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Abstract
Different materials exhibit different properties when testing for electron and electron hole
mobility. Electron mobility measures the ease with which charge can move from one place to
another. Various materials were coated onto transistors and the electron mobility was determined
for the different materials. Poly(3-hexylthiophene) (P3HT) is a common material used in fieldeffect transistors, and was the polymer used in this study. P3HT was mixed with the molecule
3,3”-didodecyl-2,2’:5’,2”:5”,2”’ quaterthiophene in hopes of achieving a higher electron
mobility for the mixture than those of the polymer and molecule individually. Using silicon
substrates, spin coaters, and solar device testers, the hypothesis was tested. The hypothesis tested
here was that a polymer-molecule mixture would exhibit higher electron mobility values
compared to the mobilities of the pure polymer and molecule components separately. Through
changing certain variables, the optimum conditions to achieve the highest mobility were found to
be using trichlorobenzene as the solvent, and annealing the substrate before testing at 150ºC.
Using these conditions, P3HT was found to have a mobility of 1.53×10-3 cm2/(V*s), the
quaterthiophene molecule, a mobility of 5.94×10-4 cm2/(V*s), and a 50-50 weight percent
mixture of P3HT and quaterthiophene a mobility of 7.67×10-3 cm2/(V*s). Based on these results,
mixing a polymer and a molecule yielded a mixture with better electron mobility characteristics
than the polymer or molecule by itself.
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Chapter 1 - Introduction
1.1 - Transistors
Different polymer semiconductors exhibit various structural and electrical properties, both of
which are important in solar cell applications. High electron mobility transistors (HEMT) are
commonly used transistors, used to quantify the properties of polymers and molecules for these
applications. HEMTs are a type of field-effect transistor (FET), which uses electrons or electron
holes as charges for conduction. The basic principle behind how these transistors work is that a
specific voltage is applied to the transistor, and the resulting current is measured in order to
determine the electron mobility1.

Figure 1. Diagram of sample polymer semiconductor transistor. The materials labeled were the
ones specifically used for these experiments.

Junction FETs incorporate a material in a channel to form a junction that lies in the middle of the
transistor, between the source and drain. The source is the area at which current (electrons or
holes) enters the transistor, and the drain is the area where the current exits. Also pictured in
Figure 1 is the gate terminal, which is where the voltage drop is applied2. There is also a voltage
1

between the drain and source, which is labeled VDS. This voltage drop leads to the current passed
through the source and drain. The substrate is the bottom layer of the transistor, and is the
semiconductor material used in order to move charges. Different substrate materials hold
different properties, which affect the amount of charge movement. One commonly used material
is silicon, due to its ability to transport electrons through the transistor3.

Similarly, organic FETs use an organic semiconductor in the channel. These transistors are
prepared by evaporating molecules under vacuum onto a substrate. Organic FETs take the design
of Figure 1, with the gate voltage being applied through the bottom, and source and drain being
on top. The first organic FET was created based on a polymer of thiophene molecules by
Koezuka4. Thiophenes were used because they are unique in that they can conduct charges, and
remove the need for metal oxide semiconductors. The highest recorded mobilities for organic
FETs have been 5 cm2/(V*s) for vacuum evaporated molecules5, and 0.6 cm2/(V*s) for solution
based polymers6.

1.2 - Mobility
Ultimately, transistors are used to measure the electron mobility through a semiconductor
composed of a certain material or materials. Electron mobility is defined as how fast an electron
is able to move through a material in an electric field. When specifically dealing with materials
that are semiconductors, which are materials with an electrical conductivity between those of a
conductor and insulator, hole mobility instead of electron mobility may be used. Electron holes
are not actual particles of matter, but instead, conceptual particles opposite of electrons. Holes
refer to the lack of an electron at a specific position where an electron could potentially exist.
Conceptually, holes are like a bubble in water. Electrons prefer low energy levels and remain in
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the water, while holes prefer high energy levels and float to the top of the water, like bubbles.
The two energy particles move in opposite directions. Holes are useful for calculations because
when electrons move from one state to another, they leave electron holes in the old state7

