
Scheme 1. The structure of the formazan derivatives (1-7).
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Abstract
1-(o-, m-, p–Cl, -Br) substituted phenyl-3, 5-diphenylformazans were synthesized. Their structures were elucidated and

spectral behaviours were investigated by elemental analysis, FT-IR, UV-vis spectral data. The electrochemical proper-

ties such as number of electrons transferred (n), diffusion coefficient (D) and heterogeneous rate constant (ks) were de-

termined and possible mechanisms were proposed using platinum and ultramicro platinum electrodes, cyclic voltamme-

try, linear sweep voltammetry and chronoamperometry. The oxidations were carried out at different electrochemical

steps that were dependent upon the structure of formazans. The relation between their absorption properties with elec-

trochemical properties was investigated. A suitable correlation was obtained between the absorption λmax with electroc-

hemical properties, and between the oxidation peak potentials Eox1 with ks values of formazans. 
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1. Introduction
Formazans are colored compounds as they have

π–π* transitions of π-electrons in their structure. There
are important fields of use for formazans such as analyti-
cal reagents, trace element determination, photos and
thermochromic materials. Foremost, the most important
fields of usage are as biochemical markers and antineo-
plastic properties which are based on spectral and redox
reactions of tetrazolium/formazans systems.1,2 Since these
fields of use are based on spectral and redox reactions,
these features are quite important. That is why there is an
increasing interest in the chemistry of formazans. 

Since the first formazans were synthesized, there ha-
ve been numerous formazans synthesized up to now and
their structural features, tautomeric and photochromic iso-
mers were investigated.3–7 Although, formazans have been
extensively studied by many workers, a little has been re-
ported about the electrochemical redox behavior. It was
reported that formazans are oxidized either in a single two
electron transfer followed by a deprotonation reaction for-
ming corresponding tetrazolium cations or in two steps
one apiece electron transfer followed by a deprotonation

reaction forming tetrazolium cations.8–11 Also, the reduc-
tion of tetrazolium salts into formazans was carried out.
12–14

Formazans (a) R Abbreviation
1 H TPF

2 o-Cl o-ClPF

3 m-Cl m-ClPF

4 p-Cl p-ClPF

5 o-Br o-BrPF

6 m-Br m-BrPF

7 p-Br p-BrPF
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However, there is no systematic study concerning
the effect of substituent, and there aren’t any studies
concerning the comparison between the electrochemi-
cal and spectral properties of these compounds in the
literature. There are few systematic studies concerning
the effect of substituent and some of them are comple-
xes of formazans.11,15 As all the fields of use of the for-
mazans are based on spectral and electrochemical pro-
perties, we focused in this study on synthesis, spectral
and electrochemical behaviors of various substituted
formazans. 

In this study spectral and electrochemical properties
of synthesized formazans [1-(o-, m-, p–Cl, -Br) substitu-
ted phenyl-3,5-diphenylformazans] were investigated and
compared (Scheme 1). We intended to elucidate the inf-
luence of type and position of the substituents on electroc-
hemical and spectral properties. It is also hoped that this
study is suitable for all the fields of use of formazans. 

2. Experimental

2. 1. General
All starting reagents and solvents were purchased

from Merck, Sigma-Aldrich Chemical Co. and used wit-
hout further purification. For synthesis deionized water
(Millipore, Milli-Q), for spectroscopic measurements the
organic solvent, CH3OH (99.9%), and for electrochemi-
cal measurements dimethyl sulfoxide (DMSO) (99.9%)
were used. The infrared (IR) spectra were recorded on a
UNICAM SP-1025 spectrophotometer between 4000 and
400 cm–1 in KBr pellets. The ultraviolet-visible (UV-vis)
spectra were obtained with PERKIN-ELMER 550 spec-
trophotometer using 1 cm quartz cell, in 10–4 mol L–1

CH3OH in the range of 200–650 nm. The elemental
analysis studies were carried out by LECO-CHNS-932
elemental analyzer. 

