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In this paper, we reported the extraction process of five different flowering plants utilizing different dye extraction
methods and solvents (ethanol and water) to choose the best dye removal process. The FTIR spectra revealed the
presence of several clear functional groups for all five natural dyes. The analytical studies such as UV spectros-
copy, column chromatography, and vacuum evaporation were performed to isolate the dyes from their solutions.
The UV-Vis studies on the pigments of flower extracts indicated broad absorption peaks in the visible region
including clear bandgaps. Among the studied pigments, Alternanthera ficoidea showed the lowest direct bandgap
of 1.69 eV and an Urbach energy value of 6.33 meV. The dye extraction yield rate improvement was extended
from 11.7 to 24.7% (water solvent) and 11.3-32.4% (ethanol solvent). Throughout the studies, it was observed
that ethanol produced a better extraction for organic dyes than water as a solvent. Aging studies revealed that all
the dyes at the room temperature showed better stability with minor changes in the observed optical parameters
in oxygen-rich conditions; however, these parameters have shown significant variations at a 60 °C temperature.

1. Introduction

The dyes have been a vital factor in the culture of people throughout
the world. Dyes are not only used in a way to beautify an item but also to
demonstrate the culture of different places and provide shreds of evi-
dence on the disparities from ancient civilizations. Without chemical
processing, dyes acquired from nature are known as natural dyes. Natural
dyes come from different sources such as plants, minerals, insects, and/or
animals. They are non-toxic and, in most cases, non-allergic. Natural dyes
are an essential part of human life, environmentally friendly, harmless
during use, also maintains the ecological balance [1, 2, 3]. The invention
of synthetic colorants in the 19t Century reduced the use of natural dyes.
Synthetic dyes are regarded as superior terms of aesthetic appeal and
scope of coloring, strength, and cost-efficiency. In the 20t Century,
careful studies of synthetic dyes were carried out in conservation and
restoration. Furthermore, investigating conventional dyeing techniques
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have been a significant aspect of social history, as seen from earlier re-
ports [4, 5, 6]. Recent studies showed that over 100,000 types of com-
mercial dyes exist, and more than 7 x 10° tons per season have been
produced annually [7, 8].

The innovation of principal synthetic dye by Perkin [9, 10, 11] has
changed the situation. Consequently, the production of synthetic dyes
increased at great speed as they found favor as alternatives to natural
dyes in foods [12, 13, 14], non-linear optical movements [15, 16], cos-
metics [17, 18, 19], and material commercial ventures [20] because of
straightforwardness in dyeing, and the cost factor. Considering the en-
ergy saving and ecological security, shading of materials with natural
dyes has been given more significant consideration by experts and
manufacturers. Researchers working in this area are now taking steps to
improve the pigment extractions from plant materials [21, 22, 23, 24,
25], such as petals, leaves, bark, and seed, to enhance the percentage of
yield. Specific techniques such as magnetic stirring, ultrasound-assisted

Received 4 July 2020; Received in revised form 15 August 2020; Accepted 25 September 2020
2405-8440/© 2020 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://www.cell.com/heliyon
mailto:journal_logo
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2020.e05104&domain=pdf

S.M.A.-A. Zumahi et al.

extraction, subcritical water extraction, soxhlet process, and supercritical
fluid extraction are suggested to increase the dye yield [26, 27, 28, 29].

It has been reported that, natural dyes can be easily extracted from
different natural plants, such as yellow marigold [30, 31, 32], pome-
granate [33, 34], alpinia blepharocalyx K. schum [35, 36], grape pomace
[37], henna leaves [38], mango leaves [39], butea monosperma [40], red
calico leaves [41], rosella [42], and blue pea flowers [43]. These organic
compounds contain hydroxyl groups, and are poorly water-soluble and
usually contain various pigments, including chlorophyll, carotene, luteol,
violaxanthol, phycoerythrins, and phycocyanins in the flowers, petal or
plant leaves [44, 45, 46, 47]. The use of extraction enhancement and
various pigment functionalities in different natural coloring processes
has been a recent research topic. However, it is imperative to improve
extraction techniques to identify the right strategy for various artificial
dyes applications. A significant issue in improving extraction is
enhancing the stability and processing to prevent the degradation of the
color-fastness of colors and/or their pigments. The causes of degradation
are exogenic reasons such as temperature, humidity, and air and light
[48, 49, 50]. The most effective exogenic factors are oxygen and
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temperature. It is also known that with or without oxygen intervention,
the dyes fastness and internal properties may be degraded.

