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acidity, at least at temperatures up to 
3OO”C, that is strong enough to protonate 
pyridine. One might argue that the number 
of protonic sites was too low to be detected. 
The number of active sites for the cyclo- 
hexene isomerization, which could have 
been interpreted by means of a proton 
addition, has been measured recently by 
pyridine poisoning (12) and found to be 
sufficiently high (2 to 4 per 1000 AZ) to 
be easily detectable by ir-spectroscopy. It 
thus seems that protonic sites on alumina 
cannot act as active sites in hydrocarbon 
reactions at temperatures below 3OO”C, 
since most reactants such as alkanes or 
alkenes have much lower basicities than 
pyridine. 
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Chemisorption of Methanol and I 

on Vanadium Pentoxide Catalysts 

Electrical Conductivity Changes 

Vanadium pentoxide prepared by the de- 
composition of vanadyl oxalate (catalyst 
I) has a greater catalytic activity than 
that prepared by the decomposition of 
ammonium metavanadate (catalyst II) 
(1-S). Recently we have reported (4, 5) 
that catalyst I possesses more surface area, 
larger magnetic susceptibility and a 
greater concentration of V4+ ions than 
catalyst II and also a greater amount of 
oxygen becomes chemisorbed on catalyst 
I at a faster rate. The kinetics of chemi- 
sorption of methanol and the accompany- 
ing electrical conductivity changes on 
catalysts (I and II) have now been 
studied. 

Catalyst I was prepared by the de- 
composition of vanadyl oxalate at 400°C 
for 4 hr in a continuous stream of air. 
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Catalyst II was prepared by the decompo- 
sition of ammonium metavanadate at 
400°C for 4 hr in a continuous stream of 
air. Chemisorption was studied in a con- 
ventional volumetric adsorption apparatus. 
The amount adsorbed was directly repre- 
sented by the drop in pressure (Ap) in a 
constant volume system, wit,hout convert- 
ing it to volume. The measurements were 
carried out by taking 10 g of powdered 
catalyst at an initial methanol pressure 
of 14 cm in the temperature range, 35- 
200°C. Absolute methanol, further purified 
and freed from moisture by distillation 
over magnesium metal, was used. To moni- 
tor electrical conductivity, the resistance 
of a pelleted sample was measured in the 
temperature range, 7&2OO”C, by an elec- 
tronic dc voltmeter; details of the method 
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and procedure were given in an earlier where a is the rate of 
paper (6). The degassing was done at 
520°C for 8 hr. 

Kinetics of chemisorlrtion of methanol 
were studied at 35, 60, 100, 175, and 
200°C on vanadium pentoxide catalysts (I 
and II). Figure 1 shows the plots of up 
against log(t + to) according to the EIo- 
vich equation, 

LF log@ + to) - 
2.303 q = ~ log to + qo, Q 

initial uptake ant1 
a is the Elovich constant denoting the 
deceleration of the process, respectively; 
t, is an arbitrary constant determined by 
trial and error to linearize the Elovirh 
plots, a = l/ (at,), q is the amount of gal; 
adsorbed in time t, and q0 is the amount 
of gas adsorbed by a very faqt process 
preceding the slow chemisorptiou. The 
values of the Elovich parameters a, n, and 
to are given in Table 1. Figure 2 shows 
the variation of CC with temperature. 

TABLE 1 
ELOVICH CONSTANTS FOR MKTH.\KOL CHKMISOKPTION ON VANADIUM PKKTOXIDK C.\T.\LYSTS 

Catalyst I Cat.alyst II 
- 

Ternp 01 a x 10” (cm qo x 102 to 01 a X 103 (cm q x 102 to 
(“C) (cm-l g) g-l mix’) (cm g-l) (min) (cm-l g) g-l micl) (c-m g-l) (mill)’ 

35 25.3 1.97 0 20.0 50.X 0.437 0 45.0 
60 14.3 1.99 2.63 35.0 35.0 1.05 0 27.0 

100 18.0 2.78 1.70 20.0 25 5 1.96 0 20.0 
130 10.3 4.85 5.41 25.0 23.4 2.13 1.10 20. 0 
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temperature. 

