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Abstract : The Friedei-Cr@s a&bbion of be@ chloride and bensyi alwhol. separately as well as in a single pot, 
with tolame as an alkylating agent in presence 4f @rent solid acid catalysts has ken investigated to find that 
the inwrsion of relative reactivirics is due to a pr#rentM -@on phenomenon. 

La&o and co-worlmrG4 have demonstrated through a series of publications in this Journal how the rates 

of two parallel reactions can be dramatically altered, in comparison with the case when these reactions are 
run separately, by using “clayzic” catalyst. Of particular interest to us is the Friedel-Crafts alkylation of benzyl 
chloride and benzyl alcohol with toluene, which we have investigated with a variety of solid acidic catalysts. 
And we would like to report hem that the phenomenon observed here is not restricted to the “clayzic” type 
of catalyst alone and further that this attribute of the “clayzic” catalyst that appeared to act as a microreactor 
capable of dynamic sieving. can be well explained in terms of pmfetential adsorption. 

In our experiments we have used a number of solid acidic catalysts, namely, superacidic sulfated zirconia 
(S-ZtQ), Filtrol-24, a clay catalyst and Amberlyst-15, an ion-exchange resin, which all have very good activ- 
ity for the alkylation reactions. 

Benzyl chloride (BnCl) and benzyl alcohol (BnOH) were reacted separately by taking 0.05 gmol of each. 
Whereas a mixture of benzyl chloride and benzyl alcohol in an equimolar quantity of 0.025 gmol each, were 
reacted with toluene (0.5 gmol) at appropriate temperatures with a catalyst loading of 20 W/W% Analysis 
of the reaction mixture was done by GC with 2m x l/8” S.S. column of OV-17(10%) on Chmmosorb WHP 
by using FID. 

Table 1 summarises the experimental results. With sulfated zirconia and Filtrol-24, when reacted se.p- 

arately, benzyl chloride is more reactive than benzyl alcohol. Benzyl alcohol in addition to alkylation gives 
benzyl ether (BE) as a major side product which again gets converted to the alkylated pmduct (o,m, or p). 
On the contrary, in the mixture benzyl alcohol reacts first and after it is completely consumed benzyl chloride 
starts reacting with toluene, which is similar to the behaviour mported by Laszlo et al. However, the sulfated 
zirconia and Amberlyst-15 catalysts are. not clay-type catalysts and have totally different pore size distrib- 
utions and surface areas. Thus, the inversion of reactivities may not be related to pore structural effects which 

are likely to be present in sieving-type catalyst. In the absence of any intraparticle diffusional limitations, the 
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parallel reactions of benzyl chloride and benzyl alcohol with excess toluene in a single pot encounter three 
steps in series for each, namely, adsorption of the reactive species on the catalytic site, surface reaction of 
the adsorbed species with toluene. followed by desorption of the products. Since the same type of active sites 
are responsible for the two parallel reactions, the total number of sites available for adsorption will be dis- 
tributed between BnCl and BnOH according to the relative magnitudes of the adsorption equilibrium con- 
stants for each. The individual rates of reactions will be governed by the slowest of the three steps in each 
case and the selectivities will depend on the relative concentrations of the adsorbed species on the catalyst 
surface. Analysis of data in Table 1 showed that the kinetics of individual reactions could be expressed by 
a single site Langmuir-Hinshelwood model and should also be applicable to the parallel reactions in the same pot. 

ri = 
wk,ci 

1 + K& 
i = 1, 2 (Separate) (1) 

r* = 
WkC, 

1 + TlKfiCi 
(Parallel) (2) 

where 4, k, Ci and & are the rate of reaction, rate constant, concentration and adsorption equilibrium con- 
stant for species i (benzyl chloride - 1. benzyl alcohol - 2), respectively and w is the catalyst loading per unit 
volume of liquid phase. 

In the case of reaction of BnCl alone, it was found that since BnCl is weakly adsorbed, the terms in 
the denominator approach unity. and the rate is governed by the first order kinetics. However, in the case 
of BnOH alone, the K&r is very large in comparison with one, in the denominator, and hence the rate of 
reaction of BnOH becomes independent of concentration of BnOH and is equal to (wkm. 

For the case of parallel reactions of BnCl and BnOH with toluene, in the same reactor, it is observed 
that only BnOH reacts with toluene and the rate of reaction is independent of concentration of BnOH. In the 
mixture, BnOH is preferentially and strongly adsorbed onto the catalytic sites and prevents any adsorption 
of BnCl thus depriving the latter from reacting with toluene. Only when some sites are vacant due to almost 
total depletion of BnOH by reaction, for the given small quantity of catalyst, the BnCl molecules get a chance 
to adsorb and react. This preferential adsorption phenomenon was found to be repeated at a higher temper- 
ature. For instance, with sulfated xirconia as catalyst, in the mixture of BnCl and BnOH, at 80X!, there was 
no conversion of BnCl after 30 minutes while 40.92% BnOH had reacted. Similar experiment at 1oo’C showed 
during the same time, 8.96% BnCl and 82.56% BnOH had reacted. Thus, temperature had a pronounced effect 
on the reaction of BnOH because both rate constant and adsorption equilibrium constants being higher led 
to much higher rates, whereas whaterver little BnCl was adsorbed got a chance to react. Again the entry in 
Table 1 for the same system at 1OOC. reveals that much before 90 minutes all BnOH had reacted thereby 
allowing BnCl to get adsorbed and react on the surface. 

