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ABSTRACT: Pseudo-first-order rate constants (k.,.) for alkaline hydrolysis of 4-nitrophthalim-
ide (NPTH) decreased by nearly 8- and 6-fold with the increase in the total concentration of
cetyltrimethyl-ammonium bromide ([CTABr];) from 0 to 0.02 M at 0.01 and 0.05 M NaOH,
respectively. These observations are explained in terms of the pseudophase model and pseu-
dophase ion-exchange model of micelle. The increase in the contents of CH,CN from 1 to 70%
v/v and CH,OH from 0 to 80% v/v in mixed aqueous solvents decreases k. by nearly 12- and
11-fold, respectively. The values of k., increase by nearly 27% with the increase in the ionic
strength from 0.03 to 3.0 M. The mechanism of alkaline hydrolysis of NPTH involves the re-
actions between HO~ and nonionized NPTH as well as between HO~ and ionized NPTH. The
micellar inhibition of the rate of alkaline hydrolysis of NPTH is attributed to medium polarity
effect. © 2001 John Wiley & Sons, Inc. Int ] Chem Kinet 33: 407—414, 2001

INTRODUCTION action was negligible in the cationic micellar pseudo-
phase compared to that in aqueous pseudophase at
Phthalimide and its derivatives constitute an important [NaOH] = 0.05 M [8]. Because of the insignificant
class of organic compounds with numerous uses in rate of alkaline hydrolysis in cationic micellar pseu-
biology and synthetic as well as polymer chemistry dophase, the rate data were adequately explained in
[1]. Micelles provide a microreaction medium that terms of the pseudophase model (PM) of micelle [9]
seems to be similar to one for many biological reac- rather than the pseudophase ion-exchange (PIE) model
tions [2,3]. The kinetics and mechanism of alkaline of micelle [10]. But the rate of hydrolysis df-hy-
hydrolysis of phthalimide in the absence [4,5] and droxyphthalimide, within [NaOH] range of 0.006 to
presence of micelles [6] have been studied in some 0.018 M, was explained in terms of the PIE model
detail. Cationic micelles inhibited the rate of alkaline [11]. The values oK, of phthalimide and\-hydrox-
hydrolysis of phthalimide [7], and the rate of this re- yphthalimide are3 X 10-%° [12] andl X 106 M
[13], respectively, and the rate of hydrolysis of phthal-
Correspondence tdvl. Niyaz Khan (niyaz@kiniia.wm.equ.my)  imide was found to be independent of [NaOH] within
Contract grant sponsor: National Scientific Research and De- jtg range 0.005—0.050 M, while the rate of hydrolysis
Ve'%’é?f::;gf;nct"n%fm“gilﬁygéffoz_o3_o785 of N-hydroxyphthalimide was dependent upon
© 2001 John Wiley & Sons, Inc. [NaOH] at[HO-] = 0.006 M.
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Table I Pseudo-First-Order Rate Constants (k) for
Hydrolysis of NPTH at Different [TOH]|?

[TOHI/M 100 Kopdst 10% Keged/s™t 10% Kged/st
17x10%¢ 13.0*+ 0.2 13.3 12.7
22X 10° 148+ 0.3 14.7 14.6
3.4X10°° 155+ 04 15.7 16.1
27X 104 19.3+= 0.3 17.7 19.3
6.8 X 10 20.5+ 0.3 18.1 19.7
0.0005 199+ 0.2 17.9 19.6
0.001 18.8+ 0.3 18.3 19.7
0.005 19.9+ 0.3 20.2 19.9
0.01 23.9* 0.5 225
0.01 247+ 0.3 225
0.01 22.6*+ 0.3 225
0.03 32.4*= 0.3 318
0.05 33.9% 0.6 41.0
0.1 68.2+ 1.0 64.2
0.1 62.6x 1.0 64.2
0.2 117+ 2 111
0.3 155+ 6 157
0.4 214+ 3 203
0.5 248+ 1 249
0.5 227+ 1 249
0.6 301*= 3 206
0.8 358+ 5 388
1.0 476+ 7 481
1.0 514+ 5 481

a[NPTH], = 1 X 104 M, A = 260 nm,ionic strength 1 M,
35°C and reaction mixture for each measurement contains 1% v/v
CH,CN.

bCalculated from eq. (1) as described in the text.

