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Sonochemical degradation of pollutants is an active research field, specially in the 

wastewater treatment.  Pollutant properties such as vapor pressure, Henry's Law constant, solubility 
and octanol-water partition coefficient will determine the sonochemical reaction site.  Being water 
the solvent, hydrophobic and/or volatile chemicals have a strong tendency to diffuse into the 
gaseous bubble interior[1].  The most effective site for their destruction is the bubble-liquid 
interface [2] and/or the bubble itself[3] undergoing by thermal and oxidation effects.  Chemical 
partition of the pollutant between the gas phase and the gas-liquid interface is also dependent on the 
concentration of the chemical[4].  In contrast, hydrophilic and/or non-volatile compounds tend to 
remain in the bulk liquid during the irradiation and so the major reaction site for these chemicals is, 
therefore, the liquid medium [5] at low concentration and/or bubble-liquid interface[6] at higher 
concentration, where they may be effectively destroyed by oxidative degradation, provided that the 
sufficient quantities of radicals ejected into the solution during the cavity collapse.  The efficiency 
of pyrolysis of nonvolatile solutes at the interface depends on the hydrophobicity which dictates 
their ability to accumulate at the interface[7].  Secondary implications are brought from the 
physico-chemical nature of the pollutant.  Volatile compounds can scavenger the radicals formed 
inside of the cavitating bubble[8], avoiding their release into the solution or their recombination, 
situation which could not take place with non-volatile compounds[9].  Weavers et al. [10] analyzed 
the sonochemical degradation of nitrobenzene, 4-nitrophenol and 4-chlorophenol at two different 
frequencies.  Nitrobenzene has the highest Henry's Law constant and reacts considerably faster at 
20 kHz than 4-chlorophenol or 4-nitrophenol.  As the Henry's Law constant decreases, other 
pathways such as OH· attack becomes increasingly more dominant as observed with 4-chlorophenol 
and 4-nitrophenol.  In contrast, at 500 kHz, 4-chlorophenol reacts most rapidly due to its fast 
reaction rate with OH· and its high Kow which suggests a greater partitioning to the bubble interface 
due to its higher hydrophobicity.  Additionally, it has been shown previously that the reaction rates 
of radical scavengers in sonochemical experiments are correlated with their hydrophobicity [11].  
However, Wayment et al. [12], working with alachlor, have found that the oxidative reaction with 
hydroxyl radicals appears to occur in the bubble and in the interfacial region rather than in the bulk, 
and, as such, a higher rate of ejection of OH· from the bubble interior may lead to the decrease in 
the observed rate.  Heinglein et al. have determined from radiolysis and ultrasound experiments that 
the ability of a wide range of known scavengers to decrease H2O2 yields depends only upon their 
hydrophobic character [13].  No correlation between the effectiveness of the scavengers with their 
volatility or with their rate constants for hydroxyl scavenging has been observed. 

 
In this way, the sonochemical degradation of perchloroethylene (PCE) and trichloroacetic 

acid (TCA) has been analyzed.  PCE presents values of vapour pressure (18.74 mm Hg @ 25C), 
Henry's Law constant (5 10-2 atm×m3×mol-1 @ 25C), solubility (150 mg/L @ 25C) and octanol-
water partition coefficient (log Kow=3.4) which makes it a volatile-hydrophobic compound.  On the 
other part, TCA presents values of vapor pressure (1 mm Hg @ 51C), Henry's Law constant (1.4 10-

8 atm×m3×mol-1 @ 25C), solubility (81.7 g/L @ 25C) and octanol-water partition coefficient (log 
Kow=1.6) which makes it a non-volatile-hydrophilic compound. 

 



Figure shows the results for the degradation of aerated aqueous solutions of PCE compared 
to the those obtained with aerated aqueous solutions of TCA, at two different ultrasonic intensities 
using a 20 kHz probe supplied by Undatim and well-characterized by the authors [14, 15].  An 
ultrasonic intensity dependent degradation was observed for the aerated aqueous solutions of PCE 
and no degradation was observed for the aerated aqueous solutions of TCA.  However, a time 
increasing evolution of NO3

- and NO2
- concentrations (see inset) was detected in the aerated 

aqueous solutions of TCA during the sonication, establishing that cavitation event took place where 
the N2 presented in the dissolved air was oxidized by the radicals coming from the sonolysis of 
water. 
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 Other operational variables such dissolved gases, frequency, initial concentration are being 
analyzed in order to analyze the viability of the degradation of chloroacetic acids by sonochemical 
routes. 
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