CHAPTER 3
RESULTS AND DISCUSSION



3.1 Glycine ester hydrolysis in aqueous micellar medium

Studying hydrolysis of aminoacid ester in micellar medium is somewhat mimicking
the biological rcactions as micelles provide the microenvironment similar to biological
system'. Glycine ester hydrolysis in presence of surfactants has not been studied much.
Many of the studies have been carried out in the field of ester hydrolysis in presence of
surfactants at high or at low pH #®, but rarely one finds these studies around pH 7, which is
the pH of almost all biological systems. Therefore, although study has been carried out at
various pH values, more emphasis is given to study at pH 7 in this section.

Kinetics of hydrolysis of glycine esters (MeGly, EtGly, diMeGly and PhGly) were
studied under different pH, temperature and surfactant environment. The pseudo first order
rate constants (k) determined under various conditions are presented in the form of graphs
and tables.
pH :

The variation of rate constants for the hydrolysis of glycine esters in the pH range
4-11, in presence and absence of surfactants are depicted in figs (1-6) The change in pH
has tremendous effect on the rate of hydrolysis of glycine esters The results show that, in
the absence of surfactants, the rate constant for glycine ester hydrolysis decreases as the
pH is changed from 4 to 5, and then there is a slow but steady mcrease up to pH 7,
thercafler a shatp risc is obscrved with increase in pH.

The rate constants (k) at pH 0.8 for all the csters studied were low, where as at high
and low pH, quite high valucs of k were obtained When compared, the k values at pH 4
were nearly 3x10° times that at pH 6.8, where as at pH 11, they were ~ 400 times larger.
For example, the observed rate constants (ko) at 40°C, for MeGly hydrolysis at pH 4, 6.8
and 11 were 7.20x107 S", 2.44x10° S and 9.7x10* S respectively. This observation is
stmply because of the strong catalytic power of H' ions at low pH and OH ions at hugh pH.
It is reflected in the fact that, as the pH was changed from 4 to 5, there was a large
decrease 1n the values of rate constants, due to decrease in H' ion concentration. From pH
5 to 7, there was a slight increasc in the rate, but the rate of hydrolysis in this region was

very small due to low concentration of H' as well as OH™ ions. Above pH 7, the sharp rise

m tate 1s due to increase in O {on concentiation,
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When the hydrolysis was carried out 1n presence of surfactant, the effect on the
value of rate constant depended on the pH value as well as on the type of the surfactant
(cationic/anionic/non-ionic) used. In presence of cationic micelle, CTAB, the rate of
hydrolysis of aminoacid esters at pH 4 was very much suppressed, where as with anionic
micelle, SDS, a significant enhancement in rate was observed. For PhGly hydrolysis at pH
4, the rate was inhibited to an extent of = 350 times in presence of CTAB (0 03 M), but in
presence of SDS (0.03 M), there was 8.5 times enhancement in the rate CTAB at pH 11,
enhanced the rate significantly, but SDS at this pH showed an opposite effect, ic, an
inlubition of the rate was observed For example, the rate enhancement for diMeGly
hydrolysis in presence of CTAB at pH 11 was about 7 8 times, but with SDS at the samc
pH, there was 4.2 times inhibition. Similar observations of enhancement and inhibition by
CTAB/SDS were reported by many research workers "1 The micellar medium can affect
the rate of a reaction by bringing the reactants in close proximity of each other and thus
enhancing the rate or keeping the reactant away from each other, thereby reducing the ratd

These rate effects can be atltributed to clectrostatic and hydrophobic intcractions
between the substrate and the micetle ',

The concentration of H' ions at pH 4 and OH ™ ions at pH 11 are very large Thus at
these pH values, electrostatic interaction is predominant CTAB being positively charged,
attracts OH- ions at pH 11 and the ncgatively charged SDS, attracts H+ ions at pH 4. The
attracted 1ons are brought to close proximity of muicellar bound ester, thus making the
attack of ions easier and faster and hence, the enhancement in the rate. When the attacking
10ns have the same charge as that of micelle, they are repelled. CTAB repels H' ions at pH
4 and SDS repels OH  10ons at pH 11. This results the distancing of attacking ions from the
substrate and thus the rate is decreased

The importance of electrostatic interaction was confirmed, when Brij-35 was uscd
as the surfactant It had no cifect on the rate at low as well as at high pH. It is non-ionic,
and has no charge on its surface, therefore, it can neither attract nor repel any ion, thus 1t

shows neither catalytic nor inhibiting effect on the hydrolysis of ester at pH 4 and pH 11.
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Surfactant concentration

The hydrolysis rate is affected by the concentration of surfactant in the medium
The effect of concentration of surfactant on the rate of hydrolysis was studied in the range

of 1x10™ to 1x10™" M, and the results are depicted in figs (7-15)

High and low pll
Effect of CTAB -

With the increase 1n concentration of CTAB, the rate constant for hydrolysis, at low
pH (pH 4) decreased upto certain concentration (0.02-0.03 M) of CTAB, and then it
became constant, i.e., beyond this concentration, the rate was not affected by the change in
concentration of CTAB. At pH 11, the rate constant increased imitially, but became
constant after 0 03 M CTAB

As explained earlier, H" ions are repelled by CTAB. This repulsion increased with
incrcasc in concentration of CTAB, because more and more positive charge weic
introduced 1n to the solution due to increase in CTAB concentration. This phenomena of
repulsion reached a limit, when almost all H" ions catalysing the hydrolysis reaction were
kept away from the ester, thus further increase in concentration of CTAB did not cause any
more decrease in rate.

At high pH, the effect of CTAB was oppostle to that at pH 4, i.e., the OH- ions
were attracted to the micellar surface in this case and thus the reactive site of the glycine
ester became accessible for these attacking ions. As the concentration of CTAB in the
medium increases 1 ., as the micellar concentration increases, the amount of glycine ester
bound to micellar medium also increascs, not only that, more and morc OH" will be
attracted towards the micelle, thus making 1ts attack on ester more conducive. But a lgnnit
of this is reached after 0.03 M CTAB Beyond this concentration of CTAB, the counter
ions of the surfactant 1s high enough to prevent any further increase of OH™ near the
micelle. With the increase in micellar concentration the concentration of ester per umt
volume of micelle decrease, that means there is a dilution effect which depends on the
extent of hydrophobic interaction between glycine ester and micelle The rate should

decrease as a result of dilution eficet, but at pt 1 this effect is negligible compared to the
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effect due to high OH’ ion concentration Thus the rate at pH 11 reach a limit and then

become independent of the concentration of CTAB.
Lffect of SDS : !

The concentration effect of SDS on the cster hydrolysis was found to be oppositc to
that of CTAB at low and high pH. This is due to the electrostatic attraction of H' ions and
repulsion of OH" ions by SDS at pH 4 and pH 11 respectively. The enhancement in the rate
at pH 4 with increase in concentration of SDS is due to increase in H+ ions as well as
substrate concentration within the micellar pseudo phase. But the rate reached a limit at
high concentration of surfactant and became constant due to no additional electrostatic
interaction between H' 10ns and the negatively charged SDS micelle. The dilution effect of
glycine ester at high concentration of SDS might not affect the rate, as explained earlier.
At pH 11, the repulsion between OH" and the SDS micelle, increased with the increase in
concentration of micelle resulting into a decicase in rate and recached a limit, when all the
OH’ 1ons were kept away from the ester. Thus the rate became independent of the

concentration of surfactant beyond 0 02 M.
Effect of Bry-35 :

It was observed that, at high and at low pH, the non-ionic micelle did not have any
effect on the rate of hydrolysis, as it could not affect any electrostatic interaction with the
1cactive ions (I1' or OH’) 3, and thus a change in concentration of Brij 35 in the medium
1.0x10™ to 1x10* M has shown no change at all and a straight line graph parallel to
concentration axis 1s obtained when k 1s plotted against the concentration of Bry 35
(Fig.15).

pll=7

At pH 6 8, the hydrolysis of all amino acid esters exhibited a similar rate profile
with change in concentration of CTAB, SDS or Brij 35 (Fig. 7-15). The rate constant

mcrcascd (though to a small extent) initially, with increase in concentration of surfuactant,
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reached a maximum and then decreased with further increase in surfactant concentration

The maximum rate was obtained in the range of 0.02 to 0 03 M surfactant concentration.
Around pH 7, the concentration of H' and OH ions are equal and very low, and

thus the rates of hydrolysis of aminoacid esters were also found to be very low (=10°S™).

