
Full paper / Mémoire

Sonolysis of actinide(IV) b-diketonates in alkanes
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Abstract

Ultrasonic irradiation with the frequency of 20–22 kHz and absorbed acoustic power about 0.4 W ml–1 causes degradation of
An(IV) tetrakis-b-diketonates, AnL4, where An(IV) is Th(IV), Np(IV), and Pu(IV), and HL is hexafluoroacetylacetone (HFAA)
and dibenzoylmethane (HDBM), in hexadecane solutions in the presence of argon. The rate of the sonochemical process
corresponds to a first-order kinetic law with respect to metal b-diketonate concentrations. The first-order rate constant of
sonolysis increases with the increase in the volatility of the metal complexes. Solid sonication products consisted of a mixture of
actinide carbides and partial degradation products, PDP, of initial metal b-diketonates. It is assumed that metal carbides are
formed within the cavitating bubbles as a result of high-temperature process with participation of actinide(IV) b-diketonates and
solvent vapours. PDP formation is attributed to the thermolysis of the complexes in a liquid reaction zone surrounding the
cavitating bubble. To cite this article: S.I. Nikitenko et al., C. R. Chimie 7 (2004).
© 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

L’irradiation ultrasonore avec une fréquence de 20–22 kHz et une intensité acoustique de 0,4 W ml–1 conduit à la
décomposition de An(IV) tétrakis-b-dicétones, AnL4, où An(IV) est Th(IV), Np(IV) et Pu(IV), et HL est l’hexa-
fluoroacétylacétone (HFAA) et le dibenzoylméthane (HDBM) en milieu hexadécane sous argon. La cinétique de décomposition
sonochimique est d’ordre 1 par rapport à la concentration du complexe et la cinétique augmente avec la volatilité du complexe
métallique. Les produits solides de décomposition sont un mélange de carbure d’actinides et de produits de décomposition
partielle PDP. Il a été observé que les carbures d’actinide sont formés dans la bulle de cavitation compte tenu des fortes
températures et de la présence simultanée du complexe métallique volatil et du solvant (hexadécane). La formation des PDP est
attribuée à la thermolyse du complexe à l’interface de la bulle de cavitation. Pour citer cet article : S.I. Nikitenko et al., C. R.
Chimie 7 (2004).
© 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction

The objective of this work was to study the effect of
acoustic cavitation on actinide compounds. Acoustic
cavitation is related to ultrasonically induced forma-
tion, pulsation and, under the proper conditions, implo-
sive collapse of gas-filled micro-bubbles in liquids.
The radius of the cavity immediately before the col-
lapse, Rmax, can be estimated by the following equation
[1]:

(1)Rmax = (4 ⁄ 3 x) (2 ⁄ 3)1⁄3 (2 P0 ⁄ q)1⁄2(PA ⁄ P0)
5⁄6

where x is the radial frequency of ultrasound, q is the
density of the sonicated liquid, P0 is the ambient pres-
sure, and PA is the acoustic pressure. Thus Rmax is
approximately equal to 6.5 × 10–4 m in dodecane at
20-kHz ultrasound and ultrasonic intensity about
45 W cm–2. Estimates of the minimum cavity size after
collapse, Rmin, are rougher; nonetheless, one may ex-
pect [1] the ratio Rmax/Rmin to be approximately 5 on
the basis of the above conditions. The energy stored
during the growth of the bubble in the rarefaction phase
of the acoustic field is released in a time less than 1 µs
when the bubble violently collapses in the positive
phase of the acoustic field. It is generally accepted that
rapid implosive collapse causes the energy release,
which corresponds to transient temperatures of several
thousand Kelvin within the bubbles [1–3]. Such ex-
treme conditions cause numerous unusual chemical
reactions in otherwise cold liquids. So, water mol-
ecules are dissociated and hydrocarbons are cracked
under power ultrasound.Another important example of
the sonochemical reactions is related to sonolysis of
volatile metal carbonyls in organic solvents [1,2]. It
was shown that Fe(CO)5 sonolysis yields the mixture
of nanosized Fe particles and Fe3(CO)12 complex dis-
solved in solvent. Sonolysis of Mo(CO)6 causes for-
mation of amorphous molybdenum carbide Mo2C.
There is little doubt that the primary site of metal
carbonyl sonolysis is a gaseous phase of the cavitating
bubbles. Both examples demonstrate clearly that the
breaking of chemical bonds in the ultrasonic fields
initiates numerous secondary chemical reactions. In
general, one can say that the sonochemical reactions
within the bubble occur under the ‘direct’ effect of
acoustic cavitation.

