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The polarographic behaviour of 1-(2'-nitrophenyl)-3,3-dimethyltriazene in a mixed aqueous-methan-
olic solvent was investigated by tast polarography, differential pulse polarography, and fast scan dif-
ferential pulse voltammetry at a hanging mercury drop clectrode. A mechanism is suggested for the
reduction of the compound investigated. The optimum conditions were found for the determination of
this analyte by tast polarography over the concentration region of 100 to 2 umol 1" and by differen-
tial pulse polarography or fast scan differential pulse voltammetry at a hanging mercury drop clec-
trode over the region of 100 to 0.2 umol 171, Additional sensitivity increase in the last-mentioned
technique was achieved by adsorptive accumulation of analyte on the hanging mercury drop surface,
owing to which the concentration region was depressed to 0.1 — 0.02 umol (i

1-Phenyl-3,3-dimcthyltriazene derivatives arc genotoxic substances! which, however,
also exhibit carcinostatic effects®>®. Analytical methods capable of quantitating trace
amounts of such substances arc therefore increasingly required. With regard to the easy
polarographic reducibility of the triazene group®, we have been concerned with the
applicability of differential pulse polarography (DPP) at the conventional dropping
mercury clectrode (DME), fast scan differential pulse voltammetry (FSDPV) at a hang-
ing mercury drop clectrode (HMDE), and adsorptive stripping voltammetry (AdSV) to
the determination of pharmaccutically relevant carboxylamido derivatives of 1-phenyl-
3,3-dimethyltriazenc® ~ 7. Polarographically interesting is the behaviour of 1-phenyl-
3,3-dimcthyltriazenc dcrivatives carrying additional polarographically active
substituents that can contribute to the sensitivity of the polarographic or voltammetric

quantitation, as is the casc with 1-[4’-phcnylazo)phcnyl]-3,3-dilncthyltriazencs'°.

* Part XXIV in the series Analysis of Chemical Carcinogens; Part XXIII: Collect. Czech. Chem.
Commun. 58, 295 (1993).
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The present paper is concerned with the polarographic and voltammetric determina-
tion of 1-(2'-nitrophenyl)-3,3-dimethyltriazene () [CAS Name: 1-Triazene, 3,3-di-
methyl-1-(2'-nitrophenyl); CAS Registry Number: 20241-01-4]. The triazene group and
the nitro group in the ortho position of the aromatic ring can interact in this compound
and thus facilitate the clectron interaction of the two polarographically active groups.
Such interaction can affect not only the polarographic reduction of the triazene group
(whose mechanism has been discussed, c.g., in the monograph?), but also that of the
nitro group. The mechanism of polarographic reduction of nitro groups has been dealt

with in detail, ¢.g., in the monographs'® =4 and in the review!s.

In view of the sparing solubility of the solute in water, a mixed aqucous-methanolic

solvent was used, as has proved convenient for other 1-phenyl-3,3-dimethyltriazene

. . - G -
derivatives® — %16 - 18,

EXPERIMENTAL

Reagents

1-(2'-Nitrophenyl)-3,3-dimethyltriazene, pure grade, was obtained from the Rescarch Institute of Or-
ganic Syntheses in Pardubice-Rybitvi. A stock solution (¢ = 1 mmol I71) was prepared by dissolving
0.0194 g of the substance in solvent of reagent grade purity and diluting to 100 ml. More dilute
solutions were obtained by diluting this stock solution with methanol. The purity of the chemical
used was checked by paper and thin layer chromatography and by UV-VIS spectral measurement!®,
All solutions were kept in dark. Solutions in methanol at ¢ = 1 and 0.1 mmol 1! exhibited absorbance
which was stable, within experimental error, for at least one week. The absorbance of the solutions
with ¢ = 1 and 0.1 mmol I"! decreased 2.0% in 20 days and 3.2% and 3.8%, respectively, in 40 days.
More dilute solutions (0.01 mmol 17" and lower) were newly prepared every day. The other chemicals
used were of reagent grade purity (LLachema, Brno). Water was redistilled twice in a quartz still. Brit-
ton-Robinson buffers, prepared conventionally, were stored in glass vessels solely because they ex-
tract from polyethylene substances that affect adverscly the adsorptive stripping voltammetric
determination.

