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Abstract

The reaction of carbon disulfide and o-phenylene diamine in a two-phase solution to synthesize 2-mercaptobenzimida-
zole (MBI catalyzed by the inexpensive tertiary amine was carried out. The reaction, which is accelerated by adding a small
amount of tertiary amine, occurs in the organic phase. The mechanism was identified by two steps. First, the reaction of
carbon disulfide and tertiary amine takes place to produce an active intermediate (R ;N—CS,) within a short time of reaction.
Then, this active intermediate further reacts with o-phenylene diamine to produce MBI. A kinetic model based on the
proposed mechanism was built up. The advantage of using two-phase reaction is that the product precipitates from the
reaction solution. Only mechanical separation processes, such as: filtration and centrifugation, are required to remove the
product from the solution. A pseudo-first-order rate law is sufficiently to describe the reaction. Factors, which affect the
conversion of o-phenylene diamine and the reaction rate, were investigated in detail.
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1. Introduction

The fundamental requirement for a reaction
of two molecules to occur is collision. Conver-
sion is low from two immiscible reactants due
to their low solubilities and limited contact sur-
face area. The conventional methods to over-
come such problems is to carry out the reaction
in a high agitation speed, at a high temperature,
or utilizing a solvent or cosolvent which exhib-
ited both lipophilic and hydrophilic properties.
However, more energy is consumed at high
temperature. In addition, byproducts were fre-
quently produced from side reactions at high
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temperature. In using cosolvent to dissolve both
reactants, the reactivity of the nucleophilic
reagent is decreased for the solvation and hy-
drogen bonding with the protic solvent. Hence,
the reaction rate is low. The solvation of aprotic
solvent and nucleophilic reagent is minimized
when the reactions were carried out in an anhy-
drous condition using expensive aprotic solvent.
Nevertheless, the high boiling-point aprotic sol-
vent is difficult to recover. Therefore, this im-
provement in the reaction of two immiscible
reactants is still limited [1].

The problems of the reactions of two immis-
cible reactants were not solved until the devel-
opment of phase transfer catalysis [2—7]. It has
been considered to be one of the most effective
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tools in synthesizing organic chemicals through
alkylation, arylation, condensation, elimination,
reduction and oxidation, and polymerization as
well as the simple displacement.

2-Mercaptobenzimidazole (MBI) is an impor-
tant specialty chemical and is extensively used
as inhibitor, antioxidant, antiseptic and adsor-
bent [8-11] in industries. It was synthesized
from the reaction of o-phenylene diamine and
reactants in a homogeneous solution using the
expensive quaternary ammonium hydroxide as
the catalyst [12-15). The removal of catalyst
and reactants from MBI product in the homoge-
neous solution required chemical equilibrium
separation processes. The primary objective of
this work is to improve the synthetic process for
producing MBI by carrying out the reaction of
o-phenylene diamine and carbon disulfide in a
two-phase medium by appropriating choice of
organic solvent. The inexpensive tertiary amine
was used as the catalyst. The key point to be
studied lies in investigating the reaction mecha-
nism and kinetics of the reaction.
Dichloromethane, benzene, n-hexane,
chlorobenzene and decane were employed as
the organic solvents. The most advantage of this
process is that the MBI product precipitates
from the two-phase solution. The product is
purified and removed from the solution only by
simple mechanical separation processes, such
as: centrifugation and filtration. The effects of
the operating conditions on the rate of reaction
and conversion were examined.

2. Experimental section
2.1. Materials

Carbon disulfide (CS,), o-phenylene diamine
(C¢H,(NH,),), tertiary amines including TEA
(or Et;N, (C,H,);N), TPA (or Pr;N,
(C;H,);N) and TBA (or Bu;N, (C,H,);N),
DMAP(dimethylaminopyridine), and other
reagents. are all G.R. grade chemicals for syn-
thesis.

