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The polarographic behaviour of 1-(4-methoxyphenyl)-3-methyltriazene in a mixed aqueous—mett
medium was investigated by tast polarography and differential pulse polarography at a droppin
cury electrode, constant-potential coulometry at a large area mercury electrode and cyclic \
metry at a hanging mercury drop electrode. A mechanism has been proposed for its polaro
reduction and optimal conditions have been found for its determination by tast polarography
concentration range 2—-1Q@mol It and by differential pulse polarography at a dropping merct
electrode, differential pulse voltammetry at a hanging mercury drop electrode and linear scan \
metry at a hanging mercury drop electrode in the concentration range 0| 2nb00”. The sensitivity
of the determination can be further improved through adsorptive accumulation of the test sut
on the surface of the hanging mercury drop electrode; fifteen-second accumulation in stirred s
allows determination in the range 0.01-Quhol I

Key words: 1-(4-Methoxyphenyl)-3-methyltriazine; Differential pulse polarography; Adsorpt
stripping voltammetry.

The derivatives of 1-phenyl-3-methyltriazene are genotoxic substances that a
sumed to act through an alkylation mechaniSmin addition, this type of substance
exhibits carcinostatic actirf, in this connection, detailed studies have been car
out of its acute toxicityy metabolisrf and protolytic splitting mechanish’. Thus,

there is a need for sensitive analytical methods for the determination of trace an
of these substances. Because of the ready reducibility of tridzenesdern polaro-
graphic and voltammetric methods are suitable for this purpose. These method
been found useful for the determination of trace amounts of pharmaceuticall
portant 2-carbamoy¥?, 3-carbamoyt®, 4-carbamoyt*, 4-bromd?®, 4-phenylazé®'’and

2'-nitro*® derivatives of 1-phenyl-3,3-dimethyltriazene. A number of other works dez
with the mechanism or analytical utilization of the polarographic reduction of vatr
types of triazenes can be found in the monographin ref!? In the framework of a
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systematic study of the use of modern polarographic and voltammetric methods f
analysis of chemical carcinogens, this work describes the use of tast polarograp
differential pulse polarography (DPP) at a classical dropping mercury electrode (D
differential pulse voltammetry (DPV) at a hanging mercury drop electrode (HMI
linear scan voltammetry (LSV) at HMDE and adsorptive stripping voltamm
(AdSV) for the determination of the so-far unstudied compound 1-(4-methoxyphe
3-methyltriazene 1) [CAS Name: 1-Triazene, 1-(4-methoxyphenyl)-3-methyl; C/
Registry Number: 53477-43-3]. In addition, cyclic voltammetry at HMDE was use
investigate the reversibility of the reduction and potentiostatic coulometry was
ployed to determine the number of electrons exchanged. In view of the sparing
bility of the test substance in water, a mixed aqueous—methanolic solvent was us

proved convenient for previously investigated 1-phenyl-3,3-dimethyltriazene de
tivest?-18

EXPERIMENTAL

Reagents

The stock solution of 1-(4-methoxyphenyl)-3-methyltriazene in methanel 1 mmol t1) was pre-

pared by dissolving 0.0413 g of the substance (Research Institute for Organic Syntheses, Pal
Rybitvi) in p.a. solvent. The purity of the substance was controlled by paper and thin-
chromatography and by measuring the spectra of a methanolic solution in UV:feijlore diluted

solutions were prepared by exact dilution of the stock solution. All the solutions were stored

dark. It followed from a spectrophotometric study of the stability of these solutions that the so
with a concentration of 1 mmotimust be prepared fresh once a month, 0.1 mniavery week

and 0.01 mmol daily. The other chemicals employed were of p.a. purity (Lachema, Brno, C
Republic). Water was doubly distilled in a quartz apparatus. The methanol used was stored
glass vessels as contact with polyethylene led to extraction of substances that unfavourably :
the determination of the lowest concentrations.

