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ABSTRACT

A novel series of transition metal complex azo dye€u, Ni and Co have been yielded from 5-Bron{8-2{
hydroxy-3-methyl]-1-{[2’-methyl-5’-sulfophenyl)-1plyrazol-4ylldiazenyl benzoic acid and aqueous sofutof
metals derived from diazonium salt of 2-Amino-5+Bo benzoic acid . The molecular formulae of thetmsized
compounds were assigned on the basis of elememafsis while the structures were proposed on tmshof FT

IR and*H NMR. The dyeing assessment of the synthesizedwaigeevaluated on nylon fabrics. The percentage dy
bath exhaustion on the fibers has been found t@ésonably good and acceptable. Further, the Ifgktness of the
dyed nylon fibers was moderate to very good andingsastness was good to excellent.

Keywords: azo, transition metals, dyeing, nylon, fastnesperties.

INTRODUCTION

Traditionally, acid azo dyes are the most importdass of commercial dyes, occupying more than dfathe dye
industries, which contain various intermediateq[1(2ut of the different classes of dyes, azo dyesstitmte the
largest group of colorant used in the industry [&,4They are usually strongly colored compounds wiuah be
intensely yellow, red, orange, blue or even greEpending on the exact structure of the molecuteaAesult of
their color, azo compounds are of tremendous inapod as dyes and also as pigments for a long tjmEfy
have wide application in analytical chemistry, niletay, the textile industry, optical data storaglpto switching
and nonlinear optical materials [7—11]. Thus, tietlsesis of ligands incorporating —N=N- group lisilportant
field of research. Notable examples of these ligaan@ arylazobenzeffig4], arylazooximgl5], arylazophenl6],

arylazopyridingl2,13,17] arylazoimidazolgl 8], arylazopyrimiding19], and arylazoanilinf20].

The coordination chemistry of transition metalshwaizo ligands is being studied due to the obsemvaif several
interesting properties. In our present investiggtia series of novel acid azo dyes were prepayedohpling

aromatic diazonium salts with transition metals @hdracterized the dyeing assessment of such dyeg/lon

textile fibers reveals that excellent results wachieved. During the dyeing assessment it was wbddhat the
produced dye have powerful fixation properties. Hyes fixed on the fiber with almost negligible sed dye.

Most of the dyes have high fixation on textileegd percentage of exhaustion. While using thesg cymmercially
it may affect the environmental saving by less petage of dye effluents from textileShis study was also
conducted on wool and silk fabrics [21,22].
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EXPERIMENTAL SECTION

All the employed reagents were of analytical grade the solvents were purified by standard methatisnelting
points reported were taken in open capillaries arel uncorrected. The purity of the compounds waskdd
routinely by TLC(0.5mm) thickness using silica @&lcoated Al-plates (Merck) and spots were visudliby
exposing the dry plates in iodine vapors. Infrargmectra (4000-400ch) taken on KBr disc using a Perkin-Elmer
Spectrum BX series IR spectrophotometfét. NMR spectra were recorded on Avance Bruker 800zMMMR
Spectrometer. Elemental analysis was performed ao@rba 1108 analyzer. Fastness to light and iwgshas
assessed in the accordance with BS: 1006-1978551989 respectively whereas rubbing fastness wagedaout
with a Crock meter (Atlas) in accordance with AAT-QE61.