Nowadays, natural dyes' aging effects at different time intervals due
to exogenic factors remain attractive area research worldwide. It is
crucial to use the proper solvent for natural dye extraction methods.
Distilled water and ethanol found to perform the best as polar solvents for
organic dye extractions due to their higher solubility and less polarity.
For that reason, we choose these solvents to make a fair comparison to
our experimental results. Among the five organic dyes reported in this
paper, two of them (pereskia bleo and alternanthera ficoidea) new, and no
work has been found in the literature. The activation and inactivation of
pigments with absorption under two different solvents were investigated.
These pigments were characterized using aging studies at two different
temperatures in the compositional and optical analysis.

Given these factors, this paper is concerned with analyzing and
reporting the extracted dye pigments' activity and inactivity in two
different solvents (water and ethanol). Five natural plants have been
cultivated, and investigated to assist with the recognition and identifi-
cation of various pigments which are present in the extracts of natural

Figure 1. Raw materials of extracted dyes used in present research (also in Table 1): (a) portulaca grandiflora (time flower) (b) rosa ards rovar (red rose) (c) celosia
argentea var. cristia (plumbed cockscomb) (d) pereskia bleo (desert rose) (e) alternanthera ficoidea (border plant).

Table 1. Description of the raw materials (natural dyes).

English name Botanical name Plant family Used parts Color of used parts
(a) Time Flower Portulaca grandiflora Portulacaceae Petals Deep pink

(b) Red rose Rosa ards rovar Rosacea Petals Red

(c) Plumbed cockscomb Celosia argentea ver. Cristia Amaranthaceae Comb of roster Light red

(d) Desert rose Pereskia bleo Cactaceae Petals Orange

(e) Border plant Alternanthera ficoidea Amaranthaceae Leaves Light pink

(b)

Figure 2. Extraction process of different natural dyes with water and/or ethanol solvent for (a) magnetic stirring and (b) ultrasound assisted extraction from 1g in

50ml solvent at 45 °C for 1h.
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Figure 3. Visual appearance of extracted dyes from natural plants of (a) portulaca grandiflora (deep pink) (b) rosa ards rovar (light gray) (c) Celosia argentea var. cristia

(light green) (d) Pereskia bleo (orange) (e) Alternanthera ficoidea (bluish green).

dyes with ethanol and water solvent; and to develop them ecologically
and economically with regards to their percentage of yields, improve-
ment of extraction, structural, and optical properties. In the water solvent
case, the aging studies (in 60 days interval) of the extracted pigments
have been conducted via FTIR and UV-Vis spectroscopy.

2. Experimental
2.1. Materials and methods

Portulaca grandiflora, Celosia argentea var. cristia, Rosa ards rovar,
Pereskia bleo flowers petal and Alternanthera ficoidea plants leave have
been used for as the source of extracting dyes. All these five plants are
incredibly available at the green campus of Jahangirnagar University.
The pictures of these flower plants are shown in Figure 1. A brief
description of them has been outlined in Table 1.

A magnetic stirring (MS300 Hot Plate Magnetic Stirrer, Model
MS300), and an ultrasonic extraction machine (Dispositivo ULTRA-
SUONI Bandelin Sonorex DK 102P Digital 10P) were used to extract the
natural dyes. The magnetic stirrer has a stirring volume of 0-2000 ml,
stirring speed 0-1250 rpm, and heating temperature 0-300 °C. Heidolph
solvent evaporation by Germany was used for vacuum evaporation (the
fixed temperature at 50 °C and pressure 60 mbar with 100 rpm) to collect
dry dye.

The FTIR spectra were collected using the Shimadzu IR Prestige 21.
The Ultraviolet visible spectra were acquired using the GBC Cintra 2020
UV-Visible spectrometer that operated in the wavelength range of 200
nm-1100 nm for water solvent, and 400 nm-1100 nm for ethanol sol-
vent, respectively. It has a very low divergent light and noise
specifications.

2.2. Dye extraction process

Natural dye bearing Portulaca grandiflora, Celosia argentea var. christie,
Rosa ards rovar, Pereskia bleo and Alternanthera ficoidea flower samples
were isolated into individual petals. The samples were carefully washed
using distilled water. Collected petal samples with an average size of 0.5
cm were used to dry at room temperature. 1g of dry petals, from each
sample, were taken and 50 ml water or ethanol solvent was introduced in
a glass beaker to immerse the petals into the solvent fully. Figure 2 in-
dicates the magnetic and ultrasound-assisted extraction process for two
different solvents: water and ethanol.

The ratio of the natural dye and water/ethanol solvent was 1:50. The
operating condition for the magnetic stirring and ultrasonic extraction
(with medium sonic power 10 x 10%) of natural dyes from Portulaca
grandiflora, Rosa ards rovar, Celosia argentea var. cristia, Pereskia bleo, and
Alternanthera ficoidea were optimized at 45 °C for 60 min. According to
the ethanol solvent's volatile properties during extraction, aluminum foil
has been used on the top of the beaker to minimize evaporation. The
extracted liquid dyes have been shown in Figure 3. Extracted pigments
were taken for further purification by column chromatography.

