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Abstract

Kinetics of the reaction between benzyl bromide (RBr) and sodium benzogtie @O®ONa, PhCOONa) in liquid—liquid
system catalyzed by aliquat 336 (QCI) was investigated in the present study. The yield of product benzyl benzoate (PhCOOR)
was obtained above 98% at 70 within 3 h of reaction using chlorobenzene as the solvent. During the progress of reaction,
about 80% of the catalyst was present as the catalytic intermediate in the organic phase, which is generated from the reaction of
aqueous sodium benzoate with aliquat 336 at the aqueous—organic interface. When a great excess amount of aqueous reactal
was employed, the concentration of catalytic intermediate was kept at near constant after the induction period. A conspicuous
reduction of 40% of interfacial tension by forming catalytic intermediate methyltrioctylammonium benzoate (PhCOOQ) was
applied to describe the interfacial phenomenon. A kinetic model describing the behavior of interfacial catalysis was proposed,
and the experimental data were interpreted as a pseudo-first-order reaction, although the catalytic intermediate was produced
in the interfacial region. The effects of temperature, organic solvent and amounts of catalyst were investigated and the apparent
activation energy was estimated at 63.96 kJ/mol in chlorobenzene. The present benzylation reaction catalyzed by aliquat 336
shows characteristics of the intermediate in phase-transfer catalysis (PTC).
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction ternary ammonium salt @E113)sNTCI~ to achieve
near 100% of product yield in 2-3h, and that is in
Phase-transfer catalysis (PTC) benefits various contrast with the result of no reaction observed after
types of reactions in organic synthesis very efficiently, 24h in the absence of any catalyd4f. Nowadays,
especially for the reactants each residing in immis- synthetic methods including alkylation, oxidation,
cible phases, and is now widely applied in the pro- reduction, addition, hydrolysis, etherification, esterifi-
cesses for manufacturing specialty chemiddl]. cation, carbene reaction, chiral reaction, polymeriza-
The first reaction scheme addressed by Starks in 1971tion, and biochemical reactions, are confirmed to have
was for the reaction of aqueous sodium cyanide and promising results by applying phase-transfer catalysis
organic 1-chlorooctane. This cyanide displacement techniqueg2,3].
reaction takes place rapidly by adding 1% of the qua-  The feature of a PTC reaction is that it is carried
out in at least two immiscible phases by employ-
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of the reacting compounds at the interface become The properties of the interfacial region can be al-
very important to conduct the desired reaction with a tered by many methods, one of which is by adding
satisfactory reaction rate. In an agitated liquid—liquid extra salts that alters the original reaction zone. Re-
system, one phase will be dispersed into the other garding the catalytic efficiency in PTC, the behavior of
phase as droplets, whereby a larger interfacial areathe catalyst and its active intermediate in the interface
between the two phases is generated. Several effortswould play important roles on the overall reaction rate.
have been made in developing the theory of chemical In the present study, the esterification of sodium ben-
reactions in liquid—liquid phases. Sada et[4l. de- zoate (GH5COONa, PhCOONa) and benzyl bromide
veloped the diffusion equation with chemical reaction (RBr) to produce benzyl benzoate (PhCOOR) cat-
in two-liquid phase by applying film theory. They alyzed by aliquat 336 (QCI) catalyst in a liquid—liquid
assumed the chemical reaction occurred in the film in system was investigated. The phase-transfer catalyst
which the concentration profiles of reactants on either aliquat 336, which is a highly lipophilic compound,
side were obtained for flat interface. It is noted that was employed to explore the variation of the interfa-
the nature of the interface affects the reaction rate and cial behavior of the active intermediate. The effects of
is determined from the surface tension of solvents, operating conditions on the characteristics of active
the presence or absence of surfactants, and the degreatermediate were investigated to clarify the phe-
of agitation rate. These factors result in the sharpnessnomenon of interfacial catalysis for phase-transfer
of the interface and the thickness of interfacial film, system. An appropriate kinetic expression was
the droplet sizes, and the interfacial area available to also proposed for the present esterification reaction
the transportation of the reacting anion. system.

