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Ahstraet 

The electrochemical behaviour of 1-[2-(ethylsulphonyl)ethyl]-2-methyl-5-nitro-l~-imidazole 
(tinidazole) was studied by normal pulse and reverse pulse polarography. In aqueous solutions of pH 
2.5-4.8 containing no surfactant, tinidazole gives rise to two irreversible cathodic waves, one (I) 
corresponding to a four-electron electrode reaction and the other (II) to a two-electron reaction; at 
higher pH the limiting current of I increases at the expense of II until only a single wave for a 
six-electron reaction is observed at pH > 7.5. A mechanism for the reaction of wave I under the various 
experimental conditions is suggested. In strongly alkaline media tinidazole decomposes; the kinetics of 
this process were studied by normal pulse polarography and the second-order rate constant is reported. 
In basic solutions containing dimethyl formamide or sodium lauryl sulphate, wave I splits into two or 
three waves; when the splitting is complete, the electrode reaction corresponding to the first wave I’, is 
the reversible formation of the anion radical, and the formal potential of the tinidazole/anion radical 
system can be determined. 

INTRODUCTION 

Like other Snitroimidazoles, tinidazole, 

CHz-CH,-SO,-CH,-CHs 

OzN 

0022-0728/93/$06.00 0 1993 - Elsevier Sequoia S.A. All rights reserved 



278 

possesses selective activity against anaerobic or microaerophilic bacteria and 
protozoa. Its half-life is longer than that of metronidazole, 1-(Zhydroxyethylj-2- 
methyl-Snitro-lH-imidazole, the member of this class that is most widely used for 
therapeutic purposes [ 11. 

Both the selective cytotoxicity of Snitroimidazoles and sensitization of hypoxic 
cells to radiation by 2nitroimidazoles appear to involve the biological reduction of 
the NO, group in reactions which initiate the cleavage of the DNA strand and the 
destabilization of the helix [2,3]. According to the model put forward by Edwards 
[1,2], the active form of these agents is the protonated anion radical R-NO,H; 
which by accepting an electron oxidizes the DNA molecule, thereby causing the 
release of thymidine phosphate and the cleavage of the DNA strand. This 
mechanism is in keeping with the empirical observation that the activities of 
both 5- and 2-nitroimidazoles depend on the standard potential of the system 
R-NO,/R-NO, formed by the nitro derivative and its anion radical. 

In view of the above, it is of some interest to elucidate the mechanism of 
electrochemical reduction of 5-nitroimidazoles, especially when the common char- 
acteristics of electrochemical and enzymatic reactions are borne in mind [41. 
Several articles have already appeared on the polarographic or voltammetric 
reduction of metronidazole and some other 5-nitroimidazoles [5-161. In the case of 
tinidazole, however, little electrochemical research has been done. A study of its 
polarographic determination in tablets found that in aqueous media the reduction 
of its nitro group gives rise to a four-electron cathodic wave [17]; in dimethyl- 
sulphoxide it produces two cathodic waves at stationary or rotating platinum 
electrodes, of which the first corresponds to the formation of an anion radical that 
is stable on the voltammetric time scale [13]; and it has also been reported that 
complete coulometric reduction of tinidazole and other nitroimidazoles at mercury 
electrodes in aqueous media of pH 7.4 requires a non-integer number of electrons 
1181, showing that the partially reduced intermediates are reactive on the coulo- 
metric time scale. The latter finding is supported by reports that the complete 
reduction of metronidazole gives rise to numerous products, including the nitrite 
ion and compounds resulting from the fragmentation of the imidazole ring, and 
that increasing pH reduces the number of electrons required for complete reduc- 
tion and increases the concentration of NO; produced, showing that the nitrite is 
formed from the anion radical intermediate [19,20]. 

