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Fig. 1 (A) Schematic diagram of experimental appa-
ratus for in situ ECL measurement ; (B) An ECL probe
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Fig. 2 (A) Cyclic voltammograms of 50 UM luminol at
a glassy carbon electrode in 0.1 M PBS (pH 8.0) in the
presence of 100 uM H,O, ; (B) The corresponding ECL-
potential curves

The dotted lines are the responses in the absence of
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Fig. 3 (A) Dependence of ultrasound irradiation
(100 kHz) time on ECL intensity in pH 8 PBS. The
ECL signals were recorded by potential sweep mode
from 0 to +0.8 V vs. Ag/AgCl with a scan rate of 50
mVs '; (B) The results by Weissler method. The ini-
tial concentration of Kl was 0.1 M

The ultrasonic output power for (A) and (B) was 80 W.
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Table 1 Evaluation of sonochemical efficiency (SE
value) in different ultrasonic reactors by
ECL and Weissler methods, respectively
-1
Ultrasound SE value/mol J
frequency/kHz (ECL method) (Weissler method)
490 30.6 X 107" 29.8 X 10"
100 892 x107" 7.86 107"
45 2.02x10°" 1.81x107"
28 1.89 x 107" 1.57x 10"
25
E "011" E "Of Al

20 ac e

Time / sec

Fig. 4 Potential modulated (PM) ECL for in situ
detection of HyO, produced in a 490 kHz ultrasonic
reactor which contained 50 UM luminol and 0.1 M PBS
(pH 8)

The electrode potential was modulated from 0 to
+0.8 V vs. AgQRE with a frequency of 5 Hz. The
light emissions were monitored synchronously using a
lock-in amplifier. The ECL response of (a) was mea-
sured under stationary condition, while the ECL curves
of (c) and (d) were observed under ultrasonic irradia-
tion with electric output powers of 30 W and 60 W,
respectively.
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#H PMECL 38 (Ipype) & EFREIND. Tnype, (B SUS
DRI LTVBT2DOV I VI 3y by AR FSE
FICHLY B S EAT& . Fig. 1 (B) WRL7Z27a—7
ZHWT, 490 kHz OE W ILEF O CTBIEE L 72 in situ
PMECL )&% % Fig. 4 \/RY. st a 3o & 125



X & &M, WA AR

&

0.8

(=
) -
T T
|
|
—e—
—e—
o
—e—
@
—@—
o
}T.—EH
O r=—e—
1 1
—-

0.6

e
=
T

O
1

0.4

Normalized IPME cL
(=)
[=))
T
o
[y
— @
—
.o
1
JUILIND PIZI[CUWLION

/”\1 40.2

Rt
[

T
O

oL— 1
0 2 4 6 8 10 1

h/cm

‘ 0
2 14 16

Fig. 5 Normalized PMECL intensity (/pygc1) (h
and reduction current (@) for 1 mM [Fe(CN)ﬁ]% asa
function of the distance from the transducer (4) in a
490 kHz sonochemical reactor with the electric output
power of 60 W

The normalized Ipygc and current are defined as the
ratio of the PMECL intensity or current to the maxi-
mum PMECL intensity or the current near the liquid
surface, respectively.
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BBz RETHOTHRTH L0, TOKRR
in situ PMECL T O N2 R L 1ZIF—FH L T b 720,
ECL O MTEREX DML EMNTL2DIH5THLI L
BN L 7.

34 BEERIGHPOZFvETF—2 a0k

HERICBWT, BFFEEB T 5 H,0, OHHER %
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The generation of cavitation through ultrasonic waves can lead to the formation of reactive
species, such as *OH and H,O, in aqueous liquids. These shortlived species are capable of
effecting secondary oxidation or reduction reactions, which are referred to as sonochemical
reactions. This paper reports a new method of cavitation diagnostics with an electrochemilumi-
nescence (ECL) optical sensor for studying any sonochemical activity induced by ultrasonic cavi-
tation. This system has been successfully employed to determine the actual rate production of
H,0, and the sonochemical efficiency (SE value) in different sonochemical reactors with fre-
quencies of 28, 45, 100 and 490 kHz, respectively. The SE values were in excellent agreement
with results evaluated by potassium iodide (KI) dosimetry. Because of the high sensitivity of this
method, the potential modulated ECL sensor was capable of measuring the hydroxyl radical pro-
duction (in this case hydrogen peroxide) in situ, so as to obtain the spatial distribution of cavita-
tion generated in the ultrasound field.

Keywords : ultrasonic cavitation ; luminol ; hydroxyl radical production ; electrochemilumines-
cent sensor.



