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Measurements were made using two X-cut quartz crystals resonating at 600,
and 1000 kHz. An aqueous solution of luminol was dissolved in sodium
carbonate solution to give 1 per cent luminol and various sodium carbonate
concentrations. The luminescence emitted from these solutions were exposed
to both a photomultiplier tube, and photographic films. Results showed that
the luminescence intensity is dependent on the concentration of the sodium
carbonate added. It increases as the concentration increases till it reaches a
maximum whereafter it starts decreasing again. Results of temperature change
on the sonoluminescence intensity showed that the intensity gives its maximum
value at 13°C.

INTRODUCTION

The phenomenon of sonoluminescence consists of the emission of a very faint
light when certain liquids are subjected to high intensity ultrasonic field. This pheno-
menon was recognised in the course of an experiment carried out by Marinsco and
Trillet (1933). They discovered that pure water when subjected to an intense ultra-
sonic field darkened a photographic plate when exposed to it for several hours.
This effect was interpreted to be due to the action of sound on the photographic plate.
Many investigations have been carried out mainly on the nature and the origin of this
phenomenon. This study includes the effect of change in concentration of sodium
carbonate as well as the change of temperature on the sonoluminescence intensity of
luminol solution.

EXPERIMENT

Measurements were made employing two X-cut quartz crystals each of 2.5 ¢cm in
diameter and natural frequencies of 600, and 1000 kHz. The crystal resonates at its
natural frequency through a tuned LC circuit by a R.F. Oscillator assembled in the
laboratory (Abdel Fattah 1966). The input voltage to the crystal was controlled
to give the same acoustic intensity which was estimated by calorimetric method to
give about 1.5 watts/cm.? The test liquid was prepared from an aqueous solution
of luminol dissolved in one litre of sodium carbonate solution to give 1 per cent
luminol concentration and 53, 106, 159, 212, 265, and 318 g/L sodium carbonate
concentration. The temperature of the test liquid was kept constant at 25°C.

In a separate experiment, the luminescence observations from 1 per cent luminol
solution dissolved in 106 g/L sodium carbonate solution were taken at different
temperatures. First, the observations were taken while raising the temperature of
the liquid from 8.5 to 35.5°C and a second run was taken while cooling the liquid
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from 35.0°C. to 10.0°C. The test liquid was irradiated at each temperature with
ultrasonic waves of frequency 600 kHz. while the acoustic power was kept constant.
The luminescence produced in the liquid was allowed to fall on the cathode of a
photomuitiplier tube RCA-931 A, which was kept at constant distance of (1 cm)
from the walls of the container. The current produced by the photomultiplier tube
was fed to a spot galvanometer, at the same time, both dry and moist films were
separately exposed to the luminescence emitted from the liquid by keeping them in
air at a distance of 0.5 cm above the surface of the liquid. ORWO film of sensitivity
80 ASA was exposed to the emitted light for fen minutes. The blackening produced
on the film was measured on the optical density scale (D) of a densitometer manu-
factured by Carl Zeiss Jena, E. Germany.

RESULTS AND DISCUSSION

Tables I and II give the galvanometer deflections, the average blackening density
of dry and moist films as a function of sonoluminescence intensity, and the concen-
tration of sodium carbonate at 600 and 1000 kHz respectively.

TasLE 1

Relation between NayCOjg concentration, the density of blackening of films, and the
galvanometer deflection at 600 kH:z

Na,Co, Sonoluminescence Intensity
conc. g/l
Average Density of blackening Galvanometer
Deflections
Dry Film Moist Film
53 52.10 61.59 160.0
106 66.60 76.56 186.0
159 150.60 160.60 402.0
212 63.72 72.72 195.0
265 60.00 69.50 150.0
318 57.59 68.80 70.0

The observations on the effect of temperature change on sonoluminescence
intensity as read on the galvanometer are given in Table IIL

It is noticed that the intensity of luminescence increases in the beginning with
the rise in temperature from 5°C to 13°C. whereafter it starts decerasing. This
observation agrees to a large extent with the recent results observed by Taylor and
Jarman (1968), but differs with those reported by Alfrdson (1965) and Jarman
(1959) who observed the maximum luminescence intensity at 25°C.

Luminol (3-aminophthal hydrazide) when dissolved in water and irradiated
with ultrasonic waves gave the same luminescence intensity like that of distilled water.
‘In alkaline solution, it gave a brilliant bluish luminescence much greater than
that emitted from distilled water. It is shown that the sonoluminescence intensity
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TaBLE 1I

Relation between Na,CO, concentration, the density of blackening of films, and the
galvanometer deflection ar 1000 kHz

Na,Co, Sonoluminescence Intensity
Conc. g/L
Average Density of blackening Galvanometer
Deflections
Dry Film Moist Film
53 38.58 38.88 . 47.50
106 62.95 71.29 67.00
159 114,43 119.90 175.00
212 44,23 51.05 61.50
265 40.00 43.50 57.42
318 33.50 37.81 32.21
TasLE II1

Relation between temperature and galvanometer deflection as a function of sono-
luminescence intensity at 600 kHz

Sonoluminescence Intensity

Temperature °C (Galvanometer Deﬂection)
a b a b
8.0 333.0
10.0 10.0 405.0 350.0
12.0 12.8 490.0 473.0
15.0 15.0 417.0 364.0
20.0 20.0 278.0 296.0
22.0 310.0
25.0 25.0 170.0 186.0
35.5 75.0
35.0 75.0

a——while increasing temperature.
b-—while decreasing temperature.

from luminol solution somewhat varied with the concentration of sodium carbo-
nate. It was reported by Signal and Pancholy (1967) that luminol solution when
subjected to ultrasonic radiations, loses two hydrogen atoms, i.e., it is oxidized by
the OH free radical produced in the medium due to the decomposition of water as :
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This resulting product is unstable and, therefore, it undergoes recordering with
the emission of photons as :
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In the opinion of Negishi (1961), the luminescence of luminol solution origi-
nates from the chemiluminescence of luminol caused by cavitation products, i.e,
the recoinbination of OH free radicals.

The results of this study showed that the luminescence emitted from luminol
solution is dependent on the concentration of sodium carbonate. Low concentration
solution of sodium carbonate 53, 106, and 159 g/L give brighter luminescence than
solution of high concentration, 265, 318, g/L. An explanation for this observation
may be linked fo the fact that sonoluminescence is inhibited in degassed liquids
i.e., when the formation of gas cavities does not take place in the liquid due to the
absence of dissolved gasses. The solubility of sodium carbonate in water is 33 g/mL
thus 265 or 318 g/L solution of this salt can be considered as saturated solution.
The addition of sodium carbonate to water almost to the point of saturation will
expel most of the gases dissolved in the solution according to Sidkey (1969) and
therefore decreases the sonoluminescence intensity. This situation suggests the
formation of free radicals and their recombination in high rate with the increase in
sodium carbonafe concentration up to a certain limit (106 g/L) above which the
formation of free radicals are limited and therefore less luminescence intensity is
obtained.
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