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Technical Design of an Oscillopolarograph with
a Wide Range of Application

T. SEVCIK, K. METZL

Institute of Biophysics, Czechoslovak Academy of Sciences,
Brno

The conception of an oscillopolarograph is described which can be used
for oscillopolarography by applied current of rectangular shape and rectan-
gular or triangular applied voltage. The apparatus renders possible to record
single first curves, several subsequent curves and alternating polarization.
For work with applied current, the apparatus is provided with incorporated
circuits for stabilization of the oscillopolarograms. In respect of design it is
constructed as a self-contained polarographic apparatus; for recording of
the curves any oscillograph or other recording device can be used.

In our institute the cscillopolarographic method is used for studying pro-
teins, nucleic acids, and their components [1]. Measurements have so far been
carried out with the aid of a P 576 Polaroscope designed rather for current
technical use. In the interest of further widening and improving the range
of application oscillopolarography can find in biology, we have started to
tackle the development of a new oscillopolarograph that will enable us to
carry out more universal measurements. For the time being, two fundamental
oscillopolarographic methods are widely used: oscillographic polarography
by applied current [2] and oscillographic polarography by applied voltage [3].
Both methods have been worked out separately, for both methods suitable
devices have been developed, some of them possessing universal character
[4, 5].

Description of apparatus

When choosing the conception of our apparatus we proceeded from the requirement
that both fundamental methods of oscillographic polarography could be employed. The
block diagram of the apparatus is shown in Fig. 1. The apparatus itself consists of three
basic parts: basic generator, shaping unit and amplifier unit. In the basic generator
rectangular pulses are produced with the aid of a multivibrator from which the polarizing
waveforms are derived. The pulses are produced within the frequency range of 0.1 ¢/s
to 1 ke/s on frequencies which are multiples of I and §. The multivibrator is started
at any time of the growth of the drop and produces, with the aid of another multivibrator,
either I pulse or several pulses respectively, or a series of pulses, lasting until the drop
is torn off. Thus, we can, in a relatively easy way, produce the first curve or several
curves, on a growing surface of the mercury drop, or work with alternating polarization.
The detachment of the drop can be controlled within a period of 0.5—10 seconds, or
synchronized either with the frequencies of the polarizing waveforms or with their diffe-
rent fractions. In the second case, we thus obtain stabilized oscillograms with one or
more curves. The device for the drop-time control used for this purpose is described under
reference [6].
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Fig. 2. Polarizing waveforms used in the

Fig. 1. Block diagram of apparatus.
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The shaping unit treats the rectangular pulses from the basic generator and turns
them into polarizing waveforms which are applied to the electrodes. In Fig. 2 the polarizing
waveforms the apparatus is working with are plotted. In applied current oscillographic
polarography the current impulses of rectangular shape are produced by the passage
of voltage pulses of 4100 V amplitude over a sufficiently high resistance into the load.
The generated voltage pulses have at the end of their anodic part a certain time-lag
on the zero potential (Fig. 2a). This time-lag, on the one hand, makes possible to complete
the pulses within the required time, on the other hand, it serves for adjusting the D. C.
component by shortening or lengthening the anodic part of polarizing waveforms. In
applied voltage oscillographic polarography three types of voltage waveforms are used
on the whole: the triangular waveform directed towards negative potentials (Fig. 2b),
the triangular waveform directed towards positive potentials (Fig. 2¢), and the rectan-
gular one (Fig. 2d). By suitable limitation it is possible to produce trapezoidal waveforms
from triangular ones. The amplitude of all voltage waveforms can be changed continuously
within the range of +-0.5 V to —2.5 V.

Two D. C. amplifiers serve for amplifying the voltage or current from the polarizing
electrode. By means of one of them, derivation of the output signals is carried out accord-
ing to need. Active derivation with the aid of a D. C. amplifier features great advantages
over derivation with the aid of passive RC circuits. The former allows for perfect deriva-
tion within the entire frequency range, moreover, it keeps up the signal amplitude or
amplifies it as well. The apparatus further provides stabilization of the oscillograms in
applied current oscillographic polarography. Constant amplitude of the output oscillo-
grams is reached by maintaining a constant current density on the drop during its growth.
For controlling the feedback system, a derivative output signal is being used, the ampli-
tude of which is proportional to the current density on the drop. When the output signal
exceeds the set D. C. level, controlling signal is released which is detected and upon
amplification controls the level of limitation of the generated polarizing courses and thus
their amplitude as well.
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The apparatus is designed and constructed as a self-contained polarographic unit.
Any oscillograph or any other suitable recording apparatus can be used for recording
the curves. The output level of the signals is 100 V, which allows for any magnification
of the size of the individual indentations when a standard oscillograph is used.

