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Kinetics, mechanism and cloud point
measurements in the oxidative degradation
of non-ionic Triton X-100 surfactant

in acidic permanganate solutions

Abstract The polyoxyethylene chain
of non-ionic surfactant Triton X-100
[4-(1,1,3,3-tetramethylbutyl) phenyl
polyethylene glycol, TX-100] was
degraded by permanganate in the
presence of HCIO,4. The oxidative
degradation rate and cloud point
have been obtained as a function of
[surfactant], [permanganate],
[HCIO,], and temperature. Depen-
dence of the reaction rate on adding
inorganic salts (NasP,O-, NaF and
MnCl,) was also examined. The
oxidation rate increased with in-
crease in [TX-100] and [H™]. The
higher order kinetics with respect to
[TX-100] at lower [H "] shifted to
lower order at higher [H"]. The
cloud point of TX-100 (67°C) shifted
to lower temperature (23 £0.5°C)
after oxidative degradation of the
polyoxyethylene chain. Evidence of
complex formation between TX-100
and MnOj was obtained spectro-
photometrically. Presence of the
primary alcoholic (-OH) group in
the TX-100 skeleton is responsible
for the degradation of oxyethylene
chain. Both monomeric and

Introduction

Surfactants are amphipathic molecules having both
hydrophobic (water insoluble) and hydrophilic (water
soluble) properties. Surfactant properties have at-
tracted growing attention for use in biochemistry,

aggregated TX-100 molecules are
oxidized by permanganate. A
catalytic oxidation mechanism is
proposed on the basis of the
experimental findings.

Keywords Kinetics - Cloud point -
Triton X-100 - Permanganate -
Oxidation

biological and chemical research applications [1]. The
chemical stability and the degradability of non-ionic

surfactants play an important role in industry [2]. The
study of electron transfer processes in organized
molecular assemblies (e.g., micelles) has added a new
dimension to biochemical research [3—7]. The salient
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properties of the surfactants that effect electron
transfer reactions are localization and compartmental-
ization effect, pre-orientational polarity and counter-
ion effects and the effect of charged interfaces [8—10].
A number of chemical reactions catalyzed by different
types of surfactants have been investigated from the
kinetic view point [11-18]. Hidaka et al. reported
extensively on the photo-oxidative degradation of
surfactants (cationic, anionic and nonionic) catalysed
by the TiO, semiconductor under either UV irradia-
tion or solar exposure [19, 20].

Considerable kinetic data have accumulated on the
oxidative degradation of organic compounds by per-
manganate ion. However, details of systematic kinetic
studies of permanganate oxidation involving micelles (or
surfactant monomers) as reductant are not yet well-
known. TX-100 (trade name of Union Carbide for [4-
(1,1,3,3-tetramethylbutyl) phenyl polyethylene glycol]
with average 9.5 moles of oxyethylene and having the
lower consolute point (cloud point) at 67°C is easily
available and sufficient data exist in literature on the
cloud point for a meaningful comparison of the results
[21, 22]. In view of our recent results of TX-100
oxidation by Ce(IV) [23], it was thought that it would be
of interest to investigate oxidative degradation of the
surfactant by another powerful oxidant, viz. acidic per-
manganate, with a view to having an insight into the
mechanism.

We have carried out the present study with the fol-
lowing aims: (1) to determine the effects of different
variables on the rates of oxidation of TX-100 (monomer
and micelles) by MnOy; (2) to establish formation of
colloidal (water soluble) MnO, as an intermediate; and
(3) to determine the cloud point of TX-100 after deg-
radation. The observed results and the probable expla-
nations are detailed in this paper.

Experimental
Materials

All the reagents used were supplied by Fluka and Merck
(India) and were of the commercially available purity.
Permanganate solutions were standardized by titration
against oxalic acid. The purity of TX-100 was ascer-
tained by the absence of minima in surface tension
versus log [TX-100] plots [24]. HCIO4 (Thomas Baker,
70% reagent) was used to maintain the [H ].

