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Abstract

In this study, two formazans were synthesized by coupling cinnamaldehyde phenyl hydrazone obtained by activation of
cinnamaldehyde with phenylhydrazone, with diazonium salts of anthranilic acid and sulfonilic acid. The complexes of Co*?, Ni*?,
Cu?* salts of these formazans were also synthesized. These compounds were characterized by elemental analysis, infrared (IR),
ultraviolet-visible (UV-vis),'H nuclear magnetic resonance (*H -NMR) and *3C- NMR spectral data. Investigation of these
compounds as dyes were studied. In the present experimental approach, two methods were employed; The first one was direct dyeing
with these complexes, and the other one was complex formation on the fibres. Finally fastness values (test) were calculated and
significantly higher values are obtained.
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1. Introduction

The formazans are azohydrazone (-N=N-C=N-NH-)
containig group have intense colour. The colour of these
formazan derivatives may be due to n—x" transitions. In these
chromogenic compounds, the terminal groups play a crucial role
in determining the physical and chemical properties of the
compound. Numerous formazans have been synthesized and
structurally characterized.

Their tautomeric and photochromic isomers have also been
studied [1,2]. Several derivatives bearing electron donating and
withdrawing group attached to 1,3,5-phenyl ring were
synthesized and the effects of substituents on the absorption
values i.e. Amax were examined [3,4]. Formazans forms
complexes with a variety of metal ions. These complexes are
formed by coordinating metal atom to 1 and 5 positions of the
formazans [5-13]. The metal complexes of formazans are used
widely on textile substrates since they provide shades of high
fastness to light, They are also used in paint industries [14-17].

In recent years, formazans have been very important to be
able to use as a reactive dye. The reactive formazan dyes are

environmental friendly dyes due to their water-solublity.
Generally they contain sulfonamide, alkylsulfonyl, or sulfonic
acid groups possessing high affinity for protein and polyamide
fibers [18-22]. Although there are number of reports on the use
of formazans and their complexes for dying purposes but the
method of complex formation on the fibers has not been reported
in the literature [18-22]. In the present study, two different
formazans from cinnamaldehyde and their cobalt(Il), nickel(ll),
copper(ll) complexes have been synthesized (Scheme 1). Their
structures were elucidated by elemental analyses,'H-NMR, 3C-
NMR, FTIR and also by UV-vis spectral data. Since colouring
property is dependent upon the absorption (Amax) Vvalue,
therefore, the effect of substituents with (Amax) value was
investigated. The process of dyeing of polyamide fabric with the
complex compounds was performed by using two different
methods that were water dispersion of complexes and the
synthesizing of complexes on the fabric. We also compared
these two methods to obtain the better fastness properties for the
present samples.
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2. Materials and Methods

2.1. Materials

All the chemicals were purchased from the reputed agencies
(Aldrich and Merck) at Ankara, Turkey and were used without
purification. The solvents were pure of spectroscopic grade. The
elemental analyses were carried out by using LECO-CHNS-932
elemental analyzer in our laboratory. The Infrared spectra of the
samples were carried by using MATT-SON 100-FT-IR
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spectrophotometer between 4000 and 400 cm™ using KBr
pellets. Further, the H-NMR spectra were performed in
deuterated dimethylsulhoxide (DMSO-ds) and deuterated water
(D20O) solvents by using Bruker AVANCE DPX-400 MHz
spectrophotometer. The *C-NMR spectra were recorded on
100 MHz spectrophotometer by using DO, and DMSO-ds, with
a concentration of 10 mol/L™*. The UV-vis spectra were
obtained with Unicam UV2-100 spectrophotometer equipped
with 1 cm quartz cells in 10 mol/L™ dimethyl formamide and
toluene in the range of 200-800 nm. The light and the treatment
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fastness tests of formazans and their M(Il) complexes were
performed by using Xenon Arc Lamp Method (Atlas, Electric
Type, Turkey) and Crock Meter Method (Atlas, Electric Type,
Turkey), respectively.

