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ABSTRACT: An abundance in lignocellulosic biomass can be an effective solution for increasing fuel and chemical demands. 
Lignocellulosic biomass is composed of cellulose, hemicellulose, and lignin – all components that are vital to its ability to be 
converted into various value-added chemicals. Despite its abundance and subsequent potential, the depolymerization of lignin 
remains a big technical challenge. This experiment entailed the oxidation of corn stover with the dye sensitized solar cell (DSSC) 
as a pretreatment process for easy depolymerization. In the photoelectrochemical reaction, raspberry extract coated titanium 
dioxide (TiO2) electrode and a visible LED light source were used to see if solar energy could be used. It was observed that the 
absorption spectra changes, which infers structural changes in corn stover through UV-vis spectroscopy, finding the possibility of 
depolymerization of lignin in mild conditions at a low cost.
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hattan had a more pronounced upward when compared to the data gathered from the stations in relatively less populated areas.

�   Introduction
Wood is composed of three components: microfibrils of cel-

lulose (35-50%), hemicellulose (20-35%), and lignin (15-20%) 
– all shown in Figure 1. Lignin is the largest non-carbohydrate 
component in the lignocellulosic biomass (LCB) and the most 
abundant aromatic polymer (LCB contains up to ~20% lignin) 
but is currently underutilized. Most of the lignin is used for 
producing heat energy but instead, it can be converted to valu-
able chemicals (i.e. ethanol, phenol).¹ Previous studies show 
that lignin can be decomposed at high temperatures and pres-
sure, resulting in the production of value-added chemicals.² 
Recently, several research groups developed effective methods 
to break down lignin into small molecules by utilizing visible or 
solar light, a naturally abundant, safe, and cost efficient source.³ 
More importantly, these solar-powered reactions allow for im-
provement in selectivity and the yield of lignin decomposed, 
especially under mild conditions such as room temperature 
air. Inspired by the recent studies about visible light induced 
lignin depolymerization, a unique method was reported to 
modify lignin into decomposed lignin with a dye-sensitized 
solar cell under the illumination of visible light. Composed of 
light absorbing molecules, fruit dyes extracted from raspber-
ries, blueberries, and blackberries were utilized as a component 
of the dye sensitized solar cell, because it can absorb photons 
which make up light. 

Solar energy is considered an alternative renewable and sus-
tainable energy source. As a result of using fossil fuels, global 
warming and air pollution are problems that substantially 
degrade the environment today. In 2017, 81% of the world’s 
consumed energy was oil, coal, and natural gas and nearly fif-
teen billion metric tons of fossil fuels are consumed every year.⁴ 
At this rate, it’s predicted that the world will run out of fossil 
fuels in seventy years’ time.⁵ Not only is this a strain on our 
available energy sources, but it presents a health crisis as well. 

The resulting air pollution alone, which has been on the rise 
since 2016, contributes to 9% of global deaths.⁶ 

To find a solution to this global issue, researchers are creating 
modernized ways to acquire energy by using natural resources 
such as solar radiation. Among these modernized alternatives 
is the dye sensitized solar cell. These cells produce electric en-
ergy by absorbing the rich visible light radiated from the sun 
and applying the principles of plant photosynthesis (Figure 2). 
The process of chlorophyll utilizing solar energy is mimicked 
by the dye in these cells. Similar to how plants absorb solar 
energy to turn it into chemical energy, these cells are able to 
absorb solar energy and process it into usable electric energy 
as shown in Figure 3. Like the process of photosynthesis where 
chloroplasts capture light energy to convert into chemical en-
ergy (ATP, NADPH in chloroplast), the fruit dye in the dye 
sensitized solar cell attaches to the TiO₂ particles to absorb 
light. The dye then gives its electrons to allow the flow of en-
ergy throughout the cell, which is kept in a cycle by the iodine 
mediator that is added.

Goal of the project:
In the following project, the isolated lignin gained from a 

range of pretreatments will be used as feedstock to produce 
mono-aromatic compounds and/or dicarboxylic acids. A 

Figure 1: . Wood components and the structure of lignin (The green lined 
structures represent the major molecular structure in lignin).
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range of aromatic compounds, often used as another renew-
able source for petroleum-based chemical building blocks, 
will be produced from lignin through depolymerization with 
a final goal of improving the economics of LCB- based biore-
fineries. 

As a pretreatment process, the dye sensitized solar cell was 
fabricated and checked for the possibility of lignin depolym-
erization in corn stover through photo-oxidation using solar 
energy. Corn stover is the non-grain portion of corn crop and 
considered to be a substantial potential biorefining resource 
and often used for lignin decomposition research. Untreated 
corn stover has ~20% lignin.
�   Methods
Chemicals:
Sunscreen (Bare republic, Titanium Dioxide 6.4%), rasp-

berries, blueberries, and blackberries were purchased from 
Wegmans, NY. Isopropyl alcohol (~99%) was purchased from 
Amazon. Hydrogen peroxide (3%) and acetone (~99%) were 
purchased from CVS without the purification. The Leem and 
Yoo research groups at SUNY ESF provided TiO2 paste, corn 
stover, FTO glass, and electrolyte solution.