In the work described here, we studied, chiefly by normal and reverse pulse 
polarography, the electrochemical behaviour of tinidazole in buffered aqueous 
media (in the presence and absence of surfactant) and in dimethylformamide 
(DMF) + water mixtures. Our aims were to determine (i> the mechanism of the 
electrochemical reduction of tinidazole on the time scales of the techniques 
employed, (ii> the formal potential of the tinidazole/anion radical system in 
aqueous media, using an alternative to the pulse radiolysis technique used hitherto 
1211, (iii) the kinetics of the observed degradation of tinidazole in strongly alkaline 
media and (iv) optimal conditions for the analytical determination of tinidazole by 
differential pulse polarography. 





280 

(Na,SO,) and filtered, the solvent was removed in vacua and the residue was 
dissolved in dimethylsulphoxide (DMSO) and analysed by ‘H NMR spectroscopy. 

RESULTS AND DISCUSSION 

Eiectrochemical reduction of tinidazole in aqueous media with no surfactant 

Limiting currents at pH 2.548. 
NP polarograms of tinidazole solutions show two cathodic waves, I and II; their 

limiting currents are independent of pH and the ratio between them is 2: 1 (Figs. 

I 
(a) 

c 0.5pA 

0.0 0.3 0.3 0.9 1.2 

(b) -E/V 

Fig. 1. (a) NP (1) and RP (Z-4) polarograms of tinidazole at pH 4.1. Base potentials 0.30 V (11, - 1.20 V 
(24) and -0.45 V (3). Tinidazole concentrations 1 X 10e4 M (l-3) and 0 (4). (b) NP (1) and RP (2,3) 
polarograms of tinidazole at pH 8.8. Base potentials 0.10 V (1) and - 1.40 V (2,3). Tinidazole 
concentrations 1 X 10e4 M (1,Zl and 0 (3). 
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Fig. 2. Plots of 1: (01, If* (A) and I/+” (* ) against pH. Tinidazole concentration 1 x 10m4 M. 

l(a) and 2). RP polarograms show two totally cathodic waves at potentials close to 
those at which I and II appear (Fig. l(a)), which implies the totally irreversible 
nature of the corresponding electrode reactions [221. Furthermore, at pH 4.1 the 
RP polarogram recorded with a base potential corresponding to the plateau of 
wave I shows that the product of the electrode reaction for I gives rise to an anodic 
wave with E1,2 = 0.192 V. 

Under NPP the limiting current of I, Z:, and the total limiting current, Z/ + I:‘, 
are proportional to the concentration of tinidazole and both have a temperature 
coefficient of 1.72% Y-l (Table 1). Under DCP both limiting currents are 

TABLE 1 

Temperature coefficient of the limiting current of NPP wave I and the ratio between the limiting 
currents of I under NPP and DCP,,, at various pH 

PH Temperature 
coefficient/% “C-l 

I,’ WPP)/f,’ (DCP,,,) 

1.5 2.66 3.82 
4.3 1.72 4.34 
5.6 2.41 3.98 
8.5 1.59 4.44 



proportional to the square root of the height of the mercury column. These 
findings show that under these conditions Z,’ and Z,’ + Z,‘* are diffusion controlled. 
The ratio between the values of Z,’ recorded under NPP and DCP,,,,, 4.34 (Table 
l), is only slightly above the value of 4.19 expected for diffusion-controlled limiting 
currents under the experimental conditions employed in this work (NPP electroly- 
sis time 48.65 ms, drop time 2.0 s 1231. 

Under NPP at pH 2.8 the ratios between Ztr and the limiting currents of the first 
waves produced by o-chloronitrobenzene and p-chloronitrobenzene are 0.93 and 
0.96 respectively. Since the numbers of electrons involved in the latter reactions 
have been determined coulometrically [241 these ratios show that in this pH range 
I corresponds to a four-electron process. Furthermore, in acidic media the anodic 
peaks produced by aromatic nitro compounds during the reverse scan of cyclic 
voltammograms, which have been attributed to the reversible oxidation of the 
corresponding hydroxylamine [25,26], occur at potentials close to that of the anodic 
RPP wave produced by tinidazole when the base potential is located on the 
plateau of I (Fig. l(a)). It is accordingly concluded that in this pH range the 
electrode reaction corresponding to I produces a hydroxylamine and therefore that 
wave II corresponds to the two-electron reduction of this hydroxylamine to the 
amine. 