2.3. Aging effects

The aging effects are the degradations of natural dyes in the presence
of oxygen and ozone which is facilitated by the incident light. After
extracting the natural dyes, it is important to know the aging effects in
order to realize the nature of color fading and/or intermolecular bond
stability. The aging effects of the extracted dyes have been investigated
via analyzing the absorption and FTIR spectra with water solvent at room
temperature and at 60 °C in a 60 day time interval.
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Figure 4. Fourier transform infrared spectroscopy of as extracted natural dyes at room temperature with (a) water and (b) ethanol solvent using ultrasonic extraction.
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Table 2. Structural composition of natural dyes according to their different bonds of water and ethanol solvent using ultrasonic extraction process as required from IR

spectroscopy.
Peak Dye extraction with water solvent Dye extraction with ethanol solvent

Peak value (cm ') Description Peak value (cm™') Description
A 3422 stretching of v O-H (alcohol) 3400 stretching v O-H (alcohol)
B 1722 Stretching Carbonyl v C=0 (Ester) 2934 Aromatic v C-H
C 1689 Stretching Olefinic v C=C 2851 Stretching Aliphatic v C-H
D 1611 stretching Aromatic v C=C 1731 Stretching Carbonyl v C=0 (Ester)
E 1400 bending —-CHj3 group 1635 Stretching Olefinic v C=C
F 1311 bending —-CH, group 1614 aromatic v C=C
G 1049 stretching v C-O 1387 bending ~CHj3 group
H - 1314 bending ~CH; group
1 - 1123 stretching v C-C
J 1065 stretching v C-O

3. Result and discussions
3.1. Fourier transform infrared (FTIR) spectroscopy

The composition of natural dyes has been affirmed using FTIR spec-
troscopy, has been shown in Figure 4. A brief analysis of the FTIR spectra
of five sample has been displayed in Table 2. Since various peaks ob-
tained in FTIR studies of individual samples are approximately very
similar, we have collectively expressed them employing capital letters in
Table 2 (in two different sections: one for water and the other for
ethanol). The main difference between Figure 4(a) and (b) is that in
spectrum 4(a) the stretching band for aromatic v C-H, and aliphatic v
C-H is not clear, but in spectrum 4(b), a sharp peak is seen at B (2934
cm V) and C (2851 cm™ ). Except for Rosa ards rovar and Pereskia bleo in
Figure 4(b), all dyes with ethanol solvent shows sharp B and C peaks due
to the aromatic v C-H and aliphatic v C-H stretching frequencies,
respectively. In Figure 4(a), the band B at 1722 cm™! is due to Ester
Carbonyl (v C=0) stretching frequency while in Figure 4(b) the
stretching band for Ester Carbonyl appears at D (1731 cm™Y). It is also
seen that in Figure 4(a), another band C detected at 1689 em~! is for
Olefinic v C=C stretching while in spectrum 4(b), the same peak appears
at E (1635 cm’l). In Figure 4(a), another band D found at 1611 em s
due to the stretching frequency of aromatic v C=C is not sharp, but in
spectrum 4(b), the aromatic v C=C band is sharp at F (1614 cm’l). In the
wavenumber range of 1000-1500 cm ™, considerable isotropic proper-
ties (see Figure 4(a)) have been seen in Portulaca grandiflora, Rosa ards
rovar, Celosia argentea var. cristia, and Pereskia bleo with low bending
groups such as —-CHy, and —~CHj3. On the other hand, Alternanthera ficoidea
has shown anisotropic properties. Further investigations revealed that all
the samples within the same region demonstrated the isotropic behavior
with higher bending groups -CHy, and —-CHj3 (see Figure 4(b)). Our re-
sults are in good agreement with earlier reports [51, 52, 53, 54].

3.2. UV-Vis spectroscopy

Figure 5(a) and (b) show the UV visible spectra of five dye samples
with water, and ethanol solvent, respectively. The obtained absorption
spectrum was very sharp for all the extracted dyes at different wave-
lengths, varying their intensity levels. Figure 5(a) shows that a sharp
peak of Portulaca grandiflora dye solution is at the wavelength of 539 nm
for water solvent. The ethanol dye solution revealed a major improve-
ment in the absorption spectrum by introducing a new peak at 498 nm
with a bathochromic shift of nearly 41 nm from the spectrum of water
solvent extraction (see Figure 5(b)). The Rosa ards rovar spectrum (red
line) has shown an isotopic behavior for both solvents. Figure 5 also
indicates that the Pereskia bleo illustrated some clear peaks at 452 nm,
478 nm, and 545 nm (in the visible range for water solvent). Still,
ethanol-based extraction displayed a sharp peak at 497 nm while the

