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ABSTRACT

Series of bifunctional reactive dyes were synthesized based on ﬂﬁﬁsﬁm

naphthalimide derivatives The intermediate A [6, 6™-diamino-1H, T'H,  Received: Mraymhy 2025

3H, 3’H-|bibenzo[de]isoquinoline]-1, 13,  3*-tetraone,] which Received in revised form: May, 2025
tetrazotised with cyanurated coupling component such as H-acid, R-  Accepted: July, 2025

acid, J-acid, - -acid and Tobias acid. The synthesized dyes were ~©ublishedonliine: September, 2025
purified by recrystallization method. The structure of the synthesized  keywoRrps

dyes were confirm using UV - visible, FT-IR, MS and THNMR  Synthesis, Acenaphthane, FT-IR, UV -
spectroscopic technique., Spectrophotometric investigations of the  Visible, Mass spectrometry, Purification
dyes in solvents of different polarities were measured to obtain

absorption maxima, molar extintion coefficient ana salvatochromic

effects These dyes give percentage yield of 76-88%, molecular weight

of 1262.85-1454.98 g/mol, melting point 300-306 °C with various hues

such as blue, red, brown, black and orange respectively..

INTRODUCTION

Reactive dyes are coloured dyes that
contain functional groups which can form covalent
binding with fibre active sites, such ascellulose,
amino, thiol and hydroxyl groups [1]. The good
washing fastness of cellulose fiber with reaction
dyes results from the steady covalent bond
between cellulose and reactive dyes [2]. As a
consequence, there is still a demand for new
reactive dyes that have improved properties [3].
The use of bifunctional reactive dyes grows
quickly ~ because  of  their  improved
physicochemical proper-ties during use [4]. They
are familiar for their excellent thinning efficiency
and overall quickness. A diligent selection of the
correct reactive groups and right chromophore
creates reactive dyes with good dyeing properties
[5].

In several researchers have reported on
synthesis, characterization of bifunctional reactive
dyes on cotton fabric but there is no existing
literature with regards to synthesis of bifunctional
reactive dyes derived from naphthalimide
derivatives which is a new heterocyclic
intermediate. The presence of the naphthalimide
moieties in the dye structure will improve the

fastness properties of the dyes in cotton fabric and
bring about deep shade, brilliant hues of high
bathachromic effects due to donor acceptor
character of the amino and carbonyl groups
present in the napthalimide moiety. This
investigation aimed at synthesis, and
characterization of bifunctional reactive dyes
based from naphthalimide derivatives.

MATERIALS AND METHODS

The following are some of the major
equipment that were used in the course of the
research includes; UV-visible Spectrophotometer
(Agilent  Technology Cary 100), FT-IR
Spectrophotometer (Agilent Technology Cary
630), Nuclear Magnetic Resonance (NMR)
(Agilent Technology 400 MHZ), Most commercial
products used in the synthesis of bifuctional
reactives dye were purchased from sigma-Aldrich
and Weifang Senya chemical company limited,
China. All the chemicals and reagent used in the
present study such as. Acenaphthene, Sodium
dichromate, Hydrazine hydrate, Stanneous
chloride, 8-amino —tnaphthol 3-6-disulfuric acid (H
acid. 2-naphthol-3-6 disulforic acid (R-acid), 2-
amino -1- naphthalene sulfuric acid, 4-amino
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butanoic acid, 2-amino -1- naphthalene sulfuric
acid, Tridichloro -1, 3 5-triazine.

Synthesis of 5-nitroacenaphthene

Acenaphthene (15. 4 g, 0. 1 mol) was
dissolved in hot acetic acid (57. 2 mL), cooled with
vigorous stirring to separate the crystalline
acenaphthene as fine as possible. Nitric acid (7.
03 ml) was added drop wise for 1 hour at 22-27
°C, then stirred for 1 hour more at 25 °C, warmed
to 68 °C gradually for 30 min. then cooled, and the
crystals were filtered, washed with acetic acid -
water (1: 1) followed by distiled water to give
needle like crystals [7].

