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OnpepeneHue
Temnepartypbl
COHOJIIOMUHECL,eHLUU
MeToaAoM OpHLWTENHA
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MeToaom OpHLWTEeNHA NO ABYM aTOMHbIM
3MMUCCUOHHDbIM JINHUAM Mn B cnekTpe
COHOJ/IIOMUHecLeHUun BoaHoro pacrtsopa MncCl,
onpepeneHa Temnepatypa sMMCcCUU MeTanna.
Mony4yeHHoe 3Ha4yeHune ~3300 K cornacyercs

C NoJIy4eHHbIM paHee AN BOAHOro pacTteopa
6eH30/1a MO MoneKyAsipHbIM Nosiocam CBaHa
(Didenko Y.T., McNamara Il W.B., Suslick K.S.,
J.Am.Chem.Soc., 1999, V. 121, P. 5817).
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brydeHHe SKMIKOCTEH YIBTPAa3ByKOM COIIPOBO-

SKAAeTCsl KaBHUTallMel — HeMHHEeHMHBIMH IIYJIb-

CallUSIMH I1apOra3oBbIX ITY3BIPbKOB. DHEPrus,
HaKOIUIEHHAs ITy3bIpbKOM IIPH PacHIMpeHHH B OTpH-
LlaTe/IbHOM (ase 3BYKOBOI'O [AABIEHHUS, peajHn3yeTcs
B OypHOM IIOYTH aguabaTH4YecKoM KoJIaIice, KOIZa
KOHLIEHTpallks HH3KOH IUIOTHOCTH 3BYKOBOL HEPIHH
nocruraet ~10Y [1]. Kak pesy/bTaT, KaBUTAILHs COIIPOBO-
SKAAETCST aKyCTHYeCKHUM IIyMOM, yOApPHBIMHU BOTHAaMH,
XUMHYeCKHMH PeaKLMSIMH U C1abbIM CBETOBBIM H3ITy-
YyeHUeM B OuariasoHe or oOmmkHero Y@ mo MK obna-
CTH - coHomoMHHecleHIyel (CJI). CJI peanusyercs
B dopMe HAaHOCEKYH/IHBIX BCIIbIIIEK, KOPPeIHPOBAHHBIX
c ¢uHanmpHOM a3ol KoIalca, Korga TeMIlepaTypa
U JaBleHHe BHYTPH ITy3bIpbKa JOCTHUTAIOT TBICSY KeJlb
BUH U COTeH aTMocdep.

IToCKOJIBKY YIBTPA3sBYK IIHPOKO IIPHMEHSEeTCs B IIpo-
M3BOACTBE U Me[ULIMHe, H3ydeHHe IIPOLIeCCOB, COIIPO-
BOKJAIOIIMX YAbTPAa3BYKOBYIO KaBHUTAIIHIO, SIBIISETCS
aKTyaJIbHBIM. DKCTpeMaslbHbIe YCIIOBHSI, GOpMUPYyeMBle
IIpH I1Y3BIPbKOBOM KOJIJIATICe, OIpeNesioT MHTeHCHB-
HOCTb 3THX IIPOLIECCOB, B YAaCTHOCTH, 3PO3UI0 MaTepH-
aJIoB, paspylleHHe SKUBBIX KIETOK, BBIXOJ IIPOLYKTIOB
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Estimation

of Sonoluminescence
Temperature

with the Ornstein
Method
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! V.1.1ljichev Pacific oceanological institute FEB RAS,
Vladivostok, Russia