other peaks were disappeared. The absorbance spectra of the Celosia
argentea var. cristia (green line) and Alternanthera ficoidea (blue line) dye
solution in water differs from that extracted using the ethanol solvent.
The Celosia argentea var. cristia (280 nm), and Alternanthera ficoidea (265
nm and 337 nm) spectra have shown a few weak peaks for water solvent.
In contrast, ethanol-based spectra demonstrated very high intense peaks
in 450 nm-700 nm (see Figure 5(b)). As predicted, the level of light
absorption in the ethanol-based extracted pigments was considerably
greater than that of the water-based extractions.

3.3. Effect of solvent on extraction

Figure 5 showed the solvent's effect on the absorption spectra of
five flower pigments extracted using ethanol and water. The absor-
bance of Portulaca grandiflora, Rosa ards rovar, Celosia argentea var.
cristia, Pereskia bleo, and Alternanthera ficoidea demonstrates a scope of
wavelength recurrence between 400 nm—700 nm, which is situated in
the visible range. As seen from the spectra's curves, the absorption peak
value of the Portulaca grandifiora of ethanol solvent is 460 nm and 498
nm, which indicates the pigment y carotene and 665 nm indicates
Chlorophyll a from the absorption maxima Table 3. The water-based
absorption peak value of Portulaca grandi flora is 539 nm, which
indicated phycoerythrins pigment. From the figure, it is easily
concluded that phycoerythrins are inactive in the ethanol-based dye
solution. On the other hand y carotene, and Chlorophyll a are active in
the water-based dye solution. In Pereskia bleo, the Phycoerythrins (545
nm), and Violaxanthol (452 nm, and 478 nm) are active in the water
solvent. In comparison, y carotene (497 nm), and Phycocyanin (590
nm, and 614 nm) are active in the ethanol solvent. The Phycoerythrins
(537 nm, 540 nm, 549nm, 578 nm, and 588 nm), Chlorophyll a (670
nm, 675 nm, and 680 nm), Phycocyanins (618 nm), j carotene (478
nm), and Chlorophyll b (627 nm) are active in the ethanol solvent for
Rosa ards rovar, Celosia argentea var. cristia, and Alternanthera ficoidea
respectively but inactive in the water-base dye solution. The dye solu-
tions of Rosa ards rovar, Celosia argentea var. cristia, and Alternanthera
ficoidea have no active pigments between 400 nm and 800 nm. The
calculations of the optical bandgap utilizing UV-Vis absorbance spectra
was achieved via Tauc relation [57]. Figure 5 (a.1 & b.1) and (a.2 &
b.2) show the Tauc plots for direct and indirect bandgaps, respectively,
while Table 4 represents the samples' bandgap and Urbach energy
values. Based on Table 4, the remarkable observations of the direct and
indirect optical bandgaps of Portulaca grandifiora, Rosa ards rovar, and
Pereskia bleo have increased for the ethanol solvent. At the time that of
the plumed cockscomb and border plants have dwindled. The lowest
bandgap was 1.77 eV for the Rosa ards rovar (water-based extraction),
and 1.67 eV for the Alternanthera ficoidea (ethanol-based extraction).

Several defect bands are developed throughout the optical absorp-
tion system as just an intermediate state within the bandgaps of the
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Figure 5. Optical absorption spectra of five different extracted dyes for (a) water and (b) ethanol solvent, where (a.1-b.1) and (a.2-b.2) indicates direct bandgap and

indirect bandgap using Tauc relation.

Portulaca grandiflora, Celosia argentea var. cristia, Rosa ards rovar, Pere-
skia bleo, and Alternanthera ficoidea. These defect bands generate an
energy tail that extends from both the bottom of the conduction bands
and top of the valence bands to the deep of the bandgap [58, 59]. This
energy correlated defect tail is termed as the Urbach energy provided
by Eq. (1) [60],

a=ay et e}

Where a,, @ and Ey denote the constant, absorption coefficients, and
Urbach energy (energy of the band tail), respectively. Taking natural log
on both sides of the equation, one obtains a straight line equation such as
given by Eq. (2),

Table 3. Absorption maxima for natural dyes (different pigments) comparison with other research work according to their wavelength (nm).