2.2. Procedures

2.2.1. Kinetics of the reaction of carbon disul-
fide and tributylamine

Tributylamine (Bu;N) (3.5 ml, 0.1 M in
CH,Cl1,) was put in a UV cell which was
submerged into a constant temperature water
bath to reach a thermo-equilibrium state. Next,
carbon disulfide (1 ul, 47X 107> M in
CH,Cl,) was injected to the UV cell to start the
reaction. The absorbance ( A,) vs. time for a UV
364 nm wavelength was then detected. Also, the
absorbance (A,) for ten half-life periods was
also determined. A plot of In[A,./(A, —A)]
vs. time leads to a straight line with slope k.

2.2.2. Kinetics of synthesizing 2-mercapto-
benzimidazole (MBI)

The reactor is a 125-ml four-necked Pyrex
flask able to serve the purposes of agitating the
solution, inserting the thermometer, taking sam-
ples, and feeding the reactants. A reflux con-
denser is attached to the port of the reactor to
recover carbon disulfide. The reactor is sub-
merged into a constant temperature water bath
in which the temperature can be controlled to
+0.1°C. To start an experimental run, known
quantities of o-phenylene diamine, carbon
disulfide, (caffeine, external standard), and ter-
tiary amine were dissolved in a mixture of
organic solvent/water and introduced into the
reactor. The mixture was stirred mechanically
by a two-blade paddle (5.5 ¢cm) at 1,000 rpm.
During the reaction, an aliquot sample of 0.2 ml
was withdrawn from the solution at a chosen
time. The sample was immediately introduced
into the same organic solvent at 4°C for dilution
and retarding the reaction, and then analyzed by
HPLC.

The product 2-mercaptobenzimidazole (MBI)
for identification was purified from the solution
of reaction of o-phenylene diamine and carbon
disulfide without containing tertiary amine by
vacuum evaporation to strip off organic solvent
and carbon disulfide. Then, it was dissolved into
ethanol prepared for recrystallization. A white
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crystal form of MBI, which was insoluble in
EtOH, was obtained by cooling the solution.
The product (MBI) and the reactants (carbon
disulfide and o-phenylene diamine) were identi-
fied by NMR and IR. The content of MBI and
reactants were analyzed by HPLC instrument.
The results obtained from NMR and IR are very
consistent with the published data. An HPLC
model LC9A (Shimadzu) with an absorbance
detector (254 nm, SPD-6A) was employed to
measure the contents of reactants and product.
The column used was Shim-Pack CLC-ODS
RP-18 (5 wm). The eluent was CH,CN/H,O
= 20/80 (with 5 mM KH,PO, + 0.1% H,PO,)
(volume ratio) with a flow rate 1.0 ml/min.

3. Kinetic model of the reaction
3.1. Kinetics of the reaction of CS, and Bu;N

In this work, carbon disulfide is a limited
reactant. Tributylamine was used in a large
excess amount. The reason is that the ab-
sorbance of CS, is much greater than that of
Bu,N. The reaction of CS, and Bu;N (R;N)
reaches an equilibrium state after 10 minutes or
more, i.e.,

RN+ CS, ; R;N-CS, (R1)
=1

where k, and k_, are the intrinsic rate con-

stants of the forward and backward reactions

(R1), respectively. The reaction was considered

as a simple forward reaction at early time (e.g.

four minutes), i.e.,

k,
RN + CS, — R,N-CS, (R2)
The rate of reaction (R2) was expressed as
~dcs,]
= k[R5N][CS, ] (1)
ds

For a constant concentration of R;N, the above
equation is integrated,

[CS,]
[CS.];

In = —k, (2)

app

where
kappzkl[R3N] (3)

The subscript ‘i’ represents the species at initial
condition. Since no other byproducts were pro-
duced, Eq. 2 was rewritten as

[CS,];
[CS,]i - [R3N-CS,]

In = koppt (4)

Applying Beer’s law, the concentration of
R N-CS, was expressed by UV absorbance
A, e,

A,
A,—A,

In = kot (5)

A plot of In[A,/(A,—A,)] vs. time gives a
straight line with slope k.

