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Abstract
In attempt to find new near infra-red absorbing aampounds, the synthesis and characterizatioixafisazo
compounds are reported. The azo compounds werhesipéd via diazotization of 4-bromoaniline andpted
with 3-aminophenol to afford 4-bromophenylaZeadnino-2-hydroxybenzeneazo dye intermediate. This
intermediate was further diazotized and coupledh wérious aryl-amine and phenolic couplers to giveeries
of disazo disperse dyes. The UV-VIS spectral prigerof the dyes were evaluated and some of the dye
derivatives bearing electron withdrawing groupshiair couplers showed absorptions at 772nm to 78@ntime
near infra-red region in dimethylformamide solutidris, in addition to their relatively high therhstability
would enhance their use as potential organic plootthectors. The results of the fastness tests ofijles on
nylon fiber and polyester fiber showed excellerlisnation, washing, good rubbing and light fastnestings.
This also indicates that the azo compounds couldf m®mmercial importance in the textile indusffe dyes
were further characterized using proton nuclear matig resonance'fiINMR), carbon- 13 nuclear magnetic
resonance’{CNMR) and infra- red (IR) analyses.
Keywords: Disazo dyes, spectral properties, disperse dys8das, nylon fiber, polyesterfiber.

Introduction

The use of dyestuffs in coloring textile fibers luing polyesters and other materials of industrial
importance, led to the constant effort to find sfieadye or a particular class of dyes for applicatto such
diverse materials as textile fibers, aluminum sheéthibition of metal corrosion, leather, electnatical
devices, ink-jet printers and organic photocondtsc{@tutu, 2012; Dixiet al., 1994; Ortegatal., 2007; Yildiz
and Bortepe, 2008; Kirkan and Gramazan, 2008).ektile applications, azo disperse dye types hawnbe
explored for a long time (Otutet al., 2012; Towns, 1999). And in the area of non-texpplications, so many
different classes of dyestuffs such as azos, peeglephthalocyanines, vat types, and cyanine dgres heen
claimed to be useful organic photoconductors. Retaince, many azo dye compounds especially thofserin
of pigments have been covered by many patentingpaoies which use them as organic photo-conductors.
Some of these azo compounds are dis- ortrisaze tlprutgyet al., 1988; Bawans and Sawant, 2003). Thus,
literature review revealed that no publication gescribe the use of these two intermediates fosyh¢éhesis of
disazo dyes.

In this study, we report the synthesis and chareettion of disazo dyes derived from 4- bromoanili
and 3-aminophenol as diazo components. The mapoparof the study is to describe the spectral ptiggeof
the disazo dyes from which the potential for agilan as organic photoconductors can be deducesnb, Ahe
fastness properties of the dyes on nylon fabricspatyester fabrics are described.

Experimental
Synthesis of compound 3

Concentrated sulphuric acid (9.0ml) was added tixdure of 4-bromoaniline (10g, 57.5mmol) and
50ml water. Sodium nitrite (5.0g, 63.mmol) in wa¢g&dml) was added drop wise to the above mixtur@%C
and stirred for 30mins. Excess of nitrous acid wemoved by the addition of urea (15g, 0.03mmol)e Th
resultant diazonium salt solution was added tostiiation of 3-aminophenol (6.3g, 57.8mmol) in 1&djsm
hydroxide solution (20ml) and stirred vigorously fine hour. The precipitate formed was isolatedilbration,
washed with distilled water and dried. The crudedprct was recrystallized from hot carbontetrackierto
afford compound 3 in 16. 529 (97%) yield.
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Figure 1. Synthesis scheme for the preparation of compound 3
(i) H,SO4/NaNO,, 0-5°C (ii) C¢H-N;O

Synthesis 2, 4-dihydroxyphenylazo-2 hydroxyphenylazo- 4'-bromobenzene (5a).

Compound 3 (3.0g, 10.3mmol) was diazotized in Shdamcentrated sulphuric acid and 30ml water by
adding sodium nitrite solution (2.5g, 31.6mmol)lidml water at 0% with stirring for 25mins. The diazonium
salt solution obtained was added to a solution, &-1dihydroxybenzene (1.13g, 10.3mmol) in (1.0gmhol)
solution of sodium hydroxide dissolved in 20ml wadead stirred for one hour. The product was filleneashed
with distilled water and dried.The crude productsvparified using carbontetrachloride to give brosatid of
compound 5a.m.p: 258- 28D, yield 50%, IR (Nujol/cil)Vyae 3522, 3404(0H), 3119, 2812 (C+{ 1654,
1597, 1508 (Ar-ring), 1489, 1388 (-N=N-) 1313, 1211134 (C-Q,), 661.30 (C- By). ‘HNMR (50.28
MH;DMSO-ds): d,/ppm:6.21 (1H, d, J = 8.2Hz,ArH), 6.42- 7.40 (5H, AnH), 7.60- 7.65 (2H, m, ArH), 10.60
(1H, s, OH)**CNMR (50.28 MHz,DMSO-g) 5c/ppm: 143.03, 141.21, 131.65, 123.43, 118.43, M7165.02,
41.27, 40.56.