Pigment Reported wavelength (nm) [55, 56] Obtaining wavelength (nm) Occurrence

Chlorophyll a 430, 670 675,670,665,680 All green plants

Chlorophyll b 455, 640 627 Higher plants, green algae
a-carotene 420,440,470 446 Leaves, some algae

p-carotene 425,450,480 484,478 Some plants

y-carotene 440,460,495 460,498,497 Some plants

Luteol 425,445,475 474 Green leaves, red and brown algae
Violaxanthol 425,450,475 478 Some leaves

Phycoerythrins 490,546,576 539,540,588,549,578 Red and blue-green algae
Phycocyanins 618 618,614,590 Red and blue-green algae
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Table 4. Calculated bandgap (direct and indirect) and Urbach energy of natural dyes for the extraction of water and ethanol solvent by ultrasound-assisted extraction.

Dye solution Band gap (eV)

Urbach energy (meV)

Water solvent

Ethanol solvent

Water solvent Ethanol solvent

U

Direct Indirect Direct Indirect

Portulaca grandifiora 1.84 1.54 2.32 2.07 8.03 13.94
Rosa ards rover 1.77 1.59 2.05 1.97 3.07 3.59
Celosia argentea ver. Cristia 2.32 1.67 1.79 1.77 1.24 3.48
Pereskia bleo 1.87 1.56 2.07 2.04 2.42 8.06
Alternanthera ficoidea 2.42 1.71 1.69 1.66 2.32 6.33
Ina=Inag + hy @ around the UV-Vis boundary, and the transmittance is negligible in UV-

E regions for the water-based extraction (Figure 7(a)). However, the

Plotting Ina versus hv, it is possible to obtain the Urbach energy from
the straight line's slope. The Urbach energy (both for water and ethanol
solvent) calculations using the variation of Ina curves with respect to the
incident photon energies have been shown in Figure 6, and the measured
values for all specimens are displayed in Table 4.

Urbach energy of the ethanol-based extraction is found to increase in
comparison with the water-based extract. Further investigation also
indicated that Urbach energy values and bandgaps are show opposite
behavior for the ethanol-based and water-based extractions i.e., bandg-
aps are greater in water than Urbach energy values and vice versa [61].
The higher estimated Urbach energies of Portulaca grandifiora for ethanol
solvent is 13.94 meV while Celosia argentea ver. Cristia shows the lowest
for water (see Table 4). Urbach energy is related to the structural disorder
mechanism of a system [62]. Higher Urbach energy means more disor-
ders induced by insufficient crystalline or amorphous solid structures
[63]. Among both solvents, the water-based samples have the minimum
Urbach energy suggesting less crystal disturbance, supporting the less
functional shift in the water-based FTIR spectroscopy (see Figure 4a). The
reported variations could be related to the change in the internal fields
related to the chemical group interaction or fewer ability to transform
weak bonds into defects.

The optical transmittance spectra of five organic dyes have been
shown in Figure 7. The transmittance of natural dyes falls off rapidly
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ethanol-based extracted natural dyes fall off in the visible regions. All the
dye samples showed anisotropic properties except Portulaca grandiflora
and Rosa Ards rovar in Figure 7(b). The refractive index is one of the
fundamental parameters to determine the optical properties of a sample.
Refractive index detection is commonly used for the analysis of dyes or
compounds that has low absorption ranges. The refractive index has been
computed utilizing Swanepoel's method. As per Swanepoel's formula, the
refractive index (n), at a given wavelength, can be calculated using the
following Eq. (3) [64],

1

2

n— {Nl (V- sz)%] ®)

Where, N; = 2s%+527“

Here Ty and Ty, indicate the upper envelop transmittance and the
lower envelop transmittance respectively, at a specific wavelength 4. s =
1.51, depends on the wavelength and may be calculated using the
transmittance spectra.

Figures 8(a) and (b) displayed the variations of the refractive
index for natural dyes as a function of incident photon wavelength
(nm) for water and ethanol, respectively. All the extracted pigments
showed nearly equal refractive index value (1.51) for both solvent,
but only Alternanthera ficoidea and Pereskia bleo reach the maximum
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Figure 6. Urbach energy calculation in accordance with graphical slope of photon energy versus Ina for extracted dyes at room temperature with (a) water and (b)

ethanol solvent.
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Figure 7. Transmittance spectra of natural dyes as a function of wavelength (nm) at room temperature with (a) water solvent from 200-1200 nm and (b) ethanol

solvent from 400-1200 nm by ultrasonic extraction process.

values of 56 and 60 for ethanol solvent. The higher refractive index
means slower the light travels which causes a correspondingly
increased change in the light's direction within the dyes. Conse-
quently, within the dyes, the light can bend more, thereby allowing
the dyes profile to be lower [65, 66]. This high refractive index may
occur due to different bonds of dyes, low absorption, and/or oxygen
vacancies [67]. The non-zero refractive index components of all the
dyes revealed the highest value for photon energy at the visible re-
gions. Significant isotropic behavior has been seen in the wavelength
range of 550 nm-800 nm whereas 400-550 nm showed divergences
in all the solvents dyes. High refractive indices at low wavelengths
are due to the effect of the fundamental absorption below 350 nm
[68, 69]. In the water solvent, all dyes show refractive indices in the
range of 1.50-1.95 while ethanol solvent up to 60.