Apparatus

A PA 3 polarographic analyzer was employed together with an XY 4106 recorder (both from Lz
torni pristroje, Prague, Czech Republic). Measurements were carried out using a three-electr
rangement with a platinum wire auxiliary electrode and saturated silver chloride reference ele
to which all the potential values are referred. The parameters of the classical DME used in tz
DP polarography were as follows: At a mercury reservoir height ©f36 cm the flow rate was
m =5.51 mg stand the drop time was= 2.12 s (at an applied voltage of 0 V in &.KCI). Where
not stated otherwise, work with the DME was carried out at a polarization rate 5'moérmstrolled
drop time of 1 s, mercury reservoir height of 36 cm and modulation amplitude in differential
polarography of —100 mV.

DPV, AdSV and cyclic voltammetric measurements were carried out using a static mercury
electrode SMDE 1 (Laboratorni pristroje, Prague, Czech Republic) connected as a hanging n
drop electrode (HMDE). The capillary employed had a diameter of 0.146 mm and the maximun
size attainable was employed, obtained by opening the valve for 160 ms. Where not stated ot}
work with the HMDE was carried out at a polarization rate 20 m\asd modulation amplitude in
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differential pulse voltammetry of =50 mV. Oxygen was removed from the measured solutio
bubbling for ten minutes with nitrogen, which was purified by passing through a solution of
mium(ll) ions in dilute hydrochloric acid over zinc amalgam. A prebubler containing a water—met
mixture in the same ratio as in the polarographed solution was placed prior to polarographic \

Coulometric measurements were performed on an OH 404 coulometric analyzer (Radelkis, Bu
Hungary) in a 200 ml vessel. A mercury pool at the vessel bottom served as the cathode, a p
sheet electrode served as the anode. The cathode and anode compartments were separated \
The saturated calomel electrode used was an OH 993 (Radelkis, Budapest, Hungary). The
was stirred with a magnetic stirrer during the electrolysis, and the measurements were cor
under nitrogen.

Spectrophotometric measurements were conducted on a Specord M 400 instrument (Zeis:
Germany) using 1 cm quartz cells.

The solution pH was measured with an OP 211/1 digital pH meter using a combined pH ele
Crytur 01-29 (Monokrystaly, Turnov, Czech Republic). Calibration was carried out using ac
borate and phosphate buffers in 50% mettdnol

All the measurements were carried out at laboratory temperature.

Procedures

The calibration curves were measured in triplicate and evaluated by the least squares lin
gression method. The limit of determination was calculated as the tenfold standard deviation
analyte determinations at the concentration corresponding to the lowest point on the appropria
bration straight ling.

The procedure for the determination of the number of electrons exchanged using constant p
coulometry at a large area mercury electrode was as follows: 50 ml of Britton—Robinson buffer,
and 40 ml of methanol were measured into the coulometric vessel and the solution was bubbl
nitrogen with constant stirring. Simultaneously, pre-electrolysis was commenced at a selecte
stant potential. After about 20 min, the residual current value decreased below 0.2 mA and no
changed. Then the appropriate circuit parameters were adjusted for automatic compensatior
residual current and 10.00 ml of the solution of 1-(4-methoxyphenyl)-3-methyltriazene in met
(c = 1 mmol t2), previously freed of oxygen, were added with constant bubbling and stirring. Ele
lysis was terminated when the current value decreased to that of the residual current (ca after
and the charge consumed was found by digital integration of the current passed. The course
reduction was monitored spectrophotometrically and polarographically by taking 10 ml of sol
from the coulometric vessel at the given time intervals and measuring tast polarogram and L
visible spectrum. The sampling was carried out prior to the beginning of the coulometric redt
and after reduction of 25, 50, 75 and 100% of the substance (calculated relative to the dete
number of electrons exchanged at the constant potential).

