
Kinetics of Oxidation of Triaryl Methane Dye,
Brilliant Blue-R with Chlorine Dioxide

Srinivasu Nadupalli, Venkata D.B.C. Dasireddy, Neil A. Koorbanally and
Sreekantha B. Jonnalagadda* §

School of Chemistry & Physics, University of KwaZulu-Natal, Westville campus, Durban, 4000, South Africa.

Received 12 September 2018, revised 16 December 2018, accepted 16 December 2018

ABSTRACT

The fast decolourization of multi-purpose dye, Brilliant blue (BB–) oxidized by chlorine dioxide was investigated using the
stopped flow technique under varied pH conditions by monitoring its oxidation kinetics. The products were identified and reac-
tion mechanism is described, which is confirmed by kinetic simulations. Under [ClO2]0 > [OH–]0 > [BB–]0 conditions, the oxida-
tion kinetics showed first-order dependence on BB– and chlorine dioxide. The overall second-order rate coefficient enhanced
with increasing pH, and values were 30.2 ± 0.2 M–1 s–1, 42.5 ± 0.8 M–1 s–1 and 117.9 ± 0.8 M–1 s–1 at pH 7.0, 8.0 and 9.0, respectively. In
the pH range 7.0 to 9.0, the catalytic constant for [OH–] catalyzed reaction was 9.0 × 106 M–2 s–1 with energy of activation of
50.06 kJ mol–1. Observed negative entropy of activation of –658.73 J K–1 mol–1 suggests the formation a compact transient activated
complex.
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1. Introduction
Virtually every manmade material comprises either a dye or

pigment. A wide range of modified natural and synthetic dyes
are used to colour fabrics, leather, paper, ink, lacquers, varnishes,
plastics, cosmetics, and many other odd items.1 Robinson et al. in
their review, reported that over ten thousand types of dyes or
pigments are in use for various purposes.2 Approximately ten
million tons of various dyes and pigments are produced and
used per annum.3 Huge quantities of these dyes and pigments
entering the wastewaters pose severe health risks and contrib-
ute to environmental disasters.2 Approximately two-thirds of
the dyes consumed are used by the textile industry to dye
fabrics, about one-sixth are used for colouring paper; and the
rest are used primarily in the production of organic pigments
and in the dyeing of leather and plastics.4 Due their refractory
and toxic nature, many dyes are not easily degradable, hence
remain in water systems for longer periods.5

Reportedly in textile industry, among various synthetic dyes,
triarylmethane type dyes are more popularly used due their cost
effectiveness, which contribute to about 30–40 % of the total
dyes and pigments used.6 These dyes are mainly derivatives of
colourless triphenylmethane and diphenylnaphthylmethane
and are characterized by a central carbon atom joined to three
aromatic rings. In addition to textile dyeing, these chemicals
have wide range of applications including as colouring agents in
foodstuffs, cosmetics, paper, leather, varnish, etc., to mention a
few.7,8 Some triaryl dyes are used as for staining biological and
bacteriological specimens and as targetable photo sensitizers.7

Many triarylmethane dyes are eco-toxic. Crystal violet (CV) is
used to dye paper and for printing, in ball pens and inkjet print-
ers, but it is reported to be toxic and may cause human bladder
cancer, renal, hepatic and lung tumours. The intake of Malachite
green (MG), a commonly used triarylmethane dye, could cause
carcinogenic symptoms and lung adenomas. Photo-catalyzed

degradation of MG and CV in water treatment by using
BaO3TiO.SrO3TiO as catalyst has been reported.9 Gentian violet
(GV), another normally used triaryl-methane dye with
antiseptic properties, has been used in medicine for over 100
years, is a component of surgical marking pens. GV causes cell
and tissue death and potentially impairs cell migration.10

Another frequently used dye of this class, Light green SF (LG)
reportedly could interfere with metabolic systems.11 LG causes
irritation, when inhaled or consumed, and on contact it could
also permeate the skin and accumulate in the body.12 LG and
its metabolites reportedly could prompt carcinogenicity in
organisms13 and produce sarcomas. A longer exposure to LG is
reported to cause a blood disorder namely methemoglobi-
naemia.14,15 Taking into consideration the detrimental effects and
potential toxicity of these dyes, it is of paramount importance to
understand their degradation mechanisms and to remove these
dyes from wastewaters and aquatic bodies.