¢Calculated from the relationshi.,.q = (@b [-OH])/(1 X
b[~OH]) with 10%a = 19.9 st and 10% = 1.27 M! (see text).

4[-OH] = (1Q,P"-PX))/y where desired pH was attained by car-
bonate bufferspK,, = 13.62, and activity coefficiegt= 0.7 at1
M ionic strength.

eError limits are standard deviations.

fHydroxide ion concentrations were maintained by using the
stock solutions of NaOH.

The K, of 4-nitrophthalimide (NPTH) is expected
to be significantly lower than that of phthalimide and
consequently pH-independent hydrolysis of NPTH
compared to that of phthalimide must occur at rela-
tively lower [HO-]. The mechanism of a reaction re-
mains essentially unchanged with the change in the
reaction medium from pure aqueous to micelles, and
the effects of ionic micelles on the rate of a reaction
can be explained, at least in terms of polarity and ionic
strength of the micellar surface. Thus, it becomes es-

phthalimide and whether the PIE model is applicable,
the rate of alkaline hydrolysis of NPTH has been stud-
ied in the absence and presence of cetyltrimethylam-
monium bromide (CTABr) micelles. The effects of
mixed aqueous—organic solvents and ionic strength on
the rate of alkaline hydrolysis of NPTH have been also
studied in the absence of micelles. The observed re-
sults and their probable explanation(s) are described
in this manuscript.

EXPERIMENTAL

Materials

All the chemicals used were supplied by Fluka, Sigma,
or Aldrich and were of the highest commercially avail-

able purity. Buffer solutions of desired pH were

freshly prepared. The stock solutions of NPTH were
prepared in acetonitrile.

Kinetic Measurements

The rate of alkaline hydrolysis of NPTH was studied

spectrophotometrically by monitoring the disappear-
ance of the reactant NPTH at 260 nm. The observed
data, absorbanc@y,J versus reaction time) obeyed

a pseudo-first-order rate law under the experimental
conditions imposed. The details of the kinetic proce-
dure and data analysis have been described elsewhere
[7,14].

RESULTS

Effect of [NaOH] on &, (Pseudo-First-
Order Rate Constant for Hydrolysis of
NPTH)

A series of kinetic runs were carried out at different
[NaOH] within its rangel.7 X 105 to 1.0 M at a con-
stant ionic strength (1.0 M) and 35. Pseudo-first-
order rate constantkgJ) as summarized in Table |
obeyed eq. (1):

_ ab[HO"] + bdHO]2
B 1 + b[HO))

Kobs (1)

sential to study the reaction mechanism and the effectswherea, b, andc are unknown kinetic parameters. The

of mixed agueous—organic solvents as well as ionic

strength on the reaction rate before studying the effectsc are (17.9+ 3.3) X 104 s'1,

of micelles on the same reaction rate. Thus, in order
to find out the effect oi—NO, group on the rate of
cationic micellar-mediated alkaline hydrolysis of