Inoue and Nakashifp] investigated the mass trans-
fer accompanied by chemical reaction at the surface
of a single droplet for both neglecting and account- 2. Experimental
ing the mass transfer resistances in the continuous
phase. Wang and Yarn@§)] investigated the dynamic Reagent sodium benzoate from Merck is used as
behavior of phase-transfer catalyzed reactions and the aqueous reactant without further treatment. Aliquat
determined the parameters accounting for mass trans-336, benzyl bromide, benzyl benzoate (used as the
fer and kinetics in a two-phase system by applying standard in the analysis) and other reagents are all
film theory to the catalyst and active intermediate. reagent-grade chemicals from Fluka, Lancaster and
Asai et al.[7] reported the alkaline hydrolysis of Aldrich.
n-butyl acetate and oxidation of benzyl alcohol in
an agitated vessel, where the overall reaction rate of 2.1. Formation of the catalytic intermediate
phase-transfer catalysis with mass transfer at a flat
interface was concluded to be proportional to the The catalytic intermediate was prepared from
interfacial concentration of the actual reactant. Gen- the interfacial reaction of sodium benzoate in the
erally speaking, interfacial phenomena of reacting aqueous phase and aliquat 336 (methyltrioctylammo-
anions include surface equilibrium distributions of the nium chloride) in dichloromethane solvent. Definite
active intermediate and the catalyst, the penetration amounts of aliquat 336 and sodium benzoate were
depth from the interface into the other phase, and the introduced into a three-necked flask in which water
mass transfer rate across the interfacial region. Yangand dichloromethane and the mixture was agitated
[8,9] developed mathematical models to describe the isothermally. Without the addition of organic solvent,
dynamics of phase-transfer catalyzed reaction in a the liquid aliqguat 336 would form a thin layer over
dispersed system of liquid—liquid phases and com- the aqueous solution due to its extremely low solu-
pared the importance of reversible aqueous reaction bility in water. The catalytic intermediate methyltri-
to the behavior of active intermediate. However, the octylammonium benzoate (PhCOOQ) was produced
analysis of interfacial catalyzed reaction to generate and subsequently extracted into the organic solution,
the active intermediate in the interfacial region is still which was then separated and concentrated after the
lacking. completeness of reaction. The catalytic intermediate
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was obtained by removing the solvent, and purified
to get the desired compound for identification.

2.2. Kinetic reactions in aqueous—organic phases

Known quantities of phase-transfer catalyst and
benzyl bromide together with a definite quantity of
diphenylmethane (the internal standard) were added
into a 250cm three-necked flask which was im-
mersed in a constant-temperature water bath. For
a batch run, a known quantity of sodium benzoate
pre-dissolved in water was put into the reactor to start
the phase-transfer reaction. The agitation speed and
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The steps involved in the overall reaction are:

1. Transport of sodium benzoate from the aqueous

phase to the liquid-liquid interface to be adsorbed
on the interface with adsorption equilibrium con-
stantKaz:

PhCOONgag = PhCOONgny

int

_ CPhCOONa

al = a
PhCOONa

@)

where CIt . Jona IS the surface concentration of
PhCOONa in the interface (mol/din

the reaction temperature were controlled at the desired2. Transport of catalyst QBr from the organic phase

values. During the reaction, 0.2 énof the organic
sample was withdrawn at the chosen time and di-
luted into 4 cn? of acetonitrile. The concentrations of
RBr, PhCOOQ and PhCOOR were measured by the
internal standard method. The sample was analyzed
with HPLC and a variable-wavelength UV detector at
254 nm. The eluent condition was set at a volumetric
ratio of acetonitrile/water to be 70/30. The flow rate
was 1.0 cri/min. The column was C-18 (mm) type.

to the liquid-liquid interface to be adsorbed on the
interface with adsorption equilibrium constad&y:

QBrorg = QBr(int

int
_ Cl(gBr

= —org

QBr

Ka2 (2)

whereCiQ'“tBr is the surface concentration of QBr in
the interface (mol/dr).

