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The effect of cetyltrimethylammonium bromide (1) on the radical oxidation of pyrocatechol 
violet by hydrogen peroxide was studied in the presence of N,N'-ethylenediamine-bis(o-amino­
benzaldimine)cobalt(II) bromide and cobalt dichloride. After a short, faster period the reaction 
obeys the 1st order formalism. In the presence of I the experimental rate constants are as much 
as 42 times higher than in "pure" solutions. In optimum conditions (dye concentration 1·75 . 
. 10- 4 moll- 1) the reaction can be described in terms of the usual formalism of micellar catalysis. 
In solutions containing I the effect of cobalt compounds can be traced down to cobalt concentra­
tion levels of 10- 8 moll- 1. The dependences of the experimental rate constants on the con­
centrations of hydrogen peroxide and cobalt compounds and on the temperature and pH are 
discussed. 

Surface active substances affect appreciably the reactivity of molecules!. In analytical 
chemistry, use is often made of their effect on chemical equilibria to enhance the 
sensitivity and selectivity of detection and determination of inorganic ions2

• Micellar 
catalysis has been extensively studied in hydrolytic, solvolytic, and in part also radical 
reactions1

,3,4. Cationoid surfactants a:ccelerate the decomposition of crystal violet 
in alkaline solutions 5 ,6, oxidation of thiophenols 7, oxidation of the reduced form 
of nicotinamideadeninedinucIeotide8

, and formation of duroquinone radicals9
, and 

have a favourable effect on the yield of electrooxidation of benzhydrol lo
,l1. 

The aim of the present work was to study the radical destruction oxidation of pyro­
catechol violet by hydrogen peroxide, catalyzed by N,N'-ethylenediamine-bis(o­
-aminobenzaldimine)cobalt(II) bromide [Co(H2enbz2)]Br2 or cobalt dichloride and 
cetyltrimethylammonium bromide. 

EXPERIMENTAL 

Chemicals and Apparatus 

Stock solution of I was prepared in IO - 2M concentration, the tenside surfactant was determined 
with 1O-2 M solution of tetraphenylboronnatrium12 . 13 . Pyrocatechol violet was twice recrystal­
lized from ethanol, and its content was determined by alkali metric titration (as a dibasic acid)14. 
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The preparation and purity checking of the [Co(Hzenbzz)]Brz complex have been reported 1 
5. 

Solutions of CoCl2 were obtained by diluting the stock solution, in which the cobalt content 
was determined chelatometrically using murexide as the indicator 1 6 

. The concentration of hydro­
gen peroxide was determined manganimetricallyl 7. The pH was adjusted with a triethanolamine 
buffer (pH 8'00) and differently concentrated sodium hydroxide solutions. The ionic strength 
was given by the concentration of the buffer; at pH 8'00, I was 0·017. All chemicals used (except 
the dye) were reagent grade purity. 

The reaction was studied at 25 ± O'l °C in thermostatted cells of a Unicam SP 8100 spectro­
photometer (Pye Unicam, Cambridge). The pH values were measured on a PHM 64 instrument 
(Radiometer, Copenhagen) with the precision of ± 0'02 H units. 

Experimental Data Evaluation 

In neutral or alkaline solutions, pyrocatechol violet is oxidized by hydrogen peroxide in the 
presence of trace quantities of cobalt compounds to give colourless products. Thus the absor­
bance of a reaction mixture in I cm cells in the time t is 

(1) 

where e is the molar absorptivity of the dye and cL and (cL - x) are its initial and actual con­
centrations, respectively. The absorbances were measured at the wavelength of the first long-wave­
length band of the HzL species (595 nm for "pure" solutions, 609 nm for solutions containing I). 
The experimental rate constants kexp were then calculated numerically according to the relation 

(2) 

where Ao and At are the initial and actual absorbances of the solution, respectively. 
The tabulated values are averages of 7 to 30 measurements; the relative standard deviation 

of the rate constants did not exceed 5%. 

