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1. Introduction

Dyes are complex unsaturated organic substances that absorb electromagnetic energy and give
color to the visible region (~350-700 nm) [1]. In fact, a dye is a body capable of absorbing certain
luminous radiations and then reflecting the complementary colors. The absorption of electromagnetic
waves by the chromophore is due to the excitation of the electrons of a molecule [2]. Azo dyes
represent the largest production volume of dye chemistry today, and their relative importance may
even increase in the future. Out of more than 900,000 tons of dyes produced annually, 70% of them
are belongs to azo group based dyes. These compounds are characterized by the functional group (-
N=N-) uniting two symmetrical and/or asymmetrical identical or non-azo alkyl or aryl radicals [3].
Among the various dyes classifications, aromatic azo dyes are non-biodegradable, and more stable
due to the electrons conjugated system which lead to the various shades in dyes. The molecular
structure of dye possess both chromophores (responsible about the color), which is the azo group (-
N=N-) and auxochromes (intensifies color), which is the electron withdrawing groups or donating
such as (-NH2, -COOH, -SO3H, —OH, etc.) [4, 5]. The synthesis of most azo dyes involves
converting a mono-aromatic amine to a diazonium salt compound. This process is known as
"diazotization" followed by coupling this compound with one or more electron-rich nucleophiles
groups such as phenol or an aromatic amine to produce the corresponding azo dye [6, 7]. Azo
compounds have been extensively studied due to their different applications in various fields such as
dying textile fibres, food, pesticidal, cosmetics, paper printing, biomedicinal studies, the textile
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industry the largest consumer of dyes [8]. It’s also widely used for various therapeutic applications,
technological applications, optical signal processing, solar cells, photo-switches, biomedical sensors,
in the field of electronics as storage components, holography, biological studies, as acid-base
indicators [9-11], as inhibitors of corrosion [12]. The color changes occur due to the presence of
different compensated groups on the aromatic rings, which leads to changes in the extent of the
delocalization of electrons. Increase in the electrons conjugated system lead to shifts the max
absorption to longer wave lengths (bathochromic) and it makes the absorbed light redder, while
decrease in the electrons conjugated system lead to shifts the max absorption to shorter wave lengths
(hypsochromic) and it makes the absorbed light less redder [2, 7].

2. Experimental

2.1. Used Devices

The melting point was determined on the M. P. apparatus (BUuCHT 510), infrared spectrum was
scored on FT-IR-8400S Shimadzu )using KBr disc( for the prepared azo dye, the pH measurements
were scored by using pH meter (OAKTON) pH 2100 (pH /mV/ION/°F/°C meter with RS232C
communication) and UV-Vis Absorption spectra were recorded by using 1800 UV.VIS-
Spectrophotometer (Shimadzu, Japan) in the laboratories of the Department of Chemistry, College
of Education for Pure Sciences, University of Basrah. IH-NMR spectrum was recorded using a
Bruker (400MHz) spectrometer, (DMSO-d6) was used as a solvent and TMS as an internal reference,
As well as mass spectrum was recorded by using modems at 5975¢ VL MSD (EI) 70 eV at Tehran
University (Iran ).

2.2. Preparation of Azo Dye

The azo dye was prepared by dissolving (0.541 gm, 0.005 mol.) of 4-amino aniline in 10 ml of
distilled water and 1.7 ml of concentrated hydrochloric acid, then cooled in an ice-bath at a
temperature lower than 5°C. The sodium nitrite solution was added dropwise (0.38 gm, 0.005 mol.
in 5 ml of distilled water) and left until complete formation of the diazonium salt after 30 min. The
solution of diazonium salt was added to the coupling agent solution prepared by dissolving (0.005mol,
0.721 gm) of 1-naphthol in 100 ml of (0.005 mol, 1.5 gm) sodium hydroxide solution. The component
was stirred for 1 hour and left in the refrigerator for the whole day. Then, diluted hydrochloric acid
was added until it equalized the solution of the dye. The precipitate was collected and recrystallized
from chloroform [5, 13]. Table 1 shows the physical characteristics of prepared azo dye.