3. Interfacial reaction of PhCOONa and QBr at the

3. Kinetic mode

In the liquid-liquid phase-transfer catalyzed system,
the anion of catalyst aliquat 336 will change into QBr,
and since the solubility of QCI or QBr in the aqueous
phase is very low, the catalytic intermediate PhCOOQ
will be formed at the interface from the reaction of
aqueous sodium benzoate with organic aliquat 336,
then transferring into the organic phase to conduct the
intrinsic organic reaction. The overall reaction and the
reaction scheme are:

PhCoOON4ag) + RBr — PhCOOR+ NaBr (ag)

interface with the reaction rate, forward rate con-
stantk;, and the equilibrium constait;:

PhCOONG@nt) + QBrjnt
= PhCOOQint + NaBrnt

1 int

int
—C
K1 PhCOO

= kl(CiFr;rtmcoomCQBr - )

NaBr
3)

whereCiF’,‘ﬁcooQis the surface concentration of Ph-
COOQ in the interface (mol/df.

PhCOONa NaBr
l (ag. phase)
PhCOONa + QBr =——= PhCOOQ + NaBr (interface)
iT (initial QCIy — Tl
(org. phase)
PhCOOR + QBr 4+— PhCOOQ + RBr
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4. Desorption of PhCOOQ and transport from the in-
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In Eg. (10) the term within the bracket of the

terface to the organic phase with desorption equi- right-hand side denotes the fraction of QCI in the

librium constantKy;:
PhCOOQny = PhCOOQy g

org
CPhCOOQ

K41 = 4)

form of PhCOOQ, and has a value about 80% af-
ter the induction period from the observation of the
experimental runs. Defining the product yield =
Corcoor Crero, and from the material balance of
RBr, we have:

) ) org org
5. Desorption and mass transfer of NaBr from the in- Crero = Cphcoort Crer  and

terface to the aqueous phase with desorption equi- ngr = Crero(1—7Y)

librium constantgy:

NaBrint) = NaBrag
aq
Kop = Nar (5)
Clm
NaBr

6. Intrinsic reaction of PhCOOQ with RBr in the or-
ganic phase with the rate constant

— PhCOORog + QBr(org)
dCRer org
dr =—k hCcoO

org
RBr

(6)

Taking mass balance for Q of catalyst yields:

VorgCch.o = Vorg(cggr + Cng?COO
V'”t(CS‘Br Cg‘rt]coo ()
SubstitutingEgs. (2) and (4) into (7)we have:
Cqclo = (C(ogrgr + Cphtoo
. yint <Kazcggr+ C;E]COOQ) @
veorg Ka1

and the concentration of PhCOOQ is expressed as
Cqclo — (L4 (VI™Kaz/ VO'9)Cog
14 (Vint/VoraKyy)

org

org
Cphcooo™

(9)

Since the term\/‘”tlvOrg is negligibly very small, it
leads to 1+ (V"/VO9K41) ~ 1. Hence Eq. (9)can
be reduced as

VintK 5 Corg
org _ _ a QBr
Cpreoog™ Cacio [1 (1 T vow Cqclo

(10)

(11)

Substitution ofEq. (11) into (6)yields:
dy

org

kCphcood1l — )

From the experimental data, the kinetic behavior
of pseudo-first-order reaction was observed, and the
concentration of PhCOOQ in the organic phase after
the induction period would be maintained at an al-
most constant value. The apparent reaction rate con-
stantkapp can be used to interpret the experimental
results by integratingq. (12)as follows:

—IN(1L — Y) = kapyf

where

(12)

(13)

: org
V'ntKaz CQBr (14)
Vo9 J Caoclo

Applying the Arrhenius’ equationkapp = A exp
(—Eapp/RT), the apparent activation ener@ypp can
be estimated.

