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The reduction of 3-bromopyrene in DMF at a mercury electrode for scan rates lower than™®.1
is accompanied by a slow adsorption of an intermediate, resulting in a catalytic behaviour. Tt
rent oscillations take place in a region of the negative faradaic impedance.
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The irreversible reduction of halogen substituted aromatic compounds (AX) in af
media involves in generafthe reversible formation of an anion radical

AX + e — AX" @)

followed by cleavage of the carbon—halogen bond

AX™  —— A+ X ®)

A further reduction of the resulting neutral aryl radical proceeds either at the elec
by the ECE mechanism

AN+ e — A (©)
or in the solution
AT+ AXD — A+ AX (D)

by the DISP1 mechanism, if the forward reacti®) i the rate determining step. Th
final step is the protonation of the anion yelding the hydrocarbon. Moreover, it wa
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showr? that the abstraction of H-atom from the solvent like DMSO by some nel
aryl radicals is a concurrent reaction to stepsgnd D).

For the electroreduction of 3-bromopyrene in DMF the ECE mechanism can b
pected on the basis of the behaviour found for other bromodrefAadowever, a more
complicated reduction process leading to oscillations of current has been obsen
us at lower scan rates.

Spontaneous current or potential oscillations in heterogeneous systems hav
widely investigated in recent yedrsAdvantages of those studies are straightforw:
control of the parameters (e.g. a potential or a series resistance) which shifts the
to a state of instability, and a relatively short timescale of oscilldfion#ferent kinds
of electrochemical oscillators have been reported, including catalytic oxidation c
ganic molecules at noble metals like platirtdfifand the electrocatalytic reduction c
inorganic ions at mercury, e.g. indium in the presence of thiocydni&ted new type
of an organic oscillator is reported here.

EXPERIMENTAL

Bromination of pyrene in CGland crystallization from ethanol was used to synthé$emed purify
3-bromopyrene; 0.1 tetrabutylammonium perchlorate (Fluka) was applied as a supporting ele
lyte, N,N-dimethylformamide (DMF, Lab Scan) was dried over sodium hydride and purified u
copper sulfate; each step was followed by distillation under reduced pressure.

A three-electrode cell consisting of a static mercury dropping electrode (SMDE, Laboratorr
stroje, Prague), a Pt counter electrode and an Agf/éfgrence electrode in acetonitrile were use
All potentials reported here were recalculated to SCE. Cyclic voltammetric curves and ampera
measurements were performed with a PAR 273A potentiostat controlled by a computer. A ¢
graph PA4 and a recorder XY, model 4106 (Laboratorni pristroje, Prague) were also used tc
the current oscillations and an oscilloscope HO79 (Hameg, Frankfurt) to observe the potential
lations. Argon gas was bubbled through the solution before each experiment. Measurement
performed at 22C. The temperature effects were investigated in the range between 1.5 &Bd
using a thermostat U2C (MLW, Germany).

RESULTS AND DISCUSSION

Reduction at Higher Scan Rates

At higher scan rates/( 0.1 V s?) at room temperature the electroreduction of 3-b
mopyrene in DMF at a mercury electrode occurs via the ECE mechanism, i.e. its
viour is similar to that described for other bromoaréres The irreversible,
two-electron reduction of the C-Br bond followed by the reversible, one-electron r
reactions of pyrene and its radical anion, are observed in cyclic voltammograms
current of the first peak is proportional td? and the peak potenti&l, depends ow.