Kinetic measurements

Kinetic experiments were carried out at 35°C unless
otherwise mentioned. Separately thermostated solution

of permanganate and mixture containing TX-100,
HCIO,4 and other reagents (whenever necessary) were
mixed. The rate of disappearance of permanganate
ion was monitored at 525 nm using cell of path length
1 cm®. The reactions were usually followed up to the
complete disappearance of permanganate color (Fig. I,
inset A). The pseudo-first-order rate constants (k; or k»,
s~ "k, refers to non-catalytic whereas k, refers to
autocatalytic reaction pathways) were calculated from
the slopes of plots of log (absorbance) versus time. Other
details of the kinetic measurements were the same as
described elsewhere [16, 25].

Turbidity observations

Visual inspection has been established sufficiently accu-
rately for routine cloud point measurements [26]. There-
fore, to observe the appearance of turbidity (cloudiness),
different sets of experiments were performed under dif-
ferent conditions. In a typical set, varying amounts of
permanganate (up to 66.6x10™* mol dm™) were mixed
with a constant [TX-100] (=13.3x10"* mol dm™) and
[H"] (=0.77 mol dm™) at fixed temperature (=65°C).
Each testing sample was taken in a well-stoppered glass
test tube and placed in a thermostated oil bath at the
desired temperature. The appearance of clouding was
subsequently noted by visual observations. The
same procedure was used for different [permanganate],
[TX-100] and [HCIOy4] at different temperatures ranging
from 30°C to 65°C. In addition, the exact cloud point
was determined as follows: A sample mixture contain-
ing [TX-100] (=13.3x10"* mol dm™), [KMnOy]
(=40.0x10"* mol dm™3), [H"] (=0.77 mol dm™), for
example, was cloudy at 30°C. The system was then al-
lowed to slowly cool and the point of disappearance of
clouding was noted.

Results and discussion
Kinetics

Figure 1 shows examples of some of the kinetic curves
from which the rate constants for the oxidation were
obtained. As the plots of log(absorbance) versus time
deviate from linearity, it is clear that the oxidation
kinetics proceed in two stages, i.c., initial slow stage
followed by a relatively faster step. The time at which
the deviation commenced was found to decrease with
increase each in [H'], [TX-100], [MnOj;] and
temperature. A complete reaction scheme for the
oxidation of TX-100 by permanganate is given in
Scheme
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MnOs + TX-100 ——» Intermediate(s) (€))
Intermediate(s) + TX-100 ———————®  Mn(Il) + other products 2)
Scheme 1
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Fig. 1 Plots of log (absorbance) versus time at 525 nm. Reaction
conditions:  [MnO3]=2.0x10"* mol dm™>; [TX-100]=  20.0x
10™* mol dm™; [HCIO4] = (A) 6.9, (B) 4.6, (C) 6.9x10™> mol dm™>;
[MnO,]=(A) 0.0, (B) 0.0, (C) 10.0x10~> mol dm™>; tempera-
ture =35°C. Inset disappearance of absorbance with time at
525 nm. Reaction conditions: same as in Fig 1

It should also be mentioned that ionic strength of
the solution could not be maintained constant. In or-
der to avoid complications from precipitation of MnO,
[27], the reactions were performed in strongly acidic
medium. A series of experiments were carried out
under different experimental conditions (Figs. 1, 2, 3
and Tables 1, 2). The linearity of both the stages
(noncatalytic (k1) and autocatalytic (k5)) in the plots of
log(absorbance) versus time indicates unit order with
respect to [MnOyj] in both the stages. On the other
hand, it was also observed that rate constants k; and
k, decreased as the initial concentration of MnOyj in-
creased (Table 1). The basic trend in chemical kinetics
is that the pseudo-first-order rate constants are inde-
pendent of the initial concentration of the reactant.
The same type of defect has been obtained in many
permanganate reactions and especially in those having
an autocatalytic character [27]. The k; and k, increased
considerably with increasing [HCIO,] (Table 1) and the
plots of log (rate constant) versus log [HCIO4] were
linear with slopes 1.5 and 1.0 for noncatalytic and

Absorbance at420nm

0.0 1 |
0 10 30 50

Time (min.)