Electrochemical studies were carried out with a
computerized CHI Instrument 660 B system in a conven-
tional three-electrode cell. A platinum electrode (PE)
(CHI102) and a 10 μm-platinum ultramicrodisc electro-
de (UME) (CHI107) were used as a working electrode.
The electrodes were cleaned by electrochemical poten-
tial cycling and washing with excess DMSO. A platinum
wire was used as an auxiliary electrode. The reference
electrode was a silver wire in constant contact with 0.1
M AgNO3 in dimethyl sulfoxide. All solutions were de-
aerated for 10 min with pure argon and the measure-
ments were taken at room temperature. The supporting
electrolyte, tetrabuthylammonium tetrafluoroborate
(TBA+BF4

–) was purchased from Fluka (21796-4) and
was used without purification and stored in a desiccator.
The voltammograms were scanned over the potential
range (–2000)–0 mV (positive potential direction in for-
ward mode), and the scan rate employed were 10, 100
and 1000 mVs–1. 

2. 2. Synthesis of Formazans 1-7

2. 2. 1. Synthesis of 1,3,5- triphenylformazan (1)

1,3,5-triphenylformazan was synthesized by the
reaction of benzaldehyde (1.06 g, 0.01 mol), phenylhydra-
zine (1.08 g, 0.01 mol), aniline (0.93 g, 0.01 mol) concen-
trated HCl (5 mL) and sodium nitrite (0.75 g) in a metha-
nol, at 0–5 °C alike.4,7 The compound color is cheery-red;
yield: 78%; m.p. 172–173 °C (in literature: 170–173 °C).
Elemental analysis: for C19H16N4 calculation (%): C;
76.00, H; 5.33, N; 18.66, found (%): C; 76.04, H; 5.31, N;
18.62. 

2. 2. 2. Synthesis of 1-(o-, m-, p-bromop-
henyl)-3.5-diphenylformazan 
Formazans (5,6,7)

Benzaldehyde-phenylhydrazone was prepared by
adding in a dropwise manner phenylhydrazine solution
(1.08 g, 0.01 mol) in CH3OH (50 mL) into the benzal-
dehyde solution (1.06g, 0.01 mol) in CH3OH (50 mL) at
the 25 °C. The adding was completed in 30 min. It was
kept stirred under the reflux for one hour and left on the
bench for two days. A light yellow benzaldehydep-
henylhydrazone precipitated out. Then, the precipitate
was filtered out and recrystallised from methanol and
washed with methanol and water respectively. This pro-
duct was dissolved in CH3OH (100 mL) by constant stir-
ring under reflux and solution was added into the basic
buffer solution which was prepared of 2.50g NaOH and
3.50g CH3COONa in 200 mL CH3OH. The resulting mix-
ture was lefted cooling.

On the other hand, the diazonium salt was prepa-
red through known procedure 4,7 using –(o-, m-, p-bro-
moaniline (1.7203g, 0.01 mol), concentrated HCl (2.5
mL) and sodium nitrite (0.75g) at –5–0 °C. In order to
keep the temperature between –5–0 °C, iced cubes were
added to the reaction medium. For the coupling reac-
tion, this solution was added into the basic benzaldehy-
de phenylhydrazone solution in dropwise manner with
constant stirring and keeping the temperature between
–5–0 °C. The solution was stirred for 2 h at the same
temperature and was kept in a refrigerator about a day
and then on the bench for 4–5 days. Dark red-claret red
colored formazans formed and each compound was re-
crystallised from methanol. The crystals were washed
with methanol and then with water and dried in an oven
at 40 °C. 

Yield: 74%; m.p.: 189–190 °C (in literature 191 °C).
Elemental analysis: C19H15N4Br, for 0- Br formazan cal-
culation (%): C; 60.15, H; 3.96, N; 14.77, found: (%) C;
59.85, H; 3.92, N; 14.62. 

1-(m-bromophenyl)-3.5-diphenylformazan (6): dark
red color; yield 70%; m.p. 120–122 °C.

1-(p-bromophenyl)-3.5-diphenylformazan (7):
bright red color; yield 74%; m.p. 189–190 °C.



191Acta Chim. Slov. 2010, 57, 189–197

Tezcan and Ekmekci:  Electrochemical and Spectroscopic Behaviors ...

