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Abstract

In current year a kinetic study of nucleophilic substitution reaction in microemulsion has
witnessed a significant growth of interest. The kinetic study of P-nitrophenyl acetate with
Hydroxamate ion (SHA) has been studied in cationic and non-ionic microemulsions prepared from
combination by weight percent of cationic (CTAB and CPC), non-ionic surfactant (Triton x-100), co-
surfactant n-butanol, oil-phase n-hexane and water. Conductivity behaviour depends mainly on the
weight percent and composition of aqueous phase. In the room temperature (27°C) pseudo first-order
rate constant increase with the increasing weight percentage of water (W), comparative above room
temperature (40°C) the reaction rate is very fast. Kinetic model of nucleophilic substitution reactions,
have been discussed.

1. INTRODUCTION

Hydroxamate ions are a-effect nucleophiles, whose reactivity is higher than that predicted by

Bronsted relations between nucleophilicity and basicity.l-SThe chemistry of hydroxamic acids has
received considerable attention in view of their pharmacological, toxicological and pathological
properties. Antibacterial antifungal, antitumor and ant-inflammatory activities of hydroxamic acid are
connected with their ability to inhibit various enzymes.*'® Structural chemistry of hydroxamic acid
contains still unresolved problems, like the reason for their relatively high acidity and the structure of
corresponding anions .'” The a-nucleophiles exhibit an enhanced reactivity toward a variety of
electrophilic centers in comparison to normal nucleophiles. They have proved to be very efficient in
promoting acyl, phosphoryl and sulfuryl transfer processes.'® Extensive efforts using a-nucleophiles
have been made for the detoxification of organophosphorus compounds.'”*’ Organophosphorus
compounds, which are known toxic substances, are used as pesticides, insecticides and chemical
warfare agents. These compounds are extremely potent inhibitors of acetylcholinesterase, the enzyme
responsible for regulating the concentration of the neurotransmitter acetylcholine at cholinergic
synapses.” In these regions; we have been studying the electrolytic cleavage of carboxylate ester
using hydroxamate ion microemulsion media.

Today microemulsions still offer worthwhile scientific challenges for researchers. Many novel
applications of microemulsions will probably emerge in the coming years. Microemulsions™~* has
recently attracted a great deal of attention of researchers from scientific and applicative viewpoints.
One of the most salient features of the system is the formation of distinctive order microstructures.
Therefore it is of great interest to investigate them from various viewpoints. Microemulsions are
transparent optically isotropic and thermodynamically stable mixtures of oil and water stabilized by
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surfactants and usually with a co-surfactant; they are frequently droplet-type dispersions, either of oil-
in-water (O/W) or water-in-oil (W/O).

In present work the hydrolysis of p-nitrophenyl acetate with SHA in the presence of cationic and non
ionic surfactant. The result provides new approach and direction for the design of more effective
deacylation reaction.
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EXPERIMENT

The substrate p-Nitrophenyl acetate (PNPA), surfactant cetyltrimethylammonium bromide

(CTAB), cetylpyridinium chloride (CPC) and Triton x-100 were purchased from sigma Aldrich. The
nucleophile salicylhydroxamic acid (SHA) (Merk), medium chain alcohol n-butanol (Merk), was used
as co-surfactant. Aliphatic oil such as n— hexane (merk) was used. All the solutions were prepared by
triple distilled water. Microemulsions were prepared by mixing the appropriate composition and
stirred vigorously until clear. The basic composition of microemulsion depends on the percentage
composition of the water, surfactant, co-surfactant and oil. Electrical conductivity of microemulsions
was measured by using dem-200 conductivity meter equipped with CD-06 platinium conductance
electrode in 27°C+0.1°C.
The pKa of nucleophile were determined by ph metrically using systronic type-335 pH meter. The
kinetic reactions were studied spectophotometrically using UV-300 spectrophotometer by monitoring
the appearance of the living p-nitrophenoxide ion on 400nm and 27°C & 40°C. Phosphate buffer was
employed pH (7.7). Reactions of PNPA with nucleophile were determined spectrophotometrically.
For all the kinetics runs the absorbance/time result fit very well to the first order rate equation in (Ao
- At) = In (Ao - Ao) — kt. Spectrophotomeric data was show that the increasing in absorbance at
400nm with the formation of p-nitrophenoxide ion during the time of reaction. (Fig. 2) representing
graph for the hydrolysis of PNPA with SHA in presence of surfactant at pH (7.7), Temp. 27°C &
40°C. The spectrum show on increasing in absorbance at 400nm with the formation of p-
nitrophenoxide ion during the reaction.
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Fig. 4.1 UV-Vis spectra, repeat scans every 0.1 min. up to 1 min. showing the increasing absorbance
of p-nitrophenoxide ion at 400 nm due to the hydrolysis of p-nitrophenyl acetate (PNPA) with (SHA)
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in the presence of Surfactant. Reaction conditions: pH = 7.7, Temp. = 27°C and 40°C, [PNPA] =
1.0x10*M, [SHA] = 1.0x10°M.