Limiting currents at pH 4.8-7.5 
As pH rises, Z,’ increases and I’ I, decreases but the total limiting current 

remains the same as at pH 2.5-4.8 (Fig. 2). The data listed in Table 1 show that 
under these conditions Z,’ is partially kinetically controlled. 

Limiting currents at pH > 7.5 
When pH 7.5 is reached, only wave I remains, its limiting current being 

independent of pH and equal to 6/4 of the value of Z,’ at pH 2.5-4.8 (Figs. l(b) 
and 2). At pH > 7.5 Z,’ is once more diffusion controlled, as is shown by its being 
proportional to the concentration of tinidazole (and under DCP to the square root 
of the height of the mercury column) and by the data listed in Table 1. RP 
polarograms show a totally cathodic wave appearing at the same potentials as I 
(which confirms the total irreversibility of the electrode reaction). Together with 
the other results, the absence of the anodic wave attributed to the oxidation of the 
hydroxylamine (Fig. l(b)) shows that in these media I corresponds to the direct 
transfer of six electrons per molecule to form the amino derivative. The fact that, 
unusually, this number of electrons differs from the number determined coulomet- 
rically at similar pH (4.1 at pH 7.4) [18] shows that the polarographic techniques 
used allow only low concentrations of reduction process intermediates susceptible 
to involvement in side reactions. 

At pH > 4.8 NPP wave I exhibits a maximum (Fig. l(b)) which increases with 
increasing tinidazole concentration and decreasing effective pulse duration and 
which is accordingly attributed to the adsorption of the electroactive species on the 
electrode surface [27]. 
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Fig. 3. Plots of (E,,,)’ (0) and (E1,2)” (A) against pH. Tinidazole concentration 1~10-~ M. 

At pH > 12 I: falls and a new wave at more negative potentials grows as the 
time elapsed since preparation of the tinidazole solutions increases. The kinetics of 
the degradation process causing this behaviour are reported later in the paper. 

Limiting currents at pH < 2.5 
In this pH range wave II is masked by the effect of the discharge of the proton 

and Iii depends on pH with a minimum at pH 1.6 (Fig. 2). UV-visible spectra 
recorded between 180 and 386 nm in 1.0 x 10e4 M tinidazole solutions of pH 
0.4-3.6 show that as pH falls, the band that at pH 3.6 is located at 320 nm wanes 
and a new band appears which at pH 0.4 is located at 277 nm. These changes 
reflect the protonation of the unsubstituted ring nitrogen atom and their analysis 
affords a value of 2.0 for the corresponding pK,. The pH dependence of Z/ in this 
region, which is shared by other nitro compounds [5,10,15] would appear to be 
related to this process, but the exact effect on the electrode reaction remains 
obscure. The data listed in Table 1 show that under these conditions Zir is partially 
kinetically controlled. 

Effect of pH on E1,2 and an 
Figure 3 shows the influence of pH on the half-wave potentials of waves I and 

II. For I, plotting E,,2 against pH over the range pH 1.5-7.9 yields a straight line 
with a slope of -74 mV per pH unit. The change in slope at pH 1.5 is attributed 
to the protonation of the electroactive species. In alkaline media (E1,2)* is 
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TABLE 2 

Values of m for wave I produced by tinidazole (1.0~ 10e4 M) in various media 

PH (Yfl 

0.47 1.14 
0.78 1.27 
1.34 1.32 
1.59 1.26 
1.90 1.25 
2.30 1.22 
3.30 1.07 
4.15 1.11 
4.45 1.12 
5.30 0.97 
6.17 0.96 
7.47 0.98 
7.99 1.03 
8.32 1.25 
9.14 1.33 

10.80 1.32 
11.20 1.37 
11.60 1.51 
12.14 1.58 

independent of pH. (E1,2)n is practically independent of pH over the whole range 
in which wave II is observed. 