The micellar medium, although has an effeet, it is very small. The rate constant in presence

of different surfactants has the following order,
CTAB > SDS > Brij 35

Brij 35 being non-ionic, does not have any electrostatic mfluence on H" or OH ions of the
medium, still it has an effect on rate of hydrolysis. This could be due to hydrophobic
interaction, which brings the substrate into a small volume of micelle thereby increasing
the concentration of substrate, k values in presence of CTAB and SDS were little higher as
there is electrostatic interaction between oppositely charged micelle and the ions, along
with hydrophobic interaction Further, the rate in presence of CTAB is more than that in
SDS, this could be duc to the fact that, above pH 5, OH ion attack 1s more pn::domnmnliS
and hence CTAB may be having more effect At high and low pH, as the cffect of
clectrostatic interaction is very high, the effect duc to hydrophobic interaction becomies
negligible, if the ester does not have high hydrophobicity.

It was observed that at all pH values studied (Table 1) in the absence of surfactant
the rate of hydrolysis for the four glycine esters, have the following order: .

MeGly > EtGly > diMeGly = PhGly
As the ester group becomes larger, the hydrophobicity increases, decreasing the interaction
with water and therefore, rate of hydrolysis decreases. When both the hydrogen of NH,
group of glycine ester were substituted by methyl groups, there was an increase in the
hydrophobicity of the molecule, causing the hydrolysis to be slower. But the greater the
hydrophobicity of the molecule the easier for it to dissolve in micelle and hence there 15 a
higher concentration of ester in micellar pscudo phase and thereby a greater enhancement
in the rate as a result of presence of surfactant. The order of enhancement in the rate was

diMeGly > PhGly .> EtGly > MeGly
Thus 1t 1s very clear that, hydrophobic interaction in micellar medium plays an important
rolc. The enhancement at pH 6.8 was found to be much less as compared to that at pH 4 or

pH 11, showing that at low and ligh pH, when hydrophobicity of the substrate 1s high, the
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Table 1 :

Effect of hydrophobic interaction on glycine ester hydrolysis in micellar

medium at different pH and at 40°C

pt 4 pH 6 8 pH1l | pH4 | pH6.8 | pH 11
Ester | Surfactant l<q,((,;,<,)>(l()4 kg obsyx 1 0° ke (‘,m)xl()“ ke /ko ke /ko kg /kg
- 72.70 2.44 370 - - -
CTAB 1.31 4.15 24.70 0.018 1.70 2.55
MeGly | SDS 980 3.59 647 1.35 1.47 0.667
Brij35 72 40 2.83 9.74 0.995 1.16 1.0
- 6 80 1.82 1.12 - - -
CTAB 0.022 3.41 471 0.003 1.87 4.21
EtGly {SDS 52.10 2.87 049 7.66 1.58 0.44
Brij35 677 2.17 1.14 0.995 1.20 1.01
- 423 0.88 0.576 - - -
PhGly | CTAB 0.012 2.73 3.57 0.0027 | 3.09 6.20
SDS 36.10 2.62 0.062 8.53 2.97 0.107
- 4.53 0.89 062 - - -
diMeGly | CTAB 017 364 482 0.0038 4.10 7.77
SDS 41.90 3.12 0.14 9.25 3.50 0.237
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enhancement m the rate of hydrolysis is a combined effect of hydxophobn{ and elecu oslau}(‘f;f-,
{ : Ve 4

4
g
§ © eI

interactions.
The rate maxima observed for glycine ester hydrolysis in presence of catxomc"

antonic as well as non-1onic surfactant around pH 7 (well above the CMC\of surfaclang)

also shows the importance of hydrophobic interaction in micellar medium. The maximum: ~

rate could be, at the surfactant concentration reacting at which the maximum amount of
substrate might be bound with micelle. The micelle is considered as a seperate phase in the
aqucous micellar system'® with small volume as compared to aqucous phase. Thercfore,
the concentration of glycine ester within the micellar phase would be much higher than its
stochiometric concentration. This concentration effect of glycine ester within micelle could
be the major reason for maximum rate. Simuilar observations were reported in earlier

1721 But beyond this concentration of surfactant, at which the rate maximum

studies also
was found, the effective concentration of glycine ester in mucellar phase would be
decreased, as a result of increase in number of miccllcs;which in turn was due to the
addition of morc and morc surfactant to the system. Hence, the ratc constant dccreased
fiom 0 03 M to 0.1 M of sutfactant in the medium At 0.1 M surfactant concentration in the
medium, the value of rate constant was found to be higher than that without surfactant m
the medium It shows that there is no inhibition effect by any of the surfactant used at pH
0 8.

In short, the increase and decrease in rate profile for glycine ester hydrolysis around
pH 7 1s mainly due to the increase and decrease of concentration of glycine ester in the
mucellar phase. This shows the importance of hydrophobic interaction 1n micellar catalysis.

1 2 and modified by Neve’s et al = is

The PPIE model suggested by Bunton et a
used to explain the observed kinetic behaviour for glycinester — CTAB, as well as glycine
ester —SDS systems. The model assumes micelle as a separate phase, uniformly distributed
through out the bulk, and the micelle can affect catalysis by increasing the locul
concentration of reactants within the small volume of micellar pseudophase. The overall
rate constant for a reaction in micellar medium is the combination of rate constant due to
reaction between, bound substrate and reactive 1on within micellar pseudophase, and the

rate constant for reaction between micellar bound substrate, and the reactive ton from the

aqucous phasc The scheme for the reaction 1s as shown below:
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Sw + D

" L /(J o

Sw Substrate in water

D Micellized surfactant
W and M Water and Micellar pseudophase
km Rate constant for reaction within micellar pseudophasc
kmw Rate constant due to the reaction between micellar bound substrate and the

reactive ion from aqueous phase.
For D>>CMC, the cquation for rate constant is given as,

ke = o kmw [D] + km (1-at) - (D)

Where [D] is the concentration of the surfactant and o is the degree of miccllar
dissociation. The value of o is determined by the conductivity method »*, from the ratio of
the slope of the plot of conductivity versus surfactant concentration, above and below the
critical mcielle concentration (CMC) of the surfactant. Using these values, kv and kyw
were determined

Rearranging the equation (1), we have,

kptobsy /(1-00) = [ot /1-a] [D] kmw + km (2)

The slope and intercept of the plot of

[kyiobsy /(1-a)] vs [o/1-at) [D] 1, give the values of kyw and ky respectively. In the
range of 1x10™ M to 2x10” M surfactant, two linear plots were obtained for all the systems
(Fig. 16). The values of o, ky and kyw are given in Table (2-4).

Many research workers in this field have reported o to be constant #2242 [p the
present study of hydrolysis of glycine ester in presence of surfactant, it was observed that,
at very high and very low pH values, i.e., at pH 11 and pH 4, the a values were constant
through out the concentration range of 0.001 M to 0.1 M surfactants,. But at pH 6 8, «
values were found to be constant upto Cm. Cm s the concentration of the surfactant at

which the rate constant attains either maximum or mmimum value and beyond which the
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Table 2 : o, ky and kyw values for Glycine ester hydrolysis n presence of CTAB

o km.S7x10° knw S x10°
Estors | [CTAB]—> | 0001 t001M | <002M | 20.02M <002M
MeGly pH 4 022 4.35 1.64 -2.47
pH 11 020 14 50 3040 33.20
EtGly pH4 020 0.40 0026 -0.45
pH 11 0.21 270 5.90 4.16
PhGly pH 4 021 0316 0.015 -(.566
pH 11 021 222 4.54 4.58
diMeGly | pH 4 019 473 0020 13.20
pH 11 019 0074 592 12.80

Table 3 * a,ky and kyw values for Glycine ester hydrolysis in presence of SDS

o k.S 'x10° knw S x10°
Esters | [SDS]—> | 0001100 1M | <0.02M 20.02M <0.02M
‘MeGly | pH 4 026 1310 978 0.079
pH 11 0.26 8 86 8.64 -0.030
EtGly |pH4 019 26.6 62.0 111.0
pH 11 018 0 998 058 -0 855
PhGly |pH4 020 358 46.0 18.5
pH 11 0.20 4 14 0795 -6.50
diMeGly | pH 4 017 6.84 514 108
pH 11 0.17 0497 0175 -0.778
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profile of ralc constant changes. In all the cascs studied Cm was found to be 0.02 M for
SDS and 0.03 M, for CTAB. Above Cm, the o value at pH 6.8 slowly increased upto 0.1M
of sutlactant.

