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Cyclic voltammetry data in the region O to - 0.4%ing a static mercury drop electrode indicate a
redox active peroxo-molybdate species in solutmbtsined by dissolving the metal in 30% v/yQd.
There was no observable colored species formatidinis potential range. Admittance data at differen
frequencies suggest orientation effects of wateleoubes at or near the double layer. The admittance
maximum near the double layer changeover regionbggha small anodic shift on lowering the
frequencies. Impedance measurements in aqueoloB;(O-0O)(H.0), suggest spatiotemporal
oscillations and the impedance loci observed im §uadrants near 0.1V is a characteristic of thpfHo
bifurcation. This unique impedance is exhibitedyom a narrow band potential. With increase in
surface area the spatiotemporal periodicity becama® efficient. The negative differential resistan
observed, indicative of quantum mechanical resohamteling, points to the probable unique role of
peroxide and molybdenum enzymes in global coughnigcilitate information transfer in biochemical
processes.

Keywords: Spatiotemporal oscillations; Cyclic voltammetAdmittance; Impedance; Peroxo-
molybdate

1. INTRODUCTION

Giant polyoxomolybdate structigbavebeen obtained using polymers as ‘templates’ (algtual
reducing agents) and peroxo-molybdate species pseeursor [1]. The polyoxomolybdate units
formed a continuous porous network that resembiedLinde type-A zeolite structure. The peroxo-
molybdate species obtained by the dissolution ofybtenum in hydrogen peroxide have also been
used to synthesize a variety of nanoparticles & ghesence of polyethylene glycols or oxides as
‘templates’ via the sono-chemical route [2]. Whba polymer concentration was less than that of the
peroxo-molybdate, molybdenum oxide whiskers wettaiakd [3].



Int. J. Electrochem. Sci., Vol. 2, 2007 445

Molybdate interacts with hydrogen peroxide and ®arvariety of peroxo complexes with 1 to
6 attached peroxide groups [4-6]. However, thedllig®n of molybdenum in hydrogen peroxide has
been reported to produce the solid M@@H)(OOH) [7,8]. Later work on the peroxo-molybeat
species produced by the reaction of molybdenum lamdtogen peroxide seemed to indicate the
species in solution to be,H10,03(0-0O)(H20),] [9], in agreement with the data on the oxidatadn
molybdenum at the anode to produce the speciesQy0-Ou]*.

The majority of reported work on peroxomolybdatdsizes the reaction between simple
molybdates and hydrogen peroxide [4,5]. Howeveahadic electrodeposition of mixed molybdenum
tungsten oxides as well as molybdenum oxides amsprarent, conductive indium tin oxide (ITO)-
coated glass substrates have been reported. Thedaheme used the peroxo-polymolybdotungstate
and peroxo-molybdate solutions [10-12] preparedhieyreaction of the respective metals and 30%v/v
hydrogen peroxide and then by removing the excegsxmle using platinum black to achieve
[H207)/[Mo or W] 1.

Our previous work on nanoparticles of polyoxomolgtes[1-3] involved the synthesis by the
reaction of peroxo-molybdate and polyethylene gIY&EG) or polyethylene oxide (PEO). these
works, we found that the polyoxomolybdates werehlyigordered and their morphologies could be
partially controlled by the polymer chain-lengtho Tinderstand the reaction mechanism of these
reactions and to control the morphologies and garsize of these polyoxomolybdates more
precisely, one should know more about the natuthefsubstrate and the peroxo-molybdate species.
We have investigated in detail the electrochentbalracteristics of peroxo-molybdate species as well
as the peroxide in the pH range 1-12. In the ptesiectrochemical work, we report the nature of the
peroxo-molybdate species in acidic solutions, bed6i\2.

2. EXPERIMENTAL PART

Molybdenum powder (99.99%) was purchased from &ld({Milwaukee, WI). Fisher certified
30% v/v HO, was used for dissolving the molybdenum powder.