Apparatus

A PA 4 polarographic analyzer intertaced to an XY 4105 recorder (Laboratorni pfistroje, Praha) was
used in the three-clectrode connection involving a saturated calomel reference clectrode and a plati-
num sheet auxiliary clectrode. All potentials reported herein refer to the saturated calomel clectrode.
The potential sweep rate for the DC, tast and DP polarography at a DME was S mV s~ The con-
trolled drop time was 1 s, the mercury reservoir height was 49 em, and the modulation amplitude in
the DPP mode was —~100 mV, unless stated otherwise. The dropping electrode flow rate was 0.97 mg 57!
and the drop time was 6.46 s (measured in 0.1 M KCI at 0 V applied voltage).

IFSDPV and cyclic voltammetric measurements were carried out using an SMDE | working mer-
cury clectrode (Laboratorni pfistroje, Praha) with a capillary 0.140 mm in diameter, connected as an
HMDE. Unless stated otherwise, the potential sweep rate was 20 mV s~ the maximum drop size
was determined by the valve opening period of 160 ms, the modulation amplitude in the FSDPV
mode was -100 mV.
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Oxygen was removed rom the solutions by nitrogen purging for 10 min; nitrogen for this appli-
cation was purified by passing it through a solution of chromium(Il) ions in dilute hydrochloric acid
over zine amalgam and subsequently through a methanol-water mixture of the same composition as
used as the solvent.

The solution pIl was measured with a PIIM 62 instrument (Radiometer, Copenhagen) using a
glass clectrode and a saturated calomel clectrode. The true pH of the Britton—Robinson buffer mix-
ture with methanol was determined as described previously®.

Spectrophotometric measurements were conducted on a PU 8800 instrument (Pye Unicam, U.K.)
using 1 cm quartz cells.

Coulometric measurements were performed on an O 404 coulometric analyzer (Radelkis, Buda-
pest) in a 200 ml vessel. A mercury pool at the vesscl bottom served as the cathode, a platinum sheet
clectrode served as the anode. The cathode and anode compartments were separated with a frit. The
saturated calomel reference clectrode used was an OH 933 (Radelkis, Budapest). The solution was
stirred with a magnetic stirrer during the clectrolysis, and the measurements were conducted under
nitrogen.

All measurements proceeded at room temperature.

Procedures

A volume of the 1-(2'-nitrophenyl)-3,3-dimethyltriazene solution in methanol at the requisite concen-
tration was pipetted into a 10 ml volumetric flask, methanol was added so that the total volume was
5 ml, and the wholce was diluted to the mark with the Britton-Robinson buffer of the desired pH.
(This order had to be adhered to because if, conversely, the analyte solution is added to the aqueous
buffer, the analyte can separate from the solution.)

The calibration curves were measured in triplicate and evaluated by linear regression using the
least squares method. The limit of determination was calculated as the tenfold standard deviation
from 7 analyte determinations at the concentration corresponding to the lowest point of the calibra-
tion dependence.

The procedure for the determination of the number of exchanged electrons was as used pre-
viously®,

RESULTS AND DISCUSSION

Mechanism of Polarographic Reduction of 1-(2'-Nitrophenyl)-3,3-dimethyltriazene

Tast polarography of 1-(2-nitrophenyl)-3,3-dimcthyltriazene in a Britton-Robinson
buffer—mcthanol mixture (1 : 1) gives one to three waves in dependence on pH (Table I).
The waves shift to more negative potentials with increasing pH, which indicates that
protonation precedes.

The 1st wave occurs across the entire pH region. Its half-wave potential (in mV)
obeys the relation E} 5 = =68 - 59 pH over the region of pH 2 — 8 (correlation coeffi-
cient 7 = 0.9897). The E} , shift is considerably more marked at pH 8 — 10, whereas at
pH > 10 the half-wave potential remains constant. The semilogarithmic analysis slope
at pH 1 and pH 7 is about -60 mV, which indicates that an irreversible process accom-
panicd by the exchange of the same number of protons and electrons is involved. The
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wave height is about one-half higher in acid solutions (pH < 2) than in basic solutions
(Fig. 1). The reversibility of the wave decreases appreciably at pH 8 — 10 and a hint of
its splitting into two waves of equal height is observed, whereas a single wave occurs
again at pH > 10; the slope of its semilogarithmic analysis is about 55 mV, indicating
again the occurrence of an irreversible process accompanied by the exchange of ident-
ical numbers of protons and clectrons. At each pH, the wave height remains constant
within 1 h from the preparation of the polarographed solution.

