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Preparation and Characterization of
Some New Azoxine S Azo Dyes
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New azoxine S dyes were prepared by coupling some diazotized sulpha
drugs with 8-hydroxyquinoline-5-sulphonic acid. Their structures were in-
vestigated using elemental analysis, IR and NMR absorption spectra and
thermogravimetric analysis. The UV and visible absorption spectra of the
prepared compounds were scanned in ethanol and the absorption bands
were assigned to their electronic transitions. The UV and visible spectra
were scanned also in different solvents of varying polarities and the rela-
tions between different solvent parameters and Ayax Were plotted, but no
linear relations were obtained; so there is no single parameter that affects
spectral shifts. The ionization constants of the ionizable groups of the
prepared azoxine S dyes were calculated spectrophotometrically using the
half height and limiting absorbance methods.

INTRODUCTION

Though azo dyes were used extensively as analytical reagents either as
chromophoric or metallochromic indicators, yet azo dyes containing 8-hydroxy
quinoline-5-sulphonic acid (azoxine S) nucleus have paid little attention to
analytical chemists. Phenylazo-8-hydroxyquinoline was first prepared' in 1988,
after which much work on the preparation of these dyes has been carried out®™.
This includes the determination of their ionization constants potentiometrical-
ly>® and photometrically* ®7. Also, studies including the absorption spectra of
these compounds were carried out®.

The present work aims to prepared some new azoxine S dyes by coupling
some diazotized sulfa drugs with 8-hydroxyquinoline-5-sulphonic acid, elucidate
their structures applying various techniques, and determine their acid dissociation
constants. The absorption spectra in different organic solvents were studied. The
investigated azo compounds are represented as follows:

T o
’“ﬂ@ N

SC H

where R = 2-pyrimidyl (Ia), 4,6-dimethyl-5-pyrimidyl (Ib), 4-methyl-2-pyrimidyl
(Ic), 5-methyl-3-isoxazolyl (Id), and amino imino methyl (le).
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EXPERIMENTAL

The water used was always redistilled from all glass equipments. The chemicals
used were always of the chemically pure grade. The azo dyes under investigation
were prepared by coupling the diazotized sulfa drug with 8-hydroxyquinoline-5-
sulphonic acid in sodium hydroxide medium®. The product was left in the
refrigerator overnight and then acidified with dilute acetic acid. The resultant crude
dyes were recrystallized from 50% (v/v) ethanol-water mixture three times. The
purity of the prepared azo dyes was confirmed by elemental analysis. All com-
pounds char at ca. 370°C.

The IR absorption spectra were obtained by applying the KBr disc technique
using a Pye Unicam SP 3-300 infrared spectrophotometer. The nuclear magnetic
resonance spectra (NMR) of the azo dyes were scanned using Bruker Wp
200 MHz NMR spectrophotometer. The thermogravimetric analysis (TG) was
performed using Shimadzu thermal analyzer, where the weight losses of 5 mg
sample were measured from room temperature up to 500°C at a rate of
10°C/min. The UV and visible absorption spectra were recorded with the aid of
Perkin-Elmer Lambda 1 spectrophotometer.

The organic solvents used for spectral measurements were either spectroscopic
pure (spectrosol) or purified by the recommended methods.’

RESULTS AND DISCUSSION

The following discussion is concerned with the investigation of the azoxine S
sulfa azo dyes (Ia-Ie). The IR, UV and NMR spectra and thermogravimetric
analysis (TG) of these dyes are investigated for the sake of identification of their
structures. The electronic transitions of these dyes in some organic solvents of
different polarities and the effect of solvent parameters are discussed. Also, the
ionization constants of the dyes are determined spectrophotometrically.

Infrared studies

The IR spectra of the azoxine S sulfa azo dyes are scanned within the range
4000-400 cm™'. The IR spectra of these dyes show a broad band at 3500-
3460 cm™' (Table-1) corresponding to the stretching frequency of the OH group
(Vo). The broad appearance may be due to its relatively low frequency and
presence of a number of water molecuies (as predicted from TG study). Another
reason for the broad appearance of the OH-stretching frequency may be due to
the existence of intramolecular hydrogen bonding; thus,

R .
\N R\N"'H\o
H o) H

v
’
3

O‘
-

SO H




Vol. 8, No. 4 (1996) Preparation and characterization of some new azoxine S azo dyes 759

TABLE-1
BAND ASSIGNMENTS (cm™') OF IR SPECTRA OF SULPHA AZOXINE S AZO-DYES (la-e)

Band assignment Ia Ib Ic Id Ie
Vv(OH) 3500 vb 3500 vb 3480 vb 3460 vb 3460 vb
Vv(NH) 3100 w 3100 w 3100 w 3100 w 3120w
v(C=C) skeleton vib. 1580 s 1590 s 1600 s 1590 s 1640s
(overlapped withC=N)  1510s 1510s 1510s 1515 1510s
V(N=N) 1450 w 1440 w 1400 w 1420 w 1400 w
v(C—O0) | — — 1250 m 1250 w 1250 w
S(OH) 1210 w 1210 w 1210s 1210 w 1210 w
V(SOy) 1150s 1140 s 1135s 1140 m 1135s
v(C—N) 1080 m 1070 s 1080 s 1090 s 1070 w
v(SO3H) 1050 s 1050 s 1050 s 1050 s 1050 s
Y(CH) 800s 850's 775s 825w 825w

vb: very broad, s: strong, m: medium, w: weak.