RESULT AND DISCUTION

For kinetic studies first we were prepared different types of microemulsion system. All
microemulsions were prepared by mixing of n-hexane, surfactants (CTAB, CPC & Triton x-100) n-
butenol as co-surfactant and titrating the slurry with water, agitating mildly to give clear solution
(Table 1). Microemulsions enclosed large weight percentage of water and there for known as O/W
microemulsion, in which microemulsions of n-hexane (oil) are dispersed in aqueous buffer, presence
of surfactants (cationic and non-ionic) help to stabilised this mcroemulsions.

Table - 1 Composition by weight percent of cationic and non-ionic microemulsions. For all

ME | W, Surfactant (%) n-Butanol(%) | n-Hexane(%)
Triton | CTAB CPC
x-100
1 5 20 19.9 14.2 4 1
2 5.5 19 18.9 13.6 4 1
3 6 18 17.9 13 4 1
4 6.5 17 16.9 12.4 4 1
5 7 16 15.9 12 4 1
6 7.7 15 14.9 11.5 4 1
7 8 14 13.9 11.1 4 1
8 8.5 13 12.9 10.7 4 1

microemulsion pH maintained as per-reaction condition required using phosphate buffers. ME 1-8
were prepared with surfactant in same composition.

In the present study reaction has been carried out at water content W, values to investigate the
different catalytic properties of water pool of microemulsion. Water pool ratio W has been calculated
by using eq. [1]
W, = H,0/ Surfactant 1]

The pH of microemulsion solution was detected by directly using a glass electrode in to the
microemulsion solutions. The pH value of microemulsion was same as that of aqueous solution,
which indicates the pH value of the water content is close to that of initial buffer system. Conductivity
is one of the important indication of structure variation and properties of microemulsions. For all the
microemulsion system we have measured electric conductivity. We observed that conductivity
increasing with the increasing of water content (Wy) (Fig-1). Rate constant for the hydrolysis of p-
nitrophenyl acetate (PNPA) by SHA were determined at 27°C and 40°C (Table 2 & 3). All the
reaction were carried out under the reaction condition [PNPA] = 1.0 x 10 M, [HA] = 1.0 x 10™ M,
pH = 7.7 at 27°C and 40°C. Rate constant indicate nucleophilic dependent reaction. All the kinetic
data (Table 2 & 3) positively support for the hypothesis that SHA is working as nucleophillic catalyst
for the reaction of PNPA.
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Fig.1. Summary of comparative conductivity data of microemulsions.

Rate Constant
ME | W, Triton X-100 CTAB CPC
10°kobs(s™") | Ko(M™'S™") | 10°kobs(s") | Ko(M'S™") | 10°kobs(s™) | Ko(M™' ST
1 |5 1.01 1.90 3.44 5.40 5.89 9.20
2 |55 1.11 3.01 4.07 6.42 6.58 10.12
316 1.18 3.60 4.89 7.86 7.49 11.31
4 165 1.30 4.02 527 9.07 8.23 12.34
5 17 1.67 4.78 5.99 10.13 8.84 13.47
6 |75 1.86 5.23 6.84 11.78 9.69 15.15
718 2.15 5.96 7.88 12.89 10.11 17.83
8 |85 2.53 6.23 8.73 15.23 11.73 21.29

[PNPA]=1.0x 10* M, [SHA]=1.0x 10°
Table 2. Summary of the kinetic rate data for the nucleophilic reaction of PNPA with
salicylhydroxamate ion in O/W microemulsion media at 27°C.

M, pH="7.7 at 27°C

[PNPA] = 1.0 x 10 M, [SHA] = 1.0 x 10° M, pH = 7.7 at 40°C

Rate Constant
ME | W, Triton X-100 CTAB CPC
10°kobs(s™) | Ka(M' S | 10°kobs(s™) | KoM ST | 10°kobs(s") | Ko(M™' S™)
1 5 211 3.86 6.09 12.10 9.12 15.22
2 |55 232 5.43 8.15 15.21 11.23 19.87
3 16 243 5.67 8.94 15.54 13.11 21.13
4 |65 2.73 7.99 10.13 19.01 15.24 24.13
5 17 321 8.89 11.89 21.65 16.23 27.97
6 |75 3.87 10.25 12.54 22.43 17.39 30.14
7 18 433 11.22 14.23 23.12 19.97 33.26
8 |85 5.07 12.13 16.33 27.34 21.66 38.39

Table 3. Summaries of the kinetic rate data for the nucleophilic reaction of PNPA with
salicylhydroxamate ion in O/W microemulsion media at 40°C.
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The resulting data suggest electrostatic interaction concentration of hydroxide ion at a positively
charged micro droplets surface (cationic surfactant) accelerates hydrolysis of ester compared with
aqueous solution at the same pH, a non charged surface (non-ionic surfactant) slow accelerate the
reaction compared with cationic surfactant. The conductivity data of all the microemulsion increasing
with increasing the water content (W,). There with the effect of medium measured by the conductivity
water concentration (W, = H,O/Surfactant) is slightly increasing with in increasing the rate of ester
hydrolysis.