2.3. The interaction equations:

NaNO, /HCI @ -
H2N NH2 H2N N=N Cl
0-5°C /30min

.. diazonium salt
benzene-1,4-diamine

6H HO N—/—N NH,
NaOH
H,N NN I
2 = Q 0-5°C /1h Q

naphthalen-1-ol S, / (E)-4-((4-aminophenyl)diazenyl)naphthalen-1-ol

2.4. Procedure:

e To determine the ionization and protonation constants and the isobestic point, a series of buffer
solutions with different pH values for the pH range (1-12) were prepared using universal buffer
solution and acetate buffer solution with addition of the dye with a concentration (1.25x10-4 M)
for each different pH solutions. The absorption spectra of these solutions were recorded within a
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range of wavelengths (375-725) nm and a cell length of 1 cm. Using the buffer solution as a blank
solution. By aid of the half-height method the constants were calculated [14].

e The solvent effect on the visible absorption spectra of dye (S2) was studied by preparing the dye
solution with a concentration (1.25x10-4 M) in different polar solvents, including (acetone,
chloroform, DMF, DMSO, ethanol, and methanol), and absorption spectra were recorded in the
visible region with a range of wavelengths (375-725) nm using cell of 1cm length, at room
temperature and using the solvent as a blank solution [15].

3. Results and Discussion

The table below shows the molecular formula, molecular weight, the Color and Melting Point
(The physical properties) of the prepared azo dye.

Table 1. The physical properties of the prepared azo dye.

Symbol of Molecular Molecular . e
Dyes Formula Weight (g/mol) The Color  Melting Point (°C)
Sz C16H13N30 263.30 Blue 287-288

FT-IR spectroscopy of the azo dye is show in Fig. 1. The broad and medium peak at position
3427 cm™ belong to the stretching vibrations of O-H bond, the weak peak at position 3072 cm™
belong to the stretching vibrations of C-H bond, the medium and weak peaks in the range 1502-1595
cm belong to the Stretching vibrations of C=C bond, the weak peak at the position 1411 cm™belong
to the stretching vibrations of N=N bond, the weak peak at the position 800 cm*belong to the bending
vibrations C-H bond, the medium peak at the position 3269 cm™ belong to the stretching vibration of
NH group. the strong peak at the position 1550 cm belong to the bending vibration of NH. group
[16].
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Fig. 1. FT-IR spectrum of azo dye (S»).

The *H-NMR spectrum of the azo dye is shown in Fig. 2. The dye spectrum gives a collection of
double and triple peaks that have a chemical shift (5) within the range (7.08-8.49) ppm belonging to
the eight protons of the aromatic rings, the single peak that has a chemical shift (3) at site 12.24 ppm
belonging to the proton of the OH group and the single peak that has a chemical shift (5) at site 6.77
ppm belonging to the two protons of the NH, group [17, 18].
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Fig. 2. 'TH-NMR spectrum of azo dye (Sz).

The mass spectrum of the azo dye is show in Fig. 3. The molecular ion peak (CisH13N3O* ) to
the dye at m/z 263.1 it’s relative abundance 2.5%. The base peak (C10H70") to the dye at m/z 143 it’s
relative abundance 100% [19].
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Fig. 3. Mass spectrum of azo dye (S>).

3.1. Acid-Base Properties:

The visible absorption spectra of dye solutions at a concentration of (1.25x10* M) with different
pH values for the pH range (1-12) measured using buffer solutions within a wavelength range of
(375-725) nm to know the effect of acidity and basicity on the dye and to calculate the ionization and
proton constants of the dye as shown in Fig. 4. The spectra were characterized by the appearance of
absorption peaks at wavelength (477nm), which is attributed to the absorption of the cationic formula
(protonation of the dye in acidic solutions) and a high absorption peak at the maximum wavelength
(595nm), which is attributed to the absorption of the anionic formula (ionization of the dye in basic
solutions and the abundance of the electron pairs). It was observed that a distinct isobestic point at
the wavelength appeared between the peaks at the wavelength (494 nm) [20, 21].
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Fig. 4. The visible absorption spectra of the dye in different pH solutions.