The temperature of Mn emission was
determined with the Ornstein method
using two atomic emission lines in the
sonoluminescence spectrum of aqueous
MnCl, solution. The calculated temperature
is about 3300 K and consistent with the
temperature estimated earlier using Swan
molecular bands for aqueous solution of
benzene (Didenko Y.T., McNamara Ill W.B.,
Suslick K.S., ). Am. Chem. Soc., 1999, V. 121,
P. 5817).
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ltrasound irradiation of liquids is
accompanied by cavitation, i.e. nonlinear
pulsations of vapor-gas bubbles. The energy
accumulated by the bubble during expansion in
the negative phase of sound pressure is realized
in a rapid almost adiabatic collapse, when the
concentration of low density of sound energy reaches
about 10% [1]. As a result, cavitation is accompanied
by acoustic noise, shock waves, chemical reactions
and weak light radiation in the range from the near
UV to the IR region, i.e. sonoluminescence (SL).
The SL is materialized in the form of nanosecond
flares correlated with the final phase of the collapse,
when the temperature and pressure inside the
bubble reach thousands of Kelvin and hundreds of
atmospheres.
Since ultrasound is widely used in production and
medicine, the study of the processes accompanying
ultrasonic cavitation is relevant. The extreme condi-



RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN
I OPTICAL MEASUREMENTS
RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN

3BYKOXHMHYECKHX peaKUHH. MeTofpl CIIeKTPOCKOIHHU
3$PeKTUBHO ITPUMEHSUIHCH 114 OIIpele/ieH s IaBlIeHU
U TeMIIepaTyp NpH yAbTPa3BYKOBOM KaBUTALIMHU B HEBO-
IHBIX PacTBOpax [2-6]. AHamK3 paboT II0 OLIeHKe TeMIle-
PaTyphI IJIa3MbI B KABUTALIMOHHBIX IIY3bIPhKaX ITOKA3aJl,
YTO Pe3y/IbTaToB, IIOJYYEHHBIX CIIEKTPOCKOIIMYECKUMHU
MeTOIAMH B BOIHBIX PacTBOpax, Majo. B pabote [7] Tem-
niepatypy CJI ollpefie/siIu 10 B3aK MHOK MHTEHCUBHOCTH
niosioc CBaHa, IS 4ero K Bofe AobaB/Isii He3HAYHTeNb-
Hoe KonryecTso (0,01%) 6eH3ona.

B 3T0P1 paboTe MBI IIPHMEHUIN METO, AaTOMHOM CIIeK-
TPOCKOIIUM (MeTor, OpHIITelHA) [UIsl OLIeHKU 3bdeKTHB-
HOU TemriepaTypsl CJI 110 AByM SMHCCHOHHBIM JIMHHSM
Mn B criekTpe BogHOro pactBopa MnCl.

OKCIIepYMeHTa/IbHAsl YCTAaHOBKA [JISI H3MepeHHs
criektpoB CJI paHee 6pUTa MHOTOKPAaTHO OITMcaHa [8, 9].
LleHTpaJIbHOX YacCTblO YCTAHOBKH SIBJISIETCSI T€PMOCTa-
THpyeMasl Y/AbTPa3ByKoBas siderKa MPOTOYHOIO THIIA.
B omuH Topel, SUeHKH IOMeINAIHM HAaKOHEYHHK /b
TPa3BYKOBOI'O H3/Ty4aTess, APYrod Topel] OBUI 3aKpbIT
KBapLIEBBIM OKHOM, COeJHHEHHBIM C BXOAHOM IIEIbI0
MOHoxpomaTopa MJP-23 (mudpakiyoHHAs penIeTKa
1200 mTp/MM C MakcUMyMoM Onecka Ha 500 HM,
CIeKTpa/ibHasl LIMPHHA Iend 2,9 HM). YacToTy yib-
Tpa3Byka 20 KI1I, BBIXOAHYIO MOIIHOCTb 23 BT (MHTeH-
CUBHOCTD 17 B1/cM?) OIIpeIe/IsIH 110 MMOKa3aHHSIM TeHe-
patopa VC-750. TemImepaTypy pacTBOpa MOAAEP>KHUBAIH
paBHoM ~10 °C. PacTBOp HACBHIIQIX aproHOM 3a 4ac A0
U B TeUeHHe BCero 3KCIepuMeHTa. CBeTOBOM II0TOK Pery-
crpupoBain ®3Y-100. B pabore ucronssoBanu 0,5 M
pactBop MnCl, B AMCTHIMPOBAaHHON Boze C obaB-
nenremM 0.5 MM OKCHSTHJIMPOBaHHOro crupra CyE:s.
CIeKTpBI U3MepsUTH ITPU A0OABOYHOM CTAaTHYECKOM JIaB-
nenud 0,5 atM. [Jo6aBoYHOe AABTIEHHE U IIOBEPXHOCTHO-
AKTHBHOE BEIeCTBO II03BOJISIOT IIOBBICUTh WHTEHCHUB-
HOCTBb 3MHCCUH MeTasIa [8, 9].

