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RESEARCH METHODS

Preliminary research

•Web literature

•Research papers

• Information 
exchange with 
expert from 
universities and 
research 
institutions

Planning

•Molecular 
modelling 
software 
(ChemAxon)

•Computational 
chemistry software 
(Gabedit)

• Lab manuals

Perform the 
experiment

•Standard lab 
equipment

•SEM

•UV-vis 
spectrometer

• IR-RAMAN 
spectrometer

•Stereomicroscope

Data analysis

•Data collecting 
software (Excel)

•Data analysis 
software (Matlab)



DIFFERENT DYES

Natural dyes

Anthocyanin

Cyanidin

Apigenin

Betacyanin Betanin

Chlorophyll



CHROMOPHORE GROUPS

 Electron transition responsible 

for chromophoric properties:

 𝜋 → 𝜋∗

 𝑛 → 𝜎∗

 𝑛 → 𝜋∗

 In organic chemistry the most 

common chromophore 

groups are: 𝐶 ≡ 𝐶, 𝐶 = 𝐶, 𝑁 ≡
𝑁, 𝐶 = 𝑁,𝑁 = 𝑂.



CHROMOPHORE IN NATURE





ORGANIC CHEMISTRY AND 

SEMICONDUCTORS

 HOMO and LUMO are acronyms respectively for highest

occupied molecular orbital and lowest unoccupied molecular

orbital.

 Roughly, the HOMO level is to organic semiconductors what
the valence band maximum is to inorganic semiconductors.

 The energy difference between the HOMO and LUMO is termed

the HOMO–LUMO gap.

 The same analogy exists between the LUMO level and

the conduction band minimum.
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CHLOROPHYLL

Porphyrin ring

(chelating Mg++ ion)

Phytyl chain



CHLOROPHYLL

Chlorophyll is 

weakly absorbed 

on TiO2



ANTHOCIANYNS

Cyanidin Apigenin



BETANIN



WHY DO WE USE THESE DYES?





TiO2 LAYER PREPARATION



SYNTERING

 250°C for 60 minutes.

 Slow cooling with closed owen.



TiO2 LAYER SURFACE ANALYSIS

Microscopy

SEM

until 105 x

Checking the 
particles sinterization

Stereomicroscope

about 20/40x

Checking the 
surface regularity

StereomicroscopeSEM





SINTERING  (SEM Pictures)

Sintering process (2)Sintering process (1)



EXTRACTION PROCEDURES

Apigenin
Hot extraction 
with absolute 

ethanol
Filtration

Cyanidin/

Betalain

Washing fruits 
with diluted 
acetic acid.

Solvent 
extraction with 
acetone and 

filtration

Phase 
separation with 

petroleum 
ether

Centrifugation

Chlorophyll
Fragmenting 
leaves with a 
small amount 
of NaHCO3.

Solvent 
extraction with 

absolute 
ethanol

Filtration Centrifugation



DYES ABSORPTION



COMPLETED DEVICES
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