nonlinear least-squares calculated values,df, and
(2.08+ 5.54) X

1 M1, and (46.3*= 0.8) X 103 M~ s!, respec-
tively. The fitting of observed data to eq. (1) is evident
from the values of rate constantg (., Table I) cal-
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Table Il Pseudo-First-Order Rate Constants (k) for crease with the increase in GQEN content from 1 to
Hydrolysis of NPTH at Different Contents (X) of 70% v/v and CHOH content from 0 to 80% vi/v, re-
Organic Cosolvents in Mixed Aqueous Solvents spectively. These results may be qualitatively ex-
Cosolvent K) CH,OH CH,CN plained in terms of simple theories, such as that of
% viv 10 Kpds? 104 K,pdSst Hughes and Ingold, and solvent polarity effect.
5 212+ 0.2 182+ 01 It shpuld be noted that .the presence of 0.01 M
10 185+ 02 14.0+ 0.2 NaOH in CHOH solvent will generateCH,O~  be-
20 13.0+ 05 8.49+ 0.07 cause th&, values of CHOH and HO are nearly the
30 10.9+ 0.1 5.38+ 0.4 same. Thus, the increase in the content ofGH in
40 8.33+ 0.3 3.69+ 0.03 mixed aqueous solvents will incred€H,0-] andde-
50 6.24+ 0.03 2.67+ 0.02 creasdHO] becaug€H,O"] + [HO"] is constant
60 4.52+ 0.03 2.38+0.03 (=0.01 M). Although the nucleophilic reactivity of
70 3.29=0.03 2.05+0.04 CH,O toward electrophilic carbonyl carbon is nearly
80 2.12+0.02 60-fold larger than that oHO-, it has been shown
a[NPTH], = 1 X 104 M, [NaOH] = 0.01 M A = 260 nm, elsewhere [14] that the rate constakig are for hy-
35°C and reaction mixture for each measurement{or CH,OH drolysis and not for methanolysis of NPTH under the
contains 1% v/v CECN. present experimental conditions.

b Error limits are standard deviations.

_ _ Effect of [NaCl] on &k, at 0.03 M NaOH
culated from eq. (1) using the calculated values of ki- 4,4 35°C

netic parameters, b, andc. The calculated value of
b is statistically unreliable because its standard devi- In order to determine the effect of ionic strength on
ation is>200%. A relatively more reliable value bf ~ the rate of alkaline hydrolysis of NPTH, a few kinetic
is expected to result by treating the observed data ob-funs were carried out within the [NaCl] range 0.1-3.0
tained within[HO] rangel.7 X 105 tc5 X 10°3, M. The values ofk,,,, as summarized in Table I,
where the contribution digHO-]2 is negligible com- showed a mild increase<{27%) with the increase in
pared withab{-OH] in eq. (1), with the equation the ionic strength from 0.03 to 3.0 M.
Kops = ab[HO-J/(1 + b[HO™]). Such a data treatment
gave 10fa=19.9+ 0.3s! and 10% = 1.27+
0.14 M1, Effect of [CTABr]; on &, at Two Different

The [HO-] range ofl.7 X 105 t06.8X 104 M [NaOH] and 35°C
was achieved by the use of carbonate buffers. The val- o series of kinetic runs was carried out under varying

ues ofk,sremained unchanged with the change in the 15| concentrations of cetyltrimethyl-ammonium bro-

total concentration of carbonate buffer from 0.1 to0 0.7 mide ([CTABr},) at 0.01 M NaOH in aqueous solvent

Mat pH10.2= 0.1. These results show that the pH- ¢,htaining 1% viv CHCN. Several kinetic runs were
independent rate of hydrolysis of NPTH is insensitive 5,5 carried out at different [CTABfJand 0.05 M
to general base catalysis. The rate of alkaline hydrol-

ysis of phthalimide [15] andN-hydroxyphthalimide
[13] were found to be insensitive and sensitive, re- Table III Pseudo-First-Order Rate Constants (k) for

spectively, to general base catalysis. Hydrolysis of NPTH at Different [NaCl|2
[NaCl)/Mm 10 Kypds?
Effect of Mixed CH;CN-H,O and CH;OH- 0.1 324+ 0.3
H,O Solvents on k,,, at 0.01 M NaOH and 0.4 34.3+ 0.5
35°C 0.8 35.7+ 0.6
. . . 1.2 36.8+ 0.5
The rate of alkaline hydrolysis of NPTH was studied 16 37.9+ 0.5
within the respective acetonitrile and methanol content 20 386+ 05
range of 1 to 70 and 0 to 80% v/v in mixed aqueous 25 37.4+ 0.6
solvents. Mixed aqueous—organic solvents were pre- 3.0 41.1+ 0.6

pared by adding the appropriate amounts of water and

i lvent to the reaction mixtures. Pseudo- e o1 o = 1 104 M, [NaOH] = 0.03 M A = 260 nm,
qrgamc c0so . ’ 35°C and reaction mixture for each measurement contains 1% v/v
first-order rate constant&(J, as shown in Table Il,  chcn.
revealed an approximately 11.6- and 11.3-fold de-  ®Error limits are standard deviations.
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Table IV Pseudo-First-Order Rate Constants (k,,.) for Hydrolysis of NPTH at Different [CTABr|, and [NaOH]|?