Forgacs et al.16 reviewed the methods of removal of synthetic
dyes from wastewater. Over the years, various techniques
including the use of absorbents,14–17 oxidative degradation,18

photo-degradation,19 electrolysis,20 electrocoagulation,21 degra-
dation using fungi,22 enzymes,23 microbes24 and biochemical
degradation25, have been reported for the removal of dyes and
toxic organics from water systems, to mention a few. Due to the
toxic nature of the effluents, many times biological degradation
methods either fail or have limited success. Due to non-bio-
degradability associated with their toxicity, conventional biolog-
ical treatment methods will be futile in degradation of dye
materials and removal of colour from wastewaters. Hence,
chemical approachs has to be adopted.26 Earlier, we reported
the oxidative decolourization of MG with peroxydisulfate,27

triaryl methane dyes – Thymol blue and Aniline blue by acidic
bromate in aqueous solutions.28,29 We have also reported the
scope of ozone and hypochlorite as oxidants in degradation
of Amaranth, an azo dye.30,31 The extent of degradation of the
dyes in these studies varied with nature of oxidant and oxida-
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tion duration, offering partial oxidation to complete mineraliza-
tion.

In the recent past, we investigated the potential of chlorine
dioxide, in decolourization of Amaranth under varied pH condi-
tions by kinetic approach and elucidating the reaction mecha-
nism and establishing the role of hydroxide ion32and its potential
in microbial disinfection.33 Based on the earlier successes,
emphasis of the current study is the oxidative decolourization
Brilliant blue-R, a triaryl methane anionic dye (BB–), under aque-
ous conditions using chlorine dioxide as oxidant. Brilliant blue-R
is also known as Coomassie brilliant blue and Brilliant indo-
cyanine 6B. Firstly, BB– was generated as a textile dye for dyeing
wool, silk, nylon etc., but it is also extensively used in paint and
leather industries. 34 It is water-soluble dye and it readily dissoci-
ates into BB– and Na+ and reveals significants peaks at 285 and
555 nm (l555 nm = 4.3 × 104 M–1 cm–1). pH variation has no effect on
its spectrum.35 Recently, we reported the mechanism of
decolourization of Brilliant blue by hypochlorite/hypochlorous
acid under varied pH conditions.36

Although, chlorination is the most cost effective means in
water treatment, its efficiency depends on the method of the
process and water pH.37 The main limitation of chlorination in
treating water polluted with organics is its potential to form
chlorinated hydrocarbons and trichloromethanes, which more
hazardous than original, as those are carcinogenic.38,39 Among
different chemicals used as chlorine alternatives in water treat-
ment; chlorine dioxide has attracted sizeable attention, due its
distinctly different properties, although it contains chlorine.40

Chlorine dioxide is recognized as a pre-oxidant and primary dis-
infectant during treatment of drinking water to avoid the forma-
tion of trichalomethane.41,42 Chlorine dioxide is also used for
colour removal and odour control of waters in addition to oxida-
tive removal of iron and manganese. Reportedly, over 800 water
works practice chlorine dioxide usage for drinking water treat-
ment.43 This communication emphasies on the kinetics of fast
decolourization of Brillaint blue, its reaction mechanism, and
identification of reaction products, immediately after its
decolourization, i.e. not waiting for a long reaction time.

2. Experimental
Brilliant blue-R (Aldrich, USA 95 % purity) was used with no

further purification. Sodium hydroxide (BDH), sodium chlorite
(BDH), 98 % sulfuric acid (BDH) Analar grades were used as sup-
plied. The stock solution was further diluted requisite to the
need of experiments. The stock solution of aqueous ClO2 was

prepared by acidifying sodium chlorite and stored in the dark.
ClO2 solutions were standardized prior to use.31

3. Results and Discussion

3.1. Kinetic Runs
Kinetic experiments were conducted at 25 ± 0.1 °C with sur-

plus concentrations of the other reagents relative to the substrate
dye, which was monitored. A HI-TECH micro-volume double
mixing stopped-flow apparatus was used to monitor the reac-
tions. The data collected at selected fixed wavelength was ana-
lyzed using the KinetAsyst™ 3.10 software. The KinetAsyst™
software facilitates the estimation of the rate constants by match-
ing of absorbance versus time data with different rate equations.