2. 2. 3. Synthesis of 1-(o-, m-, p-chlorinephenyl)-
3.5-diphenylformazan Formazans (2,3,4)

Formazans were synthesized by the reaction of ben-
zaldehyde (1.06 g, 0.01 mol), phenylhydrazine (1.08 g,
0.01 mol), o-, m-, p-chlorineanilines (0.127 g, 0.01 mol)
concentrated HCl (5 mL) and sodium nitrite (0.75 g) in a
methanol, at 0–5 °C. The procedure was similar with the
one stated earlier in section 2.2.2. 

1-(o-chlorophenyl)-3.5-diphenylformazan (2): dark
red color; yield 76%; m.p 142–143 °C. Elemental Analy-
sis: C19H15N4Cl, for o- Cl formazan Calc;(%) C; 68.26, H;
4.49, N; 16.76. Found: (%) C; 68.12, H; 4.35, N; 17.01. 

1-(m-chlorophenyl)-3.5-diphenylformazan (3): red
color; yield 74%; m.p 158 °C. 

1-(p-chlorophenyl)-3.5-diphenylformazan (4):
bright red color; yield 72%; m.p. 119 °C; (in literature:
117 °C).

3. Results and Discussion

The IR and UV-vis. spectral data of 1-(substitutedp-
henyl)-3,5-diphenylformazans are listed in Tables 1 and 2
respectively. Elemental analysis and IR data were corro-
borated suggested structure in Scheme 1. Also UV-vis da-
ta and broad peaks aspect of spectra are characteristics of
formazan skeleton.

3. 1. IR Spectroscopy

The IR data of formazans (1-7) given in Table 1 the
C=N stretching band appears at 1505–1535 cm–1. When
1-phenyl ring is substituted with bulky groups such as -Cl,
-Br, NO2 these groups must push 5-phenyl rings. Therefo-
re in formazans, the C=N stretching band appears at
1565–1551 cm–1 in the case where there is no chelate
structure present (excited state) and 1510–1500 cm–1 in
the case of chelation. The C=N stretching band occurs at
the 1520–1530 cm–1 chelate and non-chelate structures
are in equilibrium.2, 7, 18 If so, our formazans’ 1-7 chelate
and non-chelate structures must be in equilibrium. Other
IR data can be evaluated in a similar manner. It was obser-
ved vibration peaks at 3095–3100 cm–1 for aromatic(Ar.)

C-H, at 1600–1610 cm–1 for Ar. C=C, at 1505–1535 cm–1

for C=N, at 1450–1455 cm–1 for N=N, at 1240–1370 cm–1

for C-N2, at 1160–1200 cm–1 for C-N4, at 1030–1090
cm–1 for N-N, at 825–935 cm–1 for CNNC structure vibra-
tion, at 645–780 cm–1Ar.(C-H) plane out bending . All the
data were as expected. Besides, the peaks which were ob-
served in 825–935 cm–1 fingerprint range are the proof of
formazans structures (4-7).

3. 2. Substituents Effect on the UV-vis 
Absorption λλmax Values 
As seen in Table 2, characteristic absorption peak of

1,3,5-triphenylformazan shows a maximum at 482.0 nm
while 486, 486, 489 nm at the o-, m-, p-Cl formazans and
487, 487, 489 nm at the o-, m-, p-Br formazans. In the o-
position Cl and Br substituted compounds the λmax value
shifted to less due to the fact that their inductive electron
withdrawing and resonance electron donating effects im-
pose an opposing effect on each other. There is m-position
only decreased inductive effect. For this reasons, the bat-
hochromic effects are the same at the o- and m-positions
(2 with 3, and 5 with 6). It is natural that Cl shifted λmax 1
nm less than Br which is due to the difference in their
electronegativity values. At p-position both substituents
(compounds 4, 7) shifted the λmax as 2–3 nm and acted as
more less electron withdrawing groups due to resonance
effect and shown more bathochromic effects than o- and
m-positions. These shifts are strikingly close to each other
which are not surprising, because the Hammett constant

Comp.
Ar. Ar.