The evidence for preferential adsorption of BnOH in comparison with BnCl was further provided by 
cartying out adsorption experiments as shown in Table 2. In this typical experiment, the catalyst, Filtml-24 
(1.26g) was taken in a reaction mixture of BnCl(O.05 gmol) and toluene (0.5 gmol) at 8o’C and the reaction 
progress was monitored. At the end of 1.5 hrs. when 27.90% BnCl had reacted, BnOH (0.025 gmol) was 
added and within a minute a sample was withdrawn to find that 8.30% BnOH had reacted. It was observed 
that within next 1 hr, practically no BnCl had reacted while 100% BnOH was converted. Further progress 
of the ma&on was monitored to find that the reaction of BnCl with toluene had once again commenced because 
there was no BnOH present on the sites. After 50.24% conversion of BnCl which was at 3.5 hr from the begin- 
ning, further quantity of BnOH (0.025 gmol) was added to see whether the same behaviour would be repeated. 
Once again it was found that no reaction of BnCl had occurted during the next one hour while almost all 
BnOH had reacted. This again demonstrates that only when the BnOH had heen consumed from the adsorbed 
sites, BnCl gets a chance to adsorb and react. 

We introduced another interesting variation of the above said experiment wherein purposely intraparticle 
diffusional resistance was superimposed. In a quiscent pool of BnCl(O.025 gmol) containing Filtrol (1.176g) 
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Results of the Reaction between Toluene and Benzyl ChloriWenzyl Alcohol and their Mixture 
over Various Solid Acid Catalysts 

ChtdyStS 

S-ZlQ 

s-zroz 

Filtrol-24 

Amberlyst- 15 

80 
80 
80 
80 

100 
100 
100 

80 
80 
80 

80 
80 
80 

Tim 
min 

90 
90 
30 
90 

30 
30 
90 

90 
90 
90 

90 
90 
90 

T 

9% converaiun T 
BnCl 

49.92 
- 

0.0 
12.12 

BnOH 

- 

16.68 
40.92 
80.72 

Alkylated 

100.00 
31.07 
47.37 
55.37 

100.00 - 100.00 
8.96 82.56 64.42 

69.47 100.00 100.00 

52.00 - 100.00 
- 19.26 51.56 
0.0 100.00 84.78 

1.36 - 1.36 
- 39.60 44.05 
0.00 87.51 78.91 

I- 
Product Did. 

BE 

- 

68.93 
52.62 
44.63 

- 

35.57 
0.0 

- 

48.44 
15.22 

- 

55.95 
21.09 

Table 2. Results of the Adsorption Experiments between Benzyl Chloride and Benzyl Alcohol for Alkyla- 
don by Toluene over Filtrol-24 at 8o’C. 

Time 
(W 

0 

0.5 

1.0 

1.5* 
1.75 

2.0 
2.5 
3.0 

3.5b 

3.75 
4.25 

4.5 
5.0 

% Conversion 

BnCl BnOH 

0 - 

7.42 - 

20.80 - 

27.90’ 8.301 
27.52 56.80 

28.30 74.52 
32.14 100 
50.28 - 

50.24b 14.48b 

50.40 37.60 
50.32 60.0 

50.52 96.80 
65.54 100 

l : At the end of 1.5 hrs, 0.025 gmol of bcnxyl alcohol was added to the reaction mixture, at which beazyl chloride 
concentration was 0.036 gmol and within a minute the sample was withdrawn for analysis. 

b : At the end of 3.5 brs, again 0.025 gmol of benzyl alcohol was added at which bauyl chloride concentratioa on 
the. catalyst surface had declined to 0.0248 gmol, and after 2 minutes a sample was withdmwn. 
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at WC, a preheated mixture of BnOH (0.025 gmol) and toluene (0.5 gmol) at 8o’C was added and samples 
were periodically withdrawn from this unagitated reaction mixture. The analysis showed that even after 3 hr 
only BnOH (72.4%) had reacted without any reaction of BnCl. This further demonstrates that the preferential 
adsorption of BnOH in comparison with BnCl is responsible for this behaviour. 

To bolster the above arguments, we conducted an experiment in which BnCl and BnOH (0.1 gmol each) 
with 1.176 g Filtrol-24 were agitated at 8o’C and a stoichiometrically deficient quantity of toluene (0.1 gmol) 
was added to find that only BnOH had reacted because the catalyst surface was fully adsorbed with BnOH, 
leaving no vacant sites for BnCl. 

For the sake of comparison, Table 1 also includes our results with Amberlyst- 15 catalyst with which BnOH 
is aheady more reactive than BnCI, when both are reacted separately. The single pot parallel reactions showed 
a total selectivity to BnOH with no reaction of BnCl. These results have no bearing on the issue discussed 
before on the preferential adsorption. 

In summary, the inversion of relative reactivities in the Friedel-Crafts alkylation of BnCl and BnOH with 
toluene is related to preferential strong adsorption of BnOH on the solid acid catalysts. 
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