3.2. Reaction Orders for ClO2 and BB–

The rates of reaction employing varied surplus initial concen-
trations of oxidant, at pH (9.0) and fixed ionic strength, monitor-
ing the depletion of dye at low concentrations were carried out
to determine the reaction order wrt the oxidant. All the kinetic
runs were conducted at 25 (± 0.1) °C unless otherwise specified.
Figure 1 illustrates the dye depletion as function of time at pH 9,
for concentrations [ClO2]0 = 1.5 × 10–2 M and [dye]0 = 2.0 × 10–5 M.
An observation of the curves indicates that the dye was con-
sumed very quickly in <2 s. Using kinetic fit software, the kinetic
data were analyzed and found to fit well with the first-order
equation suggesting that reaction follows first-order kinetics for
the chosen reaction conditions. The k’ (pseudo first-order rate
constants) values were estimated at fixed ionic strength with
varied [ClO2]0 conditions. The slope of the log-log plot of [ClO2]
against k’ was 1.02 (corr. coeff. 0.99), positively designate the
first-order rate dependance on the oxidant, ClO2 (Table 1).
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Figure 1 Absorbance versus time plot. Reaction conditions: [BB–]0 = 2.0 × 10–5 M and [ClO2]0 = 1.5 × 10–2 M at pH = 9.0.

Table 1 Pseudo first-order rate constants for the reaction between Bril-
liant blue and chlorine dioxide at constant ionic strength .

Reaaction conditions: [ClO2]0 = 2.5 × 10–3 to 3.5 ×  10–3 M with [BB–]0 = 2.0 ×
10–5 M, pH = 9.0 and ionic strength, I = 0.128 M.

[ClO2]0 / 10–2 M k’/s–1,*

2.52 2.98
2.78 3.24
3.03 3.58
3.28 3.87
3.53 4.19

*Mean of four replicate experiments with relative standard deviation <4 %, n = 4
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3.3. Role of pH and Hydroxide Ion
While chlorine or hypochlorite react with substrate by additon

or substitution reactions, ClO2 abstracts free radical during the
attack.44 Furthermore, the reactivity of chlorine and hypo-
chlorous acid increase with decreasing pH. Chlorine dioxide
exhibits no reactivity at low pH, but it becomes reactive at
neutral pH and above.45 To evaluate the effect of hydroxide ion,
similar to the earlier studies,35 a set of experiments were carried
out to establish the k’ rate coefficients (pseudo first-order), at
varied pH (7, 8 and 9) and at different initial concentrations of
ClO2. Table 2 summarizes the k’ values as function of ClO2 con-
centration at different initial hydroxide conditions. Perusal of
the results indicates that the increase in hydroxide concentration
has a profound positive effect on the rate constants. The log-log
plots of k’ and [ClO2]0 gave slopes equivalent to 0.99, 1.05 and
1.02 at pH 7.0, 8.0 and 9.0, respectively. The observed reaction or-
der with respect to ClO2 under different pH conditions was
unity, suggesting that reaction mechanism is unaltered.

To establish the reaction mechanism and activity of hydroxide
with fixed initial concentrations of dye and ClO2 the reaction
was studied under diverse initial concentrations of hydroxide
ion. Table 3 illustrates the obtained results. Similar to our earlier
observations on oxidative degradation of Amaranth by chlorine
dioxide,35 the obtained results can be explained in terms of oxida-
tion of Brilliant blue through two competitive reactions, i.e. first
one by direct attack of chlorine dioxide on the cationic dye,
which is slow reaction; and the second one involving chlorine
dioxide, dye and hydroxyl ion, a faster one. At high pH, i.e. with
excess presence of OH–, the second reaction will remain predom-
inant. At very low [OH–] conditions, the very slow reaction will
prevail. The rate-limiting reactions may be expressed as follows:

ClO2 + BB–
® ClO2

– + BB (Very slow)

BB– + ClO2 + OH–
® {BB– ClO2 OH–}  (Activated complex)

{BB– ClO2 OH–} ® ClO2
– + {HO BB}– (Rate-determining step)

Summing up the contribution of the two competitive reac-
tions, the probable rate of reaction may be stated as,