There are several methods in calculating mobility, but the one explored here will be the
calculation utilizing the saturation mode. For this method, a fixed gate voltage is applied and the
drain-source voltage, VDS, is increased until the current that passes from the source to drain
becomes saturated. After retrieving the saturated current and gate voltage values, the square root
of the saturated current is plotted versus the gate voltage, and the slope is found. The mobility is
then
(Eq. 1)
where µ is the mobility, ‘I’ is the saturated current, ‘Vg’ is the gate voltage, ‘L’ is the length of
the channel on the transistor, ‘W’ is the width of the channel on the transistor, and ‘C’ is the gate
insulator capacitance8. The overall units for mobility are cm2/(V*s). A picture of a transistor used
in these experiments is shown below in Figure 2.

3

Figure 2. Two times magnification view of transistor semiconductor from an aerial view. The
picture was taken from an optical microscope.
For the transistors used here, the gate insulator capacitance, C, had a value of 10.9×10-9 F/cm2.
The width of each of the channels is 220 µm, and the length of the channels differs among each
column. For these experimental purposes, the fourth column from the right was used (highlighted
in green), and this column has a channel length of 20 µm. With all of these values known, the
mobility can be found using Equation 1.

1.3 - Solar cells
Both the topic of transistors and electron mobility are both directly related to solar cells. By
definition, solar cells are electrical devices that convert light radiation energy directly into
electricity. Solar cells are made up of semiconducting materials, which absorb the sunlight in the
initial step. Electrons are then separated from the atoms, causing an electrical potential
difference. This difference causes a current to flow through the solar cell to negate the electric
potential, and the current is captured in the form of electricity. The type of material used in the
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transistor affects the electron mobility, or amount of current passed, which affects the amount of
electricity that is able to be captured.

1.4 - Hypothesis
Ultimately, the hypothesis tested involved calculating electron mobiltiies for different organic
polymers and molecules. The hypothesis was that a mixture of a polymer combined with a
molecule might exhibit a mobility higher than the mobility of the pure polymer component and
that of the molecule.

5

Chapter 2 - Materials and Methods
Methods
The methods described here lay out the general steps taken to create and test the polymers,
molecules, and combinations of polymers and molecules. These steps were used every time in
the making of the samples, remaining controlled. When variables were changed and tested, more
procedures were added, but none of the steps mentioned here were altered.

2.1 - Making solutions
Amber vials and their caps were rinsed several (2-3) times with methanol to remove any dust or
dirt. The vials are then placed in a heated oven for fifteen minutes to dry off the methanol. The
caps are not placed in the oven, and are dried at room temperature to prevent melting. Other tools
such as tweezers and spatulas that are required later in the procedure are washed with
tetrahydrofuran, methanol, and acetone to remove any impurities.

The chemicals to be tested (polymers and molecules) are taken out of the refrigerator and set to
warm to room temperature. They are then weighed directly in the vials on an electronic balance
using a clean pair of tweezers or spatula, depending on the size of the chemical. The mass of
chemicals used in one vial ranged from 2 milligrams to 8 milligrams. Stir bars are then rinsed
with tetrahydrofuran, methanol, and acetone, and placed into these vials. The vials are then
transferred into an air-tight glove box. Most of the preparation was completed under the nitrogen
purged glove box, due to some chemicals being sensitive to the oxygen present in the
atmosphere. The electronic balance and glove box used throughout the experiments are displayed
in Figures 3 and 4.
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Figure 3. Electronic balance used to weigh the mass of chemicals.

Figure 4. Air-tight glove box used in nearly all experiments. Many chemicals used were
sensitive to oxygen, so were worked under a nitrogen purged atmosphere in the glove box.
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Once in the glove box, the solvents were added to the vials via pipet. The amount of solvent used
ranged from 0.2 milliliters to 0.8 milliliters, which depended on the amount of chemical
weighed. Volumes were calculated so that the solution would have a concentration of 10
milligrams of solid per milliliter of solvent. The contents of the vial were left to stir on a
magnetic stir plate overnight to ensure mixing.