4- Hydroxynaphthaleneazo-2-hydroxyphenylazo-4-brombenzene (5b)

Compound 5b was synthesized using the above proeegith 1- naphthol as coupling component.
Brown solid m.p: 214-216, yield 68%, IR (Nujol/@vma: 3446 (OH), 3095, 2968, 2864 (Ca 1647, 1624
(Ar-ring) 1595(naphthalene-ring) 1458, 1384 (N=N-},220, 1111 (C-@), 660 (C-Br,).*HNMR
(50.28MHz,DMSO-¢) dn/ppm: 6.23 (2H, d, J = 8.2 Hz, ArH) 6.40- 7.44 (6Hl, naphthalene) 7.62- 7.73 (5H,
m, ArH) 7.83 (2H, m, ArH) 10. 62 (1H, s, OFCNMR (50.28MHz,DMSO-¢) 8c/ppm: 142.76, 141.32,
132.45, 131.60, 131.52, 131.46, 125.44, 123.64,002118.53, 41.17, 40.56, 40.36.

2, 4- dihydroxyphenylazo-2- hydroxyphenylazo-4-bromobenzene (5¢c)

Compound 5c¢ was synthesized using the procedupgealwith 1,5-dihydroxybenzene as coupling
component.Brown solid yield 74%, mp: 210-2C2IR (Nujol/cm')v 3649, 3446, 3387 (Of), 3101 (C-Hy),
1616, 1575, 1541, 1508 (Ar-ring), 1458 (-N=N-), 12&-Q,), 669.32 (C-By). '"HNMR (50.28MHz,DMSO-
de)Sn/ppm: 6.22 (2H,d, J = 8.3Hz, ArH), 10.61 (1H, S, )JfCNMR (50.28MHz,DMSO-g) 5c/ppm: 146.18,
134.96, 132.71, 131.51, 129.70, 124.54, 119.44 A1 $6.46, 41.14 40.59, 40.30, 40.20, 39.38, 39.55

4-chloro-2-aminophenylazo-2-hydroxyphenylazo-4-brombenzene (5d)

Compound 5d was synthesized using the proceduserided for dye 5a with 2-chloroaniline as
coupling component, dissolved in 5ml acetic aci@fford brown solids. Yield 50%, mp:185. IR(Nujol/cn?)
Vmax 3423 (NH, OH) 3095 (C-H,), 1616, 1581, 1508 (Ar-ring), 1487, 1404 (-N=Ntp11 (C-Q,), 827 (C-
Cls) 726, 646 (C-By) 4.00 (IH, s, OH), 2.45 (2H, s, NH'*HNMR (50.28MHz,DMSO-g)d,/ppm: 6.20 (2H, d,
J = 8.3 Hz, ArH), 6.60 — 7.40 (4H, m, ArH), 7.4570 (2H, m, ArH).**CNMR (50.28 MHz,DMSO-gdc/ppm:
145.02, 141.61, 132.75, 124.47,118.53, 117.51,00%1017,40.76,40.34,39.93,39.09,38.67.

4-Amino-2-hydroxyphenylazo-2-hydroxyphenylazo-4-bromobenezene (5e)

