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Our  undetaadlng  al  the chendul  CR& of  high-idea&y  ultra-
wn,c  irndlatlon  of liquids is  still quite limited. It Is  generally
mepted  ,b.,  s!mcbenl*try  r.%u,ts  ‘ran  .cO”.tIC  E~vhtiml:  the
cruti..,  growth,  and ,mp,os,ve collalwe  of brbbies  in u,,rw,nl-
rally  imdl&d  Ilqulda’.  Tbc  mechanism of aano,um,riaeence  in
.q”ews  systems  ,,a#  been a matter  of @me  dispute; rece,,t  dlc
cursloaa  have  suggested  at  leaal  three poelblr  origins: black.body
cml.sstrin*,  cbemltumlnwce~ec  Iron radical  recombination’, and
electric dirbarge’.  Few  stud,-  of non-.queous  aano,um,nrsrence,
bcwever,  have  beea  mnducteds’.  We grewnt  here the Ant sp”
trslly  resolved  soaolmnlacweace  @eara  from  hydrocarbon l r.d
hnloc.rbcm  Ilquld..  ‘“teae  sf,ec,”  orlgiaate  uamnb,guaua,y  frmo
excited-state molecules created during  woustic  ewitation.  These
high-energy species probably  rault from the rceombbwtloa  of
ndkal  and  atomic  spe&a generated during  the high temperatures
and ~reasuru  of cavltatioix

The  sonolumineseence  spectrum of dodccane  originates from
excited state CI,  specifically from the d’ll,-  a’n.  transitian-
the so-called Swan band (Fig. 1). The  lout bands a, 435, 465,
510 and  550 nm correspond ,,,  Av  = +2, +I,  0, and -1 of the
vibrstianal  manifold, respectively. The  sonoluminescencc
spectra of mcsitylene,  4.beptanone  and  n-butylcyanide  are
qualitatively similar to that of dodecana,  but with lower
intensities and slight changes in the relative intensities of the
v i b r a t i o n a l  b a n d s .

Swan band chemilumincscence  is seen from hydrocarbons in
B wide variety of conditions, including flames’,  shock tubes’.”
shock pyrolysis”,  plasmas”, laser ablation”, and law prcssurc
discharges’ . Grebs  and Homann”  in their study of the gas-
phase  reactions of acetylene with oxygen and hydrogen atoms
(C,H,/O/H) in B low-pressure discharge Row reactor,  provided
compelling evidence that one reaction responsible for the gcncr-
ation  of Cr(d’fl,)  was

C+CHI-C,‘+H, (I)

For several reasans.  this is also a plausible step in the
sonochemical  formation of C,(d’n,).  First, the pressures and
t e m p e r a t u r e s  a c h i e v e d  d u r i n g  a c o u s t i c  c a v i t a t i o n  i r e  s i m i l a r  t o
those reached in shock tubes and plasmas. ‘fix  effective tem-
pcrature  reached during cavitation in alkane  solvents  was
recently determined” to be -5,200 K in the gas  phase and
- I.900  K in the liquid region surrounding the wllapscd  bubble,
when the total vapour  pressure is 5 torr.  Since the efficacy  of
cavitational  collapse is inversely dependent on the total vapaur
pres~ure’~  the eflective  temperatures generated in these
aanoluminescent  systems (whose vnpour  pressures are much
less than 5 torr)  must be even higher. Second, carbon-carbon
bond cleavage of alkanes  and the formation of radicab  from
non-aqueous liquids during ultrasonic irradiation has been
documented”. The  sanolysis  of even n-alkanes  generates a wide
variety of homolytic  products via a radical chain pathway.
Atomic carbon and CH* can be crealcd  through such mechan-
isms. Indeed, the final productsobserred’6fromalkanesonalysis
include large amounts  of HI. CH,  and C,H,,  consistent with
the observed aomluminescence.  Third, other techniques which
genera  comparable ,cmpera,ures  and pressures on a macro-
scopic scale also produce Swan band emission. For exsmple.
the shock tube p);rolyses  of benzene9  and acetylenP  produced
cbemiluminescence  spectra that could be assigned to C,(d’Il,),
a n d  w h e n  l i q u i d  b e n z e n e  w a s  s h o c k  c o m p r e s s e d  t o  b e t w e e n  2 4
to 63GPa,  emission from the Swan bands of CI was  also
o b s e r v e d ” .

The sonoluminescence  spectrum of tetrachlaroetbylene  is
shbwn  in Fig. 2. This can also be assigned to the C2
(d’n,  - a’n.)  Swan transition. The  change in the relative vibra-
tional band intensities and the strong diminution of the Au = +2
band indicates a lower inlernal  energy in C,* for tetra-
ehlorocthylsnc  than for dodecana. This is consistent with the
decrease in cavitational  heating observed with increased total
vapour  prers~re’~.  Several systems involving organic halides
produce C2*  chemiluminescence.  including reactions with
hydrogen atoms at, low pressure”. with sodium atoms in a
hcapipe-oven  reati~r’~,  and with N1O  and sodium”. The for-
mation of C,* is  attributed to the reaction  shown in equation
2. The  abstraction of a halogen atom  by another atom  (H or
Na) generates the species that  eventually lumincsce.  During
ullrasonic  i r r a d i a t i o n ,  h o w e v e r .  t h e s e  r a d i c a l s  a r c  f o r m e d  b y  t h e
high temperatures of the cavitation event. The  sonocbemistry
of haloalkanes  is little explored, although the sonolysis  of
chloroform to produce radicals and carbcnes  has been recently
reported’““.

C+CCI-bC1*+CI (2)
Figure 3 shows the  sanoluminescence  spectrum and the ultra-

violet-visible absorption spectrum of nitmethane.  The  intense
a b s o r p t i o n  o f  n i t m e t h a n e  a t  w a v e l e n g t h s  b e l o w  3 7 5  n m  p r e v e n t s
detection of any spectral features in the ultraviolet. This
sonoluminescencs  emission can  be assigned” to the NO
emission bands from the B’n - X’n  transition (the so-called
/3  bands), with Au a 12. The  spcctmm  is nor  consistent with the
chcmiluminesccnce  observed ’ from NO,*, which is a broad
emission from40Oto  l.2W nm withamaximumatabaut650  nm.
The reaction of carbon atoms with NO2  (equation 3) has been
studied in a low~pressure  gas discharge react&‘.  and was iden.
tified  as the only plausible  mechanism for the formation of
NO(@). This  mechanism is consistent with those proposed for
C** s o n o l u m i n e s c e n c c .

C+NO,+CO+NO@) ( 3 )
Tbeae  sonoluminesccnce  spectra ofnon.aqueous  liquids demon.
strrde  that ultrasound is a powerful  chemical initiator and that
significant chemistry occurs during ultrasonic irpadiatian  even
in the absence of reactive SdUteS. The  similarby  between



Fig.  3 The aanolumincscence  spectrum  of nitrocthanc under
aryn.  scale a, left.  - , Emission from excited state NO
(B II - X’n).  The  cell temperature was -t9  ‘c;  vatmur presrure
at this tcmperatu#  is 1.1  tom. - - - - -, The  ultraviolet-visible
spectrum ofnitroethane,  1 cm path length. absorption scale at right.
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