Synthesis of 4-nitro-1, 8-naphthalic
anhydride 5-Nitroacenaphthene (24. 87 g, 0. 125
mol) was dissolved in hot acetic acid (248. 75 mL),
sodium dichromate (Na2Cr207 2Hz O) (158. 5 g)
was added for 3 hour at 65-70 °C. This was
warmed to 98-100 °C gradually for 30 min. and

A o A\
) CH,COOH
CH,COOH NayCry0;

NO,
Acenaphthene S-nitroacenaphthene
1.2-dihydroacenaphthylene  5-nitro-1,2-dihydroacenaphthylene

Synthesis of 6, 6’-diamino-1H, 1’H, 3H, 3'H-
[bibenzo[de]isoquinoline]-1, 1’3, 3’-tetraone,
General Procedure for Tetrazotization
of intermediates A, was carry out using the same
procedure and reaction condition. The
intermediate (0. 54g 0. 005 mol) is suspend in
distill water (60 cm3) and hydrochloric acid (0. 369)
is add drop wise to the well stirred suspension.
The mixture is gradually heat up to 70°C, till clear
solution is obtained. The form solution is gradually

Sy

4-nitronaphthalic anhydride
6-mitrobenzo|de|isochromene-1,3-dione

further refluxed for 5 hours. The content was
washed out with 0. 6 L of hot water, cooled, filtered
and the solid was washed with dilute HCI. It was
further boiled for 30 min. with 200 mL of 5% Na2
COs solution for 30 min., filtered, and the filtrate
was acidified and the separated crystals was dried
at 120 °C for 4 hours to obtain 4-nitro-1, 8-
naphthalic anhydride, which was recrystallized
from HNOs to afford the off-white needle like
crystals [7]

Synthesis of 6,
2’bibenzo[de]isoquinoline]-1,

(@)

A suspension of 4-nitro-1'8-naphthalic
anhydride (0. 02 mol, 4. 86 g) and hydrazine
hydrate (0. 03 mol, 4. 71g) was stirred under reflux
for 7 hrs in ethanol (102 ml). The cooled
suspension was filtered out and recrystallized with
ethanol as light brown.

NO,
0N
00

6.6'-dinitro-[2,2"-bibenzo[ d?]lsoquuwllm] 1.1'.3,3tetraone

6-dinitro-[2-
1'3-3’-tetraone

H\J NH,
C,H;OH

C,H:OH | SnCl,
HCI

NH,
HsN
0 0

6,6'-diamino- [2 2-bibenzo[ de]lsoqumolme] -1.1'.3 3 tetraone
Molecular Weight: 422.39

cool to below 59C in an ice bath, then already
cooled (0-5°C) NaNOz2 (0. 6g in 4 ml of H20) is add
over a period of 30 mins with continuous stirring.
The stirring is continued for one (1) hour,
maintaining the temperature of 0-5°C with positive
test for nitrous with starch iodide paper. After
completing destroying the excess of nitrious acid
with the require amount of sulphamic acid the
clear tetrazonium solution at 0-5°C obtain is use
for next coupling as shown in scheme A [7].
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Synthesis of tetrazonium sait

.
NH, _HevIoe O N=NCl
iecete--"Whtetes

6,6'-diamino-[2,2'- blbenzo delisoquinoline]-
1,1',3,3'-tetraone

Scheme General procedure for cyanuration of
coupling components.

Cyanuric chloride (1. 85g 0. 01 mol) is
stir in acetone (25cm?) at temperature below 5°C
for a period of an hour. A neutral solution of
coupling component (3. 19g 0. 01 mol) in aqueous
sodium carbonate solution (10% Wi/v) is then add
in small lots for an hour. The pH is maintained

(@) ] OH NH,

g SR e e N
CI/I\N

[oet]

<0-5°C
ITacCl
o1 12% 5w

20,H

Synthesis of A1

3, 3-((1E, 1'E)-(1, 1', 3, 3'-tetraoxo-1, 1',
3, 3'-tetrahydro-[2, 2'-bibenzo[de]isoquinoline]-6,
6'-diyl)bis(diazene-2, 1-diyl))bis(7-((4, 6-dichloro-
1, 3, b-triazin-2-yl)amino)-4-hydroxynaphthalene-
2-sulfonic acid) .The synthesis of dye Ai-As was
done by adding freshly prepared solution of

