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SHORT COMMUNICATION

Selective Nitration of Phenol toortho-Nitrophenol using Dilute Nitric Acid
by Microemulsion of Cetytrimethylammonium Bromide (CTAB) in Isooctane
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Abstract—The paper reports near-selective nitration of phenotttwo-nitrophenol using CTAB microemulsion
solution in the presence of dilute nitric acid. The difference betweem the selective nitration of different kinds of
surfactants such as AOT (anionic surfactant) and CTAB (cationic surfactant) has been investigated. All these experi-
mental results indicate that microemulsions can be selective to gioetihghenol.
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INTRODUCTION [1993]. Chhatre et al. have reported near selectivity of phenol to
ortho-nitrophenol using a microemulsion solution of sodium salt of
Microemulsions are a transparent or translucent pseudo-homadioctyl sulfosuccinate (AOT) in the presence of dilute nitric acid.
geneous mixture of oil (which may be an organic solution of a waterTheir study indicated that microemulsions, besides enhancing the
insoluble compound), water (which may contain mineral acid or areaction rates, could also be selective to give the desired product.
salt), and surfactants or a mixture of surfactant and cosurfactant (al- In the present paper, we investigated the pseudo-ternary phase
cohol), with high thermodynamical stability [Lindman and Danielson, diagrams of systems containing water, oil (isooctane), Cetytrimeth-
1981; Langevin, 1986; Holmberg, 1994]. Since Hoar and Schulylammonium bromide (CTAB) and co-surfactant of a short chain
man first described these systems in 1943, microemulsions havalcohol butanol and described the results of the experimental in-
been of great interest in pharmaceutical and cosmetic applicationgestigation of selective nitration of phenobttho-nitrophenol using
because of their transparent appearance, long stability, and easerafcroemulsion solution of cetytrimethylammonium bromide (CTAB)
preparation and high solubility of drug [Choi et al., 1999]. They in isooctane. The difference between the selective nitration of different
have also been proposed as good solvents for nonpolar organic mdédinds of surfactants such as AOT (anionic surfactant) and CTAB
ecules as well as inorganic salts, and thus appear to be excelle@ationic surfactant) is presented alongside the experimental results.
media for facilitating reactions between different species. The pseudo-
ternary phase diagram of such systems can be divided into various MATERIALS
regions, among which thigpe land thetype llregions are of gen-
eral importance. Thiype Iregion consists of an oil-in-water type Phenol crystals (AR grade) were obtained from Shanghai Chem-
of microemulsion in equilibrium with an excess oil phase, whereasstry Reagent Company (China) and were purified by recrystalliza-
thetype llregion consists of a water-in-oil type of microemulsion tion. Benzene (AR grade) procured from Hangzhou Chemistry Re-
in equilibrium with an excess aqueous phase. During the last twagent Company (China) was purified by distillation and used as a
decades, a concert effort has been made to understand the strgoivent for phenol. Cetytrimethylammonium bromide (AR grade),
ture, dynamics and interactions of microemulsions, mainly becaus€TAB, was obtained from Shanghai Chemistry Reagent Import
of some of their applications. The microemulsion droplet can beand Export Company (China) and was used as a surfactant and was
considered as a microreactor where chemical reactions can occpurified by recrystallization twice by using ethanol and ether. AR
within the small domain provided by the droplet. In addition, micro- grade sodium salt of dioctyl sulfosuccinate, AOT, was purchased
emulsions have recently been used to effect separation and purifirom Sigma and used as a surfactant without further purification.
cation. Despite the number of studies highlighting the beneficialNitric acid, which was also obtained from Hangzhou Chemistry