The energy release after the collapse also causes the
heating of thin liquid shell surrounding the cavitating

bubbles, where the sonochemical reactions of non-
volatile species are also possible. According to the
model developed in [1] the liquid reaction zone ex-
tends only approximately 200 nm from the bubble
surface and has an effective lifetime of less than 2 µs
after collapse. The size of the heated shell corresponds
to a reactive liquid layer about 500 molecules thick.
The temperature of the liquid reaction zone is much
lower than that of the gaseous reaction zone of the
cavitating bubble and estimated to be equal to several
hundred Kelvin. Numerous examples of the
sonochemical reactions in the liquid shell, like disso-
ciation of nitrate ions or degradation of non-volatile
organic and metallo-organic compounds [2,3], show
that the rate of such reactions is much less than that of
the volatile reagents. Sonochemical reactions in the
interfacial region can be defined as the reactions occur
under the ‘non-direct’ effect of acoustic cavitation.

Almost all recent studies of the sonochemical reac-
tions of actinides were related to the ‘non-direct’ effect
of cavitation in aqueous solutions [4–6]. So, sonolysis
of actinide compounds in nitric acid solutions causes,
first of all, nitric acid decomposition, followed by for-
mation of nitrous acid. Sonochemically formed nitrous
acid is the origin of U(IV), Np(V), and Pu(III) oxida-
tion in nitric acid under ultrasound. At the same time,
nitrous acid is able to reduce Np(VI) in sonicated nitric
acid solutions. Recently, it was shown [7] that the
sonochemical decomposition of hydrazine in nitric
acid medium also is related to HNO2 sonochemical
formation. Hydrogen peroxide formed in sonicated
HNO3 in the presence of hydrazine causes U(IV) oxi-
dation and Pu(IV) reduction [5,7,8].

It is evident that the chemical precursors of ac-
tinides should be volatile, in order to study the ‘direct’
effect of extreme conditions created by acoustic cavi-
tation. Carbonyls of lanthanides and actinides are
known to be unstable. However, the chelates of ac-
tinides with b-diketones can be suitable for studying
such a ‘direct’ effect. Actinide(IV) b-diketonates are
air-stable, hydrocarbon-soluble compounds that are
easily prepared, purified and handled [9,10]. These
compounds can be sublimated without decomposition
at the temperatures of 150–250°C and reduced pres-
sure. Sonolysis of some thorium(IV) b-diketonates
have been studied recently [11]. It was found that the
rate of sonolysis increases with the rising b-diketonate
volatility. Solid sonication products consisted of a mix-
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ture of thorium dicarbide ThC2 and Th(IV)
b-diketonates partial degradation products (PDP). For-
mation of ThC2 and PDP was attributed to the high-
temperature reactions within the bubble and to the
Th(IV) b-diketonates decomposition in the liquid reac-
tion zone, recpectively. Kinetic study of sonolysis of
some d and f transition-metal b-diketonates in hexade-
cane [12] confirmed that the sonochemical degradation
of these compounds can be interpreted using a two-site
model: metal b-diketonates with high vapour pressure
are first decomposed in the gaseous phase of the cavi-
tating bubble, and the sonolysis of less volatile com-
plexes tends to occur in the liquid shell surrounding the
bubble. In this work, we studied the sonolysis of some
actinide(IV) b-diketonates, namely, Np(IV) and
Pu(IV) complexes with hexafluoroacetylacetone
(HFAA) and dibenzoylmethane (HDBM), respec-
tively. Also some results were obtained on the compo-
sition of the solid sonication products for Th(IV) with
HFAA and Pu(IV) with HDBM.

2. Experimental

Complexes of Th(IV), Np(IV), and Pu(IV) with
b-diketones were prepared by mixing An(IV) solutions
in 0.5 M HNO3 with the corresponding b-diketone
solution in ethanol in the molar ratio of 1:4. The solids
were then precipitated by adjusting the pH to 2–3 with
2.0 M CH3COONa solution. Solid complexes were
obtained by the dissolution of precipitates in pentane
followed by evaporation of the solvent. Complex of
U(IV) with HFAA was found to be oxidized during
precipitation. Complex U(DBM)4 is stable in the solid
phase. However, it is oxidized rapidly in hexadecane
solutions. More detailed data on U(IV) b-diketonates
synthesis and stability are presented in [12].