2.2 - Preparing Samples
Silicone substrates were cut into squares or triangles small enough to fit into one section of a
plastic dish, using a sharp pen tip or knife. These substrates were transferred into an air-tight
glove box. Substrates were placed on the spin coater one at a time. The first layer coated onto the
substrates was hexamethyldisiloxane (HMDS). The amount of HMDS used depended on the area
of the substrate, ranging from 0.18 mL to 0.25 mL. Coating different solutions onto the
substrates required different recipes, which were preset on the spin coater machine. HMDS was
coated using settings of 4000 rotations per minute (RPM) for 30 seconds. Upon spin coating one
substrate, the substrate was placed on a hot plate and heated for 90 seconds at 90ºC. After all
substrates to be tested were coated with HMDS and heated, they were taken out of the glove box.
Upon the materials being coated onto the transistors, they are no longer sensitive to the
atmosphere and are safe to be operated with outside of the glove box. The spin coating device
used is displayed in Figure 5.
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Figure 5. Spin Coater used to coat on polymer and molecule solutions onto transistors. The
settings can be adjusted on the control panel.
The substrates were then rinsed with toluene and dried using an air gun. Each substrate was then
scratched with a sharp-point metal pen. The metal layer on the back of the substrate had to be
scratched off so that there was little to no metal layer. The removal of the metal layer allowed the
substrate to be tested in later steps, with no barrier to the electrical current to be induced. The
substrates were again put back into the glove box.

Using the same techniques as mentioned above for coating HMDS, the solutions to be tested
were coated on next. Solutions must have been made beforehand, and left on the stirrer to stir
overnight. When coating the solutions onto the substrates, which now have a layer of HMDS
already on it, the recipe must be changed so that the settings are set to operate at 1000 RPM for
60 seconds. In one set of experiments, the solutions to be coated were heated for 10 minutes at
90ºC before spin coating to ensure complete dissolving.
9

2.3 - Annealing
In some of the experiments conducted, the substrates, already having been coated, were heated
for an extensive period of time. The temperature varied depending on the material coated on the
substrate, and the time heated varied from about one hour to eight hours. The annealing process
was done sometimes before the device testing step, and sometimes afterwards.

2.4 - Device Testing
Without ever removing the coated substrates from the airtight glove box, the substrates are
placed on the device testing platform under the camera. The camera is depicted on the computer
screen through the program DinoCapture, and using this visual, metal probes are set onto the
substrate. These probes measure the electrical current through the substrate, as a voltage drop is
applied through the bottom of the substrate (a diagram is shown below). The desired output is
then graphed in the form of current passed versus voltage drop. The device tester used is
displayed in Figure 6.
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Figure 6. Device tester used to measure current and voltage drops across coated transistors. The
transistors are placed on the gold circular surface, and the golden probes are set onto the
transistor. The camera above allowed for a magnified view of the transistor.
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2.5 - Materials
Polymers
Poly(9,9-dioctylfluorene) (PFO)
Aldrich and rice

Poly(3-hexylthiophene) (P3HT)
Merck and Rice

n
(www.sigmaaldrich.com)

Molecules
4-tert-butylphenyl

(www.sigmaaldrich.com)

3,3”-didodecyl-2,2’:5’,2”:5”,2”’ quaterthiophene

(www.sigmaaldrich.com)

(www.sigmaaldrich.com)