Rate = k1 [ClO2] [BB–] + KOH– [ClO2] [OH–] [BB–]
= {k1 + kOH– [OH–]}[ClO2] [BB–]
= k [ClO2] [BB–] = k’ [BB–]
In the above equations, k’ represents the pseudo first-order

rate coefficient, when [BB–] < [ClO2]. k = k’/[ClO2] is the second-
order rate constant at fixed pH, where k = {k1 + kOH– [OH–]} and
k1 is the second-order rate coefficient for the uncatalyzed path
between Brilliant blue and oxidant. kOH– represents catalytic
constant for the hydroxide ion catalyzed path. Table 3 summa-
rizes the calculated values for the second-order rate and Fig. 2
illustrates the graph of k versus [OH–]. An observation of Fig. 2
shows that the value of y-intercept (k1) is trivial, signifying the
reaction will be very slow with no presence of hydroxide ion. It is
anticipated from the known inert behaviour of chlorine dioxide
at low pH.46 For the OH– catalyzed path (pH between 7.0 and
9.0), kOH– the catalytic constant was large and equal to 9.0 ×
106 M–2 s–1 (Fig. 2) confirming that hydroxide catalyzed reaction is
very fast.

Employing different molar ratios of dye and oxidant, the
stoichiometry experiments. The residual concentrations of the
substrate and chlorine dioxide reacted were determined based
on their redisual and initial concentrations. The stoichiometric
ratio between BB– and ClO2 was found to be roughly 1:2 (±10 %).
The overall stoichiometry of the reaction is represented as
follows:

BB– + 2ClO2 + 3OH–
® P1 + P2

2– + 2ClO2
– + H2O

3.4. Kinetic Salt Effect
Profound effect of hydroxide ion on the rate of the reaction

clearly suggests the role of hydroxide ion as catalyst and its
involvement in the slow step of the reaction. To validate its role,
the kinetic salt effect on the reaction rate was investigated using
fixed concentrations of oxidant, dye and hydroxide. The log k’
against square root of ionic strength graph was straight line
and gradient of 0.90 (R2 = 0.97). The observed positive salt effect
indicates that two-single like charged species are involved in the
rate-determining which are possibly OH– and BB– ions.

3.5. Energy Parameters
The magnitude and sign of the thermodynamic parameters of

the activated complex afford an insight into the nature of the
transition state. Hence the kinetics of the title reaction were
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Table 2 Rate constants for the reaction of [BB–]0 (2.0 × 10–5M) as function
of [ClO2]0 at pH 7.0, 8.0 and 9.0.

pH 7.0
[ClO2] / 10–2 M k’/s–1* k /M–1 s–1

2.52 0.76 30.15
2.77 0.84 30.32
3.03 0.92 30.36
3.28 0.98 29.88
3.53 1.07 30.31

Mean k with Std. dev.: 30.2 ± 0.2

pH 8.0
[ClO2] / 10–2 M k’ / s–1 K / M–1 s–1

2.52 1.08 42.85
2.77 1.15 41.51
3.03 1.29 42.57
3.28 1.38 42.07
3.53 1.54 43.62

Mean k with Std. dev.: 42.5 ± 0.8

pH 9.0
[ClO2]/ 10–2 M k’ / s–1 k / M–1 s–1

2.52 2.98 118.25
2.78 3.24 116.54
3.03 3.58 118.15
3.28 3.87 117.98
3.53 4.19 118.69

Mean k with Std. dev.: 117.9 ± 0.8

where k = k’ / [ClO2],

*Mean of four replicate experiments with relative standard deviation <4 %. (n = 4)

Table 3 Rate constants for the reaction of [BB–]0 (2.0 × 10–5M) with [ClO2]t
(1.5 × 10–2 M) as function of [OH–]0.

[OH–]0/M k’/s–1* k/ 102 M–1 s–1

7.94 × 10–8 1.03 0.29
1.26 × 10–7 1.08 0.30
2.00 × 10–7 1.16 0.33
3.16 × 10–7 1.21 0.34
5.01 × 10–7 1.33 0.38
7.94 × 10–7 1.43 0.40
1.26 × 10–6 1.61 0.46
2.00 × 10–6 1.82 0.52
3.16 × 10–6 2.08 0.59
5.01 × 10–6 2.56 0.73
7.94 × 10–6 3.64 1.04
1.26 × 10–5 4.85 1.38

*Mean of four replicate experiments with relative standard deviation <4 %. k =
k’/[ClO2]. (n = 4)
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investigated as function of temperature (10 °C to 30 °C) and the
values of activation energy, enthalpy and entropy were calcu-
lated. While the activation energy was estimated as 50.06 kJ mol–1

and and enthalpy of activation was 47.58 kJ mol–1 and the
entropy of activation was negative and equal to –676.36 J K–1

mol–1. The negative entropy value suggests a compact conforma-
tion of activated complex, which is the proposed feature of the
activated complex in proposed mechanism.

