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The optimum conditions were found for the determination of 1,1-dimethyl-3-phenyltriazene
in the concentration range from 1 × 10–4 to 1 × 10–7 mol l–1 by differential pulse voltam-
metry at a hanging mercury drop electrode. The sensitivity of the determination can be im-
proved by preliminary adsorptive accumulation of the substance on the surface of the
hanging mercury drop. Differential pulse adsorptive stripping voltammetry can be used for
the purpose in the concentration range from 1 × 10–6 to 1 × 10–9 mol l–1. The determination
limit is 1 × 10–9 mol l–1 for a deposition time of 10 min, the relative standard deviation be-
ing 5% (n = 10) for a concentration of 2 × 10–9 mol l–1.
Keywords: Triazenes; Adsorptive stripping voltammetry; Differential pulse voltammetry;
Carcinogens; Electrochemistry; Electroanalysis.

1,1-Dimethyl-3-phenyltriazene (DMPT) and its 2-, 3- and 4-substituted
phenyl derivatives rank among genotoxic substances which act via an
alkylation mechanism1. At the same time, these types of substances are
considered as potential carcinostatics2. Therefore, an increasing demand for
the determination of trace amounts of these substances can be observed.

They can be determined spectrophotometrically in the ultraviolet region3

and also through their protolysis followed by azo-coupling of the arene-
diazonium salt formed with N-ethyl-1-naphthylamine to give an azo dye.
This azo dye can be determined photometrically in the visible region4.
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Direct current polarography has been used to study 1,1-dimethyl-
3-phenyltriazene5 and some of its derivatives4. More sensitive techniques,
such as tast and differential-pulse polarography6–8 and adsorptive stripping
voltammetry8–10, with determination limits of ca. 1 × 10–6, 1 × 10–7 and
down to 1 × 10–9 mol l–1, respectively, have been used for the determina-
tion of variously substituted DMPT derivatives.

The polarographic behavior of 1,1-dimethyl-3-phenyltriazene, the mech-
anism of its polarographic reduction and the optimum conditions for its
determination by differential pulse polarography at a static mercury drop
electrode in the concentration range from 1 × 10–4 to 1 × 10–7 mol l–1 have
been described11.

In the present study, the possibility of increasing the sensitivity of the
determination of DMPT using its adsorptive accumulation on the surface of
a hanging mercury drop electrode was investigated.

EXPERIMENTAL

Reagents

The purity of the prepared DMPT 12 was checked by thin-layer chromatography, HPLC and
by elemental analysis. A 1 × 10–3 mol l–1 stock standard solution of the investigated sub-
stance was prepared by dissolving an exactly weighed amount of the substance in methanol
(analytical- reagent grade, Merck). The low-concentration solutions were prepared by dilu-
tion of the stock solution with methanol. The solutions were stored in a dark place. A
spectrophotometrical study demonstrated that the stock standard solution was stable for at
least two months. The dilute solutions (1 × 10–4 and 1 × 10–5 mol l–1) were prepared every
week and the most dilute solution (1 × 10–6 mol l–1) was prepared every day.

The Britton–Robinson (BR) buffer solutions were prepared conventionally13, using the
chemicals of analytical-reagent grade, obtained from Merck. Deionized water, produced by an
Ultra Clear basic SG Water apparatus (SG Wasseraufbereitung GmbH, Germany) was used.

Apparatus

Voltammetric measurements were carried out using a PA 4 polarographic analyzer interfaced
with the multimode electrode stand model SMDE 1 (both from Laboratorní Přístroje, Praha,
Czech Republic) composed of hanging mercury drop electrode (HMDE) as working electrode,
platinum rod as auxiliary electrode and a saturated calomel reference electrode (SCE), to
which all the potentials are related. The electrodes were kept in the triangular arrangement.
The capillary employed had an internal diameter of 0.136 mm and the maximum drop size,
obtained by opening the electromagnetic valve for 160 ms, was used. The measurements
were performed at the sweep rate of 20 mV s–1, with a pulse amplitude of –100 mV and
a pulse interval of 0.2 s. The pH meter, model 744, equipped with a combined pH electrode
and temperature sensor (all from Metrohm, Switzerland) was used for pH measurements.
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Procedure

A mixed BR buffer–methanol medium was used as the supporting electrolyte. The actual pH
of the BR buffer–methanol mixture (1:1) was measured with a combined pH electrode which
was calibrated using potassium hydrogen phthalate and TRIS buffers in 50% (v/v) metha-
nol14. pH of the BR buffer–methanol mixture containing 10% (v/v) of methanol was mea-
sured with a pH electrode calibrated using the buffers without added methanol15.