Experimental

For the sake of illustrating the wide range of application this oscillopolarograph can
find we are presenting a few oscillopolarograms of a cytidylic acid solution of 5.10%m
concentration in the supporting electrolyte of ammonium formate of 0.3 M concentration
with pH 5.6 phosphate buffer, the frequency of the polarizing sweeps being 50 ¢/s. In
Fig. 3a is shown the standard oscillographic curve dE/d¢ = f(E) in applied current oscillo-

polarography. In Fig. 3b there is the same
oscillopolarogram stabilized by means of the
circuit already described. In Fig. 3¢ the first
curve is shown, Fig. 3d shows three oscillo-
graphic curves of the same solution. In oscil-
lographic polarography by means of applied
voltage of triangular shape we obtain ana-
logically similar curves. Fig. 4a depicts the
standard oscillographic curve I = f(E) and
Fig. 4b shows the first curve of the same
solution.

Iig. 3. Oscillographic curves dE/dt = f(E)
of cytidylic acid solution of 5 10-%m
concentration in supporting electrolyte
of ammonium formate with pH 5.6 phos-
phate buffer in rectangular applied current
oscillopolarography at a frequency of
50 cfs.
a) standard oscillogram; b) stabilized
oscillogram; ¢) first curve; d) first three
curves.

Fig. 4. Oscillographic cur-

ves I = f(I) for the samec

solution in triangular ap-

plied voltage oscillogra-

phic polarography at
frequency of 50 cfs.

a) standard oscillogram;

b) first curve.
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In our paper we wish to point to the possibility of designing and constructing more
universal apparatuses that will make possible to apply more oscillopolarographic me-
thods in the research work.

The authors wish to express their thanks to the staff of the Institute of Polarography at
the Czechoslovak Academy of Sciences, in particular, to Dr. P. Valenta and Dr. R. Kal-
voda, for valuable advice and the critical interest they have shown in the design and construc-
tion of the apparatus.

TECHNICKY OPIS OSCILOPOLAROGRAFU S ROZSIAHLOU
POUZITELNOSTOU

F.Sevéik, K. Metzl

Biofyzikdlny tstav, Ceskoslovenskd akadémia vied,
Brno

Navrhol sa pristroj na ziskanie oscilopolarografickych kriviek dE/d¢ = f(E) a I = f(E).
Zariadenie umoziuje polarizovat elektrédu aj jednotlivymi cyklami striedavého prudu
pravouhlého priebehu a striedavého napitia trojuholnikového a pravouhlého priebehu.
Stabilizované oscilogramy mozno ziskat polarizdciou kvapkovej elektrédy pridom kon-
Stantnej hustoty.

TEXHHUYECRAA CXEMA OCHILT.TIONOJAPOTPADA
C OIIPOROIl OBJACTLIO NPIMEHEHHWA

. IleBunk, K. Mermun

Huctntyt Gitoduisnky, UexocloBankas awaIeMus HayK,
Lpxro

Buria npe;Uiomena annapatypa LIS 10JYUCHHA OCIMILIONOISAPOTPAPHUCCKUX KPABLIX
dE/dt = fE) u I = f(E). YeTpoiicTBO N03BOAACT MOJAPU30BATL 3JICKTPOT M OTIETLELMA
IMILIAME TIEPEMCHHOTO TOKA NPAMOYI'0JILHO (JOPMBL M 11¢PEMCHHOTO HAIPSMKEHUsI TPEYT0sb-
HOH I NpsMOyTo:ULHON QopMBI. MOMKHO NOIIYyUMTH CTaGHIM3HPOBaHHBIE OCLHIIZIOTPAMMEL,
NPUMEHsSI TIOJAPUBANMIO PTYTHOTO KAME;ILHOI0 3JICKTPOJA TOKOM ITOCTOAHHOM TIOTHOCTH.

e PreloZil I. Smoler
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