Method of Preparation

H;C
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M = Cu, Ni & Co

Preparation of 2-Amino-5-bromo benzoic acid

2-Amino benzoic acid(20g) was dissolved in glaeiettic acid(250 ml) was cooled below’T6 Bromine(9.5 ml)
was added and the mixture was stirred for 2-3 haigsrously. The precipitates obtained were boilgith
water(500 ml) containing concentrated hydrochla@dad (25 ml).The hot boiling solution was filtereapidly and
the filtrate obtained was cooled in ice-bath. Titeates upon cooling yielded abundant precipitatethe 2-Amino-
5-bromobenzoic acid (M.P 2i®) and insoluble residue consisted of the 2-Amir®dbromo benzoic
acid(M.P.238C)

Preparation of diazonium salt of 2-Amino-5-Bromo bazoic acid: (2b)

2-Amino-5-bromobenzoic acid (0.01moles) was suspdnd water (50 ml), concentrated hydrochloric agiglo
ml, 0.025mole) was added drop-wise to the welteli suspension and the resultant clear soluticnagaled to 0-
5°C in ice-bath. A solution of sodium nitrite(0.012ie®) in water (10 ml) previously cooled t&Q0 was then added
and the reaction mixture was stirred for an hawt the diazo was used for the subsequent coupling.

Preparation  of  5-Bromo-2{[5-hydroxy-3-methyl]-1-{[2-methyl-5'-sulfophenyl)-1H-pyrazol-4yl]diazenyl
benzoicacid :( Dye)

1-(2'-Methyl,5'-sulfophenyl)-3-methylpyrazolone(@.thole) was dissolved in Na0; solution(10% W/V and
cooled to 0-8C in an ice-bath. A well stirred diazonium solutioh2-amino-5-Bromo benzoic acid was added and
stirring was continued for 3 hours at @z5and pH was adjusted to 7 by adding,@®@:(10% W/V). NaCl solution
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(10% WI/V) was added after completion of reactiomhwgtirring to precipitate out the solid materiilwas then
filtered and crystallized from DMSO to get orangdigw crystals. Yield 80%, M.P above 3@

Preparation of metal complexes : TP-1(Ni-Dye), TR{Cu-Dye) and TP-3(Co-Dye)
5-bromo-2{[5-hydroxy-3-methyl]-1-[(2'-methyl-5’-s@bphenyl)-1H-pyrazol-4-yl]diazenyl}benzoic acid (@mole)
dissolved in di-oxane slowly added to the hot aggesplution of metal chloride(0.01mole) Ni(ll), Tx@nd Co(ll)
with constant stirring and a small amount of sadiacetate (0.5g) added to it. Then the whole méxtuas set for
an hour. The solid metal complexes were precimtatut and then crystallized with DMF. CrystalsNi¢kel(ll),
Copper(Il) and Cobalt(Il) complexes were obtaingthwMF.

The procedure through which nylon fabrics was &éas divided into four major sections
An application of acid dyes on nylon fabrics

Exhaustion of dye-bath

Fixation study of the dyed nylon fabrics

Study of light and washing fastness

An application of acid dyes on nylon fabrics :
Dyeing with acid dye is carried out by followingetprocedure given below[20,21] :

Pre-treatment of the fabric :

Knitted nylon fabric (2.5 gm) was scoured in a folu containing 2g/L soap solution, ammonia (0.1)rahd water
(100 mL). It was then boiled for 15 minutes. Thbrfe was removed from the bath and rinsed severeds with
water. It was then rinsed, dried and conditionedtfeo days in atmospheric condition and subsequerged for
dyeing.

Adjustment of pH of fabrics to a required value :

In order to study of dyeing at a certain pH, ihécessary to adjust pH of the suspended fabricsauntion forming
dye-bath to a required value. In order to obtaieneess of pH throughout the material before it rentiee dye
liguor. A weighted amount of previously treatedaryifabrics was heated for 5 minutes at 95200 a solution
which was adjusted to pH 3.0 by adding with acatid (10% wi/v) solution. The nylon fabrics were mmd and
squeezed as far as possible to make it free frdrarady mother liquor.