The ionization and protonation constants of the dye were calculated as shown in Table 2 based
on the data obtained in Fig. 4 and the suggested mechanism as shown in Fig. 5. Using the half-height
curve method, the absorption values of the dye were taken at the maximum wavelength (595nm)
versus the different pH values, the absorption curve of the dye was drawn as shown in Fig. 6, and the

pK values were obtained by the subsequent equations:

pK = pH (at Al/z)
A1/2 = (Amax + Amin)/2

1)
)

Amax - maximum absorption, Amin : minimum absorption [22, 23]. The Fig. 7 shows the color of the

dye in the acidic, neutral and basic medium.
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Fig. 5. The suggested mechanism for ionization and protonation of the dye.
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Abs. S, at A, 595 nm

Fig. 6. The absorption curve of the dye at the maximum wavelength (595 nm).

Table 2. Evalution the ionization (pKa) and protonation (pKp) constants and the indicator range for

azo dye.
Abs. at Abs. at Abs. at Abs. at Indicator range
Dye Amx (PEH9-pH (PH7-pH (pH4-pH (pH2-pH
(nm) 7) 5) 3) 1)
Ay, pKa: Az pKp: Az pKp: A pKps ( pKa-ll), pKa
+
S; 595 160 84 0.928 67 026 32 018 15 (7.4-9.4)
5 5 5

acidic medium neutral medium basic medium

J

o —

-

pde—— O

FeLs

)=

Fig. 7. The colors of the azo dye are in the acidic, neutral and basic medium.

3.2. Solvent Effect

Fig. 8 shows the absorption spectra in different polar solvents. In the polar proton solvents,
ethanol, methanol, and acetone, absorption peaks were observed in the range (450-460) nm. The
absorption peak was shifted to a longer wavelength at 460 nm in the DMF solvent, while the
absorption peak was shifted to 635 nm in the DMSO solvent. Fig. 9 shows the linear relationship or
close to it in the case of the solvents used, and this linear relationship confirms that the dielectric
constant of the solvent is the main factor that controls the displacement of the dye absorption band
(S2), and the deviation from this relationship in the case of the solvent (DMSO) is due to the
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formation of a strong hydrogen bond between the molecules of the solvent and the solute, which leads
to a state of dissolution and its effect overcomes the effect of the dielectric constant. The solubility
or the effect of the dielectric constant is expressed by applying the (Gati and Szaly) relationship as in

the following equation:

AV =[(a—b)(n?—-1/2n>+1)] +b(D—-1/D+ 1)

@)

Where n and D are refractive index and dielectric constant of the medium, a and b are constants. More
precisely, the dielectric constant function (D-1) (D+1) leads to a linear relationship when the
dielectric constant is the only influence of the beam displacement. Table 3 show the dielectric
constant values of the solvents and the maximum wavelengths and the molar absorption coefficient

of the dye (S) in different polar solvents.

Solvent effect on the dye ( S,)

375 425 475 525 575 625 675 725
Wave Length (nm)

Acetone CHCI3 DMF DMSO Ethanol Methanol

Fig. 8. The visible absorption spectra of the dye in different polar solvents.

Table 3. The dielectric constant values of the solvents and the maximum wavelengths and the
molar absorption coefficient of the dye (S,) in different polar solvents.

S
Symbol Solvent D (D-1)/(D+1) Azo0 Hydrazo

A max Emax A max Emax
A Acetone 21.00 0.909 450 18056 — —
C CHCl; 4.80 0.655 465 19680 — —
D DMF 36.71 0.947 460 14608 — —
S DMSO 46.68 0.958 635 14048 465 8704
E Ethanol 24.55 0.940 460 14872 — —
M Methanol 32.70 0.920 455 13328 — —
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Fig. 9. The relationship between the maximum wavelengths of azo dye and the dielectric constant
function in different polar solvents.

4. Conclusion

The azo dye was prepared through the reaction of diazotization and conjugation. The dye
molecule was characterization using FT-IR Infrared spectroscopy, proton nuclear magnetic resonance
(*HNMR) and mass spectrometry.The visible absorption spectra of the dye was measured in different
pH solution in the range (1-12), and it was noted that an absorption peak at wavelength (477 nm) of
the appeared in acidic solutions, a maximum absorption peak at wavelength (595 nm) in basic solution,
and an isobestic point at wavelength (494 nm).The ionization and protonation constants were
calculated using the half-height curve method and the indicator range was calculated, where it was
found (7.4-9.4).The effect of the solvent on the dye was studied and it was found that the absorption
spectra shifted to longer wavelength 460 nm and 635 nm when using polar solvents DMF and DMSO,
respectively.
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