A 10-ml aliquot of an appropriate supporting electrolyte solution was placed in a voltam-
metric cell and deaerated for 5 min with nitrogen. Prior to entering the voltammetric cell,
nitrogen was passed successively through a solution of chromium(II) in dilute hydrochloric
acid containing heavily amalgamated zinc granules, distilled water, molecular sieves and, fi-
nally, a solution having the same solvent and supporting electrolyte composition as the test
solution.

After recording the baseline, the required amount of the DMPT solution was added. After
a fresh mercury drop was formed, the voltammogram was recorded immediately or after ac-
cumulation for a chosen time in a stirred or quiescent solution. The accumulation period in
a stirred solution was followed by a 15-s rest time allowing quiescence of the solution and
uniform distribution of the deposited substance on the mercury drop.

The calibration curves were measured in triplicate and evaluated by the least-square linear
regression method. The determination limit was calculated as ten times the standard devia-
tion for ten determinations of the analyte at a concentration corresponding to the lowest
point of the appropriate calibration graph16. The detection limit was calculated using the
whole calibration line17.

Electrocapillary measurements were performed by measuring the times of formation of
mercury drops at a given potential. The drop time was determined by the time needed to
spontaneously form 50 droplets of mercury in the solution from a capillary with an internal
diameter of 0.045 mm, at a height of mercury reservoir of 45 cm.

All glassware was immersed in 20% (v/v) nitric acid and cleaned in ultrasonic bath for
1 h, in order to eliminate adsorption of the species of interest or impurities on the vessel
walls, and rinsed carefully with deionized water before use.

All measurements were performed at laboratory temperature (20 ± 1 °C).

RESULTS AND DISCUSSION

To ensure the solubility of DMPT, the first experiments were carried out in
a mixed BR buffer–methanol (1:1) medium as a supporting electrolyte. It
can be seen in Fig. 1 that differential pulse voltammetry (DPV) of the inves-
tigated triazene yields a single peak within the investigated pH range of the
supporting electrolyte. The potential of DPV peak, Ep, shifts towards nega-
tive values with increasing pH of the basic electrolyte, producing an asymp-
totic Ep–pH dependence. The obtained dependence can be approximated by
two straight lines: the first, in the pH range of the supporting electrolyte
from 4.0 to 6.5, has a slope of 60.25 mV per pH unit, whereas the slope of
the other line is 18.33 mV per pH unit (pH 7.5–10.5). On the basis of the
fact and previous polarographic and constant-potential coulometric investi-
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gations11, it can be concluded that the observed voltammetric peak corre-
sponds to an irreversible four-electron reduction of the triazene group
accompanied by a transfer of different numbers of protons in acid and alka-
line media.

The observed decrease in the current beyond the DPV peaks in the region
around –1.4 V at pH > 7.0 is associated with the decrease in the rate of
surface protonation as a consequence of desorption of the investigated
substance at potentials much more negative than the potential of electro-
capillary maximum, where maximum adsorption of the uncharged sub-
stance is expected18.

From the analytical point of view, the most suitable supporting electro-
lyte is a mixture of BR buffer and methanol with pH 6.50, where well de-
fined and easily evaluated DPV curves, with the highest currents for the
given concentration, were obtained. Using the buffers containing 50% (v/v)
methanol, linear calibration dependences for DPV determinations of the
investigated substances were obtained in the concentration range from 1 ×
10–6 to 1 × 10–4 mol l–1.