[NaOHJ/M = 0.01 0.05
104[CTABr]T M oy kobs§:l o kcalcdb st 1 kcaIch st oy kobs st o kcalcdd st o kcalcde st
0.2 226+ 0.3 33.9+ 0.6
0.4 22.6+ 0.4 37.2+= 05
0.6 22.6+ 0.3 36.6+ 0.6
1.0 22.8*x 0.3 37.9= 0.4
2.0 22.0+= 05 34.2+ 1.0 34.7 35.3
3.0 18.8*= 0.6 17.6 175 24.% 0.9 245 235
4.0 13.0£ 0.3 12.6 12.6 19.8& 0.5 19.8 19.3
5.0 9.60=* 0.2 10.1 10.1 174 04 17.1 17.1
7.0 6.83+ 0.05 7.62 7.63 135 0.3 14.2 14.7
10.0 5.32+ 0.06 5.98 5.99 12.¢ 0.3 12.1 13.0
20.0 4.19+ 0.05 4.26 4.26 10.# 0.1 9.67 10.6
60.0 3.77+= 0.07 3.20 3.20 8.5% 0.08 8.10 8.22
100.0 3.51* 0.05 3.00 3.00 7.57 0.08 7.79 7.41
200.0 2.80+ 0.03 2.85 2.85 6.2% 0.05 7.56 6.53
10° 2d? = 3.586 3.697 4.713 3.829
10 cmc =25M (2.7 My 1.8 Me (1.9 My

a[NPTH], = 1 X 104 M, A = 260 nm,35°C, and reaction mixture for each measurement contains 1% vACSH

bCalculated from eq. (3) with #&mc = 2.5 M, 10 k," = 22.6 s*, 10k," = 2.71 s* ,andKg = 6769 M*.

c¢Calculated from eq. (5) with ¥ocmc= 2.5 M Kg°H = 20, 8 = 0.8, 10* Ky " = 17.9 51,10 Koy W' = 463 M1 571, 10% ko' =
2.70 s1 10" ko ™" = 0, andKg = 6710 M2,

dCalculated from eq. (3) with ¥*@&mc= 1.8 M, 10* k," = 36.4 st 10" k," = 7.33 s ,andKgs = 6333 M*.

eCalculated from eq. (5) with ¥ocmc= 1.8 M, Kg°H = 20, B = 0.8, 10* ky" = 17.9 s ,10* Koy = 463 Mt s, 10% Ko\ =
4,75 st ,10* ko ™" = 8.90 s ,andKg = 11888 M1.

fError limits are standard deviations.

9The values of cmc were obtained from graphical technique [23].

hParenthesized values were obtained from iterative technique [22] using eq. (3).

NaOH. The observed dat&(s vs. [CTABr];) are shown in Scheme I. A similar mechanism has been

shown in Table IV. found to occur in several related reactions under es-
sentially similar experimental conditions. The ob-
served rate law (rate= k,,s [NPTH] where

DISCUSSION [NPTH]; = [NPTH] + [NPT-]), and Scheme | can
lead to eq. (2):

The change irk,, with the change in [NaOH] (Table

I) may be explained through a reaction mechanism as KoK[HO™] + ko K[HO]?