2.2. Methodology
2.2.1. Preparation of Dyes
2.2.1.1. Synthesis of Cinnamaldehyde phenylhydrazone

The Cinnamaldehyde (0.02 mol) dissolved in 2 mL, the
cinnam oil and phenylhydrazone were dissolved in 15 mL of
ethanol and were mixed for 30 minutes at room temperature to
obtain a preceiptate. It was fitrated and washed with ethanol,
dried and recrystallized from ethanol. The percentage yield was
recorded 91% and mp. was 168-169 °C [23].

2.2.1.2.  Synthesis  of
strylformazan(dye 1)

1-(2’carboxyphenyl)-5-phenyl-3-

0.002 mol of aniline derivative was dissolved in a mixture of
3 mL hydrochloric acid and 1 mL water and was cooled until 0
°C in the ice bath. After that 0.002 moles of sodium nitrate
dissolved in 1 mL of water and was cooled to 0 °C, it was added
to aniline solution drop by drop in 30 minutes. The mixture was
stirred regularly upto 1 hour and at temperature 0-5 °C.

The Cinnamaldehyde phenylhydrazone (0.004 moles) and
sodium hydroxide (1g) were dissolved in 150 mL of methanol
and cooled upto 0 °C in ice bath. The dizaonium salt of
anthranilic acid was added to hydrazone solution drop by drop at
0 °C. The mixture was stirred regularly until 3 hours. In the
same time, the mixture was stabilized at the pH values of 10-11
by adding little portions of sodium carbonate simultaneously.
The precipitate was filtrated and washed with water. Then, it
was dried and recrystallized from aqueous acetic acid. This
method is different from literature [24]. The yield percentage
was recorded 37% and mp. was 216-217 °C.

2.2.1.3. Synthesis of 1-(4’sulfophenyl)-5-phenyl-3-
strylformazan(dye 2)

The same procedure was carried out as in the synthesis of 1-
(2’carboxyphenyl)-5-phenyl-3-strylformazan for the synthesis of

dye 2. The recrystallization of dye 2 from n-propanol and
ethanol was done and the yield percentage was found 33%.

2.2.2. Synthesis of Complexes

2.2.2.1. Synthesis of M(I1)complexes of 1-(2’carboxyphenyl)-5-
phenyl-3-strylformazan (1a,1b,1c)

The  solution of  1-(2’carboxyphenyl)-5-phenyl-3-
strylformazan in hot dioxane of 20 mL was added to the solution
of Cu(CH3COO); in hot methanol slowly. The mixture was
refluxed upto 3 hours. After that the dark blue-coloured
precipitate of compound (1a) was filtered, it was washed several
times with hot water and hot toluene and later on it has been
dried. This method is different from literature [24]. The yield
percentage was observed 62% and mp. was 212-213 °C

The same procedure was carried out for the synthesis of
compounds (1b) and (1c), as it was done for the synthesis of
compound (1la). And the yield percentage of these two new
compounds (1b,1c) were 78% and 57% respectively and the
mp.were 218-219 °C and 234-235 °C respectively.

2.2.2.2. Synthesis of M(Il)complexes of 1-(4’sulfophenyl)-5-
phenyl-3-strylformazan (2a, 2b, 2c)

The solution of 1-(4’sulfophenyl)-5-phenyl-3-strylformazan
in hot ethanol of 20 mL was added to the solution of M(Il) in hot
methanol slowly. The mixture was refluxed for 3 hours. After
that the dark-coloured precipitate was filtered, it was washed
several times with hot water and hot dimethylformamide (DMF)
and it was dried. The yield percentage was found in between
53% to 66%.

2.2.3. Dyeing Method

The polyamide fabric was dyed according to the procedures
as given in Table 1 at our laboratory, Department of Chemistry,
Faculty of Sciences, Adnan Menderes University, Aydin 09010,
Turkey.