3.2. Kinetics of synthesizing 2-mercaptobenzi-
midazole (MBI)

The overall reaction in the two-phase medium
is expressed as depicted in Scheme 1.

From the experimental observation, carbon
disulfide does not dissolve in aqueous phase
even in the presence of tertiary amine. The
reaction of CS, and C¢H, (NH,), to produce
MBI takes place only in the organic phase.
However, o-phenylene diamine dissolves both
in aqueous and organic phases. o-Phenylene
diamine, which reacts with CS, in the organic
phase, is supplied from the aqueous phase. One
of the advantages in using two-phase medium is
that the conversion in the organic phase is in-
creased at a low concentration of o-phenylene
diamine. The concentration of o-phenylene di-
amine in the organic phase is adjusted by the
distribution of o-phenylene diamine between
two phases.

In the organic-phase reaction of synthesizing
MBI, it is believed that CS, first reacts with
tertiary amine (R;N) to form an active interme-
diate (R,N-CS,). This active intermediate fur-
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H, (NH,), +

c-su + H,8 (R3)

-Z

Scheme 1.

ther reacts with o-phenylene diamine to produce
the desired product in the organic phase, as
depicted in Scheme 2. Reaction (R4) is very fast
and reaches an equilibrium state within 10 min.
Reaction (R5) is slow relative to reaction (R4)
and is obviously a rate-determining step.

The rates of reactions (R4) and (R5) are

expressed as
ry =k [CS,][R,N] — k_,[R;N-CS, ] (6)
ry = ky[R;N-CS, ] [C6H4(NH2)2] (M

Assuming that a pseudo-steady-state hypothesis
is applied for the intermediate R ;N-CS,, i.e.,

d[R,N-CS,]
— - (8)

No byproducts were obtained during or after
reaction. Therefore, the consumption rate of
R;N-CS, in (R5) equals to the production rate
of R;N-CS, in (R4), i.e.,

kl[CSZ][R3N] - k—x[R3N—CS2]
= kz[RzN‘Cszl [C6H4(NH2)2] (9)
Rearranging Eq. 9, we obtain
[R;N][CS,]
R,N-CS,| =
[RaN=CS:] = (/R [Co(NH,),] + K
(10)
in which K is the equilibrium constant,
K=k_,/k (11)
k1
cs, + RyN = R,N-CS,
-1
X,
R,N-CS, + CcH, (NH )2———-

Substituting Eq. 10 into Eq. 7, we have

2[C6H4(NH2)2] [CS2] [RsN]

r,= (12)
(ky/k,)[CeH4(NH,),] + K

For the case of k_,[R;N-CS,]> k,[R;N-
Cs,][Cc,H, (NH,),] or

(k_\/k))=K> (kz/kl)[C6H4(NH2)2]

(13)
Eq. 12 is rewritten as
r, = (ky/K)[CS,] [R3N] [C6H4(NH2)2] (14)

In this work, carbon disulfide was usually used
in a large excess amount relative to its stoichio-
metric quantity. Also, the concentration of R;N
remains constant. Therefore, Eq. 14 is written as

== d[CGH:SIHZ)z] —k’PP[C6 «(NH,), ]
(15)

in which
Koo = (k2/K)[CS,][R3N] (16)

As indicated by Eq. 15, the reaction can be
expressed by a pseudo-first-order rate law,

—In(1 - X) =K, (17)

where X is the conversion of o-phenylene di-
amine and is defined as

X=1—([CcH,(NH,),] /[CsH4(NH,),],)
(18)

(R4)

O Ne-sH + H,S + R;N  (RS)

Scheme 2.
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A plot of —In(1 — X) vs. time gives a straight
line with slope k,,,. We confirmed that no
byproducts were produced during or after reac-
tion.