The values of ku, though constant, were different above and below Cm The kum
values were found to be higher above Cm, where there was catalysis and lower where thete
was inhibition. kyw values were either (-)ve, where there was inhibition or (+)ve for
catalysis upto Cm For EtGly hydrolysis in presence of CTAB at pH 11, where there was
catalysis, the values of kyw and ky upto Cm were 4 16x102 S, and 2.70x10* S
respectively, where as above Cm, ky = 5 9x10* S For EtGly hydrolysis m prescnce of
SDS atpH 11, where the inhubition 1s obscrved, the kuw valuc was found (o
be -8.55x1073 S”'. Thus, the rate constant k¢ depended on «, kmw, km and D.

CMC for CTAB and SDS in presence of MeGly, EtGly, PhGly and diMeGly were
determined by conductivity and surface tension method The values are given in table 5. It
1s observed that the CMC values decrease with ncrease in the hydrophobicity of the
glycine esters. It indicates that if the substrate 1s more hydrobhobic, it readily solubilizcs
within the micellar phase As the solubilization of the hydrocarbon in to the micellar core
increase, the micelle become larger and swollen, and it gives more room for surflactant
molecule and thus the CMC decreases The dccrease in CMC with increasc in
solubilization of hydrocarbon was obscrved in carliet studics also®’

In the case of CTAB, at pH 7 and pH 11, as the micellar concentration icnreascs,
initially 1t enhances (though to a very small extent at pH 7), the concentration of OH™ ncar
the micellar surface due to strong electrostatic attraction and thus facilitate the attack of
OH’ on the bound amino acid ester. The attack on the ester is not only from the micelle
bound OH" (kwm), but also there is an additional attack of these reactive counter-ions from
across the boundary of micclle (kmw) as shown in the scheme. Thercfore, according to
cquatton (2), the overall rate constant (k) should incicase lincarly with increase
surfactant concentration. The rate constant increased upto 0.03 M CTAB. Beyond this
concentration, the concentration of counter ions around micclle might be increased to such
an extent that, it almost shields the attack of OH" from the aqueous pseudophase to the
miccllar bound ester, i e, knyw should be zero and  the rate constant should depend only on

km and o, and therefore equation (2) becomes,
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ke =k (1- ) .. (3)

Above 0.03 M CTAB (Cm), kuw 15 zero and it was observed that, at pH 7, the
value nereased with the incicase in concentiation of CTAR, whote as ky was constant,
Therefore, there should be a decrease in the value of observed rate constant (k,) with
increase in concentration of CTAB. However, at pH 11, the o as well as ky were constants
and consequently the k, values should remain constant with increase in surfactant
concentration above 0.03 M.

Equation (2) and (3), hold good for hydrolysis in presence of CTAB at pH 4 also.
In this casc, as o and ky were constants and the kyw value was ncgative (cqn.2), the k,
value decrcased with ncieasc in sutfaclant concentration The negative sign ol kyw
implies the inhibition, which is due to electrostatic repulsion between positively charged
CTAB micelle and the attacking H+ ions at this pH. This inhibition effect increased with
increasing concentration of the surfactant in the system and reached a limit around 0.03M
CTAB. Beyond this concentration of the surfactant, the attack of H' ion, from aqucous
phase, on the ester in the micellar pseudophase was not possible and thus kmw became
zero, and the rate constant k, follows equation (3) The k, valuc became independent of
concentration of CTAB, as kv and o remained constant above 0.03M CTAB.

As mentioned earlier, at pH 4, in presence of SDS, the rate increased with increase
in surfactant concentration and then attamned a Iimit around 0.02M SDS. But at pH 7, the
rate was decreased beyond this concentration, similar to what was observed in the case of
CTAB In presence of SDS, the initial enhancement in rate at pH 4 and 7, was duc to the
close proximity of H' ions and ester within the micelle. The strong electrostatic attraction
between H* 1ons and SDS mucelle, causcs the additional attack of H* ions from the bulk
phase (aqueous pseudophase) on the ester bound with micelle Hence ky and kmw, both
contribute to the overall rate constant k, and cquation (2) should be apphcable in this casc
also As ky and kyw were having positive values and « was constant, k, should incicasc
linearly with mncrcase in SDS concentration, and which was found to be so

Beyond 0.02 M SDS, the attack of H+ 1on from aqueous phase on the micellar
bound ester was effectively stopped by the unreactive counter 1ons of SDS at pH 4 as well

as at pH 7, therefore kmw should be zero kv and « being constant at pH 4, the kgbccomcs
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constant. At pH 7, a values increased above 0.02 M SDS and thus k value was decreased
At pH 11, SDS inhibits the reaction, because at this pH, ky is positive but kmw is ncgative
and is constant At pll 4 as well as 11, beyond 0.02 M SDS, kmw =0, and km arc constants
and hence k, became constant.

Using the values ofog, km and kmw, k, was calculated (kg (1)) and the results are
presented in table (6-13). Kinetic simulation of the observed rate constants for some of the
results arc shown in figs (17-24). The model applied 1n this study was found to be
satisfactorily agreeing with the experimental data.

The rate also depends on the reactivity of the substrate in the micellar phasc and in
the bulk phasc. The extent of micelle substrate interaction had been estimated by K
(binding constant) (Fig. 25) using the equation (4),28.

1/ko-k¢ (0bs) = U/kg-km + [1/ko-km] N/K(Cp-CMC) 4)
and plotting the graph,

- [ I/ ko-kg(obs)] vs 1/(Cy,-CMC)
where K is the binding constant and N the aggregation number determined by fluorescence
method 2° and the values of N obtamed for CTAB and SDS (Table5) were found t6 be
close to the literature values %', Cp is the total surfactant concentration.

The knm values determined using both the equations (2 and 4) were nearly same for
each systems The kym obtained using equation (4) for EtGly hydrolysis in presence of
CTAB at pH 6.8 was 3 10x10° S, which 1s close to the value (3.50x10° S™') obtained by
equation (2) The extent of the effect of surfactant on the rate can be obtained from the ky
value. According to this model the extent of catalysis and mhibition can be predicted from
ratio of ky and kg

Il km/ke > 0, catalysis 1s obscrved and 1if ko/km >0, inhibition is observed. For
cxample in casc of EtGly hydrolysis in presence of CTAB at pH 68, kuke = 1 70,
showing that an cnhancement of ncarly 170 times should be obtained and the
experimentally obtained enhancement was 1.87 times. ku/ko at pH 11 was 4.8 and the
experimental enhancement was 4.3 times. At pH 4, k¢/kn=322.7 and the inhibition
observed was 324 times.

Although this modecl (cquation 4) could be uscd to explain the ratc phenomenon up

to the concentration of surfactant at which rate maxima is observed, 1t failed to explain the
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Fig 17

1 1 1 ,
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PPIE simulation of kinetic data for EtGly hydrolysis in presence of
CTAB at pH 6.8 and at 40°C ( 0- kq)(observed) R O- kq, (calculated) )
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Fig. 18 PPIE simulation of kinetic data for MeGly hydrolysis in presence of

CTAB at pH 6 8 and at 40°C ( O - kg, (gbserved) » X = Ko (caloulated) )
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Fig 19 PPIE simulation of kinetic data for EtGly hydrolysis in presence of SDS

at pH 6.8 and at 40°C ( O - kg observed » X = Kop (catoutated) )
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PPIE simulation of kinetic data for MeGly hydrolysis in presence of
SDS at pH 6.8 and at 400C ( O- k(p(observed) R X~ kq, (calculatcd))
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Fig 21 PPIE simulation of kinetic data for diMeGly hydrolysis in presence of

CTAB at pH 6.8 and at 40°C ( O - Ky (observed » X = Ko (calcutated) )
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PPIE simulation of kinetic data for diMeGly hydrolysis in presence of -
SDS at pH 6 8 and at 40°C (O - k, (observed) > X = Ko (caloutated) )
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Fig. 23 PPIE simulation o.f—.kinet.ic: data for PhGly hydrolysis in presenée 6f h

CTAB at pH 6.8 and at 40°C (O - kq, {observed) » X~ k(p(calctﬂuwd))
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Fig. 24 - PPIE simulation of kinetic data for PhGl; hydrolysis in presence of SDS

at pH 6.8 and at 40°C ( O - Ky, cobservedy » X - Ko (catcutated) )
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Fig. 25 Plot of [1/kskq] vs [1/Co-CMC] for EtGly hydrolysis at pH 6.8 and at
40°C
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increasing and decreasing pattern of rate constant with increasing surfactant concentration,

where as the use of equation (2 and 3) is found to be more satisfactory.
Temperature

The effect of temperature on the rate of hydrolysis of glycine esters was studied by
carrying out the experiments at four different temperatures i.e. 30, 35, 40 and 45°C. Some
of the observed data are shown in the plots of effect of surfactant concentration on rale
constant al different temperaturcs (Fig. 26-29). A small incrcasc i ratc constant with
mcrcasc 1n temperature was obscrved in all the cases. The results show that, the trend in
rate profile (as it is obtained from the plot of ke(bsy Vs surfactant concentration) remained
same at all temperatures studied, showing that the mechanism of the reaction is not
affected when temperature is changing from 30 to 45°C.

