of the dynamic equilibrium between
the reduced and oxidized forms which established
rapidly at the platinum indicator electrode can be
represented by:

2.303RT I [Ti(IV)]
E(mVversus SeE) = E ~i(rv)-Ti(lIl)+~ nF og [Ti(III)]

.. , (1)
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Table 1-Titrimetric and potentiometric determination of probable number of electrons involved in the reduction of N-halo and
N.N-dihalo aromatic sulphonamides and certain other compounds by titanium(lII) sulphate in aqueous sulphuric acid medium at

298 K

Compounds Range Electrons Participating in Reaction Standard
(mg) Deviation

Calc. Volumetry Potentiornetrv'

CAT 1.41-14.0R 2.0 2.0"! 2.00 0.02

CAB 1.12-12.21 2.1l 2.00 2.(1) a.02

BAT I.II-IUO 2.0 1.97 l.l)9 0.0 J

BAB 1.22-12.16 2.0 2.00 2.00 0.02

DCT 1.20-11.95 4.0 4.04 4.0() O.OJ

DCB 1.01-10.00 4.0 4.02 4.01 0.05

DBT 1.55-15.52 4.0 3.96 3.99 0.04

DBB 1.23-12.32 4.0 4.01 4.0(} 0.03

HAW 1.73-6.95 2.0 1.99 0.02

CHOb 1.21-8.69 4.0 3.95 0.04

PNT" 1.92-10.68 6.0 5.95 0.03

,"Average of six trials.

"by back-titration method

where R=8.314 J mol"; T=298 K; 0=1 and
F=96500 C mol-I. Plot of E(mVversus SCE) against
10g[Ti(IV)}I[Ti(III)j was linear with intercept equal
to Eca)- (E~i(JV)- ETi(IIJ))'Taking Eca) for saturated
KCI at 298 K as 0.241 V, E~i(JV)-Ti(IIJ)could be
found.The measurements were carried out at dif-
ferent concentrations of sulphuric acid. The for-
mal redox potential of Ti(IV)-Ti(III) was found to
beO.0595Y.

Titanium(III) sulphate was standardised volu-
metrically by back titrating it with ammonium fer-
ric sulphate under nitrogen blanket and it was
stable for more than 8 h. Chloramine-T (CAT)
(SD Fine Chern), was used after recrystallisation
with water. Chloramine-B (CAB), dichloramine-T
(DCT), dichloramine-B (DCB), dibromamine-T
(DBT), dibromamine-B (DBB), bromamine-T
(BAT) and brornamine-B (BAB) were prepared by
literature methods",

The purity of all the compounds were checked
by the elemental analysis of N, S and X and by es-
timating the amounts of active halogen present in
them by iodometric method'". They were further
characterised by their IR and FT NMR spectra 11 •

Even though the solutions were quite stable for
several days, aqueous solutions of rnonohalosul-
phonamides and partially aqueous solutions, (1:1
(vIv) water-acetic acid) of dihalosulphonamides
were prepared and standardised as and when
needed.
Volumetric method

To a known volume (VI cm3) of the substance
(5.0 em! of 0.001 mol dm? in water or 1:1 (v/v)

water-acetic acid) titanium(III) sulphate (5 cnr' of
0.005 mol drn=') was added (V2 em"). To this dea-
reated ammonium ferric sulphate (5 ern:' 0.025
mol dm - 3) was added. Resulting solution was ti-
trated against standard titanium(III) sulphate (0.05
mol dm - 3) stored under nitrogen atmosphere (V3
em - J) using 10% ammonium thiocyanate as indi-
cator. A blank titration was carried out by taking
same aliquot of titanium(III) sulphate and ammoni-
um ferric sulphate and titrating against standard ti-
tanium(III) sulphate (V.j cm t '). Experiment was
done under deareated condition. The number of
electrons involved in this reaction is given by
Eq.2.

.. _(2)

where M I and M 2 are the molarities of titani-
um(III) sulphate and the substrate respectively.
The results are given in Table 1.

Potentiometric method
(a) Direct titration: A Digisum (India) model 801

digital potentiometer equipped with a platinum-
calomel electrode assembly was used for the pot-
entiometric studies throughout this work.