Solvents
Chloroform
Chlorobenzene
Trichlorobenzene

Substrate coating liquids
Hexamethyldisilazane (HMDS)
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2.6 - P3HT
The polymer used throughout these experiments is P3HT, a crystalline polymer that have
reported field effect mobilities of 0.1-0.3 cm2/(V*s) 9. The microstructure of P3HT consists of
conjugated pi bonds with solubilizing side chains; this structure allows P3HT to have fast charge
transport10. Several trends have been observed for the mobility of P3HT—varying the boiling
point of the solvent used increases the level of crystallinity, which generally results in higher
mobilities11. Another study has also shown that the mobility increases with an increased
molecular weight12. The mobility of P3HT can also be altered by not only adjusting the P3HT
itself, but also the dielectric substrate used in the transistor. Based on these studies and properties
of P3HT that have been discovered, P3HT has been generally known as a good semiconducting
material with a high mobility, and thus was used for the following experiments.
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Chapter 3 - Results and Discussion
Through the creating and testing of polymers and molecules using the methods previously
described, the goal was to determine electron and hole mobility. Initially, tests were done and
data was gathered for polymers with already known mobilities; these tests were run for the sake
of becoming acclimated to the procedure, and to ensure that the results obtained here were
similar to literature results. The polymers tested during these trial experiments were poly(3hexylthiophene) (P3HT) and PFO poly(9,9-dioctylfluorene) (PFO), and the molecule 4-tertbutylphenyl was tested as well.

New experiments began with the hypothesis that mixing a polymer and molecule in solution
could potentially yield a higher electron mobility, than the electron mobilities of each respective
component in the mixture. With P3HT having a fairly high electron mobility, P3HT was used as
the polymer, and, at random, the molecule 3,3”-didodecyl-2,2’:5’,”’:5”,2” quaterthiophene (will
refer to as quaterthiophene for simplification purposes) was chosen.
3.1 - Sample Calculations
The procedure explained in the methods section was used in all experiments as a basis, but some
other variables were adjusted in different experiments to determine the best possible conditions
to achieve the highest electron mobility. An experiment would yield data of the current passed
through the substrate with the respective voltage drop applied. Below in Table 1 and Figure 7 is
the data given after a substrate is run through the device tested. The data here is for a run using
P3HT dissolved in trichlorobenzene, and annealed for one hour at 150ºC.
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Table 1. Sample data retrieved from testing a transistor. The voltage and current are raw data
collected directly from the computing program, while the square root of the current was
calculated.
V
I
I1/2
Volts
Amps
Amps1/2
-1.0E+02 8.49E-08
2.91E-04
-9.8E+01 7.14E-08
2.67E-04
-9.6E+01 5.97E-08
2.44E-04
-9.4E+01 4.89E-08
2.21E-04
-9.2E+01 3.98E-08
1.99E-04
-9.0E+01 3.15E-08
1.78E-04
-8.8E+01 2.41E-08
1.55E-04
-8.6E+01 1.80E-08
1.34E-04
-8.4E+01 1.30E-08
1.14E-04
-8.2E+01 9.48E-09
9.74E-05
9E-08

Current (A)

7E-08

5E-08

3E-08

1E-08

-1E-08

-100

-50

0

50

100

Voltage (V)

Figure 7. Raw data used to calculate mobility. This current versus voltage graph retrieved from
testing transistors is ultimately the source for calculating electron mobility.
Table 1 only shows the first several points, and extends until the voltage reaches 100V. The
voltage applied starts at -100V, and increases up to 100V in increments of 2V. The current
readings are given at each voltage point. As seen in Figure 7 the voltage is no longer applied at
-70V. These parameters were all set and could have been changed.
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From there, seeing from Equation (1),

,the square root of the current must be

found. As seen in Table 1, the square root of the current was calculated and tabulated.
Graphing the voltage versus the square root of the current then gives a graph that looks like
Figure 8.

4.E-04

I^ 0.5 (Amps^1/2)

3.E-04
3.E-04
2.E-04
2.E-04
1.E-04
5.E-05
0.E+00
-100

-50

0

50

100

Voltage (V)

Figure 8. Voltage versus the square root of the current—all values obtained from device testing
procedure. Current reaches 0 due to the voltage no longer being applied starting around -70V.