RESULTS AND DISCUSSION

Study of the Polarographic Behaviour of 1-(4-Methoxyphenyl)-3-methyltriazen

Tast polarographylt can be seen from Fig. 1 that 1-(4-methoxyphenyl)-3-mett
triazene gives one or two waves in dependence on pH. The limiting cuf@nbf(the
first wave at pH < 4.5 is practically negligible; it rapidly increases at pH > 5.4
reaches its maximum value at pH 7.6. It rapidly decreases at higher pH values
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pH > 10 this wave practically disappears. The half-wave potert#g) ©f this wave
shifts to more negative values with increasing pH and this dependence has asyr
character (see Table I). Simultaneously, at pH > 7.6 a new wave appears with
wave potential £2,,) of about —1.45 V. The limiting curreni() of this wave is prac-
tically constant within pH range of 10-12. However, this wave is difficult to util
analytically, as it coincides with the decomposition of the base electrolyte. Fo
same reason it was not possible to carry out its logarithmic analysis. Howeve
shape of this wave indicates an irreversible process. This wave apparently corre:
to direct polarographic reduction of unprotonated molecules of 1-(4-methoxyphen
methyltriazene.

The decrease in the limiting current of the first wave at pH < 5.4 can be explair
terms of protolysis of the test substalf@ecording to Eq.A).

CH,0 N=NNHCHj + HO — >

o A
o

+
CH,0 OH + N, + NHz* CHj

This protolytic decomposition results in the decrease of the limiting current o
first wave with time at pH < 7. Assuming that this decomposition is a first-order r
tion, the following equation can be used:

Inl;=1Inly—kt

5L
I, pA
1L
Fe. 1
Tast polarograms of 1-(4-methoxyphenyl)-:
methyltriazene ¢ = 0.1 mmol %) in mixed Brit-
0 ton—Robinson buffer—-methanol medium (1 : 1
-0.7 pH: 15.4;26.3;37.6;48.6;59.2;6 10.8
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wherel, is the limiting current at the beginning of the reaction of protolysithe
limiting current at time andk the first-order rate constant. The linear dependence lpf
on time, which has been established, indicates that the reaction is pseudo-monomc
in its behaviour. The rate constant, calculated as the negative value of the slope
above mentioned straight line, is equal to 0.044 ha@hpH 5.4.

It follows from the logarithmic analysis of the tast polarograms that the elect
process is irreversible in the pH range 5-10. This was also confirmed by the «
voltammetry at a hanging mercury drop electrode (see further). At pH 7.6, the lin
current of the first wave measured by classical DC polarography is directly pre
tional to the square root of the mercury reservoir height confirming that this is a «
sion-controlled process. However, the dependence of the current values on the
root of the mercury reservoir height for the region of current decrease around —
does not pass through the origin, indicating mixed diffusion-kinetic control. The
that the slope of th&;,, vs pH dependence does not correspond to the relation
dE,,/dpH= —mRThn,F indicateg?that a substance adsorbed on the electrode sur
undergoes the preliminary protonation reaction. The observed decrease in the i

TasLE |

The effect of pH on the tast polarograms of 1-(4-methoxyphenyl)-3-methyltriazen@.{ mmol %) in
mixed Britton—Robinson buffer—methanol medium (1 : 1)

pH2 pH® El, V It LA a5, mv E?, V 12, LA
2.05 25 4 - - f f
3.25 4.0 4 - - f f
3.99 45 4 - - f f
5.07 5.4 -0.88 0.61 80.1 f_ f
5.74 6.3 -0.92 1.24 85.0 f_ f
6.87 7.6 -0.94 1.29 80.3 9_ .
8.09 8.6 -0.97 0.94 70.8 -1.48 0.7¢"
9.08 9.2 -0.98 0.52 70.4 -1.48 0.99'
10.02 10.0 -0.99 0.14 70.3 -1.48 111
10.80 10.8 e ¢ ¢ -1.48 112
11.66 11.4 e ¢ ¢ -1.48 112

2 value corresponding to the Britton-Robinson buffer useMalue corresponding to the mixec
aqueous-methanolic solutichSlope of the logarithmic analysi$The more positive wave is too low
to be evaluated® The more positive wave completely disappehiEhe more negative wave is no
observabled The more negative wave is too low to be evaluaeEhe values given are only ap
proximate because the more negative wave is difficult to evaluate as it coincides with the dec
sition of the base electrolyte.
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current in the region around —1.3 V at pH around 9 is apparently connected v
decrease in the rate of surface protonation as a consequence of desorption of t
stance at potentials that are far more negative than potential of the electrocapillan
where maximum adsorption of uncharged molecules can be expected.