Activation energy (Ea), activation entropy(#AS®) and activation enthalpy (AH®) for
the hydrolysis of glycone esters in micellar medium have been determined. Representative
plots of the effect of surfactant concentration on the activation energy (Ea) and activation
entropy (AS¥) are shown 1n fig (30-31). The Ea value decreased with increase in 1.mccllar
concentration and reached a minimum value at the concentration of surfactant, where the
rate of hydrolysis was found to be maximum. Similar observations were made by carlier
wotkers also’’. A plot of AH" vs AS* (fig 32) 15 a straight line following an equation,

OH* =k, + ko AS* ()

showing that a linear compensation effect exists in this reaction.
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Fig 26 Effect of temperature and concentration of CTAB on EtGly hydrolysis at
pH 6 8:0-30°C, X-35°C, T1- A}O"C, O- <t5°C
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Fig. 27 Effect of temperature and concentration of CTAB on MeGly hydrolysis

atpH 6.8 - 0-30°C, X-35°C, 0-40°C, O-45°C
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Fig. 30 Variation of activation energy and activation entropy for the hydrolysis

of EtGly n presence of CTAB at different concentration : O - Ea, X - -
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3.2  Glycine ester hydrolysis in presence of metal complex in aqueous

micellar medium

Metal 1on promoted hydrolysis of aminoacid esters provide simple model for much

33-35

more complex metalloenzymes™ ™, and the study of amino acid ester hydrolysis in micellar

medium is also biologically important, as the micellar environment is similar to biological
micro-environment.

Mectals activating the cnzymes in biological system arc not present in free form, but
are bound to an organic carrier ligand. Hence it 1s appropriate to study the catalytic effect
of metal complexes on aminoacid ester hydrolysis in micellar medium.

Not much research work, regarding metal ion promoted hydrolysis of organic
substrate in micellar medium has becen cited in literature. In most cases studied. ligands of
the metal complex, which are hydrophobic in character and capable of forming micellar
aggregates have been used as effective catalysts and the studies were mainly concentrated
on the pseudo-intramolecular attack of the metal ion coordinated OH" group, to the micellar

bound ester *'°%3*

. In the present section, the effort is to understand the individual as well
as combined cffect of cationic micelle CTAB and the metal ion or metal complex, on the
hydrolysts of glycine esters in which, the OH™ are not bound to a ligand structure, but can
be avatled from the bulk phase.

The combined effect of metal complex and cationic surfactant CTAB on the
hydrolysis of glycine esters (McGly, EtGly, PhGly and diMeGly) were investigated .Ldel‘
various conditions.

Pseudo First order rate constants k, (in absence of any catalyst), k, (in presence of
CTAB), k,, (in presence of metal), k,,, (in presence of metal and CTAB), k;,, (in presence
of metal complex), Kk, (in presence of metal complex and CTAB) were determined.
Metals and ligands used in this study were m, (Cu*") m, (Zn*), m, (Fe’*), m,(Mn*") and
ligands L,(bipy!) L, (O phen) and L, (DET)

Most of the metal complexes ate not stable at high pHl. Therelote the hydrolysis
catalysed by mectal or metal complexes was studied at pH 4, 52 and 5 8 and the results arc

shown in Table (14-17)
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Metal / Metal Complex

For hydrolysis of aminoacid esters, the path of reaction, could be through
nucleophilic attack, by OH ion.

It is well known that, the metal ion forms a chelate with aminoacid esters which
makes carbonyl carbon of the ester group more facile for the nucleophilic attack™,

The mechanism of the hydrolysis can be shown as below

/OR c;H
M?* + H,NCH,COOR & CH, - C OH, CH, - C - OR
NH, O NH, O

VARV
y VRN /]\

/
\ A
T~
At pH 5.2 all the glycine esters hydrolyse very slowly, their rate constants were ofl’

the order of 10° S”'. When studied in presence of metal or metal complex (1:1) thesce
reactions have higher rate constant (table 14-17). When compared not much difference was
observed in the catalytic activity of the metals used and the enhancement in the rate of
hydrolysis of different esters was approximately 25 to 40 times. Softness and hardness of
the metal played a role in the catalytic activity of the metal. Knowledge of hardness or
softness of metals have been used to understand various chemical and biochemical
reactions mvolving metal or metal complexes ** The soft metal ion forms bonds with
more covalent characters, via extensive back donation, than the hard metal ions. The back
donation diminishes the effect of an electron donation from the ligand to the metal ion,
thus making soft mctal ions less sensitive to clectron donation from attached ligands. Thus
Cu and Zn being comparatively softer metals than Fe and Mn™, it is observed that, theis

complexces show slightly higher catalytic activity.
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To see the effect of pH, these hydrolyses were carried out at pH 4 and pH 5.8 also.
The rate constants were very high, due to high H' ion concentration at pH 4, as compared
to that at pH 5.2. At pH 4, the metal complex catalysed the hydrolysis to a small extent
The maximum enhancement at low pH could be due to the fact that the complexes (bimary /
ternary) formed with glycine esters are not very stable at this pH The stability of the metal
complexes studied were found to be maximum in the pH range 4.8 10 5.6.

The ratc constants at pH 5.8 were slightly higher than that at pH 5.2, which may be
due to a small increase in OH™ ion concentration But when compared the increasc in rate
constant values at pH 5.2 and 5.8 due to metal complex, it was observed that, the
enhancement was almost same in some cases or slightly less than that at pH 5.2, which 1s
probably due to the lower stability of the complex between the substrate and the catalyst at
this pH. For example, copper-bipyl complex 1s most stable around pH 5, and 1t was
obscrved that for McGly, the rate enhancement in piesence of Copper or copper-bipyl
complex was more (23.5 times) at pH 5.2 than that at pH 5.8 (22 6 times). Nearly samc
difference has been observed for all the esters and all the copper complexes studied.

Metal complexes were found to have lower catalytic activity than free metal ions,
which may be the result of shght clectron withdrawing capacity of mectal due to prior
formation of complex.

Metal 1on as well as cationic micclle (cg. CTAB) can catalyse the hydrolysis of
aminoacid esters, while the former can polarize the carboxylic group of the esters and
facilitate an attack of nucleophile on carbonyl carbon, the latter is able to bring the
nucleophile and the ester in close proximity with each other Therefore one can expect a

combined effecet, if they are usaltogether as catalyst for the hydrolysis.
Metal / Metal Complex and Surfactants

At pH 4, the presence of CTAB caused an inhibition in the hydrolysis rate of
glycine esters to an extent of 400 times. In absence of surfactant, mectal complexcs
cnhanced the rate of ester hydrolysis, but when the same experiment was carried out n
presence of CTAB, rate cosntant was found to be very much reduced For example, in case

of EtGly at pH 4, the rate constant was 6.8x10"* S, in presence of 0 03 M CTAB, 1l was
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1 6x10°8", in presence of Cu-bipyl (111) it was 72 x 107 S and in presence of Cu-bipyl
and CTAB 1t was 2.74 x 10° S, As explammed in the earlicr scction, the inhibition n
presence of CTAB was caued by the electrostatic repulsion of H* ion by CTAB, thus
making the substrate deprived of attacking protons In the absence of surfactant, the metal
complex enhances the rate, only ~1.2 times Now if we compare the rate constants in
micellar medium in presence of metal complexe to that in absence of metal complex, 1t
was about 20 times more It means that, the catalytic activity ol the same metal complex at
pil 4 was much higher in micellar environment, as compared 1o that without micclle. This
may be explained as follows, the substrate - metal binding becomes more stable in this
environment, as 1t is possiblc that the pH in the micellar medium may increase duc to the
repulsion of H" ion by CTAB. Thus inspite of the catalytic effect of metal complex, the
overall result was a reduction in the rate of hydrolysis by ~30 times, due to an
overwhelming inhibiting effect of CTAB at pH 4 ;

At pH 5 2 there is predominance of OH" 1on attack on ester As OH ion is attracted
by CTAB, slight enhancement in the rate was observed, when hydrolysis was carrid out n
cationic micellar medium The small enhancement 15 due to very low OH ion
concentration at this pH. Presence of metal complex showed a signilicant enhancement (=
30 times) n the hydrolysis rate as compared to that of pH 4, due to the stability of mectal
complex at pH 5.2. It is obsecrved that this enhancement duc to inctal complex was smaller
in the micellar medium. As such CTAB attracts OH ion, so one expected higher
enhancement, but it is possible that there may be a slight decrease in stability of the
binding between the ester and the metal due to a small increase in the pH in the micellar
medium

However, at pH 5 8, the rate constant in presence of CTAB was shghtl;y higher
than that at pH 5.2 due to the availability of more OH" ions, the rate enhancement due to
metal complex (ky/k,) was found to be less than or cqual to that at ptl 5.2. Once again, the
lower stability of metal complex at this pH, could be the reason for this observation.