Titaniumtlllu sulphate (10 em! of 0.217 mol
dm=') was placed in a beaker (100 em") fitted
with platinum electrode, calomel elect ode and a
gas vent for nitrogen. The ceU emf;E(mv versus SCE),

was noted. In the case of dihalosulphonamides
reaction mixture contained 1:1 (vIv) water-acetic
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Fig. I-A typical potentiometric titration curve of titanium(III)
[10 ern:', 0.217 MJ with CAT (0.0108 M); a, titration curve; b,

first derivative curve.

acid as solvent. Deareated halosulphonarnide
(0.0106 mol dm+') was added from micro burette
in small quantities. The emf, E(mVversus SeE), value
was noted after each addition. A potential jump at
the equivalence point ranged from 200-400 mV
per 0.05 em" of the titrant. The end point was de-
termined graphically by plotting the first derivative
curve (~E/ ~ V) versus volume (V em"). The num-
ber of electrons involved in the reaction is given
byEq.3.

was passed continuously. Deareated chloramine-T
solution (0.432 mol dm") was added from micro
burette and the solution was stirred. A blank titra-
tion was carried out under similar conditions in
the absence of the substrate. End point was deter-
mined graphically. The number of electrons parti-
cipatedin the reaction is given by Eq. 4.

... (4)

where MI and M2 are the molarities of substrate
and halosulphonarnide (CAT) respectively; VI' vo-
lume of substrate; V2, volume of halosulphona-
mide (CAT) used for blank titration and V3, vo-
lume of halosulphonarnide (CAT) in \back titration.

Results and discussion
On reduction of titanium(IV) sulphate, violet

solution containing Ti(H20)~ + ions were obtained.

Ti02+ +2H+ +2e-TP+ + H20 EO=O.lV ... (5)

The major reactive species in reduction was
assumed to be hydrolysed form of titaaous ion I, the
equilibrium can be represented as follows:

TP+ + HOH~Ti(OH)2+ + H+ ... (6)

Monohalosulphonamides (CAT, CAB, BAT, BAB)
underwent reductions by titanium(III) with 1:2
stoichiometry as in Eq. 7.

(ArS02NNa +)X - + 2Ti(OH)2+ - ArS02NH2
... (3) + 2Ti02+ + NaX ... (7)

where
where VI' MI, M2, M2 are volume and molarity of
the oxidant and reductant respectively. A typical
potentiometric plot is shown in Fig. (2).·

In the second part, aromatic halosulphonarnide
was used as back titrant for establishing the stoi-
chiometry of titanium(III) sulphate reduction of
certain compounds like hydroxylamine hydrochlo-
ride (HAH), cyclohexanoneoxime (CHO) and P:
nitrotoluene (PNT). Hydroxylamine hydrochloride
(Rudi point, Industria Chemical SPA. Torino-Italy)
and p-nitrotoluene (Glaxo) were used as such.
Cyclohexanoneoxime was prepared and recrystal-
lised by literature method.

(b) Potentiometric back titration: Known volume
of substrate (2.5 em' of 0.01 mol dm+') and tita-
nium(III) sulphate (1Ocm3 of 0.028 mol dm-3)

were placed in 100 crrr' beaker, provided with
platinum and standard calomel electrode. Nitrogen

Ar = C6H4CH3 or C6HS and X = CI, Br.
Toluene para-sulphonarnide (TSA), the reduced

product was detected by paper chromatography'.
Dihalosulphonamides (DCT, DCB, DBT, DBB)

got reduced by titanium(III) with 1:4 stoichiometry
as follows:

ArS02NX2 + 4Ti(OH)2+ - ArS02NH2 + 4Ti02+
+ 2X- ... (8)

where

Ar = C6H4CH3 or + C6Hs and X = CI, Br.

While using chloramine-T (CAT) as back titrant
for titanium{III) sulphate reduction of hydroxyla-
mine hydrochloride, the reduction was spontane-
ous involving 2 electron change. This can be rep-
resented as:



H3 +NOH + 2Ti(OH)2+ -NH: + 2Ti02+ + H20
. . . (9)

The reduction product, NH:, was detected by
Nessler's test. The reaction between cyclohexa-
noneoxime and titanium(ll) sulphate was com-
plete within 15 minutes yielding 1:4 stoichiometry.

C6HlON-OH + 4Ti(OH)2+ -C6HUNH2 +4Ti02+
+H20 ... (10)

The reduction: product, cyclohexylamine, was iso-
lated and characterised by determination of boil-
ing point, which is in good agreement with that re-
ported in literature 134°C.

p-Nitrotoluene required 30 minutes for comple-
tion of reduction to yield p-amin9toluene, corre-
sponding to 1:6 stoichiometry as shown in
Eq. (11)

CH3C6H4N02 + 6Ti( OH)2 + - CH3C6H4NH2
+4Ti02+ + 2H20 ," . (11)

p-aminotoluene was isolated and the melting point
(45°C), agreed with that reported in literature. Fur-
ther it was verified that halosulphonamides which
were used as back titrants, did not react with reac-
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tion product of the above reactions under the ex-
perimental conditions in less than 10 minutes .

Common anions such as SO~-, HS04-, POl-
and Cl- did not interfere, while CIO.;-, NO~ -,
H2N NH2, quinone and anthraquinone interfered
even when present in trace amounts as they were
reduced by titanium(III) sulphate.
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