An EG & G PARC Model 303A SMDE tri electrode systdmercury working electrode,
platinum counter electrode and Ag/AgCl (saturatetl,Keference electrode) along with Autolab eco
chemie was used for cyclic voltammetric and elettemnical impedance measurements at 298 K.
Distilled water was used for preparation of allusians. To prepare 0.10 M solution (as Mo), two mL
30% hydrogen peroxide was carefully and slowly addeop by drop to 0.24 g molybdenum powder
contained in an ice-cold 25 mL volumetric flasktéfdissolution of the metal, the solution was made
up to 25 mL. Some decomposition of the peroxidetinaed and the solution was kept for at least 24
hours before carrying out any electrochemical mesasants. No other background electrolyte was
used for the electrochemical measurements. Theiwmuwere purged with Nfor about 10 minutes
before the experiment. Impedance measurements caeried out using about 7 mL solutions in the
frequency range 1000 Hz to 25 mHz. The amplitudihefsinusoidal perturbation signal was 10 mV.

The spectrophotometric measurements were carriediging a Shimadzu UV-1650PC and
1mm quartz cells.
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3. RESULTS AND DISCUSSION
3.1 Cyclic Voltammetry

Cyclic voltammetry could not be carried out with0®.M or 0.005M peroxo-molybdate
(assumed as M0,05(0-O)(H,0),, immediately after preparation of the stock solutet 0.05M)
because the mercury drop was not stable and whsgfalff during scanning. But after 1 day of
preparation of the 0.05M stock, we were able to suea the cyclic voltammograms in 0.005 M
solution. The results for three scans in the rahg®-0.4 and back to 0 V as well as for the radge
to — 0.4 and back to 0.3 V are shown in Figuresid 2 We chose this region for our investigation
because a cathodic current increase had been eldserthis region and this region was also a part o

Figure 1. Cyclic voltammograms of 0.005 M ,Mo0,03(0-Ou(H.0),, pH 1.87 after 1 day of
preparation. A, scan 1; B, scan 2; C scan 3; sai@n(.1 V/s; 0.0 to -0.4V

active region of Mo® films on conductive indium tin oxide (ITO)-coatgthss [11-13]. The data
indicate a cathodic peak at about -0.05 V. Thealtesvere nearly the same even when the scan was
extended into positive potentials where mercuryhmnigegin to passivate. We observed the mercury to
be shiny throughout the scans. However we did eoticdecrease in the cathodic current with
succeeding scans and this was consistent witreeabliservations [11-13].

From the above results it is not obvious about ghesence of multiple peroxo-molybdate
species in solution. Or they must have similar redbaracteristics at least in this limited potentia
range.

3.2 Admittance

A fresh sample of 0.005M #W0,03(0-0O)(H-0), was used to measure admittance at different
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Figure 2. Cyclic voltammograms of 0.005 M ;M0,05(0-O),(H20),, pH 1.87 after 1 day of
preparation. A, scan 1; B, scan 2; C scan 3; sai@n(.1 V/s; 0.3 to -0.4V

frequencies in the range -0.2 to +0.5 V. We hadtadtthat, in cyclic voltammograms, the passivation
effects of the mercury electrode were not appamven at 0.3V. We extended the current
measurements to +0.5 V in order to locate the regfathe double layer changeover. The admittance
results are shown in Figure 3 for frequencies @01®00, 250, 100, 50 and 25 Hz. It is interesting
note that admittance increased with lowering frexpiess up to 100 Hz. Also it is apparent that atubo
100 Hz, the peak at ~0.1 V began a slight anodit. 8elow 100Hz, the admittance decreased with a
further decrease in frequency.

