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A study was made of the polarographic behaviour of 1-(4'-carbamoylphenyI)-3,3-dimethyl- 
triazene and  optimum conditions were found for its determination by tast polarography and  
differential pulse polarography a t  a static mercury drop electrode and by fast scan differential 
pulse voltammetry at  a hanging mercury drop electrode in the concentration range 1 . to 
2 . lo-' m o l l -  ', A further increase in the sensitivity can be achieved through adsorptive ac- 
cumulation of the test substance on the surface of a hanging mercury drop, permitting the deter- 
mination to be extended to the concentration range 1 . 10-'--2, lo- '  mol l - ' .  

Derivatives of l-phenyl-3,3-dimethyltriazene substituted in the position 2,3 or 4 by 
a carboxylamide group belong among genotoxic substances that also exhibit carcino- 
static activity' ,'. They can be determined spectrophotometrically in the ultraviolet 
region and also through their protolysis followed by C-diazocoupling of the aren- 
diazonium salt formed with N-ethyl-1-naphthylamine to  form an azodye, which 
can be determined photometrically i n  the visible region3. DC polarography3 has 
been used to determine these substances in the concentration range 1 .  to 
1 . mol I - ' ,  and a number of references to the polarographic behaviour of 
variously substituted derivatives of l-phenyl-3,3-dimethyltriazene can be found 
in the paper4, describing the determination of 1-(2'-carbamoylphenyI)-3,3-dimethyl- 
triazene using modern polarographic and voltammetric techniques with a determina- 
tion limit of about 3 . lo-' moll- ' .  

This work describes the use of tast polarography and differential pulse polaro- 
graphy (DPP) at a static mercury drop electrode (SMDE) and fast scan differential 
pulse voltammetry (FS DPV) at a hanging mercury drop electrode (HMDE) to 
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determine the so-far unstudied compound 1-(4'-carbamoylphenyI)-3,3-dimethyl- 
triazene. Work was carried out in a mixed water-methanol medium, ensuring suffi- 
cient solubility of the studied substance. 

EXPERIMENTAL 

Reagents 

1-(4'-carbamoylphenyl)-3,3-dimethyltriazene was prepared by ammonolysis of 1-(4'-carboxy- 
methylphenyl)-3,3-dimethyltriazeneZ and its purity was controlled by paper and thin-layer 
chromatography, The stock solution of this substance (c = 1 . moll- ') was prepared by 
dissolving a precisely weighed amount of the substance in fresh redistilled methanol. More 
dilute solutions were prepared by precise dilution of the stock solution. It followed from a spec- 
trophotometric study of the stability of these substances that solutions with a concentration of 
1 . and 1 , moll- '  are stable for at least one month in the dark and that a solution 
with a concentration of 1 . moll- '  is stable for at least 14 days. Solutions with even lower 
concentrations were prepared fresh daily. The other chemicals were of p.a. purity (Lachema, 
Brno). Water was doubly distilled in a quartz apparatus. The methanol used was stored only 
in glass vessels as contact with polyethylene led to extraction of substances that unfavourably 
affected the determination of the lowest concentrations. 

Apparatus 

Experiments were carried out using a PA 4 polarographic analyzer with an XY 4106 recorder 
and SMDE 1 static mercury drop electrode (all from Laboratorni piistroje, Prague). The capillary 
had a diameter of 0.146 mm and the maximum drop size was used, obtained by opening the 
valve for a period of 160ms. A saturated calomel reference electrode was used, to which all 
the potential values are related, along with a platinum wire auxiliary electrode. Where not stated 
otherwise, tast and D P  polarography were carried out at a polarization rate of 5 mV s - l  and 
SMDE drop time of 1 s, with an FS DPV polarization rate of 20 mV s - l ,  where the SMDE 
was connected as an HMDE. The pulse methods employed a modulation amplitude of - 100 mV. 
The nitrogen used was purified by passing through a solution of chromium(I1) ions in dilute 
hydrochloric acid (1 : 1 )  over zinc amalgam. A prebubbler containing a mixture of water and 
methanol in the same ratio as in the analyzed solution was placed prior to entrance of the nitrogen 
into the polarographic vessel. Coulometric determination of the number of exchanged electrons 
was carried out using the instrument described in the paper5. 