C=N N=N C–N2 C–N4
N–N CNNC Ar.(C–H)

C–H C=C Vibr. struc. vibr. plane outbending
1 – 1610 1505 1455 1365,1250 1200 1090–1035 930,905 775–650

2 3095 1610 1525 1450 1365,1245 1190,1160  1080–1030 925,825 775–645

3 3100 1600 1535 1455 1370,1260 1200 1085–1035 910,840 785–650

4 – 1610 1530 1455 1370,1260 1200 1100–1035 930,850 780–650

5 – 1610 1520 1455 1270,1240 1195,1170 1090–1030 930,825 770–650

6 3100 1610 1520 1455 1370,1240 1195,1170 1090–1030 900,840 770–650

7 3100 1605 1520 1450 1360,1240 1200,1180 1080–1030 935,840 780–650

Table 1. The IR spectral data of formazans (1-7) (KBr, cm–1)

Comp. λλmax1 (nm)
Chemical shift Hammett substituent

ΔΔλλmax constant σσ
1 482.0

2 486.0 –4

3 486.0 –4 m-Cl = +0.37

4 489.0 –7 p-Cl = +0.23

5 487.0 –5

6 487.0 –5 m-Br = +0.39

7 489.0 –7 p-Br = +0.23

Table 2. Absorption spectral data for formazans 1-7 (in CH3OH,

10–5 mol L–1)
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contributions of m-, p-Cl, Br are almost the same (Table
2). λmax Values of formazans are shown in Fig. 1 (o-, m-,
p-Br) in comparison to compound 1 as a sampling. 

3. 3. Cyclic Voltammetry 

Cyclic voltammetry method was used to propose the
possible reaction mechanisms and to identify whether the

reaction is reversible, irreversible or quasi-reversible. The
electrochemistry of formazans 1-7 was investigated in the
anodic region by carrying out cyclic voltammetry experi-
ments on 10–5 mol L–1 solutions at the relevant compound
dissolved in 0.1 mol L–1 of TBA+BF4

– in anhydrous DM-
SO at 25 °C. All the cyclic voltammetric data were tabula-
ted in Table 3. Substituted formazans with –Cl and -Br at
the o-, m-, p-positions of the 1-phenyl ring (2-7) were
compared with 1 in Figs. 2, 3.

A cyclic sweep in the –1.60 to +0.00 V range is
shown two anodic peaks and two cathodic peaks for com-
pound 1. There were two major anodic peaks in the cyclic
voltammogram of compound 1, corresponding to the for-
mation of formazan radical TPF• at –1390.3 mV and tetra-
zolium cation TPT+ at –688.9 mV. Also two cathodic
peaks Ered1, Ered2 were observed at –426.0 mV, –815.1 mV
for 1 (Fig. 2). From these results, the following stepwise
electron transfer reactions are given. These results are
compatible with the literature.11, 12

TPF → TPF• + e– + H+

TPF• → TPT+ + e–

Fig. 1. Absorption spectra of 1.0 x 10–5 mol L–1 CH3OH solutions

of compounds 1, 5-7.

Fig. 2. Representative cyclic voltammogram of compound: (a) 1; (b) 2; (c) 3; (d) 4, in DMSO (25 °C, ionic strength: 0.1 mol L–1 TBATFB, V: 100

mV s–1), 

a) b)

c) d)
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Oxidation of Cl formazans: As seen in Table 3, the
substitution of the 1-phenyl ring with Cl, at the o-, m-, p-
positions (2-4) caused amount changes in both the peak
potential and the peak currents as compared to 1.A cyclic
sweep in the –1.60 to +0.00 V range has shown two ano-
dic and one cathodic peak for 2-4. Eox1 values shifted to
more anodic, Eox2 and Ered values shifted to more cathodic
values when compared to 1. The first oxidation peak po-

tentials Eox1 were observed at –1234.8 mV, –1212.0 mV
and –1243.9 mV for 2-4, respectively. It is obvious that
there is anodic shift in potential in the order of p-< o-< m-
substitutions, as it is known that the resonance is the least
in m-position. Since there is no resonance effect at m-po-
sition they act as an electron withdrawing group due to a
weak inductive effect and shifted anodic potential value
slightly to a higher value when compared to others. The