General fabrication of Dye Sensitized Solar Cells:
The three dyes were extracted from blueberries, raspberries, 

and blackberries by crushing the fruit and filtering out the 
dye using vacuum filtration. The dyes were then diluted with 
water and each was used to measure the UV-visible absor-
bance spectrum to understand the absorption of the dyes. The 
next step was to fabricate the dye sensitized solar cell using 
sunscreen containing TiO2 and other ingredients. Before ap-
plying anything to the fluorine doped tin oxide (FTO) glass, 
it was placed in isopropyl alcohol for ten minutes in the son-
icator to cleanse the glass surface of any small particles. After 
the glass was cleansed, the sunscreen was evenly coated on 
the FTO glass by using different layers of tape on the perim-
eter to create various thicknesses and placed in the oven at 
120 °C for one hour. After depositing the sunscreen on FTO 
glass at high temperature, the concentrated dye solution from 
fruit juice was dropped on top of the dry sunscreen coated 
FTO glass. After twenty minutes, any excess dye on the glass 
was gently rinsed off with solvents. The counter electrode was 
then prepared, which was a carbon coated FTO glass made 
by using graphite pencil. The two glass pieces, one with the 
fruit dye coated TiO2 containing sunscreen and the other 
electrode with the carbon coating, were sandwiched together 
and held together with two binder clips. Drops of redox elec-

trolyte solution (0.5M iodide electrolyte solution) were then 
placed between the two glass samples and spread throughout 
its inner surface by clipping and unclipping the binder clips.⁹ 
The cell was assembled with an electric wire connected to a 
multimeter, which was used to find the maximum current of 
the cell when placed in front of different LED light sources, 
Red, Green, and Blue.

Instead of a small component of TiO2 in sunscreen, anoth-
er dye-sensitized solar cell was prepared by using pure TiO2 
paste and graphite carbon. Various samples of glass were even-
ly coated with TiO2 (Figure 4). The active area was controlled 
by adjusting the number of layers of scotch tape placed around 
the edges. When all the glass samples were coated with TiO2 
paste, they were then placed on a hot plate at 80oC for twenty 
minutes. After drying, the concentrated raspberry dye solution 
was dropped on the preheated TiO2 electrode (Figure 5). The 
counter electrode, carbon coated FTO glass, was fabricated by 
coating the conductive side of the glass with graphite pencil. 
Then, the two electrodes, the dye attached TiO2 electrode, and 
the carbon coated FTO electrode, were sandwiched and held 
together with two binder clips. Iodide electrolyte solution was 
dropped between the two glass samples and spread through-
out the inner surface by clipping and unclipping the binder 
clips. The electrodes, with an electric wire, were connected to 
a multimeter which was used to find the maximum current of 
the cell in Figure 6 and 7.¹⁰ The photocurrent density data was 
obtained with different distances between the electrodes and 
the different LED light sources: Red, Green, and Blue.

Figure 2: Process of photosynthesis.7 Figure 3: Process of dye sensitized 
solar cell.8

Figure 4: FTO glass substrate coated with sunscreen containing TiO₂ with 
various thickness. (from left 1 layer, 2 layers and 3 layers of tape)

Figure 5: FTO glass substrate coated with TiO₂ paste and raspberry 
extract.
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TiO2 (6.4%) and other organic ingredients in the sunscreen. 

Dye Sensitized Solar Cell (DSSC) with TiO2 Paste:
Using an LED light source, the electrical currents were mea-

sured from (1) the different active areas and (2) the distance 
between the light source and the DSSC. Interestingly, it was 
observed that greater surface areas with closer distances to the 
light source produced higher electrical currents (Table 1). Es-
sentially, the closer distance between the light source and the 
DSSC exhibited higher light intensity and the larger surface 
area allowed for more light absorption. In Figure 11, the elec-
trical current was plotted per cm2 versus power density. Based 
on this graph, it was concluded that the two measurements 
were very similar at the same distance.

Measurements of the Electrical Current by Colors of the Light 
Source:

The wavelengths varied based on the colors of the light 
source (Table 2). Out of the three colors that were experi-
mented (blue, green, red), the blue light produced the highest 
electrical current. From the previous experiment above, it was 
shown that the raspberry dye absorbs the most visible light in 
the blue wavelength. This evidence explains how the blue light 
produced the most electrical current.  