Within the region of pH 3 — 6, the wave splits into two, with the height ratio about
2 : 1, the total height of the two waves being roughly constant. (The lower height
values for the 2nd wave given in Table I are rather duc to the evaluation procedure,
which is complicated by the fact that the straight lincs drawn through the limiting cur-
rents of waves 1 and 2 fail to be parallel.) The 2nd wave vanishes at pH > 6. The height
of the 2nd wave also remains constant with time within 1 h from the preparation of the
polarographed solution.

TABLE |
Effcet of pH on the polarographic behaviour of 1-(2'-nitrophenyl)-3,3-dimethyltriazene (¢ = 100
umol l_l) in Britton—Robinson buffer-methanol mixtures (1 : 1)

n El,mv IL,ouA o El,mV B,uA o Ev,mV B uA o
p Va: lim 1 V2 lim 2 V2 lim 3

1.0° -95 0.83 61 ‘ ’ ¢ -725  0.19 34
20 -180 0.83 47 ‘ ‘ ¢ ~755  0.44 36
2.6 -260 0.41 / -385 0.05 s -825  0.46 36
4.0 -320 0.45 45 -560 0.12 s -910  0.46 46
4.7 -355 0.45 44 -625 0.10 / -965  0.44 49
5.8 -400 0.51 50 -700 0.05 Y -1060  0.48 63
6.9 -470 0.49 62 - - - -1200 0.71 81
8.0 -530 0.50 93 - - - -1220 039 62
8.7 675  0.51% 4 - - - -1230  0.18 57
9.7 -815% 0.55% & - - - - - -
10.1 -875 0.59 80 - - - - - -
11.1 -905 0.58 56 - - - - - -
12.1 -900 0.59 55 - - - - - -
13.7 -890 0.60 53 - - - - - -

“ Resulting pH of buffer or perchloric acid mixture with methanol; semilogarithmic analysis slopc;
“ adjusted with 1 M HCIO,; d adjusted with 0.1 M HCIO,; © 1st and 2nd wave merge; /scmilogarith-
mic analysis is impossible because the two waves are poorly resolved and the 2nd wave has a very
protracted shape; # semilogarithmic analysis is impossible because of wave splitting, the £, value is
approximate only, the limiting current corresponds to the total height of the split wave.
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The 3rd wave is present at pH 2 — 9 and its height is constant within the region of pH
3 — 7. (The observed higher value at pH 6.9, given in Table I, is again due to the
cvaluation procedure for this wave of a somewhat atypical shape — Fig. 1, curve 6 —
determined by the limiting current decrease with increasing potential.) The limiting
current of the 3rd wave decreases with increasing potential at pH > 7; the wave grad-
uvally adopts a shape of a broad pcak whose height dccreases with increasing pH and
which vanishes altogether at pH > 9. The height and shape of this wave are virtually
time-invariable at pH 3 — 9, whercas the height decreases 10% and 85% in 1 h at pH
2.0 and pH 1.0, respectively. The time changes in the tast and DP polarograms of
1-(2'-nitrophenyl)-3,3-dimethyltriazene at pH 1.0 are documented by Fig. 2. As the
height of the 3rd wave decreasces, so does the 1st wave, and a new wave with a half-
wave potential which is about 150 mV morc negative appears. This wave is presumably
duc to o-nitrophenol (/V) formed by acid-catalyzed hydrolysis according to Egs (A).

NO, NO,

CHs LHs

N=N-N  + HY —s N+ HN
CH; CH3

1 I 111
4)
NO,
I + HO —_ G OH + N, + H®

e 1

Tast polarograms of 1-(2'-nitro-
phenyl)-3,3-dimethyltriazene (¢ =
100 pmol 1) in Britton-Robinson
bulfer-methanol mixtures (1 : 1);
pll: 120,226,340,44.7,5
58,669, 780,887,997, 10
11.1
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Owing to the +M effect of the OH group, which poses a hindrance to the reduction
of the nitro group, the hydrolysis product exhibits a half-wave potential which is more
ncgative than that of the starting triazene nitro derivative where, on the contrary, the
reduction of the nitro group is facilitated by the —-M cffect of the triazene group. This
assumption is bornc out by the tast and DP polarograms of authentic o-nitrophcnol
(curves 3 in Fig. 2) as well as by the fact that in a certain time, the solution of 1-(2'-
nitrophenyl)-3,3-dimethyltriazene exhibits an anodic wave (curve 2 in Fig. 2a) which
can be attributed to the reaction of mercury with the forming dimcthylamine (//7). The
3rd wave recorded immediately after purging the solution to be polarographed (10 min
after preparation) is substantially lower at pH 1.0 than at pH 3 — 6. This indicates a fast
course of the acid catalyzed hydrolysis, owing to which the major fraction of the sub-
stance decomposes as carly as the nitrogen purging. The half-wave potential of the 3rd
wave (in mV) obeys the relation E3,, = =610 - 76.7 pH across the region of pH 2 — 6
(r = 0.9963). The different scmilogarithmic analysis slopc and the E},, vs pH plot slope
indicate that the process involved is no simple irreversible process accompanicd by the
cxchange of the same number of clectrons and protons; rather, it is a morc complex
process which probably involves adsorption of the substance on the working clectrode
surface. The half-wave potential is virtually pH-independent at pH > 7, at which the
wave height decrease with increasing pH begins to appear.

