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This paper is a part of natural dye solar cell project. The dye extracted from blackberry fruit is 

successfully used in the fabrication of natural dye sensitized solar cells (NDSSC). Blackberry dye extract 

is showed to contain anthocyanins which is an excellent light harvesting pigment needed for the 

generation of charge carriers for the production of electricity. A strong absorbance in the green region 

(520 nm) is observed for blackberry dye at pH 1. The color intensity of the blackberry dye is decreased 

with the gamma dose up to 5 kGy and then saturation started. The high absorption range is found in 

blackberry dye 360-750 nm. The absorption band edge value of the natural dye solutions of the 

blackberry is found to be 1.97 eV from the maximum peak position (at wavelength 630 nm).Tauc 

gap(Eg) of the blackberry dye is found to be 1.96 eV for direct transition. It is observed that the gamma 

dose up to 7 kGy showed no significant effect on both absorption edge and Tauc gap of blackberry dye. 

The particles sizes range of the blackberry dye form the blackness pigment is found to be 0.6-3.0 and 0.4-

1.0 microns in diameter before and after gamma radiation. The optimum conditions of NDSSC based on 

this study of Blackberry dye are found that VOC=0.5, JSC =0.7 mA.cm-1, FF=0.5, and   %=0.2. 
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Introduction 

Natural dyes are generally environmentally 

friendly and have many advantages over synthetic 

dyes. In recent years, the applications of natural 

dyes were subject to research studies due to their 

biodegradability and higher compatibility with the 

environment [1-5]. Anthocyanins, with their 

common structure shown in Fig. 1, are flavonoids 

commonly found in fruits, flower petals, and 

leaves and produce orange, red, violet, and blue 

colors [6-7]. Earlier studies show that 

anthocyanins are especially abundant in 

blackberry, bilberry, strawberry, raspberry, grape 

skin, and so on [8-12]. 

 

The semiconductor oxides used in DSSCs are wide 

band gap materials, which do not absorb in the 

visible region. The function of harnessing the solar 

light is carried out by the sensitizer molecules 

attached to their surface. The absorption spectrum 

of the optimum dye for DSSCs should cover the 

whole visible region and even part of the near 

infrared. In addition, the dye must have suitable 

anchoring groups, which firmly attach the 

molecule to the semiconductor oxide. The classic 

sensitizer dye employed in DSSCs is a ruthenium 

dye, which is usually referred to as N3, or in its 

partially deprotonated form (a di-

tetrabutylammonium salt) as N719 [13]. 

 

Adsorption of the dye to the mesoporous film is 

achieved by simple immersion of the 

nanocrystalline film in a solution of dye, which 

results in the conformal adsorption of a dye 

monolayer to the film surface. The monolayer of 

the sensitizer is adsorbed to the surface of the 
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semiconductor by chemical bonding. The function 

of the sensitizers is to absorb the incident light, 

inject the excited electron into the semiconductor. 

By far, the highest efficiency of DSSCs sensitized 

by Ru-containing compounds absorbed on 

nanocrystalline TiO2 reached 11-12% [14]. It is 

expected that a reduction in the loss-in-potential to 

500 mV by well matching the energy levels at the 

interface of photoanode/sensitizer/electrolyte, and 

the further extension of the light harvesting region 

to 920 nm by using strongly absorbing sensitizers, 

the photoelectric conversion efficiency (PCE) of 

DSSCs can be boosted to 19% [15-17]. Even if 

such DSSCs provided a relatively high efficiency, 

there are several disadvantages of using noble 

metals in them. Noble metals resources are 

extremely limited, hence, their production is very 

expensive, and in addition, they are non-

environmentally friendly. On the other hand, 

organic dyes are not only cheaper, but also 

reported to reach power conversion efficiency as 

high as 9.8% [18]. 