3.6. Product Characterization
Column (silica gel stationary phase) chromatography was

used to separate the reaction products from crude organic
extract of the reaction mixture immediate after decolourization
of the dye (0.44 g). Collecting 10 mL fractions in each step, mobile
phase of hexane: dichloromethane (DCM) was used in stepwise
gradient as follows: for the fractions 1–20 (100 % hexane), frac-
tions 20–30 (10 % DCM in hexane), fractions 30–40 (30 % DCM in
hexane) and fractions 40–50 (50 % DCM in hexane) and so on.
Compound one (8 mg) with 50 % dichloromethane as eluent
and compound two (5 mg) with 80 % dichloromethane were
obtained after fractionation and purification. The two products
were positively identified as 4-(4-ethoxy-phenylamino)-benzoic
acid (P1), and 3,3’-(biphenyl-4,4’-diylbis(ethylazanediyl))-bis
(methylene) 3-dibenzenesulfonate (P2).

The proton NMR spectrum of the product (P1) exhibited a
triplet for methyl protons at d 1.50 and a quartet for the methy-
lene protons at d 3.62 and two sets of doublets, at d 8.07, d 7.92
and d 7.46 (two overlapping resonances) for each of the ortho
coupled protons on the two aromatic rings (Supplementary
material, Fig. S1). The 13C NMR indicated a carbonyl carbon
resonance at d 169.72, an aromatic C-O resonance at d 149.47 and
aromatic carbons in the range of d 116.18–140.09. Carbon reso-
nances are observed at d 60.37 (CH2) and d 14.08 (CH3) indicating
the presence of the ethoxy group (Fig. S2). The GC-MS spectrum
showed a molecular ion peak at m/z 258 (M+) for the protonated
product of P1. This corresponds to a molecular formula of
C15H16NO3. The observed prominent peak m/z = 229 was resul-
tant of the ethyl group loss, and the peak at m/z 110 corresponds
to the protonated p-aminophenol that results from fragmenta-
tion of P1 (cleavage of the carboxybenzyl and ethyl groups with
concomitant hydrogen migrations) (Fig. S3).

The 1H-NMR of P2 displayed ethyl protons at d 1.49 followed
by d 4.17–4.19 as triplet and quartets respectively representing

the protons from the methyl and methylene groups. The benzyl
methylene protons are observed at d 5.29 and aromatic protons
are observed as in the range of d 6.71 – d 8.08 (Fig. S4). The
13C NMR spectrum showed two methyl carbon resonances
d 14.92 and 14.98. At d 60.37 and d 63.8, the methylene carbon
resonances were observed. Aromatic carbons are observed at
d 118.80–149.47 (Fig. S5). The mass spectrum of P2 exhibited
molecular a molecular ion peak at 578 (M+) which was in agree-
ment with the molecular mass of P2. The peak at m/z 521 is due to
the fragmentation of two ethyl groups with simultaneous
hydrogen migrations to the nitrogen atoms (Fig. S6).

3.7. Mechanistic Scheme
When Brilliant blue is reacted with the oxidant chlorine diox-

ide, the oxidizing agent removes an electron from the central
olefinic bond of the molecule, resulting in a radical species which
reacts with a hydroxyl radical to form the hydroxyl intermediate,
I1. The the hydroxyl base abstracts a proton form the hydroxyl
group producing the ketone I2 and H2O. A hydroxide ion is sub-
stituted onto the ketone, which is driven by the positively
charged nitrogen atom in a position para to the quinone ring,
resulting in the benzoic acid, P1 and the biphenyl product P2.
The probable mechanism for formation of the two oxidation
products is illustrated in Scheme 1.

3.7.1. Proposed Mechanism
Based on the experimental results, the kinetic data, products

identified and proposed mechanistic scheme, the overall reac-
tion mechanism may be proposed as follows.

