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Abstract0 Arylation of amines by reaction with l-fluoro-2,4-dinitro- 
benzene is catalyzed by micelles of cetrimonium bromide. This catalysis 
has been exploited to reduce the analysis time in the spectrophotometric 
determination of amines as their dinitrophenyl derivatives. The kinetics 
of the catalysis were studied for the five amines: alanine, phenylalanine, 
aniline, 4-methylaniline, and 4-methoxyaniline. The dependence of rate 
constant on surfactant concentration can be quantitatively accounted 
for by Berezin's model, in which uptake of the amine and the l-fluoro- 
2,4-dinitrobenzene by the micelle is described as a partitioning phe- 
nomenon for both species. An alternative model is developed in which 
one reactant partitions into the micellar phase and the other binds to the 
micelle with 1:l stoichiometry; the two models are formally equivalent. 
Intrinsic catalytic rate constants and binding constants were evaluated. 
About one-third to one-half of the maximum observed micellar acceler- 
ation is attributed to a true micellar catalysis, the remainder being as- 
cribed to an increase in local reactant concentrations in the micelle. 
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l-Fluoro-2,4-dinitrobenzene undergoes nucleophilic 
aromatic substitution by amines to give dinitrophenyl- 
amines, which are useful derivatives for the spectropho- 
tometric analysis of amines (1-5). Typical reaction times 
are 10-20 min at  65'. The catalysis of this reaction by the 
surfactant cetrimonium bromide was previously described 
(6). It was later suggested (7,8) that this catalysis could be 
applied to the analytical system to reduce the reaction 
times. A preliminary communication showed that this was 
practical, and described analytical conditions making use 
of the micellar catalysis (9). The present paper extends the 
investigation of this analytical application and reports 
kinetic studies, and their interpretation, of the cetrimon- 
ium bromide-catalyzed reaction of l-fluoro-2,4-dinitro- 
benzene with five amines. 

EXPERIMENTAL 

Materials-Cetrimonium bromide' was purified by a previous pro- 
cedure (10). l-Fluoro-2,4-dinitrobenzene was distilled under reduced 
pressure. Aniline2 was distilled; bp 181". 4-Methylaniline' (p-toluidine) 
was distilled under reduced pressure; bp 61.5"/2 mm Hg, mp 44.5-45' 
[lit. mp 44.8' (ll)]. 4-Methoxyaniline' (p-anisidine) was distilled under 
reduced pressure; bp 98"/2 mm Hg, mp 56.557" [lit. mp 57" (12)]. Other 
chemicals were used directly. 

Product Identification-Alanine and 1-fluoro-2.4-dinitrobenzene 
were reacted in pH 9.2 borate buffer in the presence of cetrimonium 
bromide. The solution was acidified to below pH 3 with concentrated HCI 
and was extracted with diethyl ether. The ether layer was dried, redis- 
solved in ether, and then spotted on silica gel TLC plates". This was dc- 
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veloped with a mixed solvent of ether-glacial acetic acid-water (100:3:3). 
The product (2,4-dinitrophenylalanine) isolated in this way was recrys- 
tallized from 50% ethanol, and its IR spectrum was determined in solid 
potassium bromide for comparison with the spectrum of an authentic 
sample of 2,4-dinitr~phenylalanine~. UV spectra were also measured. 

The hydrolysis of l-fluoro-2,4-dinitrobenzene was studied in pH 9.2 
borate buffer containing cetrimonium bromide, but no amine. After 
hydrolysis the solution was acidified, extracted with ethyl acetate, the 
extract was evaporated to dryness, and the residue was dissolved in 
methanol for spotting on TLC plates. The development solvent was 
chloroform-methanol-glacial acetic acid (40100.5). The spot was scraped 
off, dissolved in methanol, and centrifuged. The supernatant was dried, 
and the residue was compressed with potassium bromide for IR spec- 
troscopf. An authentic sample of 2,4-dinitrophenol was carried through 
the same procedure. 