Kabs = 1 + K[HO) 2)

co_ < CO\N_ where ky, = kb, K, /K, with K,= [NPT-][H*)/
ﬁ _NH 4 HO === '\KICO/ [NPTH] andK,, = [H*][HO] andK; = K{/[H,0] =
O2N co tH20 02 KJ/K,- The occurrence of a reaction step for rate law
k,[H,O]JINPT-], which is kinetically indistinguishable
from the reaction step for rate lavks [HO-
lk,oH lkw o' JINPTH], may be ruled out based on evidence de-
scribed elsewhere [16]. Similarly, the notion that the
i rate of hydrolysis of NPTH at considerably high val-
CONHz Ha0 CONH ues of [NaOH] does not involMdPT-  as reactive spe-
/@ T veryfast /CC i cies may be shown to be incorrect based on kinetic
O2N coo -HO O2N coo evidence discussed elsewhere [17].
Scheme | Equation (2) is similar to eq. (1), with, = a,

NPTH NPT
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Ki = b, and ko = ¢. The value ofk,, (=0.0463 proximation, in terms of pseudophase model (PM) of
M-1s1)is nearly 12-fold larger thak,,, (= 3.84 X micelle [9]. The PM model can lead to eq. (3):

103 M- s 1) for phthalimide, which may be attrib-

uted to the favorable substituent effect exerted by the k" + Ky" Kg[D,]

nitro group in NPTH. It is interesting to note that the Kobs = W 3)
values ofk,, (=20 X 104 s, Table I) in the pH- S
independent rate region are even slightly smaller than
the correspondingf,, (=24 X 104 s~1) for phthal-
imide [18]. These results can be explained if the p
independent rate of hydrolysis is governed by the rate
law k5 [OH-][NPTH] only. Under such conditions,
kops = KoK WK, and hence it is possible that the ratio
ko/K, for NPTH may not be significantly different
from kg /K, for phthalimide if the substituent (N
effects on botlk;,, an#,are nearly the same in mag-
nitude. The calculated values OK,Hy(= koK =

253 Mt st)andK, EKK, = 3.1 X 10° M with

where k" and k" represent pseudo-first-order rate
. constants for hydrolysis of NPTH in the aqueous pseu-
dophase and micellar pseudophase, respectikglis,

the micellar binding constant of NPTH; anB ] =
[CTABr]; — cmc, with cmc representing critical mi-
celle concentration. The value of cmc was obtained by
using both iterative [22] and graphical [23] techniques.
The values of cmc at different [NaOH] are summa-
rized in Table IV. The value ok, was taken as the
average value ok, obtained at [CTABK} < cmc.

ot N )
K, = 2.4 = 10-1 M2at 35C [19]) are nearly 5- and The unknown kinetic parametets," andKswere cal

7-fold, respectively, larger than the corresponding val- culate_d from eq. (3) using the ”°”'".‘ear least-squares
ues of ki (=53 Mt s1) andK(=4.3 X 10-1° M) technique. The calculated respective valueskgf

for phthalimide. These results are conceivable from Zgg ,tjlflare (ggf iMO.I?IS)OXHlO_AdS; 321‘106‘7&%
the fact that the N@group is a powerful electron- at 0. a and(7.33% 0.41)

withdrawing group compared with H, and hence the 1iLt(tT4 slfatr;]d 63b30i 4SOdM';1 tat 0'053!“ NaOH. Ttheb
NO, group must increask,. The electron-withdraw- itting of the observed data to eq. (3) appears to be

ing NO, group is expected to increase both the elec- satlsfa_\cto(rjy, Eﬁ] ter:I |den|t frlo;no':hke_ sttz_;\ndard de':natlonz
trophilicity of carbonyl carbon and the leaving ability associated wi € calculated Kinetic parameters an

of the leaving group in NPTH, and consequently it from theks,cq values listed in Table IV.

increases the rate of reaction bfO- with NPTH Tjhet o(;:(?urfence of on exChangff n |ohn|c rg)ncellar—
(Scheme 1) compared with phthalimide. mediated ionic or semi-ionic reactions has been un-