A
—4 o)
TTIT
O T
o< 00" S
7

[ORN &)

1,13, 3' tetraoxo- 1,1 ,3,3‘-tetrahydr0-

[2,2'-bibenzo[de]isoquinoline]-6,6'-bis(diazonium) chloride

neutral by simultaneous addition of sodium
carbonate solution (1% WI/v). The reaction mass
is then stir at 0-50C for further 4 hours. The
cyanurated coupling component solution is use for
subsequent coupling reaction in various acid such
as H, Gamma, R, J, and Tobias acid
respectively.[10]

Cl1

N)\N

|
OH HN \NJ\CI
__o-s°ec

Acetone
HO5S SO3zH

o O . _

(Y8 Syt
_ " 1T
(o -]

1,1',3,3' tetracxo-1,1",3,3' tetrahydro -

[2,2%bibenzo[delisoquinoline]-&,& -bis(diazonium) chlonde

Cl

pH 7 5-85
ATa; CO5 /FCI
10% w /) >_N

HO
D g —
e
o
%

tetrazotized ion 6, 6’-diamino-1H, 1'H, 3H, 3'H-
[bibenzo[delisoquinoling]-1, 1'3, 3’-tetraone,The
pH 7.5-8.5 was maintained by simultaneous
addition of sodium carbonate solutions (Na;SO)
(10% w/v) where a purple solution was obtained.
The stirring was continued for 4hrs at a constant
temperature of 0-5°C for another one 1hr. The
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solid dye precipitates out and was filtered, with
litle amount of acetone and dried at room
temperature [10] The same chemical reaction and
controlled condition was use for synthesis of dye
ArAs

Purification of synthesized the Dyes

The synthesized dyes were purified by
recrystallization from ethanol by adopting the
method used by [6].
Determination of Percentage Yield of the
synthesized Dyes

The percentage yield of the synthesized dyes

was determined using equation 1. 1 [9]
MP MR

%Yield = — =+ —— x 100

MMP MMR

........................................................ 1.1

where;

MP is the mass of the product

MMP is the molar mass of the product
MR is the mass of the reactant

MMR is the molar mass of the reactant

Determination Melting Point of the Dyes

The melting point of each dye was
determined using Gallenkamp melting apparatus.
Small amount of each dye was filled into a
capillary tube and placed in to the apparatus, the
melting point of each dye was obtained by
consistently focusing on the apparatus as the
apparatus gradually heat the dye in the tube
where the melting point is obtained.

Determination of Molar Extinction Coefficient
The molar extinction coefficient (€),

which is a constant for each molecule at any given

wavelength represents the absorbance substance

per litter. This was calculated using the
relationship,
Logo (lo/l) absorbance A or optical density

A=€Cl..........oc 1.2
€ = Molar Extinction Coefficient
A = Absorbance at Amax
C = Concentration of dye in Mol/dm?
L = Path length in cm

Infra-Red Spectra of the Dyes

About 1. 5mg of finely ground
synthesized sample was intimately mixed with
about 150mg of powdered potassium bromide
(KBr) in a mortal with pestle. The finely ground
mixtures were introduced in between the two bolts
(A and A1) and the upper screw A was tightened
until the powder was compressed to a thin disc.
After compressing, the sample bolts A and A
were removed and a steel cylinder with pellet
inside it was placed in path of the beam of IR
spectrometer and a blank KBr pellet was kept in
the path of reference beam and run.

UV-Visible Absorption Measurements

The wavelength of maximum absorption
of each dye was determined in distilled water,
ethanol Ethanol + HCI and dimethylformamide
(DMF). 0. 0019 of each dye was dissolved in 5 cm?3
of each of the solvent. The spectra of each dye
solution determined and recorded using UV-
Visible spectra scanning (Agilent CARY 300 UV-
Visible spectrophotometer).