A weak band is shown in the range 3120-3100 cm™! (Table-1), which may be
assigned to the stretching of the NH grouplo. The shift to lower wave number
and the weak nature of the band may be attributed to the formation of hydrogen
bond with the neighbouring SO, group.

The two bands appearing at 1640-1580 cm™" and 1510 cm™ may be attributed
to the overlapping of the bands due to C=C and C==N stretching vibration,
which are so close that it is doubtful whether either can be regarded as retaining
its individual character'. The band appearing at 1450-1400 cm™' may be
attributed to the N=N asymmetric stretchinglo.

The compounds under investigation display, also, a band at 1150-1135 cm™
attributed to stretching vibration of the sulphone group'?, a band at 1090-
1070 cm™' considered to be associated with v(C—N)'*, and the band appearing
at 1050 cm™' may be attributed to the stretching vibration of the SO; group.

Nuclear Magnetic Resonance Spectra (lH NMR)

The 'H NMR spectrum of 8-hydroxyquinoline-5-sulphonic acid scanned using
deuterated dimethyl sulphoxide as solvent and tetramethylsilane as internal
standard comprises a group of signals at 9.0, 8.2, 9.8, 8.8 and 7.4 ppm (Table-2),
which are assigned to H(2), H(3), H(4), H(6) and H(7), respectively, in addition
to a broad signal at 4.4 ppm ascribed to the protons of quinolinic OH and
sulphonic acid gorup.

The 'H NMR spectra of the azoxine S azo dyes (Ia, Ib, Id and Ie) reveal the
presence of a broad signal at 3.5-4 ppm which may be assigned to the protons
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of the quinolinic OH, NH and sulphonic acid groups in addition to water
molecules present in the dye molecule. The signal due to OH, NH and sulphonic
acid groups disappear on deuteration, which confirms such assignment. The signal
displayed at 7.0-9.0 ppm region may be assigned to the aromatic protons of sulfa
and H(3) and H(8) of quinoline, while the signal at 8.9-9.8 ppm may be ascribed
to H(2) and H(4) of the quinoline ring (Table-2).

TABLE-2
PROTON NMR SPECTRAL DATA OF THE INVESTIGATED SULPHA AZOXINE
S AZO-DYES (Ia—¢)
Dye  Chemical shift ppm Assignment

Ia 35 SO3H, OH groups and H,O.
7.0-8.6 Aromatic protons of sulpha moiety and H3), Hg) of quinoline.
8.9-9.2 H(2) and Hg of quinoline.
12 NH group.

Ib 35 NH, SO3H, OH groups and H;0.
6.8 CH of the pyrimidine ring.
7.7-83 Aromatic protons of sulpha moiety and Hz), H) of quinoline.
8.9-9.1 H(2) and Hy) of quinoline.

Ic 4 NH, SO3H, OH groups and H,O.
7.5-9.0 Aromatic protons of sulpha moiety and H3), H(s) of quinoline.
9.5-9.8 Hyz) and H) of quinoline.

Id 35 SO3H, OH groups and H;O.
6.2 CH of the five membered ring.
7.7-8.2 Aromatic protons of sulpha moiety and Hs), H(g) of quinoline.
8.9-9.1 H(2) and H) of quinoline.
11.5 NH group.

Ie 35 NH, SO3H, OH groups and H;0.
6.8 NH; group.
7.7-84 Aromatic protons of sulpha moiety and Hz), H) of quinoline.
8.9-9.1 H2) and H) of quinoline.

The spectrum of Ib displays a signal at 6.8 ppm ascribed to the proton of the
pyrimidine ring, whereas the spectrum of Id comprises a signal at 6.2 ppm
ascribed to the hetero five membered ring of sulphamethoxazol. For Ie, the
aliphatic amino group displays a signal at 6.8 ppm.