Compound 5e was synthesized using the procedumitasito that described for compound 5a with 3-
aminophenol as the coupling component to give browystals. Yield 64% mp: 146, IR (Nujol/cm®) Viax
3520, 3404 (NH OHy,),3173, 3061, 2816, (C4), 1660, 1595, 1510(Ar- ring), 1487, 1390 (-N=Ntp11.34
(C-Oyy), 646.17 (C- Bi)'HNMR (50.28MHz,DMSO-¢)d,/ppm: 2.46 (2H, S, Nb), 6.20 (2H, d, J = 8.2Hz,
ArH), 6.40- 7.26 (5H, m, Arh), 7.41- 7.80 (3H, mxH), 10. 60 (1H, s,0H)’*CNMR (50.28MHz,DMSO-g¢)
Oc/ppm: 156.19, 134.94, 132.81, 131.41, 129.80, B4199.54, 118.52, 66.56, 41.15, 40.79,40.90, 39.48
39.07, 38.65t-amino-2-cyanophenylazo-2hydroxyphenylazo-4-bromobenzene (%
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Compound pwas synthesized by using the procedure similéinabdescribed for compound 5d with 2-
aminonitrile as coupling component to give broselid yield: 55Cmp: 136C:; IR (Nujol/cm) Vmae 3423
(NH,, OHgy) 3095 (C-Hy), 2225 (&N), 1614, 1581, 1510 (Ar-ring), 1467, 1404 (-N=Ntp20 (C-Q,) 646 (C-
Brsy). '"HNMR (50.28 MHz,DMSO- ¢), 8/ppm: 2.81 (2H, s, NB, 3.98 (1H, s, OH) 6.20 (2H, d, J = 8.1Hz,
ArH), 6.40- 7.21 (5H, m, ArH) 7.42- 7.65 (2H, mrH), 7.81 (1H, m, ArH)**CNMR (50.28 MHz,DMSO-g)
dJppm: 145.04, 141.62, 132.92, 132.76, 124.48, 4108.54, 41.18, 40.76, 40.35, 4035, 39.92, 3%9.69,
38.68.

Materials

4-Bromoaniline, 3-amninophenol, 3-chloroanilineainonitrile, 1, 3-dihydroxy benzene, 1-naphthol
and 1, 4-dihydroxybenzene were obtained from MéRike) and used without further purification. Aletother
reagents, such as cong3®,, NaNQ,NaOH Pellets, and acetic acid were commerciallgilale as pure
samples, and used as received.

Analytical Methods

Melting points were uncorrected and obtained orEectrothermal9100 apparatus. Infrared spectra
(IR) were recorded using a Shimadzu (84005) FTd&cgometer. Thin Layer Chromatography (TLC) wasdus
to follow the course of the reactions (Chlorofornetklanol (95:5),in order to monitor the dye puriy,¢alues)
using silica gel 60 coated plateg,/AMerck aluminum sheetd} (50.28MHz) andC(50.28MH,)NMRs were
recorded on a Mercury 200BB series spectrometerSDM; was used as NMR solvent. Chemical shifts were
reported in parts per million (ppm) downfield franternal tetramethylsilane (TMS). All the ultravédivisible
absorption spectra were recorded on Genesys10s'g&ris spectrophotometer.

Dye Application
Polyester (Tetron)

The dye baths were prepared with the disazo dgegausing Lignosulphonate (Sulphite cellulose-
Liquors) as the dispersing agent. The dyes (1.@Ggewissolved in dimethylformamide followed by adgthe
dispersing agent at Liquor to material ratio of220fhe pH of the dye Liquor was adjusted to 5 With acetic
acid. The polyester fabric was dipped into the bgéh, and dyeing was continued for 60 minutes &f 13
135°C under increased pressures. The dyed polyesteéc faas subjected to reduction- rinsing treatmer@5C
for 10 minutes in a solution of sodium hydroxidegl(®,hydrosulphite (2gt) and a betaine amphoteric
surfactant (2gt) in water, washed with water and then dried.

Polyamide (nylon 66)

The dye bath was first prepared by mixing the dyat®n in dimethylformamide and with Lenacid NL
(1.2 ml of 10%) as an acid buffer (pH) 5 to 5.5) amater (18ml). The nylon 66 fabric (2.0g) was wdtand
dipped into the dye bath at 4&. The dye bath temperature was increased t8Cl@%er 15 minutes and
maintained for 30 minutes. At this temperaturemficracid (1.5ml of 10%) was added to the dyebatactueve
good exhaustion (Ukponmwaeat al., 1999). The dye bath was then cooled, and thd éferic was rinsed and
reduction- rinsed twice with lodet (2Blin a bath containing water (material to LiquoR)lat 40C for 15
minutes. The dyed fabric was then washed thorougtity water and air-dried.

Fastness Standard Tests
Wash Fastness

The wash fastness was evaluated according to &tienal Standard Organization (ISO) washing test
number 3 using Atlas Lintiest machine (ISO, 105-CO®#90). The dyed fabric samples measuring (5@mR)
were composited and treated with a solution cdngisif 5gi* — soap and sodium carbonate™2gf Liquor ratio
50:1 for 30 minutes at 6XC. The changes in shades and staining to adjaastitfitmer were related to the standard
grayscale rating whose indications are 1 to 5 (&Heis poor and 5 is excellent).