Dyeing procedure :

Dye solution (10 ml, 0.4% w/v) was taken in a dyHb Glauber's salt solution (7 ml., 20% wi/v) wdded to it.
The pH of the dye-bath was adjusted to 3.0 by adizetic acid solution (3.5 ml., 10% w/v) solutioifhe total
volume of the dye-bath was adjusted to 80 ml byiragldequired amount of water. The nylon fabric poesgly
adjusted to pH 3.0 was introduced into the dye-ldth stirring. The content of the dye-bath wasretl for 30
minutes at room temperature. The temperature weas ginadually raised to 96 over period of 30 minutes and
maintained for 20 minutes. The dye-bath was kefatiry during the process of dyeing. The fabric washed
with cold water and the combined solution of dygibr and washings was then further diluted to 25With water.

5 ml of this solution was further diluted to 250 with water and the absorbance of this solution masasured. The
above pattern was further rinsed, washed and dnéd part of it was mounted on shade cards.

Exhaustion of dye-bath :

The combined solutions of the dye liquor and thehirzags were diluted to 250 ml with water. 5 ml loistsolution
was further diluted to 25 ml with water. The pettege dye-bath exhaustion was calculated by meaguhia
absorbance of the above solution and reading tlregmonding concentration on the calibration curve.

The results of percentage exhaustion of dye-balstaown in Table-1 and 3.

Table-1: Calibration data for Exhaustion study of Acid Dyes TP-1 toTP-3
Substrate for dyeing: Nylon (2.0 gm), Medium of apal study : Aqueous
- — =
COBZEN a Wave lengthAmax Nm Absz'r(t))iig:. e of the dye8's(§J Izgf)ns at spemfluzt'jowAat;/. @lgth conc. Xlléogr,r;%m Slope of linear plot K*
TP-1 526 0.100 0.200 0.300 0.400 25.00
TP-2 552 0.090 0.180 0.270 0.360 22.50
TP-3 524 0.07(C 0.14( 0.21( 0.28( 17.5(
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Fixation study of the dyed Nylon fabrics :

This involves two steps : construction of calibwaticurve and estimation of dye which is fixed oa fhbric by
extraction method using boiling acidic solutionpyfidine containing pyridine (10% w/v), 90% formécid (20%
wi/v) and water (to 100% vol) instead of water. Ttiata is presented in Table-2 and 3.

Table-2 : Calibration data for Fixation study of Acid dyes: TP-1 to TP-3
Dyed pattern for fixation study: Nylon fabric(0.iInyMedium of spectral study : Acidic pyridine
Absorbance of the dye solutions at
Dye Code No | Wave lengthAm.x nm | _specified wavelength conc. x Tomg.m* | Slope of linear plot K*

4.0Ab. | 80Ab.| 12.0Ab.| 16.0 Ab
TP-1 526 0.150 0.300 0.450 0.600 25.00
TP-2 552 0.130 0.270 0.390 0.520 22.50
TP-3 524 0.110 0.220 0.330 0.450 17.50

Estimation of fixation of dye :

Dyed nylon fabric (0.1 gm) was place in corningdwmnd acidic solution of pyridine (10 mL) till tldye was
completely extracted from the fabric. The combieattact was diluted to 50 mL with acidic solutiohpyridine.

The percentage fixation of the dye was then caledlay measuring the absorbance of this soluti@hraading the
corresponding concentration on the calibration eur& solution of undyed nylon fabric in acidic s of

pyridine was used as reference solution in colarimestimation.

Table-3: Result of Exhaustion and Fixation study ofAcid dyes TP-1 to TP-3
Substrate for dyeing : Nylon fabric (2.0 gm), Dymattern for fixation study: Nylon fabric (0.1 gm),

Medium of spectral study: Aqueous-exhaustion, aggridine-fixation study, Amount of dye under sjud40 gm.

Amount of dye Amount of % Amount
Dye remained in exhausted from Exhaustion of dye in 0.1 gm _ Amount of dye Fixation=
Code dve bath dye bath Y ma/40m of in 2.0 gm of dyeing (Z mglY mg) x 100%

No. Y (40-X) = 9 9 dyeing (total weight 20a=Z mg) 9 9 0
(X'mg) x 100
Y mg amg.