Comp.
Eox1 Eox2 Ered1 Ered2 ΔΔEp ks

(mV) (mV) (mV) (mV) (mV) (cm s–1)
1 –1390.3 –688.9 –426.0 –815.1 –964.3 7.722 × 10–3

2 –1234.8 –964.0 –752.0 – –482.8 21.960 × 10–3

3 –1212.0 –881.0 –814.0 – –398.0 3.544 × 10–3

4 –1243.9 –942.1 –873.0 – –370.9 1.158 × 10–3

5 –1202.9 –884.8 –781.9 – –421.0 1.893 × 10–3

6 –1335.5 –1024.2 –794.2 – –541.3 4.374 × 10–3

7 –1280.4 –1021.7 –935.5 – –344.9 3.772 × 10–3

Column 6: ΔEp: Eox1–Ered1 (mV).    

Electrochemical studies were carried out in DMSO at 25 °C at platinum electrode, ionic strength 0.1 mol

L–1 (TBATFB), sweep speed: 100 mV s–1.    Eox: oxidation; Ered: reduction, ks / cm s–1 values

Table 3. Voltamperometric results of formazans (1-7)

Fig. 3. Representative cyclic voltammogram in DMSO (25 °C, ionic strength: 0.1 mol L–1 TBATFB, V: 100 mVs–1): (a) compound 1; (b) 5; (c) 6; (d) 7.

a) b)

c) d)
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second oxidation peak potentials Eox2 were observed at
–964.0 mV, –881.0 mV, and –942.1 mV for 2-4, respecti-
vely. It is obvious that there is cathodic shift in potential
compared to 1. However, all the Cl substitue formazans
Eox2 are more anodic than Eox1. Hence, oxidation rate may
be dependent on the first step.

Reduction of Cl formazans: The first reduction
peak potentials Ered1 of the o-, m-, p-Cl substituted forma-
zans 2-4 were observed at –752.0 mV, –814.0 mV, –873.0
mV, respectively. It is obvious that there is a cathodic shift
in potential and in the order of o-< m-< p- Cl substituted
formazans. The second reduction peak potentials Ered2 we-
re not observed well. This order is compatible with induc-
tive effect.

Oxidation of Br formazans: As seen from Table 3,
the substitution of the 1-phenyl ring with Br at the o-, m-,
p-positions (5-7) caused amount changes in both the peak
potential and the peak currents when compared to 1. A
cyclic sweep in the –1.60 to +0.00 V range has shown two
anodic peaks. These Eox1 are shifted to more anodic poten-
tial, second oxidation peaks are shifted to more cathodic
potentials in the Br substituted formazans 5-7 when com-
pared to 1. The peak potentials Eox1 corresponding to the
oxidation of formazan to formazan radical TPF• were
–1202.9 mV, –1335.5 mV, –1280.4 mV for 5-7, respecti-
vely. The peak potentials Eox2 corresponding to the oxida-
tion of formazan radicals to tetrazolium cations TPT+ we-
re observed at –884.8 mV, –1024.2 mV, –1021.7mV for 5-
7, respectively Fig. 3.

In the first oxidation peak potentials Eox1 Cl substitu-
ted formazans 2-4 shifted to more anodic potential values
when compared to Br substituted formazans 5-7. It is na-
tural that Cl shifted to more anodic than Br which is due to
the difference in their electronegativity. Results are com-
patible with their electronegativity values and spectral va-
lues.

Reduction of Br formazans: The reduction peak
potentials of tetrazolium cations corresponding to forma-
zans were observed at –781.9 mV, –794.2 mV, –935.5 mV
for 5-7, respectively. The second reduction peak potentials
Ered2 were not observed.

The oxidation of TPF (1) and its Cl and Br derivati-
ves appear to be quasi-reversible because ΔEp = Eox1 –

Ered1 mV (Table 3) is larger than 59/n mV. These results
are consistent with a quasi-reversible behavior.18,19

Also, peak potentials’ shifts of Cl and Br are stri-
kingly close to each other, as are absorption λλmax values.
This is not surprising, because the Hammett substituent
constant ’s contributions of Cl and Br are almost equal (in
Table 2).