Light Fastness

Light fastness was tested by exposing the dyedctbo the Xenon arc fading Lamp of an Alas 3 SUN
weather-Ometer, according to the following condiiqISO, 1994). Black panel temperaturé@3dry bulb
temperature, £€, relative humidity 30%, duration of test is 24the change in shades under artificial light
were evaluated according to standard blue wooldalfgrade 1 to 8) where 1 is poor and 8 is exotlle
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Sublimation Fastness

The heat (Sublimation) fastness was assessed augdodISO. 105-PO1 1993 protocol (1SO, 1993).
The dyed samples were treated in a sublimatiointeshachine at 17 for 30sec and the change in shades
were related to the standard grayscale rating égtafl) where 1 is poor and 5 is excellent.

Rubbing Fatness

The fastness to rubbing was tested using Atlasingbfastness tester according to ISO 105- X12
method. The changes in shades were also relatdhietstandard grayscale rating (where 1 is poor &gl
excellent).

Results and Discussion
Synthesis and characterization

The disazo disperse dyes 5a-were obtained in 50- 74% vyield as brown, solidarfrthe coupling
reactions of the diazonium salt solutions of the aampound 3 with a variety of coupling compounds a
illustrated in figure 2.

The assumed structures of the disazo compounds established by FT-IBRINMR™CNMRand UV-
Vis spectra. The FTIR spectra of the dyes showexhgtbroad bands at 3404- 3649teygion due to N-H and
OH stretching vibrations.In the IR spectrum of caupd 5, the v G N vibrations occurred as strong absorption
at 2225 crit, indicating the nitrile group. The FT-IR spectratioe dyes also showed strong bands at 646 —
736¢cm' due to C- Br stretch bonds.

OH
Br {}I&N—QMOH
OH CH OH CH
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Fignre 2: Synthesis Schere for the preparationof dyes 5a - 3¢
(1) HONO, 0-5%C, (i) C:HeO (i) CrHeD, () CsHeD (v) CeHNC (vi) CeHNO v C-HA

The structures of the prepared compounds were aisdirmed by'HNMR spectra. The proton signals
displayed chemical shifts and multiplicities copesding to their surroundings. TAENMR spectra displayed
the signals of pairs of protons in the 6.20-6.23pamge with coupling constants of 8.1-8;2Hh agreement
with the presence of aromatic rings, teNMR spectra of the compounds display the signb&.42-7.81 ppm
range, Moreover, as expected, tNMR spectra of the dyes showed a distinctive digag10.60-10.62 ppm
for the OH proton for compounds 5a-5d, and at 3.®®ppm for the same proton for compounds HdrFbe
difference in the chemical shifts is due to theamonration effects (Paula, 1995; Ukponmetaad., 1999). The
complete chemical shifts for all compoundsiNMR and **CNMR) are listed in thematerials and methods
section. All the results were consistent with thedicted structures given in figure 2.

UV-Vis Absorption Spectra

UV-Vis absorption spectra of these disazo dye maécin diluted dimethylformamidesolutions are
listed in Table 1. As shown, the absorption speofr5d, 5e and;Fave two peaks at 584 and 785nm, 584 and
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785nm, and 488 and 738nm respectively. This inditdhat these colorants absorbed in the infra-egibn.
Moreover, the maximum absorption peaks of dyes5baand 5c¢ were at 401, 406 and 410nm respectively.
Therefore, the presence of sufficiently electrotiegasubstituents in both the diazocomponents ted
couplers, conducive to bathochromism contributedtiie push of absorptions into the near infrared in
compounds 5d, 5e ang. Rctually, compared with compounds 5a, 5b and B&lvpossess a less extended
conjugated system, leading to the lower maximumsogitions observed. The values of the logarithnthef
molar extinction coefficient (Lag of the colorants are 4.41, 4.46, 4.47 and 4.95),4.80 which are consistent
with their respective intensities.

The retention factor @Ralues of the dyes are summarized in Table 1.Ththad of establishing the
distance travelled by a dye under the influenca gifzen solvent system, is provided by the/d&tue. This refers to
the ratio of the distance travelled by the dyehtat tovered by the solvent-system, as measuredtfreratarting
line.The R value of a compound lies between zero and unltg. disazo dyes as shown by the assumed structures
have the same basic skeleton except for the sudnsitit on the coupling components that are havifigreint
characters. Thus, the; Ralues of dyesba, 5b and 5e with Br and OH assthmstituents are 0.34, 0.25, 0.32
respectively. The positions and characters of tiwstuents in these dyes are quite similar hemeesimilarly low
Rr values.Whereas dyes 5d, 5e apdvbiich contain other substituent groups such &t,-NCNand -Cl in different
positions, in addition to the -Br and -OH groupswéd higher Rvalues of 0.48, 0.42, 0.51 respectively. This
indicated that they may be having smaller dipolen®ts hence the highgri@alues.