2.2.3.1. Direct Dyeing with Formazans and Their Complexes

The dye and dyeing agents were taken in different
proportions as depicted in Table 1. These dyes and dyeing agents
were heated upto 60 °C temperature. After, 15 min. the
polyamide fabric was kept into the dye bath and this bath was
boiled regularly for 1 hour. The dyeing process was finished by
mixing at room temperature, and then the fabric that was picked
up from the bath was washed with cold and hot water several
times. The dyed material was boiled in 1% soap solution for 30
minutes. After that the fabric was shaken up within water, and
then it was dried in the air.

Table 1. The dyeing equipment for all the dyes

Dye Fabric(g) Material:Dye Material: Liquor Na.COs Na2SO4 Urea
(9/L) (9/L) (g/L)

Dye 1 2,5 100:5 1:100 1 15 10

Dye 2 2,5 100:5 1:100 15 10 -

la,1b,1c 2,5 100:5 1:100 1 15 10

2a,2b,2c

1a",1b",1c” 2,5 100:5 1:100 1 15 10

2a",2b",2¢c” 2,5 100:5 1:100 15 10 -

“The complexes were formed on the fabric
www.ejosat.com ISSN:2148-2683 317
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2.2.3.2. Dyeing Through the Formation of Complexes on
Fabric

The temperature of polyamide fabric was raised to 40 °C in
the 250 mL of M(II) solution. Then, the material removed from
this solution and was kept into the dyeing bath containing
formazan and dyeing agents. The dyeing bath was boiled for 1
hour. The dyeing process was finished after the bath was stirred
for one hour at room temperature. The polyamide fabric was
removed from dye bath and it was washed with cold and hot
water several times.

The dyed material was boiled in 1% of soap solution upto 30
minutes and then it was shaken with water and dried in the air.

3. Results and Discussion

The solvent 1-(2’carboxyphenyl)-5-phenyl-3-strylformazan
(dye 1) is soluble in aqueous acetic acid, toluene, DMSO and
DMF. The Na* salt of 1-(4’sulfophenyl)-5-phenyl-3-
strylformazan (dye 2) is stable in the said organic solvent, but
soluble in water and DMF. All the complexes are stable in air,
and in anhydrous EtOH and MeOH, but soluble in DMSO and
DMF. An attempt has been made to propose the structure of the
isolated complexes and its result with full investigation were
presented the following stepts.

3.1. Elemental Analyses

The elemental analyses data were listed in Table 2, which
shows that  1-(2’carboxyphenyl)-5-phenyl-3-strylformazan
complexes and 1-(4’-sulfophenyl)-5-phenyl-3-styrlformazan
complexes were formed in a ratio of 1:1 and 1:2 type structure
respectively.

Table 2. The elemental analyses of the formazans and metal coplexeses

C% H% N% S%
Dye Formula Yield(%0)
(Mol Wt) Calc. | Found | Calc. | Found Calc. Found Calc. | Found
1 C2H1802N4 37 71.35 71.84 4.86 451 15.14 13.67 - -
(370)
la C22H1602N4Cu 62 61.18 61.43 3.70 4.45 12.97 12.27 - -
(431.5)
1b C22H1602N4Co 78 61.82 61.21 3.74 4.43 13.11 13.58 - -
(427)
1c C22H1602N4Ni 57 61.82 61.56 3.74 454 13.11 13.69 - -
(427)
2 C21H1703N4Sa 33 58.87 59.27 3.97 3.62 13.08 13.46 7.47 6.71
(428)
2a C42H3206NsS2Nay 66 54.93 55.45 3.48 3.21 12.20 12.78 6.97 7.36
Cu (917.5)
2b C42H3206NsS2Na; 59 55.20 55.77 3.50 3.72 12.26 11.63 7.00 7.22
Co (913)
2c Ca2H3206NsS2Na; 53 55.20 55.60 3.50 3.22 12.26 11.40 7.00 6.75
Ni (913)

