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Abstract

Using nitrosyl chloride reagent, supported by nano silica gel, some of the azo dyestuffs, based on a-naphthol
and B-naphthol, was synthesized in a very short time at room temperature, with high efficiency, which reduced
the corrosion of the pot, environmental pollution and the other problems. The molecular structure of the
synthesized dyestuffs was characterized by FTIR, IHNMR, 13C-NMR and UV-Vis spectroscopic techniques.
The results showed that the structure of the synthesized dyestuffs corresponded with the general structure of the
dye azo, and the applications are categorized into disperse or acidic dyes. The synthesized dyestuffs were applied
to dyeing nylon and polyester, as we explored the ability of dyeing. Also, according to the results obtained in
washing stability, nylon and polyester fibers are equal in ay and B , respectively, and are higher than other
washing fastness measurement modes. In general, the Light fastness of polyester fibers is slightly better
compared to nylon fibers and its washing stability is lower. Finally, results indicated that the new method had a
good ability for producing the azo dyestuffs.

Keywords: Nano-Silica Gel, FTIR, Nylon, Polyester, Nitrosyl Chloride.

1. Introduction
Azo dyes are by far the most important chemicals, accounting for over 60% of the known commercial dyes.

They are widely used in the textiles, leather, cosmetics, and food industries [1-6]. Azo dyes can be produced by
banding aryldiazonium salt with phenol, naphthalene or (1), (I1) and (l11) aryl amines. Aryldiazonium salt is
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produced by the composition of liquid Nitro Acid (obtained from sodium nitrite with hydrochloric Acid or
sulfuric Acid), with aromatic amines of kind (1), obtained at temperatures less than10°C and for a duration of
several hours [7]. Aryldiazonium salt is electrophilic and in alkaline solution can be coupled with an amine or
phenolic compound [8]. At this point, the presence of high concentrate liquid acids, causes the amortization of
the pot, environmental pollution and other problems [9]. In this study, we presented a new method for
synthesizing azo dyestuffs that, using nano-silica gel substrate as a catalyst, provides a suitable field for
deployment acids and their derivatives, as nitrosyl chloride on the nano-silica gel substrate, by deployment of
nitrosyl chloride reagent on nano-silica gel substrate, using nitrosyl chloride as the reactive agent and a catalyst,
until diazotization. To the ensuing reaction, copulation was made possible between aryl diazonium salt and an
amine or phenolic compound, in a very short time and at room temperature, without the presence of liquid acids,
with minimal degradation on the pot and environmental pollution [10,11].

In this context, a certain number of aromatic amine, as a diazo component, and alkaline solution a—naphthol
and 3 -naphthol as a coupling component, were used for preparing azo dyestuffs. Then, to evaluate the dyeing
properties of the dyestuffs of the synthesized, the most appropriate was selected in terms of their solubility. The
dyestuffs of the what was selected based on a—naphthol is shown in Table (1) and what was selected based on
B-naphthol is shown in Table (2). Selected dyes were analysed and identified by spectroscopy methods.

Table.1. Synthesized dyestuffs based on a—naphthol

Dye Raw Material More Product Less Product Yield

Qa 3-chloro- phenylamine 4-(3-choloro-phenylazo)- 2-(3-choloro-phenylazo)- 75
naphthalene-1ol naphthalene-1ol

ol o-tolyamine 4-o0-tolylazo-naphthalene-1ol 2-0-Tolylazo-naphthalene-1ol 70

Table.2. Synthesized dyestuffs based on B—naphthol

Dye Raw Material Product Yield
Be 3methoxy-phenyl amine 1-(3methoxy-phenyl azo)-naphthalene-2ol 70
Ba 2-amino-benzoic acid 2-(2-Hydroxy-naphthalene-1ylazo)- benzoic acid 90

2. Materials and Methods

2.1. Materials

Aniline, o—naphthol, B-naphthol, nitrosyl chloride, 3-chloro-aniline, 2- amino- benzoic acid, o-toluidine, o-
anisdine, acetone, chloroform, acetic acid, sodium nitrite, sodium hydroxide(Merck), silica gel (60mesh),
nanosilica gel (20mesh)(Aldrich), non-ionic detergent, sodium chloride, distilled water, cotton, wool, polyester,
nylon, acrylic, vacuum desiccators, steer heater, and oven.