Constant potential coulometrnRotentiostatic coulometry at a large-area merci
electrode at pH 7.6 and a constant potential of —1.2 V yielded a vafue 412 for the
number of exchanged electrons (see Fig. 2). Tast polarographic monitoring of the
lometric reduction of 1-(4-methoxyphenyl)-3-methyltriazeae (0.1 mmol %) at con-
stant potential —1.2 V in mixed Britton—Robinson buffer—-methanol medium (1 : :
pH 7.6 (see Fig. 3) revealed the disappearance of the polarographically active tr
group and the formation of a product which gave anodic wave at —0.2 V.

3 T T T
I, mA
=] e 14
2r n
47 Fic. 2
1k Dependence of currehtand calculated num-
ber of electrons exchanged per 1 moleaule
on time during the coulometric reduction ¢
1-(4-methoxyphenyl)-3-methyltriazene € 0.1
mmol ') at constant potential —1.2 V ir
0 L L . o Mmixed Britton—Robinson buffer—-methano
0 20 40

¢ min 90 medium (1 : 1) at pH 7.6

Fic. 3

Tast polarographic monitoring of the cou
lometric reduction of 1-(4-methoxyphenyl):
3-methyltriazened = 0.1 mmol 19 at
constant potential —1.2 V in mixed Britton-
Robinson buffer—methanol medium (1 : 1) «
pH 7.6. Polarograms correspond to the pe
sage of charge required to reduce 0%, (
25% @), 50% @), 75% @) and 100% %) of
the test substance (calculated with respect
the n value established at the potential a
plied)
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Cyclic voltammetry at a hanging mercury drop electrodgclic voltammogram of
1-(4-methoxyphenyl)-3-methyltriazene in mixed Britton—Robinson buffer—meth:
medium (1 : 1) at pH 7.6 (see Fig. 4) demonstrates the irreversible character
observed process. The height of the cathodic peak at —1 V is not directly propotr
to either the polarization rate or the square root of this quantity, so that it can |
sumed that this is a complex overall process controlled both by the diffusion of th
substance to the electrode surface and also by its adsorption on this surface. The
peak at —0.2 V is apparently connected with the presence of an aromatic amine f
by the reduction of 1-(4-methoxyphenyl)-3-methyltriazene.

Proposed reduction mechanisih follows from the above observations that :
(4-methoxyphenyl)-3-methyltriazene undergoes four-electron irreversible reduction :
around 7. It can be assumed by analogy with the polarographic behaviour of prev
studied 1-phenyl-3,3-dimethyltriazene derivatife¥that the polarographic reductiol
of the test substance will occur according to Bj. (

4e, 4H*
CHS0 N=NNHCH, ———>
c:m)o%i%w2 +  NH, NH CH,

(B)

Fc. 4 50
Cyclic voltammogram of 1-(4-methoxyphenyl)-
3-methyltriazene ¢ = 10 pmol I} in mixed
Britton—Robinson buffer—methanol medium (1 : 1)
at pH 7.6 and polarization rate of 50 m* s
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Analytical Utilization of the Polarographic Reduction of 1-(4-Methoxyphenyl)-3
methyltriazene

Tast polarographyFrom an analytical point of view, the highest and most ea
measured curves were obtained in medium with pH 7.6. Simultaneously, solutior
larographed in this medium are sufficiently stable (the height of the wave of 0.1 Thrr
1-(4-methoxyphenyl)-3-methyltriazene does not change after 60 min within experin
error), in contrast to acidic solutions, where acid hydrolysis leads to decrease
wave height after 20 or 30 min by 43 and 67%, respectively, at pH 5.4. The calib
dependencies are linear at pH 7.6 in the range 2pfi@f -1 and their parameters ar
given in Table Il together with the calculated limit of determination.