IKCIIepHMEHTAJIBHBIN CIIeKTP BOJHOIO pacTBopa
0,5M MnCl, mpesicTaBeH Ha pUC. 1 TyHKTUPHOM IMHHEH .
CrieKTp IpencTaBisieT coboil KOHTHHYYM, Ha KOTOPBIM
HJIOKeHa Ionoca pagukaga OH (~310 HM). CrekTp
COEP’KUT aTOMHBIE IMHUK Mn. HabromaroTcs aBe CIIeK-
TpasIbHBIe TUHUM: 403 HM (3d°4s? abS - 3d°(°S)4s4p(3P°) °P°)
U 280 HM (3d*4s? a®S - 3d3(°S)4sdp('P°) yOP°). DTH NUHHUHU
IIPE/ICTABIISIIOT COOOM TeCHble MY/IBTHIUIETHI. B KasKmoMm
MY/IBTHIUIETe HUMeeTcsl Hauboree spKasi (3HaYHMMas)
JIMHMSL, Ha KOTOPYIO MBI OITKPaeMCS B CBOMX pacyeTax.

Meton OpHILUTEeHHA [103BOJISET ONpefe/IUTh J1eKTPOH-
HYI0 TeMIIepaTypy U3iyuyeHus T, [10 OTHOIIEHHIO MHTeH-
CUBHOCTEH [IByX 3MHCCHOHHBIX CIIEeKTPIbHBIX JTHHHUH,
He IIPUHAJIeSKAIIUX OMHOMY MYJIbTHIUIETY:
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tions formed during the bubble collapse determine
the intensity of these processes, in particular, the
erosion of materials, the destruction of living cells,
and the yield of products of sonochemical reac-
tions. Spectroscopy methods were effectively used to
determine pressures and temperatures during ultra-
sonic cavitation in non-aqueous solutions [2-6]. An
analysis of the work on the estimation of the plasma
temperature in cavitation bubbles showed that the
results obtained by spectroscopic methods in aque-
ous solutions are few. In [7], the SL temperature was
determined by the mutual intensity of the Swan
bands, for which a small amount (0.01%) of benzene
was added to the water.

In this research, we applied the atomic spectros-
copy method (Ornstein method) to estimate the
effective SL temperature from two Mn emission lines
in the spectrum of an aqueous MnCl, solution.

An experimental setup for measuring SL spectra
was previously described many times [8, 9]. The
central part of the setup is a thermostatic flow-
through ultrasonic cell. The tip of the ultrasonic
emitter was placed at one end of the cell, the other
end was covered with a quartz window connected to
the entrance slit of the MDR-23 monochromator (dif-
fraction grating of 1200 lines/ mm with a maximum
brightness of 500 nm, the spectral width of the slit
was 2.9 nm). The ultrasound frequency of 20 kHz,
the output power of 23 W (intensity of 17 W/cm?)

VIHTeHCHUBHOCTD, OTH. ef.
Intensity, a. u

= | | | |
25 300 350 400 450

JUIMHA BOJIHBI, HM
Wavelength, nm

DKcnepumMeHmanbHeill (NYHKMUPHAS AUHUS) U CKOppekmu-
po8aHHbIl (CNAOWHAS AUHUS) CNEeKMPbl COHOAOMUHECUEeH-
Uuu 800Hoz0 pacmeopa 0,5 M MnCl,. (Ha wKane dAUH 80AH
YKA3aHbl NOAOXKEHUS AMOMHbIX AUHUL Mn)

Experimental (dotted line) and corrected (solid line) sonolu-
minescence spectra of 0.5 M MnCl, aqueous solution (the
positions of Mn atomic lines are marked on the wavelength
scale)
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Ifie g, ~ CTaTHCTUYeCKUH BeC BO36Y>KIEHHOIO COCTOSI-
HMS, A, , ~ BEPOSITHOCTb CIIOHTaHHOTO I1epexofa, k - KoH-
cTaHTa BonblMana, Ej, ~ 3HepruM Bo30OyXXIeHHUS YPOB-
Hew, [ , - UHTeHCUBHOCTD IMHUM U3/Ty4YeHUS B CIIEKTpe,
Ay, — IUITMHA BOJTHBI. ATOMHBIE KOHCTAHTHI §; 5, A; 5, E; »
B3STBI 13 [10].