Hexadecane used as a solvent in sonochemical ex-
periments was dried over metallic sodium. Concentra-
tion of water did not exceed 100 ppm in dried solvent
according to analysis with the Karl Fisher method. All
solvents and prepared complexes were stored in a des-
iccator over anhydrous silica gel.

Spectrophotometric measurements were performed
using a Shimadzu UV-3100 spectrophotometer. Infra-
red spectra were recorded in KBr pellets with a Nicolet
Magna-IR 550 Spectrometer. X-ray powder diffraction
data were obtained with Cu Ka radiation
(k = 1.5418 Å).

The transmission electron micrographs (TEM) were
obtained on a JEOL-JEM 100SX microscope, working
at 80-kV acceleration voltage. Samples for TEM were
prepared by placing a drop of the sample suspension in
ethanol on a copper grid coated with a carbon film and
allowing it to dry in air.

Sonochemical experiments were performed using
two kinds of sonochemical equipments.

Sonoreactor 1. Complexes of Th(IV) and Np(IV)
were sonicated in a thermostatically controlled glass
batch reactor with a volume of 25 ml by means of an
ultrasonic device with working frequency 22 kHz and
maximum electric output power 88 W. The sonicator
was equipped with a piezoelectric transducer and a
titanium horn with an irradiative surface area
S = 3.5 cm2. The horn was immersed reproducibly
4 cm below the surface of the sonicated liquid. The
sonochemical reactor was sealed with a plastic cover
and bubbled with argon (100 ml min–1) through a fine
tube for 10 min before sonication. The acoustic power
P(W ml–1) transmitted to the system was measured by
thermal probe method [13]. The ultrasonic intensity I
(W cm–2) was then calculated as the P S–1 ratio. Ob-
tained P and I values were found to be equal to
0.42 W ml–1 and 3.0 W cm–2, respectively.

Sonoreactor 2. Sonolysis of Pu(DBM)4 was per-
formed with a 20-kHz ultrasound from a titanium horn
(S = 1 cm2) driven by a piezoceramic transducer Vibra-
Cell 600. The solution volume subjected to ultrasound
was 80 ml at a constant temperature maintained by a
Huber Unistat Tango thermo-cryostat. The sonochemi-
cal reactions were performed under an argon atmo-
sphere similar to those of sonoreactor 1. The ultrasonic
cell 2 is shown in Fig. 1. The values of P and I obtained
with the thermal probe were found to be equal to
0.43 W ml–1 and 35 W cm–2, respectively. Thus, these
two sonoreactors allow studying the sonochemical
processes at quite different ultrasonic intensities, but at
similar absorbed acoustic power, due to the different
diameter of the titanium horn and to the volume of the
sonicated solutions.

3. Results and discussion

Sonolysis of metal complexes in hexadecane solu-
tions causes a change in the absorption spectra and the
formation of solid products. From the UV/VIS/NIR
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spectra of Np(HFAA)4 and Pu(DBM)4 presented in
Fig. 2, it follows that the sonication causes the light
absorption intensity to decrease at the selected wave-
lengths typical for An(IV) b-diketonates. Increased
light absorption in the UV region of the spectrum of
sonicated Np(HFAA)4 (Fig. 2a, 2) is, most probably,
due to the appearance of colloidal products of sonoly-
sis. As compared to the spectrum of Np(HFAA)4 be-
fore sonolysis (Fig. 2a, 1), the spectrum of the soni-
cated solution of Np(HFAA)4 contains the new broad
peak at 1005 nm, which can be related to the complex
formation between Np(IV) and degradation products
of b-diketones in hexadecane. The typical kinetic
curves of Np(HFAA)4 and Pu(DBM)4 sonolysis are
shown in Fig. 3. Their linearity in the semi logarithmic
scale indicates the first-order kinetic law with respect
to metal b-diketonate concentrations. The calculated
values of the first-order rate constant, kobs, are pre-
sented in Table 1. The rate constants of sonolysis for
Np(HFAA)4 and Pu(DBM)4 are similar to those for
Th(HFAA)4 and Th(DBM)4 respectively. Volatilities

of metal hexafluoroacetylacetonates are similar for all
studied An(IV) as well as the volatilities of metal
dibenzoylmethanates are also close to each other for
An(IV). Thus, the data obtained confirmed that kinet-
ics of metal b-diketonates sonolysis is related to the
metal complexes vapour pressure. In the case of the
more volatile complexes with HFAA [9,10], the
sonochemical decomposition tends to occur in the gas-

Fig. 1. Ultrasonic cell 2. f = 20 kHz, S = 1 cm2, I = 35 W cm–2, V = 80 ml, P = 0.43 W ml–1.