Fig. 2 Plots of absorbance versus time at 420 nm. Reaction
conditions: [MnOz]=2.0x10"* mol dm™; [TX-100]=
20.0x10™* mol dm™>; [HCIO4] = 6.9x1072 mol dm~>; [Mn(II)] = (A)
0.0, (C) 0.0, (B) 4.0x107> mol dm™; [MnO,]=(A) 0.0, (B) 0.0, (C)
10.0x107° mol dm™. Inser absorbance at 525 nm versus absor-
bance at 420 nm. Reaction conditions: [TX-100]=
20.0x10™* mol dm™>; [MnOz]=2.0x10"* mol dm™>; [HClO4]=
6.9x1072 mol dm™3; temperature =35°C

autocatalytic steps, respectively. Pseudo-first-order rate
constants were found to increase with increasing [TX-
100]. The effect of variation of [TX-100] indicates that
order with respect to [TX-100] decreases with increas-
ing [H'] (1.5, 1.3, 1.0 (k;) and 2.6, 2.0, 1.3 (k») with
[H"]=2.3, 4.6, and 6.9x102>mol dm™ for the
noncatalytic and autocatalytic reaction pathways),
suggesting involvement of H" prior to the electron-
transfer step (the rate determining step) for both the
stages. In order to confirm the oxidation of TX-100
monomer, some experiments were also performed at
[TX-100] <cmec. Interestingly, the autocatalytic part
(ky) is not observed at lower [TX-100]. The values of
kops (x107%) at 35°C were 0.76, 1.5, 2.3, 3.0 and 3.8 57!
at [TX-100] (x107%)=2, 4, 6, 8 and 10 mol dm™ .
Thus, permanganate may oxidize both the monomeric
TX-100 as well as aggregated units. The rate constants
were obtained at 35, 45 and 55°C and, from the plots
of log k; and k, against 1/T the values of activation
energies (E,) and other parameters for both the stages
were evaluated (Table 1).

Stoichiometry

The reaction stoichiometry was determined using spec-
trophotometric titrations. Several reaction mixtures with
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Fig. 3 Plots of rate constants versus [NayP,O-]. Inset rate constants
(ky and k,) versus [NaF] and rate constant (kz) versus [Mn(1D)].

Reaction conditions: [MnO;]=2.0x10"* mol dm™3; [TX-
100]=30.0x10"* mol dm™>; [HCIO4]=2.3x10"> mol dm™; temper-
ature=35°C

[MnO3]> [TX-100] (6.0x107*~ 66.6x10™* mol dm™>
0x1ddnt 6.0x107* mol dm™ reductant) at constant

[H"] (=0.77 mol dm™) were prepared and kept for
30 min at 60°C. The residual absorbance of MnOj; was
monitored at 525 nm where there was no absorbance
from the Mn(II) species. The stoichiometry for the
oxidative degradation of TX-100 by MnOj is 1:3
(TX-100:MnQOy).

Spectroscopic evidence for complex formation
between MnOj; and TX-100

Under the experimental kinetic conditions of
[H"]=2.3x10"> 6.9x107> mol dm™>, there was no
spectroscopic and kinetic evidence (strict first-order
dependence on [TX-100] and [H']) in favor of inter-
mediate complex formation between the reactants.
However, at lower [H'] (=1.2x107> mol dm™), a
complex formation was confirmed from initial absor-
bance increase at 525 nm. Preliminary observations
indicate that the absorbance of permanganate
(=2.0x10"* mol dm™®)  changes  with  [TX-100]
(22.0x107% mol dm™>). The initial rapid reaction may be
represented as

K.
MnO; + TX-100 =20 complex + H,O (3)

At constant [H"], the value of complex formation
constant (K.) was determined by using the relation [28]

[MnOy],[TX-100]  [TX-100] 1 )
AA T Add K. Agl
where, AA = the difference in absorbance between the

complex and Mn(VII) species at the wavelength
(Amax =525 nm) when both the uncomplexed and com-
plexed forms of Mn(VII) absorb, Ae = the difference in
absorption coeflicients, and / = the path length. To test
the validity of Eq. 4, the left-hand-side term was plotted
against [TX-100], which was found to be fairly linear.
From the slope and intercept, the values of K, and Ae
were calculated and found to be 14.8x10° mol™' dm’
and 800 mol ~'dm® cm™, respectively.

