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Quantum-chemical calculat ions of a series of secondary a lcohols R — C H O H — C H 3 and their 
protonated forms R — C H O H ^ + > — C H 3 ( R = C H 3 , C2H5, i -C3H7, t -C4H9) have revealed 
increased act ivat ion of the C^—O b o n d and decreased act ivat ion of the C p — H b o n d with in
creasing size of the group R due to protonat ion. This finding is in agreement with previous ex
perimental observat ions of structure effect on rate in dehydrat ion of similar series o f a lcohols o n 
oxides exhibiting different surface acidity. 

Kinetics of the catalytic dehydration of secondary alcohols of the structure R— 
— C H O H — C 3 H 7 (R = alkyl) on various oxides was studied in this Laboratory and 
the rate data were correlated by the Taft equation*. The slope of the linear relationship 
of log k vs a*, i.e. the parameter Q*, changed its values from positive to negative ones 
with increased acid strength of the catalyst surface. This finding has been interpreted 
as a gradual transition from an E2-like (concerted) mechanism of elimination to an 
El-like mechanism with increasing acidity. This hypothesis was then supported by 
a study of deuterium isotope effects using the same series of catalysts?. 

The purpose of this paper was to bring further evidence by quantum-chemical 
modelling of changes caused within the alcohol molecule of different structure by 
adsorption leading to dehydration. On the basis of our previous experience with 
similar calculations concerning the dehydration of 2-propanol^, the proton added to 
the hydroxyl group was chosen as a simple model of the active centre of the catalyst. 
The same CNDO/2 programme and parametrization of studied molecules were used 
as in the preceding paper^. 

R E S U L T S 

The calculations concerned alcohols R — C H O H — C H 3 and protonated alcohols 
of the structure R—CHOH^"^^—CH3, where R = C H 3 , C 2 H 5 , i - C 3 H 7 and t - C 4 H 9 
(Fig. 1). The pertinent results of the calculations are summarized in Table I. The chan
ges of the bond strength, of the charge on Hp (in C H 3 ) and of the total energy caused 
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TABLE I 

Results of C N D O / 2 Quantum-Chemical Calculat ions of the Alcoho l s R — C H O H — C H 3 and 
of Its Protonated F o r m s 

Bond (co)" CH3 C2H5 i-C3H7 t-C4H9 

Change in bond strength'', % 

0—H - 7 - 5 2 - 7 - 3 8 - 7 - 2 5 - 7 - 1 9 
c „ - o - 2 1 - 4 3 - 2 1 - 2 8 - 2 1 - 9 3 - 2 2 - 0 3 
Ca-H 0-96 0-93 0-89 0-88 

- 0 - 0 2 0 0 1 - 0 0 1 0 0 2 
C p - H (60°) - 0 - 1 7 - 0 - 1 3 - 0 - 1 3 - 0 - 1 3 
C p — H ( 1 8 0 ^ ) - 1 - 3 0 - 1 - 2 7 - 1 - 2 1 - 1 - 2 0 
C p — H (300°) - 0 - 2 3 - 0 - 2 2 - 0 - 2 1 - 0 - 2 2 

Change of charge o n Hp (180°)'', e 

- 0-0711 0-0693 0-0665 0 0 6 5 5 

Relative change in total energy of the species'", kcal mol ~ ^ 

0 - 2 - 1 2 - 4 - 3 1 - 4 - 8 4 

• Dihedral angle, for definition see Fig. 1; caused by protonat ion. 

by protonation of tiie parent alcoliol vary systematically in the series of alcohols. 
Two different trends are observed. With increasing number of carbon atoms in the 
group R the weakening of the Q — O bond also increases. In contrast, the weakening 
of the Cp—H bond decreases in the same direction, as well as the charge on Hp. 

It can be concluded that the protonation of the parent alcohol results in increased 
activation of the C„—O bond and decreased activation of the Cp—H bond in the series 
of alcohols from R = C H 3 to R = t - C 4 H 9 . This is in agreement with the assumed 
mechanism of dehydration on oxide catalysts^ The E2-like mechanism involves the 
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rupture of the Cp—H bond in the rate determining step^'* and therefore a decrease 
in the rate with increasing size of the group R may be expected on the basis of our cal
culations. This has been experimentally observed^ on non-acidic catalysts (e.g. 
alkahzed AI2O3) for which the E2-hke mechanism was proposed (of. also^). On the 
contrary in the E l mechanism, the rupture of the C„—O bond is more important 
for the rate. In accord with our calculations, the rate in the series increases with in
creasing size of the group R if the dehydration procedes on acidic catalysts (like S i 0 2 ) 

where the El-like mechanism was assumed. 
The data in Table I allow some other conclusions. As with 2-propanol^, all other 

alcohols show maximal activation of the Cp—H bond if it stands in antiperiplanar 
position relative to the C^—O bond. This arrangement corresponds to frans-elimi-
nation which is prefered on most oxide catalysts. 

The change of total energy of the molecule caused by protonation may be taken as 
measure of the basicity of the alcohols. Table I shows a decrease of this quantity with 
increasing number of carbon atoms in the group R. This indication of decreasing 
basicity in the series from R = C H 3 to R = t-C4H9 agrees well with spectral mea
surement of basicities of gaseous alcohols^. 
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