The dependence of the height of the 1st wave, measured by DC polarography, on the
square root of the mercury reservoir height is lincar in Britton—Robinson buffer—methanol
1 : 1 mixtures at pH 3 — 13 and passes through the origin, which gives cvidence that a
diffusion-controlled process is involved. This is also true of the 3rd wave at pH 3 - 6.

FiG. 2

Tast (@) and DP (b) polarograms of 1-(2'-nitro-
phenyl)-3,3-dimethyltriazene (¢ = 100 umol )
in 1 M HClO 4~methanol mixture (1 : 1) at pH 1.0,
measured 10 min (7) and 60 min (2) after prep-
aration of the polarographed solution, and polaro-
grams of o-nitrophenol (¢ = 100 pumol l'l) in the
same medium (3). The current zero position is in-
EV dicated with a cross
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This dependence ceases to pass through the origin at pH > 7, and the height of the 3rd
wave is virtually independent of the mercury reservoir height at pH 8.7, indicating
kinctic control of the process. Based on analogy with the polarographic behaviour of
the 1-phenyl-3,3-dimethyltriazence derivatives studied previously® = *172 as well as of
aromatic nitro compounds'® = 132122 we suggest that the 3rd wave is duc to the reduc-
tion of the triazene group whereas the 1st wave is duc to the reduction of the nitro
group and the 2nd wave is associated with the reduction of the transient hydroxylamine
group.

Potentiostatic Coulometry

Coulometry at a mercury pool in Britton—Robinson buffer—methanol mixtures 1 : 1 at
pH 5.0 gave values of n = 4.2, 5.2 and 9.0 at constant potentials of -0.5, -0.8 and -1.1
V, respectively, corresponding to the limiting currents of the 1st, 2nd and 3rd wave,
respectively. At pH 11.1, the obtained n value at —1.1 V, corresponding to the limiting
current of the 1st wave, was 4.6, whereas at pH 2.0 this valuc was 6.2 at a constant
potential of 0.4 V corresponding to the limiting current of the 1st wave. At -1.0 V,
which corresponds to the limiting current of the 2nd wave at this pH, the n value was
poorly reproducible, lying within the range of 8 to 9; this is apparently associated with
the above-mentioned acid-catalyzed decomposition of the triazene group.

The tast polarographic examination of the coulometric reduction of 1-(2'-nitro-
phenyl)-3,3-dimethyltriazene at pH 5.0 (Fig. 3) showed that, irrespective of the con-
stant potential applied, the 3rd wave, which is attributed to the triazene group, vanishes
as well. This can be explained in terms of the rapid decomposition of the triazene group
after the stabilizing cffect of the nitro group, which is climinated by the reduction,
ceases 1o occur. The mesomeric interaction of the triazene group with the hydroxyl-
aminc group formed by the reduction of the nitro group (Eq. (B)) can also play a role.

NHOH NO
/CH, ,CH,
N:N_N\ -~ H-u-N\ (B)
CHy CHy
vV | 44

Apparently, the nitroso compound so emerging is then reduced at more positive poten-
tials than 1-(2'-nitrophenyl)-3,3-dimethyltriazenc is, so that the corresponding wave
merges with that of the nitro group and increases somewhat the observed number of
exchanged clectrons.

