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Abstract

Direct and indirect oxidation of 1,5-diphenylcarbazide have been studied at hanging mercury drop
electrode with differential pulse voltammetric technique. Direct oxidation of 1,5- diphenylcarbazide
with KMnOj, resulted in formation of 1,5-diphenylcarbazone in the system at the reduction potential of
—0.3 Volts. Oxidation study with K,Cr,O; resulted in formation of 1,5-diphenylcarbazone at the
reduction potential of -0.3 Volts along with formation of 1,5-diphenylcarbadiazone at the reduction
potential of -0.6Volts in the system. Thus indicates that KMnO, can be utilized for controlled step
oxidation of 1,5- diphenylcarbazide, whereas, K,Cr,O; can be utilized for maximum oxidation of 1,5-
diphenylcarbazide. Indirect oxidation of 1,5-diphenylcarbazide was studied by dissolving 1,5-
diphenylcarbazide in water mixed solvent systems for aerial oxidation due to formation of 1,5-
diphenylcarbazone occurred and detected at the reduction potential of —0.3Volts.
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1. Introduction

1,5-diphenylcarbazide is a compound which has been widely used for biological,
chemical and electro-analytical purpose. 1,5-diphenylcarbazide and its oxidation products
such as, 1,5-diphenylcarbazone and 1,5-diphenylcarbadiazone have been extensively used for
analytical determination of many metal ions such as chromium[1-5], mercury [6-7] and
osmium [8-9]. Use of 1,5-diphenylcarbazide as an artificial electron donor for restoration of
electron transport through chloroplast has been reported [10]. 1,5-diphenylcarbazide is also
known to be utilized for the detection and determination of Cr(VI) and Cr (III) from the
effluents of industries, where chrome plating or chromic acid are frequently used which are
considered as frequent source for causing water pollution and air pollution[11]. Polarographic
and chronovoltammetric reductions of 1, 5-diphenylcarbazide (DPCI) and its oxidation
products such as 1,5-diphenylcarbazone (DPCO) and 1,5-diphenylcarbadiazone (DPCDZ)
have been reported and during the analysis it was also reported that 1,5-diphenylcarbazide
(DPCI) gets oxidized to 1,5-diphenylcarbazone (DPCO) and then to 1,5-
diphenylcarbadiazone in two stages [12-13]. Electrochemical behavior of 1,5-
diphenylcarbazide in 0.3 mol L' HC1O, and its use in determination of Cr (VI) and Cr (III) by
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using carbon paste electrode and graphite electrode has also been reported [14-15]. The work
presented in first part of this paper gives a detail studies on the oxidative behavior of 1,5-
diphenylcarbazide and its oxidation products in presence of K,Cr,O; and KMnQOj4. Second part
of the study deals with aerial oxidation study of 1,5-diphenylcarbazide in water mixed solvent
system.

2. Experimental

2.1. Chemicals and reagents

1,5-diphenylcarbazide used for this study was of analytical reagent grade. It was
repeatedly recrystallized from absolute alcohol, till a pure white crystalline solid with melting
point of 170°C was obtained. Purity of 1,5-diphenylcarbazide was tested by using thin layer
chromatographic method[16]. The compound was found to be free from impurities such as,
1,5-diphenylcarbazone and 1-phenylsemicarbazide. All chemicals used were of analytical
reagent grade. All the solutions were prepared in double distilled/deionised water.

2.2. Apparatus

For all differential pulse voltammetric measurements, the system used was Metrohm
ion analysis PGSTAT 30 version 757VA computrace 1.0 software, with metrohm 663 VA
standard electrode system installed for analysis. Metrohm three-electrode system 6.1246.020
comprising of saturated calomel electrode as a reference electrode, platinum electrode as a
counter electrode and the hanging mercury drop electrode as a working electrode was used.
The capillary of drop size 04 with the surface area of 0.40 mm” was used. The time of purging
was 180 s and the time of equilibrations was 20 s.

