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fone was refluxed for a short period of time. I t exhibited Anal. Calcd. for Ci0H14O2S: C, 60.57; H, 7.12. Found: 
after distillation only very slightly less rotation (about 0.01°) C, 60.74; H, 7.02. 
than that of the above sample. The infrared spectrum of 
the (2-sulfone is essentially indistinguishable from that of the LINCOLN 8, N E B . 
^-compound. COLUMBUS 10, OHIO 

[CONTRIBUTION FROM THE CHEMISTRY DEPARTMENT OF FLORIDA STATE UNIVERSITY] 

Organic Reactions Occurring in or on Micelles. I. Reaction Rate Studies of the 
Alkaline Fading of Triphenylmethane Dyes and Sulfonphthalein Indicators in the 

Presence of Detergent Salts1 

BY E. F. J. DUYNSTEE AND ERNEST GRUNWALD 

RECEIVED FEBRUARY 4, 1959 

The rate of fading of triphenylmethane dyes ( R + , for example crystal violet) and of sulfonphthalein indicators (R", for 
example brom phenol blue) has been measured in alkaline solution in the presence of micelle-forming detergent salts. The 
rate of fading of R + is greatly accelerated by the addition of the cationic detergent, cetyltrimethylammonium bromide, 
and is greatly retarded by the anionic detergent, sodium lauryl sulfate. The rate of fading of R" is virtually unchanged 
when sodium lauryl sulfate is added, but R " is protected from fading in the presence of cetyltrimethylammonium bromide. 
Further evidence concerning possible short-range interactions between the micelles and the dye ions has been obtained from 
the position of the visible absorption band of the dye ions. There is a red shift whenever the charge of the micelles is op
posite to that of the dye ions; but there is no significant shift when the two charge types are the same. For the systems in
vestigated, there is a perfect parallelism between the observed effects of detergent salts on the rates of fading and their effects 
on the position of final equilibrium, as predicted from G. S. Hartley's rules.10 

There are theoretical as well as practical reasons 
for the study of reactivity in the presence of 
micelles. On the practical side, industrial recipes 
for carrying out reactions often involve the solu
bilization of a reactant, a well-known example 
being emulsion polymerization.2-4 On the theo
retical side, reactions occurring in or on micelles 
are of especial interest when ionic reactants are 
involved, because of the large electrostatic con
tributions to the free energy of activation resulting 
from the micellar charges. Judging by kinetic 
data for ionic reactions on monolayers,3'6 the 
electrostatic acceleration or retardation could 
easily amount to several orders of magnitude. 

In addition, one would expect kinetic "medium 
effects" due to short-range interactions between the 
molecules which form the micelles and the mole
cules of reactant and transition state. These 
effects could be quite important; for example, it 
has been shown that the cations of the cationic dye, 
pinacyanol, are actually incorporated in micelles 
of opposite charge.6 

We now report kinetic and equilibrium studies 
in the presence of micelle-forming salts for reac
tions of two different charge types: the fading in 
alkaline solution of triphenylmethane dyes (re
action 1) and of sulfonphthalein indicators (reac
tion 2). Rates and equilibrium constants for 
reactions such as 1 and 2 are already available for 
several dyes in aqueous solution not containing 
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mice l l e - fo rming sa l ts . 7 ' 8 T h e k i n e t i c d a t a in 
water 7 - 8 a r e c o n s i s t e n t w i t h t h e s e r a t e l aws for t h e 

f o r w a r d r e a c t i o n s ( fading) 

reaction 1: rate = Ai(R+) + A2(R+)(OH-) (3) 

reaction 2: rate = A 2 ' (R - ) (OH-) (4) 

Results and Discussion 
Pseudo-first order rate constants for the alka

line fading of several dyes at a suitable constant 
pH are listed in Table I. The rate constants were 
measured in the presence of the cationic detergent, 
cetyltrimethylammonium bromide (CTABr), of 
the anionic detergent, sodium lauryl sulfate (NaLS), 
and in the absence of detergent. In the experi
ments with added detergent, the concentration of 
the latter was well above the critical micelle con
centration. 

(7) R. J. Goldacre and J. N. Phillips, / . Chem. Soc, 1724 (1949). 
(8) E. E. Sager, A. A. Maryott and M. R. Schooley, T H I S JOURNAL, 

70, 732 (1948), and previous work referred to in this paper. 



Sept. 5, 1959 ALKALINE FADING' OF SULFONPHTHALEIN IN DETERGENTS 4541 

TABLE I 

PSEUDO-FIRST ORDER R A T E CONSTANTS AT APPROXIMATELY 25° FOR THB FADING OP 1O -6 M D Y E S IN WATER 

10<*. s e c . " ' 

Dy? 