The tast polarographic monitoring of the coulometric reduction of the substance at
pH 11.1 and at a constant potential of —1.1 V (Fig. 4) reveals the formation of products
which give anodic waves with half-wave potentials about -0.45 and -0.27 V. Allowed
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to stand in the presence of air oxygen, the system gives risc to a cathodic wave which
makes a ncarly reversible pair with the anodic wave at -0.45 V (curve 4 in Fig. 4).
The nature of the anodic waves is discussed in the paragraph on cyclic voltammetry.
During a longer coulometric experiment in basic solutions, the formation of azoxyben-
zene® (Eq. (C)) or of azobenzene, hydrazobenzene or benzidine derivatives2 can also

play a role.

Ar—NHOH + ON-Ar

—

Ar—N=N-Ar + H0
0

©

Bascd on analogy with unsubstituted phenylhydroxylamine?® and with regard to the
-M effect of the triazene group facilitating the reduction of the -NHOH group, the
above anodic wave at -0.45 V appearing at pH 11.1 can be attributed to the reversible
anodic oxidation of the hydroxylamine group to a nitroso group, whercas the anodic
wave at -0.27 V seems to belong to the anodic oxidation of the possible products of
condcnsation or dimerization reactions of the transient intermediates.

T T T T T T T
[~
/
! J200 na A
1 'l 1 N | 1 1 1
0 -0 -08 -12
EV

o 7
i
o .“
7
.......... —5
1 1 i 1 1 1 1
0 -0-4 -0-8 -12
EV
Fis. 3

Tast polarographic monitoring of the coulometric
reduction  of  1-(2'-nitrophenyl)-3,3-dimethyl-
triazene (¢ = 100 umol I™') in Britton—Robinson
buffer—-methanol mixture (1 : 1) at pH 5.0. Con-
stant potential of -0.50 V (&), -0.80 V (b) and
-1.10 V (¢). Curves correspond to the passage of
charge required to reduce 0% (1), 25% (2), 50%
(8), 75% (4) and 100% (5) of the substance (cal-
culated with respect to the n value established at
the potential applied). Arrow indicates potential at
which the coulometric reduction was conducted
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Spectrophotometric examination of the coulometric reduction at pH 5.0 (Fig. S5a)
shows that the absorbance of the peak at 276 nm, which we attributc to the conjugated
nitro and triazene group system, decreases at all of the threc constant potentials applied.
A maximum at 305 nm appears after reduction at 0.5 V (Fig. 5a, curve 2), which is
apparcntly associated with the unreduced triazenc group'®. This is bornc out by the fact
that this maximum also nearly vanishes during reduction at -0.8 or -1.1 V (curves 3
and 4). Three new absorption peaks appear after cxhausting clectrolysis at -1.1 Vin
solution at pH 11.1 (Fig. 5b). We attribute the band at 320 nm to the triazene group, the

T T Al \J T T T
1
I WA - y
6. 4 J
. . . . 2 e A
Tast polarographic monitoring of the coulome- +0-8 P
tric reduction  of  1-(2'-nitrophenyl)-3,3-di- 4_,—-‘/ 4
methyltriazene (¢ = 100 wmol I™') in Britton- i ey N4 e
Robinson buffer-methanol mixture (1 : 1) at pH 0 e 3
11.1. Constant potential of -1.10 V. Curves /7
correspond to the passage of charge correspond- ’,#‘ ]
ing to 0 (1), 2.3 (2), and 4.6 (3). Curve 4 was 4 ,'
obtained with solution which was reduced _o8 | ' A
completely and allowed to stand for 5 min in 1"’
the presence of air oxygen la pA 0 :O'L 1 ~ ote 1 _"2 i \:
4

300 400 500
, Nm

IiG. 5
Spectrum of solution of 1-(2'-nitrophenyl)-3,3-dimcthyltriazence (¢ = 100 umol I'l) in Britton-Robin-
son buffer-methanol mixtures (1 : 1) at pH 5.0 (&) and pHl 11.1 (b) before commencing coulometric
reduction (1), after cxhausting electrolysis at potentials of -0.5 V (2), -0.8 V (3) and -1.1 V (4),
and after oxidation of the coulometric reduction products by contact with air oxygen for 1 min (56)
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reduction of the nitro group causing a shift to higher wavelengths. The band at 259 nm
is assigned to the ~-NHOH group, emerging from the four-clectron reduction of the
nitro group. This concept is supported by the fact that the latter band vanishes during
the oxidation of the coulometric reduction products by air oxygen and a new band
appcars at 428 nm, which is apparcntly due to the presence of the nitro group formed
by oxidation of the hydroxylamine group by air oxygen. The conjugation of the nitroso
group with the triazene group then is apparently responsible for the bathochromic and
hyperchromic shift of the band (Fig. 5b, curve 5).