Table 1 leues of the Eseudo -first-order rate constants (k, and k,) and activation parameters (E,, A H#, A %) for the oxidation of TX-100

(=30.0x10"* mol dm™) by permanganate

10* [MnO3] (mol dm™) 10% [HCIO,] (mol dm™?) Temp (°C) 10* &y (s71) 10 ey (s71)
1.0 23 35 32 7.0
1.5 23 35 3.8 6.8
2.0 2.3 35 2.4 6.5
2.5 23 35 23 6.3
3.0 23 35 1.9 6.0
2.0 2.3 35 2.4 6.5
2.0 3.0 35 3.2 8.0
2.0 4.6 35 6.1 10.7
2.0 6.0 35 9.6 15.9
2.0 6.9 35 12.2 19.1
2.0 23 35 2.4 6.5
2.0 2.3 45 3.8 9.5
2.0 23 55 7.6 13.0
Actlvatlon parameters Noncatalytic Autocatalytic
&k] mol~ ) 49 28
(kJ mol” b} 46 25
—AS# (K" mol™) 300 298
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Table 2 Values of the pseudo-first-order rate constants (kjand k») at different [TX-100] at three different [HCIO,] for the oxidation of TX-

100 by permanganate (=2.0x10~* mol dm™) at 35°C

10* [TX-100] 10% [HCIO,] (mol dm™>)

(mol dm™)
2.3 4.6 6.9
10* &y (71 10* kp (s7h) 10* &y (s7h 10* kp (571 10* &y (71 10* kp (s7h
14 0.0 0.0 22 3.6 5.3 11.5
20 0.9 2.5 3.0 6.5 9.2 145
26 1.8 4.8 5.0 8.8 10.2 16.4
30 2.3 6.5 6.1 10.7 12.2 19.1
40 3.8 13.8 9.2 19.9 16.1 28.4
44 4.2 17.2 10.2 24.5 18.2 32.4
50 5.0 242 12.2 29.9 20.1 37.4

Identification of the autocatalysis and formation
of manganese(IV)

Additional experiments are needed to determine the true
nature of the inflection in the plot of log(absorbance)
versus time (Fig. la, b), which may arise due to
involvement of intermediate(s). These intermediate(s)
can lead to cyclic reactions that may result in autoca-
talysis. In order to identify the intermediate(s), the
absorbance of the solutions were monitored at two
wavelengths (420 and 525 nm) as a function of time in
the absence and presence of the water soluble form of
colloidal MnQO,, which was prepared as detailed by
Perez-Benito et al. [29]. The observed results are
graphically represented in Fig. 2 as absorbance-time
profiles. The plots show gradual increase of absorbance
with the increase in time up to ca. 10 min at 35°C in the
absence(Fig. 2a, b) and presence of colloidal MnO, in
the reaction mixture (Fig. 2c) at the beginning of the
experiments. However, after this optimum time, the
absorbances decrease with time. This behavior may be
the indication of the formation of Mn(IV) as an inter-
mediate. Permanganate ion is almost transparent to
radiation at 420 nm. It can be seen that if MnO, is
present at the beginning of the reaction (Fig. 2c), the
absorbance at 420 nm is higher (Fig. 2a). On the other
hand, the plot of log (absorbance) versus time is a
straight line (Fig. lc, instead of the deviation, Fig. la,
b). On the basis of these observations, we may thus
conclude that the intermediate from the reduction of
MnOj; by TX-100 is Mn(IV) species. The linear rela-
tionship between absorbances at 420 and 525 nm
(Fig. 2, inset) also indicates that MnOy is converted to
highly unstable Mn(V), which goes very rapidly to
MnO, and that the species which absorbs light at 420
and 525 nm is soluble (colloidal) MnO,. Formation of
Mn(VI) and Mn(V) are ruled out because these species
are highly unstable in acidic medium [30].

In order to further confirm/gain insight into the
autocatalytic pathway, the effect of initially added
Mn(II) (reduction product of MnOy) was also studied.
The results, shown in Fig. 3 as rate constant—[Mn(II)]
profile, indicate sigmoid dependence of k, on [Mn(II)].
It was also noticed that the extent of the noncatalytic
reaction pathway disappeared completely. Our results
seem to indicate that Mn(II) is a true active autocat-
alyst (the Mn(I) formed as reaction product
contributes to accelerate the oxidation of TX-100 by
MnOy).