Differential pulse polarography at a dropping mercury electrddean be seen from
Table Il that 1-(4-methoxyphenyl)-3-methyltriazene yields one or two peaks in
ferential pulse polarography, in dependence on the pH value. The effect of pH c
peak position ;) and heightli) reflects the effect of pH on the behaviour of the t
substance in tast polarography. For analytical purposes, the first peak is preferabl
the second peak is rather close to the decomposition of the base electrolyte. It can
from Fig. 5 that highest, best developed and most readily evaluated first peak

TasLE Il
Parameters of the calibration straight lines for the determination of 1-(4-methoxyphenyl)-3-m
triazene by various polarographic and voltammetric methods in Britton—Robinson buffer—-mef
medium (1 : 1) at pH 7.6

Meod oot SODE, MR OB s oy
Tast 20-100 12.2 -28.1 0.9966 -
2-10 14.8 -0.8 0.9998 2
DPP/DME 20-100 19.0 -43.8 0.9983 -
2-10 22.0 -26 0.9984 -
0.2-P 22.3 -0.4 0.9973 0.2
LSV/HMDE 2-10 5.51 0.5 0.9978 -
0.2-F 7.23 0.2 0.9980 0.3
DPV/HMDE 2-10 5.3 -0.9 0.9992 -
0.2-P 3.9 -0.1 0.9990 0.1
AdSV/HMDE 0.01-01 1405 -0.2 0.9996 0.01

2 Limit of determination® Tenfold diluted Britton—Robinson buffer—methanol (1 : 1) medium, pH 7
¢ Tenfold diluted Britton—Robinson buffer—methanol (99 : 1), pH 7.1, 15 s accumulation in s
solution at -0.4 V.
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obtained in Britton—Robinson buffer—methanol medium (1 : 1) at pH 7.6. Sim
neously, the height of this peak does not change after 60 min within experimental
Nevertheless, the polarographic curves at lower analyte concentration (bgifowal )

should be recorded soon after preparation of the polarographed solution, pref

TasLE Il

The effect of pH on the differential pulse polarograms of 1-(4-methoxyphenyl)-3-methyltriazene
0.1 mmol 1% in mixed Britton—Robinson buffer—methanol medium (1 : 1)

pH? pH® Ep V lpy, HA Ep V |2 HA
2.05 25 < ¢ d -
3.25 4.0 -0.67 0.05 < -
3.99 45 -0.70 0.05 < -
5.07 5.4 -0.84 1.18 En -
5.74 6.3 -0.87 2.03 < -
6.87 7.6 -0.94 2.08 -1.45 0.46
8.09 8.6 -0.95 1.37 -1.45 1.02
9.08 9.2 -0.97 0.47 -1.45 1.04
10.02 10.0 -0.98 0.15 -1.45 1.34
10.80 10.8 e e -1.45 1.12
11.66 11.4 e ¢ -1.45 0.87

2 value corresponding to the Britton—Robinson buffer ufedalue corresponding to the mixe
agueous—methanolic solutiohThe more positive peak is too low to be evaluaféthe more nega-

tive peak is not observabl€The more positive peak completely disappears.

Fic. 5

Differential pulse polarograms of 1-(4-methoxy-
phenyl)-3-methyltriazenec(= 0.1 mmol T2 in
mixed Britton—Robinson buffer—-methanol me-

