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Abstract—In Dye Sensitized Solar Cell (DSSC), the dye 
sensitizer plays the key role. Dye-sensitizer embedded in TiO2 
will be able to absorb visible light up to approximately 800 nm 
and the energy conversion efficiency increase. In this study 
provides performance of pandan leaf pigment for Dye Sensitized 
Solar Cell (DSSC).  The dye from pandan leaf pigment was 
extracted using distilled water solvent with various temperature, 
then investigated the absorption spectrum using UV-Vis 
spectroscopy.  The extracted dye was adsorbed onto the surface 
of TiO2 based on Fourier Transform Infrared Spectroscopy 
(FTIR) analysis. The inhibition of crystallinity of TiO2 was 
investigated by X-ray analysis.  

Keywords — Dye Sensitized Solar Cell; Dye Extraction 
Temperature 

I.  INTRODUCTION 

  Among possible sources of clean energy in the future is 
solar cell. It is device that directly converts the light into 
electrical energy. Previously, solar cell based on silicon has 
high efficiency but the fabrication more complicated and 
expensive. In the year 1991, Gratzel proposed the concept of 
Dye Sensitized Solar cell (DSSC) [1]. The DSSC has attracted 
considerable attention because it has a lot of advantages 
compare silicon based. This covers  simple preparation 
procedure, environmental compatibility, low cost production, 
and good performance under diffuse light condition. DSSC 
consists of a transparent conducting glass electrode with a 
porous layer of wide band gap semiconductor, such as TiO2 
coated with a dye that serves as light sensitizer, an electrolyte 
layer, and a counter electrode, typically coated with graphite or 
platinum [2][3][4]. 

Important aspects for DSSC reside in increasing the photon 
collection efficiency over a broad spectrum of wavelengths in 
the visible regime and in retarding the charge recombination 
process [5][6]. The photon collection is first step in procces of 
solar energy harvesting, and a dye sensitizer plays the key role 
[7]. The absorption of light in the DSSC is achieved through 
dye-sensitizer embedded in semiconductor such as TiO2. The 
dye converts photons into excited electrons, which facilitate 
current flow. The higher capture of photons, will increase 
efficiency of solar energy conversion.  The dye molecules that 
are adsorbed on the surface of mesoporous semiconductor layer 
absorb the incident photons and gets excited. These excited dye 
molecules injects an electron into the conduction band of the 

mesoporous photoanode network and the dye molecules that 
loose an electron gets oxidized [8]. These injected electrons 
travel through the semiconductor layer to the external load to 
reach the counter electrode. The dye should possess these 
following requirements such as having a strong absorption in 
the visible light spectrum, carry a suitable attachment of the 
chemical group to be bound with semiconductor and can inject 
the electrons into a semiconductor surface [9]. 

The dye sensitizer contains synthetic dye and organic dye. 
Organic dye available fruits, flowers, leaves, bacteria etc 
exhibit various colors and contain several pigments that can be 
easily extracted and employed in DSSC [10]. Advantages of 
employing these organic dyes as photosensitizers in DSSC are 
due to their large absorption coefficients invisible region, 
relative abundance, ease of preparation and environmental 
friendliness [11][12]. Pigments from organic dyes include 
chlorophyll, carotenoid, flavonoid and anthocyanin that are 
relatively easy to extract from plants when compared to 
synthetic dyes [13][14]. Chlorophyll extracted from spinach 
with distilled water has region of the visible light spectrum in 
the range of 400 to 720 nm, and the photo electrochemical 
parameter for DSSC showed the open circuit voltage (Voc) of 
440 mV, current short circuit (Isc) of 0.35 mA and a fill factor 
(FF) of 0.49 [15]. The absorbance of chlorophyll from 
Cordyline fruticosa and Pandannus amaryllifolius pigments 
show a broad range of wavelength frequency between 410 nm 
and 700 nm, which is located within the visible range, and with 
three main peaks located at 530, 605, and 660 nm [16].  

The extraction yields of chlorophyll were significantly 
influenced by type of leaf, extraction time, extraction pressure, 
extraction temperature and concentration of cosolvent [17]. In 
this study provides performance of pandan leaf pigment 
extraction with various temperature for produce extraction 
yields optimally. The extraction yields as organic dye was 
investigated the absorption spectrum using UV-Vis 
spectroscopy.  The dye was adsorbed onto the surface of TiO2 
based on Fourier Transform Infrared Spectroscopy (FTIR) 
analysis. The inhibition of crystallinity of TiO2 was likewise 
investigated by X-ray analysis. The parameters are seen to 
ensure that the pandan leaf pigment has good potential a 
requirement standard as DSSC material.  
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II. MATERIALS AND METHODS 

A. Dye and Its Properties 

 Pandan is a genus of monocots with some 750 accepted 
species. They are palm-like, dioecious trees and shrubs native 
to the old world tropics and subtropics. Common names 
include pandan, screw palm, and screw pine. They are 
classified in the order Pandanales, family Pandanaceae.  

The dye identified in the present work is natural extract 
from leaves of Pandan plant (Pandan amaryllifolius) found 
abundantly in East Java, Indonesia. The dye obtained from the 
leaves of this plant is deep green. Fig. 1 shows the plant with 
green leaves, used in this present work. This green leaves 
contains chlorophyll that responsible for photosynthesis proses. 