3.2. IR Spectra

The IR spectral data of formazans and metal coplexes were
listed in Table 3. One can find out from this Table 3, that the
C=N stretching bands were found at 1530, 1543 cm™ and the N-
H bands were observed at 3367, 3345 cm respectively for the
formazans (1 and 2) but they were not observed in the
complexes [ 8,25 ]. These results confirm the formula which is
depicted in Scheme 1. The N=N bands observed at 1405-1398
cmt in the formazans (1 and 2) and were observed to shift to
1249-1267 cm™ and 1267-1272 cm™ in M(l1) complexes. The

results are consistent with the literature [8, 25]. The C=0
stretching band was observed at 1682 cm™' for -COOH group in
formazan 1, but it was shifted to lower frequencies (1591-1603
cmt) in M(11) complexes [26-27]. The OH stretching band was
observed at 3400-3300 cm! in the formazan 1 and it was
disappeared in the M(Il) complexes. This proves that OH group
takes part in the formation of C-O-M bond. These results are in
good accordance with the literature [5,8,11,26] and confirm the
structure given in Schemel. Some, other aromatic C-H, SO, S-
O stretching peaks and -C-O-M vibration band in the compounds
were observed in their expected regions.

Table 3. List of the IR spectral data of the formazans and metal complexes (in KBr, m/cm)

-NH Arom.C-H

-CH=CH-

Cc=0 Arom.C=C

Alift.C=C

Comp.

C

N N=N OH SOz S-0 | -C-O-
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1 3367 3053-3018 1682 1660-1570 1530 1405 3400- - - -
3300

la - 3022-2982 1591 1580-1500 - 1249 - - - 3400-
3372

1b - 3053-3018 1603 1590-1500 - 1267 - - - 3405-
3380

1c - 3061-3029 1591 1580-1500 - 1249 - - - 3402-
3375

2 3345 3063-3037 - 1690-1600 1543 1398 - 1230,1060 684

2a - 3061-3018 - 1645-1550 - 1267 - 1157,1010 646

2b - 3054-3022 - 1645-1550 - 1272 - 1165,1019 653

2c - 3053-3029 - 1645-1550 - 1269 - 1150,1010 641

3.3.'H-NMR Spectra

The 'H-NMR spectra data of formazans and metal
complexes were listed in Table 4. From this Table 4 one can find
that the aromatic C-H peak for formazans (1 and 2) were
observed at §=8.20-7.11 and 6=8.47-7.50 ppm [4,8,12,25-30].
On the other hand, in the M(Il) complexes of formazan 2 (2a,
2b, 2c) the aromatic C-H signals were shifted respectively
towards lower fields in comparison to the complexes of
formazan 1 (1a,1b, 1c). This shows a good agreement with the
electron withdrawing properties of -SOsH and -COOH
substituents. These groups are electrons withdrawing with
regards to both resonance and inductive effects, but the effect of

—SOsH group is relatively large. On comparing all these
corresponding formazans, it has been found that the aromatic C-
H peaks of M(Il) complexes were observed to shift towards the
lower fields. This is in accordance with the fact that the electrons
in the structure are withdrawn with the insertion of M(Il) into
formazans structure [28]. The peak for the proton of COOH
group was observed at 12.25 ppm [4,8] and the N-H peaks were
observed at 14.10-14.55 ppm [4,28,29] in formazans but they
disappeared in the M(Il) complexes [8,25]. This is a further
proof that the metal ion was inserted in place of the protons of
N-H group and COOH group. These results confirm that the
proposed formula given in Scheme 1 is valid.

Table 4. The *H-NMR and **C-NMR data & (ppm)

IH-NMR 1BC- NMR
Compd. HC=CH Arom. H N-H COOH COOH C=N C=C and
Arom. C
1 6.70, 8.20-7.11 14.10 12,25 187.33 144.03 140.90-114.02
5.54 (14H,m) (1H,s) (1H,s)
(1H,d)
(1H,d)
la 6.93, 8.55-7.20 - - 201.74 68.17 164.46-124.79
5.68 (14H,m)
(1H,d)
(1H,d)
1b 6.87, 8.51-7.32 - - 193.21 60.88 166.51-119.72
5.69 (1H,d) (14H,m)
(1H,d)
1c 6.91, 8.52-7.20 - - 197.65 67.53 167.43-123.63
5.70 (14H,m)
(1H,d)
(1H,d)
2 6.80, 8.47-7.50 14.55 - - 151.17 146.88-122.96
5.67 (14H,m) (1H,s)
(1H,d)
(1H,d)
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2a 6.82, 8.63-6.95 - - - 74.45 166.43-130.87
5.47 (28H,m)
(2H,d)
(2H,d)
2b 6.96, 572 | 8.59-7.08 - - - 75.21 168.89-128.32
(2H,d) (28H,m)
(2H,d)
2¢ 6.91, 8.58-6.98 - - - 77.63 171.22-129.01
5.68 (28H,m)
(2H,d)
(2H,d)