At a higher [C¢H ,(NH,),]
k,[C¢H (NH,),IR,N-CS,] plays an important
role in the expression of kinetics. Its value is
probably higher than that of k_,[R;N-CS,].
Thus, Eq. 12 attains zeroth order kinetics with

respect to [C(H, (NH,),], ie.,
ry =k [CS,][R;N] (19)

For a constant concentration of CS, and R;N,
Eq. 19 is written as

d[C6H4(NH2)2] "
- 4 = Koo (20)

r,=

where

krp = k1[CS,][R3N] /[CaH(NH, ), |, (21)

app

The reaction is expressed by a zeroth-order rate
law,

X=kl 1 (22)

app

where X is given in Eq. 18.
In general, Eq. 12 can be integrated to obtain
the conversion X of o-phenylene diamine, i.e.,

_d[C6H4(NH2)2]
dt
ky[CeH 4(NH,), ] [CS,] [R3N]
" (ka/k))[CeH(NH,),] +K

(23)

Integration of Eq. 23 and then appropriate rear-
rangement, gives the expression in terms of the
conversion of o-phenylene diamine X,

—(ky/ k)X + In(1 - X)

K
[C6H4(NH2)2]i
k3 [R3N][CS,]
T [C6H4(NH2)2]i t

(24)

The two terms in the left hand side of Eq. 24
represent the characteristics of zeroth-order and
first-order rates kinetics, respectively.

Since k, is obtained from the reaction of CS,
and R;N, Eq. 24 can be rewritten in terms of
one parameter (k_,/k,), i.e.,

[C6H4(NH2)2]i _ (k—l/kz)
k[R:NJ[CS;] K [R5N][CS,]

In(1 - X)

=t (25)

The value of (k_,/k,) is then calculated based
on the experimental data in conjunction with the
technique of parameter estimation.

4. Results and discussion

4.1. Kinetics of the reaction of carbon disulfide
and tertiary amines

Jensen and Nielsen [16] carried out the reac-
tion of carbon disulfide and tertiary phosphine
to produce a complex intermediate (R,P-CS,)
in a reddish color. In the later, Fernando and
Santos [17] studied the effects of the organic
solvents on the reaction of R,P and CS,. The
rate constants of the reaction of (C,H;),P and
CS, were measured by UV [18]. For obtained,
because the product R,P-CS, possesses a
strong bond between these two reactant
molecules. Thus, carrying out the backward re-
action in reaction (R4) is relatively easy.

In this work, the active intermediate R;N—
CS, can not be isolated and purified from solu-
tion because of weak bond between these two
reactant molecules. The intrinsic rate constant
of reaction (R5) was not determined from the
conventional way in this work. The reaction of
CS, and C,H,(NH,), is very slow without
adding tertiary amine and would be dramatically
enhanced by adding a small amount of tertiary
amine. The UV absorbance of CS, and R;N
solution is increased during the reaction when
the mixed solution was scanned by a UV instru-
ment. Also, an orange color, which indicates the
product obtained from the reaction of CS, and
RN, appeared in the solution.
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Fig. 1. Reaction o of carbon disulfide and tributylamine in a PHZ

solvent at various temperatures; ((C H9)3N] 0.1 M, [CS,]; =
474X 107> M, A= 364 nm.

o

An independent experiment was carried out
to examine the reaction of R;N and CS, in a
dichloromethane solution. We believe that the
forward reaction dominates the whole reaction
in the initial four minutes. Therefore, the intrin-
sic rate constant (k;) of the forward reaction
can be obtained from the kinetic data early in
the reaction. The measured absorbance through
UV as time is shown in Fig. 1. A straight line
with slope (k,,,) is obtained. Using Eq. 3, the
intrinsic rate constants (k,) are 4.333 X 1071,
7.333x 107!, 8.833 X 107!, 1.067 min~' M~ '
at 20, 25, 30 and 35°C, respectively. The activa-
tion energy was expressed in terms of Arrhenius
equation, i.e.,

kopp = 2.631 X 10%exp(1.048 X 10*/T);
in CH,Cl, solvent (26)