 

In nature, fruit, vegetable, leaves, flowers, and 

algae contain several dyes which can be easily 

extracted and employed in dye sensitized solar 

cells. The use of natural pigments as sensitizing 

dye for the conversion of solar energy in electricity 

is interesting because, on one hand it enhances the 

economical aspect and, on the other, it has 

significant benefits from the environmental point 

of view. Natural pigments extracted from fruits 

and vegetables, such as anthocyanins, chlorophyll, 

and betalains are extensively investigated as 

sensitizers for DSSCs [19]. 

 

Dyes are colored, ionizing, aromatic organic 

compounds. Anthocyanins are one of the largest 

and most important groups of water soluble 

pigment found in most species of plant kingdom. 

They are accumulated in cell vacuoles and are 

largely responsible for diverse pigmentation from 

orange to red, purple, and blue in flowers and 

fruits. Their color (red, purple or blue) is changed 

with pH. They belong to a parent class of 

molecules called Flavonoids [20]. Their functions 

in flowers, with bright red and purple colors, are 

adaptive for attracting pollinators. In 

photosynthetic tissues (such as leaves and 

sometimes stems), anthocyanins is shown to act as 

a sunscreen, protecting cells from high-light 

damage by absorbing blue-green and UV light, 

thereby protecting the tissues from photo-

inhibition, or high-light stress [20]. Fig. (1) shows 

some possible structures for different 

anthocyanins. 

 

Fig. (1): Basic chemical structures of most abundant anthocyanins[21] 

Pigments of pelargonidin and cyanidin derivatives 

produce red and purple color, respectively, 

whereas those of delphinidin show purple or blue 

color [21]. The anthocyanidins are hydroxylated 

and methoxylated derivates of phenyl-2-

benzopyrylium or flaylium salts, regarded as 

flavonoid compounds. Due to the presence of eight 

conjugated double bonds carrying a positive 

charge, anthocyanins are intensely red or orange 

under acidic conditions (below pH= 2), but at 

higher pH, they are colorless and in alkaline 

conditions that change their color into bluish. The 

intensity and type of the color of anthocyanins are 

affected by the number of hydroxyl and methoxyl 

groups: if more hydroxyl groups, then the color 

goes toward a more bluish shade; if more methoxyl 

groups, then redness is increased [22]. 

Anthocyanins has a relatively small band gap (2.3 
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eV) as in the present study and absorbs in the 

visible region. The absorption spectra depend on 

pH, at pH equal to or below 2, anthocyanins 

solutions show characteristic maxima of 

absorption, one in the ultraviolet region 

(approximately 260 -280 nm) and two in the 

visible region (approximately 415 and 490 - 540 

nm). The wavelengths of these absorbance peaks 

can differ slightly by a few nanometers among 

various anthocyanins, depending on structure of 

each anthocyanin. The maximum of absorption at 

520 to 540 nm in the visible region is the most 

common wavelength used in the 

spectrophotometric measurement of total 

anthocyanins [23-24]. The solvent used for spectral 

determination affects slightly the position of the 

absorption bands; therefore it must be taken into 

consideration when comparing available data. 

Anthocyanins pigment is a low cost dye, easily 

available, easy to extract and applicable without 

additional purifications. All these reasons make 

anthocyanins vital alternative for synthetic dyes 

and most of other natural dyes. In this study, we 

have conducted blackberry juice. The construction 

of DSSC in the present project is a three-step 

process comprising: dye extraction, TiO2 paste 

application, and solar cell structure.  This research 

work is conducted specifically to explore dye 

extraction of blackberry for dying the solar cells 

and to study the high energy effect. 

 

MATERIALS AND METHODS 

Optical absorption 

The absorption spectra of the used dye samples are 

measured using Specord 210 plus UV-Vis 

spectrophotometer. The absorption data is taken 

from 200 nm to 1100 nm wavelength. A 10 mm 

quartz cuvett is used for the blackberry dye 

samples. 