RESULTS AND DISCUSSION
The results and discussion of the dye
synthesized intermediate and dyes

Table 1.1: Structures of Synthesized intermediate, molecular formular their IUPAC Name

Intermediate Name Structure Molecular
no. formula
A 6, 6'-diamino-1H, 1'H, 3H,

3H-[2, 2-
bibenzo[de]isoquinoline]-1,
1', 3, 3'-tetraone

00 C24H14N4O4
L5y
N-N
"e

O

OO0

Corresponding author: Magaji 1.Y.
B4 jprahimmagaji63@gmail.com

Department of Polymer and Textile Engineering, Ahmadu Bello University, Zaria.
© 2025. Faculty of Technology Education. ATBU Bauchi. Al rights reserved


http://www.atbuftejoste.net/
mailto:bakarihenry341i@gmail.com

JOURNAL OF SCIENCE TECHNOLOGY AND EDUCATION 13(3), SEPTEMBER, 2025
E-ISSN: 3093-0898, PRINT ISSN: 2277-0011; Jounal homepage: www.atbuftejoste.com.ng

Table 1.2: Structures of Synthesized reactive dyes, molecular formular and their IUPAC Name

DY STRUCTURE MOLECULAR
E FORMULA
No

A 3, 3-((1E, 1'E)-(1, 1", 3, a CsoH24ClaN14012
3-tetraoxo-1, 1, 3, 3- NJH S2
tetrahydro-[2, 2- 0 B
bibenzo[de]isoquinolin { \H
e6, 6 CI~<\N_<N 0 P O h’-’N O
diyl)bis(diazene-2, 1- H/ o o "
diy)bis(7-((4, 6 HNN CHOHD
dichloro-1, 3, 5-triazin- O N 00
2-yl)amino)-4- o
hydroxynaphthalene-2- !
sulfonic acid)

Ay 3,3-((1E, 1'E)-(1, 1, 3, a Cs0H24ClaN14012
3-tetraoxo-1, 1', 3, 3" %)‘C' S2
tetrahydro-[2, 2-
bibenzo[de]isoquinolin Cl
e-6, 6'-
diyl)bis(diazene-2, 1- H\ ! *
diyl))bis(6-((4, 6-
dichloro-1, 3, 5-triazin- OH ;:t“os
2-yl)amino)-4-
hydroxynaphthalene-2-
sulfonic acid) 30;

As 8, 8-((1Z, 1'2)-(1, 1", 3, Cs0H24ClaN14010
3-tetraoxo-1, 1', 3, 3- O S2
tetrahydro-[2, 2 SOH
bibenzo[de]isoquinolin N HN N Cl
e]-6, 6- a O
diyl)bis(diazene-2, 1-
diyl))bis(1-((4, 6-
dichloro-1, 3, 5-triazin- Cl)\ NLNH N
2- Ho3
yl)amino)naphthalene-
2-sulfonic acid)

As 4,4-((1Z,12)-(1,1, 3, HO,S SO CsoH24ClaN14O1s
3'-tetraoxo-1, 1', 3, 3- OO S
tetrahydro-[2, 2'-

bibenzo[de]isoquinolin

N HN N Cl
e]-6, 6- a 0
diyl)bis(diazene-2, 1- *
diyl))bis(5-((4, 6-
dichloro-1, 3, 5-triazin- CI/LNJ\NH N a

2-yl)amino)-3-

hydroxynaphthalene-2, ‘
7-disulfonic aCid) HO}S SO H
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As  3,3-((1E,1'E)-(1, 1, 3, CI% CsoH24ClaN1401s
3-tetraoxo-1, 1', 3, 3" />_C1 S4
tetrahydro-[2, 2'-

bibenzo[de]isoquinolin Cl

el-6, 6' o
diyl)bis(diazene-2, 1- Cl_<\ < SOH
diyl))bis(5-((4,

dichloro-1, 3, 5tr|a2|n Ko, SW{ H03
2-yl)amino)-4-

hydroxynaphthalene-2,
7-disulfonic acid)

Table 1.3: Physical properties of the synthesized dye intermediates.