Crystal violet 
Malachite green 
Brilliant green" 

Rosaniline 

Brom phenol blue 

Brom phenol red 

No 
Snbstituents pH detergent 

Triphenylmethane dyes ( R + ) 

X, X ' , X " = N(CH,)j 12.00 17 
X = H; X ' , X " = N(CHs)2 10.2 8.1 
X = H ; X ' , X " = N(C2H5)2 10.2 5.1 

12.16 90 

X, X ' , X " = NH2 ; 3-CH, 10.2 13 

Sulfonphthalein indicators ( R = ) 

Y, Y ' , Z, Z ' = Br 13.00 0.92 

0.01 M CTABr" 

240 
70 
93 

Too fast to measure 
16 

0.01 M 
Nal.S* 

-1 
1.8 

d 

1.2 
3.0 

No change in O.D after 0 .85 
37 hr. 

Br 13.00 0.11 No change in O.D. after 0.11 
21 hr. 

" Cetyltrimethylammonium bromide. 6 Sodium lauryl sulfate. * Sample of dye suspected of being slightly impure. 
d Decrease in O.D. is too small to permit measurement of rate constant. 

Y, Z = H ; Y' , Z ' 

The effects of the detergent salts on the reaction 
rates vary enormously with the charge type of the 
detergent and of the dye. For the triphenyl
methane dyes, the effects are very large—much 
larger than typical "normal" salt effects. The 
cationic detergent accelerates the reaction, and the 
anionic detergent retards it. In the absence of 
detergent, and in the presence of CTABr, the fad
ing of color is virtually complete; in the presence 
of NaLS, a measurable amount of dye is left un-
reacted in the final equilibrium state. 

On the other hand, the reaction rate of the sul
fonphthalein indicators is not affected significantly 
by the addition of NaLS. The addition of CTABr 
protects the indicators from fading, but it is not 
possible to tell from these experiments whether the 
protection results from a large decrease in the rate 
of fading, from a large shift in the equilibrium, or 
from a combination of the two. In the absence of 
detergent and in the presence of NaLS, the color 
fading goes virtually to completion at pH 13. 
The completeness of the fading in the absence of 
detergent is consistent with previous data.8 

In the cases where the salt effects are large, one 
would expect that most of the dye is adsorbed on, 
or incorporated in, the micelles. Additional evi
dence for such interactions may be obtained from 
the absorption spectra of these systems. As 
shown in Table II, there is a significant red shift of 

TABLE II 

EFFECT OF DETERGENTS ON THE POSITION OF THE M A X I 

MUM OF THE VISIBLE ABSORPTION BANDS IN AQUEOUS 

SOLUTION 

Dye 

Crystal violet 
Brilliant green" 
Malachite green 
Rosaniline 
Brom phenol blue 
Brom phenol red 

• Xm.i 
No 

detergent 

592 
630 
620 
543 
592 
574 

(mju) at 10 " s M 
0.01 M 
NaLS 

595 
633 
625 
548 
592 
574 

concn. 
0.01 M 
CTABr 

592 
630 
620 
543 
605 
586 

• Sample of dye suspected of being slightly impure. 

the maximum of the visible absorption band when
ever the charge of the micelles is opposite to that of 
the dye ions. On the other hand, there is no sig
nificant shift when the two charge types are the 
same. 

The data indicate that there is definitely some 
interaction when the micelles and dye ions are of 
opposite charge. We believe that the dye ions are 
actually being incorporated in the oppositely 
charged micelles, partly because the observed red 
shifts are consistent with a change from an aqueous 
to a hydrocarbon medium—at least for the tri
phenylmethane dyes,9 and partly because such an 
interpretation is consistent with the work of Muker-
jee and Mysels.6 On the other hand, when the 
charge type of the micelles and of the dye ions is 
the same, the absence of a shift does not necessarily 
imply the absence of short-range interactions. 

Because of the frequent parallelism between the 
effect on reaction rates and on equilibria caused by 
a change in the reaction medium, it is of interest 
to inquire whether such parallelism exists in our 
systems. The effect of detergent salts on equi
libria involving acid-base indicators may be pre
dicted for each charge type, using a set of rules pro
posed by Hartley.10 Thus for reaction 1, which is of 
the charge type (H *• O), the equilibrium is ex
pected to shift to the right (favoring ROH) when 
cation micelles are added; we find that the rate 
of fading increases. The equilibrium shifts to 
the left (favoring R + ) when anion micelles are 
added; we find that the rate of fading decreases. 

For reaction 2, which is of the charge type ( = 
-*• = ) , we would predict from Hartley's rules10 

that the addition of anion micelles has no effect on 
the equilibrium; we find that the rate of fading 
is unchanged. Unfortunately, the rules do not 
permit a clear-cut prediction of the effect of cation 
micelles; and our own data (Table I) are ambig
uous in this case. 

I t will be noted that in the three cases where 
comparisons can be made, there is perfect parallel
ism between the effect of micelle-forming salts on 
the position of equilibrium and on the rate of the 
reaction. Since it is implicit in Hartley's rules 
(which emphasize charge types) that the effect of 
the micelles on the position of equilibrium is largely 
electrostatic in origin, we may infer that the effect 
of the micelles on the reaction rate is also pre
dominantly an electrostatic one. If this view is 

(9) G. N. Lewis, T. T. Magel and D. Lipfcin, T H I S JOURNAL, 64, 
1774 (1942). 

