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T h e  electroreduclion of niazid on mercury electrodes has heeo studied i n  acidic media (pH c 6). Tafel 
slopes and reaction orders were obtained at potentials corresponding to the foot of the first polarographic 
wave. On the basis of both polarographic and voltammetric results i t  has heen shown that the waves appea- 
ring at more negative potentials correspond to the reduction of nicotinamide. Protonation of niazid plays an 
essential role in its reduction and pK values of 1.4, 3.2 and 11.5 were obtained by W spectroscopy. The 
process corresponding to the first wave is irreversible, being the second one-electron transfer the rate- 
determining step. Above pH 4 the process is complex due to the overlapping of the waves caused by the 
occurenre of protonation reactions. 

In A previous work' a study on the polarographic reduction of niazid (4 has been 
reported. Up to three waves were observed depending on the pH of the medium. The 
liniiting current of the wave appearing a t  less negative potentials (first wave) is inde- 
pendent of yH below pH 4, whereas that of fhe overall wave varies with the pH from a 
minimum value corresponding to a four-electron process a t  pH < 0, to ii Iiiaxiiiiuni 
value corresponding to a six-electron process at pH > 3.5. This bchaviour is similar to 
that obtained for the reduction of nicotinamide2, which m s t  be the reduction product 

QCONHNH* 

I 

a t  potentials corresponding to the first wave3. The first wave is mainly governed by 
diffusion a t  the potentials corresponding to its liniiting current. 

* The author to whom correspondence should be addressed. 
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The aiiii of this coiiiiiiunication is to contribute to the elucidation of the reduction 
rriechanisrti of I on mercury electrodes in  acidic media on the basis of polarographic, 
vol ta miie t ric and kinetic iiieasurcnien ts. 

EXPERIMENTAL 

Voltammetric measurements were made on an INELECSA assembly equipped with a PDC1212 
potentiostat, a GOT1018 function generator and 12 bits AD and DA converters attached to an 8088-based 
microcomputer which was used for data control, acquisition and treatment. Ohmic drop was corrected at 
scan rates above 2 V s-l . The working electrode was a Metrohm EM90 with a drop area of 0.018 cm2. 
The working concentration of I was 5 . mol I-' and ionic strenght was kept at  1.0 mol I-' with 
NaN03.  

For kinetic measurements of i-E curves were recorded automatically at  a low scan rate and stored in  the 
microcomputer by using a digitizer. The contrihution of supporting electrolyte was eliminated by linear 
extrapolation of the curve preceding the discharge potential. 

IN-visible measurements were made on a computerized Perkin-Elmer Lambda 3B spectrophotometer 
with 1 cm quartz cuvettes at 25 "C. All other experimental conditions are given i n  ref.l. 

HFSULTS AND DISCUSSION 

No data have been found in  the literature dealing with the protonation or dissociation 
constants of compound 1. For this reason, a spectrophotoiiietric study was carried out 
and pK values of 1.4, 3.2 and 11.5 were obtaincd froni the variations of the absorbances 
a t  260 nni (pH << 7) and  290 nni (PH > 7). These pK values wcre attributed to the 
following equilibria: 

(+I 

u C O N H N H 2  

CONHNH, 
7 

pK - 1.4 0 y (+I y (+I 
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A curve-fitting niethod was used for the treatment of the h i /  AE - E data in  diffe- 
rential pulse polarography (DPP). The first peak was assuiiied to be first-order whereas 
the second and/or third peaks were assuiiied to be the same as obtained for the 
reduction of nicotinaniide. Thus, the following equation was used for the first peak4 : 

I = 4 l P L / ( l  + L ) 2  (1) 

and the following equation was used for the second and third peab5 : 

1 i ( iL-  i) 
b a i L +  (1 - a ) i  ' 

I = -  

wherc I = Ai / AE, L = exp [-(E - EP) / b); I ,  and E p  are the peak intensity and the peak 
potcntial, respectively; 6 is a term which coincides with the slope of the logarithiiiic 
analysis i n  DC polarography and a = 2/3 and (I = 2 for the second and third peak, 
rcspectiveIy6. 

In strongly acidic niedia the polarogranis were fitted by using Eq. (1) for both peaks, 
i n  agreeiiient with the results obtained for nicotinamide2. Figure 1 shows the appli-  
cation of thc curve-fitting proccdure in two cases. 

As i t  can be seen, the experiniental data f i t  the theoretical equations quite well. The 
b values so obtained for the first peak were aroung -40 mV/decade. At pH c 1.5 the b 
value for the second peak was around -60 niV/decade, whereas a t  pH > 2 the values 
obtained for the second and third peak were -62 and -33 mV/decade, respectively. 
These results agree with those obtained i n  the reduction of nicotinamide2-6. 

0.1 

Fio. 1 
DP polarograms of 1 . 1 0 - 4 M  niazid at a plI 1.4 and b pI1 3.0. Circles and dots represent experimental and 
theoretical data, respectively. Pulse increment -10 mV, pulse duration 40 ms 
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Figure 2 shows the dependence with the pH of the pcak potentials obtained by 
applying the curve-fi tting method. 

When the concentration o f 1  is incrcased a t  constant pH, there is a change in the peak 
potentials of the second and third peak. Thus, a t  pH 2.5 these variations are 23 and -35 
iiiV/deca de. 

These variations, a s  well as those given in  Fig. 2, are very similar to those previously 
obtained for n ico t ina~i i ide~*~.  Moreover, cyclic voltaniniograms recorded a t  pH > 2 
show a rcoxidation pcak acconipanying the cathodic ones when the switching potential 
selected correspond to the second peak. The separation of the peak potentials of the 
second peak and the reoxidation one is at least 800 niV, as shown in  Fig. 3. A11 these 
data are in  agreenient with those reported for ~iirotinaniide~. 