2.2. Methods

The dyeing process was performed under identical conditions in high temperature laboratory dyeing machine.
Light fastness was measured by light fastness test Tehran model 142BZ, which was equipped with a lamp
specification: ALITE AK MH-BT 400W-E40 SUPER WHITE SERIE. Spectra FTIR, 'H-NMR and *C-NMR
of the synthesized dyes was characterized, respectively, by Nicolet MAGNA-550, Brukeravance 100 MHz and
400MHz. Absorption spectra UV-Vis [12] of synthetic dyestuffs was measured by absorption
spectrophotometer Cary 100scan UV-Vis.

2.2.1. Preparing nano silica gel substrate supported by nitrosyl chloride
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In order to activate the surface of nano silicagel, 5g nanosilica gel (20 mesh) was put in an oven at 110° for
1hour,then10 ml nitrosyl chlorideis added to nano silica gel, while stirred under the hood on the stirrer heater,
carefully and gradually. Stir mixture continued for lhour, until it separated the additional nitrosyl chloride. The
mixture of nitrosyl chloride and nanosilica gel was heated under the hood at 70°¢, and then it was put in vacuum
desiccator for 24 hours. Finally, it obtained white powder nano-silica gel, supported by nitrosyl chloride.

2.2.2.0ptimization of the dosage of nano silica-gel substrate supported by nitrosyl chloride and
the wet silica gel

To obtain the optimized amounts of nano silica-gel substrate, supported by nitrosyl chloride, the dosage
started from 0.2 gr, and the dyestuffs were synthesized in accordance with the agenda preparation. The results
showed that consumption of 0.2 gr is high, because colour of the solution was dark. The dosages were reduced
to half, and the decrease was continued, respectively (0.2, 0.1, 0.05, 0.04, 0.02), until we approached the
optimized amounts (0.02). To obtain the optimized amounts of wet silica-gel, the dosage started from 1 gr,
containing 0 .5 g dry silica gel, and 0.5 g of distilled water. Also, the dyestuffs were synthesized in accordance
with the agenda preparation. The results show that consumption of 1 gr of wet silica gel is high, because the
viscosity of the solution is high and the most silica-gel is absorbed while filtering. The dosages were reduced to
half, and this decrease was continued, respectively (1, 0.5, 0.2, 0.1, 0.05), until we approach the optimized
amounts (0.5).

2.2.3. Synthesis of the azo dyestuffs base on a-naphthol and -naphthol

Aryl diazonium solution was mixed at Sml the solution alkaline of the a-naphthol or -naphthol, containing
2.5ml solution o—naphthol or B-naphthol 2%, and 2.5ml solution sodium hydroxide 5%, and was stirred well.
At this point, coupling reaction was performed, and azo dyestuffs attained red tint yellow. At the room
temperature dye solution evaporated slowly, and the dyestuff was available as powder.

2.2.4. Preparation of aryl diazonium solution

0.01 mol Amine aromatic was dissolved in acetone minimum (less than 10 ml) and was stirred until the
emergence of a yellow colour of limpid. 0.01 mol sodium nitrite was dissolved in the less than 10 ml, and then
both solutions were added to the others that were being stirred. The optimal quantity nano-silica gel, supported
by nitrosyl chloride, was added to the solution and was stirred well. Finally, to prepare the solution of aryl
diazonium, 0.05 g wet silica gel, containing 0.025 gr dry silica gel and 0.025 gr of distilled water, was added to
the solution, for freeing nitrosyl chloride, supported on nano-silica gel substrate. The reason for the preparation
of the solution of aryldiazonium was the halo appearance of pale yellow to orange. The solution, then, was
filtered until silica gel particles were separated from the solution.

