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A Fluorescent Molecule Based on 1,8- Naphthalic Anhydride: Synthesis,
Spectral Properties, And Studying The Conductance In Solution
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Abstract

In this paper, the compound of (4-bromo-3-nitro-1,8 -naphthalic anhydride) and the dopant material (4-hydroxy-m-benzene-
disulfonic acid) were synthesized. The UV- Vis absorption and emission spectra of the compound were recorded. 4-bromo-
18- naphthalic anhydride was used as a starting material to prepare the compound (4-bromo-3-nitro-1,8 -naphthalic
anhydride) in the presence of concentrated sulphuric acid and sodium nitrate. The dopant material (4-hydroxy-m-benzene-
disulfonic acid) was prepared by using phenol in concentrated sulfuric acid. The absorption bands depend on the solvent
polarity, which the compound shows significant red shift in DMSO solvent compared to in ethanol solvent.

The fluorescence spectra of this compound were sensitive to the solvent polarity, the calculated result indicates that the
maximum peak is shifted to red in polar solvent, to the excited states of the polar ICT, which leads to decrease the energy of
the excited states. The effect of the dopant material on the conductivities (ionic and specific) of the compound was studied,

the ionic conductance was increased as the weight of the dopant material increases.
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1. Introduction

There are many applications for organic
fluorescent dyes, for example cosmetics, coatings
and paint, food and textile industries, in addition to
the applications in the technology industries, such
as resonance energy transfer, solar cells and liquid
crystal displays. There are many chemical
compounds of organic fluorescent dyes, one group
of these dyes are 1,8-naphthalimide derivatives
which form a special class of compounds.
Naphthalimide derivatives are used for solar energy
collectors as fluorescent dyes and in liquid crystal
displays as fluorescent dichroic dyes. 1,8-
naphthalimide derivatives contain amino groups in
the C- 4 position and display strong yellow- green
fluorescence with a bright yellow color [1]. The
presence of strong electron- donating groups, for
example alkyl amine and alkoxy shows a good
fluorescent  properties of 1,8-naphthalimide
compounds and 4- alkoxy-1,8-naphthalimides are
used as fluorescent brightening agents [2].

1,8-naphthalimide derivatives are very sensitive
to solvent effects and are able to bind to substrate,
therefore the 1,8-naphthalimide properties (i.e.,
optical and photophysical properties) are very
sensitive to the substituents in the aromatic ring in
the chemical structure. In addition, the fluorescence
spectra of these fluorophores are sensitive to the
solvent environment [3]. The 1,8-naphthalimides
are showed a high fluorescence quantum yields,
which are used as laser dyes. The derivatives of the
naphthalimide are used as fluorescent molecular
probes [4]. The most kind of fluorescent
chromophore which is used widely is naphthalic
anhydrides, these compounds are high fluorescence
efficiency and chemical stability. The presence of
electron donating groups at the C-4 or C- 5
positions of the naphthalic ring leads to a ©* push —
pull © molecule with an intramolecular charge-
transfer (ICT) excited state and generate a dipole
character [5]. 1,8 - naphthalimide is a conjugated
fluorescent molecule with a rigid plane. The 1,8 -
naphthalimides are showed good fluorescence

*Corresponding author e-mail: rozachemistry@yahoo.co.uk, Tel:- 07809758878

Receive Date: 20 October 2019, Revise Date: 27 December 2019, Accept Date: 21 March 2020

DOI: 10.21608/EJCHEM.2020.18464.2138

©2020 National Information and Documentation Center (NIDOC)


mailto:rozachemistry@yahoo.co.uk
tel:-

4228 ROZA Abdulrazag AL-AQAR.

quantum yield and stokes shift, therefore they have
been used in laser dyes, DNA intercalators,
fluorescent probes. In addition, they widely used for
the fluorescence probe, depend on the Schiff- base-
type compounds with metal chelators [6]. The azo
dyes are prepared by using 4- amino -N -
substituted — naphthalimide which is characterized
as a diazo component, and the

