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Colorimetric Study on the Application of Some Fluorescent Naphthalimide
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Abstract: Coloration of polyamide fabrics with five dyes naphthalimide derivatives was investigated. Three compounds,
containing a tetramethylpiperidine (TMP) fragment were applied as fluorescent whitening agents (FWA). Materials with a
bright color or whiteness and an intense fluorescence were obtained. The color characteristics using a Tristimulous
colorimetry were recorded. The photo stability of the compounds in solution and on the polyamide fabrics was studied. It
was found that among the dyes the compound 5 had the best photo stability. The FWA compounds, containing a stabilizer
fragment in their molecule, had excellent stability in solution and very good stability on polyamide material.
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1. INTRODUCTION

Among various classical dyes, luminophores, due to their
bright color and intense fluorescence, are of special interest.
They were successfully applied for coloration of natural and
synthetic materials [1, 2]. Recently, they have been widely
applied in high technology such as solar energy sells, liquid-
crystal displays, lasers, sensors and others [2, 3]. The
fluorescent whitening agents (FWA) are also of special
interest and have been applied not only for whitening of
different materials but in high technology as well [3, 4]. The
1, 8-naphthalimide derivatives due to their bright color and
intense fluorescence are well known as dyes for coloration of
different materials, markers in biomaterials, sensors and
others [3].

The stability of dyes and FWA was also of importance
for their application. In the last years different approaches
have been developed and different functional compounds
have been synthesized [5, 6]. The possibility for “one-step”
coloration and stabilization of polymers that we reported in
the past few years was of special interest. In our papers we
reported the synthesis of different dyes, including 1,8-naph-
thalimide derivatives, and their application for coloration of
polymers [5-10]. It was of interest to study the color charac-
teristics of the compounds synthesized and the possibility for
their application for dyeing or whitening of textile materials.
Some of the compounds under this present study contained a
stabilizer (tetramethylpiperidine -TMP) fragment in their
molecule, so it was of interest to investigate their photo
stability and to compare it to the stability of the others.
Therefore, this was the objective of the present study.

2. MATERIALS AND METHODS
2.1. Materials

The compounds under study were synthesized according
to the method described before [11, 12]; polyamide fabrics
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(Polyamide 6) were a Bulgarian product (Agrochim, St.
Zagora). All solvents were products of Merck (pro analysis
or analytical grade).

2.2. Equipment and Methods

UV/Vis absorption spectra of the compounds were
recorded in dimethyformamide (DMF; concentration 4x10™
gmL") on a Hewlett-Packard 8452A UV/Vis spectro-
photometer (2-nm resolution). Fluorescent spectra were
measured on a Varian Eclipse fluorescent spectrophotometer
in DMF (4x10* gmL™"). The photo stability of the
compounds was studied by irradiation of their DMF
solutions in a Suntest equipment ‘Heraeus, Germany), fitted
with an air-cooled Xenon lamp (Hanau, 1.1 kW, 765 W/mz).
The process of their photo degradation was monitored
colorimetrically (the standard calibration curve method),
following the dependence of the compound’s concentration
on the time of irradiation, where the initial concentration of
the compounds was accepted to be 100 %. Polyamide fabrics
were dyed with the compounds 1-§ at concentration of 1 %
on weight of fabric (0.w.f.) following the standard procedure
[2, 13]. Materials with the compounds 6-8 at two concen-
trations 0.5 % and 1 % (o.w.f.) were treated [14]. The color
characteristics of the dyed materials applying a Tristimulus
Colorimetry (Data color technique) at three different
illuminant light sources (a daylight - D65, a fluorescent light
- CWF and an artificial light source with red-hot filament -
A) were determined. The dyed or whitened fabrics thus
obtained, were subjected to irradiation by UV light
(wavelength A= 290 nm) in a Suntest equipment.

3. RESULTS AND DISCUSSION

The compounds are presented by general formula I and
II, where the meanings of R and R, are given.