4.2. Identification of the reaction mechanism

As stated, o-phenylene diamine
(C4H,(NH,),) dissolves both in aqueous and
organic phases. However, carbon disulfide is
insoluble in the aqueous phase. Therefore, the
reaction occurs only in the organic phase. 2-
Mercaptobenzimidazole (MBI), which was pro-
duced from the reaction of o-phenylene diamine

and carbon disulfide, precipitated from the
two-phase solution by appropriate choice of the
organic solvent. Two fundamental reactions of
synthesizing MBI are given by reactions (R4)
and (R5). Two experimental runs in different
sequential orders of reaction procedures were
tested to examine the equilibrium reaction (R4).
The first procedure is to conduct the reaction of
CS, and Bu;N in a mixture of organic
solvent/water for 2 h in advance, and
CH (NH,), was then added to the solution for
reaction. The second one is the introduction of
CS,, Bu;N and C4H,(NH,), dissolving in a
mixture of organic solvent/water simuitane-
ously to start the reaction. No much difference
for the conversion from these two experiments
was obtained. The reaction of CS, and Bu;N to
produce the active intermediate (R,N-CS,) is
obviously fast. The reaction of o-phenylene di-
amine (C¢H (NH,),) and the active intermedi-
ate (R;N-CS,) is obvious a rate-determining
step.

Another experiment was carried out to iden-
tify the reaction of CS, and R;N in this study.
First, TEA dissolves into CH,Cl, and water
solution. After reaching an equilibrium state,
CS, was then added to the solution. No TEA in
the aqueous phase was detected. The reason is
that TEA reacts with the water-insoluble CS, in
the organic phase quickly. The content of TEA
in the aqueous phase transfers to the organic
phase completely.

An experiment for the equilibrium of
CcH,(NH,), between CH,Cl, and H,O was
also carried out in this work. It takes only 30 s
for C¢H (NH,), reaching an equilibrium state
between two phases. The resistance of mass
transfer of o-phenylene diamine between two
phases is negligible. Usually, the reaction of
synthesizing MBI required more than 7 h to
obtain a 80% conversion. Therefore, the reac-
tion of Bu;N-CS, and C,H ,(NH,), is a rate-
determining step for the reaction in synthesizing
MBI. For this, C¢H(NH,),, which dissolved
in the aqueous phase, is counted as a source in
providing the reactant in the organic phase.
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The dissolution of o-phenylene diamine in
CH,Cl, and H,O with the presence of tertiary
amine was investigated based on the distribution
coefficient (K d), which is defined as the ratio of
the concentration of C4 H,(NH,), in the or-
ganic phase to the concentration of C,H (NH,),
in the aqueous phase. Tertiary amines, including
TEA, TPA, TBA and DMAP, both dissolved in
CH,Cl, and H,O. Nevertheless, the value of
K, is about 2.10-2.60 and is insensitive to the
tertiary amines, and the volume ratio of organic
phase to aqueous phase. The effects of organic
solvents on the value of K, of o-phenylene
diamine in various concentrations of Bu;N were
also investigated. The order of the K; value for
these organic solvents and H,O is: CH,Cl,
(2.10-2.60) > CHCl1; (1.70-2.00) > C¢H,
(0.60) > C4HCH; (0.40).

The equilibrium concentrations of o-phenyl-
ene diamine in organic and aqueous phases at
various temperatures were also examined. A
larger value of the concentration of o-phenylene
diamine in the organic phase was obtained at a
higher temperature. However, this effect of tem-
perature on the concentration of o-phenylene
diamine is insignificantly.