Kinetic Studies-For reactions in which the reagent (1-fluoro-2,4- 
dinitrobenzene) concentration was higher than the amine concentration, 
typical initial conditions were: 5 X M amine and 0.035 M cetrimo- 
nium bromide in 0.065 M pH 9.2 borate buffer; the reaction was initiated 
by adding 1.0 ml of 1.3% v/v l-fluoro-2,4-dinitrobenzene (dissolved in 
acetone) to 19 ml of thermostated aqueous solution. Samples of 1.0 ml 
were removed at recorded times and were added to 9.0 ml of a 1:lOO 
dilution of concentrated HCI in dioxane (4). The absorbance was mea- 
sured' at the wavelength of maximum absorption (usually 350 nm) in a 
1.0-cm cell against a reagent blank carried through the same proce- 
dure. 

For reactions in which the amine concentration exceeded the l-flu- 
oro-2,4-dinitrobenzene concentration, the reaction was monitored directly 
in the thermostated spectrophotometer cell compartment. 

Proposed Analytical Method-To a 25-ml volumetric flask 0.25 g 
of cetrimonium bromide and enough of the amine sample should be added 
so that its final concentration will be M; the solution brought to 19 
ml with 0.065 M pH 9.2 borate buffer; the flask brought to the desired 
reaction temperature (25-45"); and the reaction initiated by adding 1.0 
ml of 1.3% v/v l-fluoro-2,4-dinitrobenzene in acetone. After -5 half-lives 
at the experimental temperature, a 1.0-ml portion should be added to 
9.0 ml of a 1:lOO dilution of concentrated hydrochloric acid in dioxane, 
and the absorbance immediately measured at the absorption maximum 
against a reagent blank carried through the same procedure. A standard 
curve should be prepared by subjecting known concentrations of the same 
amine to the procedure. 

RESULTS 

Analytical Method-Analytical conditions require that the concen- 
tration of reagent (l-fluoro-2,4-dinitrobenzene) should be greater than 
that of the amine. Under these conditions, light absorption by the 2,4- 
dinitrophenolate produced through concurrent hydrolysis of the reagent 
interferes with direct observation of the dinitrophenylated amine. It is, 
therefore, necessary to withdraw samples and to acidify them, which stops 
the reaction and concomitantly alters the spectrum of the phenol so that 
it does not interfere with the detection of the amine derivative (4). 

Figure 1 shows the extent of the catalysis by cetrimonium bromide in 
the reaction of alanine with l-fluoro-2,4-dinitrobenzene. The apparent 
first-order plots were linear for two or more half-lives in both the presence 
and absence of surfactant. Table I lists half-lives for numerous amines 
subjected to this procedure, and the rate enhancement produced by the 
surfactant is given in the final column. Rate enhancements for aliphatic 
amino acids and peptides are in the range of 10-20, whereas aromatic 
amino acids show much greater enhancements. The neutral aniline has 
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Table I-Micellar Catalysis of Amine-l-Fluoro-2,4- 
dinitrobenzene Reactions by Cetrimonium Bromide a 

Half-life/min 
No 0.035 M Rate 

Amine 
~~ 

Surfactant Surfactant Enhancement '".'B 0.2 / 
/ 40 80 120 160 200 240 280 320 360 

MINUTES 

Figure 1-Change of absorbance a t  350 nm with time for the arylation 
of alanine a t  23": 5 X M alanine, 3.5 X M I-fluoro-2,4-dini- 
trobenzene. pH 9.2. IJpper curue, 0.035 M cetrimonium bromide; lower 
curue, no surfactant. 

the lowest relative rate in the table. These data suggest that the catalysis 
by the cationic micelle is assisted by anionic and hydrophobic sites on 
the amine. When both features are present, as in 11-aminoundecanoic 
acid, a very large rate enhancement can occur. The half-lives in Table 
I can guide the analyst in selecting appropriate reaction times. 