WHTEHCUBHOCTA SKCIIEPUMEHTAIbHBIX JTUHUMU I,
OIlpefle/sUIUCh CIeAyIIUM cr1ocobom. CrieKTp KOppek-
THPOBAJICA Ha CIIEKTPAIbHYI0 YYBCTBUTEIBHOCTh PETH-
CTpUpyIoLlel cucTeMbl (pemrerka + ®3Y). PyHKUMSA
KOppeKLHH ObUIa IoNydeHa IYTEM CHSTHS CIIEKTPOB
H3IydeHUs] KIUOPOBAaHHBIX JIaMII IIPH TOM Ke KOH-
durypanuu criekrpoMerpa. Ilockonpky pactsop MnCl,
VMeeT BbIpaKeHHbIe I10JI0CHI MOIJIOMIeHH S, OblIa IIpo-
Be[leHa KOPpeKLHMs TaKKe Ha CIEeKTP IIOT/IOINeHHs
MnCl,. M3 KOppeKTUPOBAaHHOIO CIIEKTPa, IIPeACTaB-
JIEHHOTO0 Ha PHC. 1 CIUIOIIHOM JIMHHeH, BBIPe3aHx
0071acTh BOMU3K TUHUH, NOCTATOYHYIO /IS TayCCOBOM
aNIpoKCMMAllUK IHKa. BbIpe3aHHYIO 00JIaCTh CIIeK-
Tpa [/l KOKAOU JTMHUM BBHIPAaBHUBAIM ITyTeM BBIYH-
TaHHS IoAJIeXamero GoHa C IOCIefyoIel KOppeK-
UHeHd HaKIOHA. ANINPOKCMMAalHs IOJy4eHHOTrOo
IMKa KpUBOM laycca maBaja MO3HLHIO, aMIUITATYLY
U IIMPUHY KaKOO0ro muka. OTHOIIeHHe aMIUIUTYZ,
6pasy Kak OTHOIIeHHe HHTeHCHBHOCTeH Habiiomae-
MBIX TUHUH [ /L.

PesynbTaThl pacyeToB 1o Gopmyiie (1) K UCIIOTb30BaH-
Hble KOHCTAHTHI IIPHBeIeHbl B Tabnutie 1. PacueTsl ganu
3Ha4eHHe 3IeKTPOHHOM TeMiepaTypsl T, ~3300 K. 3to
3HayeHHe COOTBeTCTByeT TeMIlepaType, IIPH KOTOPOH
IIPOMCXOAUT 3MHUCCHS Mn mpu CJI B HaIlIMX 3KCIIEPU-
MEeHTaJIbHBIX YCIIOBUSX.

3AKJTFOMEHUE
BriepBble HCI0p30BaH MeTo, OpHINTEMHA 1151 OLIeHKU
TeMIIepPaTyphl SMUCCHU MeTajuia Ipyu CJI BogHOro pac-
TBopa MnCl, B atmocdepe Ar.IlomyueHHOe 3HAUeHHe
~3300 K coryacyeTcsi ¢ pe3ynasraTtoM pabots! [7] (~4300 K),
II0JIyYeHHBIM 10 MOJIeKYISPHBIM I1ojj0caM CBaHa ITpU
CXOIHBIX 3KCIIEPHMEHTA/IBHBIX YCIOBUSIX (BOMHBIM pac-
TBOpP, Y/IbTpa3ByK 20 KIII, MHTEHCHBHOCTh 50 BT/cMm?,
TeMIlepaTypa pacTBopa 5 °C).