The linear part of the graph is then zoomed into (approximately V= -100 to -80 in Figure 8), and
the slope of that line is determined.
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3.5E-04

I^.5 (Amps^1/2)

3.0E-04
2.5E-04

y = -1.087E-05x - 7.994E-04
R² = 9.986E-01

2.0E-04
1.5E-04
1.0E-04
5.0E-05
0.0E+00
-100

-95

-90

-85

-80

-75

-70

Voltage (V)

Figure 9. Close up view of Figure 8 of the downward sloping linear function.
From there, the mobility µ can be determined, with the rest of the variables in equation # being
constants. Each sample was run multiple times (approximately 5-8 depending on consistency of
results), and the mobility calculations were done for each trial run. The mobilities of each trial
were then averaged and taken to be the overall mobility of that material.

Each experiment involving the polymer P3HT and molecule quaterthiophene mixture explored
different ratios of polymer to molecule. One of the first questions to be explored was the
optimum ratio of polymer to molecule that would yield the highest electron mobility. For each
experiment that was run, there were multiple samples, each with different polymer and molecule
concentrations. For example, each experiment tested for the mobility of pure P3HT, pure
quaterthiophene, 50 percent P3HT and 50 percent quaterthiophene, and sometimes other
concentrations as well. By finding the mobilities at these different polymer to molecule ratios,
the optimum ratio could be determined to maximize electron mobility. The first experiment was
run with the following conditions:
17

3.2 - Experiment 1
Solvent: chlorobenzene
Annealed: no
Heated solution before coating: no
Under these conditions, five samples were run: 0, 10, 50, 80, and 100 percent quaterthiophene,
with the percentage being the percent weight of quaterthiophene in the P3HT-quaterthiophene
mixture. Using the calculation methods described above, the average mobilities were found for
each of these mixtures, and the results are tabulated in Table 2.

Table 2. Electron mobilities calculated versus the amount of molecule that was present in the
polymer-molecule mixtures. Calculations based on conditions of experiment 1
Mobility
Standard
% Molecule (cm2/(V*s)) Deviation
0
2.63E-04
5.02E-05
10
6.72E-04
1.18E-04
50
7.39E-04
2.64E-04
80
9.09E-04
2.56E-04
100
5.25E-05
5.40E-05
These values in Table 2 are plotted to see the correlation in Figure 10.
0.0014

Mobility (cm2/(V*s))

0.0012
0.001
0.0008
0.0006
0.0004
0.0002
0
0

10

20

30

40

50

60

70

80

90

100

% molecule

Figure 10. Mobility values compared to their respective polymer-molecule concentrations by
weight for experiment 1. Error bars are added based on one standard deviation of error.
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As seen in Figure 10, interestingly, the mobilities of the polymer-molecule mixtures were higher
than those of the individual components. The pure P3HT had a mobility of 2.6×10-4 cm2/(V*s)
and the pure molecule had a mobility of 5.25×10-5 cm2/(V*s), while the mixture consisting of
80% P3HT and 20% quaterthiophene had a mobility of 9.09×10-4 cm2/(V*s), which is
significantly higher. Since the mobilities tabulated and graphed above were average mobilities,
the error had to be taken into consideration as well. The standard deviation was calculated to
determine whether the average mobility values were consistent in each trial. As seen, the
standard deviations remained fairly low and the polymer-molecule mixture still had a higher
electron mobility than the pure components. Although the data here indicated that the P3HTquaterthiophene mixture achieved a higher mobility, more experiments had to be run due to the
fact that higher mobilities were previously achieved for pure P3HT. Another member of the lab
had achieved a mobility of approximately 3×10-3 cm2/(V*s) for P3HT, an order of magnitude
larger than what was achieved here. Using this knowledge, the variables were adjusted to those
that would maximize the electron mobility of P3HT.

Previously, using the solvent trichlorobenzene instead of chlorobenzene allowed P3HT to have a
higher electron mobility. In this second experiment, only pure quaterthiophene was tested to
determine which solvent, chlorobenzene or trichlorobenzene, yielded a higher mobility for the
molecule.