Procedure 

The calibration curves were measured in triplicate and evaluated by the least squares linear 
regression method. The determination limit was calculated as ten-fold the standard deviation 
of the test analyte with a concentration corresponding to the lowest value on the appropriate 
calibration straight line6. The actual pH value of the Britton-Robinson buffer-methanol mix- 
ture (1 : 1) was measured with a glass electrode calibrated using acetate, borate and phosphate 
buffers in 50% methanol'. Coulometric determination of the number of exchanged electrons was 
carried out using a procedure analogous to that described in ref.'. 
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RESULTS AND DISCUSSION 

The Effect of the p H  on the Polarographic and Voltammetric 
Behaoiour of 1-(4’-Carbainoylphe~y/)-3,3-dimethylfriazene 

It can be seen from Fig. 1 that the tast polarography at  a SMDE in Britton-Robinson 
buffer-methanol (1 : 1) of the test substance at  pH < 8 yields a single wave whose 
parameters in dependence on the pH are given in Table I. The half-wave potential 
of this wave shifts to more negative values with increasing pH and this dependence 
has asymptotic character. The height of this wave is practically constant up to 
pH 7, rapidly decreases at  higher pH values and, at  pH < 10, this wave practically 
disappears. Simultaneously, at pH > 8 a new wave appears with a half-wave poten- 
tial of about - 1.8 V, whose height corresponds to the first wave at  pH < 7. How- 
ever, this wave is difficult to utilize analytically, as it coincides with decomposition 
of the base electrolyte. In acidic medium, the wave height decreases slightly with 
time. For example, at pH 2.52, the wave height measured 20 and 30min after 
preparation of the polarographed solution was equal to 95 and 90%, respectively, 
of the height of the wave measured immediately after bubbling the solution with 
nitrogen. This decrease is apparently connected with the protolytic splitting of the 
test substance’ and is practically absent at pH > 4. On the other hand, this decrease 
is even more marked in a O.~M-HCI-CH,OH mixture (1 : 1) (see Fig. 2), and is 
accompanied by the formation of a new wave with a half-wave potential of about 
-275mV, whose height also decreases with time. It can be assumed that this 
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Tast polarograms of 1-(4‘-carbamoylphenyl)- Tast polarograrns of 1-(4’-carbamoylphenyl)- 
-3,3-dimethyltriazene (c = 1 . low4 mol . -3,3-dimethyltriazene (c = 1 . mol I-’) 
. I-’) in Britton-Robinson buffer-methanol in mixed 0 . 1 ~  HCI-CH,OH (1 : 1) medium, 
(1 : 1) medium, pH: 2.52 ( I ) ,  4.81 (2), 7.83 pH 1.74, recorded: 10 ( f ) ,  20 (2). 40 (3),60 
(3), 9.30 (4 ) ,  and 10.45 (5) (4 ) ,  90 (5), and 120 (6) minutes after preparing 

the solution 
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wave corresponds to the arene diazonium compound ( Z Z ) ,  formed according to 
Eq. ( A ) ,  which further decomposes according to Eq. ( B )  with formation of a polaro- 
graphically inactive product (111). 

/ /  + H,O - H,NCO +OH + N, + H"' 

111 

It followed from logarithmic analysis that the electrode process is irreversible 
in the pH range from 3-8, as was also confirmed by cyclic voltammetry at an 

TABLE I 
Effect of the pH on the polarographic behaviour of 1-(4'-carbamoylpheny1)-3,3-dimethyltriazene 
( c  = 1 , moll - ' )  in Britton-Robinson buffer-methanol medium (1 : 1) 

Epb 
mV 

'pb 
PA 

2.52 
3.81 
4.81 
5.80 
6.95 
7.83 
8.67 

9.30 

10.26 

10.90 
11.95 

- 885 
- 970 

- 1025 
-1 100 
- 1  150 
-1 175 
-1 235 
- 1 800' 
-1 235 
-1 800' 
- 1235 
- 1 800' 
-1  800' 
-1 800' 