2.2.5. The dyeing with synthesized dyestuffs

Preparation of polyester and nylon fibres was done through washing with a non-ionic detergent (3%) at 60°¢
for 20 minutes. In order to better compare and evaluate, the washed materials were dyed in a bath with L: R
dyeing 40:1, containing 1.5% dye and 10% acetic acid (pH =5.5), in accordance with the diagram of the dyeing
in Figure 1, (nylon fibres at T =100°° and polyester fibre at T =120°C).
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Fig.1. Schematic of Dyeing diagram

2.2.6. Measurement the amounts of exhaustion

Absorption amounts, waste water of dyeing bath and washing bath in the vicinity of control solution, in the
maximum wavelength for each dye, was measured by the spectrophotometer UV-Vis absorption. Then, using
the absorption equation, the concentration of each dye was obtained in the bath. The exhaustion percentage
(%E) of each dye in the bath was measured by equationZ:

E= [A-(B+C)/A] x100 (%)
Ea(1)
where A, B and C represent the concentration of dye in the bath dyeing, in the bath dyeing effluent and in
the bath washing effluent, respectively (g/l).

2.2.7. Measurement of the properties of fastness

The fastness of the dyeing materials with synthesized dyes were evaluated against exposure, washing and
staining. To measure light fastness, half the goods were covered and the other half were exposed to direct light
radiation lamp 400W-E40, for 40 hours by Light Fastness Test, and the obtained results were compared with
standard blue. To measure washing and staining fastness, samples of dyeing were washed along with raw fabric
in a bath containing 1% sodium chloride, at 50°C for 30 min. At the end, washed samples and pre-dyed samples
were compared and investigated by grey standard, and the amount of colour change was determined.

3. Results and discussion
3.1. Synthesis and identification of dye

The effect of adding wet silica gel to the solution was that nitrosyl chloride was released from the substrate
of then nanosilicagel. The nitrosyl ion makes the solution acidify [13,14]. In the acid solution, sodium
nitrite produces nitrous acid, nitrous acid wade reaction with amine aromatic produces aril diazonium salt.
Aril diazonium salt has two state of mesomer, the formation mechanism of which is shown in Figure (2) [15,16].
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Fig .2. The stages of formation of the aryl diazonium salt
The second stage of the production process of azo dyestuffs was the reaction of coupling between the
aryldiazonium salt and the solution of the a-naphthol Or p-naphthol alkaline, which with a-naphthol leads to
production of two products with different percentages (A has higher percentage, B less), and with p-naphthol,
one product that the general process of the dyestuffs synthesis is shown in Figure (3) [17].

0= H=0 - - x@_v
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. Na'O=H \_. = M

Fig 3. Coupling reaction, the aryldiazonium salt with the solution of the o-
naphthol and B-naphthol alkaline.

Analysis and identification of synthesized dyestuffs spectroscopy methods showed that the chemical
structure of synthesized dye stuffs conforms to the general structure of mono azo dyes. In this context, the FT-
IR spectrum of synthesized dyestuffs, the presence of azo group is shown in the area 1586—1588 cm™[19,18],
(Fig.4). Azo bond in the presence of synthesized dyestuffs showed well that, diazotization and to the ensuing
reaction, copulation, has been done well. The absorption spectra observed for the aa sample at wavelengths
3470,1437, 1588,1268, 1033 and 765 cm correspond to the presence of the -OH group, aromatic rings, -N =
N- group, CL, CO and CN groups, respectively. Also, the absorption band observed for a» sample at
wavelengths of 3405,3045,1619, 1586,1333,1271 and 1033 cm™, respectively, related to the presence of -OH
group, tensile vibration of -CH3 group, aromatic rings, group -N = N- is the bending vibration of -CHs, CO and
CN groups. On the other hand, the absorption band observed for the p. sample at wavelengths of 3370, 2910,
1620, 1586, 1333, 1271 and 1059 cm, respectively, are related to the presence of the -OH group, tensile
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vibration of the -CHs group, aromatic rings, -N=N-, tensile vibration of -CHs group, flexural vibration of -CH3
group, CO and CN and finally for s sample at wavelengths of 3405,1754,1611, 1586,1272,1074 and 873 cm™,
respectively, related to the presence The group -OH, COOH, aromatic rings, the group -N = N-,, CO, CN and
COOH [20]. H-NMR spectrum of synthesized dyestuffs, the presence of 10 aromatic protons (4 protons phenyl
ring and 6 protons naphthalene ring) and a hydroxyl proton in the chemical structure of all synthesized dyestuffs
showed that the general structure of dye stuffs conforms with the mono azo, perfectly (Figs (5 and 6)). C-NMR
spectrum, the presence carbons of benzene and naphthalene aromatic rings conform to the chemical structure of
synthesized dyestuffs (Figures 7 & 8). More details about the data spectroscopy methods are shown in Table (3)
[21,20].