The conductivity measurements during 
methanol chemisorption were carried out 
at 70, 100, 120, 140, and 200°C by adding 
a certain amount of methanol vapor to the 
system and noting the equilibrium elec- 
trical conductivity. The conductivity in- 
creases with methanol chemisorption and 
the percentage increases in conductivity 
(AC/c) % are plotted against temperature 
at a constant pressure in Fig. 3. 

A survey of the results on the kinetics 
of methanol chemisorption and of electrical 

conductivity changes on the two vanadium 
pentoxide catalysts (I and II) shows that 
different types of chemisorption of metha- 
nol vapor occur at different temperatures. 
Thus, plots of the Elovich constant (Y vs 
temperature (Fig. 2) show breaks around 
60°C in the temperature range, 35-130°C. 
The low temperature chemisorption pro- 
ceeds without any electron transfer be- 
tween the catalysts and the methanol 
molecules, as there is no change in elec- 
trical conductivity of catalyst I below 
70°C and of catalyst II below 100°C 
(Fig. 3). 

The data on the kinetics of methanol 
chemisorption (Table 1) further reveal 
that the catalyst I is characterized by 
greater chemisorption of methanol vapor. 
Here not only the total amount or meth- 
anol chemisorbed, but also the rate of 
methanol chemisorption are found to be 
more. At higher temperatures, the increase 
in conductivity produced by the chemi- 
sorption of methanol is found to be greater 
for catalyst I (Fig. 3). 

It has been observed by the authors 
earlier (4, 5) that catalyst I has a larger 
surface area (10 m’/g) than catalyst II 
(8.5 m”/g). Moreover, studies on oxygen 
chemisorption and accompanying electrical 
conductivity changes along with chemical 

TEMP. ‘C 

FIG. 3 (-) pressure = 8 cm (static method); (- - -) pressure = 1.5 cm (flow method). 
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analysis indicate a greater concentration Int. Congr. C&l., 4th, Moscow, pap. No. 1, 

of anion vacancies and free electrons in 23 (1968). 

catalyst I than in catalyst II. The con- 5. BHATTACHARYYA, S. K., AND MAHANTI, P., J. 

centration of V4+ ions in catalyst I is 2% Catal. 12, 20 (1971). 

while that in catalvst II is 1%. These V4+ 6. BWATTACHARYYA, S. K., DE. K. S., PANDAO, 

ions may play some part ‘in methanol 
chemisorption but the nature of this is 
difficult to define. 
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Pressure Effects on the Elovich Kinetics* 

In the earlier paper (I), kinetics of 
hydrogen chemisorption on nickel-alumina 
catalysts were analyzed using the Elovich 
equat,ion, viz., 

dq/dt = a . exp( -cY~) (1) 
where 4 is the amount, of gas adsorbed at 
time t, and a and (Y are constants, and a 
detailed study of the influence of tempera- 
ture and initial pressure on the Elovich 
parameters was made. The present note 
deals with the effect of prevailing gas pres- 
sure on the rate of hydrogen chemisorption 
on nickel-alumina catalyst. Before doing 
experiments involving changes in the pre- 
vailing gas pressure, the catalyst was 
studied for its general adsorption behavior 
for the parameters a and (Y, and for the 
reproducibility of the surface at different 
temperatures and initial pressures (1). 

EXPERIMENTAL 

ildsorpt.ion measurements were carried 
out in a constant volume adsorption sys- 

* This work was done at the Chemistry Depart- 
mpnt of Loyola College, Madras 34, India. 
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tern, provided with a McLeod gauge and 
accurately calibrated mercury manometers. 
The nickel-ahimina catalyst used in this 
study is the same “Catalyst 2” reported 
earlier (1) with a BET surface area of 
118 m’/g, and a metal surface area of 
12.09 m’/g. 

Purification of gases, dead space de- 
termination, and the general kinetics 
experiments were carried out following the 
procedure described earlier (1). Changes 
in the prevailing gas pressures were 
brought about at the t,ime t,, after t.he 
onset of slow adsorption (i) by addition, 
(ii) by removal of a certain quantity of 
gas, keeping the volume of the system 
constant, and (iii) by cutting off a certain 
volume of the adsorption system during 
adsorption. 

RESULTS AND DISCUSSION 

Effect of Initial Pressure 

The effect of initial pressure on the 
Elovich parameters was studied at 30 and 
200°C and the results are plotted in Fig. 
1. Both 01~ and a2, the (Y values for the 
kinetics st’ages 1 and 2, respectively, in- 