Figure 3. Admittance of 0.005 M bM0,03(O-0O)(H-0),, pH 1.87 after 2 days of preparation. 1, 1000
Hz; 2, 500 Hz; 3, 250 Hz; 4, 100 Hz; 5, 50 Hz; 6,2
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We had attributed the anodic shift in impedancéaitdecrease in frequency to the change in
the orientation effects of water and to the changbe double layer structure when the potentiahef
mercury electrode changed from negative to lesathey to zero, and finally to positive. We had
observed similar shifts even for alkali chloriddsl]. The admittance data indicate the passivation
effects of mercury only after 0.25 V as was evidemin a dramatic rise in admittance.

3.3 Differential Capacity

The double layer capacitance, generally obtainech fdifferential capacitance measurements,
should be independent of frequency. Our data, shawgure 4, exhibit a dispersion of capacitance
with frequency, with the highest capacitance béarghe lowest frequency. We have observed similar
dispersions for alkali halides [14] as well as feopolyoxomolybdates [15]. This dispersion could
generally be attributed to the real surface witdictal characters instead of an ideal homogeneous
electrode surface.

Figure 4. Differential capacitance of 0.005 M;M0,05(O-O)(H20),, pH 1.87 after 2 days of
preparation, Frequencies used are 1000, 500,1280 50 and 25 Hz.

3.4 Semiconduction

The physico-chemical characterization of passilra-felectrolyte junction or the study of
semiconducting electronic properties of passivendilis frequently carried out by measuring the
differential capacitance of the junction as a fiorctof electrode potential and frequency of the
superimposed ac signal. Under the influence ofgh Hlectric field, cation and “Oion migration
through the film results in oxide film growth andnsequent passivation. For a p-type semiconductor,
the film with a characteristic capacitance obeysNtott-Schottky relationship:

C?=-[2/(q oNa)] (E-Ees + kT/q)
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Where C is the space charge capacitance; E isléc&rage potential; is the vacuum permittivity
(8.85 x 10" F/cm); o, the dielectric constant of the specimen; q, theetedbn charge (1.602 x 19
Coulomb); k, the Boltzmann constant (1.38 5¢10/K); T, the absolute temperature;, the acceptor
density; and ks the flat band potential.

The Mott-Schottky plot shown in Figure 5 indicatas n-type behavior which is also a
characteristic of Mo@[10]. Depending on the pH, we have observed botypp-as well as n-type
behavior for isopolyoxomolybdates [15].

Figure 5. Mott-Schottky plot for 0.005 M pM0,03(0O-O)(H.0),, pH 1.87 after 2 days of preparation.
1, 1000 Hz; 2, 500 Hz; 3, 250 Hz; 4, 100 Hz; 5HX) 6, 25 Hz

3.5 Impedance

The Nyquist plots or impedance spectra for 0.00®vbpro-molybdate solutions at potentials of
—-0.2,-0.1, 0.0, and 0.1V, are shown in Figurad that of 0.2 and 0.3V are shown in Figure 7.

The results in Figure 6 show a change from capac#t -0.2 V to impedance loci in two
guadrants exhibiting negative differential resisiamt -0.1, and 0.0 volts, to impedance loci inr fou
guadrants at 0.1 volt.

The impedance diagram shown in Figure 7 at 0.2 Mbéts two capacitive loops in the high
and low frequency ranges and one inductive loog figh frequency capacitive loop is associated
with a charge transfer and a film effect. In cowasstudies, the resistance associated with thie hig
frequency loop is effectively that of the chargansfer resistance and is often used in determirireg
corrosion current. Relaxation of mass transpo#d solid phase (diffusional process) accounts fer th
low frequency capacitive loop. The inductive loopynbe due to the relaxation of coverage due to an
adsorbed intermediate. A further increase in paeéta 0.3 V generates only two capacitive loops.
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Figure 8 shows the impedance spectra for 0.005Mxpemolybdate at 0.1V after 1 day of
preparation. Some frequencies are included inithed in order to get some idea of the frequenates
which the transitions in impedance loci take plxoen one quadrant to another quadrant.