The effect of temperature on the reaction rate was studied in the 
presence and absence of 0.0175 M surfactant to learn the extent of the 
analytical advantage to be gained by working at a higher temperature. 
The reaction was studied a t  15,25,35, and 45"; the Arrhenius plots were 
linear. In the absence of surfactant, the activation enthalpy AH* was 16.1 
( S D  0.5) Kcal/mole and the activation entropy AS* was -11.2 ( S D  0.5) 
EU (entropy units). In the presence of surfactant, AH* was 13.7 (SD 0.4) 
KcaVmole and AS* was -14.6 (SD 1.3) EU. No mechanistic interpre- 
tation is given to these results, because they include several effects (the 
micellar rate effect and the uptake of the two reactants by the micelle). 
However, the analytical reaction time can be reduced by a factor of -3 
by raising the temperature from 25 to 45O. The slopes of the concentra- 
tion-absorbance curves were identical for reactions run a t  25 and 45". 

The product identification studies showed, by means of TLC, IR 
spectroscopy, and UV spectroscopy, that the products of the reaction of 
l-fluoro-2,4-dinitrobenzene with alanine in the presence of cetrimonium 
bromide were 2&dinitrophenylalanine and 2,4-dinitrophenol. 

Reaction Order-In the analytical studies the reagent was in excess 
by necessity, but for studying the reaction kinetics it is more convenient 
to have the amine in excess. This permits the reaction to be monitored 
directly in the spectrophotometer. However, 1 -fluoro-2,4-dinitrobenzene 
undergoes two reactions in this system, yielding the two products, a 
2,4-dinitrophenylamine and 2,4-dinitrophenol. The following kinetic 
treatment takes this into account. Scheme I is the kinetic scheme, where 
R represents l-fluoro-2,4-dinitrobenzene, D is the dinitrophenylamine 
derivative, P is dinitrophenol, k~ is an apparent first-order rate constant 
for the production of D ,  and k p  is an apparent first-order rate constant 
for the production of P. 

R % D  

R Z P  
Scheme 1 

Then -d[R]ldt = (hm + kp)[R] = k[R], where k = k D  + kp; the loss of 
R is a first-order process, and [R] = [R]o exp(-kt). The rate of formation 
of D is d[D]/dt = kil[R] = k ~ [ R ] o  exp(-kt). Integrating this with the 
initial condition [D] = 0 a t  t = 0 gives: 

In the same way, Eq. 2 is obtained: 

(Eq. 1) 

(Eq. 2) 

The absorbance of the solution (in a 1-cm cell) at any time is given by: 

A = f,q[R] + t~ [0 ]  + cp[P] (Eq. 3) 

Combining Eqs. 1-3 gives: 

Glycine 36.0 
Alanine 87.4 
Phenylalanine 32.0 
Tyrosine 22.0 
Tryptophan 9.0 
Glycylglycine 63.5 
Glycylglycylglycine 94.0 
Glutamic acid 72.0 
p -Aminobenzoic acid 137.5 
11-Aminoundecanoic acid 133.0 
Aniline 60.0 

2.0 18.0 
4.7 18.6 

<0.3 >94 
<0.5 >44 
<0.1 >90 

<0.3 >240 

<0.1 > 1330 

5.4 11.8 
7.5 12.5 

3.0 45.8 

7.5 8.0 

a At pH 9.2 and 23"; 0.0035 M l-fluoro-2,4-dinitrobenzene. 

If the absorbance is measured a t  a wavelength where f D  = t p  = t, Eq. 4 
simplifies to: 

(Eq. 5) 

But c[Rjo = A,, the absorbance when reaction is complete. Therefore, 
a conventional plot of log(A, - A )  against t should be linear, the slope 
yielding k = kD + kp. Since kp can be measured in a separate experiment 
in the absence of amine, the desired rate constant (kn)  is accessible. 
Absorbance measurements were made at  350 nm, where cn = tp, and the 
first-order plots were linear for over three half-lives. 