PaboTa BBHIIIOTHEHAa B paMKaX roc3aflaHus «Hsyue-
HUe QYHIAMEHTAJIbHBIX OCHOB BO3HMKHOBEHHUS, pas-
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was determined by the readings of the VC-750 gen-
erator. The temperature of the solution was main-
tained equal to ~ 10 °C. The solution was saturated
with argon an hour before and during the entire
experiment. The light flux was recorded by FEU-100
photomultiplier. We used a 0.5 M solution of MnCl,
in distilled water with the addition of 0.5 mM eth-
oxylated alcohol (C4E5). The spectra were measured
at an additional static pressure of 0.5 atm. Addi-
tional pressure and surfactant helped increase the
intensity of metal emission [8, 9].

The experimental spectrum of an aqueous solu-
tion of 0.5 M MnCl, is shown in Fig. 1 with a dashed
line. The spectrum is a continuum over which a OH
radical band is imposed (about 310 nm). The spec-
trum contains Mn atomic lines. Two spectral lines
are observed: 403 nm (3d>4s? a®S - 3d°(°S)4s4p(3P°) z°P°)
and 280 nm (3d°4s? a®S - 3d>(°S)4s4p('P°) y°P°). These
lines are tight multiplets. Each multiplet has the
brightest (significant) line, which we rely on in our
calculations.

The Ornstein method allows one to determine the
electronic temperature of the radiation T, from the
ratio of the intensities of two emission spectral lines
that do not belong to one multiplet:
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where g, , is the statistical weight of the excited
state, A}, is the probability of a spontaneous
transition, k is the Boltzmann constant, E;, is
the level excitation energy, I, is the intensity
of the emission lines in the spectrum, A, is the
wavelength. The atomic constants g, ,, 4, ,, E;, are
taken from [10].

The intensities of the experimental lines I,
were determined as follows. The spectrum was cor-
rected for the spectral sensitivity of the recording
system (grating + photomultiplier). The correction
function was obtained by taking emission spectra
of calibrated lamps with the same spectrometer
configuration. Since the MnCl, solution has pro-

Tabnuua. [laHHble 1 pesynbTaTbl pacyeTa TemnepaTypbl CJ1 BogHOro pactesopa Mncl,
Table. Data and results of calculation of the SL temperature for MnCl, aqueous solution

JINHNS, HM ATOMHbIV Mepexos,

Atomic transition

Line, nm

A\, =403,075 3d54s2 0SS, — 3d5(68)4s4p(3P°) 26D, ,,°

\,=279,482 3d54s2 0SS5, — 3d5(6S)4s4p(1P°) ySP; ,,°

3292
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BUTHS, TPAaHCPOPMAIMHM M B3aHMOIEHCTBHUS THAPO-
aKyCTHYEeCKHX, T'MAPOPU3NYECKUX U TeoPH3UUecKUX
rosiell MHpOBOro okeaHa». PerHCTPAlIOHHBIN HOMEP:
AAAA-A20-120021990003-3.
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nounced absorption bands, a correction was also
made for the absorption spectrum of MncCl,. From
the corrected spectrum presented in Fig. 1 solid
line, cut out the area near the lines, sufficient
for a Gaussian approximation of the peak. The cut
region of the spectrum for each line was aligned
by subtracting the underlying background, fol-
lowed by tilt correction. The approximation of the
obtained peak of the Gauss curve gave the position,
amplitude and width of each peak. The amplitude
ratio was taken as the ratio of the intensities of the
observed lines I, /1L,.

The results of calculations by formula (1) and the
constants used are shown in Table 1. The calcula-
tions yielded an electron temperature of T, about
3300 K.This value corresponds to the temperature
at which Mn emission occurs under SL under our
experimental conditions.

CONCLUSION

For the first time, the Ornstein method was used
to estimate the temperature of metal emission
during the SL of an aqueous solution of Mn(Cl, in
an Ar atmosphere. The obtained value of about
3300 K is consistent with the result of [7] (about
4300 K) obtained using Swan molecular bands under
similar experimental conditions (aqueous solution,
ultrasound of 20 kHz, intensity of 50 W/cm?,
solution temperature of 5°C).
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