dual fluorescence is determined by the synthesis of
some N-aryl-1,8-naphthalimides, and the twisted
internal charge transfer ( TICT) is studied by the
dual fluorescence systems [7]. The 1,8 -
naphthalimide is showed represented a visible
emission wawelength and good photostability. The
intramolecular charge transfer (ICT) is observed in
the substituted naphthalimide, the ICT is arising by
the combination of the electron- withdrawing of the
imide core with the planar architecture of the
naphthalimide [8]. The naphthalene compound with
an amine substituent is sensitive to the solvent
effects, therefore the fluorescence spectrum,
quantum yield, and lifetime are changed with the
solvent is changed because the binding to a
substrate [9]. The optical molecular sensor is
created by 1,8-naphthalimide, therefore the 1,8-
naphthalimide derivatives are used as fluorescent
markers  in  biology, anticancer  drugs,
electroluminescent compounds [10], and fluorescent
brightening agents ( FBA), energy sun collectors
[11]. Recently, there are many researchesdepend on
the synthesis of new photochromic devices,
therefore new photochromic compounds are
prepared by naphthalimide derivatives [12].
Naphthalene or pyrene has good fluorescent
properties and is characterized as certain aromatic
moieties, and naphthalene or pyrene is used as the
fluorescent probe and hydrophilic moiety when
transformed to hydrophilic groups [13].

In the current work, we report on the synthesis of 4-
bromo-3-nitro-1,8- naphthalic anhydride, the dye
was prepared by a simple method. The UV- visible
absorptionand fluorescence spectral properties and
ionic conductance were studied. Application in
conductance by using dopant material ( 4- hydroxy-
m- benzene- disulfonic acid ) was investigated.

Experimental :
Preparation of 4-bromo-3-nitro-1,8-naphthalic

anhydride

4-bromo-1,8- naphthalic anhydride (7.0 gm,
0.025 mole) in concentrated sulphuric acid (37.5
ml), then sodium nitrate (2.6 gm, 0.03 mole) was
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added to the compound and the addition was
completed within 1 hr. The solution was stirred for
2 hr in room temperature, and was poured into
water (500 ml), the solution was filtered, washed
with water. The yellow solid was obtained [14].

§ W ]

CuN

Er
Scheme (1): The structure of 4- bromo-
3-nitro -1,8- naphthalic anhydride
Preparation of dopant material, Preparation of 4-
hydroxy-m-benzene disulfonic acid
In a flat — bottomed flask, phenol 31 gm (0.33 M)
was added and then added 116 gm of concentrated
sulfuric acid. The mixture was heated in a boiling
water bath for 3 hr with mechanical stirrer on
cooling to room temperature or belowby immersing
the flask in ice water, and the solution of sodium
hydroxide (95 gm in 235 ml water) was added
slowly, the solid salt was separated [15]. The FT-IR
was measured by FTIR-8400S Shimadzu (JAPAN)
instrument.

Measurement of the ionic conductance

The dye (0.022) gm was dissolved in water (100)
ml as a solwvent, and the ionic conductance was
measured without the addition of the dopant
material which was equal to 1x10°° Siemens, then
different weights of the dopant material (4-hydroxy-
m- benzene-disulfonic acid) were added to the
solution and the mixture was stirred for 2 mins.,
then the ionic conductance was measured at room
temperature by the Konduktoskop E 365B
instrument.

The photophysical properties (UV- Visible
absorption)

The UV- Visible absorption of 4- bromo- 3-
nitro-1,8-naphthalic anhydride in ethanol, dimethyl
sulfoxide DMSO, and butanol was recorded by the
Spectroscan 80D (UK) instrument to study its
spectral properties in different solvents of different
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Table 1: Absorptionand emission datafor 4- bromo- 3- nitro -1,8-naphthalic anhydride in different

solvents
Solvents Absorption maxima (nm) Fluorescence maxima (nm)
Ethanol 236,318 361
Butanol 232,306 370
DMSO 338,402,454 378

polarity Fig 1. The wawelengths corresponding to
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Figure (1): The absorption spectrum in different
solvents