s:singlet, d:doublet, m:multiplet

3.4. 13C- NMR Spectra

The BC-NMR spectra data of formazans and metal
complexes were listed in Table 4. Therefore, we draw
conclusions from Table 4 that the C=N peaks observed at 144.03
and 151.17 ppm in formazans (1 and 2) [4,30] and shifted
towards high fields in the M(1l) complexes. This result confirms
the structure given in Scheme 1. The peaks for the aromatic “C”
and alifatic C=C of the M(Il) complexes (120-171ppm) shifted
to lower fields as compared to formazans (114-146 ppm). This
result is in accordance with the replacement of an electron
withdrawing M(I1) into the system [12,25]. The peak of COOH
group in formazan 1 and M(Il) complexes (1a,1b,1c) can also be
evaluated in a similar manner as it was in the litrature [8,12].

3.5. UV-vis Spectra

The UV-vis spectra of formazans and metal coplexes were
listed in Table 5. It is clear from the Table 5, that there were

three peaks observed in the UV-vis spectra for the M(II)
complexes of formazans. The absorptions peaks were such as
attributed; Amax1, was for the M(Il) complex unit, Amaxe was for
the formazan unit and Amaxs, Was for the hydrazone unit [25, 31].
The observed Amax value at 533.6 nm for the formazan 1, shifted
to the 570.0-593.4 nm, and in the M(Il) complexes Amax vValue
observed at 503 nm for the formazan 2 and was shifted to
556.0-580.6 nm. This is an expected outcome as a result of the
replacement of the M(II) ion in the structure. These results are
consistent with the literature [6-8, 31]. When the Amax values of
the formazans were compared according to the type of the
substituents, it was found that the formazan 2 showed lower
wavelength, which is known as hypsoochromic effect. This is
also an expected outcome since SOsH group is a stronger
electron withdrawing group than COOH group. When the Amax
values of M(I1) complexes were compared according to the type
of the metals, It was found in such order Co>Ni>Cu. This result
is found in good agreement with the electron withdrawing
properties of M(I1) into the system.

Table 5. The UV-vis absorption maxima and Fastness values of the formazans and M(II) complexes

Fastness UV-vis
Dye Colour Light Treatment Washing Amaxi Amaxz (NM) Amax3
(nm) (nm)
Wet Dry
1 Dark red 1-2 5 5 5 - 533.6 335.0
la Dark blue 3 5 4 5 570.0 3404 241.2
1b Dark brovn 5 5 5 5 593.4 368.0 244.0
1c Green 4 5 4 5 581.0 345.0 240.0
2 Yelow 1-2 5 5 5 - 503.0 294.8
2a Dark yellow 3 5 5 5 556.0 325.6 223.6
2b Brovn 5 5 5 5 580.6 362.2 248.0
2c Brovn 3 5 5 5 568.0 354.0 235.0
1a" Blue 1-2 5 4 5 - - -
1b" Black 5 3 2 5 - - -
1c” Dark green 1-2 4 2 5 - - -
2a" Dark yellow 1-2 5 5 5 - - -
2b" Dark yellow 1-2 5 5 5 - - -
2¢” Dark yellow 1-2 5 5 5 - - -
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3.6. Fastness Tests

The fastness values were determined according to the
International Standards; the specific tests used were 1SO 105
C06/C1S (washing fastness), ISO 105X12 (treatment fastness)
and ISO 105 BO02 (light fastness). The light fastness tests were
assessed according to the international blue scale (1-8), the
treatment and washing fastness tests were assessed according to
the international grey scale (1-5), with scales 8 and 5,
respectively, to find the best rank, while scale 1 was the most
inferior. All fastness values of dyes were depicted in the Table 5.

