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Abstract: The anthocyanin from nature compounds containing colour or chromophore groups biochemically 

and effectively absorbs sunlight in the visible spectrum because it has more than one benzene ring with a 

conjugated double bond. Super dragon fruit (Hylocereus costaricencis) is one of the plants with the highest 

anthocyanin content with 1.1 mg / 100 mL of anthocyanin solution. In this research, 400 gr of dragon fruit skin 

extracted with 300 mL CH3OH for 24 hours in dark room at room temperature. And followed by liquid-liquid 

extraction using n-hexane and ethyl acetate. Each of 50 mL filtrate from extraction was synthesized with 0,5 gr 

FeCl3.6H2O, and 0,5 gr CoCl2.6H2O for 5 hours and get well mixture, then identified using UV-Vis 

Spectrophotometer and FTIR. Spectra data’s show the different profile before and after conversion, further 

characterization to determine the energy gab (Eg) and stability of the compound compared to natural sensitizers 

and others. The Eg found from synthesized FeCl3.6H2O is 0.33 eV and synthesized CoCl2.6H2O 0.185 eV. The 

energy gab identification and analyzation from metal complexes give much better performance photoelectric 

conversion than using natural photosensitizers. 
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I. Introduction 
The high number of world population growth shows a linear correlation with the need for energy. 

However, it is known that reserves of oil and mineral resources belonging to non-renewable resources that have 

been used are decreasing with the length of exploration and high consumption. More than 81% of the world's 

energy consumption depends on fossil fuels (Jager, 2014). Therefore, a number of studies that utilize renewable 

natural resources continue to be developed to address the high demand for these energy needs so as not to 

continue to depend on fossil fuel energy sources, such as research on solar energy or known as solar energy. 

Approximately 4 million masses per second of the sun's constituent material is converted to energy, with a 

theoretical estimate of the 275 W / m matahari sun center (Jager, 2014). Recognizing the abundance of these 

energy sources, the development of solar cells is a highly potential study developed as an alternative to starting a 

reduction in energy use with fossil fuels. 

The first silicon solar cell (SiO2) developed shows high efficiency performance of about 17-25% 

(Hardeli, 2013). However, a number of facts mention that the use of silicon is dangerous in its manufacturing 

process and costly. This is because silicon is a raw material that is widely used as a tool in the technology 

industry (Mehmood, 2014). As a competitive alternative then Michel Gratzel in 1991 developed DSSC (Dye 

Sensitized Solar Cell). Important components in DSSC devices are electrolytes, sensitizers, sunlight, 

semiconductor materials and so on. Currently, the development of these components is an ongoing challenge to 

improve the results of high energy conversion efficiency. The type of sensitizer (dye) is divided into two types, 

namely the dye obtained naturally and the second by synthesis. This natural organic dye is advantageous 

because the source of the material can be obtained anytime, practically and can be obtained in large quantities 

and from some references indicates a low assembly cost. Natural dye sources are often used as a natural 

sensitizer such as anthocyanin. The highest anthocyanin content is found in super red dragon fruit skin 

(Hylocereus costaricencis). The content of anthocyanin on super red dragon fruit (Hylocereus costaricencis) of 

1.1 mg / 100 mL of anthocyanin solution (Hidayah, 2013) and (Wahyuni, 2011), 45.15 ± 0.5117 gr / 100 gr Dry 

skin dragon fruit Hylocerius undatus (Vargas et al., 2013). But has a deficiency of low 1-7% efficiency, cannot 

survive at high temperatures or less stable, and interacts with TiO2 (Narayan, 2012). 

The first silicon solar cell (SiO2) developed shows high efficiency performance of about 17-25% 

(Hardeli, 2013). However, a number of facts mention that the use of silicon is dangerous in its manufacturing 
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process and costly. As a competitive alternative, Michel Gratzel in 1991 developed DSSC (Dye Sensitized Solar 

Cell) with components are electrolytes, sensitizers, sunlight, semiconductor materials and so on. Currently, the 

development of these components is an ongoing challenge to improve the results of high energy conversion 

efficiency. The type of sensitizer (dye) is divided into two types, namely the dye obtained naturally and the 

second by synthesis. This natural organic dye is advantageous because the source of the ingredients can be 

obtained anytime, is practical and can be obtained in large quantities and from some references indicates low 

assembly costs, but has a deficiency of low 1-7% efficiency performance, unable to survive at high temperatures 

or less stable, and interacting with TiO2 (Narayan, 2012). 