At pH 9.2 with alanine serving as the amine substrate, the kinetic de- 
pendence on the amine and the reagent was established. In the presence 
of 0.035 M cetrimonium bromide, the rate was directly dependent on the 
concentrstions of amine and l-fluoro-2,4-dinitrobenzene, confirming the 
first-order dependence upon each of these reactants in the presence of 
the surfactant. 

Kinetic Dependence on Surfactant Concentration-The kinetics 
of the reaction of five amines (alanine, phenylalanine, aniline, 4-meth- 
ylaniline, and 4-methoxyaniline) were studied in the presence of varying 
concentrations of surfactant a t  25" and pH 9.2; the amine concentrations 
were 0.0014.1 M ,  and the l-fluoro-2,4-dinitrobenzene concentration was 
6.32 X 10-5 M. Figure 2 is a plot of the first-order rate constant (kn)  
against the total surfactant concentration ( C T )  for phenylalanine. The 
general pattern in Fig. 2 was seen with all amines, namely an increase in 
rate a t  low surfactant concentrations with a saturation-type effect setting 
in a t  high concentrations. However, instead of an invariant plateau level, 
a maximum is observed in the plot (13). 

At very low surfactant concentrations, the rate constant depends lin- 
early on surfactant concentration, as shown in Fig. 3 for three concen- 
trations of alanine. The discontinuity in the plot marks the effective 
critical micelle concentration (CMC); below this concentration the sur- 
factant exists solely as the monomer. 

DISCUSSION 

The Partitioning-Partitioning Model-The kinetic dependence 
of micellar catalysis on surfactant concentration is often described by 
means of a kinetic scheme analogous to the Michaelis-Menten model of 
enzyme kinetics (14). This description is appropriate for a first-order 
reaction (i.e., one in which a single substrate is taken up  by the micelle), 
for which it predicts a saturation curve with an invariant plateau value 
a t  high surfactant concentrations. Evidently, the Michaelis-Menten 
model cannot provide a quantitative treatment of a reaction like the 
nucleophilic substitution described here, for the concentration depen- 
dence of the rate reveals a maximum. It is necessary to take into account 
the uptake of two reactants by the micelle in this second-order reaction, 
and this leads to a quantitative description of the experimental curve. 
This was accomplished previously (15-18) by workers who investigated 
(among other systems) the acceleration of the aminolysis of 1 -fluoro- 
2,4-dinitrobenzene with N-benzoyl-L-histidine methyl ester in the 
presence of cetrimonium bromide. To account for the dependence of rate 
on surfactant concentration they proposed a model in which both the 
l-fluoro-2,4-dinitrobenzene (designated R) and the amine (S 1 are dis- 
tributed between the micellar ( M )  and aqueous ( W )  phases in conformity 
with the simple distribution law. This model is referred to here as the 
partitioning-partitioning model, since it postulates a partitioning 
mechanism for the uptake of both solutes. 
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Figure 2-Plot of first-order rate constant for the phenylalanine-l- 
fluoro-2,4-dinitrobenzene system a t  25’ and pH 9.2 as Q function of 
surfactant concentration. The phenylalanine concentration is 2.04 x 

M. The smooth line was drawn with Eq. 33. 

If VT, VM, and VW represent the total volume of the system, the vol- 
ume of the micellar phase, and the volume of the aqueous phase, re- 
spectively, then VT = VM + Vw, and: 

(Eq. 6) 

A mass balance on R yields: 

and similarly for S. Substituting into Eq. 2 from Eq. 1: 

(Eq. 8) 

The molar concentration of surfactant present as micelles, C, is de- 
fined: 

c = CT - ( C M C )  (Eq. 9) 

Letting V be the molar volume of surfactant, it follows that the product 
C V  is the liters of surfactant present as micelles per liter of solution. or 
the volume fraction of the micellar phase, hence: 

CV = VMJVT 

which, combined with Eq. 8, gives: 

[R]T = [RIMCV + [ R ] w ( l  - cv) 
The distribution equilibria, according to this model, are: 