2.3. Procedure

0.605 mg of pure 1, 5-diphenylcarbazide was weighed and dissolved in 50 cm’ of
glacial acetic acid to provide a 0.05 mol L™ solution. This solution was used as the stock
solution of 1,5-diphenylcarbazide. 1 mol L™ of sodium acetate solution was prepared and used
as the supporting electrolyte. These analyses were carried out in buffer solution of pH 2.07,
comprising of 0.05 mol L' HCI and 0.09 mol L' KCL In all the differential pulse
voltammetric analyses, blank voltammograms were recorded with 18 cm’ of the buffer
solution, 2 cm’® of 1 mol L™ of sodium acetate as supporting electrolyte and to this blank
solution 5 cm’ of 0.05 mol L™ of the stock DPCI solution was added and voltammograms
were recorded. Further to this solution increasing concentration of 0.005 mol L™ of KMnO,
was added and effect caused by addition of KMnO4 was recorded. Similarly differential pulse
voltammetric measurements were also carried out by using increasing concentration of 0.005
mol L of K,Cr,07 0n 5¢cm’ of 0.05 mol L of the stock DPCI solution,

2.4. Direct Oxidation of 1,5-diphenylcarbazide in presence of KMnQj,.

Direct oxidation of 1,5-diphenylcarbazide with KMnO, was found to generate two
cathodic peaks, first peak of DPCI was obtained at the reduction potential of-1.33V vs S.C.E,
Whereas, the second peak was obtained at the potential range of —0.38V to —0.39V vs S.C.E,
which shows reduction of 1,5-diphenylcarbazone (one of the oxidation product of 1,5-
diphenylcarbazide) to 1,5-diphenylcarbazide. Table 1 shows the effect of increasing
concentration of KMnO4 on the peak potential (Ep) and peak current (ip) of DPCI with
increasing concentration of KMnOj.
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Table 1. Electrochemical data for voltammetric reduction of 0.05 mol L' of 1,5-
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diphenylcarbazide with 0.005 mol L™ of KMnOs.

Volume of ip in pamp Ep in Volts ip in pamp Ep in Volts
0.005 mol L™ DPCO DPCO DPCI DPCI
KMnO, added

0.1 -0.076 -0.386 -17.28 -1.33
0.2 -0.155 -0.393 -18.57 -1.34
0.3 -0.205 -0.395 -19.14 -1.34
0.4 -0.235 -0.395 -19.57 -1.34
0.5 -0.267 -0.393 -20.28 -1.35
0.6 -0.244 -0.395 -18.14 -1.35

The voltammograms of DPCI obtained by using KMnO, as an oxidizing agent were

recorded in Fig.1 and Fig.2.
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Fig.1. Typical differential pulse voltammograms of DPCO formed during the addition
of increasing concentration of 0.005 mol L of KMnO, as an oxidizing agent, in buffer
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solution of pH 2.07.
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Fig.2. Typical differential pulse voltammograms of 5 cm’ of 0.05 mol L™ of DPCI present
during the addition of increasing concentration of 0.005 mol L™ of KMnO, as an oxidizing
agent in buffer solution of pH 2.07.
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2.5. Direct Oxidation of 1,5-diphenylcarbazide in presence of K,Cr,0O7.

The impact of direct oxidation of 1,5-diphenylcarbazide with K,Cr,O; revealed the
presence of three cathodic peaks in the voltammogram. The DPCI peak was obtained at the
potential of —1.3V. The second peak obtained at the reduction potential of —0.3V vs S.C.E
could be due to reduction of 1,5-diphenylcarbazone to 1,5-diphenylcarbadiazone. Whereas,
the third peak obtained at the reduction potential of -0.6V vs S.C.E may be due to reduction of
1,5-diphenylcarbadiazone to 1,5-diphenylcarbazide. Table 2 shows the effect on the peak
potential (Ep) and peak current (ip) of DPCI with increasing concentration of KoCr,O7. The
polarograms of DPCI obtained with K,Cr,O7 as an oxidizing agent are shown in Fig.3 and
Fig.4.

Table 2. Electrochemical data for voltammetric reduction of 0.05 mol L' of 1, 5-
diphenylcarbazide with 0.005 mol L™ of K,Cr,0».

