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The Soret effect in interference field of two intensive laser beams in
the thin film of magnetic fluid was used to create a periodical structure of
density of magnetic particles. The structures obtained were indicated using
the self-diffraction of the optical beam creating the structures. The relaxation
phenomena after switching off the laser interference field were discussed in
terms of the spectrum of relaxation times. This spectrum is proportional
to hydrodynamic particle size distribution. The relaxation of optical grating
consists of two well-defined channels, i.e. decay through single particles and
small aggregates, respectively.

PACS numbers: 66.10.Cb, 75.50.Mm

1. Introduction

The concentration variations of particles due to the laser-beam induced by
thermal diffusion in liquid mixtures (known as the Soret effect) were observed in a
number of works [1-4]. The theoretical aspects of the Soret effect in fluids contain-
ing nanoparticles were studied by Tabiryan and Luo [5]. The concentration optical
grating of fine magnetic particles in magnetic fluids due to their interaction with
an intense laser beam was first experimentally proved by Bacri et al. [6] by means
of a forced Rayleigh scattering (FRS) experiment. The dynamics of the observed
effect was discussed in terms of a single relaxation time and the cooperative diffu-
sion coefficient of the magnetic particles. This discussion of the results is possible
in the situation when a size of magnetic particles is monodisperse. The size distri-
bution of magnetic particles in magnetic fluids are never monodisperse. It means
that the results should be discussed in terms of spectrum of relaxation times due
to the polydispersity of particle sizes. The aim of this work was to study the dy-
namics of the particle density distribution formed by the Soret effect in magnetic
fluids to develop the method for calculation of the spectrum of relaxation times
and finally to compare this spectrum with the real particle size distribution of
magnetic particles used in the experiment.
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2. Experiment and methods

We have used petroleum-based magnetic fluid with fine magnetic particles of
Fe304 prepared by the well-known precipitation technique. As a surfactant to pre-
vent the aggregation of particles oleic acid was used. The volume concentration of
magnetic particles was ¢ = 0.05. The particle size distribution was analyzed using
an electron micrograph. Electron microscopy showed roughly spherical particles
and the best log-normal fit of the particle size distribution has the parameters as:
a mean diameter of particle size dmm = 11.7 nm and a standard deviation o = 0.3.
The magnetic measurements showed a mean size of particles dmm = 9.3 nm and
o = 0.28. For the experiment we have used an optical cell 80 pm thick filled by the
magnetic fluid. The interference field in the forced Rayleigh scattering experiment
was created by two coherent intensive laser beams (A, = 0.514 pm) crossing the
above-mentioned optical cell. These beams were obtained by splitting a beam from
a Zeiss argon laser ILA 120. The used laser power was 50 mW. These two pump
laser beams intersect in the magnetic fluid with a definite angle o building up
a spacially periodic intensity distribution in the sample I(z) = 2, [1 4 cos (¢z)],
with ¢ = 2n/4 and A = A;/ [2sin (a/2)]. The A is the interfringe distance (lattice
constant of the created optical grating).

When the two laser beams interfere for a few seconds an optical grating (the
concentration variations of magnetic particles) was easily observed by the pres-
ence of the self-diffraction effect of the primary laser beams. If one of the two
pump laser beams is switched off, the concentration optical grating smeared out
in a few seconds. The dynamics of this process was observed through the intensity
measurement of the first order of the diffracted pattern of the above-mentioned
self-diffraction effect. The relaxation curve of this first order diffracted signal
should be in principle a single decay

I(t)/1(0) = exp(~t/7), (1)
where 7 is the relaxation time. The relaxation due to the thermal relaxation of
created positions of particles to random positions is according the Perrin law [7]
given by

7(d) = nd®n/3ksT, (2)
where d is the particle diameter and 7 is the carrier fluid viscosity. It should be
noticed that this diameter determined from this experiment is the hydrodynamic
diameter dy. The above-mentioned consideration is valid in the case of monodis-
perse magnetic particles only. Owing to the particle size distribution, I(¢)/I(0) is
not a simple exponential function of time. Taking into consideration polydispersity
of particles, the time dependence of the intensity is given by the following formula:

16)/1(0) = /0 " exp(=t/)p(r)dr, 3)

where p(7) is a spectrum of relaxation times. As the time constant 7 is a function
of d (see Eq. (2)), the function p(r) is proportional to the hydrodynamic particle
size distribution function. For the calculation of the spectrum of relaxation times
p(7), the method based on the discrete fast Fourier transformation was used [8].
This method is well known for calculation of the activation energy spectrum for
the deformation processes in amorphous metals [9].
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3. Results and discussion

The self-diffraction experiment was performed for three values of angle «
corresponding to various lattice constants of the optical grating obtained, i.e. A =
16 pm, 25 pm, and 49 um, respectively. Figure 1 illustrates the experimental
relaxation signal of the first order of the diffracted pattern after switching off the
laser interference field. By means of the above-described technique we calculated
the corresponding spectrum of relaxation times (Fig. 2). Two well-defined maxima

are seen in this figure.
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Fig. 1. The relaxation signal of the relative intensity I (t) /I (0) of the first order of
diffracted pattern for the lattice constant A = 25 um.
Fig. 2.

The corresponding spectrum of relaxation times.

TABLE
The parameters of the spectrum relaxation times
for studied lattice constants.

A [pm] | 71 [ms] | dua1/dmp | 72 [ms] | du2/dmp
16 24 15.0 88.8 50.0
25 3.0 16.1 104.1 52.7
49 2.8 15.7 91.5 50.5

Experimental results are summarized in Table, where the ratios of the hy-
drodynamic diameters of the calculated maxima to the mean particle size diameter

(dmp = 11.7 nm) are given. These values for the calculated maxima are nearly the

same for various lattice constants being in agreement with the fact that we used
one magnetic fluid in the experiment. The hydrodynamic sizes dy deduced from
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these measurements are much longer than the sizes determined from electron mi-
croscopy or magnetization measurement dy,,. The disparity in diameter dg/dp may
vary by a factor from 2 to 15 [10]. The experimental values of dy/dyy were measured
(du/dm = 15) for kerosene [11] and (dy/dm = 11) for mineral oil [12] based on
magnetic fluids for example. In the experiment we have used the petroleum-based
magnetic fluid which is similar to the kerosene-based magnetic fluid, i.e. the ob-
served ratio of the first maximum (dy/dm = 15.0 +16.1) is in agreement with the
previous experiments. The obtained value of the second maximum dy/dy, is in the
range of 50.0-52.7. This situation can correspond to small clusters of magnetic
particles. The main result of this work is to develop a new method of calculation
of the hydrodynamic particle size distribution function in magnetic fluid by means
of the study of relaxation phenomena. From the results we can conclude, which
processes are responsible for the relaxation phenomena.

Acknowledgment

This work was supported by the Slovak Academy of Sciences within the
framework of the grant No. 4001.

References

. [1] K. Thyagarajan, P. Lallemand, Opt. Commun. 26, 54 (1978).

f2] D. Senderakovd, Z. Csékovd, A. Strba, in: Wave and Quantum Aspects of Con-
temporary Optics, Eds. J. Nowak, M. Zajac, Proc. SPIE 3320, 217 (1998).

(3] D.W. Pohl, Phys. Lett. A 77, 53 (1980).
[4] W. Koehler, J. Chem. Phys. 98, 660 (1993).
[5] N.V. Tabiryan, W. Luo, Phys. Rev. E 57, 4431 (1998).

(6] J.C. Bacri, A. Cebers, A. Bourdon, G. Demouchy, B.M. Heegaard, R. Perzynski,
Phys. Rev. Lett. 74, 5032 (1995).

[7] F. Perrin, J. Phys. Radium 5, 33 (1934).

[8] G. Knuyt, H. Stulens, W. De Ceuninck, G.J. Beck, L.M. Stals, Philos. Magn. B
65, 1053 (1992).

[9] A.Kasardova, V. Ocelik, K. Csach, J. Miskuf, Philos. Magn. Lett. 71, 257 (1995).
[10] J.C. Bacri, R. Perzynski, D. Salin, J. Servais, J. Phys. (France) 48, 1385 (1987).
[11] Yu.N. Skibin, V.V. Chekanov, Yu.L. Raiser, Zh. Eksp. Teor. Fiz. 72, 949 (1977).
(12] M.M. Maiorov, A.O. Tsebers, Kolloid. Zh. 39, 1087 (1977).