TP-1 8.817 31.18 77.8¢ 1.31 26.2 84.1¢
TP-2 5.4¢ 34.5: 86.3( 1.3¢ 27.2 78.7¢
TP-3 7.38 32.62 81.55 1.33 26.6 81.55

Color yield on dyed Nylon fabrics :

Measurement of color yield was used as a knownnigal to ascertain the commercial viability of fhrepared
dyes for dyeing synthetic fibre and their blendartiirer, results obtained might clarify the modeintEraction
between the prepared dyes and test fibres. Famiyhetd described the measurement of color yield theefabrics.
Color yield was formulated as,

Color yield = Z/A x 10,

Where, Z represents the amount of dye fixed orfittes and A is the initial amount of dye appliedtbe fabrics.
The measured absorbancehatax was used to determine the amount of dye présehe dissolved form in the
solvent. The results of the colour yield study péslare presented in Table-4

Study of light and washing fastness :
Study of light and wash fastness properties of dygdn fabrics

Study of light fastness

The light fastness of a dyed pattern is one ofrttost important properties desired of a dye. The tdyéles are
often exposed to light and here it is essentidl tthecolor should not fade on exposure to ligltit® study of light
fastness of dyes becomes essential.

To study light fastness property of a dyed fabuitoenatic device known as fadeometer are availathe. light
fastness study can also be carried out using suntiicroscale MBTF, microscale MB/U source etc.

Park and Smith had examined a number of sourcés paitticular reference to the testing of matenith high

light fastness. The authors have indicated seVigtal sources that are suitable for carrying owgtriass test on
textiles. They have also compared the resultsftdréint light sources and their have good correfati
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To study the light fastness property of dyed pa#iemicroscale light fastness tester was used thighstraight
mercury vapor lamp (MB/U 400w.). This gives satisfay results in light fastness evaluation and speeially
useful, in that the time required for fading pattepf high fastness is considerably less than waiitler commonly
used fading lamps.

The dyed fabrics were exposed to light along whih $tandard dye fabrics of specific rating. Suelndard samples
are blue wool standards developed and producecuiopé and are identified by the numerical desigmafi-8.
Higher the rating better, is the light fastnesse Tight fastness study was carried out using Micateslight fastness
tester having MB/U mercury lamp. The dyed fabrilcng with eight standard samples were routed onhtelsler.
Part of the dyed fabric is exposed to light and péit is covered. After definite intervals of tenthe exposed and
unexposed portions of test fabrics were examinetlcampared with the standard fabrics. Supposegatem time
the test fabric has not faded and the standarérpattted at 7 has not faded then the light fastiesaid to be
excellent. Now at the next consecutive inspectfdhe test pattern has faded but the standardrpatferating 3 has
not faded then the test fabric, has the fair lfglstness.

Following the above procedure the light fastnesgperties of dyes TP-1(Cu-Dye), TP-2 (Ni-Dyand TP-3(Co-
Dye) was evaluated and assessed. The resulstaratied in Table-4.

Study of wash fastness :

The wash fastness of the dyed fabrics is anothpoiitant property desired off. The dyed textile miate are very

often washed with soap and detergents and becoosssery that the color should not fade on washihgrefore

to study the wash fastness, five test methods eweloped by Indian Standards. The results of wastnéss study
of dye TP-1, TP-2 and TP-3 on nylon are presentéichble-4.

(a) Shade :Visual observation of the shade cards TP-1, TPeRT3 reveals the excellent range of shades over
the nylon fabrics greenish yellow, pale yellow getlow shades were obtained

(b) Fastness properties The examination of data presented in Table-4 levfelowing metal complex acid dyes
show very good light fastness. The wash fastnessappeared to be excellent fastness for each iesresults of
light and wash-fastness properties on silk fabairespresented in Table-4.