Table 1
Observed first-order rate constant, kobs, for An(IV) b-diketonates
sonolysis in hexadecane solutions. f = 20 kHz, Ar atmosphere

Complex kobs × 102

(min–1 W–1 ml)
Conditions

Np(HFAA)4 2.6 ± 0.4 Sonoreactor 1,
T = 92°C

Th(HFAA)4
a 2.1 ± 0.3 Sonoreactor 1,

T = 92°C
Pu(DBM)4 1.1 ± 0.1 Sonoreactor 2,

T = 103°C
Th(DBM)4

a 0.9 ± 0.1 Sonoreactor 1,
T = 92°C

a Data [11].
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eous phase of the cavitating bubbles. The sonolysis of
the less volatile complexes with HDBM first occurs in
the liquid shell around the cavitating bubbles. As the
gas-phase reaction zone is the dominant site of the
sonochemical reactions, the overall sonolysis rate is

higher for An(HFAA)4 than for An(DBM)4. Rate con-
stants for Pu(DBM)4 and Th(DBM)4 are the similar,
although the ultrasonic intensities were quite different
in these experiments and equal to 35 and 3.0 W cm–2,
respectively. At the same time, the absorbed acoustic
powers were approximately the same and equal to
0.43 and 0.42 W ml–1 for Pu(DBM)4 and Th(DBM)4,
respectively. One can conclude that acoustic power
absorbed by solution plays a more important role in the
kinetics of sonochemical reactions than the ultrasound
intensity under the experimental conditions used here.

Any solids were found to be formed under the effect
of power ultrasound on neat hexadecane. By contrast,
sonolysis of An(IV) b-diketonates in hexadecane solu-
tions results in the formation of solid products. Solids
were removed from solutions by centrifugation,
washed twice with pentane and dried in an argon flow.
Th(HFAA)4, Np(HFAA)4, and Pu(DBM)4 give grey,
grey–green and black–brown products, respectively.
FTIR spectra of Pu(DBM)4 and its sonication products
are presented in Fig. 4a and b, respectively. The assign-
ments of observed frequencies in the FTIR spectra of
initial Pu(DBM)4 and its sonication products are pre-

Fig. 2. UV/VIS spectra of sonicated actinide(IV) b-diketonates. (a)
Np(HFAA)4 (1.5 × 10–3 M) before (1) and after 180 min (2) of
sonication (I = 3.0 W cm–2, Tson = 92 °C, P = 0.42 W ml–1,
hexadecane, Ar). (b) Pu(DBM)4 (1.0 × 10–3 M) before (1) and after
60 min (2), and 240 min (3) of sonication (I = 35 W cm–2, V = 80 ml,
P = 0.43 W ml–1, Tson = 103 °C, hexadecane, Ar).

Fig. 3. Kinetic curves of actinide(IV) b-diketonates sonolysis in
hexadecane in the presence of Ar. (1) Np(HFAA)4, I = 3.0 W cm–2,
P = 0.42 W ml–1, Tson = 92 °C; (2) Pu(DBM)4, I = 35 W cm–2,
P = 0.43 W ml–1, Tson = 103 °C.

Fig. 4. FTIR spectra of Pu(DBM)4 (1) and of its sonication product
(2).

1195S.I. Nikitenko et al. / C. R. Chimie 7 (2004) 1191–1199



sented in Table 2. The FTIR spectra were assigned
using published data on vibration spectra of metal
b-diketonates [14]. In general, FTIR spectrum of
Pu(DBM)4 sonication product confirms important
structural modifications of metal b-diketonates during
sonication, observed recently for Th(IV) b-diketonates
[11]. Several conclusions may be proposed concerning
the mechanism of Pu(DBM)4 sonolysis from the com-
parative analysis of FTIR spectra:
• (1) the disappearance of the m(C–H)ar ,m(C–C6H5),

and m(CH) vibration bands indicate that C6H5

groups are eliminated from the ligand molecules
during sonication;

• the disappearance of the ring deformation band in-
tensity shows that sonolysis of Pu(DBM)4 causes
the rupture of the chelate rings;