The kinetic effect of microemulsions can be divided in to two contribution (i) non electrostatic which
relates to hydrophobic interaction with reagents and is commonly modelled by the effect of
nonionogenic surfactants (ii) electrostatic which relates to interaction of hydroxide ion with a charged
micro droplet surface.”’

The (Table 2 and 3) represent the kinetic data for nucleophilic reactivity of the PNPA with SHA in
room temperature and above room temperature (27°C & 40°C). Kinetic study of all reaction was
carried out under the specific reaction condition. [PNPA] = 1.0x10*M, [HA] = 1.0x10°M, PH 7.7 at
27°C & 40°C. In kinetic study of anionic nucleophilic reaction with microemulsions, using kinetic
models. The variation of the rate constant for nucleophillic attack by hydroxamate ion in
microemulsion based on the cationic and non ionic surfactants. Kinetic studies of the reaction of
PNPA have been calculated spectrophotometrically under pseudo first order condition at 27°C &
40°C.

The overall first order rate is given by

Kops = K'obs+ Knu [Nu'] (2)

K'obs = Ko+ kon. [OH] 3)

In viewing of the fact that hydroxamate ions are a-effect nucleophiles.*”*' So the competition with
other nucleophile i,e OH  and H,O is not usual and K, is simply given by

Kobs = knu [Nu'] “4)

Ionization state of hydroxamic acid effect the catalysis power of hydroxamate ion, eq. (5) may
written to describe ke

Kobs = ko [HAJroma” (5)

Where K, is the rate constant, [HA]r the analytical concentration hydroxamic acid, oy, is the fraction
of hydroxamate ion ionized (oy,= Ka/Ka + H"). (Table 2 & 3) show the summarized data of second
order rate constant together with pseudo first order rate constant. Kinetic rate data of nucleophilic
reaction show pseudo-first order rate constant increasing with increasing W, for ME-1 to ME-8. The
rate of reaction of triton-x 100 with SHA is slowly increases compare to cationic microemulsion
(CTAB & CPC). Cationic micreoemulsions are more reactive then non ionic microemulsion system.
The order of reaction in all microemulsion is CPC > CTAB > Tritonx-100. According to the pre
defined theory above the room temperature rate of reaction is increasing with increasing the
temperature. The order of reaction rate data of all microemulsions are same as pseudo-first order rate
data (CPC > CTAB > Triton X-100). During the nucleophilic reaction in the microemulsion solution
the substrate molecule situated in to hydrophobic droplets and anionic nucleophile exist in water
content. This evidence is support by the decreasing in rate of reaction of PNPA and SHA with
decreasing in water content (Wj).
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CONCLUSION

The conductivity and ion-transport behaviour of O/W microemulsion was determined by the weight
percentage. For all microemulsion conductivity data are representing that the microemulsion solution
stable for nucleophilic reaction. The nucleophilic reaction of PNPA with SHA is increasing with
increasing the water content (Wy). On the view of surfactant behaviour the cationic surfactant are
more reactive than the non ionic surfactant CPC>CTAB>Tritonx-100. The reaction rate is decreasing
with increasing the concentration of surfactant. For all microemulsion was stable above room
temperature and show the increasing the rate of reaction with increasing the temperature according to
pre defined theory.

References

J. M. Harries and S. P. McManus, Eds. Nucleophilicity. Adv. Chem. Ser. ACS Washington DC 1987,
215.

K. R. Fountain, T. W. Dunkin, K. D. Patel, J. Org. Chem. 1997, 62, 2738-2741.

C. A. Bunton, N. D. Gillitt Foroudian, H. J. Langmuir 1998, 14, 415.

H. R. Bravo, W. Lazo, Journal of agricultural and food chemistry 1996, 44, 1569-71.

H. R. Bravo, W. Lazo, Phytochemistry, 1993, 33, 569-71.

E. M. F. Muri, M. J. Nieto, R. D. Sindelar, J. S. Williamson, Current Medicinal Chemistry: 2002, 9,
1631-53.

W. Y. Goa, H. Mitsuya, J. S. Driscol, D. G. Johns, Biochemical Pharmacology: 1995 50, 274-76.

T. J. Gora, T. Robak, Acta haematologica Polonica 1995, 26, 39-45.

L. H. Coutinho, M. L. Brereton, A. M. Santos, W. D. Ryder, J. Chang, C. J. Harrison, J. A. Yin, T. M.
Dekter, N. G. Testa, British journal of haematology 1996, 93, 869-77.