Name of Colour  Melting point Percentage yield Molecular Molecular

intermediate of (°C) (%) weight(g/mol) formula
Crystals

A Brown 278-280 96 498. 50 C24H14N404

Table 1.4: Physical properties of the synthesized bifunctional reactive dyes derive from naphthalimides
derivatives

Dyes  Molecular Theoretical Melting Percentage Colour of the

No formulae molecular  weight point (°C)  yield (%) crystals
(g/mol)

A CesH2sCLsN1401854  1454. 98 304-306 82 Blue

A CesH28CLaN1201sSs  1454. 98 300-302 74 Red

A; Cs6H28CL4aN1201852  1294. 85 300-302 88 Brown

A4 CssHasCLaN1201252  1294. 85 308-310 80 Black

As CssH28CLsN1401052  1262. 85 300 302 76 Orange

Table 1.5: Wavelength of Maximum Absorption and Molar Extinction Coefficient of the Dyes
Dye  €max in DMF x 104 Distil DMF Ethanol Ethanol + HCI Change in Amax

No (Lmol' cm-1) H20 Amax Amax Amax (nm) (nm) (b-a)
Amax (nm) (nm) (b)
(nm) (a)

A1 2.77 511 525 509 514 +5

A 2.80 498 521 519 515 -4

As 3.28 494 511 510 494 -16

Ay 2.26 515 422 509 494 -15

As 8. 21 449 511 510 511 +1
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Table 1.6: Infrared Spectra of the Synthesized Intermediates Based on Namphthalimide Derivatives
A-3067(N. H Str Vibr), 2784(C-H Str Vibr), 2583 (C-H Str Vibr Aliphatic), 2106 (C-H Str Vibr Ar), 1622 (C=0
Str Vibr), 1670 (-N-C=0 Str Vibr),

Table 1.7: FT-IR Analysis of the Synthesized Azo Reactive Dyes

Dye FT-IR (cm-1)

No

A1 3204 (OH Str Vibr) 3070 (C-H Str Vibr) 2121 (C-H Str Vibr) 1778-1707 (C=0 Str Vibr)1599-1299 (C-
N Str Vibr)
1648 (N-H bend Vibr) 1372 (N=0 Str Vibr) 709-743 (C-Cl Str Vibr) 877-862 (SOsH Str Vibr)

Az 3432 (OH Str Vibr) 2840-2985 (C-H Str Vibr) 1797 (N=N Str Vibr) 1648 (N-H bend Vibr) 1439-1417
(C-N Str Vibr) 1041 (S=0 Str Vibr) 862 (SO3H Str Vibr) 709-766 (C-U Str Vibr) 1372 (N-O Str Vibr)

As 3592 (OH Str Vibr) 3439 (NH Str Vibr) 2840-2996 (C-H Str Vibr) 2508-2162 (-SCN Str Vibr) 1748
(C=0 Str Vibr) 1648 (N-H bend Vibr) 1588 (N=N Str Vibr) 1369 (N=0 Str Vibr) 1417-1439 (C-N Str
Vibr) 728-762 (C-CL Str Vibr) 829 (SOsH Str Vibr) 992 (SOsH Str Vibr)

A4 3435 (OH Str Vibr) 2870-2985 (C-H Str Vibr) 1819 (C-O Str Vibr) 1704-1745 (-N-C Str Vibr) 1588-
1652 (-N=N Str Vibr) 724-762 (C-CL Str Vibr) 829-940 (SOsH Str Vibr)

As 3432 (OH Str Vibr) 3238 (NH Str Vibr) 2840 -2985 (C-H Str Vibr) 1704-1748 (C-O Str Vibr) 724-762
(C-CL Str Vibr) 829-992 (SO3H Str Vibr) 1588-1648 (-N=-N Str Vibr)

Table 1.8: Gas chromatography mass spectroscopy of synthesized intermediate based on naphthalimide
derivatives

Intermediate  Empirical Experimental value Corresponding positive theoretical
code formula of m/z fragment chare fragment value
A C 22 Hia Ns 43.0,75.0,105.0 C2 Hs NO2* Cs Hs N2+ C12 Hs 4220
Os 177.0,207.0 NO* C12 H7 N4 * C17 H3 N3 O4 *
422.0 M+
o 1745; B5.98%
v -«MW“WW,«, MM"J‘;]‘D{LTS; 88.180
M 3075; 84.022 /N/J
‘*ﬂa\. Py
, - l’“\.\ ‘n
= Hwﬁs‘ v(.ﬂ\g,éis
@ 2877, 80.137 |
s | o i
E
g
Sc. |
= ‘
‘ 700; 7
1 J-.“HE 819;
1197; 83.452
@ 1510; 68 421 r8e. 61899
1865, 56.120  [1240; 56.128
| 7680 58.308
T T T 17 T T T T 17 T T T T T1 — T T T T T 17 T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm-1)