Compared to natural dye, synthetic dye has been shown high energy conversion value due to MLCT 

(metal to ligand charge transfer) interaction between central metals and binding ligands such as N3, N719, 

YE05 compounds (Nazeeruddin et al., 2011). The presence of MLCT interactions causes the electrons in the 

upper state position or the state of excitation (exited state) more, so the number of electrons to be transferred 

becomes more. The number of electrons transferred to the electron collecting electrode produces PCE (power 

conversion energy) or a high percent efficiency (η) as well. However, the complex synthesis sensitizer has 

constraints in the form of expensive and highly complex synthesis processes (Suhaimi et al., 2013). Answering 

these challenges, research on sensitizers continues, including by utilizing complex compounds as sensitizers by 

reacting to ligands from natural dyes with transition metals. 

This study aims to obtain complex compounds with anthocyanins as natural organic ligands which are 

reacted with iron salts trichloride hexahydrate (FeCl3.6H2O), cobalt dichloride hexahydrate (CoCl2.6H2O) and 

form complex compounds (Housecrofy and Sharpe, 2005). The complex compounds of the synthesized product 

were further identified using UV-Vis spectrophotometer and then the data obtained were analyzed to determine 

the value of energy gap (Eg) of the organometallic compound compared to the natural sensitizer. 

 

II. Experimental Details 
This research was conducted at 3 stages including: anthocyanin isolation, organometallic reaction, 

spectra data analysis. Isolation of anthocyanin from super red dragon fruit skin (Hylocereus costaricencis).This 

anthocyanin isolation stage begins by preparing the red dragon fruit skin sample, including cleaning equipment 

and materials to be used. As many as 400 grams of super red dragon fruit skin (Hylocereus costaricencis) cut 

small and blend puree. Dry the sample using the freeze drying tool Alpha 1-2 LD plus Christ for 24 hours, to 

reduce the water content. Then dried samples were soaked (macerated) in 300 ml of methanol solvent for 24 

hours. Use a shaker to increase the surface area of the sample contact with the solvent and store it in the dark 

room. Strain the extractants obtained using filter paper whatmann no. 42. Further filtrate / dye is evaporated 

using a rotary evaporator. 

After that, the anthocyanin content was tested in filtrate with thin layer chromatography (TLC). The 

isolation step is carried out by using liquid-liquid extraction method using n-hexane (nonpolar) solvent, ethyl 

acetate (semipolar) and others. Finally, identification was done using UV-Vis spectrophotometer. Synthesis of 

organometallic compounds with iron salts trichloride hexahydrate (FeCl3.6H2O), cobalt dichloride hexahydrate 

(CoCl2.6H2O) 

 This second stage begins by weighing 0.5 grams of each of the FeCl3.6H2O salt compounds, 

CoCl2.6H2O. Samples of each weighed salt were placed into a beaker and 50 mL of each anthocyanin filtrate 

were added each. Then the solution was stirred using a stirrer stirrer in the tatas of the electric stove for 5 hours. 

After that the solution was filtered and identified by UV-Vis spectrophotometer and FTIR. 

Energy Gap Analysis (Eg), the result of the UV-Vis spectral data before and after the reaction of the 

organometallic analyzed using Microcal Origin program to get the value of the energy gap (Eg) of natural 

photosensitizer (filtrate before organometallic reactions) and organometallic photosensitizer (filtrate after 

organometallic reactions). 

 

III. Result And Discussion 
In this study, the synthesis of complex compounds using anthocyanin from super red dragon fruit skin 

(Hylocereus costaricencis) ligand. Super red dragon fruit skin is known to have a very high antosianin. 