2. Results and Discussion

The compound has a common broad band at (300-
320) nm in some solwvents such as butanol and
ethanol, on the other hand, bathochromic shifts in
absorption due to solvent polarity was observed. For
example, in ethanol, the compound had a Amax value
at 236.00 nm, and a red shift in absorption for the
polar solvent, DMSO at 338 nm. It is important to
study the effect of the substituents at C- 4 on the
absorption spectrum, when the replacement the
bromo group with strong electron-donating group,
such as methoxy- ethoxy group [2]. The electron -
donating leads to increase the intramolecular
hydrogen bond strength [16]. In butanol, higher
energy m - mw* transitions were observed at
wavelength ca. 232 nm. The compound exhibited a
slight blue shift (ca. 4-5 nm) on moving from the less
polar ethanol to highly polar 1-butanol. In DMSO
solvent, the absorption spectrum for the compound
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the spectral peaks are shown in Table 1.

displayed bands at 338, 402 , and 454 nm, there is a
red shift (Amax = 338 nm ) compared to that of its
compound (Amax = 236 nm) in ethanol solvent. The
band at (Amax = 338 nm) was broad and was
assigned to the internal charge transfer (ICT)
absorption character of the 4- amino -1,8-
naphthalimide which relates to the electron donating
nature of the substituent [17]. The band in the UV
region ( Amax = 338 nm ), which could be attributed
to the absorption of © - «* transition of naphthalic
ring, and the two ICT bands in the visible region
[18].

The fluorescence spectrum
The fluorescence spectra of 4- bromo- 3- nitro -1,8-
naphthalic anhydride is displayed in Fig. 2.
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Figure (2): The fluorescence spectrum in different
solvents

It can be observed from the figure that the
fluorescence emission spectra of the compound were
sensitive to solvent polarity. They mowve to lower
energies with increasing the polarity of the solvent
Table 1. The effect of the solvent polarity on the
fluorescence maximum was more pronounced
compared with the absorption maximum. In more
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polar solwents, for example, DMSO, the long
wavelength of fluorescence is undoubtedly due to an
intramolecular charge transfer transition, this means

Table 2: The main functional groups and
their frequencies in FT-IR of the compound
(4- bromo-3-nitro-1,8- naphthalic anhydride)

CH C=0 C=C C-Br C-N

3082 1778,1732 1570 775 1134

that the S; excited state is highly polar nature. In
DMSO, the fluorescence maximum is increased by
approximately 17 nm compared with ethanol solvent.
The fluorescence properties were found to strongly
dependent on the solvent polarity, showing ca. 8 nm
red shift on moving from butanol to DMSO, the
excited states for the 4-amino-1,8- naphthalimides
have ICT character [19]. Excitation of the compound
at 300 nm gave a single emissionband centred at 378
nm in DMSO, compared to the emission of 4-nitro-
1,8-naphthalimides, which exhibit weak emission (ca
450 nm ) because of the electron withdrawing for a
nitro group, the nitro-1,8-naphthalimide shows the
absence of any fluorescence because of the
constituent chromophores have a mixing of energy
levels [17]. The fluorescence maximum of the
compound gradually red shifted from 361 nm in
ethanol, 370 nm in butanol, and 378 nm in DMSO,
the polarity of the solwvent trigged a significant
bathochromic shift (17 nm) of the fluorescence
wawvelength of the compound with increasing the
polarity of the solvent from ethanol to DMSO. The
fluorescence position of the maximum peak is shifted
to red in polar solvent, due to the solvation of the
polar solvents to the excited states of the polar ICT,
which has decrease the excited states energy, and
lead to the remarkable red- shift of the emission peak
(i.e. maximum of the emission peak) [18].