Figure A: TT-IR Spectra of Intermediate A
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Figure A: 1. FT-IR Spectra of dye A
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Figure A. 2. FT-IR Spectra of dye: A2
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Figure A. 3. FT-IR Spectra of dye A3
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Figure A. 4. FT-IR Spectra of dye A4
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Figure A. 5. FT-IR Spectra of dye As
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Displayed the structures of synthesized
intermedciates using acenaphthene as a starting
material and several reaction steps like nitration,
oxidation, amination and reduction were involved
to obtain the various intermediates, with the colour
crystals brown, yellow and dark brown, melting
point ranging 276-290°C percentage yield ranged
from 58-98% and the molecular weight range from
422. 40 (g/mol).

Physical properties of the synthesized
bifunctional reactive dyes A+-As derive from
Naphthalimide derivatives

The dichlorotriazine dyes As4-As have
moderate to higher molecular weight ranges from
1186. 76 -2097. 87 (g/mol) which translates to
higher melting point ranges from 300-338 (°C).
The percentage vyield of the synthesized dyes is
also very high although very few have low
percentage yield which ranges from 68-92 %. The
high percentage yield recorded is an indication
that there was a control of the experimental
conditions (Mousa et al., 2014). The synthesized
dyes were also very soluble in water which is an
indication that the structure of the synthesized
dyes are highly branched and the position of the
functional groups in the carbon chains also
favours the solubility of the dyes (OH, SO3 H)[8]

55 5.0 4.5 a0 a5 aa 25 20 15 1.0 ns o0

[111;[12];. The colour or hue of the synthesized
bifunctional dyes ranges from blue, brown,
orange, black, purple, red, pink due to the
presence of functional groups such as NH 2 and -
OH on the dye structure

Spectroscopic  characteristics of the
synthesised bifunctional reactives dyes A1-As
based on naphthalimide derivatives

The visible absorption maxima of the
synthesised azo reactive dyes as recorded in
Table 4. 3 felt within the visible region (400 - 700
nm) of the electromagnetic spectrum. The values
of the molar extinction coefficient () that were
determined by Beer-Lambert's law are in the
range of 2. 77x10—4-8. 21x10—* Lmol-cm-1 which
is an indication of high absorption intensity of the
synthesised azo reactve dyes in DMF
respectively. However, the synthesised azo
reactive dyes have different chromophoric
functionalities, but same bridging groups and it is
also apparent that the value of Amax depends on
the coupling components used. The presence of
electron donating or electron attracting
(withdrawing) groups at the suitable position of the
coupler ring affects the absorption characteristics
of the synthesised azo reactive dyes [11].
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The wavelength of maximum absorption
(Amax) appeared in the vesible region of the

spectrum which is attributed to the p-pF. Reaction
of 6, 6-diamino 1H, 1'H, 3h, 3' H (2, 2’ - bibenzo
[de] isoquinoline ] 1, 1’3, 3 — teraone with
cyanurated H-acid gave dye A1, which absorbed
at 525 nm in DMF, 511nm in distilled water,509
nm in ethanol and 514 nm in ethanol plus HCL
which dye A+ in DMF is more bathachromic which
could be attributed to the presence of electron
donating or electron attracting (withdrawing)
groups at the suitable position of the coupler ring
and polar excited states of the synthesised azo
reactive dyes are stabilized by polarization
interactions forces as the polarisability of the
solvent increases but when cyanurated H-acid
was replaced with cyanurated R-ac id which gave
dye A2 and absorbed at 521 nm, which gave
hypsochronic shift of 4 mm when compared to dye
As. This agrees with the findings of [13] and the
presense of electron acceptor group of teteazo
components and electron donating group of the
coupler.