3.4. Gravimetric analysis

After the vacuum evaporation process, the extracted dye solutions
were measured very carefully. The percentage of yields and %
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improvement for ultrasonic have been measured using the following Egs.
(4) and (5) [32, 701,

obtained natural dyes (g)

Percentage of yield = x 100 % 4)

raw material of natural dyes (g)

%yieldfrom(Ultrasound—Magneticstirring)

%improvementduetoultrasound= - - —
%yieldof magneticstirring

%x100%
(5)

The percentage of yields and % improvement for ultrasonic of ac-
quired natural dyes have been given in Table 5. Based on the results
presented in Table 5, we see that each pigment (either ethanol or water
extracted) exhibited a significant contrast for those extracted ingredients.
For this reason, the extraction solvent choice is exceptionally imperative.
The yield of the specimens using magnetic stirring and/or ultrasound-
assisted extraction exhibited a lower yield of percentage of dye
(0.73-4.01% for the water-based extraction) and (1.08-6.79% for the
ethanol-based extraction). It has been also found that the colorant

(b) Ethanol Solvent
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Figure 8. The variation of refractive index against wavelength (nm) of five different natural dyes with (a) water and (b) ethanol solvent for ultrasound assisted

extraction process.
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Table 5. Percentages of yields for dyes yielding materials and their percentage improvement for magnetic stirring and ultrasonic extraction process with ethanol and water solvent.

% Improvement for ultrasonic

Percentage of Yields (%)

Obtained Weight (g)

Amount of solution (ml)

Raw materials weight (g)

Sample

Ultrasonic extraction Extraction by magnetic stirring Ultrasonic extraction

Extraction by magnetic stirring

Ethanol

Ethanol Water

Ethanol Water

Water

Ethanol

Ethanol Water

Water

solvent
28.91

solvent
24.66

11.7

Solvent
1.65
6.79
1.43
3.3

solvent
0.91
4.01
0.83
1.35
1.23

solvent
1.28
6.61
1.08
2.87
2.03

solvent
0.73

Solvent
0.0165
0.0679
0.0143
0.033

solvent
0.0091
0.0401
0.0083

solvent
0.0128
0.0661
0.0108
0.0287
0.0203

solvent

0.0073
0.0359
0.0067
0.0119
0.011

50
50
50
50
50

Portulaca grandifiora

11.3
3

3.59
0.67

Rosa ards rover

2.4

23.88
13.45
11.82

1

Celosia argentea ver. Cristia

15

1.19
1.1

0.0135
0.0123

Pereskia bleo

31.5

2.67

0.0267

1

Alternanthera ficoidea
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derived from red rose was considerably higher compared to the other
dyes. The analysis also revealed that the extraction of the pigments had
dominated the ultrasound technique. However, the variations in the
improvement for different petals and leaves may be due to variations in
their bonding of coloring material added by cell membranes [32]. The
organic components in the extracted dye materials responsible for color
and solubility are considered vital variables affecting the improvements
of petals, leaves, and composites [71, 72, 73, 74]. In summary, we
conclude that the improvement increased by 15-33% in the
ethanol-based ultrasonic extraction compared to the water-based mag-
netic stirring process.

3.5. Aging effects

As dyes degrade with time and temperature, the dyes' aging effect
with 60 days interval in an oxygen-rich environment at room tempera-
ture and 60 °C has been shown in Figure 9 for (the water solvent). At high
pigment concentrations, a strong absorbance peak was observed in the
visible region of the spectrum. In Portulaca grandiflora, absorption peaks
at 252 nm and 312 nm indicated the absorption of flavonoids pigments
from 220-380 nm [75]. In contrast, after 60 days at room temperature,
these peaks were lost due to the heat sensitivity [76]. It may be occurred
due to the chemical degradation through hydrolysis or oxidative re-
actions, which cuts off different bonds and formation of smaller mole-
cules among water and dyes [77]. As extracted dyes, the absorption peak
at 539 nm becomes larger and sharper at room temperature with two
additional peaks at 740 nm and 840 nm. However, at 60 °C temperature,
all these peaks were disappeared. The two absorption peaks seen in Rosa
ards rover and Celosia argentea ver. Cristia dye (at 362 nm, and 280 nm)
were shifted to 983 nm after 60 days both for 25 °C and 60 °C. In contrast
to the visible region, Pereskia bleo dye displayed several peaks at 452 nm,
478 nm, and 545 nm indicating the occurrence of violaxanthol and
phycoerythrins [56]. In comparison, a shift to a flavonoid region at 267
nm was appeared [78].