The value of coefficienbEo logv = —29 mV per decade of the scan rate after
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correction, is in agreement with the theory of both ECE and DISP1 mechanism
distinguish between them, the analysis of the pararpagenecessany.
In the Eq. 1)

p = kyck3? (FV/IRT)V? (@D}

k, and ky are rate constants of the cleavage s@®pafd the solution electron transfe
(D), respectively, and® is the bulk concentration of the reactant. The valug ap-
proaching zero indicates the predomination of the ECE paftfivajereas the DISP1
mechanism prevails when> 10°. The disproportionation stef) is not far from the
diffusion-controlled limit->giving ky= 16® moltstandc®= 0.5 mmol t1. The cleav-
age rate constar, is much higher than 5 000'decause even at= 250 V s!no
anodic peak and no significant decrease of the cathodic peak current are obse
voltammograms. Using the above values, the upper limit of the competition para
can be calculated from EdL)( the valuep = 14 indicates the ECE mechanism.

Adsorption/Desorption Phenomena

An unusual behaviour of the first process was found at the room temperature fo
rates lower than 0.1 V5 as shown in Fig. 1. The peak current of the main pedk

much higher than expected for a diffusion-controlled process and it increases wi
crease of the scan rate, reaching the value which corresponds to a three-electror
tion atv = 0.015 V s% The height of this peak is strongly temperature-depend
giving d1,/0T = 0.18 A K1, whereas for the diffusion current corresponding to
reversible reduction of pyrene (pebikdl /0T = 0.008pA KL These results indicate

6

Fic. 1 1, A

Cyclic voltammogram of 0.5 m 3-
bromopyrene in DMF with 0.
TBAP at 22°C, scan rate 0.03 V's
Cathodic peaks correspond to the
catalytic process of bromopyrene
(la), reduction of adsorbed species
(Ib) and the reversible reduction of ;|
pyrene [(I). Insert: typical oscillatory
time series for the current recorded . ‘
at the potentiakE = —-1.94 V 1.0 15 20 _gv 2.5

3+
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the catalytic nature of the reduction proctssHowever, the valugE /o logv =-31 mV
per decade of the scan rate corresponds to the ECE or DISP1 mechanism.

Moreover, an additional post-pedx observed at more negative potentials (Fig.
can be divided into smaller peaks due to the current oscillations, as it will be disc
later. The temperature dependence of its height is much less prono@ig@dds 0.024
HA K1, in contrast to the catalytic peék. The characteristics of the peliksuggest
a strong but relatively slow adsorption of the reactant or an intermediate. At
negative potentials the cathodic current rapidly decreases due to the desorption p
until the reduction of pyrene occurs (pdk This current decrease occurs at a pot:
tial independent of scan rate indicating that the desorption is fast. On the revers
a sharp spike is found at potentials when the adsorption starts (Fig. 1) followed b
cathodic current, similar to that observed during the forward scan. It supports the
catalytic nature of the proceks, in which the adsorbed species participate. At lov
temperatures, when the adsorption is stronger, a position of the spike shifts to
positive potentials with an increase of the scan rate. The height of the spike dec
at the same time (Fig. 2). That behaviour supports the view of the slow adso
process in the time scale used. The dependence of both reductiohgpaaét on the
scan rate is more evident at lower temperatures due to stronger adsorption a
absence of current oscillations. A typical example for the temperature dfC1iS
shown in Fig. 3. The cathodic pe#k appears at scan rates higher than 0.03V
when there is not enough time for the adsorption process.

If the adsorbed species is the parent 3-bromopyrene, thdtpshkuld have a simi-
lar catalytic nature as the pekk and should be well developed at the lowest scan r
but this is not the case (Fig. 3). Thus, the adsorption of an intermediate radical
or A’) can be postulated. Moreover, it is highly probable that the above adsor
facilitates the disproportionation reactidd)(at the interface. Thus, the regeneration
the parent reactant in step)(can explain the catalytic nature of the pé&akAccording

=1 pA

Fic. 2
Current spikes in the reverse part ¢
g \ | 4 cyclic voltammograms of 3-bromo-
N e ~ pyrene recorded at 1.8C. Scan rates
‘ J J (1) 15, @ 18, (3) 30, @ 50, (5
_E,V 1.92 100 mv st
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to the theoretical kinetic-zone diagram&'8a shift from the ECE to the DISP1 mech
nism is observed for low values of the rate constaand high values df;andc®. The
last condition is fulfilled because for the reaction at the interface the adsorption
reactant has the same effect as an increase of its concentration for a solution p
On the other hand, it can be postulated that for the adsorbed radical anibrhAX
value of the cleavage rate consténis much smaller than that for the ECE process
v > 0.1 V s. Moreover, the rapid desorption observed at negative potentials is
understood for the negative radical ion. However, the suggested mechanism nee
ther confirmation.