• the characteristic new bands related to carboxylate
mas(COO) and m(C–H) typical for p-substituted phe-
nyls demonstrate that the solid sonication product,
most probably, contains carboxylate complexes of
plutonium formed after Pu(DBM)4 destruction;

• absorption band at 1384 cm–1 in the FTIR spectrum
of the sonication product is superposed with
another one centred at lower frequencies (≈1360–
1350 cm–1); this absorption band can probably be
related to C=C2– group vibrations in metal carbides
[14]. A new absorption band in the FTIR spectrum
of the sonication product at 669 cm–1 can be attrib-
uted to Pu–C stretch vibrations in metal carbide.
Formation of plutonium carbides during Pu(DBM)4

sonolysis can be assumed by resemblance with
sonolysis of Th(IV) b-diketonates where formation
of ThC2 was observed [11].

Thus, FTIR data allow us to assume that solid product
of Pu(DBM)4 sonolysis consists of the mixture of
plutonium carboxylates and some amounts of pluto-
nium carbide. We have attempted to collect powder
XRD spectrum for Pu(DBM)4 sonication products.
However, the amount of the solids was not sufficient to
obtain correct data. Some additional results about the
solid products of sonolysis have been obtained from
XRD data of the solids precipitated from sonicated
hexadecane solutions of Th(HFAA)4. Recently, it was
reported [11] that XRD spectrum of as-prepared
sample for Th(HFAA)4 exhibits extremely broad
peaks, corresponding to fine particles of ThC2. Heating
of this material in Ar atmosphere at 800 °C causes
formation of ThO2 as it follows from powder XRD
data presented in Table 3. By contrast, its annealing in
vacuum (10–6 mm Hg) at 800 °C yields the mixture of
ThO2 and ThC2 (Table 3). XRD data allows estimating
the molar ratio ThO2/ThC2 in the product as approxi-
mately 3:1. Oxidation of ThC2 during the heating in
argon can be related to the traces of oxygen or to ThC2

oxidation with CO2, which occurs at T ≥ 400 °C [17]:

(2)ThC2 + 4 CO2 → ThO2 + 6 CO

Carbon dioxide is formed as a result of PDP thermoly-
sis. Heating in vacuum protects metal carbide from
oxidation due to the rapid evacuation of CO2.

Table 2
FTIR absorption peaks and assignments for initial Pu(DBM)4 and sonication products

Frequency N (cm–1) / Intensity (a.u.) Assignment
Pu(DBM)4 Sonication product
3057/weak not observed m(C–H) aromatic
not observed 2921–2851/medium m(C–H) aliphatic
1592/medium 1594/weak m(C=C); m8

1536–1521/strong 1537/weak m(C=O); m1

1477–1455/medium not observed m(C=O) + m(CH); m9

1388–1313/medium very weak bands at 1400-1390 cm–1 overlapped with the strong band at
1384 cm–1

m(C=C) + m(C–C6H5); m2

not observed 1384/strong ms(COO) in carboxylates
1225/medium not observed m(C-H); m10

not observed 1160/weak m(C=C2–) in metal carbides (?)
not observed 1019/mediuma m(C–H) aromatic in p-substituted phenyls
751–715/weak not observed m(C–H)
685/weak not observed Chelate ring deformation; m4

not observed 669/weak m(Pu–C) (?)
606/weak not observed m(C-C6H5)+m(Pu-O); m12

a Several weak bands at 1030–1050 cm–1 are overlapped with more intense band at 1019 cm–1
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The low-resolution TEM pictures of as-prepared
and annealed materials are shown in Fig. 5. As-
prepared material consists of very small particles
(d ≤ 10 nm) with low extent of crystallisation. Heating
in vacuum causes formation of nanocrystalline par-
ticles having tetragonal or round-shape symmetry. The
average particles size is about 20–30 nm.