It is well-known that Mn(III) species is reasonably
stable only in acidic solution (pH<3.0) and dis-
proportionate in solutions of higher pH [31]. Therefore,
to substantiate the formation of Mn(IIl) as an inter-
mediate during the present reaction, the effects of
adding [P,O%7] and [F7] were investigated. It is seen
that rate constants decrease with increase in [P,O%7]
and [F7] (Fig. 3). The observed inhibitory effects sug-
gest the possibility of formation of Mn(III) (although
our attempts failed to observe appearance of this ion at
470 nm—the /4 qa.x for aqua manganese(III). This
indicates that Mn(III) may also be the reactive species
in the autocatalytic path. Therefore, it can be con-
cluded that the oxidation of TX-100 by MnOj is
autocatalysed by soluble colloidal MnO, and Mn(I1I)
(formed as the reaction intermediates) and Mn(II)
(formed as reaction product).

During the oxidation of TX-100 it was noticed that
the order with respect to TX-100 decreases with
increasing [H™], which shows that the involvement of
H™ must be considered before the rate-determining step.
In a strong or moderate acid medium, MnOj ion is
protonated in accordance with the equilibrium
MnO; + H" =HMnO, to afford HMnO, (which is a
powerful oxidant).

On the basis of experimental results the following two
mechanisms can be proposed:
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1. Noncatalytic reaction pathway

MnOs  + [H'] HMnOy (5)
O (CH, CH, 0); CH, CHy OH O (CH, CHy 0);CH, CHy OH,
K
! i (6)
; |
CH3—C—CHs CH; ¢y
CHp ;CH2
CHB—(‘:— CH3 CH3—¢_ CH,
CHs CHj3
TX-100 A
O {CH, CH, O); CH, CH; ~ O — MnOs
!
K(:l
A + HMnO, + H,0 7)
‘|
CH3 4C*CH3
|
CH;
|
CH3 - C— CH3
|
CHj
cl
O ~( CH, CH, O); CH, CHO
|
k)
Cl + Mn(IV) (8)
CHj —C—CHj3
|
CHy
|
CH3 - C— CH3
CH;
P

Scheme 2
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2. Autocatalytic reaction pathway

K
MnO, + TX-100 = MnO,-TX-100 (9)
2
O (CH, CH, O ); CHy CH,0
ko
C2 + Mn (1) (10)
|
CHy—C—CH;
cn
CH;C—CHs
CHj
Radical
Mn () + TX-100 — 2 Mn(l) + P (11)
fast 12
Mn () + Radical as Mn(l) + P (12)
Mn (V) + Mn (II) 2 Mn (III) [ ref. 32] (13)

MnO4 + 4Mn(l) + SH*

2MnO; + 3 Mn(l) + 2H,0

Scheme 3

In Scheme 2, Egs. 5 and 6 represent, respectively,
protonations of MnOj; and TX-100. The next reaction
shows formation of a 1: 1 TX-100-Mn(VII) complex (C1).
In analogy with previous studies [32], we assume that it
decomposes to Mn(IV) and product (P) (other oxidation
states of Mn are obviously involved in the reaction; they
are extremely reactive and unstable in acidic solutions). It
is worth mentioning that Scheme 2 mechanism is valid
only for higher [H "] (first-order with respect to [TX-100]).

5Mn (IlI) + 4H,0  [refs.33,34] (14)

5MnO, + 4H' [ref.35] (15)

From the Scheme 2 mechanism the following rate-law
is derived:

kKo K[HT)[TX-100]
(1 +K[H])

kobs1 = (16)

Under the experimental conditions of [H']=
2.3x1072 mol dm™>, 1>K [H "], and Eq. 16 reduces to
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kobsi = k1Ko K[HT][TX-100], (17)

Equation 17 clearly explains the first-order depen-
dence of the reaction each on [H "] and [TX-100]r. At
constant [H'] (=2.3x107> mol dm™), the value of
kK, obtained from the slope (=0.38) of the plot of
rate constant (kops;) versus [TX-100], was found to be
1.11x107 mol™" dm’ s~