Plots of log[x2(1.75 +x2)/(1 -x)1 against -E for NPP wave I, where x = Z/Z,, 
are straight lines, except at high Z values when I exhibits an adsorption maximum. 
The slopes of the lines afford the values of (cY~)’ listed in Table 2 1281. 

Mechanism of the electrode processes 
The above findings show that at pH 2.5-4.8 wave I is due to the reduction of 

unprotonated tinidazole to the corresponding hydroxylamine, 

CH,-CH,-SO,-CH,-CH, CH,-CH,-SO,-CH,-CH, 

OzN 

+4e-+4H+ 
- HOHN 

- H,O 

and wave II to the reduction of this hydroxylamine to the corresponding amine, 

CH_2-CH,-S0,-CH,-CH3 CH,-CH,-SO,-CH,-CH, 

HOHN 
+k-+2H+ - H,N 

-H,O 
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According to the currently accepted mechanism for the electroreduction of 
aromatic and heteroaromatic nitro compounds [26] the electrode reaction for I in 
this pH range is therefore as follows: 

R-NO, + e- e R-NO,( ads) (la) 

R-NO;-(ads) + H+ * R-NO;H (2a) 

R-NO;H + e- - R-NO,H- (3a) 

R-NO,H-+ H+ - R-NO + H,O (4a) 

R-NO+2e-+2H+ =+ R-NHOH (5a) 
This scheme, with step (2a) as the rate-controlling step, satisfactorily explains 

the experimental values of (an)’ and d(E,,,)‘/d(pH). The involvement of the 
adsorbed anion radical as an intermediate in the electrode reaction also explains 
the change in electrochemical behaviour observed when DMF or sodium lauryl 
sulphate is included in the medium (see below). 

The polarographic behaviour at pH > 4.8, where increasing pH leads eventually 
to a single wave corresponding to a six-electron process, shows that as pH rises, the 
hydroxylamine is increasingly subject to a chemical reaction whose product is 
reduced to the amine at the potential of wave I. The direct reduction of nitro 
compounds to the corresponding amine has been observed only when the hydroxyl- 
amine can adopt an quinonoid structure [24,29-321. The electrode reaction for I at 
pH > 4.8 is thus 

CH,-CH,-SO,-CH,-CH, CH,-CH,-SO,-CH,-CH, 

CH3 
+4e-+4H+, 

HOHN 
-H,O 

1 -H,O 

CH,-CH,-SO,-CH,-CH, CH,-CH,-SO,-CH,-CH, 

CH, 

H2N 
- HN 

Since in the more alkaline media (E&r is independent of pH, (an)’ has a 
value close to 1.5 and I exhibits an adsorption maximum, the following electrode 
mechanism is proposed for this pH range: 

R-No2 + e-\R_No.- (ads) 

R-NO,(ads) + e- 
/ 2 

R-NO;-(ads) + e- 5 R-NO;- 
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Fig. 4. NP polarograms of tinidazole (1 X 10m4 MI in 40:60 DMF+water of pH 5.64 (11, 8.66 (2) and 
11.40 (3). 

R-NO;- + H,O - R-NO + 20H- (3b) 

R-NO+2e-+2H+ e R-NHOH (4b) 

R-NHOH - R’=NH + H,O (5b) 

R’=NH + 2e-+ 2H+ - R-NH, (6b) 

Electrochemical reduction of tinidazole in aqueous media containing sodium lauryl 
sulphate and in DMF + water mixtures 

In 40 : 60 DMF + water mixtures of pH < 7 wave I is observed under NPP; the 
viscosity of the medium results in I, being 30% less than in aqueous media of pH 
2.5-4.8 (Fig. 4). At pH > 7 wave I splits into two waves, I’ and I”, increasing pH 
over the range pH 7.0-9.5 reduces Zii’ and increases I,‘“, while their sum remains 
constant, and for pH > 9.5 both limiting currents are independent of pH, with I,” 
equal to one-quarter of their sum. 