(10) G. S. Hartley, Trans. Faraday Soc, SO, 444 (1934). 
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correct, then it is a sufficient condition for the 
two effects to run parallel that the activation 
process is of the same charge type as the over-all 
equilibrium. It is of interest to note that in the 
present case, the second-order terms involving R + 

(or R=) and O H - in equations 3 and 4 are indeed 
of the same charge type as the corresponding 
equilibria. 

To the best of our knowledge, the only previous 
kinetic study which is relevant from this point of 
view is that of the reaction of thiosulfate ion with 
bromoacetate ion in the presence of anion micelle-
forming salts.11 The ions involved in this reaction 
are not as large and polarizable as the dye ions used 
in our studies, so that short-range interactions 
with the micelles need not be so important, but 
in any case the charge type of this reaction is such 
that anion micelles should have no abnormal 
effect. And, in fact, the effect of the micelle-
producing salts on the rate is nearly the same as that 
of "normal" salts.11 

Experimental Part 
Materials.—Malachite green (oxalate), rosaniline hydro

chloride and crystal violet were commercial products of 
reagent grade. Brilliant green was a commercial product 
of technical grade and may have been slightly impure. 

Sodium lauryl sulfate (U.S.P. , from City Chemical Corp., 
X. Y.) was further purified: 50 g. of NaLS was dissolved 
in 700 ml. of 9 5 % alcohol and heated. After nitration and 

(11) J. A. Erikson and C. A. Lingafelter, J. Colloid Sci., 10, 71 
(1955). 

cooling, white blades were obtained, which were again 
recrystallized from 9 5 % ethanol. The final product was 
dried in the vacuum desiccator. 

Cetyltrimethylammonium bromide (technical grade, 
from Eastman Kodak Co.) was further purified according to 
the method reported by Mysels.12 The solid technical 
product was shaken with anhydrous ether, filtered, and 
dissolved in a minimum amount of hot methanol. Cooling 
in the refrigerator gave a crystalline mass which dissolved 
partly when it was filtered at room temperature. The moist 
crystal mass which was left on the filter funnel was redis-
solved in methanol; after addition of anhydrous ether and 
warming to dissolve all the CTABr, the solution was cooled 
and a white crvstalline product was obtained, m.p. 227-
235° dec. 

Solutions and Measurements.—The solutions of pK 
12.00 and 13.00 were prepared from the appropriate amounts 
of carbonate-free saturated sodium hydroxide and doubly 
distilled water. The solutions of pK 10.2 contained 0.05 M 
boric acid-sodium borate buffer; the pK was measured 
with a Beckman model GS pH meter. 

The rates of fading were measured by following the optical 
density of the solutions at the maximum of the visible absorp
tion band of the dyes, using a Beckman model DU spectro
photometer and 1-cm.quartzcells. Plotsof log (OD-ODa,) 
vs. time were linear within experimental error. The pseudo-
first order rate constants for the fading were obtained from 
the slopes of these linear plots. 

The values of (OD) a were either zero or appreciably 
smaller than (CD)0, except in the experiments involving the 
sulfonphthalein indicators in the presence of CTABr. 

I t was shown in separate experiments that the slow 
saponification of the detergent salts at pK 12 and 13 caused 
no complications. 

TALLAHASSEE, FLA. 

(12) Reference 6, page 29 
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In water, the alkaline fading of triphenylmethane dyes proceeds either by a first-order process (ki), or by a second-order 
process with hydroxide ion (A2). I t is shown by means of measurements of solubility, equilibrium constants, or from the 
rate itself that in the presence of 0.01 M cetyltrimethylammonium bromide or sodium lauryl sulfate, the major part of the 
fading takes place in the micelle phase rather than in the bulk phase. I t is inferred, from the nice constancy of the equi
librium constant in the presence of sodium lauryl sulfate, that the electrochemical state of the micelles is reasonably con
stant when the aqueous phase contains 0.05 M boric acid-sodium borate buffer in the pit range 9.5 to 11.5, and that kinetic 
data may be analyzed by classical methods. On this basis it is found that ki is depressed somewhat by both detergents, 
although more so by the anionic one. On the other hand, h is considerably greater in the presence of the cationic detergent 
(which attracts O H - ) than in the bulk phase, and it is very much smaller in the presence of the anionic detergent than in the 
bulk phase. Theoretical implications and practical applications of these findings are discussed. 

Previous kinetic data2 for the alkaline fading of 
triphenylmethane dyes (reaction 1) in the pH 
range 9-13 have been consistent with the rate law 
shown in equation 2. Moreover, it has been found 
that the reaction rate is very sensitive to the addi
tion of detergent salts at concentrations that are 
well above the critical micelle concentration; 
0.01 M cetyltrimethylammonium bromide (CTABr) 
accelerated the rate by factors ranging from 1.2 to 
18; and 0.01 M sodium lauryl sulfate (NaLS) re
tarded it by factors ranging from 1Ii to 1ZTS-3 I t is 
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(D 

OH 

(R+) (OH") (R') + *a (R') (OH ) (2) 

the purpose of this paper to evaluate the effect 
of the detergent salts on the actual rate constants 
for the fading of crystal violet, malachite green 
and rosaniline. 