Wash Fastness

In Table 2, the wash fastness results are sumndaaizé all the dyes showed colour change of 5,ishat
excellent ratings on the polyester and nylon fabegcept dyes 5e ang Wwhich gave good to excellent ratings
(4/5) on nylon. In general, this performance isiagication that the dyes have strong affinity fbe ttwo
substrates. This may be attributed to the largecoubhr size of the dyes.In addition to this, is thet that the
shades of the dyes on the nylon fabrics were obdeiwv be deeper compared to the shades on polyabters.
This indicates that the dyes showed more exhaustinthe nylon fabric than on polyester. As seemftbe
results in Table 2, there wasslight staining of dldgacent cotton in the case of dye 5a composit¢u dyed
polyester fabric and also slight staining of adjga®tton of dyed nylon with dyes 5b and 5c. Nanstgy on the
adjacent multi-fiber fabric was observed in adjachmed nylon, polyester and acrylic.

Light Fastness

The light fastness of the dyes on polyester falaius nylon fabrics are listed in Table 3. And asnse
from the results, the photo stability of the nyfabric (grade 6) tends to be higher than that dyemier (grade
5/6). This is due probably to the position of thaltoxyl substituent group which is ortho to the agoups in
the dye structure. This has been found to incrégkefastness of nylon dyed disperse dyes and falsnd to
decrease those of polyester fiber (Oteital., 2008). Dye b however, gave a good light fastness of grade 6 on
both fibers. This may be due to the presence ofC#e group in the dye structure which has been found t
increase the photostability of disperse dyed paodyeabric and nylon fabric.

Table 1: Absorption maxima and intensities of dyesa — 5 in dimethyl formamide solution (DMF).

Dye  Amax (NM) Ry Emax (dM*mol™* cm™) Intensity (log €)

5a 401 0.34 26146 4.42
5b 406 0.25 29046 4.46
5¢c 401 0.32 29693 4.47
5d 584, 785 0.48 8709 4.94
5e 584, 786 0.42 20178 4.30
5 488, 738 0.51 63789 4.80
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Table 2: Wash fastness ratings of dyed polyesterlfaics and nylon 66 fabrics

Dye Types of fabric Light Sublimation Rubbing
Wet Dry
5a Polyester 5/6 5 4 4/5
nylon 6 4/5 4 4/5
5b Polyester 5 5 4 4/5
nylon 6 4/5 4 4
5¢ Polyester 5/6 5 4 4/5
nylon 6 5 4 4
5d Polyester 5/6 5 4 4/5
nylon 6 3/4 4 4
5e Polyester 5/6 5 4 4/5
Nylon 6 5 4 4/5
5 Polyester 6 4/5 4 4/5
nylon 5 5 4 4

Table 3: Light, Sublimation and rubbing fastness raing of dyed polyester fabrics and nylon fabrics.

Sublimation Fastness

The sublimation fastness results of the dyes agsgmted in Table 3. The results showed excellent
ratings of grade 5. This is attributed to the lamydecular size and increase in polarity of substits in the dye
structures which enhance high sublimation fastness.

Rubbing Fastness
Table 3, show the results of the rubbing fastndéghendyes on polyester fabric and nylon fabrice Th
dry rubbing fastness properties of the dyed samydeied generally between 4 and 4-5 while the wébimng

Dye Type of fabric Colour Staining Colour on
change Cotton Nylon Polyester Acrylic fabric

5a Polyester 5 4/5 5 5 5 Brown
nylon 5 5 5 5 5

5b Polyester 5 5 5 5 5 Brown
nylon 5 4/5 5 5 5

5¢ Polyester 5 5 5 5 5 Orange-
nylon 5 4/5 5 5 5 brown

5d Polyester 5 5 5 5 5 Brown
nylon 5 5 5 5 5

5e Polyester 5 5 5 5 5 Brown
nylon 4/5 5 5 5 5

5¢ Polyester 5 5 5 5 5 Brown
nylon 4/5 5 5 5 5

fastness properties varied between 3/4 and 4. Tiget slifference may be attributed to the fact thatwet
rubbing the dyed samples are likely to lose soneurdhan when dry as water molecules do assitdrcolour
removal during rubbing.

Conclusion

The synthesis and characterization of disazo dyg#sg spectral methods, have been reported. The
present work indicated, from the UV-visspectralufess that some of the dyes absorbed in the infraegion
and are therefore potential organic photoconductbine results of the fastness tests of the dyepabyester
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fabric and nylon fabric also demonstrate that thst lof these dyes could be of commercial importandée
textile industry.
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