Figure 6. Nyquist plots for potential dependence of impegaof 0.005 M HM0,03(0-Ou(H20),, pH
1.87 after 1 day of preparation.

Figure7. Nyquist plots for potential dependence of impegaof 0.005 M HM0,03(0-O)u(H20),, pH
1.87 after 1 day of preparation.

These results, especially the impedance loci orwum four quadrants, as shown in Figures 6
and 8, are quite dramatic for this peroxo-molybdatgtem. Of course we have observed recently this
kind of behavior for many biological molecules [16]feature more commonly seen in only corrosion
systems and often at very low frequencies[17-28]s kind of impedance has also been predicted by
theory [19, 21-22].
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Figure 8. Impedance of 0.005 M 4M0,03(0-0),(H20),, pH 1.87, after 1 day of preparation, 0.1V.

The modulusZ and the phase angle of Z(w) were obtained fromz =[z'2 + 2"?%*? and
= tan® [Z"/Z], respectively. The phase angle is a balanbetween capacitive and resistive
components. It is the angle between the directainthe real and imaginary components of Z at a
given frequency. For pure resistances 0 and for pure capacitance,= -9¢. Thus, an approach to
the capacitative behavior at low frequencies wastified provided that the phase angle was close to
90°. The Bode plot complements the plot of the reml Emaginary components of impedance in the
complex plane. Whereas the impedance data at reglidéncies are bunched together in Nyquist plots,
the Bode plot shows the impedance behavior atedjuiencies with equal weight and is often used for
circuit analysis. For the sake of clarity, both thedulus and the phase angle are plotted sepaeatdly
shown in Figures 9 and 10.

Figure 9. Potential dependence of phase angle (Bode plo®.ad5 M HMo0,03(O-0O)(H-0),, pH
1.87 after 1day of preparation.
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Figure 10.Potential dependence of impedance modulus (Bautg qfi 0.005 M
H2M0,05(0-0O)(H20),, pH 1.87 after 1 day of preparation.

For the case with impedance loci occurring in fguadrants, the Bode plot is given in Figure 11.

Figure 11 Bode plot of 0.005M bM0,03(0-O)}(H20),, pH 1.87 after 1 day of preparation.
Stevenson and his colleagues [11-12] suggestefbiibaiing reactions for the electrochemical
deposition mechanism of molybdenum oxide thin filnesn peroxo-polymolybdate solution.

In the potential range +0.18 to + 0.02 V,

2[H2MOO4] + 2[H30+] + 2€ = M0205(S) + 5H0 (l)
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In the potential range +0.02 to -0.01 V,

[M0406(0,)4]% + 2[HoM0O4] + 14[H;0"] + 126 = 2M0:0s(S) + 23HO 2)
and in the potential range -0.01 to -0.4 V

[M0205(02)a(H20)2]* + [H2MOO4] + 12[H;0"] + 106 = MosOg(s) +21HO  (3)

From quartz crystal microbalance data, they sugdetste respective deposited products to be
M0,05.3H,0, 2(M;0s.H,0O) and Ma@0Os.H,O. They also suggested that 2[§g.H,O] might be a
mixture of several compounds, such as Og.2H0O Mo04011.M0,05.2H,0
MoO,(M0o03)3M0,0s5.2H,0. Our Mott-Schottky data suggest an n-type semdaotion in this
potential range and is consistent with the repobielavior MoQ. This information may be coupled
with the origin of electrochemical oscillations ohg hydrogen peroxide reduction on GaAs
semiconductor electrodes [23] which is also anpetygemiconductor. Our impedance data in the third
and fourth quadrant are much more reliable thaméia for the GaAs. The only difference is that 1 M
H,SO, and 0.1 M HO, were used for the GaAs when compared to our middeditions. However,
we have a much more complex system and we aremefgerom proposing a similar mechanism until
more extensive investigations are carried out.