dium (1 :1). pH:1 4.5;25.4;37.6;4 10.0
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after a constant time from the preparation has elapsed. The calibration curves are
under these conditions in the range 0.2-100I '*and their parameters are given in Table
(The peak height was measured from the straight line connecting the minima ot
sides of the peak.) It is preferable to carry out DPP determination in the concent
range 0.2—umol I"tin a mixture of tenfold diluted Britton—Robinson buffer—methar
(1 : 1) with pH 7.2. (As the concentration of the agueous Britton—Robinson b
decreases, the peak heights corresponding to impurities in the chemicals emplo
its preparation also decrease, leading to a smoother base electrolyte curve.)
Linear scan voltammetry at a hanging mercury drop electrdtie. effect of pH on
the behaviour of 1-(4-methoxyphenyl)-3-methyltriazene is depicted in Fig. 6. It
found that the test substance gives two to three peaks in dependence on pH. Tt
most positive and rather low peak is probably connected with adsorptive phenc
rather than with faradaic processes. The third, most negative peak is difficult to ¢
ate since it coincides with the decomposition of the base electrolyte. From an ana
point of view, the highest, best developed and most easily evaluated second pe
obtained in Britton—Robinson buffer—-methanol (1 : 1) medium at pH 7.6. The heig
this peak can easily be evaluated as the distance between the peak maximum
straight line constructed by the prolongation of the linear part of the base elect
curve before the onset of the peak. The calibration curves constructed in this w
linear within the concentration range 0.24iflol It and their parameters are given
Table II. For the above given reasons, tenfold diluted Britton—Robinson buffer—met
(1 :1) medium at pH 7.2 was used in the lowest concentration region.
Differential pulse voltammetry at a hanging mercury drop electrdtie effect of
pH on the differential pulse voltammograms of the analyte is documented by F

T T T T 1
i
I : ]
M 1
: /
IZO nA Il
kAN ,II
B \
: 'I ~L /'/
2 : 1 II ‘o
; e
4 \\\ H /./‘ /
'l \\‘~~ 3 B /_ ,’
’I i _'a/
1 ] -7
’ s
I‘--.. B
s
. ”—.’_-— —.—.—-’4
xSl I L I
-0.9 -1.1 -1.3 -15
E, VvV

Fic. 6
Linear scan voltammograms of 1-(4-methoxyphenyl)-3-methyltriazerne 10 umol %) in mixed
Britton—Robinson buffer-methanol medium (1 : 1). pH5.4; 2 7.6; 39.2; 4 10.8
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Analogously do LSV at HMDE, 1-(4-methoxyphenyl)-3-methyltriazene yields twc
three peaks in dependence on pH. The height, position and shape of these peak
the behaviour of the test substance at previously investigated polarographic and v
metric techniques. Again, the first peak (most positive one, which is probably
nected with adsorptive processes) and the third peak (most negative one,
coincides with the decomposition of the base electrolyte) are of no analytical use
highest, best developed and most easily evaluated second peak was obtained at
(see Fig. 7). Therefore, Britton—Robinson buffer—methanol (1 : 1) medium at pt
was chosen as optimum. The height of the second peak was again evaluated fr
straight line connecting the minima on both sides of the peak. The calibration c
constructed in this way are linear within the concentration range O2naDI* and
their parameters are given in Table Il. As with previously used techniques, te
diluted Britton—Robinson buffer—methanol (1 : 1) medium at pH 7.2 was used il
lowest concentration region.

Adsorptive stripping voltammetry at a hanging mercury drop electréd&irther
increase in the sensitivity of the determination can be attained through adsorptive
mulation of the test substance on the surface of a hanging mercury drop electroc
following dependence of the peak heighon the timet elapsed between formation c
the hanging mercury drop and recording of the voltammogram was found in te
diluted Britton—Robinson buffer—-methanol (99 : 1) stirred medium at pH 7.1 an
analyte concentration of Opmol I,

ts | o 10 15 20 30
lPA | 49 8.3 11.8 9.5 9.0

Fe. 7
Differential pulse voltammograms of 1-(4-methoxy-
phenyl)-3-methyltriazenec(= 10 umol %) in
mixed Britton—Robinson buffer—methanol me-
dium (1 :1). pH:145;27.6;39.2
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A decrease in the peak current observed at accumulation times longer than 15 s
explained by maximum possible coverage of the working electrode by the ads
substance and by the passivation of the electrode whose surface is not renewed
the measurement. The adsorptive accumulation can be increased by decreas
methanol content in the voltammetric solution, which can be explained both b
higher solubility of the analyte in methanol and also by the competitive adsorpti
the molecules of this solvent on the HMDE surface.
The following dependence of the peak heigiun the potential of accumulatid,

was found in tenfold diluted Britton—Robinson buffer—methanol (99 : 1) stirred mec
at pH 7.1 and an analyte concentration of ol .