kapp = kCqcl,0 |:1 - (1 +

4. Results and discussion
4.1. Interfacial tension of aqueous—organic phases

The properties of the interfacial region can be al-
tered by many methods, and one of which is adding ex-
tra salts. This alters the original reaction zone because
the properties of the interface have been changed. In
the present esterification reaction, adding aliquat 336
promotes the formation of the catalytic intermediate.
The solubility of aliquat 336 in water is very small
due to the long alkyl chain of aliquat 336. Measure-
ments of interfacial tension for investigating the effect
of methyltrioctylammonium benzoate or aliquat 336
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Fig. 1. (a) Effect of diquat 336 and 0.4M of sodium benzoate on
interfacial tension, (b) effect of methyltrioctylammonium benzoate
on interfacial tension. Organic solvent 16 cm?3, agueous solution
16cmd, temperature 26°C. Organic solvents. (<) CgHsCl, (CJ)
CgHsCHs3, (A) n-C7H4g, (O) CH2C|2.

in organic phase with definite amounts of sodium ben-
zoate in the agueous phase were performed using the
circular-ring method.

Fig. 1(a) shows the interfacial tension for ali-
quat 336 accompanied with 0.4M agueous sodium
benzoate in chlorobenzene, toluene, n-heptane, and
dichloromethane solvent individualy. It is seen that,
in toluene, n-heptane and dichloromethane as sol-
vent, the interfacial tension decreases drastically
with the increase in the amount of aliquat 336 up to
0.005M, and then reaches a constant value regard-
less of more aliquat 336 added. For chlorobenzene,
the interfacial tension without aliquat 336 was the
smallest among the solvents tested; however, adding
adiquat 336 would dlightly increases the interfacial

tension up to 0.02M. This phenomenon reveals that
under non-agitated conditions the reaction of aliquat
336 with sodium benzoate would proceed but cannot
produce enough catalytic intermediate, and that the
behavior can be confirmed by directly adding methyl-
trioctylammonium benzoate in the solution as shown
in Fig. 1(b). The introduction of methyltrioctylammo-
nium benzoate indeed greatly reduces the interfacial
tension between water and organic solvent. The in-
terfacial tension reduces from 30.8 to 16.4mN/m for
the chlorobenzene/water system, and from 19.7 to
1.88mN/m for the toluene/water system. This indi-
cates that methyltrioctylammonium benzoate has the
great potential for enhancing the two-phase reaction.

4.2. Esterification catalyzed by aliquat 336

Fig. 2(a) shows that the overal reaction was con-
ducted in avery low rate with less than 10% of prod-
uct yield for 3h of reaction without catalyst; however,
the reaction rates were greatly enhanced by adding
little amounts of aliquat 336 as the catalyst. From the
plot, the reaction rates at different amounts of aliquat
336 can be well described by the pseudo-first-order
kinetics. With 0.001mol of aiquat 336, 0.02mol of
sodium benzoate and 0.005mol of benzyl bromide,
the product yield was 98.3% for 3h of reaction,
and the pseudo-first-order reaction rate constant was
0.0255min~. The apparent rate constant increased
with increasing amounts of aliquat 336.

The concentrations of the catalytic intermediate Ph-
COOQ in the organic phase for different amounts of
aliquat 336 are shown in Fig. 2(b). The amount of Ph-
COOQ increased quickly within the induction period
up to acertain value, and then was maintained approx-
imately at this value till the completion of reaction.
It should be noted that the moles of sodium benzoate
used was four times those of benzyl bromide. Thus,
after the complete consumption of RBr, there would
still be enough PhCOONa to react with the catalyst
to produce catalytic intermediate in the organic phase.
The expression of PhCOOQ in Eqg. (12) is consistent
with the experimental results provided that the over-
al equilibrium constant Koy is large; moreover, about
80% of the agiluat 336 added would be present in
the form of PhCOOQ as estimated from the plot in
Fig. 2(b). In addition, the linear dependence of appar-
ent reaction rate constant on the initial concentration
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Fig. 2. (8 Plot of —In(1-Y) vs. time for different amounts of
diquat 336, (b) variation of PhCOOQ at various amounts of
aliquat 336. Sodium benzoate 0.02 mol, benzyl bromide 0.005moal,
chlorobenzene 50 cm?, water 50 cm?, temperature 70°C, 400 rpm.
Aliquat 336: (¢) Omol, (CJ) 0.0001mol, (A) 0.0002moal, (O)
0.0004 moal, (<) 0.001mol, (A) 0.002moal.

of aliquat 336 was also observed, as shown in Fig. 3.
The slope of the plot as the product of intrinsic rate
constant and the fraction of initial QCI in the form
of PhCOOQ was estimated as 1.617, and the intrin-
sic rate constant in chlorobenzene at 70°C proved to
be approximately as 2.02 (dm3/(mol min)). This value
showsthe high reactivity of catalytic intermediate with
benzyl bromide using aliquat 336 as the catalyst.