3. 4. Ultramicrodisc Electrode 
and Chronoamperometry 
Ultra microelectrode CV technique of Baranski16

was used to determine the number of electron transferred
(n) and the diffusion coefficients (D). The diffusion coef-
ficients (D) were calculated from the Cottrell equation af-
ter the n values were calculated and tabulated in Table 4.
The heterogeneous rate constants ks were calculated with
the use of Klingler-Kochi Method17 as the potential diffe-
rence for the anodic and cathodic peak currents for the se-
cond peak was more than 350 mV. The resulting data was
tabulated in Table 3. The ks values under these circum-
stances are dependent on the scan rate, diffusion coeffi-
cient, oxidation and reduction peak potential. 

3. 5. The Relation Between the Eox1, Eox2
and Ered1/ mV (Ag/AgCl) and ks
(cms–1) values
There was a good correlation between oxidation peak

potentials Eox1, Eox2, and Ered1 of o-, m-, p-Cl 2-4 and o-, m-
, p-Br 5-7 substituted formazans and their standard hetero-
geneous rate constants ks values (Fig. 4, 5, 6). Because, al-
ready the ks values are dependent on the scan rate, diffusion
coefficient, oxidation and reduction peak potential. 

Also, ks values give another indication that oxida-
tion reactions of TPF and its Cl and Br derivatives are
quasi-reversible. The case 2 × 10–5ν1/2 < ks < 0.3ν1/2 cor-
responds to a quasi-reversible situation. The ks values ob-
tained in this study fall into this range.

On the other hand, ks values of the oxidation reac-
tion of o-Cl position formazan (2) is higher than others’ ks
values. If so it may be explained by the higher oxidation
reaction rate of formazan (2) when compared to others. 

Comp. Abbreviation
C*

I
.
ss (A)

Cottrell Slope
n

n 
D (cm2 s–1)

(m mol L–1) (S × 10–5) net
1 TPF (peak 1) 7.3 9.081 × 10–10 1.599 0.75 1 4.297 × 10–6

1 TPF (peak 2) 7.3 1.621 × 10–9 2.109 0.73 1 7.880 × 10–6

2 6.7 6.233 × 10–9 5.883 1.61 2 1.205 × 10–4

3 6.3 4.644 × 10–9 4.879 1.58 2 9.548 × 10–6

4 7.3 0.713 × 10–9 6.844 1.75 2 1.265 × 10–5

5 5.6 4.217 × 10–9 5.056 2.10 2 9.757 × 10–6

6 8.2 1.312 × 10–9 3.419 2.11 2 2.072 × 10–6

7 7.6 2.649 × 10–9 4.120 1.63 2 4.515 × 10–6

Table 4. Some of the parameters calculated for formazans (1-7)
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3. 6. The Calculation of the Number 
of Electrons Transferred and Reaction
Mechanisms

The number of electrons transferred n was obtained
with the use of chronoamperometric Cottrell equation and

ultramicro Pt disc electrode (UME) steady state current16.
The real surface area of the Pt electrode was found 2.58
cm2 with the use of ferrocene. If it values are plotted
against t–1/2 the resulting slope will be from which n could
be calculated (in Table 4). 

As seen in Table 4 and Fig. 7 there were two steps
and one electron transfer in each step. Waves for com-
pound 1 suggest that the compound gives (e–) one electron
and becomes a formazan radical which is followed by gi-
ving (e–) a second electron and turns into tetrazolium ca-
tions. Possible mechanism of the oxidation of compound
1 is shown in Scheme 2a. Also, there were two steps and
one electron transfer in each step for the case of m-, p-Cl
and o-, p-Br the substituted formazans 3-5, 7. Possible
mechanism of the oxidation of compounds 3-5, 7 is shown
in Scheme 2a. These results are in agreement with 11, 12. 

In the case of 1-phenyl ring is substituted with o-Cl
and m-Br, the substituted formazans 2, 6 give two elec-
trons in one step and proton (H+) transfers giving directly
tetrazolium cations. Possible mechanism of the oxidation

Fig. 4. The correlation between the Eox1 / V (Ag/AgCl) and ks

(cms–1) values of 1-7.