The mechanism of actinide carbides formation un-
der power ultrasound cannot be related to only thermal
decomposition of An(IV) b-diketonates, since it is
known that thermolysis of lanthanide or actinide
b-diketonates causes corresponding metal oxides to
form even in inert atmosphere or vacuum [18]. Con-
ventionally, actinide carbides can be prepared by car-
bothermic reduction of corresponding actinide oxides
with carbon or hydrocarbons at temperatures exceed-
ing 1500 °C [17]. Therefore, it looks improbable that
actinide carbides are formed in the liquid reaction zone
surrounding the cavitating bubbles so far as the peak
effective temperatures reached in a liquid zone is insuf-
ficient to obtain carbides. It can be assumed that the
sonochemical mechanism of actinide carbides forma-
tion includes some high-temperature processes within
cavitating bubbles. Under our experimental condi-
tions, the cavitating bubbles contain argon, hexadecane
vapour and An(IV) b-diketonate vapour. Sonolysis of
alkanes is known to result in the formation of H2,

C2H4, and C2H2 as primary products, with smaller
amounts of C3 through C9 1-alkenes and alkanes [19].
The Rice radical-chain mechanism, which was origi-
nally demonstrated for alkane high-temperature py-
rolysis, is consistent with the product distribution of
alkane sonolysis. Also the light emission from C2*
(d3pg → a3pu) excited molecules was observed in the
multibubbe sonoluminescence spectra of sonicated al-
kanes [20]. The effective emission vibrational tem-
perature of C2* particles was found to be equal to
4300 ± 200 K [21]. Thus actinide carbides formation
inside the cavitating bubble could be due to the reac-
tions of radicals formed from hexadecane sonochemi-
cal fragmentation and actinide(IV) b-diketonates or
their degradation products :

(3)CnH2n+2 —))) R1
• + R2

•

(4)AnL4 —)))AnLa
•

(5)AnLa
• + Ry

• → AnCb

(6)AnL4
+Rx

• → AnCb

where symbol ‘)))’ is related to the sonochemical reac-
tions under the ‘direct’ effect of cavitation, Rx

• are the
radical products of hexadecane fragmentation, and
AnLa is an intermediate of An(IV) b-diketonates deg-

Table 3
Comparative XRD data for annealed products of Th(HFAA)2 sonolysis and conventional ThO2 or ThC2

Th(HFAA)4 products Sonication products ThO2 [15] ThC2 [16]
Heated at 800 °C in Ar Heated at 800 °C in vacuum

dexp (Å) I dexp (Å) I dhkl (Å) I dhkl (Å) I
3.531 weak 3.538 weak
3.289 strong 3.297 very strong
3.258 weak 3.269 strong

3.228 strong 3.231 medium 3.236 very strong
2.867* weak 2.954 strong

2.795 medium 2.801 medium
2.597 very weak 2.642 medium

2.575 very weak
2.258 very weak
2.110 weak

2.086 very weak 2.068 medium
2.008 weak

1.978 medium 1.980 strong
1.975 medium

1.925 weak 1.964 medium
1.681 medium 1.689 strong

* The broad line probably consists of two overlapped lines from ThO2 and ThC2.
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radation in the gas phase. The complete set of possible
reactions of actinide carbides formation is very com-
plex and cannot be presented here.

Formation of PDP of An(IV) b-diketonates needs
much lower temperatures that those for actinide car-
bides. Thus its formation can occur in the liquid reac-
tion zone surrounding cavitating bubbles due to ‘non-
direct’ effect of ultrasound. FTIR data show that PDP,
probably, contain An(IV) carboxylates. This is in a
good agreement with data on metal b-diketonates ther-
molysis published in [17], where it was shown that
polymerised metal carboxylates are formed as inter-
mediate products of metal b-diketonates thermal de-
composition at approximately 300 °C in inert atmo-
sphere. Thermal destruction of metal b-diketonates is
accompanied by elimination of the side substitutes
from the ligands and the rupture of the chelate rings in
the complexes similar to those observed during metal
b-diketonates sonolysis.

Finally, one may say that the composition of solid
sonication products as well as the kinetic data indicate
that actinide(IV) b-diketonates sonolysis occurs both
in vapour and in liquid phases.

4. Conclusions

1. Tetrakis-b-diketonate complexes of actinide(IV)
are decomposed under the effect of power ultrasound
in alkane solutions. The mechanism of sonolysis with
hexafluoroacetylacetone and dibenzoylmethane can be
interpreted using a two-site model of the sonochemical
processes: gaseous phase of the cavitating bubble and
liquid shell surrounding the bubbles.

2. Sonolysis of more volatile complexes tend to
occur within the cavitating bubbles. Transient high
temperatures during acoustic collapse promote de-
struction of complex and solvent, followed by radical
reactions with metal carbides formation as a final prod-
uct.

3. Sonolysis of less volatile complexes first occur in
the liquid reaction zone. Sonochemical decomposition
of actinide(IV) b-diketonates in a liquid phase con-
sisted of an elimination of the side substitutes from the
ligands and the rupture of the chelate rings.
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