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Abstract The effect of ultrasound on the solvolysis of tert-butyl chloride in aqueous ethanol is 
to lower the activation energy for the reaction as the alcohol content is increased. 

Ultrasonic irradiation has been shown to increase the solvolysis rate constant (at 25’C) of tert- 

butyl chloride in various aqueous ethanol mixtures2. The relationship between the observed rate 

enhancement and solvent composition is similar to trends found in other solvent dependent 

physical parameters (eg. nHm3, AV $4 , q5 and low frequency ultrasound absorption6). 

In each case a maximum is observed at around 0.3 mole fraction of ethanol. This is taken 

to be the region of maximum solvent structuredness. It is the close parallel between ultrasonic 

acceleration and AV* measurements in particular, which indicate that the rate enhancements 

induced by ultrasound are linked to a concomitant disruption of the solvent hydrogen bonded 

structure. Although the pressures used in AV* measurements are much lower than the instantaneous 

pressures developed following an ultrasound wave’, it is thought that they are large enough to 

bring about a diminution of hydrogen bonding8. Since Arnett’ has shown that the effect on 

reaction rate of changes in the solvent composition can be mainly attributed to changes in the 

solvation of the transition state, we have investigated the effect of ultrasonic excitation on 

the solvolysis of tert-butyl chloride at different temperatures and at different aqueous ethanol 

compositions. 
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For this study an ultrasonic source developing 120 watts and 20KHr was used. The results at 

higher temperatures ( approx. 25’C) show lower rate enhancements (TABLE) than those previously 
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reported where a different ultrasonic source and method of power input was used2. Other workers 
10 

is varied a remarkable increase in rate enhancement is found for all 

reaction temperature is lowered. This effect is reflected in the ca 

solvolyses. The striking feature is the trend in Ea values which fa 

of the solvent increases. At 50% ethanol, a composition near to tha 

have also noted variations in rate enhancement with different input powers . 

Although the results at 25’C show only a small rate enhancement as the solvent composition 

solvent compositions as the 

lculated Ea values for these 

11 as the ethanol content 

t which yields a maximum 

in ultrasonic absorption, Ea is close to zero. These results suggest that the energy input via 

ultrasonic irradiation is sufficient to lower the inherent activation energy for the reaction and 

further, that the amount by which it is lowered depends upon the solvent composition. 

A possible explanation for the observed dependence of Ea values on solvent composition 

is that ultrasonic disruption of the solvent hydrogen bonded structure allows more solvation of 

the dipolar transition state with consequent lowering of Ea. Since the degree of solvent dis- 

ruption (induced by ultrasound) is greatest6 for the most structured solvent composition (xE=0.3) 

the predicted trend for Ea will be that reported (TABLE), with the lowest value for Ea occurring 

at 50% w/w. 
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