‘The combined catalytic cffect of metal complex and CTAB on glycine cster

hydrolysis was found to be quite high at pH 52 (Table 18). The values of combined rale
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Table 18 Effect of Mctal/Metal complex and CTAB (0 03M) on Glycine ester
hydrolysts at 40"C and pH 5 2

MeGly EtGly diMeGly PhGly
kox 10° 0197 0114 0.08 0.076
Komi/ko 3112 48 33 110.50 79.74
Kom1r1/ko 30 51 45.96 108 87 77.76
K omit.2/Ko 29 85 44 30 104 75 75 39
Kmi1 37ko 30.15 45 61 109 50 78.16
Kpma/Ko 4472 66 14 114 00 82.63
K pmzt.1 /Ko 44 06 6421 11175 81.71
Komo1 2/Ko 4305 60 79 109 87 80.26
Komar3/Ko 44 56 65.44 112.13 82.10
Koma/ko 28 63 46 49 102.62 75.92
Kt 1/Ko 2822 45 96 102 00 73.94
Kot 2/Ko 2771 4526 100.50 : 72.37
Koma/Ko 28 98 47 10 104.25 77.37
KpmaLs/Ko 2843 | 4623 | 10337 | 7632
Koma2/ko 2792 45.26 102.25 75.00
Koma1 3/Ko 28.63 46.14 103.62 76.71
m S>Cu™" m, »Zn7 my 5> Fe T my —>Mn"™

Ly — 2,2’Bipyridyl L, — O-Phenanthrolene

L3 — Diethylene triamine
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enhancement was nearly equal to the product of the enhancement due to each one, when

used separately

1.6, Komp / Ko X Koy /ko = Kpui/Ky oo (1)

and k, / ko Xk /ke = ki /ko 2)

For diMeGly hydrolysis, the rate enhancement in presence of Zn-bipyl.and CTAB at pH
5.2 was neatly 110 times, whereas the individual catalytic effect of Zx}-bipyl and CTAB
were nearly 30 and 3.30 times respectively It indicated that, there was a synergetic effcct
of metal complex and CTAB on glycine cster hydrolysis, when they were used together as
catalyst.

From eqgn (1) and (2), we can say,

Komi / Knp = Komi/koe e 3)

Eqn (3) shows that, the effect of micelle on the rate of hydrolysis should be nearly same in
absence and presence of metal complexes, and it was observed that at a particular pH, the
/k,

(Table 20) and k,,,/k, (Table 21) were compared, they were also nearly same. These

values of k,, /k,,. and k/k, were nearly constant (Table 19). When the values of k,,
observations indicate that the mechanisms by which metal complex and surfactant catalyse
the hydrolysis of cster when used scperately are not affected or changed by the presence of
each other when they are used together.

The rate enhancement for glycine ester hydrolysis in presence of both mctal
complex and CTAB together were in the following order.

diMcGly > PhGly > EtGly > MeGly
(Table 19). This is in the same order as that in absence of metal complex and as obscrved
in the previous section.

The effect of concentration of CTAB, on the hydrolysis of glycine esters in
presence of all the four metals or their complexes in micellar medium were studied in the
range of 1 x 107 to 1 x 10" M CTAB at pH 5.2 (Fig. 33-48). The rate profile of glycine
ester hydrolysis in presence of different CTAB concentrations remained more or less same
as that at 6.8 pH, ie., a slight enhancement in rate was observed with increase n
concentration of surfactant, attained a limit around 0.03 M CTAB, followed by a decrease

in ratc with further addition of surfactant.
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Table 19: Eftfect of CTAB (0 03M) on hydrolysis of Glycine esters 1n presence and

absence of Metal/Metal complexes at 40°C and pH 5.2

MeGly EtGly DiMeGly PhGly
kox1o” 0197 0114 0.08 0.076
kox10° 0.269 0.189 0.294 0.206
ky/Ko 134 1.66 3.68 271
Kom/Km 130 1.64 3.31 2.34
Kgmtt/Kmira 130 1.65 3.36 231
Komit2/KmiL2 129 173 3.27 2.36
Komit9/KmiL3 126 160 331 230
Kma/Ken2 1.33 164 3.27 2.31
Kemat1/KmaL i 1.34 1.65 331 2.39
K12 K212 1.35 1.66 3.33 2.37
Komar3/Kmara 1.35 1.67 3.29 2.37
Kom3/Ken 1.36 1.62 3.26 2.36
N — 135 1.68 3.28 2.37
KomsLo Ktz 1.35 1.65 3.35 2,30
K pmi/Kma 1.35 1.68 3.37 2.50
Keprmat. 1/ Kemat 1 136 1.70 3.36 2.51
Komar2/Kmar2 1.37 1.73 3.48 2.58
KomaL3Kmar3 136 1.69 3.36 2.51

m —»Cu™ m, »Zn"™ my - Fe™ my; ->Mn**
Ly = 2,2’Bipyndyl L, —» O-Phenanthrolene
L; — Diethylene triamine
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Table 20: Effect of Metal/Metal complex on hydrolysis of Glycine esters at pH 5.2 and

40°C

MeGly EtGly DiMeGly PhGly
kox10° 0.197 0.114 0.08 0.076
knii/ko 31.51 29.38 33.37 34.20
Kntii/Ko 30.51 27.80 3237 33.68
kvolko L 2985 | 2553 | 3200 31.97
knzs'ko 30.15 28.50 33.12 33.94
knn/ko 33.50 40.26 34.87 35.75
Kntzi/Kq 32.80 38.90 33.75 3421
Knp1.2/Ko 31.97 36.57 33.00 33.81
kna3/ko 33.04 39 12 34.12 34.60
kns/ko 20.96 28.68 31.50 32.10
kngsp.i/ko 20.81 27.37 31.12 31.18
knaara’ko 20.50 2746 | 3000 | 3144
kna/ko 21.47 28.07 30.87 30.92
knar1/ko 20.86 27.14 30.63 3039
Knar2/Ko 20.30 25.88 29.37 2804
knssa'ko 2011 2728 30.87 30.52

m —-»Cu™ m; »Zn™ my - Fe™ my ->Mn™
Ly — 2,2’Bipyridyl L, — O-Phenanthrolene
L3 —> Diethylene triamine
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Table 21. Effect of Metal/Metal complex on Glycine esters hydrolysis n presence of
CTAB (0 03M) at pH 5 2 and 40°C

MeGly EtGly DiMeGly PhGly
ko x10° 0269 0 189 0294 0.206
Kem1/Ke 2279 29 15 3007 29.42
Kot/ 22 34 2772 2963 28.69
Komir2/Ke 21 86 2672 28 50 27.82
Komir3/Ke 2208 27 35 2979 28 83
Koma/Kep 3275 39 89 3102 3048
Komat 1/Kep 3227 3873 30.41 30.14
Kopmi21 27K 31.52 36 67- 29 89 2961
Komaa/Keg 32 64 40 76 3051 30 29
Koms/Kep 20 96 28 04 27.93 2801
K1, 1/Kep 20 67 2772 27.76 27.28
Komir2kq 20 30 2730 2735 26 70
Koma/ke 2122 28.41 28 37 28 54
Komar.1/Kep 20 82 27 88 2813 28.16
Kgmar /Ko 20.45 27.30 2782 27.67
Komar3/Ke 2097 27 83 28 20 28.30
m, -»Cu™ m; 520" my; - Fe't my —»>Mn"™

L — 2,2’Bipyridyl L; — O-Phenanthrolene

L; — Dicthylene triamine
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The obscived kimetic behaviour could be explained by PPIE model, which s

explained n detail int he previous section Applying the model we can say that

Here, Koy = O kywl D]+ ky (1-0) . . (4)

where,

Kome ¢ rate constant in presence of metal complex and CTAB

kuw rate constant due to additional attack on ester from aqueous pseudophase
ky rate constant in micellized pseudophase

D surfactant concentration

o the degree of micellar dissociation

CMC for CTAB in prescnce of different metal complexes coordinated with glycine
ester as well as in presence of only glycine esters were determined by surface tenston
method. No significant change in CMC of CTAB was observed in any of the case studicd
For example CMC for CTAB 1n presence of Me Gly and Me Gly (Cu-bipyl) were found to
be 8 96 x 10 mole/lit and 8.9 x 10™* mole/lit respectively. The CMC values were close to
that given m literature. o was determined by conductivity method The o value was found
to be constant only upto 0.03 M CTAB and then slowly incrcased with further increasc i
concentration of CTAB. Therefore the rate constant k,,; depends on a, kyy ky and D.