The rate constard,,, is not expected to be affected equivocally established [24—28]. The possible ion-ex-
by the ionic strength becaukg,,  is the second-order €hange processes in the present reacting system are

rate constant for a reaction involving a neutral and an Brr]—/ HO", Br/ NP;;?SST’\JPT / ';gT;B/l:g]e |on-ex-b
ionic reactant [20]. But the rate constagy, (for a change process a may be

bimolecular reaction involving two ionic reactants) ignored F:ompared WI'[BI’"/HO’ due to the fact that
should be affected by the ionic strength. The nearly the maximum concentration of l:IPTwas kept at a
26% increase irk,,, due to the increase in ionic relatlvely very small Ie_v_e(l x 1? M), and the dif-
strength from 0.03 to 3.0 M is possibly due to the ionic ference in hydrophobicity oNPT"  analOr . d$r
strength effect ofky,,, because at 0.03 M NaOH, the should be very large. Thus, the most effective ion ex-

. _ _ hange, in the present experimental conditions, is
fkouK[HO]2 [H ¢
i(:noz':qul)(l;t)lci)2~04li?)zK,[ O7J* compared teK[HO] Br-/HO-. The k., versus [CTABr] profile for such

The effects of mixed aqueous—organic solvents reactions_is generally explained in terms of the pseu-
were studied at 0.01 M NaOH, and under such con- dophase ion-exchange (PIE) moc!el [2.3,10]. In_ view
ditions, the contribution ok, ,K[HO-]? in eq. (2) is of the PIE mod?l, the concgntra_ﬂons HO. (ionic
only 19%. Thus, 81% of the contribution kg,.comes reactant) andBr- (counterion) in the micellar and
from k,K[HO-], and the reactions that obey such a agueous pseudophage are generally governed by an
rate law are known to be inhibited by the increase in ion-exchange equilibrium, eq. (4):
the content of organic cosolvent in mixed aqueous sol-
vents. Pseudo-first-order rate constants for alkaline hy- Ke*" = (HOw 1[Bry /(IHOw 1[Bryw 1)

drolysis of phenyl benzoate decreased by slightly more = ([HOw Img)/(Mop[Bry,])  (4)
than 10-fold with the increase in GAIN content from
2 to 70% v/v in mixed aqueous solvent [21]. where the subscripts W and M represent aqueous

The increase in [CTABKfrom ~3 X 10-4to 0.02 and micellar pseudophase, respectivelyy, =
M resulted in an approximately monotonic decrease in [Br,, J/[D,] andmy, = [HO,,“1/[D,].
kops @t both 0.01 and 0.05 M NaOH (Table IV). Such The reaction scheme, in terms of PM model, can
results have been generally explained, to a first ap- lead to eq. (5):
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_ kow" * KouwTHO W] + (Kow" + Koum™ MoK Dy

kobs

wherekoy y™" = konm"Vu, With Vy, representing mi-
cellar molar volume [2,3]k, ! and k, " represent
first-order rate constants for pH-independent hydrol-
ysis of NPTH andky, ! andkey " are second-order
rate constants for the reactionstldO-  with ionized

NPTH in aqueous and micellar pseudophase, respec-ion-exchange process@ePT-/Br-

tively.

The values ofny,, at different D,] were obtained
from a kinetic equation derived from PIE formalism
[2,3,10]. The value of3 (=fraction of counterions
bound to micelle) an#;,°" were considered to be 0.8
and 20, respectively, ani,,," (=17.9X 104 st)
andkoy ' (=0.0463 M st )were obtained by car-
rying out the experiments in the absence of micelles.
The unknown parametet, \\", koy ™" andKg were
calculated from eq. (5) using the nonlinear least-
squares technique. The respective valueskgj®,
Kouu™" and Kg are (3.80* 0.64)X 104 s?,
(—8.9*48)x 10*s?t, and 4900+ 860 M at
0.01 M NaOH and (4.75*= 0.91) X 104 s,
(8.90* 2.42) X 104 s1,and 11888+ 1494 M! at
0.05 M NaOH. The negative value kf, ,"s"at 0.01
M NaOH is physically and chemically meaningless.
Thus, relatively more reliable values kf,," andKg
at 0.01 M NaOH were calculated from eq. (5) by set-
ting koy ™" = 0. The calculated values ¢f " and
Ks at koy ™" = 0 are(2.70% 0.39) X 10 s* and
6710+ 683 M1, respectively. The contribution of
Konw! [HOw ] compared withk, " is nearly 19% at
0.01 M NaOH. The least-squarexd? whered, =
Kopsi — Keacai) Value obtained from eq. (3) is similar
to one obtained from eq. (5) wity, ™" = 0. It may
be noted that the change Ky,°" from 15 to 100 at
B = 0.8and inB from 0.8 to 0.2K°" = 20 did not
reveal an appreciable changedd.? values. Thus, the
characteristic thaks ™" = 0 indicates that ion-ex-
changeBr-/HO- could not produce enouffO,,"]
to makekq, ™My significant compared withkg "
in eq. (5).