S. Nand, W. Stock, J. Godwin, S. G. Fisher, American Journal of Hematology 1996, 52, 42-46.

P. Bruce, B. Kennedy, J. Proceedings of the American Association for Cancer Research 1970, 11, 63.
E.C. Moore, Cancer Research 1969, 29, 291-95.

H. L. Elford, G. L. Wampler, B. V. Riet, Cancer Research 1971, 39, 844.

H. K. Kehl, Chemistry and Biology of Hydroxamic Aids, Karger Basel. 1982.

R. J. Bergeron, Chem. Rev 1984, 84, 587-602.

S. Hanessian Johnstone, S. Journal of Organic Chemistry 1999, 64, 5896-5903.

L. Bauer, O. Exner, Angew chem. Int. Ed. Engkl. 1974, 13, 376-384.

S. Tiwari, S. Kolay, K. K. Ghosh, J. Marek, K. Kuca, Int. J. Chem. Kinetics 2009, 41, 57-64.

L. M. Schafer, T. Volker, C. F. Barites, C.M. Thompson, O. Lockridge, Chem. Res. Toxicol. 2005,
18, 747-754.

M. A. S. Khan, R. Lo, T. Bandyopadhyay, B. Ganguly, J. Mol. Graph. Model 2011, 29, 1039-46.

R. A. Moss, M. H. Rojas, S. Vijayaraghavan, J. V. Tian, J. Am. Chem. Soc. 2004, 126, 10923.

S. Tiwari, , K. K. Ghosh, J. Marek, K. Kuca, Drug Design and Letters, 2010, 7, 194-96.

S. Muthukrishnan, V. S. Shete, T. T. Sanan, S. Vyas, S. Oottikkal, L. M. Porter, T. J. Magliery, C. M.
Hadad, J. Phys. Org. Chem. 2012, 25, 1247-60.

C. Yuan, S. Li, X. Liao, J. Phys. Org. Chem. 1990, 3, 48-54.

V. Vica, R. H. de Rossi, E. 1. Bujan, J. Phys. Org. Chem. 2009 22, 691-702.

I. M. Kovach, J. Phys. Org. Chem. 2004, 17, 602-614.

M. A. S. Khan, M. K. Kesharwani, T. Bandyopadhyay, B. Ganguly, J. Mol. Graph. Model 2009, 28,
177-182.

F. Zheng, C. Zhan, R. L. Ornstein, J. Chem. Soc. Perkin Trans 2001, 2, 2355-2363.

ISSN NO : 2249-7455



International Journal of Advanced in Management, Technology and Engineering Sciences  ISSN NO : 2249-7455

28] K. L. Mittal, B. Lindman, Plenum, eds. Surfactant in Solution, New York 1984.

[29] V. Degiorgio, Physics of Amphiphiles Micelles, Vesicles and Microemulsions; Proceedings of the
International School of Physics (Enrico Fermi) Course XC; Italian Physical Society; Bologna 1985.

30] S. A. Safran, N. A. Clark, eds. Physics of Complex and Supermolecular Fluids, John Wiley and Sons,
New York 1985.

311 S. H. Chen, R. Rajgopalan, eds. Micellar Solutions and Microemulsions Springer-Verlag, New York
1990.

;321 W. M. Gilbert, A. Ben-Shaul, D. Raux, eds. Micelles, Membranes and Microemulsions and
Monolayers Springer-Verlag. New York 1994.

331 C. Oomp, J. L. Lobourtz, G. Gompper, M. Schlck. eds. Phase Transitions and Critical Phenomena,
Self Assembling Amphiphilic Systems; Academic Press. London 1994, 16.

341 P. Ekwell, L. Mandell, K. Fontell, J. Colloid Interface Sci. 1970, 33, 215-235.

351 Y. C. Jean, H. J. Ache, J. Am. Chem. Soc. 1978, 100, 6320-6327.

36] M. Zulauf, H. F. Eicke, J. Phys. Chem. 1979, 83, 480-486.

371 M. Kotlarchyk, S.H. Chen, J. S. Huang, J. Phys. Chem. 1988, 92, 1533-1538.

38] R.A. Macky, C. Hemansky, J. Phys. Chem. 1981, 85, 739-744.

391 F.M. Menger, M.J. Rouk, Langmuir 1999, 15, 309-313.

[40] [a] T. Liu, A. A. Neverov, J. S. W. Tsang, R. S. Brown, Org. Biomol. Chem. 2005, 3, 1525-1533.
[b] I. Oniydo, K. Albright, E. Buncel, Org. Biomol. Chem. 2005, 3, 1468-1475.

Volume 8, Issue 1, JAN/2018 411 http://ijamtes.org/