FT- IR characterization

The FT-IR was used for the characterization of the
compound (4- bromo-3- nitro-1,8- naphthalic
anhydride), Fig. 3, Table 2, and the dopant material
(4-hydroxy-m-benzene-disulfonic acid). The FTIR
data showed stretching band at 1570 cm™ for C=C,
and the band at 3066 cm™ for C-H stretching [7], the
band at 3082 cm™ is due to C-H stretching for
aromatic ring, the bands at 1778, 1732 cm™ for C=0
stretching carbonyl groups, the band at 1570 cm™ for
C=C stretching for aromatic ring, the bands at 1500,
1330 cm™ are due to NO, stretching (asymmetry and
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symmetry) [1]. The C-Br band was appeared at 775
cm™, the band at 1134 cm™ for C-N band [3]. The
aromatic C-H bending at about 1022 cm™ [20]. The
FTIR data for the dopant material showed the peak at
3456 cm™ is assigned to O-H stretch, and S=O group
(symmetry stretching) is appeared at 1126 , the peaks
at 1631, 1604 cm™ for C=C cm™ aromatic ring , the
O-H (out of plane deformation) is appeared at 622
cmt.

The conductance

The conductance or conductivity means that the
reciprocal of the resistivity normalized to a 1- cm
cube of a liquid at a temperature according to the law.
K= % = RL—A inohm™. cm™

While the resistance is related to the length of a

conductor (L) and inversely proportional to the area
(A), R= %L &=,

€ is the resistivity, which the units of ohm. cm [21].
The ionic conductance (G) of the compound was
measured in water as a solvent. The influence of the
dopant material (4-hydroxy-m-benzene- disulfonic
acid) on the conductivities of the compound is shown
in Fig. 4. 1t is apparent that the conductance increases
as the weight of the dopant material increases, the
conductance of the compound was 1x10® Siemens,
while the conductance was 217x10° Siemens after
adding the dopant material (0.096) gm, while was
8x10°  Siemens in 0.002 gm, therefore the
conductance depends on the free ions mobility and
the concentration, the conductance is improved
through the charge carriers and mobility of charge
carrier and the conductance is increased by the
difference inthe doping efficiency and charge carrier
mobility [22]. The low conductance (8.00%10°® ohm’
Y is resulted from the dopant aggregation which is
interrupt the charge transport of the compound [23].
Fig. 5, shows the relationship between the specific
conductance and the weights of the dopant material,
it can be seen the same behaviour of the ionic
conductance. Table 3 shows the values of the
conductance and specific conductance for the
compound.
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Figure (3): The FT-IR spectrum for the compound

Figure (4): The conductance for the compound

Figure (5): The specific conductance for the
compound
3. Conclusions

In this paper, we have synthesized of naphthalic
anhydride compound, UV — Vis absorption and
emission spectra and ionic conductance were
measured, the absorption spectra depend on the
solvent polarity, which the compound shows
significant red shift in some solvents, such as DMSO
solvent.

The compound showed a specific fluorescence
emission maximum at 378 nm in DMSO, 361 nmin
ethanol, 370 nm in butanol, therefore the
fluorescence spectra of this compound were sensitive
to the solvent polarity, the calculated result indicates
that the maximum peak is shifted to red in polar
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Table 3: The values of conductance and
specific conductance for the compound after
doped with the dopant material

Weight Conductance Specific
/gm fohm™ Conductance/
ohm™.cm™
0.002 8.00E-06 4.64E-05
0.004 9.00E-06 5.22E-05
0.006 9.00E-06 5.22E-05
0.016 4.10E-05 2.38E-04
0.026 6.60E-05 3.83E-04
0.036 9.20E-05 5.34E-04
0.046 1.07E-04 6.21E-04
0.056 1.17E-04 6.79E-04
0.066 1.32E-04 7.66E-04
0.076 1.62E-04 9.40E-04
0.086 1.92E-04 1.11E-03
0.096 2.17E-04 1.26E-03

solvent, which leads to decrease the energy of the
excited states. The effect of the dopant material on
the conductivities (ionic and specific) of the
compound was studied, the ionic conductance was
increased as the weight of the dopant material
increases, the conductance of the compound was
1x10°® Siemens, while the conductance was 217x10°®
Siemens after adding the dopant material (0.096) gm.
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