At 25 °C, only the peak seen at 267 nm sustains while all other visible
areas have died out at 60 °C. In the case of Alternanthera ficoidea dye, two
extremes were detected for the as extracted pigments at 265 nm, and 337
nm, while new peaks were visualized at 674 nm, and 747 nm after the
aging at room temperature. The 60 days aging at 60 °C indicated a
hypsochromic shift of the peak from 674 nm (25 °C) to 671 nm. During
the aging, all dyes have shown an individual rise at 983 nm at room
temperature and 60 °C. All five extracted dyes have demonstrated blue
shifts due to natural aging, exposure to solar irradiation, and degradation
of the pigments [79]. From the above discussions, we signposted that as
extracted dyes exhibited more significant activity than that of 60 days
interval (both 25 °C and 60 °C temperature) under incident light (see
Figure 9 (a)-(e)).

From Table 6, it can be easily claimed that the direct and indirect
bandgaps of natural dyes after 60 days are continuously increasing at
room temperature. Still at 60 °C, the bandgaps were significantly
decreased except for portulaca grandiflora pigment. The aging effect on
the transmittance spectra of five different natural dyes at room temper-
ature and 60 °C in a time interval 60 of days has been given in Figure 10.
Compared to Figure 7 (as extracted transmittance spectra), there is no
fundamental difference between as extracted and 60 days aging at 25 °C
whereas 60 days aging at 60 °C has confirmed no residual dyes' trans-
mittance properties at the visible regions. The refractive indices of the
water-based extracted natural dyes have been tabulated after the 60 days
aging at room temperature and 60 °C, and the results have been sum-
marized in Table 7. After 60 days, the dyes aging at 60 °C have shown a
higher refractive index than the extracted and room temperature aged
pigments. This predicted the optical density of the samples has signifi-
cantly increased due to the aging. Since the refractive index value in-
creases after aging at 60 °C, it indicated the increasing optical density and
decreasing the speed of light into these materials. The experiment
recorded refractive indices of these materials provided by other
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Figure 9. Optical absorption spectra of as extracted, at room temperature (25 °C) and 60 °C temperature after 60 days for (a) portulaca grandifiora (b) rosa ards rovar
(c) celosia argentea ver. cristia (d) pereskia belo and (e) alternanthera flcoidea, where (a.1-e.1) and (a.2-e.2) indicates the plots of (ahv)? versus (hv) (direct bandgap) and
(ah)'/? versus (hv) (indirect bandgap) ageing effect of five natural dyes respectively at 25 °C (black curve) and 60 °C (red curve) using Tauc relations.
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Table 6. Band gap for natural dyes at room temperature (25 °C) and 60 °C temperature with 60 days interval and comparison with as extracted dyes.

Dye solution Direct bandgap (eV)

Indirect bandgap (eV)

As extracted dyes After 60 days

As extracted dyes After 60 days

At 25 °C At 60 °C. At 25°C At 60 °C
Portulaca grandifiora 1.84 2.5 1.87 1.54 1.49 1.38
Rosa ards rover 1.77 2.07 1.33 1.59 1.60 1.20
Celosia argentea ver. Cristia 2.32 3.67 1.98 1.67 1.70 1.30
Pereskia bleo 1.87 2.57 1.63 1.56 1.59 1.37
Alternanthera ficoidea 2.42 4.15 2.01 1.71 1.72 1.25

(a) Aging effect at 25° C (60 days)

(b) Aging effect at 60° C (60 days)
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Figure 10. Transmittance spectra of aging effect for five aged (60 days) dye solutions at (a) 25 °C and (b) 60 °C as a function of wavelength (nm).

researchers, nicely validating our estimations [80, 81]. Ollis et al. [82]
suggested a relationship between the rate of degradation (D) and in-
tensity of incident light (I) on the surface of a material through the
following Egs. (6) and (7),

Do (at low light) (6)

Do/I (at intermediate light) )