effects of microemulsions in enhancing the reaction rates, relativeljReagent Company, was used in a diluted form. Isooctane (AR grade)
few studies deal with the related issue of selectivity of desired comwas purchased from Shanghai Chemical Reagent Company (China).
ponents, except Chhatre et al. [1993]. AR graden-butanol was purchased from Hangzhou Reagent Com-
The nitration of phenol is normally carried out by initial sulfona- pany and used as co-surfactant without further purification. The twice-
tion of the compound by sulfuric acid, followed by nitration with distilled water was obtained from our laboratory.
nitric acid [Schofield, 1980]. Many scientists have explored phenol In this work, the chromatographic experiments were performed
and its derivatives for selective nitration. However, no notable re-on 1102 gas chromatography equipped with FID (Shanghai Ana-
gion selectivity is observed in the nitration except by Chhatre et allytical Instrument Plant, China) and CDMC-1EX chromatographic
data processor (Shanghai Institute of Calculate Technology, China).
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1. Construction of Pseudo-Ternary Phase Diagrams water
Phase diagrams were constructed by using a traditional titratiol
method. The samples were prepared at twenty points of differer
compositions. Appropriate amounts of CTAB, isooctane and cosur
factant, butanol were weighed into glass vials and the samples we
stirred until a clear solution was obtained. The mixing ratio of CTAB
to cosurfactant butanol was 1 : 3 (mol ratio). The sealed glass vial
were placed in an incubator at°80 Titrated with water drop by
drop, the mixing solution was vigorously shaken with the mixer.
After this procedure, samples were kept in the incubator %@ 30 02 a
for a few days. After equilibrium was reached, the mixtures were *—-‘——’"j
both checked visually for clarity. The transition between the clear T T T
isotropic solution and two-phase region was determined by visua CTAB+butanol 0.8 06 04 02 isooctane
observation of the samples. . Fig. 1. Pseudo ternary phase diagram.
The pseudo-ternary phase diagrams were represented as a ter- 5 - w/o microemulsion ¢ o/w microemulsion
nary diagram, which contained three components of water, il (iso- b : liquid crystal d : two phase
octane), and surfactant/co-surfactant. The boundary of the phase
diagram was drawn within a tiny error.
2. Selective Nitration for water. The phase diagram of this system is presented in Fig. 1.
In all the experimental runs 100 ml of the aqueous phase wag. Selective Nitration
reacted with 25 ml of organic phase. A stirred cell reactor was main- The composition of 200 ml solution of the aqueous phase used in
tained at 30C by thermostatic bath. Its temperature was maintainedeach set is as shown in Table 1. The results of reactions carried out
with an accuracy of £ZC. The reactor was provided with a two- under microemulsion conditions are shown in Table 2 and Table 3,
blade stirrer. The stirrer was positioned in such a way that half ofespectively, using nitric acid (no surfactant). Tables 2 and 3 show
the width of its blade was in the phenol-benzene mixture and thehe product ratio of selectivity betweemitrophenol ang-nitro-
other half was in the microemulsion. The interface was stirred withphenol. It is obvious that the selectivity of formatiomofitrophe-
extreme care to avoid splashing, and the stirring rate was maimol was higher than that pfnitrophenol. The two-phase nitration
tained at 50 rpm and with an accuracy 2 rpm. of phenol carried out by Thompson and Zeegers [1989] yielded
There are three sets in the experiments. In the first set (runs 1-9%5.1%o0-nitropenol and 41%-nitropenol (the ratio a-nitropenol to
three different microemulsions type I(oil-inwater type) were pre-
pared and used for conducting the reactions. The ail-inwater typg_able 1. Composit ) s
. . . . . position of 100 ml aqueous phase solution used in this
microemulsion solutions were prepared according to Pseudo-Ter- work
nary Phase Diagrams as described above, and the only differenee
was the substitution of nitric acid for water. The solution thus pre- Run Concentration of CTAB  n-Butanol Isooctane