Cyclic Voltammetry

Cyclic voltammograms of 1-(2'-nitrophenyl)-3,3-dimethyltriazenc at pH 2.8 (Fig. 6a)
demonstrate that nonc of the three cathodic peaks corresponds to a reversible process.
Peak with E, = -0.38 V is attributed to the reduction of the nitro group whercas peak
with £, = -0.95 V is attributed to the reduction of the triazene group. The middle peak
(E, = -0.52 V) apparently corresponds to the 2nd wave in the tast polarograms, whose
possible origin has been discussed above. The observed anomalies during the reverse

FiiG. 6
Cyclic voltammograms of 1-(2'-nitrophenyl)-3,3-
dimethyltriazene (¢ = 100 umol 17!} in Britton—
Robinson buffer—methanol mixtures (1 : 1) at pH
2.8 (a), 4.9 (b) and 11.0 (c). Polarization rate 50
mV s~ (a, b) or 100 mV 57! (©). Full and broken
lines refer to the Ist and 2nd cycles, respectively
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scan arc presumably duc to the adsorption of the starting substance or of the electrode
reaction products on the HMDE surface. Only two peaks appear at pH 4.9 (Fig. 6b);
onc, with Ep = -0.42 V, is assigned to the reduction of the nitro group, the other, with
E,=-1.15V, to the reduction of the triazene group. The latter peak exhibits a hint of
reversibility. The anomalies within the region of -0.8 to —1.0 V arc again ascribed to
adsorption of the starting substance or the clectrode reaction product at the HMDE
surface, which can cause “in situ” modification of the clectrode and bring about shift of
the 2nd peak towards more positive potentials duc to the increased rate of the preceding
surface protonation. At pH 11.0, the cyclic voltammogram exhibits a single cathodic
peak with E, = -0.89 V during the first cycle (Fig. 6¢), which we attribute to the
irreversible reduction of the nitro group to a hydroxylamine group. The anodic peak at
-0.36 V occurring during the reverse scan is attributed 42627 to the reversible back-ox-
idation of the -NHOH group to the -NO group according to Eq. (D).

Ar—NHOH

Ar-NO + 2H®) + 2e (D)

The reversibility of this process is borne out by the cathodic peak at -0.38 V occurring
during the sccond cycle.

The height of the cathodic peaks in the first cycle is dircctly proportional to the
polarization ratc within the region of 10 to 100 mV s~1 irrespective of the pH, which gives
evidence that irreversible, diffusion-controlled processes are involved under these conditions.

Suggested Reduction Mechanism

The facts described above indicate that at pH 2.0, irreversible six-clectron reduction of
the nitro group takes place according to Eq. (E), followed by four-electron reduction of
the triazene group according to Eq. (F).

NH,
6o, 6H*) /CH"
;I — N=N-N (E)
irrev. \CHS
vII
NH,
vir = i NH H,N N'cHJ
—— -
irrev. 2 + 2 \ (F)
CHs
VI X
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The fact that at this pH the decrease of 3rd wave with time is considerably slower for
the substance studied than for the unsubstituted triazene?® and its carboxylamido deri-
vatives® =7 can be ascribed to the stabilizing cffect of the nitro group which, owing to
its clectron acceptor propertics, reduces the basicity of the triazene group and, conse-
quently, the rate of its acid-catalyzed hydrolysis according to Eq. (4). Still, this hydro-
lysis plays such a role during the coulometric experiment (that is, in tens of minutes)
that the obscrved number of exchanged clectrons is lower than the theoretical value of
n = 10.

The six-clectron reduction of the nitro group apparently proceeds via the ECE mech-
anism according to Eqs (G), which are analogous to the six-clectron reduction of o-ni-

troaniline or o-nitrophenol!0 - 1421,
NO NHOH
2e, 2t s 2e, 2H" LHs
] — N=N- N\ _— N=N- N\
CHy CHy
X | 4
G)
NH NH 3(4')
+ H9 @ O 2g, 240 L
vV — N-N=N —_— N=N-N
- H0 \ \
CH, CHs
XI XI1I

Under these conditions, the quinoid compound X7 that is formed by the acid
catalyzed dchydration is reduced more casily than the hydroxylamine group at the aro-
matic ring?2°, owing to which the corresponding wave merges with the wave of reduc-
tion of the nitro group. Mcsomeric interaction of the triazenc group with the
hydroxylamine group according to Eq. (B) or some of the side reactions that occur
during the reduction of phenylhydrazine?® or nitrobenzene??, however, are also conceiv-
able.

