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(54) METHOD FOR AGITATING LIQUID MATERIAL BY USING CRYSTAL OSCILLATOR

(57) It is an object of the invention to provide an ag-
itation method for sufficiently agitating a mixture of a so-
lution such as a buffer solution and a material to be de-
tected, with no need of any dedicated unit for agitation,
for measurements using a quartz crystal oscillator. The
method for agitating a liquefied material using a quartz
crystal oscillator in vibrating the quartz crystal oscillator

at a given frequency and measuring the variation of the
frequency due to a substance in contact with the quartz
crystal oscillator, is characterized in that the quartz
crystal oscillator is vibrated at other frequency different
from the given frequency and equal to or higher than the
fundamental vibration frequency to agitate a liquid con-
taining the substance.
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Description

Technical Field

[0001] The present invention relates to a method for
agitating a liquefied material for use in assaying a trace
substance contained in the liquefied material.

Background of the Invention

[0002] QCM (quartz crystal microbalance) is utilized
for assaying interactions between biological substances
such as DNA and proteins and for assays using antigen-
antibody reactions.
Assaying with QCM is carried out by putting a buffer so-
lution in contact with a quartz crystal oscillator electrode
and adding a solution containing a sample as a subject
to be assayed to the buffer solution, to measure the fre-
quency variation occurring due to the binding of the sam-
ple to a substance immobilized on the quartz crystal os-
cillator electrode.
In that case, for example, the sample may happen to be
precipitated on the bottom of the buffer solution or the
sample may happen to float on the liquid surface so that
the solution cannot be mixed together. Consequently,
the solution cannot reach a constant final concentration,
which causes inaccurate assays of the binding amount
or causes no success in the binding rate analysis.
As one method for solving the problems, there is provided
for example a method comprising placing an agitation
rod in a container with a buffer solution injected therein
and vibrating the solution therein along the upward and
downward directions mechanically or rotating the solu-
tion (for example, patent reference 1).
Since a certain amount of the solution is needed so as
to enable agitation of the solution by the method, how-
ever, the solution of a trace volume cannot be agitated
sufficiently, disadvantageously. Because the solution
cannot be agitated sufficiently, then, it is hard to carry
out assays at high precision.
Due to the vibration of the quartz crystal oscillator with
an electric power applied during assaying, furthermore,
waves such as share wave and compressional wave gen-
erate. In case of an AT-cut quartz crystal oscillator of 27
MHz, share wave is reduced at a distance of about 100
nm from the surface of the quartz crystal oscillator, so
that such wave cannot be used for agitation. It has been
revealed experimentally that compressional wave itself
cannot agitate liquefied materials.
[0003]

Patent reference 1: JP-A-2002-310872

Disclosure of the Invention

Problems that the Invention is to Solve

[0004] So as to solve the problems described above,

it is an object of the invention to provide an agitation meth-
od for sufficiently agitating a mixture of a solution such
as buffer solution and a material to be detected, with no
need of any unit specified for agitation, for measurements
using a quartz crystal oscillator.

Means for Solving the Problems

[0005] So as to solve the problems described above,
the inventor made investigations to get the following find-
ings.
According to claim 1, the method for agitating a liquefied
material using a quartz crystal oscillator is characterized
in that in vibrating the quartz crystal oscillator at a given
frequency and measuring the variation of the frequency
due to a substance in contact with the quartz crystal os-
cillator, in accordance with the invention, the quartz crys-
tal oscillator is vibrated at other frequency different from
the given frequency and equal to or higher than the fun-
damental vibration frequency to agitate a liquid contain-
ing the substance.
According to claim 2, the method for agitating a liquefied
material according to claim 1 is characterized in that
the other frequency is the fundamental vibration frequen-
cy, the sub-vibration frequency or an Nth harmonic (N =
3, 5, 7, ...) vibration frequency.
According to claim 3, the method for agitating a liquefied
material using a quartz crystal oscillator according to
claim 1 or 2 is characterized in that the quartz crystal
oscillator is vibrated at a state fixed at the other frequency
or a frequency sweeping within a range of � 100 kHz
around the center of the other frequency, during the time
of agitation.
According to claim 4, still further, the method for agitating
a liquefied material using a quartz crystal oscillator ac-
cording to any of claims 1 through 3 is characterized in
that the electric power applied to the quartz crystal os-
cillator during the time of agitation is preset to 10-fold or
more the electric power during the time of measurement.
According to claim 5, the method for agitating a liquefied
material using a quartz crystal oscillator according to any
one of claims 1 through 4 is characterized in that the
quartz crystal oscillator is vibrated at an Nth harmonic (N
= 3, 5, 7,...) vibration frequency during the time of meas-
urement.
According to claim 6, the method for agitating a liquefied
material using a quartz crystal oscillator according to any
one of claims 1 through 5 is characterized in that the
agitation is done before the measurement or the agitation
is done between individual measurements when the
measurement is continuously carried out.