Wave I also splits at pH 11.4-12.4 in aqueous media containing sodium lauryl 
sulphate, producing wave I’ and two further partially overlapping waves (Fig. 5). 
With a surfactant concentration of 2 X 10m3 M splitting is total, i.e. Zir’ is 
independent of pH over the pH range mentioned above and its value is one-sixth 
of that of Iii in alkaline media with no surfactant. 

Similar splitting has been reported for the waves produced by nitrobenzene and 
some of its derivatives in basic solutions containing ethanol or inhibitory surfac- 
tants [26,33]. It has been attributed to the anion radical being more stable in 
solution than when adsorbed on the electrode surface, with the result that anion 
radicals displaced from the electrode surface by the surfactant or organic cosolvent 
are no longer involved in protonation and charge transfer at the potential of 
wave I. 



I 
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Fig. 5. NP polarogram of tinidazole (1 x 10m4 M) in 2 X low3 M sodium lauryl sulphate solution of pH 
11.58. 

We found that when the splitting of I in media with DMF or surfactant was 
complete, RP polarograms recorded with a base potential corresponding to the 
plateau of I’ exhibited a wave with both cathodic and anodic contributions and a 
total limiting current equal to that of I’ under NPP, showing that the electrode 
reaction corresponding to I’ is reversible [22]. Plotting log[Z/(Z, - Z)] against -E 
for NPP data for I’ produced straight lines with reciprocal slopes of 59 mV, 
implying that I’ corresponds to a one-electron reaction 1281.. Since the half-wave 
potential of I’ is independent of pH, hydrogen ions are not involved in its 
electrode reaction; and since (E&I is also independent of ionic strength kon- 
trolled with sodium nitrate), the anion radical produced by the one-electron 
transfer does not form ionic pairs with the cation of the electrolyte. 

To sum up, when the splitting of I is complete, wave I’ corresponds simply to 
the formation of the unadsorbed anion radical at the electrode: 

CH,-CH,-SO,-CH,-CH, CH,-CH,-SO*-CH2-CH3 

02N 
& -‘O,N 

The half-wave potentials of I’ in the various media are therefore practically 
equal to the corresponding formal potentials of the redox system involved in this 
reaction. The value measured in aqueous media containing sodium lauryl sulphate 
is - 720 mV with respect to a saturated calomel electrode, i.e. -460 mV with 
respect to a normal hydrogen electrode, which, when Davies’ equation is used to 
calculate the activity coefficient of the anion radical in these media, gives a 
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-E/V 

Fig. 6. NP polarograms of tinidazole (1 X 1O-4 M) at pH 12.95, 621 s Cl), 2708 s (2) and 7484 s (3) after 
preparation of the tinidazole solution. 

standard potential of - 468 mV in good agreement with the value of -464 mV 
determined by pulse radiolysis [211. 

Degradation of tinidazole in alkaline media 

As was mentioned above, the limiting current of wave I for aqueous tinidazole 
solutions of pH > 12 falls as the time elapsed since the preparation of the solutions 
increases, until eventually the wave is virtually suppressed. This process, which is 
accompanied by the appearance of a new wave at more negative potentials (Fig. 6), 
reflects the degradation of the tinidazole and becomes more marked as pH is 
increased. Once the absence of wave I in a strongly alkaline medium has shown the 
total degradation of the tinidazole to have occurred, polarograms recorded after 
bringing the pH down to pH 8.5 (at which value the degradation reaction does not 
occur) still exhibit no wave I, showing that the degradation reaction is irreversible. 

