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The effect of gravity on the formation of Liesegang patterns of Ag,Cr,0O- in gelatin and that
of Pbl, in agar was investigated. Spatial arrangement of Liesegang bands was measured in
the parallel and antiparallel orientation to the gravitational field in a single sample with all
other parameters kept fixed. The experimental results are discussed in terms of the
prenucleation theory of periodic precipitation.
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Formation of periodic precipitation patterns, known as the Liesegang phe-
nomenon, has been the object of intensive study in the past®. After some
decline of initial interest, the work in this field began to rise again, first of
all due to the development of the non-linear irreversible thermodynamics.
Besides the classic Liesegang experiment, i.e. the precipitation of potassium
dichromate with silver nitrate in gelatin, some other reactants and gels, as
well as non-gelatinous media, were studied?3. The apparent similarity to
geological textures and patterns in the plant and animal biology also stimu-
lated the research®. The mechanism of the formation of Liesegang rings or
bands is rather complex and involves several processes, namely the diffu-
sion of the reactants, formation of colloid particles prior to precipitation,
coagulation of the colloid and subsequent formation of a crystalline phase.
Various theories of the Liesegang phenomenon have been published up to
the present time. The most important theoretical assumption is that of
supersaturation of silver chromate, introduced by Wilhelm Ostwald in his
theory of periodic precipitation®. The supersaturation means that the
Liesegang system is removed far from equilibrium which is the indispens-
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able condition for the occurrence of the oscillations. A further condition
for an oscillatory system can be also found in the process of formation of
Liesegang patterns. It is the autocatalytic growth of colloidal particles dur-
ing the coagulation of the nuclei®. The coagulated particles of the precipi-
tate form a turbidity zone surrounding the ring system”2. In some
Liesegang systems the secondary structure is observed in which microscopi-
cally spaced bands of precipitate are superimposed on the visually observ-
able primary bands®. The role of gravity in the formation of Liesegang
patterns was investigated in the past by several authors but no unambigu-
ous results were presented’ 1113,

The aim of our work was to bring new experimental material on the ef-
fect of gravity in the classic Liesegang systems, potassium dichromate with
silver nitrate in gelatin and potassium iodide with lead nitrate in agar, and
to contribute to answering the question whether gravity does influence or
not the formation of Liesegang bands.

EXPERIMENTAL

Liesegang bands of Ag,Cr,0, have been obtained with a solution of 0.017 m K,Cr,0, (p.a.,
Lachema Brno) in 10 wt.% gelatin (Gelatina animalis CSL.3, Medika Bratislava). The gelatin
was dialyzed before use. The solution with a weighed amount of gelatin was heated to 90 °C
for approximately 30 min, then it was filtered and poured into tubes (150 x 5 mm) provided
with a stopper on the bottom. The gel was left to set at room temperature, then cooled in a
refrigerator to 6.5 °C. After cooling to reaction temperature, about 1 cm from the bottom
part of the tube was cut off and the tube was immersed into a reservoir with approximately
0.6 ml of a concentrated solution of AgNO;. At the same time, 0.2 ml of the nitrate was
pipetted onto the top of the tube (Fig. 1). The tube was immediately placed in a refrigerator
and left in the dark at 6.5 °C for 24 h. Under these conditions, a system of well defined
sharp bands of primary and secondary structure was formed. In another series of
experiments instead of gelatin agar was used (Agar, Medika Bratislava) with the concentration
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gelatin + K,Cr,0;, —» AgNO4

Fic. 1
Experimental arrangement for the evaluation
of Liesegang bands in the parallel and anti-
parallel direction to the gravitational field
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of 1 wt.%, the reactants being Pb(NO;), (saturated solution), and 0.012 m KI. Sharp bands of
Pbl, were formed, however, no secondary structure could be detected in this system. The
spatial arrangement of Liesegang bands was measured by means of a travelling microscope
(Abbé Komparator, Carl Zeiss Jena). Some tubes were photographed, the photographs were
enlarged and the positions of bands were measured with a ruler.

RESULTS AND DISCUSSION

As stated in ref.13, the main problem in providing the existence of a gravita-
tional efect on Liesegang bands comes from the difficulty of performing re-
producible experiments. A system far from equilibrium can be strongly
affected by various internal and external factors. The present experimental
arrangement provides equal conditions for the pattern formation in both
parallel and antiparallel orientation of the gravitational field. For the evalu-
ation of experiments the spacing law in the form (1) was used”:14:

Xy = X PV, 1)

where xy is the position of the N-th band, x, the initial position (the top
and/or the bottom of the tube), and p is the spacing coefficient. From the
logarithmic form of Eqg. (1) a straight line can be obtained in the coordi-
nates In xy = f(N). However, only first 6-7 bands lay on the straight line.
The Jablczynski law (2) for the ratio of band distances xy and xy_; was also
used:

XnXnog = O (2)

o being constant for most investigated Liesegang systems. Typical
dependences of In x on N for Ag,Cr,0; bands evaluated in both parallel
and antiparallel directions to the gravitational field are presented in Fig. 2.
The figure demonstrates that there is only little difference between the cor-
responding straight lines, the values of the spacing coeficients being 1.0202
for the parallel and 1.0144 for the antiparallel direction to the gravitational
field, respectively. These values do not permit an unambiguous conclusion.
The values of the spacing coefficients p as well as the values of a for the pri-
mary and secondary structure of Ag,Cr,0- Liesegang bands are summarized
in Table I. It can be seen that the mean values of spacing coefficients indi-
cate the effect of gravity. However, their differences for both directions to
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TABLE |
Spacing coefficients p and the ratios a = xy /xy_; for the Ag,Cr,0, Liesegang bands evaluated
in the parallel and antiparallel direction to the gravitational field; 10 wt.% of gelatin, 0.017 m

K,Cr,0,, saturated solution of AgNOg, 6.5 °C

Experiment p (parallel) p (antiparallel) a (parallel) o (antiparallel)
Primary structure

1 1.0014 + 0.0005 1.0015 + 0.0002 1.0019 + 0.0005 1.0018 + 0.0005

2 1.0012 + 0.0004 1.0019 + 0.0006 1.0016 + 0.0004 1.0019 + 0.0006

3 1.0023 + 0.0001 1.0035 + 0.0002 1.0032 + 0.0010 1.0037 + 0.0010

4 1.0136 + 0.0003 1.0185 + 0.0005 1.0220 + 0.0030 1.0240 + 0.0020

5 1.0021 + 0.0002 1.0023 + 0.0001 1.0029 + 0.0010 1.0030 + 0.0008

1.0090 = 0.0048
1.0046 + 0.0004
1.0044 + 0.0009

Secondary structure

1.0061 + 0.0030
1.0053 = 0.0004
1.0053 + 0.0007

1.0070 + 0.0022
1.0076 + 0.0021
1.0060 + 0.0016

1.0072 + 0.0014
1.0093 + 0.0032
1.0096 + 0.0033

FiG. 2

4.38

In xy

4.36 -

434

4.32 -

4.30 -

4.28
0.5

55

In xy vs N plot according to Eq. (1): 7 parallel, 2 antiparallel direction to the gravitational
field; 10 wt.% of gelatin, 0.017 m K,Cr,0,, saturated solution of AgNO,, 6.5 °C
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the gravitational field are within the experimental error (experiments 3 and
4 are the exceptions). The primary and secondary structures show the same
effect which is in favour of the opinion that the secondary structure is an
integral part of the Liesegang phenomenon. The values of the spacing coef-
ficients p for Pbl, bands in agar in the parallel and antiparallel direction to
the gravitational field are 1.0022 + 0.0002 and 1.0027 + 0.0006, respec-
tively.

The effect of gravity on the formation of Liesegang bands is considered as
a support of the postnucleation theory of periodic precipitation. According
to this theory, the structure arises from a spatially continuous region of
colloid in a long time after nucleation has occurred. The influence of grav-
ity on the band locations assumes the existence of colloid particles of sev-
eral hundred angstréms in size’. Roughly estimated, the colloid particle in a
Liesegang system consists of about 11 molecules of silver chromate*. The
mass of such an aggregate is obviously too small to be influenced by the
gravitational field to a measurable extent; hence, the negative result of the
measurement of the gravity effect on Liesegang patterns does not necessar-
ily imply rejection of the postnucleation theory.

A definitive conclusion about the absence and/or presence of the effect of
gravity on periodic precipitation needs further work with other Liesegang
systems besides the classical one.

REFERENCES

1. Stern K. H.: Chem. Rev. (Washington, D. C.) 1954, 54, 79; and references therein.
2. Racz Z.: Physica A (Amsterdam) 1999, 274, 50.

3. Chopard B., Droz M., Magnin J., Rdcz Z., Zrinyi M.: J. Phys. Chem. A 1999, 103, 1432.
4. Krug H.-J., Brandstdadter H.: J. Phys. Chem. A 1999, 103, 7811.

5. Ostwald W.: Z. Phys. Chem. 1897, 23, 356.

6. Flicker M., Ross J.: J. Chem. Phys. 1974, 60, 3458.

7. Kai S., Miiller S., Ross J.: J. Chem. Phys. 1982, 76, 1392.

8. Lexa D., Holba V.: Colloid Polym. Sci. 1993, 271, 884.

9. Ramaiah K. S.: Proc. Indian Acad. Sci. A 1939, 9, 467.
10. Holba V.: Colloid Polym. Sci. 1989, 267, 456.

—
—

. Das 1., Pushkarna A., Bhattacharjee A.: J. Phys. Chem. 1990, 94, 8968.

12. Zrinyi M., Galfi L., Smidréczki E., Rdcz Z., Horkay F.: J. Phys. Chem. 1991, 95, 1618.

. Garcia-Ruiz J. M., Rondén D., Garcia-Romero A., Otalora F.: J. Phys. Chem. 1996, 100,
8854.

14. Prager S.: J. Chem. Phys. 1956, 25, 279.

—_
w

Collect. Czech. Chem. Commun. (Vol. 65) (2000)


http://dx.doi.org/10.1021/jp984006a
http://dx.doi.org/10.1021/jp991092l
http://dx.doi.org/10.1063/1.443131
http://dx.doi.org/10.1021/jp953351m
http://dx.doi.org/10.1021/jp953351m