The sensitivity of the DP voltammetric determination of DMPT is in-
creased by fivefold dilution of BR buffer and decreasing the methanol per-
centage to 10% (v/v), while the pH values of the outgoing solutions were
kept unchanged. Thus, the concentration of the impurities present in the
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FIG. 1
Differential pulse voltammograms of DMPT (5 × 10–5 mol l–1) in mixed BR buffer–methanol
(1:1) medium at pH: 4.98 (1), 5.90 (2), 6.50 (3), 7.01 (4), 8.70 (5)



supporting electrolyte decreases, which leads to a smoother voltammetric
curve of the supporting electrolyte and an increase in the sensitivity of de-
termination. A decrease in methanol content in measured solutions leads to
a shift of the DPV peak potentials to more positive values. The reversibility
of the electrode process was also increased, which was reflected in increas-
ing DPV peak currents and, thus, in increasing sensitivity of determination.
The use of the last mentioned medium as supporting electrolyte enabled
DPV determinations in the concentration range from 1 × 10–7 to 1 ×
10–5 mol l–1.

A further increase in the sensitivity of the determination could be
achieved by adsorptive accumulation of the test substance on the surface of
hanging mercury drop electrode. To determine whether the DMPT im-
parted surface-active properties to mercury, which would make the adsorp-
tive stripping technique applicable, accumulation studies were carried out
by electrocapillary measurements as well as by the use of the described pro-
cedure19. As shown in Figs 2 and 3, the adsorptive stripping method is suit-
able for DMPT determination.

In order to optimize the conditions required for the differential pulse ad-
sorptive stripping voltammetry (DPAdSV), the following parameters were
examined: pH of the supporting electrolyte, deposition potential, deposi-
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FIG. 2
Electrocapillary curves of 1 the fivefold-diluted BR buffer–methanol (9:1) at pH 6.50 (support-
ing electrolyte) and 2 DMPT (1 × 10–4 mol l–1) in the supporting electrolyte



tion time, scan rate, modulation amplitude, mercury drop size and temper-
ature.

As shown in Fig. 4, the peak current was found to vary with pH of the
supporting electrolyte. The sharp maximum in that dependence, in the pH
range of 6.0–7.0, is probably associated with the presence of the unproton-
ated species of the test substance, resulting in its higher adsorption on
the surface of the hanging mercury drop. The supporting electrolyte with
pH 6.50 was found to be the most suitable for DPAdSV measurements.

After an investigation covering the range from 0.0 to –1.2 V vs SCE, the
optimum deposition potential providing the best peak shapes and the high-
est sensitivity was found to be –0.400 V. The deposition potential was also
found on the basis of electrocapillary curves in Fig. 2, from which it can be
seen that the maximum adsorption of the investigated substance and, con-
sequently, the maximum decrease of Hg surface tension (represented as
dropping time) was found at –0.400 V vs SCE.

The effect of the accumulation time on the peak height for 1 × 10–6 and
1 × 10–7 mol l–1 solutions of DMPT is shown in Figs 3 and 5, respectively.
Generally, the peak height increases with the accumulation time, but the
observed non-linear dependences suggest saturation of the electrode sur-
face. It should be noted that for lower concentrations of the substance of
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FIG. 3
Effect of the accumulation time on the peak current of differential pulse adsorptive stripping
voltammograms of DMPT (1 × 10–6 mol l–1) in tenfold-diluted BR buffer–methanol (99.5:0.5)
solution at pH 6.50. Accumulation potential –0.400 V; 1 unstirred and 2 stirred solution
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Fig. 4
The influence of pH of the supporting electrolyte on the DPAdSV peak current of DMPT (1 ×
10–6 mol l–1) in tenfold-diluted BR buffer–methanol (99.5:0.5) medium. Accumulation poten-
tial –0.400 V; 5-min accumulation in the unstirred solution

Fig. 5
Effect of the accumulation time on the peak current of differential pulse adsorptive stripping
voltammograms of DMPT (1 × 10–7 mol l–1) in 25-fold-diluted BR buffer–methanol (99.9:0.1)
medium at pH 6.50. Accumulation potential –0.400 V; 1 unstirred and 2 stirred solution



interest, the optimum accumulation time is longer. On this basis, 5-min
(for higher concentrations) or 10-min (for lower concentrations) deposition
times were adopted.

The observed fact that the peak current is directly proportional to the
scan rate within the range of 5–200 mV s–1 indicates that the adsorbed form
of the test substance undergoes an electrode reduction process9. On the
other hand, the peak became wider with increasing scan rate. For these rea-
sons, a scan rate of 20 mV s–1 was chosen as a compromise value for all
measurements.