The products of the degradation reaction were identified by ‘H NMR spec- 
troscopy as described in the Experimental section. The spectrum of the chloroform 
extract run in CDCl, showed the presence of ethyl vinylsulphone, with signals for 
an ethyl group slightly upfield of the tinidazole Et (the methyl triplet being centred 
at 1.32 ppm and the methylene quadruplet at 2.99 ppm) and for a well-defined 
vinyl system (doublets at 6.18 and 6.41 ppm and a doublet of doublets at 6.60 ppm, 
each integrating for 1 H and corresponding to the protons respectively trans, cis 
and geminal to the sulphone group; J = 9.70 Hz for cis protons, 16.62 Hz for trans 
protons, no coupling for geminal protons) [34]. The spectrum of the ethyl acetate 
extract of the neutralized aqueous layer run in DMSO showed signals for 
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Fig. 7. Plots of I:(A) and log I: (B) against time for 1 X low4 M tinidazole at pH 13.16. 

2-methyl-Snitroimidazole, the aromatic proton on C4 appearing at 8.25 ppm as a 
singlet integrating to 1H and the Me group as a 3H singlet at 2.35 ppm. 
Accordingly, and in keeping with the known ability of sulphones to generate 
2-carbanions in alkaline media [35] the degradation reaction is 

yH,-CH,-SO,-CH,-CH, 

OzN x YCH3 \ N 
+ CH,=CH-SO,-CH,-CH, 

The kinetics of the above reaction were studied by NPP by addition of 1 X 10e4 
M tinidazole to deoxygenated 0.5 M NaNO, + NaOH solutions of pH 12.96, 13.16 
and 13.26. Plots of Zri and log Zri against time in the pH 13.16 medium are shown 
in Fig. 7. In all three media the half-life of tinidazole was independent of its initial 
concentration, showing a reaction of order one with respect to tinidazole. The 
experimental rate constants k, = k[OH-lB were 1.23 X 10e4 s-l at pH 12.96, 
2.04 x 10m4 s-l at pH 13.16 and 2.81 X 10e4 s-l at pH 13.26. Fitting a line by 
least squares to plots of logk, against log[OH-I yielded a slope of 1.07 (showing 
the reaction to be of order one with respect to OH-) and a value of 8.7 X lo-’ 
dm3 mol-’ s-l for the second-order rate constant k at 25°C. 



290 

Analytical application 

In view of the above, the determination of tinidazole by DPP should be carried 
out in aqueous media of pH 8-11; in these media the peak for tinidazole 
(corresponding to NPP wave I) corresponds to a six-electron process and the 
degradation process observed at higher pH does not occur. Under these conditions 
tinidazole can be determined at concentrations very much lower than those that 
have hitherto been susceptible to polarographic measurement 151. The calibration 
line obtained for determination in the range 8 X 10-7-1.0 X 10e4 M by undamped 
DPP at pH 8.6 was 

( Z,,)‘//LA = -0.05 + 4.1 x lo4 c/M (r = 0.9992) 

For concentrations in the range 5 X 10-*-B X 10m7 M determined using a 
damping setting of unity the calibration line was 

(Z,,)‘/,uA = 0.001 + 3.1 x lo4 c/M (r = 0.9961) 

REFERENCES 

1 D.I. Edwards, in C. Hansch, P.G. Sammes and J.B. Taylor tEds.1, Comprehensive Medical 
Chemistry, Vol. 2, Pergamon, London, 1990, p. 725. 

2 D.I. Edwards, B&hem. Pharmacol., 35 (1986) 53. 
3 P.L. Olive, in L.W. Brady (Ed.), Radiation Sensitizers, Masson, New York, 1980, p. 39. 
4 G. Dryhurst, Electrochemistry of Biological Molecules, Academic, New York, 1977. 
5 D. Dumanovic, J. Volke and J. Vajgand, J. Pharm. Pharmacol., 18 (1966) 507. 
6 D. Dumanovic and J. Ciric, Talanta, 20 (1973) 525. 
7 D.A. Rowley, R.C. Knight, I.M. Skolimowski and D.I. Edwards, Biochem. Pharmacol., 28 (1979) 

3009. 
8 A. Breccia, G. Berrilli and S. Roffia, Int. J. Radiat. Biol. 36 (1979) 85. 
9 Y.W. Chien and S.S. Mizuba, J. Med. Chem., 21 (1978) 374. 