Thermogravimetric Analysis (TG)

It is of interest to mention that the results of elemental analyses were in
agreement with the theoretical values only after assuming the existence of water
molecules, a character which is mostly common to organic compounds containing
sulphonic acid group'z. Thus, thermogravimetric analysis (TG) is carried out to
verify this assumption and to get information about the number of water
molecules associated with the prepared dyes. The weight loss was measured from
the ambient temperature up to 500°C applying a heating rate of 10°C/min. The
results reveal the presence.of three, five, two, five and six water molecules within
the structure of the compounds Ia-Ie, respectively (Table-3). -
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TABLE-3
THERMOGRAVIMETRIC DATA OF THE INVESTIGATED SULPHA AZOXINE
S AZO-DYES (Ia—¢)

D Weight loss % Temperature No. of water
ye Calcd. Found range °C molecules
Ia 6.66 6.50 115 2

3.30 3.00 140-220 1
Ib 5.95 5.70 100 2
2.97 2.70 140-280 1
5.95 6.00 280-300 2
Ic 6.39 7.00 100-210 2
Id 6.21 6.00 100 2
3.10 3.00 140-190 1
6.21 7.00 210-300 2
Ie 13.25 12.50 140 4
6.22 6.50 270-300 2

The loss below 100°C is attributed to the moisture and hygroscopic water,
since the azoxine S dyes are hygroscopic in nature. The number of these water
molecules ranges from 2 to 4 per dye molecule as indicated by the per cent weight
loss below 100° or 140°C.

Water molecules bonded to the sulphonic acid group are expelled in the
temperature range of 150-300°C. For the dyes Ia, Ib and Id, one water molecule
is expelled in the temperature range 140-280°C, while for dye Ie, two water
molecules are removed at 280-300°C and 210-300°C for dyes Ib and Id,
respectively. The results obtained are in good agreement with the results of
elemental analysis.

The Electronic Absorption Spectra

Absorption Spectra in Ethanol: The electronic absorption spectra of the
investigated azo compounds in ethanol display three bands (Table-4). The first
band (band A) lying at 204-236 nm, may be assigned to the medium energy
n-n* transition within the phenyl ring ('L-'A)"*. The location of such band at
longer wavelength, in comparison with that for the benzene ring alone, is due to
the increased delocalization of the m-system and hence the decrease of the energy
gap between the two energy states. The second band (band B) observed within
the wavelength 311-330 nm may be assigned to n-m™ transition within the
quinoline moiety. This band is observed at 316 nm in case of 8-hydroxyquinoline-
5-sulphonic acid which is taken as an evidence for the local nature of this band.
A shoulder is observed within the range 400—415 nm, which may be assigned to
n-n* transition within the azo group. The third band (band C) lying at 481-500
nm may be assigned to m-m* transition within the azo group influenced by
charge-transfer interaction within the whole molecule.

Solvent Effect on Absorption Bands: Most investigations of the spectral
properties of the molecules are performed in solutions. Consequently, the
electronic spectra of azoxine S dye solutions are affected by the nature of the
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solvent used. The solvent effect may lead to substantial changes in the optical
properties and absorption maximum (A,,). However, the absorption spectra in
different solvents are influenced by the physical properties of the solvent (dipole
moment, dielectric constant and refractive index), the difference in solvation
energy from one solvent to another and the change in the polarity and dipole
moment of the solute through excitation. Accordingly, the solvent effect is the
sum of the different factors which may be additive or subtractive.

The absorption spectra of the azoxine S azo dyes under investigation were
scanned in some organic solvents of different polarities such as dioxane, pyridine,
2-propanol, acetone, ethanol, DMF and water. The A, is plotted against the
different solvent parameters as D', (D — 1)/(D + 1)!*, (D), ®(D)'®, n*"7, B'® and
Z'. All the plots are not strictly linear relations which may be taken as evidence
that the spectral shifts are not governed solely by any of these parameters. Based
on these results, the shift in band position would be attributed to combined effects
of the dielectric constant, refractive index, change in the solvation energies of the
ground and the excited states as, well as the probable formation of the solute-
solvent molecular complexes. Another possible factor is the changes in the
strength of the intermolecular hydrogen bonding governed by proton-donor
acceptor interaction between solute and solvent molecules.

Spectrophotometeric determination of pK values

The ionization constants of the ionizable groups of the azoxine S dyes (Ia-Ie)
are calculated spectrophotometrically using the half height and the limiting
absorbance methods?.

The absorbance-pH curves were plotted in three different regions at the
selected wavelengths. The first one within the pH-range 1-6, which represents
the deprotonation of the quinolinic nitrogen. The second, within the pH-range
6.0-9.5, which represents the ionization of the quinolinic OH group. The third,
within the pH-range 10-12.77, represents the ionization of the NH group of sulfa
moiety.

The results are treated statistically and the values are given in Table-5. From
the table, it is shown that the values of the deprotonation constant of the quinolinic
nitrogen (pK,) ranges from 2.40 £ 0.09 for Id to 3.02 £ 0.09 for Ib. The ionization
constant of the OH group (pKoy) ranges from 7.08 + 0.07 for Ie to 7.76 + 0.27
for Ic. The ionization constant of the NH group (pKny) ranges from
10.45+0.17 for Ia to 11.84 £ 0.11 for Ic.
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