Rw z RM 

S W  Z= S M  

Scheme I I  

The partition coefficient for R is defined: 

pR = IRlw 
IRIw 

and similarly for S. Eqs. 11 and 12 are combined to yield: 

The quantity KR is defined: 

KR = ( P R  - 1)v 

(Eq. 10) 

(Eq. 11) 

(Eq. 12)  

iEq. 13) 

iEq. 14)  

Then Eq. 15 is written for R ,  and Eq. 16 is the analogous equation for 
S: 

(Eq. 15) 

I I 

0 2 4 6 8 10 
10‘ CTIM 

Figure %Plot of first-order rate constant for  the alanine-l-fluoro- 
2,4-dinitrobenzene system as a function of total surfactant concentra- 
tion. Alanine concentrations, top to bottom: 0.025 M, 0.0125 M, 0.00267 
M. 

-- [‘IT - 1 + KsC 
PI w 

(Eq. 16) 

In these equations KR and K s  have the units of M - l ;  i.e., they have the 
character of 1:l binding constants. 

The bimolecular reaction between R and S can occur in both phases, 
with corresponding rate equations: 

~1.w = ~ M [ R I M I S I M  (Eq. 17) 

uw = kw[Rlw[Slw (Eq. 18) 

The observed velocity ( u )  is equal to the sum of the products of the ve- 
locities in the individual phases and the volume fractions of the 
phases: 

L’ = UMCV + uw(1 - CV) (Eq. 19) 

An experimentally observed second-order rate constant can be de- 
fined: 

iEq. 20) 

Equations 19 and 20 are combined with 15 and 16 and the partition 
coefficient definitions: 

Equation 21 can be simplified for the present purpose. When partitioning 
into the micelle is favored, as with anionic and hydrophobic species, P 
is much larger than unity, and the binding constants from Eq. 14 can be 
written as KR = P,q V and K s  = PsV. Moreover, when CV << 1, Eq. 21 
becomes: 

iEq. 22) 

where k,# ,  = k,tl/V. 
This model can account for the appearance of a maximum in the de- 

pendence of kexp on C. As Berezin points out (17). to account for this 
maximum it is necessary to describe the uptake of both solutes, making 
the model, and the corresponding equation, qualitatively different from 
the Michaelis-hlenten model. 

A Binding-Partitioning ModelLIt  is now shown that a result for- 
mally equivalent to the Rerezin partitioning-partitioning model can he 
obtained with a different physical picture ofthe process. It is postulated 
that one of the reactants, the one in large excess (S  in this case) partitions 
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between the micellar and aqueous phases, whereas the other reactant 
hinds to the micelle with 1:l stoichiometry. These equilibria are: 

s w  C SM 

R + MS 2 MSR 
Scheme I I I  

In this formulation, [ S ] M  is the concentration of S in the micellar phase, 
and [ M S ]  is the solution concentration of S-containing micelles. There 
are no micelles without S, but there can be micelles without R .  This is 
physically reasonable when [SIT > [micelles] > [R]T.  By arguments given 
above, Eq. 16 applies to S ,  whereas Eq. 23 defines the binding constant 
for R. 

(Eq. 23) 

The rate equation for loss of R is given by: 

The mass balance on surfactant is: 

Cj- = [CMC] + n [ M S ]  + n [ M S R ]  (Eq. 25) 

where n is the micelle aggregation number. Combining Eqs. 9,2:J, and 
25: 

n 
L [ M S ]  = (Eq. 26) 

n + n K h ( R ] w  
The mass balance on R is: 

[R]T = [R1 W + [MSR]  (Eq. 27) 

since [MSR]  is the concentration of micelles each containing an R. This 
leads to: 

(Eq. 28) 

Combining the partition coefficient p.7 = [S]M/[S]W with Eqs. 23, 24, 
and 28 gives the rate equation: 

This is first-order in [Rlj-, with the apparent first-order rate constant 
kohs: 

Eq. 26 is combined with Eq. 30 to give: 