Replacing cyanurated R with J-acid dye
As was synthesized which absorbed at 511 nmin
DMF and gave a hypsochromic shift of 14 nm
positive solvatochromic when compared to dye A+
and hypsochromic shift of 10 nm nagetive
solvatochromic when compared to dye Az due to
the presence of sulphonic group and tetra azo
component on the coupling components. Mean
while replacing J-acid with gamma — acid dye A4
was synthesized which absorbed at 422 in DMF
and gave a hypsochormic shift of 103 nm when
compared to dye A1, hypsochomic shift of 99 nm
when compared to Az and hypochromic shift of 87
nm when compared to dye As respectively.
However, replacing cyanurated gamma-acid with
Tobias acid, dye As was synthesized absorbed at
511 in DMF and gave a hypsochromic shift of 14
nm when compared to A1, hyposchromic shift of
10 nm when compared to dye A2 when compared
to dye As at on the same wavelength, when
compared to dye A« bathochromic shift 89 nm
respectively.

Infrared Spectra of the Synthesized
bifunctional Reactive Dyes Based on
Naphthalimide Derivatives

The FT-IR spectral of dye A1

Dye A1 was synthesized by tetrazotizing
6, 6-diamino 1H, 1H, 3H, 3'H (2, 2-bibenzo[de]
isoquinoline) 1, 1’3, 3-tetraone with cyanurated H-
acid. The crystal colour, percentage yield and
melting point were Blue, 82% and 304-306°C
respectively. The IR spectrum of the synthesized
dye A1 showed all the basic functional groups
indicated by the characteristics bands (stretching
and bending vibration) at the IR spectra IR vmax
cm!) figure A, 1 appendix A) of the dye A1 showed
stretching vibration at 3204 for OH, 3070 for C-H,
N-H stretching vibration, at 2121. For C-H, 1599
for N=N 1648 for N-H bend vibration 1299 for C-N
stretching vibration, at 1372 for N=0, C-C, 1709-
743 cm! stretching vibration.

The H'NMR spectrum (figure B, 2
Appendix B) (400 MHz, DMSO) shows peak at 2.
0-3. 43 & ppm correspond to the proton on the
sulphonic group (SO03H), the peak at 4. 0-5. 25 &
ppm correspond to the proton on the amine group
(NH), the peak at 5. 35-5. 51 & ppm correspond to
the proton on the hydroxyl group (OH). The peak
at 7. 22-6. 94 & ppm correspond to the aromatic
region of the spectrum. The peak at 7. 78-7. 74 &
ppm correspond to the aromatic region of the
spectrum.

The FT-IR spectral of dye Az

Dye A2 was synthesized by tetrazotizing
6, 6-diamino 1H, 1H, 3H, 3'H (2, 2-bibenzo (de)
isoquinoline) 1, 1’3, 3-tetraone with cyanurated R-
acid. The crystal colour, percentage yield and
melting point were red, 74% and 300-302 °C
respectively. The IR spectrum of the synthesized
dye A2 showed all the basic functional groups
indicated by the characteristics band (stretching
and bending vibration). The IR spectrum (IR vmax
cm) figure A2 appendix A) of the dye A2 showed
stretching vibration at 3432 O-H, -2840-2985 C-H
stretching vibration 1791 N=N stretching vibration,
1648 N-H bending vibration 1439-1417 C-N
stretching vibration, 1372 N-O stretching vibration.
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709-766 cm C-Cl stretching vibration. The
H'NMR spectrum (figure B, 2 Appendix B) (400
MHz, DMSO) shows peak at 2. 0-3. 43 & ppm
correspond to the proton on the amine groups (
NH ), the peak at 10.05-10. 25 § ppm correspond
to the proton on the hydroxyl group protons (OH),
the peak at 11. 35-12. 25 & ppm correspond to the
proton on the sulphuric group (SO3H ). The peak
at7.16- 8. 15 & ppm correspond to the aromatic
group protons of the spectrum.

