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|. Introduction

The periodicity is generally observed phenomenon in the
living and unanimated environments. For examplpgtigon
of days and nights, changes of the seasons, reggearance
of high and low tides, some steps in the glycolyperiodic
contraction of heart tissue, population dynamicshig animal
world (pray and predator), periodical appearancesame
infectious diseases, biological clock, formationpaftterns on
the animal coats and inside the rocks, etc. caresas typical
periodic phenomena. We encounter periodigity chemical
systemsas well if special requirements are fulfilled. $ach
systems — depending on the way as the reacticariged out —
the concentration of the intermediates and evenréhetants
and products can undergo periodic changes duriegthirse
of the reaction. The oscillations in concentratoay appear in
time or space resulting ionscillatory chemical reaction®r
chemical patternsrespectively. The results established about
the periodicity at molecular level may contribubeunderstand
the similar but more complicated periodical phenoane

emerging widely in nature.



II. Objectives

My doctoral work aimed aproducing novel oscillatory
chemical reaction®y: (1) elaborating new design method; (2)
applying known method; (3) finding systems of new
composition. The additional tasks were to study madlel the

dynamical behavior of the new systems.
My objectives were:

(1) Generation of batch pH-oscillatars

All pH-oscillators known so far have worked undéow
condition. Some of them are able to oscillate imiseatch
reactor, as well, these oscillations are stronglsnped due to
the constant increase of volume, the consumptioreaétants
and the dilution of the reaction mixture. Progresse the
applications of pH-oscillators ("molecular motor$periodic
drug delivery system", coupling pH-oscillators to
biomolecules, e.g. to DNA or nanosystems, etc) made
necessary to develop hardly damped, high amplitioieg

lasting closed pH-oscillatory systems.

(2) Coupling metal ion — amino acid complex formation
equilibrium to a pH-oscillator:
Our research group has developed a method by which
oscillations in the concentration of non-redox ioten be
2



induced. The method is based on linking a redoxtasar to a
complexation or precipitation equilibria. In theupbed system
the concentration of the components participating the
equilibria is forced to oscillate with the frequgnaf the core
oscillator. One of my tasks was to extend the nuniife
coupled systems by using metal ions — amino acidptex
formation instead of the previously applied inorigathemical
equilibria. In the new systems the concentratiothefdifferent
amino acid complexes and the metal ion are expetded

oscillate.

(3) Design of new permanganate oscillators involving
amino acids and studying the mechanism of the gsterms:
So far only inorganic reductants were used in tlaganese
chemistry-based oscillators. The kinetics of thedaton of
some amino acids by permanganate was establishdd an
autocatalytic reaction path was reported in botldi@acand
neutral pHs. My aim was to produce a new group of

manganese oscillators in which the substratesranmeosacids.



[1l. Methods

The CSTR(continuous fed stirred tank reactouns were
performed in V= 110 cfhand 25 criithermostated (T= 25 °C
and 45 °C) reactor. The reactants were fed contisiydby a
peristaltic pump (Gilson Minipulse 2) through 4icihe tubes.
The excess of the reactor content was removed byhan
peristaltic pump that rotated in opposite directibhe reaction
mixture was stirred by magnetic stirrer (HeidolpfiRN3000).
The changes in the pH in time were followed by enbmed
glass electrode (Radelkis OP-0823P). The redoxnpatein
the reaction mixture was measured by Pt electrogferénce
electrode Hg / HgO, / K;SQp). The electrodes were
connected to pH-meter (Hanna pH 209). The data were
recorded by a two-channel analog recorder (Kippaagh BD
41) and with a personal computer using a NI 6010RCI
converter.

In thesemi-batch experimentthe reactor was filled with
the mixture of components in excess. The reagenswuoed
during one oscillatory cycle was introduced inte tieaction
vessel at slow flow rate by a peristaltic pump.

The setup useth closed systenaxperiments was much
simpler. After filling the reactor with the comparie of the
oscillator no additional input from outside wasraauced.
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Silica gel layers of different thickness containisgdium
sulfite were prepared previously in the reactiorsset¢ and
supplied the sulfite by slow dissolution. The mnetwf the
other components was prethermostated, poured abevgel
and the pH was measured in time. In order to awaig
damage of the gel the solution was stirred fromvab@KA
RW 20 Digital) with low rate (100-250 rpm) insteaflusing a
magnetic stirrer.

In the experiments needed to accomplish Objecti2es
and (3)spectrophotometric measurememtsre carried out by
using Milton Roy 3000 A= 300-800 nm, |= 1 cm quartz
cuvette, T= 25-45 °C) and Agilent 8452 type (300-800 nm,
|I=3.27 cm, T= 45 °C) diode array spectrophotonseter

The simulations were done with the program XPPAUT.
The calculations of species distribution in the ahabn —
amino acid complex equilibrium as a function of p¥ére

performed with the MEDUSA software package.