3.3 - Experiment 2 (molecule only)
Solvent: chlorobenzene/trichlorobenzene
Annealed: no
Heated solution before coating: no

19

Table 3. Mobility values found using different solvents for dissolving the pure molecule.
100% molecule
Mobility
Standard
Solvent
(cm2/(V*s)) Deviation
chlorobenzene
3.35E-06
1.64E-06
trichlorobenzene
3.32E-08
2.44E-08
Based on the average mobilities calculated from these experimental conditions, chlorobenzene
seemed to work as a better solvent than trichlorobenzene for the pure quaterthiophene. Although
the mobility for the molecule was lower using trichlorobenzene, the next experiment continued
to use trichlorobenzene, since it optimized the mobility of P3HT.

3.4 - Experiment 3
Solvent: trichlorobenzene
Annealed: 150ºC, 1 hour
Heated solution before coating: no
The conditions for experiment differed from the second experiment in that trichlorobenzene was
used as the solvent instead of chlorobenzene, and the substrate was annealed for 1 hour at 150ºC.
These conditions were determined in other experiments run by other lab members. The annealing
temperature was found in literature, and annealing time was determined through experimental
work. Although the mobility did increase with increased annealing time, the increase in mobility
became very slight after about an hour of annealing (logarithmic function). Under these
conditions, six samples were run: 0, 30, 50, 70, 84, and 100 percent quaterthiophene, with the
percentage being the weight percent of quaterthiophene in the P3HT-quaterthiophene mixture.
The average electron mobilities are tabulated in Table 4.
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Table 4. Electron mobilities calculated versus the amount of molecule that was present in the
polymer-molecule mixtures. Calculations based on conditions from experiment 2
Mobility
Standard
2
% Molecule (cm /(V*s)) Deviation
0
1.53E-03
5.15E-04
30
1.69E-03
7.96E-04
50
7.67E-03
1.46E-03
70
4.21E-03
1.86E-03
84
3.78E-03
2.25E-03
100
5.94E-04
6.31E-04

Mobility (cm2/(V*s))

These values in Table 4 are plotted to see the correlation in Figure 11.
0.01
0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001
0
0

20

40

60

80

100

120

% molecule

Figure 11. Mobility values compared to their respective polymer-molecule concentrations by
weight for experiment 3.
Again, as seen in Figure 11, the mobilities of the polymer-molecule mixtures were higher than
those of the pure polymer and pure molecule. A mobility of 1.54×10-3 cm2/(V*s) was obtained
for the pure P3HT, almost ten times higher than the value obtained in the first experiment. The
pure molecule also had a higher mobility, with a value of 5.94×10-4 cm2/(V*s), over ten times the
value from experiment one. The most intriguing data and calculation found from this experiment
was that one of the P3HT-quaterthiophene mixtures, 50 percent P3HT and 50 percent
quaterthiophene, had an electron mobility of 7.67×10-3 cm2/(V*s), a value that was more than
twice the value of the highest mobility achieved for P3HT. This experiment verified the results
21

from the first experiment, that a polymer-molecule mixture could achieve a higher electron
mobility than the mobilities of its individual components. The errors determined by the standard
deviation of the mobility calculations for each concentration were all fairly low, and the resulting
trends would remain the same with the errors taken into consideration.

Having run several experiments with different conditions for each, the mobilities for the pure
quaterthiophene were looked into more carefully. Since no previous experiments were done to
test the properties of quaterthiophene, there were no expected or literature values to compare the
experimental mobility values to. The procedure to achieve the optimum mobility was unknown
as well.