d

pared was then equilibrated with an excess of pure benzene. Then©- HNO; (mollliter) added (g)  (ml) (mi)

excess of benzene was then used to prepare the phenol-benzene mixt-3 2.03 5.00 3.90 17.40
tures of varying concentrations. In the second set (runs 10-18), the 4-6 3.06 7.46 5.60 11.60
nitric acid with concentrations similar to those in Set 1 was used to 7-9 4.01 10.00 8.00 6.00
contact with phenol-benzene mixtures of varying concentrations. 10-12 2.03 0.00 0.00 0.00
The twice distilled water was substituted for microemulsion. This 13.15 3.06 0.00 0.00 0.00
was done in order to compare the results with those obtained in rungg_1g 4.01 0.00 0.00 0.00

1-9. In the third set of experiments, AOT, surfactant, was substi-
tuted for CTAB. Some experiments were done in the similitude of
runs 1-18. This was done in order to compare the results with thosgable 2. Nitration reactions of phenol under microemulsion me-

obtained in Set 1. The microemulsion and the mixture were then dium
contacted in the stirred cell reactor described above. R HNO, Phenol Ratio ofo-nitrophenol to
After 5 minutes of each reaction, the mixture was demulsified ~Y11M0- 5 Q) p-nitrophenol
with diethyl ether, its reaction product was extracted, and it was an- 1 503 34 13
alyzed immediately on the gas chromatograph for its composition. 2 203 18 192
RESULTS AND DISCUSSION 3 2.03 08 11
4 3.06 34 2.0
1. Determination of the Ternary Microemulsions of CTAB/n- 5 3.03 1.8 2.0
Butanol/Isooctane/Water System 6 3.06 08 3.5
The phase behavior of microemulsion of cetytrimethylammo- 7 4.01 3.4 1.7
nium bromide (CTAB) in isooctane was investigated. Then we re- 8 4.01 18 2.8
9 4.01 0.8 3.6

peated the process by using dilute nitric acid that was substituted
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Table 3. Nitration reactions of phenol with dilute nitric acid (no Table 4. Nitration reactions of phenol under different microemul-
surfactant) sion at constant concentration medium of phenol
RUN No HNGO; Phenol  Ratio ofo-nitrophenol to Average of ratio of ~ Average of ratio of

" moll (9) p-nitrophenol Run  HNO, o-nitrophenol to o-nitrophenol to

10 203 34 1.2 no. moll p-nitrophenol in p-nitrophenol in

11 203 1.8 1.3 CTAB solution AOT solution

12 2.03 0.8 14 1-3 2.03 12 34

13 3.06 34 1.0 4-6 3.06 25 21

14 3.06 1.8 14 7-9 4.01 2.7 1.6

15 3.06 0.8 18

16 4.01 3.4 0.3 creased in the microemulsion of CTAB; the tendency is inverse in

17 4.01 18 0.6 the microemulsion of AOT from Table 4. The phenomenon may

18 4.01 0.8 11 be that AOT and CTAB are different types of surfactants. CTAB is

a cationic surfactant and AOT is an anionic surfactant. Due to the

influence of electric charge state, the cation head of CTAB can be
p-nitrophenol was about 1.34). The current industrial method [Boothattracted by nitrate ion, so the attack opportunitytiad-C of phenol
1987] employs nitration of chlorobenzene using mixed acid (30%may increase when the concentration of nitric acid increases.
HNQO,, 56% HSQ, 14% HO), followed by hydrolysis NaOH at

130°C. The method produces 34-36%oafhitrophenol, 63-65% CONCLUSION

of p-nitrophenol and about 1% ofnitrochlorobenzene. And the

selectivity ratio ofo-nitrophenol top-nitrophenol was 0.55. Chha- On the basis of the results reported in this paper, near-selective
tre et al. [1993] reported that the selectivity of formation+aifro- nitration of phenob-position can be carried out under microemul-

phenol was considerably improved (to more than 65%, and to eversion of CTAB system by using dilute nitric acid. Also, the process
more than 88% in some cases) through carrying out the reactionsf nitration as a whole becomes safer and more economical. Due
in the microemulsion condition (the surfactant is AOT). In the pres-to the influence of electric charge state of different types of surfac-
ent report we found that the ratio of selectivity of formation-of  tants, the nitration condition and tendency are not same.
nitrophenol ang-nitrophenol was improved in microemulsion of
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