It can be added here that the unusual reduction of 9-bromoanthracene and 9,10
moanthracene in DMF has been reported in the liter&uoat the experimental sup
port of the proposed explanation has been unsuccessful. On the other hand, a
behaviour has been also observed in the reduction of olefin-mercury(ll) comffoL
and has been ascribed to the formation of rapidly adsorbed radical intermediates

Current Oscillations

The current oscillations in the potential range of the adsorption—desorption proc
are the most interesting feature in Fig. 1. Spontaneous current oscillations lasting
than 20 min were observed in amperometric experiments. In the potential range
sponding to the desorption process oscillations with a constant amplitude and
were observed, as shown in diagram inserted in Fig. 1. A typical period was Q&Y s

at the temperature of ZZ. The conditions at which oscillations occur are similar
those establishé&*52%or the In(11l)/SCN- oscillator. Due to the desorption of a cat
lyst a negative faradaic impedance with absolute value smaller than the ohmi
resistance appeared. The latter one is of the order d?,1fde the DMF solution,

although part of the ohmic drop is compensated. No external series resistance is |

4.5

=, LA

3.0
Fic. 3
Cathodic peaks for the reduction of 3-
bromopyrene in DMF at 1.8C. Scan
rates () 15, @ 18, 3) 30, @ 50,
(5) 100 mV st Forla andlb see dis- L
cussion in text 1.65
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ary for the appearance of oscillations in the system under investigation. In the |
theory for electrochemical instabilities of this kihdurrent oscillations under poter
tiostatic control are conditioned by out-of-phase potential oscillations in two par
the circuit (the working electrode and an internal cell resistéhciE)at requirement is
just fulfilled in the system under investigation with a relatively high internal cell re:
ance. Simultaneous out-of-phase potential oscillations at the working and the c
electrodes during the current oscillations, with the same period for all three pheno
were observed as shown in Fig. 4. That result fully supports proposed?thétow-
ever, in contrast to In(ll1)/SCNoscillator the catalyst is formed spontaneously dur
the overall process.

In the potential range where monoperiodic oscillations exist, their amplitude
creases with negative potential shift. In logarithmic coordinates an amplitude of
lations was found to be linear function of potential (expressed with respect t
estimated bifurcation potential) with the correlation coefficient of 0.972 and the <
of 0.49. This result is in agreement with the theoretical prediction for an ordi
(supercritical) Hopf bifurcatiof¥?4 which is a smooth transition of a system from
stationary state to a stable time-periodic behaviour (periodic orbit). It can be note
similar behaviour was four@for the In(Il1)/SCN- oscillator.

At more positive potentials triperiodic oscillations were found with two shorter
plitudes (S) followed by a longer one (L) in the series SSLSSL... The more con
periodic and chaotic oscillations (observed e.g. for the In(I11)/S§tem?) were not
found, but there is a wide range of potentials where aperiodic oscillations exist.
features depend strongly on the internal cell resistance and their reproducibility i

In conclusion, taking into account that the ECE mechanism is very common i
ganic electrochemistry in aprotic solvents of a higher resistance, it is probable
similar oscillations can appear in a humber of systems with a slow adsorption of
mediates acting as catalysts.

EC
055
[€—>
I 20 mv
Ey FG. 4
Simultaneous potential oscillations at th
working electrodeE,, and the counter elec-
trode E; during the potentiostatic experimen

t atE=-1.94V
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