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them. At the low forward bias, the emission mainly originated from MEMO-PPV. When the applied
voltage was increased, more holes got significantly high energy to overcome the barriers in the
interfaces of NGC/ITO and NGC/MEMO-PPV and entered HOMO of MEMO-PPV. This resulted in
the enhancement of the recombination efficiency in NGC.
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Preliminary analysis of chemical reaction under
the radiation of electromagnetic wave

HUANG Kama, LIU Ning, LIU Changjun & YAN Liping
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Abstract Microwave can be used to accelerate chemical reaction and improve the rate of
production. Does microwave only act as a heating factor? Do there exist any specific effects?
These questions are still holding a violent controversy. Here we will choose the Belousov-
Zhabotinsky reaction, which is sensitive to surrounding effects, to study the influence of microwave
on chemical reactions. Visible changes of periods have been observed. It appeares that there
could have been specific effects of microwave.

Keywords: microwave, electromagnetic wave, Belousov-Zhabotinsky reaction, specific effects.

As a fast and effective heating factor, microwave has been widely used in accelerating chemical
reaction and improving the rate of production'"’. Because of the obvious difference between microwave
heating and traditional heating, some new features have been observed in chemical reactions, and these
features attracted more and more people’s attention. Does microwave only act as a heating factor to
accelerate reactions and improve the rate of production? Does it have any specific effects which may
cause molecular structure and interaction change? These questions are still holding a violent
controversy now'?. Before the microwave is widely used in chemical industry and other fields, these
problems must be solved clearly.

Both experiments and theories are needed to study the mechanism of chemical reactions radiated
by microwaves. These require us to choose a kind of experiment, which is not only sensitive to
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surrounding effects, especially to the electromagnetic waves, but also easy to observe. The experiment
was carried out under the radiation of microwave that could be accurately controlled. Belousov-
Zhabotinsky reaction with high magnetic fields produced by superconductor coil has been studied in the
past decades. We use microwave to radiate this reaction and expect that this kind of nonlinear reaction
could amplify the effects caused by microwave in order to verify if there exist some specific effects of
microwave.

In this note, we will first introduce an experimental apparatus, which is used to study the influence
of electromagnetic fields on chemical reaction. And the experiment process will be described as well.
Then the results will be discussed and some immature conclusions will be obtained. The results show
that there may be some specific influences of microwave on chemical reaction.

1 Experiments

( i) Instruments. A frame of our apparatus is shown in fig. 1", 1t contains a TEM cell, a test
tube with samples, a power source, a circulator, two dual-directors, an amplifier, an A/D converter and
a computer. Two dual-directors were used to monitor the incident and reflected waves and the
transmitted power in order to know the power absorption in the sample. The light transmittance from
the side of the TEM cell was used to monitor the color change of reaction. The voltage from the
photocell and the power were recorded in vivo. All data were collected by A/D converter and recorded
by the computer in every 100 ms. The uniform distribution of electric and magnetic fields could be
established between the inner and the outer conductor in the TEM cell. The test tube with samples was
placed at the domain between the inner and the outer conductor in order to get uniform irradiation of
electromagnetic waves. The TEM cell was used in the frequency range from DC to 1.5 GHz. A stirrer
was adopted in order to homogenize the solution. Because the thermometer could be interfered
seriously by the microwave, it was very difficult to record temperature in vivo. Therefore, only the
temperatures before and after radiation of microwave were measured.
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Fig. 1. The experiment system. 1, 2, 3. 4, §, Load; 6. test port of incident power: 7, test

port of reflected power: 8, test port of transmitted power.
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(ii) Materials. Three kinds of solution: A, B and C have been prapared. Solution A is potassium
iodate (0.14 mol/L). Solution B includes malonic acid (0.15 mol/L}), manganese suifate (0.024 mol/L)
and starch (2 g/L). Solution C includes hydrogen peroxide (3.2 mol/L) and perchloric acid (0.17
mol/L).

(iii) Procedure. 2 mL solution was taken from solutions A, B and C respectively and mixed in a
test tube. The test tube was placed in the TEM cell immediately and all data were soon recorded. The
experiment was carried out under the following three conditions: they were without microwave (control
group), with 2 W microwave radiation and with 20 W microwave radiation, respectively. The radiation
time was controlled manually.

2 Results and discussion

The changes of voltage from the photocell with respect to time are shown in fig. 2. Meanwhile,
the period change with time is drawn in fig. 3. The initial peak was assigned and in this way we could
count periods easily.
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Fig. 2. Typical time-voltage history of the photocell without Fig. 3. Period change with respect to time.

microwave radiation. Arrow, The first counting peak.

( 1) Radiation without microwave (control group). The results in figs. 2 and 3 were used as
standard results of control groups which were compared with the data of other group. The starting
temperature was 25.0°C and the stopping one 26.8°C. The difference was 1.8°C.

(1) 2 W microwave radiation. The whole process was radiated by the microwave at 600 MHz
and the power was 2 W. The changes of voltages and periods with time are shown in figs. 4 and 5
respectively. From fig. 5 we can see that the microwave radiation made the reaction rate changed. The
starting temperature of this reaction was 25.0°C and the stopping one 29.2°C. The difference was 4.2°C.
The reaction rate varied gradually with temperature change. This means that the influence of
temperature was cumulative.
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Fig. 4. Time-voltage history of the photocell, the whole Fig. 5. Period change of with respect to time.

process of the reaction was irradiated by microwave (2 W).
Arrow, the first counting peak.
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(iii) 20 W microwave radiation.

The whole process was radiated by microwave at 2 450 MHz
and the power was 20 W. Two different ways of radiation were used:

1 ) The reaction was radiated in

two separate periods (shown in fig. 6); 1i) the second half of the reaction was radiated (shown in fig.
7). The corresponding changes of the periods are shown in fig. 8.
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Fig. 6. Time-voltage history of the photocell, two period
of the reaction were irradiated by microwave (20 W).
Arrow, The first counting peak.

From fig. 8 we can see that the periods
changed immediately when the radiation started.
Especially from curve 1, we find that the periods
changed immediately from decrement to
increment when the power was switched off. That
is 1o say, under the condition of 20 W microwave
radiation, the periods changed instantaneously
with the microwave. However, during the process
the temperature changed gradually. This means
that there might be some specific effects of
microwaves on the chemical reaction. The
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Fig. 7. Time-voltage history of the photocell the last part
of the reaction was irradated by microwave (20 W). Arrow,
The first counting peak.
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temperature measured in the above two different Fig. 8. Change of periods with respect to time. Arrow, The

ways in this experiment is listed in table 1. The

irradiation starts here.

range of the temperature varies from 13°C to 18°C. Whether all these changes were caused by thermal
effect of microwave is still not clear. A detailed study will be presented later. Besides, another
interesting thing is that we could not observe the oscillation of the reaction if the solution was radiated
at the beginning of reaction. That means that the initial condition for oscilation might not be satisfied.

Table 1

Temperature in reaction radiated by 20 W microwave

Microwave radiation at the
beginning of reaction

Microwave radiation in two
separate periods

Microwave radiation in the
second-half of reaction

27.5

Starting temperature/'C
Stopping temperature/'C
Temperature difference/'C

275 275
41.0 45.0
135 17.5
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