 

Blackberry dye extraction 

The efficiency of a solar cell depends largely on 

the homogeneity of the natural dye extract. To 

select the dye having a good absorption in the 

visible region, fresh blackberry fruit, of Egyptian 

origin, is collected from the local market. First, the 

samples are washed with pure water, cut into 

smaller pieces and finely blended at room 

temperature in a shade to prevent pigment 

degradation. In order to achieve this desired 

homogeneity, blackberry samples are extracted 

through a very rigorous process. The blended 

samples are then filtered and the filtrate 

centrifuged to obtain a homogeneous dye extract. 

 

Buffer preparation 

The buffer is prepared at pH 1.0; by weighing 1.86 

g KCl into a beaker and adding distilled water to 

980 mL. Measure the pH and adjust pH to 1.0 

(±0.05) with HCL (ca 6.3 mL). Transfer to 1 L 

volumetric flask and dilute to volume with distilled 

water [25]. To prepare pH 4.5; add KCl solution 

and water to pH 1.0 until reached to the required 

value. 

 

Particle size analysis 

Dynamic Light Scattering (DLS) is an important 

tool for characterizing the size of nanoparticles in a 

solution. DLS measures the light scattered from a 

laser beam that passes through a colloidal solution 

and by analyzing the modulation of the scattered 

light intensity as a function of time. Dynamic light 

scattering system is used PSS-NICOMP 380-ZLS 

particle sizing system St. Barbara, California, 

USA. 

 

Gamma irradiation  

The Gamma cell 220 Excel 
60

Co irradiation 

facilities (manufactured by Nordion, Canada) is a 

compact and self-contained irradiation unit 

offering an irradiation volume of approximately 

6L. The absorbed dose rate of the cell during this 

project is found to be 2.1 kGy/h. 

 

RESULTS AND DISCUSSION 

Optical measurements of blackberry extract  

The extracted blackberry dye is characterized 

using UV-VIS spectrophotometer. UV-VIS spectra 

provided information about the frequencies at 

which the dyes absorb photons and also quantify 

the absorbed light. The spectra of dye extracted 

from blackberry at pH1; Fig. (2), show a strong 

absorbance in the green region (520 nm). The 

extract from blackberry mainly contains 

anthocyanins and one intense absorption band at 

520 nm in the visible region is indicated the 

presence of this pigment. Anthocyanins reversibly 

change color with pH Fig. (2), which limits their 

effective use as food colorants for many 

applications, but also provides an easy and 

convenient method for measuring total pigment 

concentration [26]. The described method is a 

modification of methods originally described in 

Ref. [27-29]. 
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Fig. (2): UV–Visible spectra of anthocyanins in pH 1.0 and 4.5 buffers, 

and the structures of the flavyliumcation (A) and hemiketal forms (B) 

 
Samples are diluted with aqueous pH 1.0 and 

4.5 buffers and absorbance measurements are 

taken at the wavelength of maximum absorbance 

of the pH 1.0 solution. The difference in 

absorbance between the two buffer solutions is due 

to the monomeric anthocyanin pigments. Fig. (2) 

shows the absorbance spectra and maxima of the 

extracted blackberry dye samples after pH 1.0 

adjustments. In acidic solution, blackberry dye 

appeared green, due to an intense band centered at 

520 nm Fig. (2). This value is consistent with other 

[24]. The Anthocyanins are characterized by two 

absorption bands- Band I- 475-660 nm (Visible 

region) Band II- 275-280 nm (UV region). The 

actual color (Band I) depends on the number and 

position of hydroxyl and methoxyl groups. The 

broad peak of anthocyanins pigment is observed at 

500-520 nm wavelength which indicated that 

anthocyanins pigment fall in the visible region 

with the absorbance 0.3-0.9 as shown in Fig. (2). 

The visible band is assigned to a –* charge 

transfer transition which results in a shift of the 

electronic charge density from the chromenium 

portion to the catechol end of the anthocyanins 

molecule. The graph of absorbance versus 

wavelength of raw extracted dye solution of 

blackberry with distilled water (solvent) as a 

reference before gamma radiation is shown in Fig. 