4.3. Effect of agitation on the variation
of catalytic intermediate

Agitation enhances the transport of compounds
between immiscible phases. Fig. 4 shows the product
yields for different agitation speeds. Without agitat-
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Fig. 3. Apparent rate constants at various amounts of aiquat 336:
sodium benzoate 0.02mol, benzyl bromide 0.005mol, chloroben-
zene 50cm®, water 50cm?, temperature 70°C, 400 rpm.

ing the two-liquid system, the interfacial reaction of
PhCOONa with QBr to form PhCOOQ still occurred
a aflat interface and the amount of PhCOOQ in the
organic phase is large enough to conduct the intrinsic
organic reaction. The product yield was above 80%
without stirring as shown in Fig. 4. It is seen that
the overall reaction rate is not influenced by the stir-
ring speed that exceeds 100rpm. This low limiting
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Fig. 4. Effect of agitation on product yield: 0.001mol of ali-
quat 336, sodium benzoate 0.02mol, benzyl bromide 0.005mol,
chlorobenzene 50 cm?3, water 50 cm®, temperature 70°C. Agitation
speed: (@) Orpm, (A) 50rpm, (CJ) 100rpm, (A) 200rpm, (<)
300rpm, (O) 400rpm.
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agitation speed implies that the interfacial concentra-
tion of agueous sodium benzoate is not affected by
the mass transfer rate between the aqueous phase and
aqueous-organic interface when PhCOOQ is gener-
ated at an agitation speed greater than 100 rpm. The
observed pseudo-first-order behavior aso indicates
that although the formation of catalytic intermediate
occurred in the interface, the interfacial reaction is
still not the rate-controlling step.

4.4, Effects of relative amounts of reactants

The relative usage of agueous and organic reactants
may affect the overall reaction especially on the con-
centration of catalytic intermediate due to the nature
of phase-transfer catalyzed reaction. Fig. 5(a) shows
the plot of apparent rate constant versus molar ratio
of the sodium benzoate to benzyl bromide (r-value).
The effect of relative usage of reactants is insignifi-
cant when r is greater than 4. This phenomenon may
be due to the adsorption of sodium benzoate occupy-
ing a monolayer on the interface when r is less than
4. Thus, to generate maximum PhCOQOQ at the inter-
face, the usage of sodium benzoate must be set at |east
4 to fully occupy the vacant site of agueous-interface
side. The variation of PhCOOQ for different amounts
of sodium benzoate used is shown in Fig. 5(b). When
r equals 3 to 4, the amount of PhCOOQ in the organic
phase would quickly reach about 80% of the initial
amount within a very short induction period. With a
smaller ratio of PhCOONa to RBr (r =1-2) the con-
centration of PhCOOQ would gradually cumulate up
to 80% of catalyst usage within 3h of operation and
with a longer induction period.

4.5. Effects of solvent and temperature on the
catalytic efficiency

The physical properties of organic solvent play an
important role on the phase-transfer catalyzed reac-
tion, not only influencing the intrinsic organic reaction
but also determining the interfacial behavior. From
the previous discussion, the reduction of interfacial
tension due to the existence of methyltrioctylammo-
nium benzoate produces great differences in different
solvents. This will affect the catalytic efficiency of
phase-transfer catalyst. Table 1 showsthe results of us-
ing different organic solvents at various temperatures.
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Fig. 5. (a) kapp Vs. different molar ratio of PhCOONa to RBr
(r-value), (b) effect of r-value on PhCOOQ. 0.001mol of di-
quat 336, benzyl bromide 0.005mol, chlorobenzene 50 cm?3, water
50cm3, temperature 70°C. Molar ratio (r-vaue): (&) 1, (O) 2,
(A) 3, (O) 4.