There are extensive studies of peroxide oscillati@3-30], mostly in high acid concentrations,
and several types of oscillations have been idedtif Of these, the number of impedance
measurements was rather limited. We have extendeakige studies in neutral solutions of alkali
chlorides using a mercury electrode and appliéal iinderstand biological phenomena, viz., the oble
peroxide in evolution [31] and in Parkinson’s dise§32].

The observed negative differential resistance wabated to resonant tunneling [33] and was
similar to the quantum mechanical tunneling takptare in tunnel diodes.

Our impedance spectra observed in four quadrarsts & V is a characteristic of the Hopf
bifurcation, which is an “excellent indicator ofstained nonlinear oscillations” [23]. Impedancéada
provide information on the instabilities or bifuticans and distinguish between saddle-node and Hopf
bifurcations. The observed behavior in the thirdl dourth quadrants also suggests galvanostatic
potential oscillations.

Similar to the explanation given for the passivatid copper [17], we attribute the impedance
loci observed in four quadrants to the transiticont the nonminimum phase-type to the minimum
phase-type and correspond to the Hopf bifurcatiodeu current control. We also observed the
resonance-like maximum of the amplitude charadteris impedance modulus indicative of harmonic
relaxation along with the phase change behaviothfeffirst order (discontinuous) nonminimum phase
to the second order (continuous) minimum phasespective of the mercury drop size, the data
suggested a Hopf bifurcation at this potential #tredunique phase behavior reflecting the perigdiit
suggested global coupling.
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3.6 Potential Dependence of Impedance Loci in Fpuadrants

The sensitive nature of the impedance loci occgriim 4 quadrants was investigated by
carefully changing the potential at which the imgece was measured. The results are shown in
Figures 12 and 13. We have not seen similar exterstudies before. Our results indicated that the
impedance loci occurring in 4 quadrants was annapti, in our case, at about 0.13-0.15 V. The
impedance increased on both sides of this rangee lfvent much further on both sides, the results
were entirely different, as shown in Figures 6 @nd

Figure 12 Impedance loci in four quadrants for 0.005 MVi8,03(0O-Ou(H20),, pH 1.87 after 1 day
of preparation, potential dependence. 1, 0.05 ;10 V; 3,0.13V; 4,0.14V; 5,0.15V

Figure 13.Impedance loci in four quadrants for 0.005 yM&,03(0O-Ou(H20),, pH 1.87 after 1 day
of preparation. 1, 0.15V; 2,0.16 V; 3, 0.17 V.
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3.7 Equivalent Circuit Fit.

Several investigators have attempted to fit theeoled impedance data in 4 quadrants using
different models. For example Miller and Chen [84Ed the circuit R(RC)(RQ)([R(RC)]C) where Q
is the constant phase element to fit the sulfiddaiion on Ti/TaOs-IrO, electrodes. Sadkowski and
his colleagues [17, 35] have attempted complexineal least squares fits of suitable models and the
three most common RC electrical equivalent circuoitfigurations, ladder, Voight-type and Maxwell-
type, for anodic copper dissolution/passivatiorcopper in a solution of copper sulfate and sulfuric
acid. Bojinov [36] has coupled growth/dissolutiamgesses of a continuous film at its interface with
the electrolyte, resulting in second order dynaimbavior of the metal/film/electrolyte system to
explain the oxidation of metals in concentratedisohs and exhibiting peculiar shape in the complex
impedance plane.