Equation 31 is simplified by using the reasonable assumption K , [ R ] w  
<< 1, substituting K,s = P s V ,  and replacing [ S ] w  from Eq. 16 to give: 

(Eq. 32) 

where k h  = kM/V,  K M  = Kh/n ,  and kelp = k o b s / [ S ] ~ .  Equation 32 for 
the binding-partitioning model is identlcal in form with Eq. 22 for the 
partitioning-partitioning model. In these equations the quantity K,y has 
the same significance, but K R  in Eq. 22 is interpreted as KMln i n  Eq. 32 
as a consequence of the different assumptions concerning the uptake of 
R into the micelle. 

Estimation of the Model Parameters-Equations 22 and 32 can be 
written in the equivalent form: 

The parameters can be estimat.ed in several ways from the dependence 
of kotJs on r .  

A plot of kl,l,s against C T ,  a t  very low CT.  will give k w l S ] ~  as the value 
of kl,hs below the CMC. Above the C M C ,  the slope of the straight line is 
equal to k&~Ks[S] j - ,  from which the product khKMK.s is found. The 
intersection of the straight line segments marks the CMC. Figure 3 shows 
plots of this type. 

A plot of k, , ) , ,  against C over the full range of C, as shown in Figure 2, 

I 

I I 1 4 
1 2 3 4 5 6 1  

10' CIM 
Figure 4-Dependence of  koha on surfactant concentration for aniline 
(0). 4-methylaniline (O),  and 4-rnethoxyaniline ((3). The smooth curivs 
rclerr drawn with E y .  33 and the parameters in Table 11. The aminc 
concentrations uere: aniline, 0.0988 M: 4-rnc,!hy/aniline, 0.00807 M ;  
4-methoxyanilinc. 0.0243 M .  
exhibits a maximum if Eq. 33 describes the system. The concentration 
C,,, corresponding to this maximum is found by setting the derivative 
dk,,lJ,ldC' equal to zero: 

(Eq. 34 )  
This result yields the product K'+fK,y, and k ,  is ohtained from this and 
the estimate of khKMKs.  

Inserting Eq. 34 into Eq. 32. and neglecting k ~ . ,  leads to Eq. 35, where 
k z ;  is the value of k,,, when c' = C,,,,,: 

C,,,,, = ( K u K . 5 )  -112 

With these relationships, the four parameters k w ,  k M ,  K w ,  and K s  can 
be evaluated. Because Eq. 33 is symmetrical in K.bf and Ks, it is not 
possible to assign these quantities unambiguously. 

Another approach is a modification of a method descrihed previously 
(18). Eq. 32 can be rearranged to: 

From this, Eq. 37 is obtained: 

where A = k,KMKs - k w K M ( l +  K,d ' ) .  A plot ofCl(k , , ,  - ku.) against 
(' is a curve, whose intercept at  C = 0 is l / ( k & ~ K , s  - kwti ,+f) .  If the k M.' 
term is negligible, this gives an estimate of kMKMK,q. 

Equation 32 is then rearranged to: 

k&wKsC + k w  - 
- KwKs" + (K.&{ + K,$)  (Eq. 38) 

A plot of the left side against (' yields t i u K , ~  and (Khf + K.Y) from the 
slope and intercept. 

By either of these methods K M  and  ti.^ are found by solving the qua- 
dratic formula. In some instances the solution is indeterminate-that 
is, the estimates K,uKs and (K,u  + K.y) are mutually inconsistent. be- 
cause of experimental error. The individual constants are then evaluated 
by a curve-fitting method. in which Eq. 33 is fitted to the experimental 
points. This is a straightforward process, because the quantities k ; , ,K~,KS 
and K M K , ~  serve as constraints. Figures 2 and 4 show some of these 
curves. 