Volume of 0.005  ip in pamp Ep in ip in pamp Ep in ip in pamp Ep in

mol L K,Cr,0, DPCO Volts Volts DPCI Volts
added DPCO  DPCZ DPCZ DPCI

0.1 -0.0005 -0.364 -0.0017 -0.624 -18.25 -1.341

0.2 -0.003 -0.371 -0.0085 -0.635 -18.25 -1.341

0.3 -0.005 -0.375 -0.0159 -0.641 -17.90 -1.334

0.4 -0.009 -0.379 -0.0231 -0.645 -16.74 -1.318

0.5 -0.010 -0.385 -0.0291 -0.647 -14.99 -1.298

0.6 -0.012 -0.389 -0.0331 -0.657 -12.79 -1.279

0.7 -0.014 -0.375 -0.0391 -0.641 -12.55 -1.274
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Fig.3. Typical differential pulse voltammograms of DPCO and DPCZ formed during
the addition of increasing concentration of 0.005 mol L™ of K,Cr,07 as an oxidizing
agent in buffer solution of pH 2.07.
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Fig.4. Typical differential pulse voltammograms of 5 cm’ of 0.05 mol L™ of DPCI
present during the addition of increasing concentration of 0.005 mol L™ of K,Cr,05 as
an oxidizing agent in buffer solution of pH 2.07.
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3. Results and Discussion.

The cathodic peak obtained at the potentials of —1.30V vs. S.C.E, could be due to
cathodic reduction of carbonyl group(C=0) present in 1,5-diphenylcarbazide. Whereas, the
peaks obtained at the reduction potential of —0.3V vs. S.C.E shows addition of oxidizing
agents to 1,5-diphenylcarbazide leads to the formation of 1,5-diphenylcarbazone which is the
first stage oxidation product of 1,5-diphenylcarbazide. Peak obtained at the reduction
potential of —0.6V in presence of oxidizing agent could be due to the formation of 1,5-
diphenylcarbadiazone. Differential pulse voltammetric study of DPCI in the presence of
oxidizing agents revealed one common cathodic peak. The reduction potential of this peak
was similar to reduction potential of DPCO, whereas, additional peak obtained with K,Cr,07
revealed presence of two stages of oxidation of DPCI, as compared to single step oxidation
with KMnQOy. Thus it can be concluded that KMnO4 can be utilized for controlled step
oxidation of DPCI, whereas, K,Cr,O7 can be utilized for obtaining both the oxidation products
of DPCI.

The mechanism of oxidation of DPCI to DPCO with direct oxidation with KMnOjs is
proposed in scheme A.

4. Indirect oxidation study of 1,5-diphenylcarbazide in water mixed solvent system by
differential pulse voltammetric technique.

4.1. Mixed solvent systems

Study of Oxidative behaviour of DPCI was carried out separately in two different
mixed solvent systems of ethanol-water and glacial acetic acid-water, the proportions in
which these solvents were mixed are (75:25 v/v).

NH-NH-C¢Hs

buffer(pH 2.07) /(.2
3C/:O + Ml’l042_ + 2H+—1—2e' > 3Ci0
N\ NH-NH-C¢Hs S NH-CeHs
1,5-diphenylcarbazide

NH-NH-C¢Hs

NH-NH-C6H5 NH'NH_C6H5
4H,0 + Mn*+ 3C=0 -~ 3c—\o
N:N-C6H5 N'N-C6H5

1,5-diphenylcarbazone

Scheme A

Mechanism of oxidation of DPCI to DPCO and then to DPCZ with direct oxidation
with K,Cr,07 is proposed in scheme B.
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H
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N:N-C6H5 N:N-C6H5