10 A. Morales, MI. Toral and P. Richter, Analyst, 109 (1984) 633. 
11 D. Dumanovic, J. Ciric, D. Kosanovic and D. Jeremic, Collect Czech. Chem. Commun., 49 (1984) 

1342. 
12 A.Z. Abu Zhuri, S.I. Al-Khalil and M.S. Suleiman, Anal. Lett. 19 (1986) 453. 
13 D. Barety, B. Resibois, G. Vergoten and Y. Moschetto, J. Electroanal. Chem., 162 (1984) 335. 
14 J.H. Tocher and D.I. Edwards, Free Rad. Res. Commun., 4 (1988) 269. 
15 M.E. Bodini, J.M. Lopez Fonseca and F. Arce, Bull. Electrochem, 6 (1990) 802. 
16 P.S. Sankar and S.J. Reddy, Asian J. Chem., 2 (1990) 245. 
17 M. Slamnik, J. Pharm. Sci., 65 (1976) 736. 
18 P.J. Declerck and C.J. de Ranter, Analusis, 15 (1987) 148. 
19 R.J. Knox, R.G. Knight and D.I. Edwards, B&hem. Pharmacol., 32 (1983) 2149. 
20 D.I. Edwards, R.C. Knight and A. Zahoor, Int. J. Radiat. Oncol. Biol. Phys., 12 (1986) 1207. 
21 P. Wardman and E.D. Clarke, J. Chem. Sot., Faraday Trans., 76 (1976) 1377. 
22 K.B. Oldham and E.P. Parry, Anal. Chem., 42 (1970) 229. 
23 A.J. Bard and L.R. Faulkner, Electrochemical Methods, Wiley, New York, 1980, p. 188. 
24 S. Bencheikh-Sayarh, P. Puillen, AM. Martre and P. Martinet, Electrochim. Acta, 28 (1983) 627. 
25 W.R. Heineman and P.T. Kissinger, Am. Lab., 14 (1982) 29. 
26 W. Kemula and T.M. Ktygowsky, in A.J. Bard and H. Lund (Eds.1, Encyclopedia of Electrochem- 

istry of the Elements, Vol. XIII, Marcel Dekker, New York, 1979, Chap. 2. 



291 

27 J.B. Flanagan, K. Takahashi and F.C. Anson, J. Electroanal. Chem., 85 (1977) 257. 
28 K.B. Oldahm and E.P. Parry, Anal. Chem., 40 (1968) 65. 
29 H. Lund, in M.M. Baizer and H. Lund (Eds.), Organic Electrochemistry, Marcel Dekker, New York, 

1983, Chap. 8. 
30 Z.J. Karspinki and Z. Kublik, Pal. J. Chem., 60 (1986) 269. 
31 J.P. Stradins, S.A. Hiller, R.A., Gavars, G.O. Reihmans and L.M. Baumene, Ezperientia Suppl., 18 

(1971) 607. 
32 A. Morales, P. Richter and MI. Toral, Analyst, 112 (1987) 965. 
33 S.G. Mairanovskii, J.P. Stradins and I.Ya. Kravis, Sov. Electrochem., 8 (1972) 766. 
34 R.M. Silverstein, G.C. Bassler and T.C. Merrill, Spectrometric Identification of Organic Com- 

pounds, Wiley, New York, 4th Edn., 1981. 
35 D. Barton and W.D. Ollis, Comprehensive Organic Chemistry, Vol. 3, Pergamon, Oxford, 1979, 

p. 184. 


