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METHODS OF DETERMINATION OF THE SIGN OF THE
THERMO-DIFFUSION COEFFICIENT IN DISPERSED LIQUIDS

In this paper three methods of determination of the sign of the thermo-diffusion coefficient (Soret constant) are presented. The first method
uses the relation for Soret constant which was derived from the thermo-diffusion equation. This relation permits determination of the sign of
the Soret constant as well as its approximate value. The second method is based on the time dependence of the decay of the created diffraction
grating. The last method is based on the measurement of the transmission of light by the dispersion liquid.

1. Introduction

When the nanoparticles with the diameter of (10 + 20) nm
are placed in a liquid medium they are dispersed and at the same
time a temperature and concentration gradient are created. As
a result there will be forces acting on the particles and, therefore,
the diffusion and thermo-diffusion flux of the particles will rise.
According to the first Fick law the value of the density of flux of
the nanoparticles in one-dimensional case can be expressed by the
equation
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where the first expression on the right hand side is the diffusion
flux and the second one on the right hand side is the thermo-
diffusion flux of the particles. D is the diffusion constant of the
particles, S is the thermo-diffusion coefficient (the Soret constant)
and T is temperature. It is possible to show experimentally that if
a gradient of temperature is created in the sample, the particles
can accumulate, (when specific conditions are fulfilled), at the place
where the temperature is lower (S > 0) or at the place where the
temperature is higher (S < 0).

The explanation of the reason why S < 0 is known for gasses,
but for liquids a satisfying theory is unknown. That is the reason
why there is permanent interest in the solution of this problem in
the world [1], [2].

In this paper we present three methods used for the determi-
nation of the sign or value of the thermo-diffusion coefficient.
2. Arrangement of an experimental apparatus

For the determination of the sign and value of the Soret con-

stant the experimental apparatus which is depicted in Fig. 1 was
used.
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Fig. 1 Schematic arrangement of the experimental apparatus.

In order to create the particle diffraction grating and also to
increase the temperature of the disperse liquid at the place of mea-
surement the Ar laser beam with A = 488 nm and (0 + 120) mW
power was used. To create the diffraction grating, the laser beam
was divided into two crossed beams. At the point where the two
beams are crossing the periodical light field arises due to their
interference. The periodical thermal field arises because the light
energy is absorbed in the sample. Consequently, due to the diffu-
sion and thermo-diffusion of the nanoparticles the particle dif-
fraction grating in the liquid is created.

3. Methods of measurements

a) Method of direct calculation

If we take the sample in the form of a thin layer of the inves-
tigated liquid and create the temperature difference AT = T, — T}
between two places with coordinates x; and x,, the stationary
concentration difference An arises. Eq. (1) for the stationary case
gives
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After solving this equation for S we obtain
1 dn
S= PR 3)
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If we assume a small linear change of temperature which is
connected with small changes of concentration then the relation
(3) can be expressed as

S 1 An @

n AT

The experimental determination of the local value of #n is not
simple. This one is, however, closely related with the light absorp-
tion coefficient & which can be measured directly. Using the equa-
tion

An A«
—=— )
n a
one gets for the Sorret constant
. 1 A« 6
T a AT (6

where all the quantities necessary for the evaluation of S may be
obtained from the experiment.

Moreover, the absorption coefficient can be determined from
the relation
1
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where L is the sample thickness, U is the signal produced by the
detector when the laser beam is passing across the empty cell and
U, is the signal produced by the detector when the laser beam is
passing through the cell in which the sample is placed. After sub-
stituting U expressed by equation (7) into relation (6), we obtain
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where U,, U, are signals from the detector after the laser beam
passed through the sample at the temperatures 7, 7,, respectively

[31.

b) The time dependence method of the decay of the grating

If we take the sample in the form of a thin layer of colloidal
liquid (thickness of 60 wm) in the interference field of two laser
beams (Fig. 1), due to the absorption of light the temperature
grating in the sample will be created and the nanoparticles will
start repartitioning in the temperature field created according to
the sign of the thermo-diffusion coefficient (Soret constant S) and
they will start to create an absorption grating [4].

After cutting out the interference field of the crossed beams,
the temperature grating will vanish in about 3 ms and the diffrac-
tion absorption grating will decay as depicted in Fig. 3.

If one screens one beam of the Ar -laser only the remaining
laser beam will be absorbed in places of particle accumulation
(grating) and the temperature in these places will remain higher
than in the places where the particles concentration is lower. If
S < 0, the thermo-diffusion flux will be greater than the diffusion

flux and the grating decay will be slowed down or the grating will
even be reconstructed (Fig. 2) [4]. From the behaviour of the time
dependence depicted in Fig. 3 it follows that S > 0 and the effec-
tive diameter of the nanoparticles can also be determined.
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Fig. 2 The time dependence of decay of the lighting particles grating
when S < 0.
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Fig. 3 The time dependence of decay of the lighting particles
grating when S > 0.

¢) Method of measurement of light transmission

In this method the sample of disperse liquid of the thickness
cca (60 + 100) um is being heated by means of the absorption of
the laser beam of high intensity at the point of its passing through
the sample (Fig. 4). In this same place the diagnostic beam (e. g.
5 mW He -Ne laser beam) passes through the sample as well.

In the case S > 0 the particles are ejected from the place of
heating [4] and the intensity of the diagnostic beam grows. If § < 0,
the dispersed particles accumulate in the place of heating and the
intensity of the diagnostic beam decreases (Fig. 5).

4. Experimental results

For the disperse liquid with nanoparticles Fe;O, based on
kerosene at the temperature 24 °C we found S < 0 with value
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Fig. 4 Schematic arrangement for reading dates to determine
the light absorption in the sample.

about 0.023 K ! using all three methods. For the disperse liquid
with nanoparticles Fe;0, dispersed in pentanol we found S > 0 at
the temperature 24.5 °C using method b). For the disperse liquid
of tempera paint (Kraplak dark) based on water we found S > 0
at the temperature 21.5 °C using method b).

5. Conclusions
On the basis of the obtained results we conclude that the pre-

sented methods are suitable for determination of the sign and
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Fig. 5 The time dependence of detection signal through the sample
(S <0) ifthat is heating.

approximate magnitude of the Soret constant. The accuracy of the
first method depends mainly on the accuracy with which the
initial and final temperatures of the liquid 7} and 7, and the volt-
ages U, and U, are determined in the stationary regime of the
liquid sample in the presence of the Ar laser beam.

Except for the fast determination of the sign of the Soret con-
stant, these methods can also serve for the study of the thermo-dif-
fusion and kinetic phenomena connected with it in the liquids in
which nanoparticles are present.
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