In Scheme 3, reaction (9) represents formation of
another complex (C2) with the colloidal MnO, and
TX-100. Equation 10 is the rate determining step of
autocatalytic pathway to yield Mn(III) as an interme-
diate. Therefore, Mn(III) would also participate in the
reaction as an autocatalyst. In the presence of large
amount of TX-100, the intermediate (Mn(II1)) imme-
diately gets converted into stable products (Eq. 11).
The reduction of colloidal MnO, to Mn(III) by Mn(II)
has also been reported by Perez-Benito [32]. Our re-
sults seem to suggest that there is a competition
between Mn(II) and TX-100 to react with MnOj
(reactant) and colloidal MnO, (intermediate).
Interestingly, Scheme clearly indicates that the
autocatalytic is not a true path of the MnOz—TX-100
reaction. It may be a mixture of a series of cyclic
reactions (Egs. 9, 10, 11, 12, 13, 14, 15). Therefore, the
exact dependence of k, on [TX-100] and [H "] cannot
be estimated. Thus, we conclude that if externally
added Mn(II) is present in the reaction mixture at the
beginning of the experiments, the path of permanga-
nate reactions may become more complicated. How-
ever, from Scheme 3 mechanism the following rate
equation is derived:

koK oK [HT[TX-100]
(1+K[HT)

kosz = ( 18)

At constant [H"], the rate law, Eq. 18, is thus re-
duced to Eq. 19.

kobsa = koK K[H'][TX-100], (19)

This clearly explains the first-order dependence of
reaction each on [H ] and [TX-100] in the autocatalytic
reaction pathway.

The value of A S* for both steps (noncatalytic and
autocatalytic) are the same (Table 1) whereas the
noncatalytic step is associated with a higher A H”
than the autocatalytic. Thus, the oxidation is en-
thalpy-controlled rather than an entropy- controlled
one. On the other hand, large negative value of A S*
suggests a bimolecular reaction in the rate-determining
step in the presence of water as solvent and the
involvement of proton transfer during the rate-deter-
mining step for the acid-catalyzed reactions.

Oxidative degradation of polyoxyethylene chain
of TX-100

The main body of the TX-100 surfactant is composed of
saturated alkyl {(CH3);C-CH,C(CH3),—} and polyoxy-
ethylene {(OCH,CH,),} chains. The saturated alkyl
chain has been considered to be relatively stable under
normal conditions. However, it should be added that the
alkyl chain of nonionic surfactants is not necessarily
immune to degradation. The activating substituents
(unsaturation and aromaticity) can increase their reac-
tivity under sufficiently vigorous conditions [36]. In
general, the rapidity of the reaction in the ether chains
permits the alkyl chain reaction to be neglected. In fact,
the polyether chains show behavior similar to that of
simple ethers, undergoing auto-oxidation very readily. It
has been established that the cloud points of nonionic
surfactants may decrease and increase after the short-
ening of polyoxyethylene- and saturated alkyl chains [2].
In order to confirm these facts, a series of experiments
were performed to determine the cloud point under
various experimental conditions. These results are given
in Fig. 4 and Table 3. It was observed that at specific
concentrations of TX-100, HCIO; and KMnOy, the
reaction mixture became cloudy. The time of the
appearance of turbidity decreased with increasing tem-
perature (Fig. 4). It was also noticed that turbidity did
not appear at all at 20°C even after prolonged incuba-
tion at this temperature. Under our experimental con-
ditions, however, the cloud point of TX-100
(=13.3x10"* mol dm™>) is 23°C in presence of MnOj
(=40.0x10"* mol dm™) and [H*] (=0.77 mol dm™).
Therefore, it was safe to assume that there was no pure
TX-100 surfactant (cloud point=67°C). From Fig. 4, it

Cloud point(°C)

20 1 1 1 1

Time (min )

Fig. 4 Plots of temperature of turbidity appearance versus time.
Reaction conditions: [TX-100]=13.3x10" mol dm™>; [HClO4]=
0.77 mol dm™3; [MnO3]=(A) 0.0, (B) 33.3, (C) 40.0x10™* mol dm~>
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Table 3 Effects of [MnOj3], [TX-100] and [H "] on the appearance of turbidity for the oxidative degradation of TX-100 by permanganate

in the presence of HCIO, at different temperatures

10* [MnO3] (mol dm™3) 10* [TX-100] (mol dm™)