1,5-diphenylcarbazone

N=N- C6H5 N-N—C6H5
3H,0+2Cr+3C=0 DEEEENG
N=N- C6H5 N:N-C6H5

1,5-diphenylcarbadiazone

Scheme B
Part 11

4.2. Procedure

Study of Indirect oxidative behavior of DPCI was carried out with 0.05 mol L™ of
DPCI stock solution in ethanol-water solvent system and 0.05mol L™ of DPCI in glacial
acetic acid-water solvent system. The analyses in both the solvent system were carried out in
buffer solution of pH 2.07. The blank solution compositions were kept similar as mentioned
earlier. Differential pulse voltammograms of 0.8cm’ of the stock solutions were recorded at
different time spans of 0, 24, 48, 72, 96, 120 hrs with a suitable scan rate of 30mV s.In this
study, the stock solutions of DPCI prepared in both the mixed solvent systems were tested for
its stability under normal conditions of room temperature and moisture. The electrochemical
data illustrated in Table 3 and Table 4 show the impact of aerial oxidation on peak potential

(Ep) and peak current (ip) of DPCI with progression in time duration.
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Table3. Electrochemical data of 0.05 mol L of DPCI

solvent system.
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in ethanol-water (75:25 v/v) mixed

Time in ip(nA) Ep (V) E,», DPCO ip(uA) Ep(V) E» DPCI

Hours DPCO DPCO DPCI DPCI
L - -17.84 -1.265 -1.290
24 -0.42 -0.263 -0.288 -16.11 -1.246 -1.271
48 -0.85 -0.331 -0.356 -24.99 -1.259 -1.284
72 -1.01 -0.352 -0.377 -12.10 -1.249 -1.274
96 -2.17 -0.338 -0.363 -22.36 -1.345 -1.370
120 -3.16 -0.372 -0.397 -15.00 -1.249 -1.274

Table4. Electrochemical data of 0.05 mol L of DPCI in glacial acetic acid-water (75:25 v/v)
mixed solvent system.

Time in ip(nA) Ep (V) E,, DPCO ip(uA) Ep(V) Ein
Hours DPCO DPCO DPCI DPCI DPCI
N - -5.22 -1.301 -1.326
24 -0.27 -0.376 -0.401 -5.99 -1.293 -1.318
48 -1.99 -0.384 -0.409 -4.61 -1.272 -1.297
72 -4.58 -0.400 -0.425 -4.63 -1.275 -1.300
96 -7.14 -0.357 -0.382 -4.89 -1.235 -1.260
120 -12.26 -0.348 -0.373 -5.00 -1.250 -1.299

5. Results and discussion (Indirect oxidation study of DPCI).

Aerial oxidation study of DPCI in both solvent system revealed the generation of peak
at the reduction potential of —0.3V t0-0.4V after a time span of 24 hrs. Progression in time
revealed increment in the peak current. Considerable peak heights were observed after a span
of 120 hrs as shown in Fig.5 and Fig.6. Fig.7 shows the variation of half wave potential with

respect to time.
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Fig.5. Typical differential pulse voltammograms of DPCO obtained due to aerial
oxidation of DPCI in ethanol and water solvent system in buffer solution of pH 2.07,

at 120 hrs.
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Fig.6. Typical differential pulse voltammograms of DPCO obtained due to aerial
oxidation of DPCI in glacial acetic acid and water solvent system in buffer solution of
pH 2.07, at 120 hrs.
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Fig.7. Plot of -E;» vs time of DPCI and DPCO peaks obtained of during aerial

oxidation study of DPCI in buffer solution of pH 2.07.

The proposed mechanism for the electrochemical behaviour of DPCI during aerial

oxidation process is shown as Scheme C.
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NH-NH-C¢Hs /NH'NH'C6H5
3C/: o * 20, +2H" + e NI PH 20D NeAe

N NHNH-C.H. C/ NH-CgHs
1,5 diphenylcarbazide

NH-NH-CxH; NH-NH-CxH;
4H,0+ 3C=0( -~ 30—\0'
N:N-C6H5 N-N-C6H5
1,5 diphenylcarbazone .
H
Scheme C

Thus the aerial oxidation process in both the mixed solvent systems resulted in the
oxidation of DPCI to DPCO, and the time taken for this oxidation process reveals that the rate
of conversion in presence of acidic medium was observed to be slow.
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