Advantages of the Invention

[0006] According to the invention, no specific agitation
unit is separately arranged during QCM measurement.
Additionally, even a trace amount of a liquefied material
for use in the measurement can be agitated. In accord-
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ance with the invention, still additionally, a liquefied ma-
terial containing a trace amount of a sample can be ag-
itated so sufficiently that measurement at a higher pre-
cision can be achieved.

Brief Description of Drawings

[0007]

[Fig. 1] Explanatory view of the construction of a
quartz crystal oscillator (Fig. 1(a) is a plane view and
Fig.1(b) is a side view).
[Fig.2] Explanatory view of a quartz crystal oscillator
in a preferable embodiment in one mode for carrying
out the invention.
[Fig.3] Explanatory view of a liquefied material put
in contact with the quartz crystal oscillator in one
embodiment.
[Fig.4] Explanatory view of a liquefied material put
in contact with the quartz crystal oscillator in another
embodiment.
[Fig.5] View of the circuit composition of a biosensor
apparatus for use in one Example of the invention.
[Fig.6] Explanatory view of controlling relays #1 and
#2 in the circuit.
[Fig.7] View of a circuit composition depicting a var-
iation example of the circuit composition in Fig.5.
[Fig.8] Graphs showing the measurement results in
one Example of the invention.
[Fig.9] Graphs showing the measurement results in
Comparative Example.

Description of Symbols

[0008]

1. Quartz crystal plate
2. Electrode
3. Lead wire
4. Liquefied material
5. Container
6. Quartz crystal oscillator
7. π circuit
8. Network analyzer
9. RF generator
10. Personal computer
11. Frequency counter

Best Mode for Carrying out the Invention

[0009] Any quartz crystal oscillators including quartz
crystal oscillators for general use in QCM can be used
with no specific limitation as the quartz crystal oscillator
in accordance with the invention.
In accordance with the invention, agitation is done at oth-
er frequency different from a given frequency for use in
measurement and equal to or higher than the fundamen-
tal vibration frequency of the quartz crystal oscillator. The

other frequency is preferably the fundamental vibration
frequency, the sub-vibration frequency or an Nth harmon-
ic (overtone) (N = 3, 5, 7, ...) vibration frequency. Using
for example a quartz crystal oscillator of 27 MHz as the
fundamental vibration frequency, the other frequency is
preferably selected to be; 27MHz or 135 MHz in case
that the frequency for measurement is 81 MHz which is
the 3rd harmonic frequency vibration frequency; and 81
MHz in case that 27MHz is used as the frequency for
measurement. Among the frequencies described above
to enhance the agitation efficiency, the fundamental vi-
bration frequency or the sub-vibration frequency is pref-
erably selected.
The frequency for use in measurement may be the fun-
damental vibration frequency, however, an Nth harmonic
vibration frequency which is less influenced by compres-
sional wave is preferably used.
During agitation, preferably, the quartz crystal oscillator
is continuously vibrated at any one of the frequencies or
the quartz crystal oscillator is vibrated at a frequency
sweeping within a range of � 100 kHz around the center
of any one of the frequencies.
[0010] For measurement, the quartz crystal oscillator
is applied with a load of an electric power of about 1 mW
to oscillate and then the variation of the frequency is
measured or the change of resonance frequency is
measured by using a network analyzer or an impedance
analyzer. Agitation is preferably carried out at an electric
power ranging from 10-to 100-fold the electric power
loaded on the quartz crystal oscillator during measure-
ment. In case of the electric power, furthermore, the
measured frequency may sometimes get unstable pos-
sibly involving a big noise, and therefore, it is preferable
that agitation and measurement are done alternately or
agitation is done before measurement.
[0011] The frequency may also be measured, using a
network analyzer or an impedance analyzer or by a
measurement method with a frequency counter during
direct oscillation of the quartz crystal oscillator. During
the use of a network analyzer, the frequency can be
measured with or without use of π circuit. Quartz crystal
oscillators for use in measurement and agitation may be
set at not only one channel but also multi channels.
[0012] The invention will now be described specifically
with reference to drawings.
The quartz crystal oscillator for use in accordance with
the invention includes, for example, a quartz crystal os-
cillator of the construction shown in Fig.1. The quartz
crystal oscillator is generally used for QCM, where coun-
ter electrodes 3, 3 are arranged on both the sides of a
quartz crystal plate 1. For the 27-MHz specification, the
quartz crystal plate 1 is about 60 Pm in thickness and
about 8.9 mm in diameter (Rc). The counter electrode 3
is made of, for example, gold and of a diameter (Re) of
about 2.5 mm.
[0013] As shown in Fig.2, more preferably, the diam-
eter of the electrode 2 is about 8 mm, larger than the
electrode of the general quartz crystal oscillator in the
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construction described above. The reason is that heat
generated during agitation can be dispersed to suppress
temperature increase of the quartz crystal oscillator and
the solution, allowing the measurement at a lower noise.
Herein, the electrode may be formed on any one or both
of the surface and back faces.
[0014] So as to put a liquefied material in contact with
the electrodes by using the quartz crystal oscillator, a
method for arranging a solution 4 on the gold electrode
2 as shown in Fig.3, a method for arranging the quartz
crystal oscillator on the bottom of a container 5 and in-
jecting a trace volume (about 500 Pl or less) of the solu-
tion 4 above the quartz crystal oscillator as shown in Fig.
5, or a flow cell may be used but without any limitation.