At pH 5.2, as the concentration of micelle increases, initially, more and morc Ol
ions are brought to micellar surface due to electrostatic attraction and thus make the way
for attack of OH ions on glycine ester As the reaction was proceeding at constant pH of
the bulk, the availability of OH ion in bulk would remain same, while the concentration of
micelle incrcases. Beyond 0.03 M CTAB, the amount of counter ions around the miccllc
might be mcreased to such an extent that, it almost prevents the attack of OH™ ions fiom the
aqueous phase to the micellar bound glycine ester, i e.; the value of k. should become
zero at this point and therefore, the cquation (4) becomes,

Komtiovy =k (1-0) (5)

It was obscrved that, the value of o mcieased with concentiation of CTAB, above
0.03 M, but k,, was nearly constant and therefore the k, value decreased with incrcasc in

concentration of CTAB.
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The equation (4) could be rearranged to,

kyw and ky values were calculated from the slope and intercept of the plot of

K omt by 71-0] vs (a/1-a) x D] Two straight line plots were obtained in the range of 1x 107
to 1x 10" M CTAB for the hydrolysis of EtGly in presence of metal complexes (Fig 49)
The same type of plots were obtained for other csters also.

kuw and ky, values up to 0.03 M CTAB for glycine ester metal complex system
were found to be in the range of 107 and 10”. And above 0.03 M CTAB, k,,, for all the
systems were zero and k,, values were in the range 10° The values of k,,, above 0.03 M
CTAB in all the cases of hydrolysis, support the statement that the attack of OH ion from
aqueous pscudophase towards the bound aminoacid ester was shiclded by the presence of
large amount of counter 1ons of CTAB. Using these values of a, ky, and ky,, (Tablc 22-25),
k,, values were calculated and presented n (Table 26-33). The model applied in this study
was found to be in good agreement with the experimental data (Fig. 50-61) as it is in the
case of glycine ester hydrolysis in presence of only surfactants. As the same model using
the same arguements is applicable for both the systems, it shows that metal complex is not
interfering or affecting the mechanism of miccllar catalysis.

When the effect of tem;f’rature was studied, 1t showed the effect was similar to that
observed in the absence of mectal complexes. Some of the observed data are presented
Figures (02-65). Temperature and rate constant {ollow the Arrhenious relationship Though
a small increase int he rate constant is observed with increase in temperature, it does not
make any change int he trend of variation of rate constant with concentration of CTAB,

showing the mechanism is not affected by change in temperature from 30-45°C.

115



911

6v'1 vL] - 1€9 00 870 YT 0 120 120 120 1Jan)

06 1 LOL 109 0€0 80 YT 0 120 120 120 usydo-n) A1Dud
151 STL 8C'9 0€ 0 870 ¥Z 0 120 120 120 1adig-n)
€LT v 01 088 Sz 0 T 0 120 61°0 610 61°0 udLg-n)

we €01 vE'g ST 0 720 120 61°0 610 61°0 usydo-n) | AIDSAIIP
we 701 9.8 €z 0 7z 0 120 610 610 610 T sdign)
10 SS9 SS9 9¢ 0 620 ¥ 0 0 70 720 13anD

LEO S¥ 9 019 vE 0 920 €20 7C 0 TTo 70 udydo-n) K101
P10 099 959 43 8T 0 €20 20 70 2o 1idig-n)
L¥1 09L 0’9 Z€0 0€0 40 €0 €z 0 €20 13a-nD
€T i 89°¢ €0 0£0 S40) €0 €z 0 €20 usydo-nd

SL1 S9L £€9 ZE0 00 $T 0 €20 €20 €20 1adig-n) AIDSN
) xo1dwo)) [e1oN

NEO'0S | INEOO< | JNEO'OS| INIO| INSLOO| INSOO WEOO| INTOO| WI0O «[gv1o] 12159

O X WYy 01 x Yy 0

saxadwoo nyy D30 o0uosa1d Ul $39)$0 SUIOALD) JO SISAJOIpAY Sy J0 sanjeA MY pue Wy 0 .z7 91qe L




L11

S8 1 0S L €79 0€0 820 +2'0 120 120 120 13q-uz
€61 ST'L €19 0€0 8Z 0 vZ 0 120 120 120 uaydp-uz AIOYd
61 vy L z€'9 0€ 0 870 +C 0 120 120 120 [Adig-uz
S8 ¢ €01 80'6 40 70 120 61°0 610 610 lda-uz
16T 01 88 8 ST 0 Tz o 120 610 610 610 uoydo-uz | AIDSNIA
I8¢ €0l 106 ST0 A\ 120 61°0 610 610 jAdig-uz
8Y'E 9¢ 8 89 1€0 LZ0 vZ 0 70 TTO o 1qq-uz I
€y € 96 L 06 S I€£0 LTO0 bT 0 220 70 o usydp-uz ISIER
8¢ S 8 8€ 9 1€0 LT 0 vC 0 (44 o 720 [Adiq-uz |
9 S Ly 6 0€'9 €0 0€ 0 SO €20 €20 €20 laqguz
009 SL8 0F'S €0 0€0 $To €20 €70 €20 usydp-uz
19°S £r 6 209 €0 0€0 ST0 €20 €0 €20 [Adig-uz AIDIN
xo1dwo)) Jee N
INEO 0S| JNEOO<| WNEODOS| WIO| INSLOO| NS00 WNEOO| WWZ0O0| WI0O « [gv1D] 19389
01 X Ay 01 XNy 0 . |

saxardwos uz/ Uz 3o soussaxd ur s19153 SUIOALL) JO SisAjop {y 2yl 10] senjea My pue Wy ‘0 .¢7 9|qeL



811

vE T €9 80'S 1€0 8Z°0 $T'0 120 120 12°0 usydo-o4
81'C 8’9 SE'S 0€0 870 ¥2°0 120 12°0 120 [adig-a4 A1Oud
't ST 6 SI'8 $T0 70 120 61°0 610 610 uaydo-a4
LST Iv'6 ST 8 ST0 €20 120 61°0 61°0 61°0 1adig-a | AIDSNIQ
483 88'S sy 1€°0 820 $Z0 7C0 270 0 usydO-s
0T 809 66y 1€0 820 ¥Z0 770 rady) o jAdig-ag A0
90 ¢ LT9 1Z¢§ €0 0£0 SZ0 €20 €70 ZT0 uaydQ-94
95'C LYo 6% €0 1€0 $T0 €20 €0 €20 1adig-a] AIDeW
xo1dwo)) BN
WEO 0S| NEDO< | WNEOOS| WIO| WSL00| NS00 WE00| WZ00| WIOO « [gv1D] 19189
O X Ay 01 XNy 0

soxaduros 9,3/ 42430 9ouasa1d ur $19389 SUIOA]D) JO SISA[OIPAY oY1 10 sanjea ANy pue WY O "7 SlqeL




611

SI'C 0L9 65°S 0£°0 8C 0 vZ0 120 12°0 12°0 LAd-UA
78T 94’9 LS 0€0 820 vZ'0 120 120 12°0 uaydO-aN A[OUd
ST 0L'9 65°S 1€0 620 ¥Z'0 120 120 120 JAdig-uy]
€T €6 0t'8 9z 0 720 12°0 61°0 61°0 61°0 LU
€8°C ¥ 6 S0'8 $T0 €20 120 61°0 610 61°0 udydO-uN | AIDIAIP
$9'C IS 6 €8 ST0 zZ0 120 61°0 61°0 61°0 [AdIq-uy
v0°C S6'S 66 v 0£0 820 vZ'0 zT0 TT0 70 LAAuN
8€'C $9'S L9V 1€0 87 0 Y20 70 0 w0 uaydO-u ISTSYE
we 109 L8V 1€°0 LZ0 ¥Z 0 0 TT0 20 JAdIQ-UIN
0£'C 059 8%'S Z€0 0€0 $TO0 €20 €20 €20 LA0-uN
6€°C I€°9 61¢ €0 0€°0 $T0 €20 €20 €20 usydO-uN
11 8% 9 LES €0 0€°0 ST0 €70 €20 €20 JAdIg-ujN AIDIN
_ xa1dwio)) [e1siy
NED'0S | NED0<| WNEOOS| INI'O| INSLOO| JNSOO INEQO| WWTOO| INIOO « [gv1D] 101857
(01 X APy 01 X7y 0

saxajdwoo upy; , UIA JO 9ouasald Ul $19153 SULOALD Jo s1SA[OIPAY oy} 10y sanjes MY pue 1 0 1g7 djqEL