The maximum size of a mercury drop (obtained by opening electromag-
netic valve for a period of 160 ms) and modulation amplitude –100 mV
were employed in order to reach a greater sensitivity of determination. Un-
der those conditions, almost a perfect peak shape is maintained.

A temperature range of 10–40 °C was investigated. Between 10 and 25 °C,
the peak current increased nearly linearly with temperature, but decreased
at higher temperatures. It is obvious that with temperature increasing
above 25 °C, the desorption rate of the tested substance increased, because
the energy of thermal motion of DMPT molecules was higher than the
bond energy between DMPT molecules and mercury surface. Hence, it can
be concluded that the investigated DMPT accumulation on mercury surface
is the mater of van der Waals adsorption. For practical reasons, the labora-
tory temperature (20 ± 1 °C) was chosen as an operation temperature.

Five-minute accumulation in an unstirred tenfold-diluted BR buffer–
methanol (99.5:0.5) solution permits the DPAdSV determination of DMPT
in the concentration range of (1–10) × 10–7 mol l–1. The DPAdSV measure-
ments in this medium were more sensitive by 30% than when the fivefold-
diluted buffer containing 10% (v/v) methanol was used.

By using the 25-fold-diluted BR buffer and by decreasing the methanol
content in the measured solution to 0.1% (v/v), it was possible to obtain a
linear concentration dependence for the DPAdSV peak in the concentration
range of (1–10) × 10–8 mol l–1 with a deposition time of 10 min in unstirred
solutions.

Further dilution of the BR buffer (50-fold) and 10-min adsorptive accu-
mulation in the stirred solution enabled linear calibration graph to be ob-
tained within a concentration range of (1–10) × 10–9 mol l–1 of DMPT. The
corresponding differential pulse adsorptive stripping voltammograms are
shown in Fig. 6. The relative standard deviation was calculated from ten de-
terminations of the analyte at a concentration of 2 × 10–9 mol l–1 to be 5%,
giving the 1 × 10–9 mol l–1 as the limit of determination16. The limit of de-
tection of DMPT was determined from the linear calibration graph17 in the
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Fig. 6
Differential pulse adsorptive stripping voltammograms of DMPT in 50-fold-diluted BR
buffer–methanol (99.9:0.1) medium at pH 6.50. Accumulation potential –0.400 V; 10-min ac-
cumulation in the stirred solution. Concentration (in mol l–1): 0 (1), 2 × 10–9 (2), 4 × 10–9 (3),
6 × 10–9 (4), 8 × 10–9 (5), 10 × 10–9 (6)

TABLE I
Parameters of the calibration graphs for 1,1-dimethyl-3-phenyltriazene with the peak poten-
tial (Ep), the 95% confidence limits for the slope (A) and intercept (B), the deviation of the
experimental points from the calculated straight line (SI,C), the correlation coefficient (r) and
the limit of determination (LOD). (S(A), standard deviation of slope; S(B), standard deviation
of intercept; t, value of Student’s distribution coefficient for a confidence interval of 95%;
(n – 2), degrees of freedom)