4.3. Factors affecting the kinetics of reaction

4.3.1. Effects of the agitation speed

The effects of the agitation rate on the con-
version of C¢H ,(NH,), were investigated for
3.70 X 10™* moles of C(H,(NH,),, 527X
10~ moles of CS,, 1.679 X 107> moles (0.4
ml) of Bu,N, CH,Cl,/H,0 = 50 ml/20 ml at
30°C. As stated previously, it takes only 30 s for
o-phenylene diamine to reach an equilibrium
state between two phases. No improvement in
the reaction rate is observed with the agitation
rate from 0-1,000 rpm. Therefore, the agitation
speed was set at 1,000 rpm for studying the
reaction phenomena from which the resistance
of mass transfer is kept at a constant value.

4.3.2. Effect of the volume of water
o-Phenylene diamine both dissolves in water
and dichloromethane. For using a fixed amount

1.0

Amount of Water
o Om. =30 m
O_B.OSH'L + 40 mL
Aa10m .50m
o 20 mL

X

Conversion,

0.2t

Time (hr)

Fig. 2. Effect of the amount of water on the conversion of
o-phenylene diamine in the two-phase catalyzed reaction; 3.70 X
1073 moles of C4H (NH,),, 5.27x 10~ 2 moles of CS,, 1.679 X
107% moles of TBA, 50 ml of CH,Cl,, 1000 rpm, 30°C.

of o-phenylene diamine, the volume of water
directly reflects the concentration of o-phenyl-
ene diamine in the organic phase to affect the
conversion. The effect of the volume of water
on the conversion is shown in Fig. 2. When the
reaction was carried out in a homogeneous phase
without adding water (0 ml of water), a larger
conversion of o-phenylene diamine was ob-
tained. However, the conversion is decreased
when more water is added. A plot of the k,,
value vs. volume of water is depicted in Fig. 3.
The value of k. is decreased with increase of

app
the volume of water.

0.26

0.0

hr'y
c;[

. &o.0F T 0o—
4
0.06F
0.00 . +
] 18 20 0 4 50

water (ml)

Fig. 3. Effect of the amount of water on the k,,, value; same
reaction conditions as given in Fig. 2.
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Fig. 4. Effect of the volume of organic phase on the conversion of
o-phenylene diamine in the two-phase catalyzed reaction; 3.17X
10 % moles of CsH (NH,),, 2.50X 10~2 moles of CS,, 1.679X
10~ motes of TBA, H,0 = 50 ml, 1000 rpm, 30°C.

4.3.3. Effect of the volume of organic phase

The effects of the volume of organic phase
on the conversion of o-phenylene diamine is
shown in Fig. 4. In these experiments, only the
volume of organic solvent was altered. The
other conditions, such as, the amount of TBA
and the amount of CS,, were fixed. Therefore,
the concentration of TBA and CS, both changed
by changing the volume of organic solvent.
From Fig. 4, the conversion of o-phenylene
diamine is decreased with the increase of the
volume of organic solvent, i.e., the conversion
is increased by increasing the concentrations of
TBA, CS, and C(H,(NH,),. The results are
consistent with the Kinetic law. The dependence
of k,,, on the volume of dichloromethane are
shown in Fig. 5. As expected, the value of &,
is decreased with increasing the volume of or-
ganic solvent.

4.3.4. Effect of the concentration of R;N

In general, the reaction rate is low when no
catalyst is added. The consumption of CcH,
(NH,), is less than 1% after 4 h of reaction
time without adding TBA. In Fig. 6, the conver-
sion of CcH (NH,), is highly dependent on the
amount of TBA added. The reaction is en-
hanced by adding more TBA catalyst. Several

0.6

0.41

T o0.3b \
rS
<

0.0 . . -
0 © ®0
CHoCla(mL)

Fig. 5. Effect of the volume of organic phase on the &, value;
same reaction conditions as given in Fig. 4.

tertiary amines, such as TEA, TPA, TBA and
DMAP were employed as the catalysts in the
two-phase reactions. The effects of these ter-
tiary amines on the conversion of o-phenylene
diamine are shown in Fig. 7. The order of the
reactivity for these catalysts is DMAP > TEA
> TBA > TPA.