The contribution okyy, /" [HO,, "] compared with
kow is nearly 56% at 0.05 M NaOH. The data treat-
ment with eq. (5) resulted in a change 3?2 from
3.823X 1078 to 3.737X 1078, in ky " from 4.00x
104 to 5.68X 104 s, in Koy ™" from 8.72X
104 to 13.6X 10 s!, and inKg from 11313 to
13850M -1 with the change iKg,°" from 10 to 100
at 8 = 0.8. Similarly, the change i from 0.8 to 0.2
at Kg©H = 20 revealed the change ikd? from
3.829X 1078 to 4.024X 1078, in ko " from 4.75X%
10 to 5.71X 10 s, in Koy ™" from 8.72X
104 to 30.3X 10 s!, and inKg from 11888 to

1+ Kg(D,)

(5)

11897M-L Thus, based on the criterion that the best
data fit is the one for which the value &D;? is the
least, it is not possible to ascertain the most appropriate
values ofKg°" and 8. Such uncertainty in the use of
the PIE model is not due to ignoring the other possible
ahtPT /HO )
because similar uncertainty was encountered in the
data treatment of alkaline hydrolysis of securinine,
which involved only one ion-exchan@gr-/HO-  [29].
This is an apparent weakness in the PIE model, as
reported by other workers [30,31]. The value of
nw' (=0.04 M- s1)for securinine is not signifi-
cantly different fromkoy, /' (=0.046 M st) for
NPT-. However, nonkinetic experimental methods
gave the values dfk;°" andB as 7—31 and 0.8, re-
spectively [10]. The value afd,? obtained for the data
treatment with eq. (5) a&g°" =20 and= 0.8 is
nearly 20% lower than that with eq. (3) at 0.05 M
NaOH (Table 1V). This shows that the ion-exchange
Br-/HO- is kinetically significant at 0.05 M NaOH
(i.e., koym™"does not seem to be negligible). But the
derived values ok, ", Koy v™", andKg from eq. (5)
are not very reliable because of the probable uncer-
tainties in the chosen values BKi°" =@0) andg
(=0.8).

The value ofKg (=6600 M%) is nearly 2.5-fold
larger tharKg (= 2600 M) for phthalimide [7]. The
CTABr micellar surface affinity of them-nitroben-
zoate ion is nearly 3-fold larger than that of theor
p-nitrobenzoate ion [28]. The reason for the low cat-
ionic micellar surface affinity of th@-nitrobenzoate
ion is attributed to the significant polarity of the nitro
group. The relative cationic micellar surface affinity
of o- m-, andp-nitrobenzoate ions is not yet fully un-
derstood. The structural location of the nitro group in
NPTH roughly corresponds to in between heand
m-nitrobenzoate ions. Kinetic data revealed a nearly
1.4-fold larger affinity of the benzoate ion [32] com-
pared to theo- and p-nitrobenzoate ion [28] toward
cationic micelles. Thus, a 2.5-fold larger value of
Ks for NPTH compared toKg for phthalimide is
conceivable in view of the effect of the nitro group
onKq.

A skeptic might think that cationic micelles are of-
ten used to increase the rate of hydrolysis reactions,
whereas the reverse is observed here. lonic micelles
can increase the rate of a bimolecular reaction involv-
ing one or both reactant molecules as ions with charge
similar to the charge of counterions under one, or more
than one, of the following circumstances. (a) Micelles
cause an increase in the concentration of reactants into
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