Interpretation of the  Micellar Catalysis-Table I1 gives the values 
of K w ,  K.s, k w ,  k n f ,  and kM for the cetrimonium bromide-catalyzed re- 
action of I-fluoro-2.4-dinitrobenzene with five amines. The second-order 
rate constant kw was obtained from the relationship /in, = k M / V .  where 
V is the molar volume of' surfactant; in this calculation V was taken as 
0.?6 liter/mole, as estimated by Rerezin and coworkers (15, 18). who have 

kex,C 
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Table 11-Parameters for  the Cetrimonium Bromide-Catalyzed Reaction of l-Fluoro-2,4-dinitrobenzene with Some Amines at 25” a,b 

k k  k,w, k w ,  
M-ls-l k.w/kZ; M-ls-I 

K S  7 KM I 

Amine M-1 M - 1  s-‘  

Alanine 

Phenylalanine 

Aniline 

4-Methylaniline 

4-Methoxyaniline 

9.5 
(0.7) 
25.9 
(1.1) 
9.2 

(0.4) 
27.0 
(1.8) 
13.7 
(1.0) 

70. 
(5.2) 
66. 
(2.8) 

113. 
(4.3) 
55.5 
(3.fi) 
43.8 
(3.3) 

0.091 
(0.012) 
1.39 

(0.19) 
0.0075 

(O.ool8) 
0.20 

(0.024) 
0.048 

(0.0063) 

0.26 

3.98 

0.02 13 

0.57 

0.138 

0.025 

0.093 

0.005 

0.143 

0.0223 

~ 

0.56 

0.29 

0.50 

0.30 

0.50 

a Symbols refer to Eq. 33. h Standard deviations in parentheses. 

also discussed the uncertainty involved in estimating V (1’7). The as- 
signment of KM and K s  to the binding constant estimates is based on two 
chemical factors: ( a )  it is expected that phenylalanine will be taken up 
by the micelle more extensively than will alanine; ( b )  the K s  values for 
the three anilines vary roughly as their partition coefficients in the oc- 
tanol-water system (19). K M  represents binding of l-fluoro-2,4-dini- 
trobenzene to the micelle; the variation in this quantity is greater than 
expected, indicating that the nature of the amine taken up by the micelle 
influences binding of the second reactant. 

The uncertainties assigned to the K.7, K M ,  and k , v  values in Table I1 
are based upon the uncertainties in the products k h K M K s  and KMKs ,  
which are the quantities directly evaluated from the data. Division of the 
uncertainty in K M K S  between K M  and Ks was based on the assumption 
that the uncertainty was weighted by the value of the constant, according 
to the relationship sK&,/sKs = K M / K s ,  where s represents standard de- 
viation. 

Table I1 includes the k w  values, and it is seen that the ratio of kM/kw 
is substantially greater than unity for all of the amines. The last column 
of the table gives the ratio of ku to k z : ,  the maximum value of the ob- 
served second-order rate constant. This ratio is a measure of the fraction 
of true micellar catalysis contributing to the total micellar acceleration 
effect, as suggested: 

k u  k u h w  

That is, approximately one-third to one-half of the maximum observed 
acceleration is a consequence of catalysis by the micelle, the remainder 
being a concentration effect, through which the micelle increases the local 
concentrations of the reactants. 

A previous study (18) carried out a similar analysis for the cetrimonium 
bromide-catalyzed reaction of l-fluoro-2,4-dinitrobenzene with N- 
benzoyl-L-histidine methyl ester. These authors found that knflk w was 
in the range of 1-2, and they concluded that most of the micellar accel- 
eration was a result of the concentration of the reactants in the micellar 
phase. They also measured the binding constants by an independent 
solubility method, finding the value of 27 M-’ at 18’ for 1-fluoro-2.4- 
dinitrobenzene. This value will be smaller a t  25’ because the heat of 
binding is negative. This result is not in good agreement with the K w  
assignment in Table 11, and this assignment is therefore in some 
doubt8. 

-=- k mar 
exp k ? z / k w  

~ 

One factor that may influence the binding constants is the cornptrwicm d the 
solvent. which in the present studies contained 5 5  acetone. Another uwsible focttir 
may be the buffer species. 
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