4.3.5. Effect of the organic solvent

Several organic compounds, such as: n-de-
cane, n-hexane, benzene, chlorobenzene and
dichloromethane, which are immiscible in wa-

0.8
__TBA cono.
° c ‘mles
o 8.70%x10 moles
0.8} 3
& 1.73%10 “moles +
> o 3.46%10 “moles +
c » 4.39%10mles
2 g4 -3
= U4 + 8.40%103m0l0s
-
o
(%] /0
0.2f /D/o
"""
0. -
0 2 4 8 8
Time Chrd

Fig. 6. Effect of the concentration of TBA on the conversion of
o-phenylene diamine in the two-phase catalyzed reaction; 4.624 X
1073 moles of CyHNH,),, 4.16X1072 moles of CS,,
CH,Cl, /H,0 = 80 ml/20 ml, 1000 rpm, 30°C.
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kind of catalyst

X

Conversion,

Time Chr)

Fig. 7. Effect of catalysts on the conversion of o-phenylene
diamine in the two-phase catalyzed reaction; 3.70 X 1073 moles
of o-phenylene diamine, 2.70 X 1072 moles of CS,, 25 ml of
CH,Cl,, 25 ml of H,0, 1000 rpm, 2.93X 10”2 moles of catalyst,
30°C.

ter, served as the organic solvents in the two-
phase reaction. The effects of organic solvents
on the conversion are shown in Fig. 8. The
order of the conversion of C H (NH,), in vari-
ous organic solvents is: dichloromethane >
chlorobenzene > benzene > n-hexane > n-decane,
which is consistent with the order of the polarity
of the organic solvents, i.e., a greater polarity of
organic solvent leads to a higher conversion of
o-phenylene diamine.

Organic solvent

0.8+ 0 n~Decane

4 n Hexane
© Berzene
> 0.8t ¥ Chiorobenzene *
5 + Dichloromethane >
®
s
D 0.4f
c
[=]
o

+ /
P
0.2} //
¥ /V‘r/

//
om%;%g—”é:
0 2 4 [} g
Time C(hr)

Fig. 8. Effect of the organic solvents on the conversion of
o-phenylene diamine in the two-phase catalyzed reaction; 3.17%
107* moles of CgH ,(NH,),, 2.50 X 10? moles of CS,, 1.679X
107 moles of TBA, 1000 rpm, 30°C.

1.2
Vol. of CSp

1.0 mi

2.0 mt
3.0 ml
4.0 mi

5.0 mi
6.0 m!

0.8f

X
* 0O B> O

+

Conversion,

Time Chr)

Fig. 9. Effect of the concentration of CS, on the conversion of
o-phenylene diamine in the two-phase catalyzed reaction; 3.17 X
10”% moles of o-phenylene diamine, 1.679X 107> moles of
TBA, 50 ml of CH,Cl,, 20 ml of H,0, 1000 rpm, 30°C.

4.3.6. Effect of the concentration of carbon
disulfide

Carbon disulfide is insoluble in water and is
only soluble in organic solvent. As expected,
the concentration of CS, directly influences the
conversion of C4H, (NH,), and the reaction
rate. The conversion is increased with the in-
crease of the concentration of CS,. The result,
which is shown in Fig. 9, is consistent with the
model equation shown in Eq. 12. It is obvious
that the conversion is increased by increasing
the concentration of CS, in the organic solu-
tion.

4.3.7. Effect of the amount of o-phenylene di-
amine

The effect of the amount of C4H,(NH,), on
the conversion is shown in Fig. 10. For this
study, the volume of organic solvent and the
volume of water are fixed. Therefore, except
CcH ,(NH,),, the concentrations of TBA and
CS, kept constant. As shown in Fig. 10, the
conversion is decreased with the increase of the
amount of C¢H ,(NH,),. Therefore, the use of a
high concentration of CcH,(NH,), in the or-
ganic phase is avoided by carrying out the
reaction in a two-phase solution. Parts of
C.H ,(NH,),, which dissolve in water, act as
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Fig. 10. Effect of the concentration of o-phenylene diamine on the
conversion of o-phenylene diamine in the two-phase catalyzed
reaction; 8.31 X 10™2 moles of CS,, 1.679% 10™* moles of TBA,
50 ml of CH,Cl,, 20 ml of H,O, 1000 rpm, 30°C.

the source in providing the reactant in the or-
ganic phase.