O

Fig (4). FT-IR spectrum of synthesized dyestuff
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Figure 5: H-NMR spectrums of synthesized dyestuffs (a2 and o)
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Table 3: The data FT-IR, H-NMR and C-NMR spectrums of synthesized dyestuffs

Dye FTIR (cm™) IHNMR (ppm) BC-NMR (ppm)
Qa 3470 (-OH), 1588 (-N=N-) 3=3.9 (1H, OH) 8 =110-140 (6C, phenyl ring
1268 (C-0), 1033 (C-N) 6.7-7.6 (4H, phenyl ring and and 10C, naphthalene ring)
6Hnaphthalene ring)
b 3405 (-OH), 1586 (-N=N-) 3=3.9 (1H, OH) 8=110-128 (6C, phenyl ring

1271 (C-0)
3=110-128 (6C, phenyl ring

6.7-7.4(4H, phenyl ring and
6H, naphthalene ring)

and 10C, naphthalene ring)
8=53-54 (1C, CHs)

and 10C, naphthalene ring) 2.1 (3H, CHy)
1033 (C-N), 3045 (str CH3)
1333 (br, CHs)
Be 3370 (-OH), 1586 (-N=N-) d=4.1 (1H, OH) 8 =110-128 (6C, phenyl ring

1271(C-0), 1059(C-N)
2910 (str CHa), 1333 (br,CHs)

6-7.5 (4H, phenyl ring and
6Hnaphthalene ring)
3.8 (3H, OCHa)

8 =3.8 (1H, OH)
6.4-7.5 (4H, phenyl ring and
6H, naphthalene ring)

8 (1H, COOH)

and 10C, naphthalene ring)
8=55 (1C, OCHz)

3405 (-OH), 1586 (-N=N-)
1272 (C-0), 1074 (C-N)
1747-873 (COOH)

8 =110-128 (6C, phenyl ring
and 10C, naphthalene ring)
3 =167.5 (1C, COOH)

=
o

3.2. Dyeing different fibres with synthesized dyestuffs

In order to study the dyeing properties of synthesized dyestuffs, the dyeing operation was done with four
synthesized dyes on two fibres, namely polyester and nylon, and the parameters of dyeing ability and fastness
properties were investigated [22]. To evaluate the dyeing ability of synthesized dyestuffs, the percentage
exhaustion of each of the synthesized dyestuffs was measured. To measure the percentage exhaustion, the
maximum wavelength (Amax) of each synthesized dyestuff was first determined. Using the amount of dye solution
absorption in different concentrations in the maximum wave length, the calibration curve of each dye was
prepared, and using the data of each of the curves, the absorption equation of each the synthesized dyes was
obtained. The related results are shown in Table 4.

Table 4: The absorption equation and the amount of solution absorption of the synthesized dye with
different concentrations in the maximum wavelength

Dye Amax(nm) Amount of absorption of the synthesized dye with different

The equation

solution concentrations absorption
- - 0.07 0.06 0.05 0.04 0.03 0.02 0.01 -
Ola 439 0.0703 0.0759 0.0603 0.05 0.0236 0.0151 0.0114 Abs=0.55766xC-0.0144
Olb 403 0.2310 0.2328 0.2203 0.1419 0.1216 0.0831 0.0304 Abs=1.87302xC+0.0753
Bc 491 0.3361 0.2810 0.2194 0.1733 0.0990 0.0642 0.0476 Abs=1.50032xC-0.0467
B 493 0.5292 0.4722 0.3846 0.3441 0.2420 0.1490 0.0765 Abs=7.81393xC-0.0113