Example

[0015] One Example of the invention is now described.
In the present Example, measurement was carried out
by arranging a solution on one electrode of the gold elec-
trodes arranged on both the faces of the quartz crystal
oscillator of the fundamental vibration frequency of 27
MHz, as shown in Fig.3 so as to set the volume of a liquid
as a handling subject to a trace volume.
The quartz crystal oscillator was connected to a circuit
shown in Fig.5.
The depicted circuit is composed of a circuit connecting
the quartz crystal oscillator 6 through circuit 7 to a network
analyzer 8 and a circuit connecting the quartz crystal os-
cillator 6 to an RF generator 9. These circuits can freely
be switched on and off with two relays #1 and #2. These
relays #1 and #2 are controlled with a personal computer
10; in case that the relay #1 is closed, the quartz crystal
oscillator oscillates for measurement; in case that the
relay #2 is closed, the quartz crystal oscillator enforces
agitation.
[0016] In case of carrying out the measurement with
the quartz crystal oscillator 6, the quartz crystal oscillator
was set to vibrate at a frequency around 81 MHz which
is the 3rd harmonic frequency frequency; in case of en-
forcing agitation, the quartz crystal oscillator was set to
vibrate at a frequency around the fundamental frequency
(27 MHz) or around the sub-vibration frequency of the
fundamental frequency of the fundamental wave (scan-
ning within a range of � 100 kHz). The input electric
power was 2 mW for the measurement and 200 mW for
the agitation.
As shown in Fig.6, the relay #1 was controlled so as to
repeat ON and OFF modes every one second, while the
relay #2 was controlled so as to repeat taking ON mode
for 300 milliseconds simultaneously with the start of the
OFF mode of the relay #1 and then taking OFF mode
thereafter.
[0017] Next, 9 Pl of the buffer solution was placed on
the gold electrode of the quartz crystal oscillator 6, and
1 Pl of 0.1 mg/ml N-avidin was added Figs. 8 and 9 show
the measurement results with agitation under controls of
the relays #1 and #2 and without agitation, respectively.

[0018] Fig.8 shows that in the case with agitation, the
variation of the frequency as measured after the N-avidin
injection was on a gradually decreasing curve and the
time required for the frequency to be stabilized was short-
er compared with the case with no agitation. In the case
with no agitation as shown in Fig.9, in contrast, the fre-
quency measured was decreased by -1000 Hz immedi-
ately after the N-avidin injection and then at a more or
less leveled-off state and subsequently, decreased. This
indicates that the frequency measured requires a time
for stabilization in the case with no agitation.
[0019] The results show that agitation of a solution of
as trace as several micro-liters level can be done with no
dedicated agitation unit, enabling the analysis of the bind-
ing amount and the binding rate at a high precision.
[0020]  The circuit composition example described
above is just an exemplification. Even a circuit using a
frequency counter 11 so as to oscillate the quartz crystal
oscillator instead of the network analyzer as shown in
Fig.7 can also be used.

Industrial Applicability

[0021] The invention can be utilized in a wide variety
of fields for assaying interactions between biological sub-
stances such as DNA and proteins or assaying antigen-
antibody reactions.

Claims

1. A method for agitating a liquefied material using a
quartz crystal oscillator in vibrating the quartz crystal
oscillator at a given frequency and measuring the
variation of the frequency due to a substance in con-
tact with the quartz crystal oscillator, characterized
in that the quartz crystal oscillator is vibrated at other
frequency different from the given frequency and
equal to or higher than the fundamental vibration fre-
quency to agitate a liquid containing the substance.

2. A method for agitating a liquefied material using a
quartz crystal oscillator according to claim 1, char-
acterized in that the other frequency is the funda-
mental vibration frequency, the sub-vibration fre-
quency or an Nth harmonic (N = 3, 5, 7, ...) vibration
frequency.

3. A method for agitating a liquefied material using a
quartz crystal oscillator according to claim 1 or 2,
characterized in that the quartz crystal oscillator is
vibrated at the other frequency in a fixed way or vi-
brated at a frequency sweeping within a range of �
100 kHz around the center of the other frequency,
during the time of agitation.

4. A method for agitating a liquefied material using a
quartz crystal oscillator according to any of claims 1
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through 3, characterized in that the electric power
applied to the quartz crystal oscillator during the time
of agitation is set to 10-fold or more the electric power
during the time of measurement.

5. A method for agitating a liquefied material using a
quartz crystal oscillator according to any one of
claims 1 through 4, characterized in that the quartz
crystal oscillator is vibrated at an Nth harmonic (N =
3, 5, 7,...) vibration frequency during the time of
measurement.

6. A method for agitating a liquefied material using a
quartz crystal oscillator according to any one of
claims 1 through 5, characterized in that the agi-
tation is done before the measurement or the agita-
tion is done between individual measurements when
the measurement is continuously carried out.
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