0cl

13a« #1pue usydo« T7JAdiqT 1T, nD<¢ 'w

91 ¢ v16 b0 S S6 ¥ 0TS y1°s 1Ty Sy STh 81 $9 ¢ L€ 10
0€ S 9z S 616 LS or s LES L9V €9 ¥ LL'Y SLY 0¥ bl ¥ SLOO
0LS 69°S 95 ¢ 85 S PLS SLS 10§ LOS L6t 96t 806 01§ 500
+6 S ¥6 S S0 9 88 S 909 109 0Z's 0TS 10§ S0S 17°S ¥TS €00
19§ §9¢ 8h S oF ¢ €9 ¢ 8S'S 81 ¢ LTS 6t 706 81§ 6T S 700
9T S ¥ S S6 ¥ or's LTS Izs y16 y1'¢ €8t ¥8 b s 91§ 100
eo $qo 8o sqo 180 sqo [eo sqo [eo sqo 8o $qo
LS QI T § oIXTT™Y 1 g IxXTI™y S O T g oI Ty T 8 QIXTI™y W
A1D1g A1D AN [aviD]
Hd 7 s pue D0t 1 gV1D

pue soxa[dwos ny) yo soussaxd ur sisS[oIpAY 1D pue ADSIA 10] SITRISUOD d)el ( [BD) PAJENO[ED PUB (S0) PaAIasqQ 9T d1qeL




Il

1390« “1pue usydo« @7 [Adiqe T °, nDetw

LOS 01S| s6+ 106 LOS 0 § 08'L wL €LL 08 L 108 £0 8 10
176 0TS| 60§ SIS 0TS s 48 1’8 0 8 90 8 718 91 8 L0 0
0S § ISS|  ses|  LES IS¢ 8 S T 8 0€ 8 b1 8 L1'8 78 v 8 500
766 p6S| HLS LS 06'S 16S| 698 9L'8 1€ 8 8€ 8 $98 L8 €00
19°¢ 8S'S|  OF¢ ov's 09§ 6$ S L1 8 97’8 8L L wL| ¥18 178 200
66 ¥ eS| 80§ LO'S 8T S 87'S 99 L 8L'L 8T L 1€L 9L 1LL 100
eo $qQo [eo 5qO 8o $qo [eo sqo ed sqo [e0 $qO
S OTxETTPy .S OTXTTTE0y S 01Xy S OIXE Ty .S OTNTTEoy S OIXTTT=2y N
AIbud AIDSIP [gv.LD]
Hd 7 § puB D0 12 VIO

pue saxa]dwod ny) Jo souasaid u sisKj0IpAY AJOM puB AJDHIPIO] SIUBISUOD 3181 ('[Bd) PajR[nNofe)) Pue (sqo) paAIesqQ LT dlqel




(44!

19a <« ¥1pue usydoe o7 ‘jAdige— 7 ° uz< fw
£7'9 0v 9 $6'S 68'S Iv9 %) 26'S 8¢ ¢ 6v § or'S 68'S 08§ 10
799 199 4% 809| 099 ¥$'9 §T9 079 18 S 8LS vT'9 0T 9 §LOO
or'L 4y 95’9 659 LOL 80 L 159 §99 509 LO9 059 ¥<'9 $00
798 8L'8 pE'8 87 8 758 89 8 €v'L 9p'L L89 £6'9 8T L 7L £00
0L vO'L 06'9 $§'9 1TL L89 99°9 L9°9 119 609 05 9 159 200
19 L9 95°¢ s €66 019 68'S 98 § 9€ S SE's vL'S s 100

8o sqo 180 $qO 8o $qo0 180 sqo [ed $qo [eo sqo
S OIXTTy .S OIXTIy ST OTXTTEy S 0TIy S OIX Ty S OIXTTT™y
Ao AIDN
Hd Z ¢ pue D 0b 2 gV10

pue soxa[dwos uz Jo soussaxd ut S1SAJoIpAY 1D pue AIDOJA] J0J SIUBISUOD a3el ('[BD) PaJR[MO[E)) PUE (SQO0) PaAIasq( 8T S1qeL




£Cl

1Aa« ¢ pue uaydo<— 77 jAdige- 1T ¢, U7z Tw

STS|  9TS|  L0¢ $0'S g 61|  oLL €92 08L] 9¢L 0L'L 8S'L 10
ovs| svs| Tes 8T'S 96|  LES $0'8 01’8 0rg| 1078 €0'8 €0'8 $L0O
0LS| 69 1$°s is's §96| €9 1’8 9¢'8 178] W8 18 1£'8 00
$T9|  ¥T9| 909 19| 0T9 179| 868 168 ¥88| 6L8 16'8 ¥6 8 €00
986| $8S| 9 99'§ 08S| 8LS| b8 L¥'8 08| 1€8 LS8 0r'8 700
Lrs| LvS| STS LTS 666 OFS 06'L 16L bLL| UL £€8'L 8L 100
180 sqo [ed $qO Ted sqo eo sqo [eo $qo 8o sqo
1S OTXETEy S 01XTy 1S 01Xy .S OTXTTY .S 01X Ty SO T W
AIDUd AIDINIP [gvid]
Hd 7' Pue 340 12 €V.1D

pue saxajdwos uyz jo souasaxd ut sishjoIpAy AjDyd pue A|DSPNIP 10] SIUBISUOD a1el (‘[ed) parend[e)) Pue (sq0) paA1sq) 67 SIqEL




1£4!

usydo<— o7 pue jAdige- 17 © 8¢ fw

9T Y 114 ot'f €'y 90 ¢ A% 0T¥ 9z ¥ 10
65'F Sl 9 t 09'¥ €T Y Wy 8y or'y SLOO
oL'¥ 0L ¥ S8t S8’y Lty LY b 97 29 500
€ S 9v S ¢ ¢ 96°S LSS 91'S €S v S €00
6t 06 ¥ 96 t SIS 68°t 09 ¥ 8L ¥ LY 700
6y 1SY LEt 09 ¥ 17+ 61 pE ¥ sep 100
eo $qO [ed sqo [EN $qo 2o 5qo W
.S 01XCTEy S OIXTIE%y S OTXFTETy S 0TIy l[gvio]
AIDIE AIDSN
¢'s Hd pue D0t 18 V1D

pue s309[dwod 3 Jo soussad ul sISAJOIPAY AIDIF pue A[DAJA] 10] SIEISUOD SRl ('[8d) PIIB[nofe)) PUE (Sq0) PAAISSqO "0f 2[qBL




Sl

uaydo¢— Ty pue [Adiqe 17 ¢, oJ¢ tw

obv o€ ¥ €S'F LYY 69 069 S0 L SO'L 10
65 ¥ €S b L9t S9'y 17L 1L vT'L 0T'L SLOO
6LV 08 v 6t S6'Y €L SE°L €v'L 8Y'L 00
6v'S 0SS 09'S 9 108 ¥08 S1'8 91’8 £00
66t L6 Y 1 ¢ 0r's vS'L 8h'L $9°L 09 L 700
0S'y 1Sy 89°f oLV LO'L 01'L LTL 0T'L 100
182 sqo 8o sqo 8o $qo s 5qo W
.S OTXCERy .S 01X TRy .S OTXTTE Ty .S OTXTTEY [av.LD]
A1OYd ATDONIP
7's Hd pue D,0p 1® AVID

pue soxsjdwod 9, Jo souasaxd ur sis&j0IpAY AIOYJ Pue AIDINIP 10] SUBISTOO djel ('[BD) parenofe) pue (Sqo) pasiasqp 1€ d1qel