[HCIO4] (mol dm™)

Appearance of turbidity®

Temperature (°C)

30

40

wn
(==

[oN]
(=]

0.0 133
0.0 13.3
6.0 13.3
11.6 13.3
133 133
20.0 133
26.6 13.3
322 133
40.0 133
533 133
66.6 133
40.0 13.3
40.0 13.3
40.0 133
40.0 13.3
40.0 133
40.0 13.3
40.0 13.3
40.0 6.6

40.0 13.3
40.0 20.0
40.0 26.6
40.0 333
40.0 40.0
40.0 46.6
40.0 533
40.0 60.0

22222720002Z000020000002z222272

22222720002Z00002000000z2z22272

22222720002Z00002000000222272

22222720002Z0000Z20000000002Z27Z

“Turbidity test: N no turbidity, O turbidity observed, D MnO, deposition

is seen that HCIO4 has no effect on the cloud point,
while addition of permanganate in the same solutions
has a drastic effect on the cloud point. This is a clear
indication that decrease in the cloud point is due to the
degradation of polyoxyethylene chain of TX-100 which,
in turn, changes the nature of the micelles. Reaction
mixtures become turbid at 30°C as scission reduces the
HLB below critical value. Thus, it is safe to conclude
that the free radical generated in the oxidation of TX-
100 by permanganate, undergoes cleavage [2] at C-O
bond of polyoxyethylene chain of TX-100, which, in
turn, decreases the cloud point of this surfactant. On the
basis of decrease in cloudpoint and previous hypothesis
[2], the following additional step (kinetically indistin-
guishable) cannot be ruled out, especially in the presence
of a strong oxidizing agent, such as permanganate.
Mixing of TX-100 and MnOj produces a complex series
of reactions. The ether groups of polyoxyethylene of
TX-100, which are prone to form peroxides, are the sites
of initial attack of MnQOj. Aldehyde group can form
from the scission of the polyoxyethylene chain as well as
from oxidation of the primary hydroxyl group. In the

where R =

Scheme 4

-0 -( CHy CH; O ); CHy CH,O

MnOy"| fast

—OH + nCH;COOH

T

|
CH;

T

CH;

—C— CHy— (‘? — CH;
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presence of permanganate, the oxidation of —CHO
group would continue to produce the carboxylic acid.

Cleavage of the C-O bond of oxyethylene chain of
the nonionic surfactant should undoubtedly disturb
hydrophilic-lipophilic balance, the cmc and the cloud
point but the change may not necessarily occur smoothly
(Table 3). Primary alkoxy radical is stable enough at
ambient temperature to form the alcohol by H-
abstraction from the other molecule of TX-100. Presence
of carboxylic group (-COOH) in the degraded solution
was detected by spot test. In our attempt to confirm the
aldehyde, Nash’s procedure [37] was also used: the
reaction mixture was treated with acetylacetone, acetic
acid and ammonium acetate following which the
absorbance of the resulting diacetyl dihydrolutidine was
monitored at 415 nm.

In order to confirm the oxidative degradation of ether
linkage in TX-100, some additional experiments were
also carried out in presence of diethyl ether. In a typical
experiment, [MnOj] (2.0 x10™* mol dm™) was mixed
with diethyl ether (20% v/v) at room temperature
(28°C). It was found that the permanganate color dis-
appeared completely, which indicated the instability of

the polyoxyethylene chain of TX-100 (vide supra,
Scheme 4).

Conclusion

The most interesting feature of this study is the oxida-
tion of TX-100 by MnOj. We are unaware of precedence
in the redox chemistry of TX-100. The linearity in the
plot of log(absorbance) versus time at 525 nm in the
presence of colloidal MnO, in solution at the beginning
of the experiments is unique in the sense that reaction
has no induction period. The presence of ~OH group in
the polyoxyethylene chain of TX-100 is responsible for
the oxidative degradation. The degradation in the
polyoxyethylene chain is best understood by an exami-
nation of cloud point of the non ionic surfactant. Cloud
point of TX-100 decreases sharply in the presence of
MnOj; with time. This study opens up a new area of
surfactant science in which surfactants can be used as a
reactant. Similar detailed studies may contribute to-
wards biodegradability of such molecules.
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