The compounds 1-5 are yellow-orange in color with an
intense greenish fluorescence in solution. The compounds 6-
8 are colorless with an intense bluish fluorescence in solu-
tion under UV light.
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Formula I Formula II
HsC_ NH  CHs
HsC CH3
Ff H»C _CH,
O M0 O N0
R4 OA

1) R=-CHj; R;= -NHNH,;

2) R=-CH,CH=CH,; R/=-NHNH,;

3) R=-CH,CH=CH,; R;=-NHCH,CH,NH,;
4) R=-CH;; R;=-NHNHCOCH,CI,

5) R=-CH,CH=CH,; R;= -NHNHCOCH,Cl
6) A= -CH;;

7) A= -CH,CH=CH,;

8) A= -CH,CH,0COC(CH);=CHy;

3.1. Spectrophotometric Measurements

Firstly, it was of interest to study some of the spectral
characteristics of the compounds, important for their
application. The absorption UV/Vis and fluorescent spec-
tra of the compounds in solution were recorded and the
data obtained are presented in Table 1.

Table 1.  Spectrophotometric Data for the Compounds 1- 8
Compound Amax abs Amax fl
N nm log & nm
1 444 34 543
2 458 33 560
3 442 35 535
4 412 3.6 513
5 404 35 507
6 342 (356) 3.6 413
7 342 (356) 3.0 410
8 342 (356) 3.2 407

*DMEF solutions with a concentration 4.10* g.mL"

One can see from these data that when the amino group
in the hydrazine residue was acylated (compounds 4 and 5),
a hypso chromic shift in their absorption (46- 38 nm) and
fluorescence Ay. (47 -28 nm) was observed. Nevertheless
their absorption maxima remained in the visible region (they
had a color). When in the fourth position of the naph-
thalimide ring an alcohol residue (methyl, allyl or HEMA)
was involved (compounds 6-8), the Ay, of their absorption
moved to the near UV region (342-356 nm). Their
fluorescence was in the near visible one (407-413 nm), that
was very important for their application as FWA.
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3.2. Color Assessment

The polyamide samples with the compounds 1-5 were
dyed and the color characteristics of the dyed materials
applying a Tristimulus Colorimetry (Datacolor technique) at
three different illuminant light sources were studied. Their
reflectance spectra thus recorded are shown in Fig. (1).
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Fig. (1). Reflectance spectra of the dyed materials. ‘numbers of the

curves correspond to the numbers of compounds; std: untreated
polyamide fabric.

One can see that the most intensive color with the com-
pound 3 (-NHCH,CH,;NH, group in the fourth position) was
obtained. The acylation of the amino group in the hydrazine
residue (compound 4) affected (increasing) the hue of the
dye compared to the compound 1, but for the compound 5
(in comparison to compound 2), neither increasing nor
decreasing of the hue was observed. Similar measurements
with polyamide materials treated with the compounds 6-8
were performed and the reflectance spectra of the whitened
materials (Tristimulus Colorimetry-Data color technique)
were recorded. In Fig. (2) the reflectance spectra of the
compound 6 are presented. (The reflectance spectra for the
compounds 7 and 8 were quite similar so we did not present
them).
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Fig. (2). Reflectance spectra of the polyamide materials. * /-
untreated polyamide; 2 - polyamide material treated with 0.5 % of
compound 6, 3- polyamide treated with 1% of compound 6.
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Table 2. Tristimulous Data for the Compounds 1- 8 on Polyamide Fabrics®

Compound- concentration WL Purity (%) x y L*¢ a* ¢ b* ¢

1-1% 574 75.35 0.4570 0.4553 72.5 7.3 66.6

2-1% 572 77.88 0.4533 0.4680 79.2 2.9 75.7

3-1% 567 70.85 0.4179 0.4785 90.1 -12.4 75.7

4-1% 575 84.20 0.4796 0.4635 76.3 11.7 82.0

5-1% 570 65.08 0.4231 0.4527 81.5 -2.0 61.5

6-0.5% - - 0.3149 0.3306 91.1 0.7 0.1

6- 1% - - 0.3158 0.3324 90.9 0.3 0.9

7-0.5% - - 0.3302 0.3509 90.3 -1.1 9.9

7-1% - - 0.3331 0.3530 90.6 -0.7 11.2

8-0.5% - - 0.3292 0.3511 90.4 -1.7 9.8

8-1% - - 0.3277 0.3482 90.5 -1.1 8.5

PA standard 571 5.68 0.3235 0.3412 90.3 0.03 5.4
THlluminant Des, T x and y chromaticity characteristics; © -L* (luminance), a* and b* - CIE coordinates.