9Cl

1aq< v1pue usydo<— o7 JAdiqe~ 17 U« Fw

ovy| ST¥| 6CH 1IZy|  ovv| sev| 9lv| 80v| e8¢l 8¢l wviv| Tv¥ 10
ssv|  vSv| kv |  ovv|  vSY| TSv| 8Tv¥| sTv| 90t| SOv| Sev|  8TH SLOO
88v| 16v| SLv| SL¥| 98v| L8F¥| 1S¥| 8Pv|  O£t| I¥v| LSH| 19% 500
08S| ¥9s| ©9s| o0ss| 6ss| 09| +TS|  9CS 1Izs| 91s| 9rs| Lts €00
LTS|  vI'S|{ L0S| 06¥| OI'S| 80S| 8L¥|{ OLv| 69| 09v| LL¥| SLY 200
vLb|  OL¥|  ¥S¥|  TS¥| w9v| €9v| v |  9ew | L1v]| ITv|  6Ty|  0f¥ 100
) $qo 8o $qO eo ) [ed ) [ed $gO [eo sqo
S OIXETFy .S OIXTToy S OTXTT0y S OIXTToy (01X, S Ty .S OIXTTETy A
Ao AIDSN [avl Dl
Hd 7°§ pue D,0p 18 VIO

pue soxajdwod up Jo 2ouosald ut s1sKj0IpAy A[D1F pue A|DSJA 10] SJuBISUOD o3l ( [8D) pale[no[e) Pue (sqo) paaIesqO .g¢ 2JqeL




LT

130« +1pue uoydo« T ‘fAdiqe— 1T ©, U4 T

9P 0Lt s v 8h'¥ 79t €9 ¥ 069 01 L 06 9 8 9 L €0L 10
9L ¥ sy S9'p S9'y 9L ¥ 08y LTL 0€ L 1L 01 L oY L 8T'L SLOO
60'S p1'S 16'% 16'% 60§ LOS 9¢'L SEL 0€ L 0€ L 1L s L $00
LLS €8¢ 89 6 oL S LLS 08'S $T8 6C'8 b1 8 818 vT 8 LT8 €00
7€ $ 1€ pLS or's 0§ T4 9L L €L L 65 L 1S L vLL oL'L 200
L8Y 06t 19 vy L8 ¥ 06 ¥ 8T'L 0€ L 90 L 01 L vTL 9T L 100
1ed 8qo 8o $qo R sqo ®d $qO [ed $qo Tes $qo
S OIXTTEDy S O1XTTy S OIXTTFooy S O IXETFE0y O1x S TPy S OTXTTy N
ADYd AIDPWIP l[avl Dl
Hd z'¢ pue D, 0b 38 V.10

pue saxadwos U Jo souasaxd uy sisKjoIpAy LD pue ALDSINTIP 10] SIUBISUOD 938l ( [8D) Pale[no[e)) Pue (sqo) paa1asqQ €€ S|qeL




gcl

y . o ‘v 1D pue x9rdwod 1 -1
o aouasend w stsAioapii Ajpne oy [ X (0-1/0)] A (BT TN g 6 B

<

N orxe < L ,
L01X€ <=[avidl @ W 0T X €0 N 01 X1 =[gv1D] (B

gol X [ ax(>-lsa)] OLXx [ax (> bf)]

€
5y '€ Sl 0'8 0L 09 0s 0¥ 0
1 ¥ 1 - 1 ] ¥ 1 1| 1
074859
lz9 _
x
O w-.v loooo | e §
0 1 =
2 <
— {
= R
- w..@ - —d
Nt 0 deg9 X
2,
1999
o




[ 5]
2
X
Tvo70b
)
Ea
o
JELR &
5-0p
02f
1 i ] I
1.0 5.0 8.0 100
2
[CTABIx 10 (mol LT >
Fig 50 PPIE simulation of kinetic data for [MeGly - Zn-DET] - CTAB system at

pH 52and40°C. O- k(me3 observed ,X - kq:mL3 caleulated
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Fig 51 PPIE simulation of kinetic data for [MeGly - Cu-DET] - CTAB system at
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3.3 Mixed Surfactants

In most practical applications well chosen mixtures of surfactants can be made to
perform better than single surfactants. Optimisation of performance are achieved by tral
and error formulations of mixtures. Many a muxtures of surfactants are capable of
performance unobtainable by single and pure surfactants. They have been used for stable
emulsion, household detergent, oil recovery from oil field and in many more areas. In all
these cases mixtures out-perform single component systems and this syngergism between
components 1s at the very heart of most well-formulated surfactant systems. Although a lot
of work has been done in the field of mixed surfactants,the behaviour of mixed surfactants
are not yet well understood. A large number of surfactants have been used as catalysts for
good number of reactions, as mentioned earlier, however, no citation is there in literature
showing use of mixed surfactants as catalyst Therefore, it is desirable to make use of the
special properties of mixed surfactants in the field of catalysis also. This section of the
chapter focusses on some kinctic study of the hydrolysis of amino acid csters in the nuxed
surfactant environment.

In order to carryout the experiments in mixed swifactant, cationic (CTAB) and non-
ionic (Brij 35) surfactants were chosen in equimolar quantities. The rate constant for
hydrolysis of MeGly, EtGly, diMeGly & PhGly were determined using differcnt

concentrations of mixed surfactants at pH 6.8 and pH 11.

pH 6.8

Table (34) presents the rate constants at pH 6.8 and also shows the concentration
effect (Fig. 66) of the mixed surfactants on the rate of hydrolysis. The rate constants at pH
6.8 were quitc low due to low concentration of H' as well as OH" ions. The presence of
surfactant has an effect on the rate constant. When studied the rate constants using diffcient
concentration of mixed surfactants (2x10* to 1x10®* M) (Fig 66). It is observed that
almost all cases there 1s a gradual increase 1n rate constant till 0.001M of mixed surfactant
and then there 15 a decrease. This trend is similar to what was observed in case of single

surfactant medium at pIl 6.8 aithough the rate enhanacment values are different in the two
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cases When compared the rate enhanacement duc to 0.001M muxed surfactants and that
due to individual surfactants separately it 1s observed that in all the esters except peia &ty
the enhancement in mixed surfactant 1s much more than that due to 0.001 CTAB or Bryj
35 It was also more than the additive value of k in these surfactants. Of all the esters

dimethyl glycinate hydrolysis catalysis in mixcd surfactant was the highest (6 5 timcs)

pll 11

Presence of OH™ 1n high concentration results into the rate constant of glycine esters
of the order of 10™ S (Table 35) The presence of surfactants has an enhancement cffcct
When compared with the rate at pH 6.8 the rate enhanacment at pH 11 by muixed surfactant
is much larger It is almost 64 times for diMeGly in =0.001 M of muxed surfactant. In all
the cases of estes studied the rate constant in presence of mixed surfactant is much more
than the additive value of the individual surfactants.

All the results indicate that 1t is not the additive effect of constituent surfactants m
the muxture, mstead there 1s synergism This obscrved synergism could be duc to
1) The CMC of the mixed sutfactant 1s much lower ~ 4.5x10" M (ST method) us
compared to CMC of CTAB 1x 10° M Thus aggregation number should be high (The
Aggregation number determined by fluorescence spectra was not satisfactory as it was not
reproducible) and thus the size of micelle could be big This provides large surface arca
Thus more quantity of the reactants could be at the surface of the micelle ie. local
concentration of the reactants increases which make the reactions to be faster. .

2) In mixed surfactant CTAB, cationic surfactant and Brij 35, non-ionic surfactant are
present. Considering these surfactants individually CTAB at pH 11 can have a high
concentration of OH" at its surface due to electrostatic interaction and can enhance the rate
of hydrolysis but 1t cannot have laige concentration of glycine cster bound to it and
enhancement 1s not very large. Brij 35 having high adsorbability of water due to polar head
group can retain water at its surface, and thus can have high concentration of substratcs
dissolved in water but as it has no charge, it cannot attract the attacking OH- to its surface

and hence the rate enhancement i1 Briy 35 1s very low or almost no enhancement s
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observed. However, in the mixed surfactant of CTAB & Bripsthe properties of the two arc
combined and there is synergism. Thus the enhanacment in the rate of hydrolysis in mixed
surfactant medium may be due to (1) or (2) or may be a combined effect of both.
Hydrophobicity of the substrate also plays a role. diMeGly, has been found to have
maximum cnhanacment in the rate as its hydrophobicity is the highest amongst the cster
studicd When Mixed surfactant 1s used at much lower concentration but above its CMC,
the rate enhanacement is observed. Thus one can observe that using much smaller
quantities of surfactants in mixture the catalysis of glycine esters takes place to a greater

extent than what was observed with single surfactants at higher concentrations.
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