(3). The effect of gamma radiation up to 7 k Gy as 

a high energy is investigated on the blackberry 

extracted dye as shown in Fig. (3). It is observed 

that the color intensities decreased with the gamma 
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dose up to 5 k Gy and then the saturation started. It 

may be possible that electrons are removed from 

the electron cloud of chromophores, and then the 

loss in color occurred. Removal of electrons may 

cause the remaining electrons to revert to local 

orbits. Color in dyes is invariably explained as a 

consequence of the presence of chromophores. The 

technical term for color fading is photo 

degradation. There are light absorbing color bodies 

called chromophores that are present in dyes. The 

observed colors are based upon these chemical 

bonds and the amount of light absorbed in a 

particular wavelength.  
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Fig. (3): The absorption spectra of blackberry dye under -radiation doses effects 

 

Absorption band edge of blackberry dye 

The transmittance spectrum of the blackberry dye 

solution is considered to investigate its optical 

properties at certain molarity and the plot of the 

transmittance vs. wavelength is showed in Fig. (4). 

The absorption band edge of blackberry dye and 

the UV-VIS spectrum of this sensitizer with its 

respective maximum wavelength are given in 

Table (1). As seen in Fig. (4) and its onset, the 

transmittance spectra of the dye solutions of the 

blackberry fruits until about 360 nm are not 

observed due to the high absorption of the dye 

solutions of the blackberry fruit, but the 

transmittance spectra of the dye solutions of the 

blackberry fruit sharply are increased in the range 

of about 360 and 800 nm. After about 800 nm, the 

transmittance spectrum of the blackberry dye 

solution is not observed again due to emitted red 

light at about 685 nm of the blackberry. In the 

visible region, the average transmittance (Tavg) 

value of the dye solutions of the blackberry is 

calculated and given in Table (1). It is observed 

that the high absorption range found in blackberry 

is 360-800 nm, as clear from Fig. (4).  
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Fig. (4): The plot of the transmittance vs. of 

blackberry dye at 0.0 kGy 

To estimate the absorption band edge of the natural 

dye solutions of the blackberry, the first derivative 

of the optical transmittance could be computed 

[30]. For this purpose, plot of dT/d vs. 

wavelength is made for the natural dye solutions of 

the blackberry (Fig.5). The absorption band edge 

value of the natural dye solutions of the blackberry 

is calculated from the maximum peak position (at 

wavelength 630 nm) and given in Table (1).  

The absorption band edge of the dye solutions 

of the blackberry is found to be 1.97 eV. The dye 

of blackberry could be considered as reasonable 

liquid semiconductor and good light absorber in 

visible range. 
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Tauc gap (optical energy gap) of blackberry dye 

Tauc gap, Eg of optical transitions could be 

evaluated from the absorption spectrum using the 

Tauc relation [31]. Tauc gap, Eg of the blackberry 

dye is found to be 1.96 eV as shown in Fig. (6) 

which is in agreement with the value (1.9 eV and 

2.7 eV) in the literature [30, 32-33] and given in 

Table (1). The approach of the first derivative of 

transmittance to wavelength promised to give good 

calculation for the absorption edge of any natural 

fruits solutions which is found roughly consistent 

to Tauc gap.  

Gamma irradiation effects on optical absorption of 

blackberry dye 

Gamma rays can break down the chemical bonds 

and thus fade the color in an object; it is of a 

bleaching effect. This color loss may be due to the 

removal of electrons from the charge cloud of 

chromophores as mentioned above. It is noticed 

that the color of the dye largely fades and with the 

appearance of some lees in dye solution after 

gamma irradiation (7 kGy) as shown in Fig. (3). 

The effect of gamma radiation on absorption edge 

and Tauc gap is investigated. It is observed that the 

gamma dose up to 7 kGy showed insignificant 

effect on both absorption edge and Tauc gap of 

blackberry dye. This may be due to breaking 

chromophores group (color group) only, not the 

backbone molecule of anthocyanins. 