RESULTS AND DISCUSSION 

The reaction is of complex nature both in the absence and in the presence of cationoid 
surfactant. At the beginning, a slightly faster period appears, followed in 20 minutes 
by a slower course, obeying the first order formalism until the pyrocatechol violet 
has reacted. The experimentally established rate constants kexp (Eq. (2)) are dependent 
upon the concentration of the cationoid surfactant (Table I). In case that the reaction 
rate is proportional to the dye concentration in the micellar phase, it can be described 
in terms of the usual formalism of micellar catalysis 1, 

M + L 0(--.2. ML, (A) 

p p 

where Land ML denote the dye in the aqueous and in the micellar phases, respectively, 
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decomposing to the products P, and M is the "pure" micellar formation. The stability 
constant of the micellar complex of the dye (with the assumed stoichiometry 1 : 1) 
is then 

P = [ML ] /([L] [M]) . (3) 

The experimental rate constants are related \\-ith the rate constants ko and km through 

( 4) 

where F 0 and F m denote the aqueous and micellar fractions of the dye, respectively. 
Combining Eqs (3) and (4) and rearranging we obtain the relation 

TABLE 1 

Dependence of the Rate Constant on the Concentration of Cetyltrimethyalmmonium Bromide 
CH,O, = 0-084moll - l , pH 8-00, t = 25°C; A: c L = 1·75.1O- 4 moll- l , CCoCl, = 2.10- 7 

moll - l ; B: cL= 3-9. 1O- 5 moll - l , cCoCI, = 2_ 1O -7 moll - l; C: c L = 3-9 . 1O - 5 moll- 1
, 

cCo( H,enbz,) = 2.10 - 7 moll -l. 

ABC 

0'26 
0- 15 
0-95 

3 
4 1-60 

2·01 
2-39 

10 2·87 
12 2-89 
14 3-20 
16 3'33 
18 3-24 
20 2-95 
30 2-69 

40 2'64 
48 2-79 
60 

0-21 
1'53 
2-30 
2·89 
3·46 
3-88 
2-01 

I -54 

2'18 
1-20 

0-17 
1-20 
1-94 
2'82 
3'39 
2' 32 
1·64 

1'49 

0·93 1·50 

0·86 

-- -~--- ---~ - --------- - --- ------ -
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in which the concentration of the "pure" micellar formations is approximated as 

(6) 

here Cs is the total concentration of I, Cme its critical micellar concentration, and N 
the aggregation number (for I , N is 61 - refs1,2). The Cme value is difficult to estimate 

TABLE II 

Dependence of the Experimental Rate Constants on the Concentration of N,N '-Ethylenediamine­
-bis(o-aminobenzaldimine)cobalt(lI) Bromide 

Cs = 4 . 10 - 3 moll-I, cL = 1'75.10- 4 moll-I, cH202 = 0'084 moll-I, pH 8'00, t = 25°C. 

CCo ' 10
8 kex p · 104 

CCo' 10
8 kex p . 104 

moll- l S- I moll-I S- I 

0·55 30 1·29 
4 0·58 40 1·54 

0·72 50 1·80 
10 0·75 100 3·07 
20 1-03 150 4·35 

------------~--

TABLE III 

Dependence of the Experimental Rate Constants on the pH and on the Hydrogen Peroxide 
Concentration 

c L = 1·75 . 1O - 4 moll- l
,cs = 4. 10 - 3 moll - l

,cCo(H2enbz 2) = 2 . 10 - 7 moll - 1,t= 25°C 

pHa k ex p ·104 
CH2 0 2 

b .104 k cx p · 104 

S-1 moll-I S-I 

4·81 0·05 0·99 0·80 
7' 10 0 67 4'96 0·86 
7' 32 0· 86 10·10 0·91 
8·00 1-03 50·30 1·29 
8'31 1'29 102 1'32 
8·86 1·67 509 1'1 8 
9·20 16-40 848 J.03 

9-49 26· 60 
10·48 46·90 

a CH202 = 0·083 moll-I ; b pH 8'00, 
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The tabulated valuel
,2 is 9,2.10- 4 moll-I. Extrapolation of conductometric 

