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Abstract: Knowledge of solvent effects on the redox propsriof Murexide (Mu) is important for
understanding its role as an electron acceptomalytical and inorganic chemistry. In the present
study, an investigation of the electrochemical baraof the compound by both Cyclic Voltammetry
(CV) and Electrochemical Impedance Spectroscop$)l both aqueous and non-aqueous solutions
was undertaken. It is suggested that, the reactiechanism proceeds according to an Erev CE-rev-
route. This reaction mechanism is confirmed by @¥ behavior for barbituric acid, which is
essentially represent a main part of murexide, uttte same conditions. In DMSO, the one-electron
reduction potential peak of murexide was found hdt positively by 223 mV to the value of the
corresponding wave obtained in DMF under the saomelitions. The shift is most readily explained
by the presence of murexide aggregates in DMF. dieelectron oxidation potential position is
relatively unaffected by aggregation. The datadiss revealed that murexide decomposes in the level
of radical anion at the N = C bond into two appnaxiely equal units. In aqueous sodium perchlorate
(NaClQy) solutions, it is suggested that the decomposiomurexide is relatively slow, leading to
nearly a reversible le-transfer process (E-mechgnith both KNQ and KCI solutions, the one-
electron transfer step of murexide was found to dpe adsorption wave. The Electrochemical
Impedance (EIS) response of murexide is either flegquency Warburg impedance or a capacitive
semicircle behavior at high frequencies, dependimghe medium.
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INTRODUCTION electrode reaction rate constant was estimatedttzand
formal potential and the electron transfer number a

Murexide is the ammonium salt of purpuric different pH-values during the electrochemical s
acidand it is of inerest because it was probatdyfitst ~ were measurdd.
metal ion indicator to be employed in the EDTA Murexide underwent reduction by rat liver
titration. The dye color changes are probably duthé  cytosolic fraction or a hypoxanthine-xanthine osida
displacement of protons from the imido groups; sinc system to produce a free radical metapolite. Réaluct
there are four such groups. Murexide forms com@exeof murexide by the freshly prepared cytosolic fiact
with many metal ions: only those with Cu, Ni, Caa C depended upon the presence of ascorbi¢°acid

and the lanthanoides are sufficiently stable tad fin In all these treatments, little or no attentiogiigen
application in analysis. Aqueous solutions of midex to the electrochemical behavior of murexide. T henef
are unstable and must be prepared eacl day the interest was to use the cyclic voltammetric

The murexide (5/Enitrilodebarbituric acid, mono technique to shed some light on the effect of stlea
ammonium salt) in addition to its classical useaas the electrochemical behavior of the compound irhbot
metallochromic indicator, it has been employed ris a aprotic and aqueous media.
efficient scavenger for superoxide and hydroxyl
radical¥land recently as a chromogenic agént MATERIALSAND METHODS

The electrochemical reduction mechanism of
murexide complex with dysprosium has been studied Reagent-grade N, N-Dimethylformamide (DMF)
by means of cyclic voltammetry and UV-vis and Dimethyl Sulfoxide (DMSO) were further purified
spectroelectrochemistry at a gold minigrid optigall and dried according to a previous recommended
transparent thin-layer electrode (OTTLE) cell. Themethod.
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Tetrabutylammonium hexaflourophosphateroute. It is also assumed that the first wave cpoeds
(TBAPF;) obtained from FLUKA was recrystallized to the reduction of murexide through a reversibde 1
twice from pure ethanol and vacuum dried at 120°Ctransfer process followed by a N-C bond-rupture,
For sample preparation and purification forleading to two approximately identical {garTwo
electrochemical measurements in super dry media,

special type of cell was used which already deedrib 67
elsewherg.. In this cell, three electrodes are used; the
working is either a Platinum Disk (Pt) or a metrokay 47
290 Hanging Mercury Drop Electrode (HMDE). A
platinum wire is used as an auxiliary electrodee Th 2
reference electrode used is an Ag/AgCl where its =
potential is calibrated for each experiment agathet 01

reversible oxidation peak of ferrocene. Aqueous
electrolytes have been prepared using also reagent-

grade chemicals and were diluted to proper 2

concentrations with bidistilled water. The Satudate

Calomel Electrode (SCE) was used in aqueous mediaa g5~ o0 05 40 45 20
the reference electrode. An EG and G Princeton V vs.Ag/Ag Cl