Fig. 7. UME curves of DMSO solutions of 1.0 × 10–5 mol L–1 1-4
(a); 1, 5-7 (b) in the presence of 0.1 mol L–1 TBATFB at 10 μm-pla-

tinum ultramicro electrode. Potential scan rate: 10 mV s–1.

Fig. 5. The correlation between the Eox2 / V (Ag/AgCl) and ks (cm

s–1) values of 1-7.

Fig. 6. The correlation between the Ered1 / V (Ag/AgCl) and ks (cm

s–1) values of 1-7.

a)

b)
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of 2, 6 are shown in Scheme 2b. These results are in agree-
ment with.9,10

When the scan rate was increased, anodic peak po-
tentials Eox1 were shifted towards anodic values, both Cl
and Br substituted formazans. According to these results
oxidation reactions may be EC mechanism.

The oxidation of TPF (1) and its Cl and Br derivati-
ves appear to be quasi-reversible because ΔEp = Eox1 –
Ered1 mV (Table 3) is larger than 59/n mV. These results
are consistent with a quasi-reversible behavior. Also, ks
values are another indication that the system is quasi-re-
versible, because the condition 2 × 10–5 ν1/2 < ks < 0.3 ν1/2

is met in this study.

Scheme 2a. Possible oxidation mechanism of 1, 3-5, 7. 

Scheme 2b. Possible oxidation mechanism of 2, 6. 

Fig. 8. The correlation between the λmax and the Eox1/ V (Ag/AgCl)

values of 1-7.

Fig. 9. The correlation between the λmax and the Eox2/ V (Ag/AgCl)

values of 1-7.

Fig. 10. The correlation between the λmax and the Ered1/ V (Ag/Ag-

Cl) values of 1-7.

4. Conclusions

In these study spectral and electrochemical proper-
ties of the 1-(o-, m-, p–Cl, and o-, m-, p–Br) substituted
phenyl-3,5-diphenylformazans were investigated.

The peak potentials Eox1 of compound 2-7 were ob-
served to shift towards more anodic potentials, but Eox2

and Ered shifted towards more cathodic potentials accor-
ding to compound 1. However, among all the substitue
formazans Eox2 more anodic than Eox1. Hence, oxidation
rate may be dependent on the first step.

Shifts of Cl and Br-formazans are strikingly close to
each other. These results are also in accordance with the
spectroscopic data. This is not surprising, because the
Hammett substituent constant  contributions of Cl and Br
are almost equal. 

The oxidation of formazans 1, 3-5, 7 was observed
to take one electron each at two steps and two electrons
were transferred one step in formazans 2, 6. We reported
previously a similar study, but there were two substituents
in the same structure which are Cl and Br at the o-, m-, p-
positions of the 1-phenyl ring and NO2 group at the m-po-
sition of 3-phenyl ring. We obtained similar result in it as
well 11.
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In addition, there was a good correlation between
absorption λmax values of Cl, Br substituted formazans 2-7
and their oxidation and reduction peak potentials Eox1, Eox2

, Ered1 (Fig. 8-10). These results are expected because;
both spectral and electrochemical behaviors are depen-
dent on the abundance of electrons of system, which were
dependent on the type and position of the substituent in
the structure.
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Povzetek
Sintetizirali smo 1-(o-, m-, p–Cl, -Br) substituirane fenil-3,5-difenilformazane. Njihovo strukturo smo dolo~ili s element-

no analizo ter FT-IR in UV-vis spektroskopijo. S cikli~no voltametrijo, linearno »sweep« voltametrijo ter kronoampero-

metrijo smo prou~evali njihove elektrokemijske lastnosti. Ugotovili smo, da oksidacija posameznih formazanov poteka v

razli~nih elektrokemijskih stopnjah, ki so odvisne od strukture spojin. O~itno je, da obstaja zveza med valovno dol`ino

maksimalne absorpcije λmax, polo`ajem potenciala oksidacijskega vrha Eox1 ter konstanto reakcijske hitrosti ks.


