IMPACT: International Journal of Research in —
Humanities, Arts and Literature (IMPACT: IJRHAL) S e —_— —
ISSN (P): 2347-4564; ISSN (E): 2321-8878 ! ﬂ ]’] \;} 'fi' if: L
Vol. 9, Issue 4, Apr 2021, 11-20 . ~ -
© Impact Journals 4 :

OPTICAL PROPERTIES OF DYE EXTRACTED FROM HIBISCUS S ADBARIFFA
FLOWER

Olubosede & Osiele 0.M& Okonta P*
'Research Scholar, Department of Physics, Federaldysity Oye Ekiti. Nigeria

2*Research Scholar, Department of Physics, DeltaeStaiversity Abraka, Nigeria

Received:02 Apr 2021 Accepted:07 Apr 2021 Published: 10 Apr 2021

ABSTRACT

Dyes have various technological applications. Iis tvork, the optical properties of dye extractednirthe flower of
hibiscus sadbariffa were deposited on glass sutestuging screen printing technique. The opticalpemies of the dye
were studied using UV —VIS spectrophotometer. HEsellts obtained revealed that the dye has low ciftee and
transmittance in the wavelength range of 200 - 880with high absorbance in the wavelength rang206f- 800 nm. The
dye has highest extinction constant in the ultrketiand visible light regions of the electromagoespectrum. Its
absorption coefficient is highest in the ultra eiblregion and reduces towards the infra-red regibime reflection
coefficient of the dye is high in the ultra viotegion and decreases in the infra—red region. Tie kas high refractive
index that fluctuates with peaks at a wavelengtmatgr than 950nm. The extinction constant of the idgreases with
wavelength from 200 - 600 nm its optical conduttidecreases exponentially with wavelength. Thehdgean energy
band gap greater than 1.5 eV. The results reveat the dye of hibiscus sadbriffa flower can be usethbricate solar

cells, electronic and solar devices, for selectugaces and for thermal control.
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INTRODUCTION

A dye is a colored substance that gets attractedsiobstrate once applied to it. For a dye to lpdiexpto a substrate, it
must be in aqueous form. Dyes are classified wtbdroups: natural dyes and synthetic dyes. Syiotdges are the type
of dyes that are obtained from the mixture of twanmre chemicals while natural dyes are obtainedhfplant source such
as roots, leaves, flowers and wood. Most naturalsdyresent all colors in the visible spectrum Byjnthetic dyes are
made from synthetic resources such as petroleuprducts and earth minerals. Synthetic dyes havelidadvantages of
being expensive, environmental pollutants, toxid @ poor color variation. Natural dyes on the othand have the
advantages of being widely available, inexpensimel @nvironmental friendly. Also, natural dyes dot mequire

sophisticated technology for production. As a restithese advantages, there is a great interdbeinise of natural dyes
in the fabrication of different electronic devicas the dye is the main factor that affects thegoerédnce of a Dye
Synthesized Solar Cell (DSSC) [2]. Natural dyesspes excellent light harvesting pigments requicedte generation of

charge carriers for the production of electrici3y. [

Paudelet al.[4]. explored the optical properties of natural slgxtracted from flowers, leaves, back and rhizome

of some plant species to know their potentialseiht used in dye sensitized solar cells and ordéagtit emitting diodes.
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Some of the dyes showed good absorbance in tHaevigigion with blue shift in the absorbance maximas a result of
increase in the polarity of the solvent. Some @f dyes exhibited high fluorescence emission invikible region with
good prospect of being used in the fabrication rgfanic light emitting diodes. Pratiwi et al., [Sbdied the absorption
properties of a mixture of dyes extracted from molkrophyll and mangosteen peels anthocyanin ukliNg VIS
spectroscopy. The dye mixture was found to havadrigbsorbance and improved the conversion effigierf the dye
sensitized solar cell. The effect of optical absorpof natural dyes on the efficiency of dye sysized solar cells using
TiO, as working electrode, carbon layer as countertreldée and natural dye from plant species as phothegizer was
studied by Pratiwiet al, [2]. They studied absorption wavelength rangganqum efficiency and the efficiency of the
DSSC for the anthocyanin dyes from three diffemants. They found that the DSSC had low efficiesfs)].

The use of a material for solar energy applicatidepends on its possession of some characteristigh
refractive index for example makes a material dlgtdor anti-reflection coatings. Also, for the uska material in solar
cells, the material must be a direct band semicctodwith small energy band gap and high absorptioefficient [7].
Furthermore, for a surface to be a selective sarféienust have high absorbance over solar specindra low emittance
for longer wavelengths to reduce thermal radiakbsses [6]. Selective surfaces are capable of blygpsolar energy in
the high intensity visible and near infra-red spactegions and exhibit poor infrared radiating gedies. Selective

surfaces find applications in solar collectors aakhr windows.