These results showed that the application of the com-
pound 6 (in both concentrations 0.5 and 1 %) led to a
significant increasing of the light absorption value and from
economical point of view, we considered that the concen-
tration 0.5 % had to be recommended.

Applying the Tristimulous Colorimetry (Data color
technique), some color characteristics of the materials treated
with the compounds 1-8 were recorded. The results are
presented in Table 2.

One can see that the luminance L" of the compounds was
good. The color obtained with the compounds 1, 2 and 4 had
a reddish nuance (positive values of a and b*), while that
with the compounds 3 and 5 (positive b value and negative
a value) had a greenish one.

3.3. Photo Stability of the Compounds
3.3.1. Photo Stability of the Compounds in Solution

In order to determine the photo stability of the com-
pounds, their DMF solutions were irradiated by UV light in a

Table 3. Concentration of the Compounds 1-8 During Irradiation*

Suntest equipment. As during the irradiation no change in
their absorption (An.x) was registered, the kinetics of photo
degradation was monitored colorimetrically using the
method of the standard calibration curve. The data obtained
after 60 min of irradiation are presented in Table 3.

These results showed that the compounds, containing a
TMP fragment in their molecule (6-8) had the highest photo
stability. The stability of the others was also good (50-60 %
after 60 min of irradiation).

3.3.2. Photo Stability of the Compounds on Polyamide
Fabrics

In order to determine the photo stability of the
compounds on polyamide fabrics the materials dyed with the
compounds 1-5 at a concentration of 1 % depth. (o.w.f.) or
whitened with the compounds 6-8 at two concentrations 0.5
% and 1 % depth. (o.w.f.) were subjected to irradiation by
UV light (wavelength Apa= 290 nm) in a Suntest equipment.
It was found that no change in the absorption maxima (Amay)
of the compounds during the irradiation was observed. They

Compound Concentration of the compound ** (%) Concentration of the compound** (%) Concentration of the compound** (%)
N after irradiation 15 min after irradiation 30 min after irradiation 60 min
1 75 70 65
2 68 64 60
3 62 59 56
4 70 65 60
5 72 65 62
6 100 99 98
7 99 99 98
8 99 99 98

*DMF solutions with concentration 4.10™ g.mL""; **the concentration of each compound before irradiation was accepted 100 %.
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Fig. (3). Strength of color (%) as a function of time of irradiation (min) * numbers on the curves correspond to the numbers of the

compounds.

were tested using the Tristimulous Colorimetry (Data color
technique). The data for the compounds 1-5 obtained are
presented in Fig. (3).

One can see from the figure that photo stability of the
compound 5 is the highest (50 % degradation at 240" min).
The stability of others was also good (= 50 % degradation
after 120 min).

The similar experiments with the materials treated with
the compounds 6-8 were performed. Materials with a bright
whiteness and an intense bluish fluorescence were subjected
to irradiation and then tested by Tristimulous Colorimetry
(Data color technique). The data received are presented in
Fig. (4).

We can see that the compound 6 had the highest photo
stability at 0.5% concentration. This compound at 1 % and
the compounds 7 and 8 at both concentrations (0.5 and 1%)
degraded = 50 % after 60 min. We consider that more
detailed investigations in the future will enable us to
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determine the most suitable concentrations for application
and their influence on the photo degradation process.

4. CONCLUSIONS

Based on the results of this study we can summarize that
among the dyes (compounds 1-5), the compound 5 can be
recommended for coloration of polyamide fabrics, having
good color characteristics and photo stability. The FWA (the
compounds 6-8) containing a TMP fragment in their
molecule had very good photo stability and among them, the
compound 6, when was applied with 0.5 % concentration,
can be recommended for whitening of polyamide materials.
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