Applied Research 273A Potentiostat/Galvanostat

coupled with an 5208 lock in amplifier were used tOFig. 1:CV diagram of 2.0 mM of murexid in

perform the desired signals. DMF/TBAPF; at 298 k on the pt-disk electrode
., (v =0.05 v/s)
HN'G on ONH
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RESULTSAND DISCUSSION 3 0]
CV behavior of murexide: The main features of the 1
cyclic voltammogram for murexide in DMF containing -
0.2 M TBAPK on the Pt-disk electrode are an
irreversible peak at Epc = -0.750 V followed bynaad 3
peak at -1.0 V and a reversible process at morativeg 1000 50C 0 -500 -1000 -1500 -2000
potentials, Epc = -1.448 V vs. Ag/AgCl. The main mV vs.SCE

difference between the response in DMF and DMSO is
that the potential position of the le-charge transf Fig. 2: CV of 1.32 mM murexide in DMS0O/0.2 M
process. In DMF, the wave was found to shift pesli TBAPF; on the Pt-Electrode at 298 K and scan
by 223 mV to the value of the corresponding prodess rate of 0.1 V/s
DMSO (~-0.973 V). The shift is most explained bg th
presence of murexide aggregates in DMHAn DMF  further pieces of evidence confirm strongly the
also, the first peak remains irreversible at allkspr foregoing reaction mechanism. Firstly, the cyclic
rates less than 20 V/s even if the scan is revaasetl2  voltammograms for barbituric acid under the same
V (i.e. before the second reversible peak) andutsent  conditions which were obtained in all media where
function (ipclvl/ZC) does not vary significantly with measurements for murexide were carried out andrunde
potential scan rate. the same conditions. Secondly, if the potentiahgede

On increasing the potential scan rate, the smallor the electroreduction of murexide is increased t
peak at -1.0 V observed in DMF is totally disapeear 1V/s, fully reversible wave at jg= - 0.194 V is
and the currents of the couple anodic peak at 51M4 obtained and the small anodic peak at ~ -0.018 Whwh
become gradually smaller. It is suggested that thés corresponding to the oxidation of the producthef
reduction mechanism proposed in this casgd&£E.-  follow-up chemical reaction is virtually disappedre
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Fig.3a and Fig.3b represent examples for correlatiowave represents the electroreduction of the known
between the electroreduction of both murexide anclectrochemically stable structure of quinone
barbituric acid respectively. Barbituric acid must functionalities part, which is similar to structuté
represent an essential part of murexide and isat@ge  resulting from decomposing murexide through the
6] following-up chemical reaction and/or the mediurheT
] voltammogram for barbituric acid, which is assuned
4] be half of the product after decomposing murexide,
2 shows a well-defined leeversible process at,&= -

1 0.588 V in NaClIQ (Fig.3b), which is corresponding to
the foregoing suggestion.

The CV-response of murexide in DMF in the

presence of low concentration of bidistilled wafiess
47 than 2%), shows that water increases the currents o
both the cathodic and the anodic currents of th&t fi
electron reduction-wave. In addition to the inceca$
its chemical reversibility, appearance of a podtpea
1.07 V is observed. This small wave is suggested to
correspond to the reduction of the adsorbed spedies
murexide. The response of murexide in the presefce
small amounts of water, reveals that the redoxtiess

HA
2

20 0  -20C -40C -60C -80C -100C
mV vs.SCE

Fig. 3a: CV of 6.6 mM murexide in 0.2 M NaCl@On
the [HDME] at 298 K and scan rate = 0.2 V/s