At the temperature of 30°C, the order of reactivity
was dichloromethane > chlorobenzene > n-heptane,
which is consistent with the order of solvent polar-
ity. Hence, the parameters influencing the catalytic
reactivity of aliquat 336 on the present esterification
reaction are not just the reduction of liquid-iquid
interfacial tension but including the effect of envi-
ronment provided by solvents. Results at different
reaction temperatures also show that the order of
reactivity in various solvents is dichloromethane >
chlorobenzene > toluene > n-heptane. The apparent
activation energies were estimated at 25.21 kJmol
for dichloromethane, 63.96kJmol for chloroben-
zene, 68.47kJmol for toluene, and 54.08 kJ/mol for
n-heptane.
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Table 1
Effect of solvent on reactivity of aiquat 336
Solvent Temperature Kapp Yield of

(°C) (x10?, min—1) PhCOOR,

Y (%, 3h)

CHCl3 20 0.22 250

25 0.24 270

30 0.28 39.8

35 0.36 47.8
CsHsCl 30 0.12 19.2

40 0.33 437

50 0.70 713

60 143 91.3

70 255 98.3
CsHsCH3 40 0.11 17.9

50 0.27 383

60 0.63 66.3

70 1.16 855
C7H16 30 0.06 8.1

40 0.09 15.1

50 0.22 315

60 0.41 50.8

Reaction conditions: solvent 50cm?3, water 50cm?, sodium ben-
zoate 0.02mol, benzyl bromide 0.005mol, 0.001mol of aliquat
336, agitation 400 rpm.

Although the apparent activation energy and reac-
tivity for n-heptane are smaller than for chloroben-
zene and toluene, the amount of catalytic intermediate
in n-heptane proved to be no less than in other sol-
vents, as shown in Fig. 6 for chlorobenzene and Fig. 7
for n-heptane. Figs. 6 and 7 show that the variation
of amounts of PhCOOQ at different temperatures are
insignificant either in chlorobenzene or in n-heptane,
and that the utilization of catalyst (that is the ratio
of PhCOOQ to initial QCI used) is dightly greater in
chlorobenzene than in n-heptane. In the present reac-
tion system, the polarity of solvent is much more im-
portant than other factors.

4.6. Reaction catalyzed by other phase-transfer
catalysts

The structure of the catalytic intermediate is an im-
portant factor in catalyzing the benzylation of sodium
benzoate. The cation type of the phase-transfer cat-
alyst will influence the ease of formation of the cat-
alytic intermediate and its inherent solubility in the
selected organic phase, that in turn affecting the reac-

0.0020
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0.0010

PhCOOQ (mol)

0 30 60 9 120 150 180
Time (min)

Fig. 6. Temperature effect on PhCOOQ in chlorobenzene;
0.001mol of aliquat 336, sodium benzoate 0.02mol, benzyl bro-
mide 0.005mol, chlorobenzene 50cm?3, water 50cm?®, 400rpm.
Temperature: (<) 30°C, ([J) 40°C, (A) 50°C, (O) 60°C, (A)
70°C, (@) 80°C.

tivity of the catalytic intermediate with the reactant in
the organic phase. In the present reaction system, the
ion pair formed from benzoate anion in the agueous
phase with tetrabutylammonium cation is of loose
bonding, and is difficult to transport into the organic
solvent in a satisfactory amount. Hence, the intrinsic
reaction of tetrabutylammonium benzoate with ben-
zyl bromide would proceed mainly at the interfacial
region of the aqueous and the organic phases, which

0.0020

0.0015

0.0010

PhCOOQ (mal)

0.0005 ¢

0 30 60 90 120 150 180
Time (min)

Fig. 7. Temperature effect on PhCOOQ in n-heptane: 0.001 mol of
aliquat 336, sodium benzoate 0.02 mol, benzyl bromide 0.005mol,
n-heptane 50 cm?3, water 50 cm?, 400 rpm. Temperature: (<) 30°C,
(0) 40°C, (A) 50°C, (O) 60°C.
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shows different mechanisms from those for aliquat
336 as the catalyst. The reaction scheme using tetra-
butylammonium halide is proposed as the follows.