It is clear from the Table 5, that the washing and treatment
fastness values of the formazans were good but light fastness
values were low. All these values of formazans were similar.
These results showed that the effect of changing the type of the
substituent on the rings upon fastness values was not existent. In
the comparison of the fastness values of the formazans with their
M(IT) complexes, it was observed that light fastness values of the
M(IT) complexes were higher than those of formazans and other
fastness values were found the same or very close to each other.
This result is consistent with that of the studies in the literature
[14-17]. On the other hand on the comparison of the fastness
values obtained from dyeing directly of Cu®* complex of
formazan 1 with the fastness values obtained from the formation
of the complex on the fabric, the light fastness value of
compound la was higher than the compound of la*. Other
fastness values of compound la and the compound la* were
found in the same order.

In the comparison of the fastness values of the compound
1b with those of compound 1b*, it was found that treatment
fastness values of compound 1b were higher than compound
1b*. Other fastness values of compound la and compound la*
were found in the same order.

In comparison of the fastness values of compound 1c with
compound 1c*, it was observed that light and treatment fastness
values of compound 1c were higher than those values of
compound 1c*, but the washing fastness values of compounds
1c and 1c* respectively were found in the same order. In
addition, the comparison of the fastness values of compounds
2a, 2b, 2c with those of compounds 2a*, 2b*, 2c*, it was found
that light fastness values of compounds 2a 2b, 2¢ were higher
than compounds 2a*, 2b*, 2c* . And other fastness values of
compounds 2a, 2b, 2¢c and 2a*, 2b*, 2c* respectively were in the
same order.

4. Conclusion

The formazans and their M(I1) complexes were prepared and
characterized. Their absorption and fastness properties were
discussed. Therefore, based on the present experimental research
work one can concluded the followings:

The absorption values (Amax) Of the formazans showed the
changing behavior / effect with different type of the
substituent’s rings. As well as the Ama values of the M(II)
complexes also showed the effect of changing the type with the
metal.

An investigation was carried out of which fastness values
were higher and which method would be better according to the
fastness values. Therefore, depending on the fastness tests in
according to the International Standards/ISO, we applied to the
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dyed polyamide fabrics and it was found that light fastness
values of M(I1) complexes were higher than those of formazans.

The fastness values of complexes at direct dyeing were
found naormal and also were higher than the fastness values of
complexes formed on the fabricor.

References
[1] Lewis, J.W., Sandorfy,C. 1983. Infrared-absorption and
resonance raman-scattering of photochromic

triphenylformazans. Canadian Journal of Chemustry-Revue
Canadienne de Chimie 61(5), 809-816.

[2] Katritzky, A.R. Belyakov, S.A. Cheng, D. Durst, H.D. 1995.
Syntheses of formazans under phase-transfer conditions.
Synthesis-Stuttgart 5,577-581.

[3] Tezcan, H. Ozkan, N. 2003. Substituent effects on the
spectral properties of some 3-substituted formazans. Dyes
and Pigments 56(2), 159-166.

[4] Tezcan, H. Sen6éz, H. Tokay, N. 2012. Spectraland
electrochemical behavior of 1-[(NO2, COOH)-substituted
phenyl]-3,5-diphenylformazans. Monatsh Chem. 143, 579—
588.

[5] Sherif, O.E. Issa, Y.M. Hassouna, M.E.M. 1993. Structural
studies on 3-acetyl-1,5-diaryl and 3-cyano-1,5-diaryl
formazan chelates with cerium(lll), thorium(IV) and
uranium(V1). Monatshefte fiir Chemie/Chemical Monthly.
124(6-7), 627-635.

[6] Brown, D.A. Bogge, H, Lipunova, G.N 1998. Iron and
manganese complexes of benzothiazolylformazans. Inorg
Chim Acta. 280, 30-38.