0.96 
1.00 
1.00 
1.00 
0.98 
1.00 
0.51 
1' 
0.35 
1' 
0.08 
1' 
1' 
1' 

- 785 
- 875 
- 965 

- 1 040 
- 1 090 
-1 140 
-1 165 
-1 775 
- 1  175 
- 1  750 
- 1  180 
-1 735 
- 1730 
- 1730 

1.61 
1.76 
1.88 
1.99 
1.88 
1.83 
1-56 
0.80 
0.82 
0.58 
0.05 
0.64 
0.59 
0.53 

' Measured by tast polarography at an SMDE; measured by DPP at an SMDE; ' the values 
given are only approximate because the more negative wave is difficult to evaluate as i t  coincides 
with the decomposition of the base electrolyte. 
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HMDE at a polarization rate of 5-50 mV s- ' .  At pH 5.8, the wave height of 
1-(4'-carbamoylphenyI)-3,3-dirnethyltriazene in D C  polarography is directly pro- 
portional to the square root of the mercury reservoir height confirming that this is 
a diffusion-controlled process. It was found by constant-potential coulometry at 
a large-area mercury electrode that 4 electrons are exchanged. It can be assumed 
by analogy with the polarographic behaviour of unsubstituted l-phenyl-3,3-di- 
methyltria~ene~ and its 2'-carboxylamido derivative4 that the polarographic reduc- 
tion of the test substance will occur according to Eq. (C). 

p 3  

(C) HzNCO +N=N--N, l r rev  - H,NCO ---(=J-NH, + H,N-N \ CH, 
4 e-,4 H'" 

,CH3 

CH, 

The measured character of the El,,-pH dependence indicates that the substance 
adsorbed on the electrode surface undergoes preliminary protonation". The ob- 
served decrease in the limiting current in the region around - 1.5 V at pH > 7 is 
apparently connected with a decrease in the rate of surface protonation as a con- 
sequence of desorption of the substance at a much more negative potential than that 
of the electrocapillary zero, where maximum adsorption of uncharged molecules 
of the test substance can be expected. 

The effect of the pH on the peak position and height in DPP at the SMDE (see 
Table I) reflects the effect of the pH on the behaviour of the test substance in tast 
polarography. It can be seen from Fig. 3 that the more negative peak corresponds 
to a more irreversible process than the more positive peak. 

Results obtained for FS DPV at the HMDE are analogous (see Table 11). 

Anuljitical Uti l izat ion of the Polarographic Reduction of 
L-(4'-Carbarnoylphenyl)-3,3-dinieth ~ ~ l t r i a z e n e  

From an analytical point of view, the highest and most easily measured curves were 

- 0 6  -1 0 -1 L -1 a 
E ,  v 

FIG. 3 
Differential pulse polarograms of 1-(4'-car- 
bamoylphenyl)-3,3-dimethyltriazene (c  = 1 . 
. moll- ' )  in Britton-Robinson buffer- 
-methanol (1 : 1) medium, pH: 2552 ( I ) ,  5.80 
( 2 ) ,  8.97 (3), 9.30 ( 4 ) ,  and 11.54 (5) 
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TABLE I1  
Effect of the p H  on the FS DPV curves of l-(4'-carbamoy~phenyl)-3,3-dimethyltriazene (c = 
= 1 , lo- '  moll- ' )  in Britton-Robinson buffer-methanol medium (1 : 1 )  

PH E P  
mV 

2.52 - 765 61 
3.83 - 930 75 
4.81 - 990 88 
5.80 - - I  045 90 
6,95' - I  110 93 
7.83' - I  160 1 5  

8.67' - 1  180 50 
9.30" - 1  190 32 
10.26' - 

10.90' - 
11.99 - 

- h 

b 

b 
- 

- 

' A new peak appears (Ep = - 1 560 mV; Ip =- SO nA), whose height and position do not change 
with the pH, but which is difficult to evaluate at pH < 10, as i t  coincides with the decomposition 
of the base electrolyte; the more positive peak completely disappears at  these pH values. 