Here D is considered to be independent for high incident light. The
refractive index has a proportional relationship with dye degradation
within a specific limit [83]. The refractive index of the aged dye in-
creases under 60 °C temperature due to the more incident light, i.e., the
dye's higher degradation. Again, at 25 °C, the refractive index is very
closely compared to extracted dyes. The degradation is also less due to
the incident of a lower amount of lights onto the pigments. Further
aging effect on the natural dyes have been carried out via FTIR spec-
troscopic studies. Figure 11 reported that the FTIR spectra of five dye
samples exhibited substantial degradation (compared to the FTIR data
provided in Figure 4) as they have been exposed to the environment
(both at room temperature and 60 °C). Significant changes in the FTIR
peaks were transpired when aged for 60 days at 60 °C. The vibrational

patterns suggested certain photodegradation due to the exposure at
oxygen. The FTIR vibrational modes (see Figure 11) have demonstrated
variations (compared to Figure 4(a)) in the size and strength at 1722
ecm ! (C= 0) to 1049 cm™! (C-0) bands and thereby indicating the
formation of additional hydrogen bonds for both Figure 11(a) and (b)
[84, 85]. Besides, there seemed to be a rising trend of conjugated
—CH3, —CH», C-O functional groups for Portulaca grandiflora, Rosa ards
rover, and Alternanthera ficoidea (Figure 11(a) at 25 °C) through the
bands at 1689 cm™! and 1611 cm™!. It has also been found that
molecules split at C-O bond (band amplitude: 1049 em™ 1), -CHj (1311
em™ 1), and ~CH, (1400 em™!) for Portulaca grandiflora, Rosa ards rover,
and Pereskia bleo at 60 °C after 60 days of aging. Thus, it is appropriate
to conclude that C=O groups have been formed simultaneously as the
bands' signal increased at 1603 cm-1 and 1250 cm™'. The two giant
peaks associated with the surface-adsorbed H;O, and —-OH group at
3500 cm ™! (at 25 °C and 60 °C) have been found after 60 days interval
[86, 87]. The —OH group performs a significant role (by the stability)
in the process of degradation with photogenerated holes via light ef-
fect, as seen in earlier literature [88]. In the oxygen-rich environment,
all dyes' functional groups for both aged temperatures mostly lost their
patterns at 1750 em™! to 1689 ecm L.

Table 7. Calculated refractive index for natural dyes of water solvent at room temperature (25 °C) and 60 °C temperature after 60 days and comparison with as extracted

dyes.

Dye solution

Refractive index for water solvent

As extracted dyes

After 60 days

At 25°C At 60 °C.
Portulaca grandifiora 1.5 1.51 9.46
Rosa ards rover 1.55 1.53 10.86
Celosia argentea ver. Cristia 1.51 1.51 6.49
Pereskia bleo 1.51 1.51 8.52
Alternanthera ficoidea 1.51 1.51 8.18

10


mailto:Image of Figure 10|tif

S.M.A.-A. Zumahi et al.

(a) Aging effect at 25° C (60 days)

Alternanthera ficoidea

Pereskia bleo

e (. a. ver. Cristia

== RoSa ards rovar

Transmittance (a.u.)

= Portulaca grandiflora

4000 3500 3000 2500 2000 1500 1000 500

Wavelength (per cm)

Transmittance (a.u.)

Heliyon 6 (2020) e05104

(b) Aging effect at 60° C (60 days)
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Figure 11. Ageing effect (60 days) Fourier transform infrared (FTIR) spectroscopy of five natural dyes at (a) 25 and (b) 60 °C as a function of wavelength (per cm).

4. Conclusions

This study has exhibited that, Portulaca grandiflora (Time Flower),
Rosa ards rovar (Red Rose), Celosia argentea var. cristia (Plumed
Cockscomb), Pereskia bleo (Desert Rose), and Alternanthera ficoidea
(Border Plant) dyes can be separated as potential resources using low
cost methods. The ultrasound-assisted ethanol-based extraction showed
a better improvement from 15% to 33%. The direct bandgap increased
from 2.05 eV to 2.32 eV, and the indirect bandgap from 1.77 eV to
2.07 eV, whereas Urbach energy was increased from 3 meV to 14 meV.
If the optimum type of wavelength is used, it will provide ideal dyeing
conditions for the natural dyes, such as chlorophyll a, a carotene, g
carotene, Luteol, and phycoerythrin. The solvent's effect on natural dye
extraction was identified together with different functional groups from
the FTIR results. The aging effects on water-based extracted dyes
showed that the direct and indirect bandgaps at room temperature
increases from 2.07 eV to 4.15 eV, and from 1.59 eV to 1.72 eV,
respectively. However, at 60 °C, the bandgaps were decreased
compared to that of the room temperature extracted dyes. Under the
aging conditions, the refractive index values remained nearly the same
at room temperature, while at 60 °C temperature, it exhibited much
higher values (from 6.49 to 10.86). The aging effects of the organic
dyes in an oxygen-rich environment significantly helped to apprehend
the actual effluent of solar cell applications and photocatalytic analysis.
This study will play a substantial role in bringing about a new un-
derstanding of the optical behaviors and aging effects of the organic
dyes and opening up new opportunities to make better artificial dyes
for real-life applications.
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