Table-4 :Shade, colour yield and fastness propeds of Acid dyes on Nylon fabrics

Dye Code No.| Compound| Shade on Wool Amax nm | Coloryield = (Zmg/40mg) x100[ Light| Wash
TP-1 Cu-Dye Greenish yellow 526 66.5 4 4
TP-2 Ni-Dye Deep yellow 552 67.5 6 3-4
TP-3 Co-Dye Yellow 524 65.0 6 4

RESULTS AND DISCUSSION
Dye
'H NMR (DMSO, 400 MHz) & 2.29 (s,3H, Ar-CH), 2.33 (s,3H,Ar-CH),14.66(s, 1H,Ar-COOH), 8.13 (s, 1H,Ar-
OH), 14.2(s, 1H, Ar-S@H), 7.27-7.98 (m, 6H, Ar-H) ; IR (KBr, ct) alkane 1217.12 (C-H) str , aromatic 3084.85
(C-H)str., 1449.81(C=C)str., 3502 (C-OH)str., Pyia@z1529.60 (C=N)str., 1045.45 (C-N)str., Carboxyl320.10
(C-COOH), 2750.81 (-Sgpi), Halide 709.83(-C-Br); Yield: 82%

TP-1:

'H NMR (DMSO, 400 MHz) § 2.33 (s,3H, Ar-CH), 2.54 (s,3H,Ar-Ch)), 14.67 (s, 1H, Ar-SgH), 7.31-8.13 (m,
5H, Ar-H) ; IR (KBr, cm?) alkane 1255.32 (C-H) str , aromatic 3069.89 (C+)4#%74.28 (C=C)str., 3233.10 (C-
OH)str., Pyrazole 1511.43 (C=N)str., 1359.33 (Cti\)Larboxylic 1368.92 (M-COOH), 592.27 (M-O), 488
(M-N), Sulphonic 2777.87 (-S#®l), Halide 668.37(-C-Br); Yield: 80%

TP-2:

'H NMR (DMSO, 400 MHz) & 2.34 (s,3H, Ar-CH), 2.62 (s,3H,Ar-Ch), 14.77 (s, 1H, Ar-S@H), 7.28-8.20 (m,
5H, Ar-H) ; IR (KBr, cm?) alkane 1245.92 (C-H) str , aromatic 3036.26 (C+H)3#%64.48 (C=C)str., 3289.12 (C-
OH)str., Pyrazole 1499.54 (C=N)str., 1377.98 (CtiN)Larboxylic 1397.45 (M-COOH), 566.23 (M-O), 496
(M-N), Sulphonic 2763.63 (-Sfl), Halide 675.22(-C-Br); Yield: 86%
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TP-3:

H NMR (DMSO, 400 MHz) § 2.32 (s,3H, Ar-CH), 2.59 (s,3H,Ar-CH), 14.83 (s, 1H, Ar-SgH), 7.39-8.23 (m,
5H, Ar-H) ; IR (KBr, cm®) alkane 1264.83 (C-H) str , aromatic 3025.83 (C+H)4#423.14(C=C)str., 3258.72 (C-
OH)str., Pyrazole 1434.80 (C=N)str., 1349.86 (CtiN)arboxylic 1345.6 1(M-COOH), 547.32 (M-O), 488
(M-N), Sulphonic 2895.54 (-SfBl), Halide 685.45(-C-Br); Yield: 81%

CONCLUSION

In conclusion, acid dye metal complexes TP-1, Téh# TP-3 were synthesized. The exhaustion antidixaf

these dyes are very good; this indicates that tfes dhave good affinity and solubility with the fedst The
remarkable degree of levelness after washing itecie good penetration and affinity of these dyethe fabrics.
The washing fastness appeared to be excellentafdr @yes thus proved to be eco-friendly. The dye® glifferent
shades of greenish yellow, deep yellow and yellawitg very good fastness properties. These dyasséf]
commercially it may be harmless to the environnaenliess percentage of dye effluents from textiles.
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