V. Results

The results achieved in my doctoral work are the

followings:

(1) A method was elaborated which is able to canver
CSTR pH-oscillators to closed ones. All known pHilbators
function under flow condition, because one of teagents is
consumed during one oscillatory cycle. To maintare
oscillations this reagent should be continuousiypsied. If we
generate this reagent inside the reactor CSTR pilaisrs
can be converted to batch-like versions. Our metkdoased
on supplying the reagent by its dissolution from teyer
prepared previously in the reactor. With the metfmgd pH-
oscillators, the Br@ — SO;>” — Mr#*, the BrQ” — SQ?* -
Fe(CN}*, the I — SQ*—Fe(CN)* and the Br@ —SO:*
CSTR pH-oscillators were transformed to operatesuictbsed
condition. In a batch system that consisted of b lgger
embedded with N&O; and of a solution which contained the
rest of the components of the above mentioned CSHR
oscillators hardly damped, large amplitude, lonstitey pH-
oscillations were recorded. Dissolution rate of shéfite from

the silica gel was measured. The pH-oscillationgsueed in



the BrQ~ — SOs°  batch-like system was successfully

simulated.

(2) Coupling pH-oscillators to metal ion — aminoidac
complex formation equilibrium was studied in orderextend
the number of species that are capable of condemra
oscillations. The species distribution as a functd pH was
calculated and the light absorption spectra wasrded at
different pHs at different initial molar ratios. @aentration
oscillations of the Nfif, the NiHis and the Ni(His) species
were measured in the coupled Br@ SQ* - Ni** — histidine
CSTR system. The dynamical behavior of the coupleiem
was simulated by model calculations.

Efforts were made to further extent the number @fipted
system. In the Br@ — SQ? - C&" - histidine CSTR system
high amplitude oscillations were observed in theoabance at
A= 418 nm.

(3) A manganese-based oscillator which is new in
composition was produced. In the KMp© glycine — HPO,
CSTR system long period time (1 hour) oscillatiansthe
redox potential and in the light absorptioat525 nm and=
418 nm characteristic for MnOandMn(IV)ions, respectively

were measured. Model was suggested to explain rigan of



oscillations and the dynamical behavior of the eystwas
successfully simulated.

The permanganate oxidation of seven amino acidgi(,

alanine, threonine, valine, leucine, isoleucineerpfalanine)
has been reported to proceed in autocatalytic Wagillations
were measured in the KMnGO- threonine — BPO, flow

system as well.

In 1996 high frequency potential-oscillations hdeen found
by a Chinese research group in the KMn©Oglicin — HsPOy

CSTR system. Despite our hard efforts we failedeforoduce
their results. | proved by spectrophotometric meaments that
the oscillations observed by the Chinese group ramest

probably artifact. Chemical oscillations found bg appear
under significantly different conditions than thasported in
1996.



V. Conclusions

(1) Generation of batch pH-oscillatars
Our experimental results show that some CSTR pHla®es
— using appropriate methods — can be converteérto-Batch
and batch variants. The essential step of the rdethahe
supplement of the reagent consumed during the latecy
cycle. This reagent could be introduced by petistgpump in
the semi-batch experiments or according to the queg
method, by its dissolution from another phase. Taier
mentioned arrangement represents a batch-likersystethis
system sulfite ion was stored in gel-phase and gtillations
were measured in the mixture of other reagentsdBeke four
successfully converted systems there are severr @He
oscillators that contain sulfite ion as reductdPtesumably,
many of them can be transformed to operate in $atch or
batch condition with our method. In several progbse
applications the batch-like pH-oscillators would Ipeore
convenient to use than the more complicated CSTR
arrangement. Many other reagents can be embedtedats,
so this method may be suitable to convert not @HIR pH-
oscillators. Some promising preliminary experimentsre
carried out in the Cu(ll)-catalysed oscillatorgg(en the HO,
— S04 - CU* system) to reach this goal.
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(2) Coupling metal ion — amino acid complex formation
equilibrium to a pH-oscillator:

My experimental results proved that the pH-osalist
are capable of moving periodically such complicagdilibria
as the stepwise complex formation reactions. Indbepled
Ni** — histdine — Br@ — SQ% CSTR system the
concentration of the Kfi, NiHis" and Ni(His) oscillates. We
may conclude that many other oscillators are ablalternate
physical, chemical and biochemical equilibria péigally. We
suppose that concentration oscillation of non-redmtecules
or ions may occur similar way in the more compkhchtiving
organisms as in the simple chemical systems. Guiteeshow
that the behavior of complex systems can be prdlidty

model calculations using the data of the subsystems

(3) Design of new permanganate oscillators involving
amino acids and studying the mechanism of the gsters:

| demonstrated that in oscillators based on marggane
chemistry beside inorganic ions the more complatateyanic
compounds, such as amino acids could serve as tastuc
Oscillations were observed in the permanganateatigia of
the simplest amino acid the glycine and the thmemnin the
presence of PO, , at neutral pHs. The oscillatory ranges of

the initial concentrations are narrower than obsgrin the
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KMnQO,4 — inorganic substrate — stabilizator systems. réinge

of parameters within the system behaves in osoilfathanner
is significantly narrower compared to those in wvhicorganic
substrate is involved. The permanganate oxidizeeramino
acids such as valine, leucine, etc. in autocatahgactions. We
assume that some of these amino acids or even sinpde

peptides can be used as substrates in manganesesthe

based oscillators.
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