Zr’tﬁgj of the molecule are also proton dependant.
g;g- In aqueous media (KNOand KCI) and at the
g-g: beginning of measurements, the reduction behawior o
< 2.0 low-concentrations of murexide is a simply an
%:g’- adsorption peak followed by a reversible electron
8.82 transfer process. The peak-separatidhfor this wave
-0.57 is slightly less than 59 mV and thgii, is also slightly
:%:g- greater_than unity, Wh_ich are indicative of a weak
-2.0 5 200 -40C  -60C  -80C _ -1000 adsorption of the reduction product of mureXide

mV vs.SCE The cyclic voltammogram of the adsorption wave
obtained in Fig. 4. was checked for symmetry around
Fig. 3b: 5.0 mM DEBA in 0.2 M NaClpon the the peak potential using diagnostic criteria sutgges
[HDME] at 298 K and scan rate = 0.2 V/s for adsorption behavibt. At concentrations of
murexide as low as 0.4 mM, the CV diagram exhibits
to be a main of the decomposion products of thean ideal symmetrical shape. On the other handef t
molecule. concentration of murexide exceeds 2.0 mM in KNO
From the variation of,}I,. for murexide/murexide and 0.8 mM in KClI, the symmetry of the peak is hear
radical anion couple at the faster sweep ratess it disappeared. At relatively higher concentrations of
possible to estimate the values, 4'tasd 6.0 3 for the  murexide, the current function at v = 0.1V/s dessat
homogeneous rate-constant for the N-C bond-rumfire from the constant value expected for diffusion peak
murexide in DMF and DMSO respectively. On the uncomplicated by adsorption. This can be attributed
other hand, the electroreduction voltammogram ofthat the adsorbed molecules constitute a conskawt f
murexide in aqueous NaCJ@ obviously different and of matter and charge, whereas the number of the
consists mainly of two consecutive reversible wawes diffusing molecules through the electric doubleelais
addition to a small oxidation peak at ~0.0 V (RBg). potential scan-rate dependent (i.e. time dependent)
In Both KNO; and KCI solutions, at relatively low The CV-adsorption behavior of the compound in
concentrations of murexide, the voltammogram cdésisis 0.3 M KNG; solutions at the [HMDE]. On plottlng the
of an adsorption wave at the potential-positionthef  current function g/c V) vs. log v, where G=the
first wave. Fig. 4 shows the electrochemical betvaof  concentration of murexide and v is the potentiansc
2.64 mM of murexide in KN@ solution at the rate, an increase in the sweep rate led to andeer:
[HMDE]. The cyclic voltammogram for murexide the current-function value. This behavior would be
exhibits another reversible peak similar to thaboted expected for a weak adsorption process. For arl idea
in DMF or DMSO at -1.445 V. It is suggested thdsth CV-reversible adsorption peak, the peak width dt ha
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height of its current is 90.6/n mV at 298K The electrolyte interface. It is also suggested thag th
calculated peak-width value for the adsorption peakeversibility of the process is combined with some
located in the forward scan of 1.88 mM murexid®@.i®  adsorption of the reactant and/or the reductiordpeco
M KNOg; (Fig. 4) is found 101 mV, which agree well on the electrode surface. The pysimodel
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Fig. 6: The Bode magnitude plot of Complex
Fig. 4: CV for 2.64 mM of murexide in 0.2 M KNO impedance plane of 3.43 mM of murexide in
on [HMDE]at 298 K,scan rate = 0.05 V/s %{'CF/O-Z M TBAPF on the Pt-electrode at
EREE o . . . :
appropriate to this case can be the simple equitale
F ) Randle’s electrical circdit!, which gives an evidence
E ¢ for the expected low-frequency Warburg response.
St ) Fig. 6 shows a typical Bode-magnitude plot for the
3 3 same foregoing data of the peak at -0.374 V.
rr = ° Changing the solvent from DMF to DMSO and
a® keeping the same conditions, the Nyquist plot is a
a—“ﬁ ; : : : —="=mEEa semicircle at high frequencies with a small straigh
27 Cabmd linear behavior at sufficiently low frequencies. A