We have attempted in a modest way to fit the datairhpedance loci occurring in two
quadrants as well as in four quadrants. The fitliertwo quadrant plot exhibiting negative differah
resistance, shown in Figures 14 and 15, has thaitR1(R2C1)(R3C2)(R4C3)(R5C4) and is similar
to a transmission line model. The spectra at 04Nbiting impedance loci in four quadrants, shown
in Figures 16 and 17, may be fitted by two cirgur$(Q1[R2(L1R3)]) and R1(R2Q1[R3Q2]), equally

Figure14. Nyquist Plot at 0.0 V for 0.005 M #M0,05(O-0)y(H20),, pH 1.87, 1000 — 0.038 Hz; the
circuit R1(R2C1)(R3C2)(R4C3)(R5C4)

well. Here Q is the constant phase element whichbeacompared to a leaky capacitor. The constant
phase element is introduced to explain the deviataf double layer capacitance from ideal behavior.
Mercury gives the ideal smooth electrode surfacepared to other electrodes which have a specific
irregularity or roughness. The smoother and cledreelectrode, the closer is Q to C.
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Figurel5. Bode Plot at 0.0 V for 0.005 M ;M0,05(0O-O)y(H20),, pH 1.87, 1000 — 0.038 Hz; the
circuit R1(R2C1)(R3C2)(R4C3)(R5C4)

Figure 16. Nyquist Plot at 0.1 V for 0.005 M M0,05(0-O)(H>0),, pH 1.87, 1000 — 0.038Hz; the
circuit R1(R2Q1[R3Q2)])

Figure17. Bode Plot at 0.1V for 0.005 MaM0,03(0-O)(H-0),, pH 1.87, 1000 — 0.038 Hz; the
circuit R1(R2Q1[R3Q2])
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3.8 Stability of Experimental Data

The results for a set of 4 experiments in the feegy range 1000 Hz to 13 mHz are shown in
Figure 18. It is remarkable that the impedance éaciurring in 4 quadrants is quite reproduciblehwit
little scatter. We have pointed out earlier [14attildepending on the nature of the curve chosen for
reproducibility, one can manipulate the visual obagon. If we were to use the Bode plots to show
reproducibility, the scatter is much less than tdme shown in Figure 18. The purpose of our
experiment is to show the impedance loci in 4 qaiatdr rather than use that data for extensive
calculations.

Figure 18 Four sets of impedance data for 0.005 WMMBLO5(O-O)(H20),, pH 1.87 after 1day of
preparation, 0.15V, 1000 Hz — 38 mHz.

3.9 Surface Area

It is extremely difficult to investigate the inflnee of surface area on the phenomenon of
spatiotemporal periodicities using solid electrodesthis respect, our approach of using mercury as
the working electrode offers a great advantagéhérB03A SMDE trielectrode system, there are small,
medium and large size select buttons. Also for dapee measurements, we can select the dispense

Figure 19. Impedance data for 0.005 MyM0,03(0O-Ou(H20),, pH 1.87 after 1 day of preparation,
0.15 V, 1000 Hz — 38 mHz; Surface in<or 1, 0.011; 2, 0.017; 3, 0.022; 4, 0.027; 5, 0.03
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button to adjust the size of the drop by pushimgdispense button for the appropriate number afgim
before the mercury falls off. Thus, this systenowali us to use a fresh surface each time. Our gesult
are shown in Figure 19. It is clear that the lardper surface area the better the observed perigdici
and the lower the observed impedance.

4. NATURE OF PEROXO-MOLYBDATE SPECIES IN SOLUTION

Even though there have been many investigationpevaxo-molybdate species in solution,
there are only limited references about the nanfrdhe species formed on the dissolution of
molybdenum metal in hydrogen peroxide. For our eérpents, molybdenum metal was dissolved in
an excess 30% hydrogen peroxide. Since the regudbiution was highly acidic with a pH of about
1.5 for 1.0 M (as Mo) solution, the probable dissioin reaction could be [3,5]

2Mo + 10 HO,  Hy[(O)Mo(O-O)(0)(0-0rMo(0O)](H20), + 7 HO (4)

Hydrogen peroxide was involved in both the oxidats well as coordination of molybdenum.
The crystal structure of FM0,03(0,)4(H20).](H20), [37] indicated corner- sharing and edge-sharing
polyhedra as in polymolybdates. Instead of the hmdeal of polymolybdate, we had trigonal
bipyramids with water molecules completing the sesgordination.