Method
C
mol l–1

Ep
V

A±t(n–2)S(A)
mA l mol–1

B±t(n–2)S(B)
nA

SI,C
nA

r
LOD
mol l–1

DPVa (1–10) × 10–5 –1.125 7.2 ± 0.3 12 ± 8 8.5 0.9990

DPVa (1–10) × 10–6 –1.115 7.9 ± 0.4 2 ± 2 1 0.9994 8 × 10–7

DPVb (1–10) × 10–6 –1.035 10.4 ± 0.8 6 ± 5 4 0.9984

DPVb (1–10) × 10–7 –1.030 11.3 ± 0.9 0.2 ± 0.3 0.2 0.9948 3 × 10–7

DPAdSVc (1–10) × 10–7 –1.030 18.6 ± 1.2 0.3 ± 0.2 0.2 0.9952 8 × 10–8

DPAdSVd (1–10) × 10–7 –1.015 24.1 ± 1.6 1.1 ± 0.9 0.9 0.9970 5 × 10–8

DPAdSVe (1–10) × 10–8 –1.020 101 ± 4 –0.1 ± 0.4 0.2 0.9980 1 × 10–8

DPAdSVf (1–10) × 10–9 –1.025 212 ± 5 0.4 ± 0.4 0.1 0.9989 1 × 10–9

a BR buffer–methanol (1:1), pH 6.50. b Fivefold-diluted BR buffer–methanol (9:1), pH 6.50.
c The same conditions as in b but after 5-min accumulation in the unstirred solution. d Ten-
fold-diluted BR buffer–methanol (99.5:0.5), pH 6.50, after 5-min accumulation in the
unstirred solution. e Twentyfivefold-diluted BR buffer–methanol (99.9:0.1), pH 6.50, after
10-min accumulation in the unstirred solution. f Fiftyfold-diluted BR buffer–methanol
(99.9:0.1), pH 6.50, after 10-min accumulation in the stirred solution.



lowest concentration range and its value is 0.5 × 10–9 mol l–1 (0.075 µg l–1,
i.e. aproximately 0.075 ppb in water samples).

The parameters of the calibration straight lines with the values of DPV
peak potential (Ep) corresponding to the highest point of the appropriate
concentration range and the calculated limits of determination (LOD) for
the above-described voltammetric measurements are given in Table I.

This research was supported by the Ministry of Education, Youth and Sports of the Czech Republic
(project No. LC 06035 and MSM 0021620857) and by the Ministry of Science and Environmental
Protection of Serbia (project 142047).

REFERENCES

1. Burchenal J. H., Carter S. K.: Cancer (Philadelphia) 1972, 30, 1639.
2. Schmidt F. A., Hutchinson D. J.: Cancer Res. 1974, 34, 1917.
3. Le Fevre R. J. W., Liddicoet T. H.: J. Chem. Soc. 1951, 2743.
4. Matrka M., Rambousek V., Držková L., Zveřina V.: Cesk. Farm. 1978, 27, 299.
5. Kazemifard G., Moattar F., Reisch J.: Acta Pharm. Yugosl. 1978, 28, 151.
6. Mejstřík V., Ságner V., Držková L., Krampera F.: Cesk. Farm. 1985, 34, 51.
7. Ignjatović Lj. M., Barek J., Zima J., Marković D. A.: Anal. Chim. Acta 1993, 284, 413.
8. Barek J., Toubar S., Zima J.: Collect. Czech. Chem. Commun. 1991, 56, 2073.
9. Barek J., Fogg A. G.: Analyst 1992, 117, 751.
10. Ignjatović Lj. M., Barek J., Zima J., Marković D. A.: Mikrochim. Acta 1996, 122, 101.
11. Ignjatović Lj. M., Barek J., Zima J., Marković D. A.: Collect. Czech. Chem. Commun. 2007,

72, 1229.
12. Matrka M., Rambousek V., Remeš M., Zveřina V.: Cesk. Farm. 1978, 27, 70.
13. Sýkora V.: Chemickoanalytické tabulky, p. 149. SNTL, Praha 1976.
14. Mussini P. R., Mussini T., Rondinini S.: Pure Appl. Chem. 1997, 69, 1007.
15. Gonzalez A. G., Pablos V., Asuero A. G.: Talanta 1992, 39, 91.
16. Beyermann K.: Organic Trace Analysis, p. 45. Ellis Horwood, Chichester 1984.
17. Miller J. N., Miller J. C.: Statistics and Chemometrics for Analytical Chemistry, p. 120.

Pearson Education, London 2000.
18. Vydra F., Štulík K., Juláková E.: Electrochemical Stripping Analysis. Ellis Horwood,

Chichester 1976.
19. Benadiková H., Kalvoda R.: Anal. Lett. 1984, 17, 1519.

Collect. Czech. Chem. Commun. 2008, Vol. 73, No. 1, pp. 97–106

106 Ignjatović, Barek, Zima, Stević:

http://dx.doi.org/10.1002/1097-0142(197212)30:6<1639::AID-CNCR2820300633>3.0.CO;2-4
http://dx.doi.org/10.1039/jr9510002743
http://dx.doi.org/10.1016/0003-2670(93)85327-G
http://dx.doi.org/10.1039/an9921700751
http://dx.doi.org/10.1007/BF01252411
http://dx.doi.org/10.1135/cccc20071229
http://dx.doi.org/10.1135/cccc20071229
http://dx.doi.org/10.1351/pac199769051007
http://dx.doi.org/10.1016/0039-9140(92)80057-K