75

the performance of different phase-transfer catalysts
on the reaction. Although the ion-exchange reac-
tion of tetrabutylammonium cation with the benzoate

PhCOONa + QBr

=———= PhCOOQ + NaBr

l (aq. phase)
PhCOOR + QBr <4— PhCOOQ + RBr (interface)
! T
. ph
PhCOOR Rpr (" Phase)

When aliquat 336 is used as the catalyst, the for-
mation of the catalytic intermediate occurs in the
interfacial region due to its extremely low solubil-
ity in the agueous phase, and the intrinsic reaction
of the catalytic intermediate will thus be conducted
mainly in the bulk organic phase. Table 2 shows

Table 2
Comparison of different phase-transfer catalysts on the esterifica-
tion of sodium benzoate

PTC Temperature Kapp Yield of

(°0) (x102, min~1)  PhCOOR,

Y (%, 3h)

TBAB 50 0.06 10.2

60 0.16 25.0

70 0.48 57.4

80 0.96 80.8
TBPB 50 0.02 30.7

60 0.77 74.6

70 1.43 92.6

80 2.30 93.9
TBAHS 50 0.11 17.4

60 0.26 36.8

70 0.57 64.4

80 0.99 81.1
TBAI 50 0.09 15.4

60 0.25 36.8

70 0.61 67.0

80 0.98 84.6
Aliquat 336 30 0.12 19.2

40 0.33 43.7

50 0.70 71.3

60 143 91.3

70 2.55 98.3

Reaction conditions: chlorobenzene 50 cm3, water 50 cm?, sodium
benzoate 0.02mol, benzyl bromide 0.005mol, 0.001mol of
phase-transfer catalyst, agitation 400 rpm.

anion mainly proceed in the bulk agueous phase,
and which phenomenon is absolutely different from
adiquat 336; however, the pseudo-first-order kinet-
ics for overdl reaction rates are still observed. The
order of reactivity in chlorobenzene solvent was
found aliquat 336 > tetrabutylphosphonium bro-
mide (TBPB) > tetrabutylammonium iodide (TBAI)
> tetrabutylammonium hydrogen sulfate (TBAHS)
> tetrabutylammonium bromide (TBAB). This shows
that the larger alkyl group will benefit the formation of
PhCOOQ. The apparent activation energy estimated
from Arrhenius plot are 64kJmol for aliquat 336,
71kJmol for TBPB, 77 kJmol for TBAI, 70kJmol
for TBAHS, and 142 kJmol for TBAB. TBAB shows
the highest apparent activation energy and the lowest
reactivity for the present reaction system, among the
tested PT catalysts. This might be due to the fact that
the catalytic intermediate is not easily generated by
competitive reaction of benzoate anion with bromide
ion in the aqueous phase. Asthe catalytic intermediate
is generated, it is somewhat difficult to transport into
the organic phase to conduct the intrinsic reaction,
leading the lower reaction rate observed.

5. Conclusion

In present liquidiquid phase-transfer catalyzed
esterification, the agueous-phase reactant sodium
benzoate can be transported from the aqueous phase
to the organic one by the reaction with aiquat 336
in the interfacial region. The catalytic behavior and
the generation of PhCOOQ in the interface were
explored. Using aliquat 336 as the catalyst, higher
than 98% yield of benzyl benzoate can be easily
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achieved within 3h a 70°C in chlorobenzene. The
pseudo-first-order reaction can be applied to describe
the overall reaction rate successfully. The concen-
tration of the cataytic intermediate was kept at an
almost constant value after the induction period, and
about 80% of the catalyst was present in the form of
PhCOOQ during the progress of reaction. The mass
transfer resistance at the liquid-iquid interface can
be ignored when the agitation speed exceeds 100 rpm.
Different phase-transfer catalysts were employed to
compare their cataytic efficiency, and the reactivity
order was found aliquat 336 > TBPB > TBAI >
TBAHS > TBAB. The interfacial catalytic behav-
ior of phase-transfer catalysis using aiquat 336 was
thoroughly analyzed in the present study.
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