Photoelectrochemical Oxidation of Lignin:
In a 100 ml beaker, 10 ml of acetone and 20 ml of 3% hy-

drogen peroxide were put in water as an oxidizing agent. In 
addition, 1.0g of corn stover was added. To set up the photo-
electric oxidation experiment, the raspberry dye coated TiO2 
electrode was used as a working electrode. Then, platinum wire 
was used as a counter electrode and an Ag/AgCl electrode as 
a reference electrode. The solution was heated to 60°C for an 
hour shown in Figure 8.¹⁰,¹¹ The photocurrent, approximately 
10-⁶ A/cm2, was monitored under visible light illumination.

In another 100 ml beaker, the same procedures were fol-
lowed as above except for the absence of electrodes as a control 
experiment in order to compare the effectiveness of the dye 
sensitized solar cell (Figure 8).

�   Results and Discussion
UV-visible absorbance spectra of various fruit dyes:
In Figure 9, maximum absorbance in the visible light range 

was 494 nm for blackberries and 508 nm for raspberries, but 
the blueberry dye solution barely showed any peak in the vis-
ible range. Previous studies reported the broad absorption of 
light between 400 and 600 nm in blackberry.¹² This UV-vis 
data is largely consistent with our observation based on the 
visible absorbance spectrum of the blackberry dye. According 
to the solar radiation spectrum, visible light is most abundant 
between 400 nm and 700 nm (Figure 10). To maximize the 
usage of solar energy, fruit dyes are appropriate due to their 
absorption in the visible region. Among the fruits, raspberry 
dye was chosen based on its efficient absorption in the visible 
range, showing it can absorb the most visible light for the use 
of dye sensitized solar cells.

Dye Sensitized Solar Cell (DSSC) with Sunscreen:
TiO₂ is widely used as a semiconductor in DSSCs because 

it is easy to synthesize and has a low cost. Sunscreen, which 
contains TiO₂, was used for the DSSC tests.  Unfortunately, 
a photocurrent was not detected due to the small amount of 

Figure 7: Measuring electrical current of DSSC with multimeter.

Figure 6: Measuring light intensity with optical power meter in various 
distance and various light colors.

Figure 8: Photoelectrochemical oxidation experiment of corn stover.

Figure 9: UV-vis absorption spectrum of various fruit extracts.

Figure 10: Solar radiation spectrum.

Table 1: Measurement of electrical current in various areas and distances.

Figure 11: Graph of power density vs electrical current.
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Photoelectrochemical oxidation of lignin obtained by corn sto-
ver:

Next, the photoelectrochemical oxidation of lignin extracted 
by corn stover was carried out and the solution samples were 
characterized using UV-vis spectroscopy. UV–vis absorption 
spectroscopy is the measurement of the attenuation of a beam 
of light after it passes through or reflects from a sample surface 
(Figure 12). Different structures of molecules absorb differ-
ent wavelengths from the light source. According to Planck’s 
equation (E = h · c / λ), the shorter the wavelength, the more 
energetic the photon, which are the particles that make up 
light.

In Figure 13, the UV-vis absorption level decreased around 
a wavelength of 260 nm and increased around 320 nm. This 
change implies that the molecular structure was altered so that 
the molecule absorbs lower energy. This absorption data could 
indicate that lignin is oxidized photochemically or thermo-
chemically under the illumination of visible light. In the basis 

of the previous study, the observation of lignin degradation can 
monitor the absorption band between 310 nm and 320 nm. 
This specific wavelength can be the evidence of the presence 
of a carbonyl bond or ethylene type double bond in conjunc-
tion with benzene groups.¹⁵ Therefore, it was concluded that 
photoelectrochemical reactions using solar energy can be used 
as a pretreatment for depolymerization of lignin in mild con-
ditions. The photochemical reactions of lignin are currently 
under investigation.
�   Conclusion
Among the three fruits, raspberry, blackberry, and blueberry, 

raspberries showed the strongest absorption in the visible range, 
and thus were chosen for the dye sensitized solar cells to uti-
lize abundant visible light in solar energy. After fabricating the 
DSSC with TiO2 paste and raspberry coating, electric currents 
were measured in various light intensities and light colors. As a 
result, shorter distances from the light source showed stronger 
light intensities and stronger electric currents. In the measure-
ment with different light colors, DSSCs showed the strongest 
electric current in blue light, besides white light, which can 
be explained with UV-vis absorption spectrum showing that 
raspberry has an absorption peak at 508 nm wavelength. In 
the photoelectrochemical reaction of corn stover with DSSC, 
a UV-vis absorption spectrum change was observed. The peak 
at 270 nm decreased and the peak at 320 nm increased. This 
means that there was a molecular structural change in which 
the reaction’s products absorbed less energy. Therefore, the 
experiment suggests the potential of lignin depolymerization 
using solar energy in mild conditions and at a low cost.
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