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ABSTRACT 
 
Optical transmittance of various natural organic- and synthetic (commercial)- dyes has been measured in the 
wavelength range of 310-900 nm. The pure natural dye from raw samples of either flower or root of plants were 
extracted and dried following standard method. Then the powder of both natural and synthetic dyes were dissolved 
in ethanol for transmittance measurements by UV-Visible spectrometric technique. In the visible region of 
electromagnetic radiation, all the natural dye samples show poor absorbance, except Maharanga bicolor. While the 
synthetic dyes, specifically, Green-VS, Patent-Blue and Black-ADLI show strong absorbance over the wide range in 
the visible spectrum, demonstrating the prospect of utilizing in the fabrication of dye sensitized solar cells. Uniquely, 
a natural dye extracted from root of herb Maharanga bicolor shows characteristic peak at around 500 nm, 
associated with rovibronic transitions.  
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INTRODUCTION 
 

The conversion of solar energy to electricity utilizing solar cells represents one of the most promising and 
environmentally friendly methods to energy production. As a result, there have been huge efforts in a wide variety 
of solar cell technologies. Among the most widely used solar cells, silicon based solar cells are in the foremost. 
However, large-scale utilization is hindered by the production costs of solar cells, due to the rigorous process of 
obtaining pure silicon from silicon oxide. Thin film based dye-sensitized solar cells (DSSCs), which was first 
proposed by O’Breon and Gratzel in 1991, appear to be highly potential alternatives to more expensive solar cell 
technologies because of their high light-to-electricity conversion efficiencies, inexpensive production cost, and ease 
of fabrication [1].  
 
In DSSCs, a thin film of nano-particles of metal oxide, mostly titanium oxide (TiO2) or zinc oxide (ZnO), is 
synthesized on top of conducting glass electrode. The films of compound semiconducting material of metal oxide, 
which are in the order of hundreds nanometer to micro- meter thick, are sensitized by metal complex dye for 
absorption of light. The excited dye then releases electron, by photoelectric effect, which eventually reaches to the 
load via TiO2 or ZnO nanocrystalline nanocrystals. With TiO2-based dye-sensitized solar cells, efficiencies of up to 
11% have been obtained using standard ruthenium polypyridyl complexes as a sensitizer in the laboratory 
condition[1]. While, very recently, slightly improvement in efficiency (12%) was reported with the Zn porphyrin 
dye. Further improvements in efficiency and durability would certainly facilitate widespread utilization of this 
technology.  
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There are a number of factors determining the efficiency of solar cells, but the structural and physical properties of 
the sensitizer are clearly important ones. Zinc-porphyrin dyes, while holding the record for conversion efficiencies, 
have relatively low extinction coefficients. They are also considered to be expensive, and difficult to synthesize. 
With a view to the limited metal-complex resources, metal free organic dyes have attracted considerable attention in 
recent years owing to their excellent flexibility in terms of molecular tailoring: Motivated by the possibility of 
finding a replacement for metal-complex dyes, a number of chromophores, including coumarins [3], indulines [4] 
oligoenes[5] merocyanines [6] hemicyanines [7] oligothiophenes [8], functionalized thiophenes [9], squaraines [10], 
benzothiadiazoles [11], perylenetetracarboxylic acid derivatives [12], diphenylaminostyrenes [13],  phthalocyanines 
[14] and some other dyes such as anthocyanin  [15-19] have been studied, with varying degrees of success. 
However, for the most efficient of these sensitizers, the overall conversion efficiency is limited to 4-7.5%  [20] and 
also for obtaining most of the above dies one should follow rigorous methods of synthesis and  purification.  
 
It has been known that plants and bacteria capture solar energy using porphyrin-based chromophores for converting 
it into chemical energy [21]. Extracting such dyes from plants with a appropriate solvent and separating components 
(compounds) present in the dye mixture with simple and cost effective methods would eventually allow to further 
reduce the cost of solar cell fabrication. 
 
In this article, we report on investigation of absorbance of various natural dyes and also of synthetic dyes (acidic), 
which have been traditionally used in wool coloring. We will also shed a light on the spectroscopic feature of the 
measured photoabsorption spectra.  
 

MATERIALS AND METHODS 
 

Extraction of the natural dye from plants (either flowers, roots or barks) was carried out.  The collected  samples 
were dried by diffused solar radiation by letting open for 2-3 days in a room, and crushed in a mortar to bring them 
into  powder form. Certain amount of the powder was then dipped in ethanol  (95%; purchased from Bengal 
Chemicals & Pharmaceuticals Ltd., India) for 24 hours for allowing to liberate dye molecules present in the sample. 
The extracts were filtered and dried in low temperature. A known weight of the extract of both natural and synthetic 
dyes were then dissolved in ethanol for absorption measurements (precaution was taken to overcome the saturation 
effect). The synthetic dyes were purchased from Hindustan Ciba Geigy Ltd. Absorbance of the dye was measured on 
Genesis-10 UV-Visible Spectrophotometer in the wavelength of 310 to 900 nm. The spectrometer was calibrated by 
measuring the  concentration dependent absorbance of standard  solutions at three different regions: UV, visible and  
near-IR. Fig. 1 shows, as an example, concentration dependent absorbance of cuppersulphate  (CuSO4) solution  
recorded at 810 nm wavelength in which CuSO4  shows maximum absorbance.  