The species described in equation (4) is consistgtit the equation suggested for the
electrochemical oxidation of molybdenum [9] as

2 Mo+ 4 H0,+3H0 [M005(0.)4% + 14 H + 12 &, (5)

We carried out some dilution experiments in oradeobserve whether there were any drastic
changes in the solution behavior. The absorpti@ttsa of the peroxo-molybdate used in our studies
are shown in Figure 20 and the absorbances atr2%r@& shown in Figure 21.

The spectra indicate similar behavior. Howeverahsorbance data indicate that Beer's Law is
not obeyed, except in very narrow ranges and tiaiah results in a shifting of equilibrium to ah
products of slightly different molar absorbances.

It has been suggested that the tetraperoxodimalghtttMo,03(0,)s may be hydrolyzed to
produce HMoO,(O,), upon dilution [6].

HoM0,05(0)4 + HO 2 HbM0O4(02); (6)

Polymerization of the 2: 1 (peroxide: Mo) peroxogimate has also been reported [38] at low
pH values by the following reaction to produce A tetraperoxotetramolybdate.

2[M0205(02)4(H20)2]* + 2H:0" = [M040g(02)4]* + 4H,07 +3H,0 (7)
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Figure 20. Absorption spectra of peroxo-molybdate obtaingdlissolving Mo metal in  30% 4.
Concentrations, M, are for,M0,03(O-0O)(H20),

Figure 21. Absorbance data for Mo,03(O-Ou(H20); at varying concentrations

On dilution, this is hydrolyzed into the simplepdroxodimolybdate, $#M0,05(0x),.

H2M0406(05)4 + H,O = 2HM0,05(05)» (8)

Thus, in the beginning, when the peroxomolybdataetiem is prepared by reacting Mo metal
with an excess of peroxide, we may havVb,O03(0,)4(H20), , HoM0O,(05)2, HaM0406(05)4, and
HoM0,05(0,).. The exact composition of this mixture is decided diution and the respective
equilibria. The solution prepared by the above edore has also been reported [5,11] to contaiup t
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40% molybdic acid (EM0oOs or MoO,(OH),(H20);) and this has been utilized to elucidate the
mechanism of electrodeposition of molybdenum oxiden peroxomolybdate solutions [11].

Below pH 4 and with very low peroxide concentrasiphigher order polymeric peroxo-species
such as [HM0;0,5(0,)]®™ and [HM0;0240,).]®™ (n = 0 to 3) are reported to exist in peroxo-
molybdate solutions [39].

5. IMPLICATIONS TO BIOLOGICAL SYSTEMS

All living systems exhibit dynamical spatiotemporgkriodicities [40]. The dynamical
oscillations observed in the electrochemical pasgn of metals and used as models for biological
oscillations are attributed to the negative Famdaipedance characteristics of the electrode [41].
Impedance data provide information on the insttidior bifurcations and distinguish between saddle
node and Hopf bifurcations. There are many molyhdeenzymes as well as plenty of peroxide in all
living systems. Thus our present results and tlipus results with hydrogen peroxide [31, 32]
suggest a unique role for peroxide in the globalipting to facilitate information transfer in
biochemical processes.

6. CONCLUSIONS

Cyclic voltammetry data in the region O to - 0.4indicate a redox active peroxo-molybdate
species in solution. There was no observable cdl@gecies formation in this potential range.
Admittance data at different frequencies suggesintation effects of water molecules at or near the
double layer. Impedance measurements in aqueoas@arolybdate solutions of pH below 2 suggest
spatiotemporal oscillations. The impedance locieobsd in four quadrants near 0.1Vimlicative of
the Hopf bifurcation. This unique impedance waseobsd to exhibit only in a narrow band potential.
With an increase in surface area, the spatioterhperadicity becomes more efficient. The frequency
at which the negative differential resistance isesied also depends on the nature of the species
suggesting the unique role of peroxide.
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