The rate of formation of the quinoncdiimonium compound decreases with increas-
ing pH and the hydroxylamine group reduces directly at more negative potentials, which
gives risc to two separate waves. Thus, at pH 3 — 6, the first wave can be attributed to the
four-clectron irreversible reduction of the nitro group to a hydroxylamine group (V in
Eq. (G)), the sccond wave, to the consccutive reduction of the latter to an amino group
following Eq. (H),
whereas the third wave is duc to the reduction of the triazene group according to Eq. (F).
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NH,
CH
2, 2H* 3
_.'__—.) N = N - N: (H)
CH,
vIiI

This concept is borne out by the fact that at pH 3 — 6, the half-wavc potential of the
second wave is about 80 mV morc positive than that of the wave of unsubstituted
phenylhydroxylamine, which can be ascribed to the =M cffect of the triazene group,
facilitating the reduction of the -NHOH group. At pH 2, however, the half-wave poten-
tial of the second wavce shifts abruptly to more positive values and the wave merges
with the first wave, whereby the diffcrence from the half-wave potential of phenylhy-
droxylamine increases in a leap to approximately 250 mV. The only feasible explana-
tion of this leap is in terms of an intermediate reaction according to Eqs (G). The fact
that the height of the wave appearing at pH 2 as a result of the merging of waves 1 and
2 is directly proportional to the squarc root of the mercury reservoir height indicates
that the above-mentioned intermediate reaction is so fast that the entire process is dif-
fusion-controlled. The observed value of n = 5.2 for the region of the limiting current
of 2nd wave at pH 5.0 indicates that the reduction according to Eq. (G) fails to be
completely quantitative, presumably due to the occurrence of side or consecutive reac-
tions2 such as the acid-catalyzed rearrangement of the hydroxylamine group according

to Eq. (1),

®
@—NHOH +OHY — NHOH —> HOONH, )

which lowers the experimental n value of aromatic nitro compounds* as compared to
the theoretically expected value of 6. This is why the observed value of n = 9.0 for the
limiting current of 3rd wave at pH 5.0 is lower than the theoretically expected value of
10. However, the decomposition of the triazene group during the coulometric experi-
ment, viz. after the stabilizing effect of the nitro group ceases to act, can also play a
role.

The hydroxylamine group is not reduced further at pH > 7, so that the 1st wave
should only correspond to the four-clectron reduction of the nitro group. However, the
value of n = 4.6 obtained by potentiostatic coulometry for the limiting current of the 1st
wave at pH 11.1 indicates that the six-clectron reduction according to Eqs (G) partici-
pates to an cxtent as well, now, however, in basic catalysis conditions as described
carlicr for o-nitrophenol and o-nitroaniline!®?!. The reaction is slower, so that its effect
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only appcars during the coulometric experiment whereas the polarographic wave height
corresponds to the exchange of four clectrons. The splitting of the 1st wave at pH 8 —
10 apparently corresponds to the case of nitrobenzence in aqueous-alcoholic solutions?!
whose wave splits into a onc-clectron wave and a three-clectron wave duc to the
slowed-down protonation of the intermediate X/I1 in Eqs (J) (ref.??).

H ™ . HY +) e
Ar—=NO, === Ar-NO,H —> Ar-NO,H === Ar-NO,H, —> Ar—NHOH @))]

I X1 | 4

Since this splitting is considerably less marked in systems with lower mecthanol con-
tents, it is rcasonable to assume that the surface protonation of intermediate products
adsorbed on the clectrode surface, whosce rate is reduced by the competitive adsorption
of molecules of methanol, occurs during the reduction of the nitro group in 1-(2'-nitro-
phenyl)-3,3-dimethyltriazene as well.

The fact that coulometry at a constant potential of —-1.4 V gave a value of n = 8.7 at pH
8.0 can be related with the basically catalyzed dehydration following Eqs (K).