Eaco V ‘ 0 -0.1 -0.2 -0.3 -0.4 -0.5 -0.6
Ip, NA ‘ 10.5 10.5 12.0 13.3 14.0 13.7 11.6

Therefore, the following optimum conditions were chosen for AASV determinatio
1-(4-methoxyphenyl)-3-methyltriazen&, .. = —0.4 V,t,..= 15 s, stirred solution of
tenfold diluted Britton—Robinson buffer—methanol (99 : 1) medium at pH 7.1. At
end of the accumulation period in a stirred solution, the stirrer was switched off ar
differential pulse voltammogram was recorded after 15 s had elapsed to allow the
tion to become quiescent. In such conditions the peak height, measured fro
straight line connecting the minima on both sides of the peak, was linearly depe
on analyte concentration across the region of 0.01@dl I"X. The calibration straight
line parameters are given in Table Il. The determination cannot be additionally
sitised by extending the time of accumulation, decreasing the content of metha
diluting the Britton—Robinson buffer used.

This work has been financially supported by the Grant Agency of the Czech Republic (Gra
203/93/0050).

REFERENCES

. Zsolnai T.: Biochem. Pharmacdll, 995 (1965).

. Zsolnai T.: Biochem. Pharmacdl4, 1325 (1965).

. Burchenal J. H., Carter S. K.: Cancer (PhiladelpB@)1636 (1972).

. Schmidt F. A., Hutchinson D. J.: Cancer. R&§ 1917 (1974).

. Blair T., Webb G. A.: Eur. J. Chert6, 157 (1981).

. Matrka M., Zverina V., Marhold J.: Cesk. Fargd, 262 (1975).

. Rambousek V., Zverina V., Matrka M.: Cesk. Fagm,. 384 (1978).

. Rambousek V., Zverina V., Matrka M.: Cesk. Fa@#,. 438 (1979).

. Matrka M., Rambousek V., Zverina V.: Cesk. Fa@W, 346 (1978).

. Isaacs N. S., Rannala E.: J. Chem. Soc., Perkin Tra8)s829 (1974).

O WO ~NOOULD, WNPE

=

Collect. Czech. Chem. Commun. (Vol. 61) (1996)



Polarographic and Voltammetric Determination 119

11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Iversen P. E. inEncyclopedia of the Electrochemistry of the Elements — Organic Séétich
Bard and H. Lund, Eds), Vol. 13, Ch. 5, p. 212. Dekker, New York 1979.

Barek J., Toubar S., Zima J.: Collect. Czech. Chem. Comb&,12073 (1991).

Barek J., Kubickova J., Mejstrik V., Zima J.: Collect. Czech. Chem. CombT2263 (1992).
Barek J., Mejstrik V., Toubar S., Zima J.: Collect. Czech. Chem. Combiui230 (1992).
Ignjatovic L. M., Barek J., Zima J., Markovic D. A.: Anal. Chim. A2&4, 413 (1993).

Barek J., Drevinkova D., Zima J., Fogg A. G.: Collect. Czech. Chem. Conamu2248 (1992).
Barek J., Fogg A. G.: Analyst (Londoh}7, 751 (1992).

Barek J., Drevinkova D., Zima J.: Collect. Czech. Chem. ComB®&)r2021 (1993).

Zverina V., Chmatal V., Junkova I., Divis J., Matrka M.: Chem. P20n231 (1970).

Paabo M., Robinson R. A., Bates R. G.: J. Am. Chem. &pct15 (1965).

Beyerman K.Organic Trace Analysigp. 45. Ellis Horwood, Chichester 1984.

Mairanovskii S. G.: Talantd2, 1299 (1965).

Collect. Czech. Chem. Commun. (Vol. 61) (1996)