measurements gave18 the value of 4.10- 4 moll- l for I (I 0·5). During the evalua­
tion of the colour changes of the bulky anionic dye Rose Bengal Extra induced 
by addition of I, the value of 4.10- 6 moll- I was established3. Studying the emis­
sion spectra of fluorescein I 9, we estimated the erne value to 2.10- 4 moll-I. With 
the last value, the linear transformation (5) is obeyed over the cationoid tenside 
concentration region of (0'8-1'6).10-3 moll- I (cL = 1,75.10- 4 moll-I, cco = 
= 2 . 10- 7 moll-I, CH202 = 0·08 moll-I, pH 8·00). The rate constant km determined 
graphically is 4·69 . 10- 4 s - 1, the km/ko ratio is 18. When lower dye concentrations 
are used (CL = 4.10- 5 moll-I), the dependence of kcxp on Cs displays a maximum. 
This is a common appearance in the case of micellar catalysis, and is explained in 
terms of saturation of the substrate with the micellar formations I ,20 . The surfactant 
concentration at which the rate constants attain their maxima is usually low (4 - 6 . 
. 10- 4 moll-I) as compared with other nucleophilic reactions. Moreover, the kexp vs 
Cs plots do not exhibit the usual plateaus for low surfactant concentrations, indicating 
the formation of kinetically active micellar formations l 

,20. These facts lead us to sup­
pose that in the reaction under study, kinetically active molecular complexes of the 
dye with the tens ide, or smaller, pre-micellar formations play an important part. 
The cause of this lies probably in the high affinity of the bulky anion towards the 
cationoid surfactant; only the decrease in the rate constant at Cs > 8 . 10- 4

• moll- I is 
presumably associated with micelle formation. An identical shape with a pronounced 
maximum is observed also for the kexp vs Cs plots in phosphate buffer (pH 6'34, 
I 0'006). The highest rate , kexp = 5·73 . 10- 4 s -1, is attained with the tenside con­
centration cs =8.1O- 4 moll- 1 (cL =4.1O- 5 moll- l

, cco=8.1O- 7 moll- 1
, 

CH202 = 0·08 moll - I); the kcxp/ko ratio is 42. 

The experimental rate constants depend linearly on the concentration of the cobalt 
compounds, as expected, also in the presence of the cationoid surfactant (Table II). 
In fact, when all the reaction components except the cobalt compound and the dye 
are present in a high excess, the rate of the catalyzed reaction can be written21 as 

(7) 

Simultaneously with the catalyzed reaction, the noncatalyzed reaction can proceed 
as well: 

(d x/dt)" = k'(cL - x) . (8) 

The total rate is then the sum of the two contributions: 

(dx/dt) = (kcco + k') (cL - x) . (9) 
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Under these conditions, the experimental rate constant is a linear function of the 
catalyst concentrationz1 : 

kexp = kcco + k' . ( 10) 

The slope of this linear dependence of the bulky [Co(Hzenbz2)Jz+ ion is 25813 . 
. mol- 1 S-1, and the catalytic effect is apparent at concentrations as low as 10- 8 mol . 
. I-I. 

The complexity of the catalyzed oxidation reaction appears in the dependences 
of the rate constants on pH, peroxide concentration, and temperature, which do not 
follow a simple shape. A pronounced oxidation of the dye (kexp ~ 10- 4 S-1) is 
associated with the occurrence of the HzLz - and HL3 - species (dissociation of the 
phenolic groups of the dye) , pKaz (H3L - -4 HzU-) 7·80, pKa3 (HzLZ - -4 HL3-) 
9·76 (ref.1 4

). * In the pH 7,1- 8·9 region the rate constants are but slightlY.,dependent 
on the pH, and only at pH > 9 the reaction rate increases considerably (Table III) . 
This can be explained by the higher concentration of the easily oxidizing HL3-
or L4

- species (pKa4 (HL3- -4 L4
-) 12·8, ref. 14

) or by a greater oxidation ahility 
of hydrogen peroxide activated by cobalt compounds. The reaction order with respect 
to the peroxide approaches zero, and the ke xp vs cHzOz dependence exhibits amaximum 
at approximately lO- z moll - 1 (Table III) . The temperature dependence of the 
experimental rate constants does not obey the Arrhenius equation . Rise in the reac­
tion temperature from 25°C to 70°C brings about an increase in the rate constant 
from 1·03 .1O- 4 s- 1 to 7·37 . 1O- 4 s- 1 . 

It should be noted that I by itself has no effect on the decomposition of hydrogen 
peroxide by cobalt(II) compounds. Its effect is substantial only during oxidation 
of a bulky anion, where, owing to ionic and hydrophobic interactions, kinetically 
active molecular complexes, pre-micellar and micellar formations are created. 
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