BB– + ClO2 ® BB + ClO2
–R1

BB + OH–
® I1

–R2
BB– + ClO2 + OH–

® I1
– + ClO2

–R3
I1

– + ClO2
–

® I2 + ClO2
–R4

I2 + OH–
® I3

–R5
I3

– + OH–
® P1 +P2

2–R6
Overall equation is
BB– + 2ClO2 + 3OH–

® P1 + P2
2–+ 2ClO2

– + H2O

3.8. Simulations
Simulations were done to validate the proposed mechanisms

and to prove that it is the more probable one. Simkine 3 software
was used to compute the kinetic profiles of the reactants, inter-
mediates and products.47,48 The estimated rate constant were
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Figure 2 A plot of k against hydroxide ion concentration. Reaction conditions: [BB–]0 = 2.0 × 10–5 M with [ClO2]0 = 1.5 × 10–3 M and [OH–]eq = 7.94 ×
10–8 M to 1.26 × 10–5 M. (n = 4 with less than 4 % relative standard deviation).
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optimized and adjusted until the simulated curves the product
analysis gives details for the intermediate structures. The com-
puted curves agreed well with the experimental kinetic profiles,
confirming the suggested mechanism to be probable (Fig. 3). The
rate constants used for C1 and C3 in simulations were experi-
mental values and C2, C4, C5 and C6 were the estimated rate
constants. Figure 4 illustrates experimental E1 and simulated S1
together with the profiles of intermediates and final products P1

and P2. A fair agreement in between the experimental curves and
the computed profiles, endorse the probability of the proposed
mechanism.
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Scheme 1
Mechanistic scheme for oxidation of Brilliant blue-R with chlorine dioxide.

Figure 3 Experimental curves versus simulated curves. Reaction conditions: [BB–]0 = 2.0 × 10–5M with varied ClO2 concentrations, [ClO2]0/10–2 M, E1
= 2.52, E2 = 3.03 and E3 = 3.53 and pH 9.0.

Table 4 Rate equations and coefficients used for simulations.

Reaction Forward rate

C1* BB– + ClO2 ® BB + ClO2
– 3.23 × 102 M–1 s–1

C2 BB + OH–
® I1

– 7.00 × 105 M–1 s–1

C3* BB– + ClO2 + OH–
® I1

– + ClO2
– 9.00 × 106 M–2 s–1

C4 I1
– + ClO2

–
® I2 + ClO2

– 2.30 × 106 M–1 s–1

C5 I2 + OH–
® I3

– + H2O 2.45 × 106 M–1 s–1

C6 I3
– + OH–

® P1 +P2
2– 2.61 × 106 M–1 s–1

* Experimental values.
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4. Conclusions
The main products of oxidation of Brilliant blue by chlorine

dioxide immediately after its decolourization are 4-(4-ethoxy-
phenylamino)-benzoic acid (P1), and 3,3’-(biphenyl-4,4’-
diylbis(ethylazanediyl))bis(methylene) 3-dibenzenesulfonate
(P2) and both are less toxic than the starting compound. While
the catalysing characteristic of hydroxide ion is positively estab-
lished, reaction orders with respect to Brilliant blue and chlorine
dioxide were unity. The catalytic constant for the hydroxide ion
catalyzed path was high and found to be 9.0 × 106 M–2 s–1.
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Fig. S1.  1H NMR spectrum for Product P1 4-(4-ethoxy-phenylamino)-benzoic acid. 

 

 

Fig. S2. 13C NMR spectrum for Product P1 4-(4-ethoxy-phenylamino)-benzoic acid. 
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Fig. S3. GC-MS spectrum of brilliant blue-R major oxidation product  P1 4-(4-ethoxy-
phenylamino)-benzoic acid). 
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Fig. S4.1H NMR Spectrum for Product P2 3,3'-(biphenyl-4,4' 
diylbis(ethylazanediyl))bis(methylene)dibenzenesulfonate. 

 

Fig. S5.  13C NMR spectrum for Product P2 3,3’-(biphenyl-4,4'-
diylbis(ethylazanediyl))bis(methylene)dibenzenesulfonate. 
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Fig. S6. GC-MS  spectrum of brilliant blue-R major oxidation product  P2  3,3'-
(biphenyl-4,4'-diylbis(ethylazanediyl))bis(methylene)dibenzenesulfonate. 

 

 