Table 5. Mobilities calculated and conditions used for the pure molecule in experiments 1-3.
100% molecule
Mobility
Solvent
Annealed (cm2/(V*s))
chlorobenzene
no
5.25E-05
chlorobenzene
no
3.35E-06
trichlorobenzene
no
3.32E-08
trichlorobenzene
yes
2.97E-04
Based on the results of all of the experiments, the best conditions to run the experiment for
quaterthiophene are still unclear. As seen in Table 5, two trials were run with the same
conditions but the average mobilities still differed. Using trichlorobenzene as the solvent for
quaterthiophene without annealing yielded the lowest mobility, but after annealing, the highest.
The one condition that did seem to remain constant was that the mobility of the pure molecule
was always the lowest amongst the other components of different concentrations. In experiments
one and three, the mobility of pure quaterthiophene was the lower than that of pure P3HT, and
all of the other mixtures, as indicated in Tables 2 and 4. Although the optimum conditions are
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still unknown to achieve the highest mobility for quaterthiophene, the results still seem to point
to the idea that a mixture between a polymer and molecule can achieve a higher mobility than
those of the individual polymer and molecule separately.

After these mobility tests and calculations were completed, the physical aspects of the substrates
and coated materials were examined. The substrates were observed under an optical microscope
from magnifications that ranged from two times the original size up to fifty times the original
size. The pictures shown here are for the substrates coated under the conditions that yielded the
highest mobility—using trichlorobenzene as the solvent and annealing the substrate at 150ºC for
one hour.
3.5 - Pictures
The pictures shown below were all taken under an electron microscope. The transistors tested
were all observed at different magnifications under the microscope after being tested.

Figure 12. 100% P3HT

20x

10x
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Figure 13. 16% P3HT and 84% quaterthiophene

2x

50x

Figure 14. 30% P3HT and 70% quaterthiophene

2x

20x

Figure 15. 50% P3HT and 50% quaterthiophene
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2x

10x

Figure 16. 70% P3HT and 30% quaterthiophene

2x

20x

Figure 17. 100% quaterthiophene

2x

20x

Based on these pictures, there seem to be some trends that go with the increasing amount of
quaterthiophene. Although both pure P3HT (Figure 12) and pure quaterthiophene (Figure 17)
have “clean” substrates with no crystallization, the substrates that are a mixture of the polymer
and molecule show some sort of crystallization. Not only do the substrates containing a mixture
show crystallization, the substrates with increasing amounts of quaterthiophene seem to show
more pronounced crystals. The substrates with 84% and 70% quaterthiophene (Figures 13 and
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14, respectively) have a lot of crystallization with big crystals. The substrate composed of 50%
quaterthiophene (Figure 15) still shows signs of crystallization, but not as much as the previous
ones. Lastly, the substrate with less quaterthiophene, 30% (Figure 16), shows little to no signs of
crystallization. Mixing the polymer and substrate seem to give off some reaction that causes
crystals to form, which may relate to the increased electron mobility found in these mixtures.
The pure polymer and molecule showed no signs of crystallization, and had lower mobilities
than the mixtures tested.
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Chapter 4 - Conclusions
From the data analyzed from these multiple experiments, the hypothesis that a mixture of a
polymer and molecule may yield a higher mobility than that of the individual components seems
true. The highest mobility achieved for the P3HT-quaterthiophene mixture were about five times
higher than the highest mobility achieved for P3HT and over ten times higher than that of
quaterthiophene. Mixing P3HT and quaterthiophene also showed physical changes, with
crystallization occurring in these mixtures. More crystallization was noticed in the mixtures
containing more quaterthiophene. Although these trends were observed, the experiments still
need to be expanded upon. No clear conditions were found to achieve the highest mobility for
the quaterthiophene. There are many variables that may affect the mobility of quaterthiophene
that were not explored in these experiments. Overall, with the trends showing that polymermolecules mixtures obtained higher mobilities than the individual components, there are many
more possibilities to explore.
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Chapter 5 - Future Work
These experiments simply tested one polymer-molecule combination. Since P3HT is a good
semiconductor material, P3HT can be tested with other molecules to see if those mixtures exhibit
similar trends as the ones observed here. Not only do other molecules need to be tested, the
optimal conditions for these molecules to achieve the highest mobility must be found as well. A
few variables were explored in these experiments, but there are many more that can affect the
electron mobility such as different solvents and annealing time.
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