 

Figure 1. Calibration of spectrophotometer by measuring absorbance of CuSO4 solutions of various known concentrations with radiation 
of 810 nm 

Solid line represents the least square fit 
 

RESULTS AND DISCUSSION 
 

In Fig. 2, we present the absorbance as a function of radiation wavelength for different natural dye samples: 
Hibiscus-rosa-sinensis, Cysanthemum (Marigold), brassica nigra (Mustard), Tagetes erecta (Godawari) and 
Terminalia arjuna. Ethanol was used as a solvent to extract from raw samples and also to prepare the solution from 
the extracted one. While all the samples show strong absorbance with peak around 340 nm, Tagetes erecta shows 
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rather broader peak but start to fall from ca. 425 nm. As all the natural dyes from present measurements found to 
have poor absorbance in the visible region, they may not be suitable for solar cell purposes.    

       
Fig. 2, absorbance as a function of radiation wavelength for natural dye samples: Hibiscus-rosa-sinensis (open circle), Cysanthemum 

(cross), brassica nigra (solid squre), Tagetes erecta (open square) and Terminalia arjuna (solid line). 
 
 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. The electronic absorption spectra of various synthetic dye samples, in the wavelength range of 300 - 900 nm.  BlackADLI (open 
square), PatentBlue (open circle) GreenVS (open triangle) Violet4BS (open diamond), Solid curve is of Ruthenium dye [22] 

 
Also, presented in Fig. 3 are electronic absorption spectra of various synthetic dyes recorded in the wavelength 
range of 310 nm to 900 nm. Ethanol was used as a solvent. As indicated in the figure, among  all the  samples, the 
GreenVS and PatentBlue exhibited superior absorbance in the visible region (around 550 nm to 700 nm). 
Interestingly, both dyes behave similarly in this region and show maximum absorbance at 650 nm with a FWHM 
around 60 nm. The Violet4BS shows absorbance peaking at 540 nm with FWHM of ca. 60 nm. On the other hand, 
BlackADLI shows fairly good absorbance in wide region extending from UV to visible region of electromagnetic 
spectrum (300 nm to 700 nm), with two major peaks at around 310 and 575 nm. The Yellow2GLNI shows the 
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weakest response in the visible region among the studied samples. 
Ruthenum dye complex, Z917, (represented by solid line)
common dye for DSSCs due to its good absorbance
 
In the present situation, although 
absorption of light,  we may shade some light on the basis of their color. 
of synthetic acidic dyes. As Anthraquinone derivatives generally form blue dyes, basic structure of the Patent Blue is 
of Anthraquinone type and expected to be synthesized from chemical intermediates which form anthraquinone
structures as their final state [23]. The 
forms yellow or green dyes. 
 

 

 

 

Fig. 4. Chemical structure of anthraquinone

 

 
 
 
 

 

 

 

 

 

 

Fig. 6. The electronic absorption spectrum of Maharanga bicolor dye, prepared in hexane as a solvent, in the wavelength range

Fig. 6. The electronic absorption spectrum of 
herb and dissolved in hexane) in the wavelength range of 310
polarity index of  zero. Curve around 310 nm appear to be falling side of the peak in the UV region. Besides,  it also 
demonstrates another broad peak centering around 510 nm with full FWHM of around 110 nm
measurements were in liquid phase, surprisingly, rotational
vibrational and rotational transitions accompanied with electronic transitions.
 

Among the measured absorption spectra of natural dyes
visible region its absorbance spectrum false rapidly after 420
Maharanga bicolor shows broad peak in visible region extending from 400 to 600 nm, indicating prospect for using 
solar cell purposes. More interestingly although measurements were carried out in liqu
solvent), surprisingly, rotational-vibrational peaks are noticeably visible. 
as the polarity index of hexane is zero
vibrational and rotational transitions accompanied with electronic transitions.
 
On the other hand, the synthetic dyes, specifically, Green
absorbance over the wide range in the 
dye sensitized solar cells.  
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weakest response in the visible region among the studied samples. Also included is the
Ruthenum dye complex, Z917, (represented by solid line) for comparison taken from Ref. [22

s due to its good absorbance in the visible region. 

although we are unable to specify the exact molecule (chromophore) responsible for 
absorption of light,  we may shade some light on the basis of their color. All of the spectrum 
of synthetic acidic dyes. As Anthraquinone derivatives generally form blue dyes, basic structure of the Patent Blue is 

type and expected to be synthesized from chemical intermediates which form anthraquinone
The Green VS  may be derivative of Triphenylmethane since the later

Fig. 4. Chemical structure of anthraquinone                                      Fig. 5. Chemical structure of Triphenylmethane

Fig. 6. The electronic absorption spectrum of Maharanga bicolor dye, prepared in hexane as a solvent, in the wavelength range
700 nm 

. The electronic absorption spectrum of Maharanga bicolor dye (extracted from root of 
in the wavelength range of 310- 900 nm.  Note that hexane is a nonpolar solvent with 

Curve around 310 nm appear to be falling side of the peak in the UV region. Besides,  it also 
broad peak centering around 510 nm with full FWHM of around 110 nm

measurements were in liquid phase, surprisingly, rotational-vibrational peaks are noticeably visible indicating 
vibrational and rotational transitions accompanied with electronic transitions. 

CONCLUSION 
 

Among the measured absorption spectra of natural dyes, although Tagetes erecta shows better abso
visible region its absorbance spectrum false rapidly after 420 nm reaching around only 10 percent at 450 nm

peak in visible region extending from 400 to 600 nm, indicating prospect for using 
nterestingly although measurements were carried out in liqu

vibrational peaks are noticeably visible. This may be due to minimal solvenyt effect 
y index of hexane is zero. The appearance of such peaks may be understood as 

vibrational and rotational transitions accompanied with electronic transitions. 

the synthetic dyes, specifically, Green-VS, Patent-Blue, and Black
bance over the wide range in the visible spectrum, demonstrating the prospect of utilizing in the fabrication of 
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