Anthocyanin is one of the natural pigments of the flavonoid group that is easily found in large quantities in the 

vicinity. Based on a literature review, the price of the PCE (power conversion energy) of a complex compound 

of Ru has a high value because it can mengabsopsi enough spectrum width, forming interaction MLCT (metal to 

ligand charge transfer) so that the electrons are in a position exitasi easier and more as well as having good 

stability. However, to synthesize complex Ru through reactions with synthetic organic ligands is very complex 

and uses high cost. Therefore, this study used the mechanism of the synthesis of complex compounds by 

reacting Ru anthocyanins (natural organic pigments) with salts of iron trichloride hexahydrate (FeCl3.6H2O), 

cobalt dichloride hexahydrate (CoCl2.6H2O). in this section the energy gap (Eg) values are obtained through 

UV-VIS spectra analysis. 
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The preliminary study carried out by the process of maceration and liquid-liquid extraction using a 

nonpolar solvent (n-hexane) and semipoar (ethyl acetate), which aims to reduce the other components in the 

filtrate was isolated. Thus, the main component of the obtained filtrate is anthocyanin (polar). Furthermore, the 

anthocyanin filtrate was measured for absorbance using a spectrophotometer in the range 400-700 nm with a 

methanol solvent with a ratio of 1: 8. The following is the result of characterization of anthocyanin UV-VIS 

absorbance. 

  . 

Picture 1. Dye Antosianin Absorbance 

 

The results of identification of anthocyanin dye absorbance of red dragon fruit skin extract showed spectrum 

absorbance range from 412-734 nm. The magnitude of the wavelength indicates the red sueron dragon skin 

absorbs the purple light to the red on the visible spectrum and absorbs a little infrared spectrum. A fairly wide 

range of absorbances in the anthocyanin spectra results show that it can absorb photons well on a wider 

spectrum of light. Therefore, anthocyanin dye can also be utilized as a sensitizer on DSSC devices. 

In the UV-VIS spectra for the identification of the result of iron complex compounds obtained a wider 

absorbance range that is at the wavelength of 253-759 nm. The absorption range obtained is wider than the 

absorbance of the anthocyanin dye. 

 
Picture 2. Iron complex Absorbance 

The extent of absorbance produced by iron complexes suggests that the light or energy of photons that 

can be absorbed by iron complexes can be wider than anthocyanin dye. The resulting absorbance of the iron 
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complex is in the ultraviolet spectrum up to infrared spectrum. The wider / wider area of photon absorption 

produces a better sensitizer character, as it will absorb more of the photon energy. The amount of energy 

absorbed photons can be used as energy that can make the electron in the dye excited more there is a state of 

upper state. Thus the electrons that can be transferred to the semiconductor and electron collecting electrode 

more also to produce high PCE. 

The UV-VIS spectra of the cobalt complex also exhibit a wider range of absorbances than 

anthocyanins, which are at wavelengths of 260-787 nm. The uptake of photons produced by the cobalt complex 

is highest compared to anthocyanin and iron complexes. The absorption of the cobalt complex photon spectrum 

is similar to that given to the iron complexes, ie, from the ultraviolet to infrared spectrum. 

 
Picture 3. Cobalt Complex Absorbance 

 

An analysis of the anthocyanin absorbance ratio curve, iron complex, and cobalt complex is performed 

to obtain an energy gap (Eg) value that can be a theoretical source whether the sensitizer has a good character as 

one of the photosystem devices. Energy gap is known as the amount of energy needed by electrons to excite 

from down state / HOMO to upper state / LUMO. Eg is therefore a reduction value between LUMO-HOMO. 

The greater the Eg, the less electron will be in the upper state / LUMO state, because if Eg is generated then the 

electron needs big energy to reach the excitation state. The UV-VIS spectra data obtained were processed and 

analyzed using the SPSS program and Tauc Plot method. A good sensitizer is expressed when it has a low Eg 

value. Here is a comparison curve between anthocyanins, iron complexes, and cobalt complexes: 

 
Picture 4. Curva (αhγ)

1/2
 versus hγ for Cobalt Complex, Iron Complex and Anthocyanin 
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A comparison curva (αhγ)
1/2

 versus hγ for cobalt complex, iron complex and anthocyanin for energy 

gap analysis above show that complex of iron and cobalt have higher energy than anthocyanin. Eg for cobalt 

complex is 0.185 eV, for iron complex is 0.33 eV while Eg for anthocyanin is 1.35 eV. 

 

IV. Conclusion 
Based on the results of research that has been done can be seen that the complex sensitizer obtained 

from iron complex and cobalt complex has a better character as a sensitizer. This is because the two complexes 

can absorb photons in a wider range of spectrums in the ultraviolet to infrared region, rather than the uptake of 

anthosinin which only absorbs photons in the visible spectrum to slightly infrared. The result of energy gap 

analysis showed that the value of Eg produced by the two complexes is lower than the value of Eg produced by 

anthocyanin. 
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