 

Particle size analysis of blackberry dye extract  

Small particles in suspension undergo random 

thermal motion known as Brownian motion.  This 

random motion is modeled by the Stokes-Einstein 

equation.  The equation given below is the most 

commonly used from for particle size analysis 

[34]. The diffusion coefficient Dt is related to the 

radius of particles by Stokes-Einstein equation: 

   
   

          
    (1) 

Where
 Dz is the hydrodynamic diameter (this is the 

goal: particle size) 

Dt, avg is the translational diffusion coefficient 

(by DLS) 

KB is Boltzmann’s constant (known) 

T is thermodynamic temperature in Kelvin 

(solution temperature) 

v is dynamic viscosity (water 0.933 cp) 

Using dynamic light scattering, the sizes of the 

dye particles are analyzed before and after gamma 

radiation at dose 7 kGy as displayed in Fig.(7a-b). 

The particles sizes range of the blackberry dye 

form the blackness pigment is found to be between 

0.6-3.0 and 0.4-1.0 microns in diameter before and 

after gamma radiation, respectively. The frequency 

gives information about how far apart the particles 

are and how much of light bounces of the particles 

in the suspension. According to this data (shown in 

Fig.7), the dye will be well adsorbed unto the 

photo-anode of solar cell and still be able to absorb 

a high amount of sunlight. When the sizes of the 

particles in the dye are known, an understanding of 

how intensely the light will be absorbed and 

reflected by the particles in the dye could be 

attained. It is observed that the frequency started 

early after gamma irradiation as in Fig.(7b) than 

before gamma irradiation as shown in Fig. (7a). 

The percentage decrease of particles size after - 

irradiation is found to be ~39%. This might be due 

to the effect of gamma rays that cause breaking in 

chromophores as mentioned above. The size of the 

particles acts as crucial role to increase the 

efficiency of the cell and must measure for 

optimum output [6, 31, 35-36].  
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Fig. (5): the plot of dT/dvs. of the blackberry dye solution 
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Table (1): The Tavg (in the visible region), max.peak, absorption band edge and 

Tauc gap values of the blackberry dye solutions 

Fruits Tavg 

(%) 
max (nm) 

of 1
st
 derivative 

Absorption 

band edge, eV 

Tauc gap, 

Eg, eV 

Blackberry 25 630 1.97 1.96 

 

 
Fig. (6): The (E)1/2 plot vs. the photon energy (E) of the Blackberry at 0.0 kGy 

 
Fig. (7): Intensity-Weighted Gaussian distribution analysis of Blackberry dye:  

(a) before gamma radiation, and (b) after gamma radiation 
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Conclusion 

The efficiency of a solar cell depends largely on 

the homogeneity of the natural dye extract. The 

dye extracted from blackberry fruit is successfully 

used in the fabrication of natural dye sensitized 

solar cells (NDSSC). It is characterized using UV-

VIS spectrophotometer and dynamic light 

scattering. The spectra of dye extract from 

blackberry at pH 1 showed a strong absorbance in 

the green region at 520 nm. Anthocyanins 

reversibly change color with pH. The effect of 

gamma radiation up to 7 kGy as a high energy on 

the blackberry extracted dye showed that the colors 

intensities decreased. The transmittance onset of 

the dye solutions of the blackberry fruits until 

about 360 nm is not observed. The transmittance 

spectra of the dye solutions of the blackberry fruit 

sharply increased in the range of about 360-800 

nm. After about 800 nm, the transmittance 

spectrum of the blackberry dye solution is not 

again observed. The absorption band edge of the 

dye solutions of the blackberry is 1.97 eV. Tauc 

gap, Eg of the blackberry dye is 1.96 eV. The 

gamma dose up to 7 kGy is showed insignificant 

effect on both absorption edge and Tauc gap of 

blackberry dye. The particles sizes range of the 

blackberry dye is found to be 0.6-3.0 and 0.4-1.0 

microns in diameter before and after gamma 

radiation. The optimum conditions of NDSSC 

based on this study of blackberry dye are VOC=0.5, 

JSC =0.7 mA.cm
-1

,FF=0.5, and   %=0.2. 
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