behavior appears dominated by nondiffusional
Fig. 5: Complex impedance plane plot (Nyquist) lié t component, indicating that kinetics of the charge
prewave of 3.43 mM of murexide in DMF/0.2 M transfer step must be considered. Moreover, tha dat
TBAPF; on the Pt-electrode at 25°C reveals nearly no evidence for adsorption processes
case of DMSO.
with the reversible theoretical value of le-transfe On the other hand, the EIS behavior of murexide in
process. The amount of adsorbed murexide on thaqueous solutions (0.2 M of each of NagIRNO; and
[HMDE] is determined from the area of the cathodicKCI) on the hanging mercury drop electrode [HMDE]
peak which is expressed as surface concentratiois quite different than that obtained in DMSO or BM
through the equation A(ad) = nFAwhere A(ad) is the The response obviously consists of either one
peak area, which in this case is 94.28 nC, A is th&emicircle with a significant evidence for an agision
electrode surface-area afhids the surface excess. contribution or two semicircles beside each other.
Impedance spectroscopic behavior of murexid:case of only one semicircle, adsorption behaviorlma
Figure 5 presents the Nyquist plot of the firstuglibn-  observed at very low frequencies especially withsth
wave at -0.374 V for 2.0 mM of murexide in DMF/0.2 measurements carried out in KCI, where adsorption-
M TBAPF; at the CV-peak potential on the Pt-disc phenomena is relatively significant. Another resmon
electrode at 298 K. The data demonstrates over thier the impedance was the observation of two
whole frequency range used, a linear impedanceslocusemicircles, a high-frequency semicircle (on thi) le
with an angle of nearly 430 the real axis with a very which is concluded to ascribe to bulk electrolyte
small resolved semicircle. The results are indieatif ~ properties and a low frequency one (on the rightictv
a partially diffusion-controlled process at thectlede-  corresponds to the electrode polarization phenomena
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The data, as concluded, are characteristic forralypu

corresponding values in aprotic medium by a factor

capacitive process. An ideal admittance plot foe th at least= 30, revealing the diffusion controlling
electroreduction of 3.43 mM of murexide in 0.2 M character of the charge transfer processes in DMF a

NaClQ, on the [HMDE] at 298 K is presented in Fig. 7.
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Fig. 7: An admittance plot of 3.43 mM of murexide i
0.2 M NaCIQ on the [HMDE] at 25C

Table 1: Selected impedance Spectroscopic data fhe
electroreduction of murexide (Mu) in aqueous andh-no
aqueous solutions on both the [HMDE] and the Ritedele
respectively at 25°C

System R-Q R«Q Cy-Farad
1-Mu/DMF

1st*at -0.374 V 5652 21.40 8.800°
2nd**at -0.650 V 5623 11.40 3.800°
3rd** at -1.335 V 5510 20.20 2.860°°
2-Mu/DM SO

1st*at -1.060 V 6310 36.0 1.880°°
2nd** at -1.310 V 6310 79.4 1.430°®
3-Mu/NaClO,

1st* at -0.200 V 69 773 7.400°°
2nd** at -0.614 V 69 146.6 4.680°
4-Mu/KCl

1st*at -0.105 V 100 501.2 %00°
2nd** at-0.330 V 100 1000 1Q0°
3rd** at-1.300 V 100 5012 2Q0°

*data for murexide reduction-wave, **data for pretiuof the
following-up chemical reaction, ***Data for an adption wave of
nurexide

observed from CV results.
CONCLUSION

It is obvious from the data presented here that
protic media clearly represent the best conditifors
the mechanistic study of murexide. It is obvioutigt
reversible behavior for the molecule is obtainedreano
significant in agueous than in non-aqueous solstion
especially at the beginning of measurements. The
difference can be accounted for by the greaterctgsi
of DMF and DMSO compared to approximately neutral
aqueous solutions used where murexide-decomposing
is slower in the latter solutions. In KNOthe one-
electron transfer peak-potential of murexide wamtb
to shift positively by about 180 mV than the
corresponding wave in NaCJGsolution. It suggested
that, adsorption of murexide and/or its reduction
product have a significant effects on its redoxeptls
in both protic and aprotic solvents.

Minimizing the rate of the follow-up chemical
reaction enhances the sensitivity of the measuresmen
It is also stated that, aqueous Nagl@ more
convenient than KN@and KCI solutions for both CV
and EIS investigations of murexide.

As observed and suggested in this investigation,
both murexide and its product of electron transfie
weakly adsorbed on the electrode surface especialy
[HMDE]Jand the significance of adsorption is medium-
dependent and is observed to follow the sequence:

KCI > KNO; > NaCIQ, > DMF >DMSO.
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