4.3.8. Effect of temperature

The effect of temperature on the conversion
of o-phenylene diamine is shown in Fig. 11.
The increase of temperature enhances the reac-
tion rate and the conversion of o-phenylene
diamine. An Arrhenius plot of —In(k,) vs.
1/T yields the activation energy of the two-
phase reaction 51.10 kJ /mol.

o 45°C
0.8F 4 40°C
o 35°C
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\
\

X

Conversion,

o
~n
IS
@
-

Time Chr)

Fig. 11. Effect of temperature on the conversion of o-phenylene
diamine in the two-phase catalyzed reaction; 0.3431 g of o-phen-
ylene diamine, 2.50 X 10~ 2 moles of CS,, 1.679X 10~ moles of
TBA, 25 ml of chlorobenzene, 25 ml of H,0, 1000 rpm.

4.3.9. Identification of the reaction order in
synthesizing MBI

From Eq. 12, the reaction is reduced to ze-
roth order or first order rate of kinetics, depend-
ing on the values of k, and k_, and k,, and the
concentration of C¢H,(NH,),. The conven-
tional experiments to determine k_, and k, are
not available, because R;N-CS, is not isolated
and purified. In this work, the method of initial
rate is provided to determine the rate constant
(k,) of the forward reaction (R1). In the reac-
tion of synthesizing MBI, the ratio of the intrin-
sic rate constant (k_,) of the backward reaction
(R1) to the intrinsic rate constant (k,) were
determined from Eq. 25 by utilizing the tech-
nique of parameter estimation. For example, the
reaction of synthesizing MBI was carried out at
30°C with 2.50 X 1072 moles of CS,, 3.17 X
107 moles of C4H,NH,),, 1.679 X 1073
moles of Bu;N in CH,Cl,. The rate constant
(k,) of the forward reaction (R1) is 8.833 X
107! min~! M™! as determined from the inde-
pendent reactions of CS, and Bu;N. Using the
technique of parameter estimation, the value of
(k_,/k,) is 15.65 based on the experimental
data. Then, Eq. 25 becomes,

2.367X — 500.71In(1 — X) =t (27)

The value of the term [—500.7 In(1 — X)]
from the contribution of first order rate kinetics
is much greater than that of the term (2.367X)
from the contribution of zeroth order rate kinet-
ics at low concentration of C4H ,(NH,),. This
result indicates that the reaction follows a
pseudo-first order rate law. Therefore, a
pseudo-first order rate law is sufficient to de-
scribe the reaction.

5. Conclusion

The synthesis of mercaptobenzimidazole
(MBI) from the reaction of carbon disulfide and
o-phenylene diamine catalyzed by tertiary amine
was carried out in a two-phase medium. The
advantage of this process is that MBI product
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precipitates from the solution by using an ap-
propriate organic solvent, and the inexpensive
tertiary amine rather than the quaternary ammo-
nium salt is used as the catalyst. A simple
kinetic model, which was based on the reaction
of CS, and R;N to produce R;N-CS,, and the
reaction of R;N-CS, and C,H,(NH,),, was
built up. This model was used to explain the
effect of the concentration of o-phenylene di-
amine on the conversion satisfactorily. Based on
the experimental data, the reaction of o-phenyl-
ene diamine and carbon disulfide catalyzed by
tertiary amine in a two-phase medium was de-
scribed by a pseudo-first-order rate law. The
conversion of o-phenylene diamine is decreased
with the increase of the concentration of o-
phenylene diamine in the organic phase.
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