[7] Kawamura, Y. Yamauchi, J. Ohya-Nishiguchi H. 1993.
Spectroscopic and structural characterization of formazanyl
copper-complexes. Bulletin of the Chemical Society of
Japan. 66(12), 3593-3599.

[8] Tezcan, H. Uzluk, E. 2008. The synthesis and spectroscopic
characterization of Ni(Il) complexes of 1-substituted phenyl-
3,5-diphenylformazans. Dyes and Pigments. 77, 626-634.

[9] Szymczyk, M. Czajkowski, W. Stolarski, R. (1999). Iron
complexed dyes based on 1,5-diaryl-3-cyanoformazanes.
Dyes and Pigments, 42(3), 227-235.

[10] Czajkowski, W. Stolarski, R. Szymczyk, M. 2000. Studies
on isomerism of 1:2 iron complexed dye based on 1-(5'-
nitro-2'-hydroxyphenyl)-3-cyano-5-(4"-
sulphonamidophenyl)formazan. Dyes and Pigments. 47(1-
2), 143-149.

[11] Gok, Y. Tiifekci, M. Ozcan, E. 1993. Synthesis of novel
homo and heterobimetallic complexes of ferrocenyl
formazans. Synthesis and Reactivity 1n Inorganic and Metal-
Organic Chemustry, 23(5), 861-873.

[12] Uchiumi, A. Takatsu, A. Tanaka, H. 1991. Metal Complex
Formation of Some Anthryl Formazans. Anal Sci, 7, 459-
462.

[13] Szymczyk, M. El-Shafei, A. Freeman, H. S. 2007. Design,
synthesis, and characterization of new iron-complexed azo
dyes. Dyes and Pigments.72(1), 8-15.

321


http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=5&SID=P2N9IbLeMEcleiccKC@&page=8&doc=74&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=5&SID=P2N9IbLeMEcleiccKC@&page=8&doc=74&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=5&SID=P2N9IbLeMEcleiccKC@&page=8&doc=74&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=17&SID=P2N9IbLeMEcleiccKC@&page=236&doc=2355
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=17&SID=P2N9IbLeMEcleiccKC@&page=236&doc=2355
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=22&SID=P2N9IbLeMEcleiccKC@&page=2&doc=13
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=22&SID=P2N9IbLeMEcleiccKC@&page=2&doc=13
http://link.springer.com/journal/706
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=50&SID=P2N9IbLeMEcleiccKC@&page=2&doc=15
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=50&SID=P2N9IbLeMEcleiccKC@&page=2&doc=15
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=14&SID=U1c9@3bfGlfdIoBLekj&page=3&doc=24
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=14&SID=U1c9@3bfGlfdIoBLekj&page=3&doc=24
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=14&SID=U1c9@3bfGlfdIoBLekj&page=3&doc=23
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=14&SID=U1c9@3bfGlfdIoBLekj&page=3&doc=23
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=14&SID=U1c9@3bfGlfdIoBLekj&page=3&doc=23
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=14&SID=U1c9@3bfGlfdIoBLekj&page=3&doc=23
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=16&SID=U1c9@3bfGlfdIoBLekj&page=15&doc=144
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=16&SID=U1c9@3bfGlfdIoBLekj&page=15&doc=144
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=16&SID=U1c9@3bfGlfdIoBLekj&page=15&doc=144
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=19&SID=U1c9@3bfGlfdIoBLekj&page=2&doc=19
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=19&SID=U1c9@3bfGlfdIoBLekj&page=2&doc=19
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=19&SID=U1c9@3bfGlfdIoBLekj&page=2&doc=19

European Journal of Science and Technology

[14] Lipunova, G. N. Petrova, I. G. Lipunov, I. N. 1997.
Synthesis and complex-forming properties of polymeric
formazans. Vysokomolekulyarnye Soedineniya, Seriya A i
Seriya B. 39(9), 1523-1526.

[15] Sokolowska, G.J. Freeman, H.S. Reife, A. 1996. Synthetic
dyes based on environmental considerations. Part 2:lron
complexed formazan dyes. Dyes and Pigments. 30(1), 1-20.

