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Abstract. The polyaromic inert gases CF4 and C2Fg ore eficient in homogeneous sonochemisrry. This observation 

leads to the conclusion that SOME mu/ogles could exist behveen sonochemistry and plasm chemistry 

Cavitation plays a central role in sonochemistry l. According to the hot-spot theoryz, the temperature 

reached during the adiabatic collapse of the cavitation bubble is higher than 13,000 K when the bubble is tilled 

with Ar, but only 4,700 K if it is filled by C2Hg. The reason for this difference is due to the absence of internal 

degrees of freedom in the case of Ar. Still according to the hot-spot theory, even in the case of a non-adiabatic 

colIapse3, monoatomic or possibly diatomic gases lead to higher temperatures than polyatomic gases. Suslick et 

al45 have accumulated experimental observations which, from their point of view, are fully in accord with the 

hot-spot theory, which remains without doubt the most popular theoretical model used by sonochemistt*6*7. 

Nevertheless, it must be pointed out that Margulisg has recently developed an electrical theory in which 

sonochemistry and sonoluminescence are explained by the presence of a very high transient electrical field during 

the bubble collapse. This collapse is described as a fragmentation process. Margulis et al.9 have also 

accumulated experimental facts which, from their point of view, remain strong evidence against the hot-spot 

theory and in favour of the electrical theory describing phenomena which can lead to a plasma in the collapsing 

bubble. 

In the present work we study the isometization of diethyl maleate into diethyl fumarate (see figure) in the 

presence of CHBr3 and under ultrasonic irradiation (frequency : 20 kHz; power measured by calorimetry 1OW; 

steel immersion horn system from Undatim Ultrasonics ; 30 ml vessel ; temperature : 1O’C + IT ; solvent : CC14; 

initial CHBr3 concentration : 0.38 mol 1-l). No isomerization has been observed either in the absence of 

ultrasound or in the absence of CHBr310. 

The graph shows a comparison between Ar, N2 and CF4. It appears clearly that CF4 is as efficient as the other 

two gases and even with C2F6 the reaction yield is 43% after 50 minutes. In all the cases the solvent was 

saturated with the gas prior to the reaction, and an atmosphere of the gas was maintained over the solution during 

all the reaction time. 

1055 



10% 

Time (mid 

We have shown previously that carbon dioxide and xenon are much less efficient than argon and 

nitrogenlo. Tetrafluoromethane and C2F(j are therefore better than Xe and CO2, even if the polytropic ratios 

(y = Cp/Cv) of these pet-fluorocarbons are obviously smaller than those of Xe or CO2. It must be observed that 

the comparison between CF4 and Ar is particularly interesting because their solubilities in CC14 and heat 

conductivities are very similart 1. 

We can thus conclude that the role of y as one of the most important properties of cavitation gas has 

probably been overemphasized. 

It must be added that CF4 was tested because it is known to be a very efficient gas in plasma chemistry12. 

The results reported here can be more easily explained by the electrical theory thant by the hot-spot theory. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Suslick, KS. (Ed.), UItrasound : Its Chemical. Physical and Biological Effects. VCH Pub., New York, 1988. 

a. Noltingk, B.E.: Neppiras. E.A. Proc. Phys. Sot. (London) 1950, B63, 674-685. 

b Neppiras, EA.: Noltingk, B.E. Proc. Phys. Ser. (London) 1950, 863. 1032-1038. 

Young, F.R. J. Acousr. Sot. Am. 1976, 60. 100-104. 

Suslick. KS.; Doktycz, S.J.; Flint. E.B, Ulrrasonics 1990, 28, 280-290. 

Flint, E.B.: Suslick, K.S. Science 1991, 253. 1397-1399. 

Mason. T.J.; I-mimer, P.J. Eds., Sonochemwry Theory, Applications and Use of Utrrasound in Chemistry. Ellis Harwood 

Limited. 1988. 

Einhom, C.: EinhomJ.; Luche, J.L. Synthesis 1989, 787-813. 

Margulis. M.A. Russian J. Phys. Chem. 1985, 59 (6). 882-885. 

Margulis, M.A. The Narure of Sonochemical Reactions and Sonoluminescence in Advances in Sonochemistry. Mason, TJ. 

Ed.: ~01.1, pp. 39-80. 1990. 

Reisse. J,; Yang, D.H.: Vandercammen, 1.: Vander Donckt, E. Submitted to publication. 

a. Weast, R.C., Ed., Handbook of Chemistry and Physics. 57th Edition CRC Press, 1971. 

b. Clever. M.L., Ed. IUPAC Solubili~ Data Series Vol. 2, 1979. 

a. Boenig. H.V. Fd. Fundamentals of Plasma Chemisfry and Technology. Technomic Publishing, Basel. 1988. 

b. Brosse, J.C.; Epaillard, C.F.; Legeay, G. Eur. Polym. J., 1983, 19 (5), 381-385. 

c. Epaillard, C.F.; Brosse, J.C. Makromol. Chem.. 1988. 189, 2293-2302. 

(Received in France 27 October 1991) 