 
Fig. 1. The Plant of Pandan 

B. Preparation of Natural Dye 

50 gr of pandan leaves are washed with distilled water then 
crushed using mortar into fine powder. Subsequently, the 
samples of the powdered leaves were devided 5, each 10 gr of 
pandan leaf powders were placed into 150 ml of distilled water 
solvent and mixed using stirrer with speed 300 rpm for 2 hour 
at various temperature (250 C, 350 C, 500 C, 700 C, 950 C). The 
all samples of solutions were kept for 5 hours at room 
temperature under dark condition. Solid residues were filtrated 
with a filter paper to produce natural dye. 

C. Preparation of Dye-TiO2 Mixed 

The each samples were mixed with TiO2 powder (supplied 
from MERCK). The solutions were kept for 5 hours at room 
temperature under dark condition. The TiO2 particles that 
adsorbed dye were filtrated with a filter paper and were dried 
by desiccator. 

D. Characterization 

The light absorption spectrum of dye was investigated 
using UV-Vis spectroscopy. The adsorbtion of dye onto the 
TiO2 particles was investigated using FTIR. The crystal phase 
composition of the TiO2 nanoparticles was determined by 
XRD. 

III. RESULTS AND DISCUSSION 

A. UV-Vis Analysis 

Fig. 2 shows the absorbtion spectra of Pandan leaves 
extracted by various extraction temperature. The extraction 
condition that produce the highest absorbance were 350 C. The 
absorbance decreased with extraction temperature less than or 
over than 350 C. 

The optimal extraction was done at temperature of 350 C. 
Extraction of natural dye needs heat energy, similar results 
were observed during the extraction of chlorophyll from green 
tea leaves[17]. But if the extraction temperature more than 350 

C showed the spectrum absorbance decrease. It shows the 
degradation of chlorophylls happened. It similar result were 
observed the degradation of chlorophylls in green peas [18]. 

   

 
Fig 2a. UV-Vis Spectra of 250 C Dye Extraction temperature 

   

 
Fig 2b. UV-Vis Spectra of 350 C Dye Extraction Temperature 
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Fig 2c. UV-Vis Spectra of 500 C Dye Extraction Temperature 

 

 
Fig 2d. UV-Vis Spectra of 700 C Dye Extraction Temperature 

 

 
Fig 2e. UV-Vis Spectra of 950 C Dye Extraction Temperature 

B. FTIR analysis 

 Fig. 3. shows the structure of dye-TiO2 mixed is confirmed 
by its FTIR spectra. Various temperature were used for finding 
an optimal extraction. All shows almost similar structures of 
functional group position. Wave number between 500 – 750 
cm-1 show similar structure due to wavelength absorbance of 
the Ti-O-Ti group. The optimal adsorption of dye onto TiO2 
observed in extraction temperature of 350 C as indicated by 
more and shaper peaks of functional group position at 
wavenumber between 1400 - 1750 cm-1 due to wavelength 
absorbance of the OH, C=C and C=O group of organic dye.  

 

 
Fig 3a. FTIR Spectra of 250 C Dye Extraction Temperature 

 

  
Fig 3b. FTIR Spectra of 350 C Dye Extraction Temperature 

 

 
Fig 3c. FTIR Spectra of 700 C Dye Extraction Temperature 

 

 
Fig 3d. FTIR Spectra of TiO2 without Dye 
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C. XRD analysis 

The inhibition of crystallinity of TiO2 was investigated via 
X-ray analysis. Fig. 4. shows the pure TiO2 before and after the 
adsorption of Pandan leaf dyes. The higher intensity of the 
main peak (at 2θ = 250) was observed before the dyes were 
adsorbed onto the surface of TiO2. After adsorption of dyes on 
TiO2, the intensity decreased approximately to half compared 
with those in pure dyes. Thus, the dye suitable to the 
application with enhanced absorbance. This phenomenon 
indicates the good functional chains between the dyes and the 
TiO2 surface. 

 
Fig 4a. XRD of TiO2 without Dye 

 

 
Fig 4b. XRD of  250 C Dye Extraction Temperature 

 

 
Fig 4c. XRD of 350 C Dye Extraction Temperature 

 

 
Fig 4d. XRD of 700 C Dye  Extraction Temperature 

 

 

IV. CONCLUSIONS  

This research was done for determine the spectrum 
absorbance of natural pigment, namely, chlorophyll was 
extracted from Pandan leaves with extraction temperature 
variation.  The optimal spectrum absorbance was reached at the 
extraction temperature of 350 C. The dyes of chlorophyll were 
successfully extracted from leaves using different temperatures. 
Furthermore the dyes were mixed with TiO2. The adsorption of 
Pandan dyes onto the surface of TiO2 were confirmed with an 
FTIR analysis, was used before and after adobe of dyes on the 
surface.  Using FTIR, the functional groups were confirmed. 
These dyes showed a similar structure of functional groups but 
the 350 C of extraction temperature showed more and shaper 
peaks of functional group position at wavenumber between 
1400 - 1750 cm-1. Inhibition of crystallinity of TiO2 was 
investigated by X-ray analysis to confirm adsorption of dyes 
onto TiO2 surface. After adsorption of dyes onto TiO2, the 
intensity decreased approximately to half compared with those 
in pure dyes. 
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