[16] Sekar, N. 2001. Environmental friendly dyes-iron
complexed formazan dye. Colourage, 48(9), 49-52.

[17] Schwaiger, G. Springer, H. Russ, W. 1988. Copper
complex-formazan compounds, their preparation, and their
use as dyes. Ger. Offen. 3705789 Al 19880901, 23.

[18] Tzikas, A. Klier, H. (2002). Reactive formazan complex
green dyes, their production and their use. U.S, 6353094 B1
20020305, 25.

[19] Brinkmann, C. (1990) Fiber-reactive metal- complex
formazan dye. Eur. Pat. Appl., 402318 A2 19901212, 23.

[20] Knudsen, H.H. Wenzel, H. 1996 Environmentally friendly
method in reactive dyeing of cotton. Water Science and
Technology. 33(6), 17-27.

[21] Oritani, T. Fukuhara, N. Okajima, T. 2004. Electrochemical
and spectroscopic studies on electron-transfer reaction
between novel water-soluble tetrazolium salts and a
superoxide ion. Inorganica Chimica Acta. 357(2), 436-442.

[22] Ishiyama, M. Shiga, M. Sasamoto, K. 1993. A new
sulfonated tetrazolum salt that produces a highly water-
soluble formazan dye. Chemical & Pharmaceutical Bulletin.
41(6),1118-1122.

[23] Weast, R.C. 1978. Handbook of Chemistry and Physics,
USA, 59.334049.

www.ejosat.com ISSN:2148-2683

[24] Petrovanu, M. Borcea, A. 1958. Copper Complexes with
some formazans, derived from the 0-, m-, p-aminobenzoic
acids. Analele Stiint. Univ. Al.G.Cuza. 4(1),157-68.

[25] Umemoto, K. 1989. Electrochemical studies of the
reduction-mechanism of tetrazolium salts and formazans.
Bull. Chem. Soc. Jpn., 62, 3783-3789.

[26] Badawy, S.S. lIssa, Y.M. Abdel-Fattah, H.M. 1989.
Thermogravimetric Studies on Lanthanide Complexes of
New Derivatives of 1,5-Diaryl-3-Acetyl Formazan.
Transition Met. Chem, 14, 401-406.

[27] Siddigi, K.S. Khan S. Nami, S.A.A., 2006 Organotins as
locking agents in the formation of dinuclear complexes,
Journal of Inclusion Phenomena and Macrocyclic
Chemistry, 55, 359-366.

[28] Schiman, F. 1970. Nuclear magnetic resonance of complex
molecules. Braunschweig. 1, 41-70.

[29] Tirkoglu, G. Cmar, M.E. 2017.Experimental and
computational studies on the absorption properties of novel
formazan derivatives. Turkish Journal of Chemistry.41,710-
727.

[30] Mariappan, G.Korim,R. Joshi N.M.,Alam, F. Hazarika,
R.Kumar, D. Uriah, T. 2018. Synthesis and biological
evaluation of formazan derivatives.

Journal of Advanced Pharmaceutical Technology & Research.1,
396-400.

[31] Tezcan, H. Uzluk, E. Aksu, M.L. 2008. Synthesis,
spectroscopic and electrochemical studies on bis-[1,3-
substituted (Cl, Br) phenyl-5-phenyl formazanato]nickel(Il)
complexes. Spectrochimica Acta Part A, 70, 973-982.

322


http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=P2HIpEbJ3OA34kfeAgk&author_name=Oritani,%20T&dais_id=7014236
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=P2HIpEbJ3OA34kfeAgk&field=AU&value=Fukuhara,%20N
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=P2HIpEbJ3OA34kfeAgk&author_name=Okajima,%20T&dais_id=6887889
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=P2HIpEbJ3OA34kfeAgk&author_name=ISHIYAMA,%20M&dais_id=12106625
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=P2HIpEbJ3OA34kfeAgk&author_name=SHIGA,%20M&dais_id=14400652
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=P2HIpEbJ3OA34kfeAgk&author_name=SASAMOTO,%20K&dais_id=14159808