The FT-IR spectral t of dye A3

Dye A was synthesized by tetrazotizing
6, 6-diamino 1H, 1H, 3H, 3'H (2, 2-bibenzo (de)
isoquinoline) 1, 1’3, 3-tetraone with cyanurated J-
acid. The crystal colour, percentage yield and
melting point were Brown, 88% and 300-302 °C
respectively. The IR spectrum of the synthesized
dye As showed all the basic functional groups
indicated by the characteristic of the band.
(Stretching and bending vibration. The (IR Vmax
cm-1) (figure A. 3, Appendix A) of the dye As
showed stretching vibration at O-H 3592, N-H
stretching vibration at 3439 C-H stretching
vibration at 2840-2996, -S-C-N stretching vibration
2508-2162, C-O stretching vibration at 1748, N-H
bending vibration at 1648, N-O stretching vibration
1369 C-N stretching vibration 1417-1439, N=N
stretching vibration at 1588, C-Cl stretching
vibration at 728-762 cm-".

The H'NMR spectrum (figure B, 2
Appendix B) (400 MHz, DMSO) shows peak at
12.00-12. 30 & ppm correspond to the proton on
the sulphonic group (SOsH), the peak at 9.95-
10.35. & ppm correspond to the proton on the

amine group (NH), the peak at 5. 35-5. 51 & ppm
correspond to the proton on the hydroxyl group
(OH) . The peak at 7. 78-9. 95 & ppm correspond
to the aromatic protons region of the spectrum.

The FT-IR spectral of dye A4

Dye A4 was synthesized by tetrazotizing
6, 6-diamino 1H, 1H, 3H, 3'H (2, 2-bibenzo [de]
isoquinoline) 1, 1'3, 3-tetraone with cyanurated -
acid. The crystal colour, percentage yield and
melting point were Black, 80 % and 308-3010 °C
respectively. The IR spectrum of synthesized dye

A4 showed all the basic functional groups
indicated by the characteristics bands (stretching
and bending vibration). The IR spectrum (IR Vmax
cm’) Figure A-4 Appendix A) of the dye As
showed stretching vibration at O-H 3435, C-H
stretching vibration at 2840-2985, C-O stretching
vibration at 1819 N-C stretching vibration at 1704-
1745, N=N stretching vibration at 1588-1652, C-Cl
stretching vibration at 724-762 SO3H stretching
vibration 829-940 cm-!.

The FT IR spectral of dye As

Dye Aswas synthesized by tetrazotizing
6, 6-diamino 1H, 1H, 3H, 3'H (2, 2-bibenzo [de]
isoquinoline) 1, 1’3, 3-tetraone with cyanurated
Tobias-acid. The crystal colour, percentage yield
and melting point were Orange, 76% and 300-302
°C respectively. The IR spectrum of synthesized
dye As showed all the basic functional groups
indicated by the characteristics band (stretching
and bending vibration). The IR spectrum (IR Vmax
cm-1) figure A-5 Appendix A) of the dye Asshowed
stretching vibration at OH 3432, N-H stretching
vibration 3238, C-H stretching vibration at 2840-
2985, C-O stretching vibration at 1704-1748, C-Cl
stretching vibration at 724-762, SO3H stretching
vibration at 829-992 N=N stretching vibration at
1588-1648 cm".

CONCLUSIONS

In conclusion, we reported the synthesis
of 488ifunctional reactive dyes with naphthalimide
derivative were synthesized starting with the
following reaction nitration, oxidation, amination
and reduction to synthesized the intermediate A
6, 6'-diamino-1H, 1'H, 3H, 3H-
[bibenzo[delisoquinoline]-1, 1’3,  J3'-tetraone,]
which tetrazotised with cyanurated coupling
component such as H-acid, R-acid, J-acid, y -acid
and Tobias acid. The synthesized dyes were
purified by recrystallization method. The structure
of the synthesized dyes were comfirm using UV -
visible,, FT-IR, MS and 'HNMR spectroscopic
technique., Spectrophotometric investigations of
the dyes in solvents of different polarities were
measured to obtain absorption maxima, molar
extintion coefficient ana salvatochromic effects
These dyes givss percentage yieldd of 76-
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88%,molecular weight of 1262.85-1454.98 g/mol,
meiting point 300-306°C with various hues such
as blue,red, brown, black and orange respectively.
The planarity of molecules and solvent polarity
play an important role in emission spectra of dyes.
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