Using amount absorption and the absorption equation, the concentration of each dye was calculated in the

bath dyeing and washing effluents and using equation 1 and the concentration of dye, the exhaustion percentage
of the samples before the dyeing operations was obtained. The results are shown in Table 5. The results of
exhaustion measurement percentage on dyed goods showed that synthesized dyestuffs have an excellent dyeing



Alizadeh & Akbarpour / The Iranian Journal of Textile Nano-bio Modification (IJTNBM) 3 (2022) 9-29 27

ability on non-hydrophilic fibres. The best exhaustion percentage was observed on nylon fibre with dyestuffs
Ba, which is due to the chemical structure of the dyestuffs B4 and general nature of the fibre of nylon [23].
Dyestuffs By have a carboxylic acid group and can form ionic bonding with nylon fibres. Therefore, the
exhaustion percentage of synthesized dyestuffs on non-hydrophilic fibres showed that the synthesized dyestuffs
type of application can be classified as disperse or acidic dyes [22,23]. Fastness Properties of synthesized
dyestuffs is a very good standard for its usefulness in the textile industry. Thus, fastness properties were
measured by dyeing goods. The results showed that synthesized dyestuffs had light fastness, which is about
average to good, washing and staining fastness was good to excellent (seen Table6).

Table 5. Percentage exhaustion samples dyed with synthesized dyestuffs Legend: Abs. B. - Absorption
of dyeing bath waste water, C. B. - concentration of dyeing bath waste water, Abs. W. - Absorption of
washing bath waste water, C. W. - concentration of washing bath waste water, E — exhaustion.

Goods Dye O op By Bs

Polyester Abs.B. 0.0209 0.3031 0.0784 0.1564
C.B. 0.0633 0.1216 0.0833 0.0215

Abs.  0.0137 0.0927 0.0157 0.1098
W.
C.W. 0.0503 0.0092 0.0415 0.0154

E[%] 242 1274 16.68 50/07
Nylon ~ Abs.B. 0.0209 03031 0.0784 0.1564
C.B. 0.0633 0.1216 0.0833 0.0215

Abs.  0.0137 0.0927 0.0157 0.1098
w

C.W. 0.0503 0.0092 0.0415 0.0154
E [%] 242 1274 16.68 50/07

3.3. Fastness properties of synthesized dyestuffs on different fibres

According to table 6, the Light fastness of polyester and nylon fibers was compared, in which polyester fibers
were higher in o, and Bc than nylon fibers, and in other cases, not many changes were seen. On the other hand,
according to the results obtained in washing stability, nylon and polyester fibers are equal in o, and B¢,
respectively, and are higher than other washing fastness measurement modes. In general, according to the results
shown in Table 6, the Light fastness of polyester fibers is slightly better compared to nylon fibers and its washing
stability is lower.

Table 6. The results of light and washing fastness test

Dye  Goods Light Washing
fastness  fastness

Oa Nylon 5 4.5
Oa Polyester 7 4
Olp Nylon 5 5
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olb Polyester 5 4
Bc Nylon 5 4.5
Bc Polyester 7 5
Bad Nylon 5 4
Bad Polyester 5 4

4.Conclusion

Our exploration in this study showed that through the establishment of solid acids or their derivatives, such
as nitrosyl chloride on nano-silica substrate, some of the organic chemistry reactions such as diazotization, can
be found. It means that using solid acids can cause to reduce the process time. To the ensuing reaction, copulation
was done to synthesis azo dyestuffs, for a very short time at room temperature with high efficiency, without the
presence of concentrated acids in the liquid. The molecular structure analysis of synthesized dyestuffs by
spectroscopy techniques showed that the molecular structure of synthesized dyestuffs conforms to the general
structure azo dyestuffs and new methods; the synthesis of some organic compounds is possible to minimize the
degradation on the pot as well as environmental pollution. Investigating the dyeing ability of synthesized
dyestuffs and measurement fastness properties of the dyeing goods on non-hydrophilic fibres showed that
synthesized dyestuffs type of application can be classified as disperse or acidic dyes.
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