TABLE 111 

Parameters of the calibration straight lines and determination limit of 1-(4'-carbamoylphenyl)- 
-3,3-dimethyltriazene found by various methods 

Determin 
limit 

moI I - '  

C Slope Intercept Correl. 
mol I - '  m A m o l - ' l  nA coef. Met hod 

Tast' (1-10). 
(1- 10). 10-6 

DPPb ( I -  10) .  1 0 - ~  

DPPC (2-10).  I O - ~  

FS D P V ~  (2- 1 0 ) .  10-7 

FS D P V ~  (2-- 10) .  I O - ~  

(1-10). 

FS DPVb (1-10). 

FS DPVe (2- 10). 

9.8 
10.0 
19.8 
18.9 
21.5 
9.0 
34.1 

I 5  1.0 
210.0 

1 5  
3 

10 
- 1  

2 
5 

- 1  
0.2 

- 0.05 

0.9993 
0,9981 
0.9995 
0.9990 
0,998 I 
0.9993 
0.9987 
0.9985 
0.9875 

_ _  ___ - 

" Hritton-Robinson buffer-methanol (1  : I )  medium, pH 4.81; Britton-Robinson buffer- 
-methanol ( 1  : 1) medium, p H  5.80; = ten-fold diluted Britton-Robinson buffer-methanol (1 : I )  
medium, p H  6.10; ten-fold diluted Britton-Robinson buffer-methanol (99 : I )  medium, p H  
5.26; ten-fold diluted Britton-Robinson buffer-methanol (99 : I )  medium, pH 5.26 with 15 s 
adsorptibe accumulation in stirred solution (recorded 10 s after teimination of stirring); 
hundred-fold diluted Britton-Robinson buffer-methanol (999 : I ) ,  pH 4.00 after 60 s accumula- 
tion in stirred solution (recorded I0 s after termination of stirring). 
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obtained in medium with pH 4.81 for tast polarography and 5.80 for DPP. The 
calibration dependences are linear under these conditions in the range 1 .  to 
1 . moll-‘  for tast polarography and 1 . 10-4-2 , lo-’ moll-’ for differential 
pulse polarography and their parameters are given in Table 111 together with the 
calculated determination limit. (The peak height in DPP was measured from the 
line connecting the minima on both sides.) 

In FS DPV at the HMDE, a smoother curve is obtained for the base electrolyte 
when ten-fold diluted Britton-Robinson buffer is used. This is also true for DPP 
at the SMDE in the concentration range (2- 10) . lo-’ moll-’. The peak height 
increases with decreasing methanol concentration, probably as a consequence of an 
increase in the reversibility of the reduction as a result of greater velocity of the 
preliminary protonation. Consequently, it is preferable in the determination of 
lower concentrations of 1-(4’-carbamoylpheny1)-3,3-dimethyltriazene to  employ 
the lowest possible methanol concentration in the voltamographed solution (1% or 
0.1% - see TableIII). In constructing the calibration curves, it is necessary to 
employ test substance solutions in a water-methanol mixture (9 : l), which must 
be prepared fresh daily. It was found by a spectrophotometric study of the stability 
of a 1 . moll-’ solution of l-(4’-carbamoylphenyl)-3,3-dimethyltriazene solu- 
tion in this medium that the concentration of this substance after 24 and 48 h de- 
creased by 1.5 and 3%, resp., and after 6 days by 6.2%. 

A further increase in the sensitivity of the determination can be achieved through 
adsorptive accumulation of the test substance on the surface of a hanging mercury 
drop electrode. After 15 s accumulation in stirred solution, a measurable voltammo- 
gram was still obtained in the concentration range (2- 10).  lo-’ moll-’ and, for 
60 s accumulation, in the range (2- 10) . moll-’. The parameters of these 
calibration curves are given together with the calculated determination limits in 
Table 111. 
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