The E ,  vs pH plot for the first peak i n  DP polarography shows two inflection points 
around pH 1.2 and 3.3 (see Fig. 2). These values are close to the pK values obtained by 
UV spectroscopy and must be related with the corrcsponding protoriation equilibria. 
Around pH 4.5 the first peak overlaps with the second .one and the situation becomes 
ralhcr coiiiplex. 

Logarithmic analyses of the first dc  wave were carried out i n  the form of E vs log 
[ i  / (iL - i)]. The graphs were linear below pH 3.3 and showed deviations from linearity 
above this pH value. The slopes of these plots are close to -40 niV/dccade. 

From the i-E curves traced a t  potentials corresponding to the foot of the first wave, 
the Tafel slope and elcctrocheiiiiral reaction orders were obtained. The value of the 
Tafcl slope was indcpcndcnt of both rciiclant roticcntration and pH, having averagc 
values of -41 niV/dccadc. The reaction order with respect to the Ht ion concentration 
wcrc around zero and 1.9 for pH < 1.2 and i n  the pH range 1.3 - 3, respectively. The 
reaction order with respect to conrcntration of I was close to the unity in  a l l  cases. 

-1.3 

F a .  3 
Results of the application of the curve fitting 
i n  DP polarography. Dependence of the peak 
potentials with the pH for a first peak b 

2.0 p~ 4.0 second peak c third peak -2.0 
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The values of b obtained in  DP polarography as well as of Tafel and logarithiliic 
analysis slopes, are indicative of the irreversible character of the process taking place a t  
the potentials corresponding to the first wave. This is also confiriiled by the value of 
3Ell, / dog t close to 20 niV/decade. In cyclic voltailininletry no oxidation peaks 
were observed until  a scan rate of 100 V s-l accoiiipanying the first cathodic one. For 
the first peak, the value of the ratio i, / v112 is independent of bo th  the scan rate and the 
pH. The values of E,  - E,, are close to -44 mV and the slope of the peak potential vs 
log v plots is around -23 riiV/decade. These data confirm the irreversible character of 
the process. 

Taking into account the above riientioned results and conclusions, reduction scheiiies 
can be proposed for the process occurring a t  the potentials corresponding to the first 
wave. 

At pH < 1.2 the species in  solution is tha t  doubly protonated; the H+ ion does not 
takes part i n  the process. Kinetic data indicate that the second one-electron transfer is 
the step controlling thc process in the rising portion of the wave: 

(+) (+I 
HNC5H4CONHNH3 + e 

(+I 
[HNCSH4CONHNH3] + e 

(+) 
[HNCSH4CONHNH3] 

r.4.s. (+I (-1 - [HNC5H4CONHNH3] 

(+I (-1 (+I 
[HNC5H,CONHNH3] + 2H(+) - HNC5H4CONH2 + NH?) 

(3) 

(4) 

This is essentially the same rllechanisnl proposed by Lund in  the reduction of isonia- 
zid' . Step (3) represents the loss of aninloilia to yield nicotinaniide, which is sub- 
sequently reduced a t  potcntials Corresponding to the second wave. Assuming an = 1.5 
al l  the polarographic, voltailiilietric and kinetic data are easily explained. 

Fio. 3 
Cyclic voltammogram of 5 . 
Scan rate: 3 v s-' 

1 0 - 4 ~  niazid at pH 2.52. 
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The results obtained at the foot of the wave confiriii this schenie. The i-E relation- 
ship in this zone of potentials is: 

where cI is the concentration of niazid, K, and k, are the equilibriuiii and rate constants 
of reaction$ (3) and (4) at E = 0, respectively, and K' = exp [(l + p)FA@r,f/RTJ, where 
A& is the potential of the reference electrode. The value of the Tafel slope and the 
electroche~nical reaction orders with respect to isoniazid and the H+ ion derived froni 
this equation assuiiiing p = 0.5 agree with the experiniental values. 

According to the pK values obtained, in the pH range 1.3 - 3.3 the species in solution 
is H(+)NCsH4CONHH,; i n  addition, the values of Tafcl slopes, 6 parameter i n  DP pola- 
rography, E,  vs log v plots in  LSV etc. indicate that the second one-electron transfer is 
the r.d.s and two H+ ions are involved in the reduction prior to this step. The first 
reaction can reasonabily be attributed to the protonation of niazid and the proposed 
scheiiie reads: 

(7) (+I (+I (+I 
HNC5H4CONHNH2 + H(+) # H N C S H ~ C O N H ~ N H ,  

(+I (+I 
HNC5H4CONHNH3 + e + H(*) 

(+I . +  [ HNC5H4CONH2NHJ] 

(+I r.d.9. (+I 
[HNC,H,CONH,NH,] ' + + e - H N C S H ~ C O N H ~  + NH, 

The sequence of steps involved in reaction (8) cannot be established with the data 
available. 

Polarographic, voltamnietric and kinetic results are also easily explained using this 
scheme. 

Above pH 3.3, the process becomes coniplicated by the occurrence of two proto- 
nation reactions of  1 and one additional protonation i n  the pyridine ring of nico- 
tiiiaiiiide, pK = 3.7 (refs8,9). This causes a strong dependence of the reduction potentials 
with the pH and thc first wave overlaps with the second one. Moreover, the dependence 
of the overall liniititig current with the pH a t  pH > 4 is not the saiiie obtained in the 
rcductioii of nicotinamide'. All these facts prevent us froni give a n y  interpretation of 
the data uiidcr such condition,. 

Fitioticiol support from Jutlln de Atidalucia is  gralefrtlly acknowledged. 
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