NHOH NHOH
40, 4H® /CH3 40, 4HY /CH3
] —— N=N-N ~—— NHy  +  HN-N
CH; CHy
X X
M ¥ ®)
- H0 2¢, 2%
Xw —— N —— s NH,
VIl

The observed changes in the shape and height of the 3rd wave, which corresponds to
the reduction of the triazene group at pH 7 — 10, can be explained’ ~ & in terms of the
preceding protonation of the triazene groups in the analyte molecules adsorbed on the
mercury clectrode surface.
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Analytical Application of Polarographic Reduction of 1-(2'-Nitrophenyl)-
3,3-dimethyltriazene

For tast polarography, the Britton—Robinson buffer—methanol mixture 1 : 1 of a result-
ing pH of 5 or 11 emerged as optimal from the analytical point of view. In such condi-
tions the dependences of the heights of the observed waves on the analyte concentration
arc lincar across the region of 100 — 2 pumol 17!, The parameters of the calibration plots
arc given in Table I1.

DPP at a conventional DME displays one to three peaks for 1-(2'-nitrophenyl)-3,3-
dimethyltriazene, in dependence on pH (Table IIT); the peaks correspond to waves in
tast polarography. The peak heights were measured from the straight lines connecting
the side minima. The marked decreasc of the 3rd peak at pH < 2 is apparently again
associated with the acid-catalyzed hydrolysis of the triazene group. Medium with pH 5§
or 11 again emerged as analytically optimal. The paramcters of the concentration de-
pendences measured are given in Table I1.

The effect of pH on the FSDP voltammograms of the analyte is documented by
Fig. 7. The highest and best developed peaks are obtained at pH 5.7. The concentration
dependence parameters mcasured are given in Table II. A mixture of tenfold diluted
Britton—Robinson buffer with methanol (9 : 1) is better suited for the concentration
region of 0.2 — 1 umol 17! because the base clectrolyte curves are smoother.

Adsorptive Stripping Voltammetry

The FSDPV peak height increases with time clapsed from the formation of the HMDE
to the recording of the voltammogram. This fact, which can be cxplained in terms of
adsorptive accumulation of the analyte on the working clectrode surface, can be made
usc of for additional sensitization of the determination. The cffects of the time of accu-
mulation, potential of accumulation, buffer concentration, methanol content and stirring

IG. 7
I'SDP voltammograms of 1-(2'-nitrophe-
nyl)-3,3-dimethyltriazene (¢ = 10 pmol 17)
in Britton—-Robinson buffer—-methanol mix-
tures (1 : 1) at pH 3.8 (1), 5.7 (2), 8.7 (3)
and 10.9 (4). Broken lines are basclines
from which the peak height was measured
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were examined with respect to the peak height, and the following conditions were
chosen for AdSV: E,..=0 V, t,..= 30 s, stirred medium of tenfold diluted Britton—
Robinson buffer—methanol (99 : 1) at pH 7.2. The FSDPV record was made 15 s after
completed stirring. In such conditions the FSDPV peak height was lincarly dcpendent
on analyte concentration across the region of 0.02 — 0.1 umol I-!. The calibration
straight line paramecters arc given in Table II. The detecrmination cannot be additionally
sensitized by extending the time of accumulation because if this time is longer than
30 s, the peak height for the stirred solution decreases, presumably due to a passivation
of the working electrode whose surface is not renewed during the measurement.

TasLe 11
Effect of pHl on the DP polarographic behaviour of 1-(2'-nitrophenyl)-3,3-dimethyltriazene in
Britton-Robinson buffer—methanol mixtures (1 : 1)

phi E}, mV I, uA E}, mV I, uA E}, mV L, uA
0.9 -75 1.39 c c -700 0.29
1.9° -150 1.31 ¢ ¢ -725 0.73
2.8 -205 1.09 -350 0.45 -770 0.91
4.0 -285 1.08 -525 0.30 -875 0.92
48 -325 1.00 -620 0.20 -935 0.88
5.9 -360 0.96 -750 0.10 -1025 0.75
72 -440 0.65 c < -1 170 0.85
8.0 . ~490 0.39 c < -1185 0.54
8.6° -510 0.14 ‘ c -1 185 0.14
-765 0.42 ¢ ‘
9.2 -800 0.57 ¢ c -1 190 0.05
10.2 -845 0.78 ‘ < c <
11.2 -855 0.89 ‘ “ c ¢
12.1 -855 0.89 ‘ ‘ < ¢
13.5 -830 0.95 ‘ c ‘ ¢

“ Resulting pH of buffer or perchloric acid mixture with mcthanol; b adjusted with 1 M HCIO,; © 2nd
peak fails to be measurable; 4 adjusted with 0.1 M HCIO,; © Ist peak splits at this pIl.
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