Since optical characteristics of dyes are very irgrt factors either for recording media or for dbensitized
solar cell and solar energy applications, in thawky we extracted and deposited dye frbibiscus sadbariffaon glass
substrate and studied its optical properties tdkenas know its potential applications in the fahtion of DSSC and other

solar devices.
MATERIALS AND METHOD

Dried flowers ofhibiscus sadbariffavere purchased from the local market in Agbort®state, Nigeria. The flowers were
blended in the laboratory using an electric blendghanol was added to the flowers during blendimgextract the
pigments. The blended flowers were sieved to eitrae pigment which forms the dye. The dye was diégpd on glass

substrate using screen printing technique.

The substrate used for the deposition was microscgfass. The glass slides were initially soaked in
tetraoxosulphate (vi) acid for twenty-four hoursrémnove contaminants, washed in detergent solai@hrinsed several
times in distilled water and dried in an air tiglitamber to minimize contamination and stains fraratgarticles. The
optical properties of the dye were studied using®wec —HS204XL ultraviolet visible spectroscopee Tdflectance and
transmission spectra of the dye were measurectimétvelength range of 200 — 900 nm. The absorgpectra of the dye

were obtained using the expression
Absorption + Transmission + Reflectance = 1 (1)

The extinction constant, k which is a measuregiftlabsorbing capacity of the dye is given as

ke Absorbance
4

)
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The absorption coefficienty is a measure of the fraction of incident radiagmergy absorbed per unit thickness

per unit mass and is given as

Absorbance
o= 3)
wavelenght

The refractive index, A{ of the dye at different wavelengths were computeidg the expression (Ogundare and

Olarinoye, 2014)

n(A) = I+ yR(A) JR(A)
1-JR(2) @

Where RR) is the measured reflectance.

The reflection coefficient was computed using tkpression (Osiele. 1992)

(l—ﬂ)l-FkJ

R S E—
(1+n) +k

O]

®)

The refractive index was used to obtain the dideconstant (note the i = 1) using the equatiokuj@u and

Okeke, 1997)
g =2nk
(6)
And
& =(n— s'k]l
(7)

Whereg, is the real part of the dielectric constant &ads the imaginary path of the dielectric constartie T

optical conductivity of the dye was computed ugimg expression [8].

o, = ONCE,
€
Where c is the speed of light in vacuum ands the permittivity of free space.
In order to determine the energy band gap of tles diyect transition was assumed based on theiequat
a=4(h-E,)"
€)

Wherea is absorption constant, A is a constant, h is éanconstanty is frequency and fs energy band gap.
A graph ofa?was plotted againstvhand the linear part of the graph was extrapoltiedtercept with the haxis to obtain

the energy band gap.
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RESULTS AND DISCUSSIONS

The reflectance and transmittance spectra of thesdtracted frontibiscus sabdariffas shown in Figure.l. It reveals that
the dye has low reflectance in the ultra-violet ansible light regions of the electromagnetic spact Also, the
reflectance does not vary significantly in the wangth range of 200 to — 800 nm. For wavelengthwden 800 and 1000
nm the reflectance of the dye increased signiflgaghowing a high reflectance at a wavelength o®@®m. The
reflectance spectrum of the dye reveals that tleecdy be used for surface coatings to reflect lighlte infra-red regions

of the electromagnetic spectrum.

The transmittance spectra of the dye shown in Eidureveals that the dye has low transmittancéoiia2% in
the wavelength range of 200 — 500 nm with small eical variations. Above 500 nm, the transmittaimeeased
significantly to a maximum of about 7% at the wavgjth of 900nm and fluctuates in the wavelengtlyeaof 900 and
1000nm. Generally, the transmittance property efdie is low although it has maximum transmittaimcéhe infra-red
region of the electromagnetic spectrum. The tratiamie property of the dye shows that it is a pwansmitter of

electromagnetic radiation which makes the dye ami@l material for coating of selective surfaces.

The absorption spectra of the dye extracted fiilviscus sabdariffas shown in Figure 2. The figure which
shows a slight increase in absorbance at low wag#teof up to 250nm and continuously decreases skgptly, as
wavelength increases. The dye has high absorbdose © unity in the ultraviolet region and abow83in the infra-red

region. Above the wavelength of 800 nm, the abswmedluctuates with maximum absorbance peaks.

The high absorbance of the dye, in the wavelergtige of 200 to 800 nm, makes the dyélifiscus sabdariffa
very suitable for solar thermal control in buildingnd cars, and as active component in the falucaf electronic and
solar devices. It also makes it suitable for pHwonal conversion of solar energy [9]. This propexill enable the
surfaces on which the dye is deposited to absgudiod portion of the electromagnetic spectrum wailewing the visible

part of the electromagnetic spectrum to pass throug

Figure. 3 shows the variation of extinction constaith wavelength for the dye extracted fréfibiscus sabdariffa.
The figure reveals that the extinction constahésame within this wavelength range of 200 to46@0 This shows that the
dye has a constant light absorbing capacity withismwavelength range. Figure 3 further revealsiththe wavelength range
of 200 to — 620 nm, the extinction constant of dige is 0.08, the extinction constant of the dy8.Gv in the wavelength
range of 630 to — 830 nm but for the wavelengtlgeaof 840 t0-890 nm, the extinction constant ofdlge is 0.06. This
indicates that the dye bibiscus sabdariffénas the highest extinction constant in the ultitiregion of the electromagnetic
spectrum and this constant decreases as we mahe iofra- red region of the electromagnetic speutindicating that the

dye ofhibiscus sabdariffabsorb more light in the ultra-violet and visibight sections of the electromagnetic spectrum.

The absorption coefficient of the dye reduces egptially with wavelength as shown in Figure. 4.sTimdicates
that the dye ohibiscus sabdariffdnas high absorption coefficient in the ultravialegion of the electromagnetic spectrum
and very small absorption coefficient in the infraed region of the electromagnetic spectrum shgwimat the dye of

hibiscus sabdariffas a good absorber of the ultra —violet part ef ¢éhectromagnetic spectrum.

The reflection coefficient of the dye obtained frainiscus sabdariffas shown in Figure. 5, which reveals that in

the wavelength range of 200 to— 900 nm, the refiaatoefficient of the dye reduces gradually. Butthe wave range of
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950to — 1000 nm, the reflection coefficient reduedth fluctuations. The reflection coefficient dig dye is quite high

showing that it is a good reflector of electromagneadiations from the ultra violet region to timfra- red regions.

The variation of the refractive index with wavelémdor the dye extracted frofmbiscus sabdariffas shown in
Figure. 6. The figure reveals that the refractivédeix of the dye does not vary so much with waveleimgthe wavelength
range of 200 to — 900 nm. But between 900 to-10@0the refractive index varies very high and flatas with peaks.
Between the wavelength ranges of 187to — 900 nenyefractive index varies between 1.33 and 2.08 between the
wavelength ranges of 910 — 1000 nm, it varies betw2.33 and 4.17. Within the ultra violet, visitdad infra —red
regionof the electromagnetic spectrum, the refvacindex of the dye dfibiscus sabdariffas higher than that of water

and glass.

The variation of the optical dielectric constantdaoptical conductivity of the dye extracted frambiscus
sabdariffa with wavelength is shown in Figure 7. It revediattfrom wavelengths of 200 nm, the dielectric ¢ant
increases with wavelength until it gets to a maximat a wavelength of about 1000 nm. This shows tisaisverse
electromagnetic wave can propagate through thewdtymut attenuation since the dielectric constangrieater than zero

for wavelength range of 200 to-1000 nm.

Figure 7 also shows that the optical conductivifytlte dye reduces exponentially with wavelengththe
wavelength range of 200 — 1000nm. This shows tietde has high optical conductivity in the ultialet region of the

electromagnetic spectrum and very low optical catigity in the infra-red region of the electromagjnespectrum [11].

In order to obtain the energy band gap of the dydirect band transition was assumed for the dygraph ofa®
against k was plotted and the linear part was extrapolateti¢ v axis to obtain an energy band gap of about 2.30eV
the dye as shown in Figure 8. With the energy laplof 1.5 eV, the dye can be used for the faboicaif solar cells and
electronic devices, for solar coating and as acte surface. For semiconductors, the optical prigs have some
similar features [11-12]. The achievement of alwminselenide thin films from aluminum chloride asire® of aluminum
and selenium dioxide as a source of selenium usiegtrodeposition technique as shown in [11-12A}dithe Absorption
spectrum as a function of wavelength, reflectioacsum as a function of wavelength, absorption fat@eht as a function

of wavelength and Extinction coefficient as a fumetof wavelength.
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Figure 1: Reflectance and Transmittance Spectra dhe Dye
Extracted From Hibiscus Sabdariffa.
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Figure 2: Absorption Spectra of the Dye Extracted Fom
Hibiscus Sabdariffa.
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Figure 3: Variation of Extinction Constant with Wavelength for
the Dye Extracted From Hibiscus Sabdariffa.
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Figure 4: Variation of Absorption Coefficient with Wavelength
for the Dye Extracted from Hibiscus Sabdariffa.
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Figure 5: Variation of Reflection Coefficient with Wavelength
for Dye Extracted From Hibiscus Sabdariffa.
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Figure 6: Variation of Refractive Index with Wavelength for
Dye Extracted from Hibiscus Sabdariffa.
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Figure 7: Variation of Optical Dielectric Constant with Optical Conductivity
With Wavelength for Dye Extracted From Hibiscus Saldariffa.
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Figure 8: Determination of the Energy Band Gap of he
Dye Extracted from Hibiscus Sabdariffa.

CONCLUSIONS

Optical properties of the dye extracted from tlwavéér ofhibiscus sadbariffdnave been successfully studied. The dye has
high absorbance, low reflectance and low transmitta The dye has high reflectance coefficient aigth labsorption
coefficient with a small energy band gap. Thes@ertes make the dye a potentially suitable mdterithe fabrication of
electronic devices, solar cells and solar devités. refractive index of the dye is high, the ogtmanductivity of the dye
decreases exponentially with wavelength while tiededtric constant increases with wavelength. Thasgerties reveals
that the dye extracted from the flower of hibissasibariffacan be used for surface coatings, selective suidiad solar

thermal control.
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