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Thin-�lm solar cell e�ciency

Controllable Spacing

Future Work

Thin �lm solar cells use less material than conventional solar cells, 
making them a viable option for cheaper
solar electricity.  Unfortunately, their 
thinness also hinders them from trapping
and absorbing longer light wavelengths,
making them less e�cient.  Monolayered,
non-close packed nanoparticle arrays 
placed within the cell help to scatter 
longer wavelengths within the cell and allows them to be absorbed. 
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Long-range order

By testing di�erent experimental parameters’ e�ects in creating 
arrays at the water-hexane interface, we hope to better understand
how such arrays form and make the SALI method suitable 
for large-scale implementation.  We primarily worked with positively
charged amidine latex particles of about 1 micron in diameter.

Standing cylindrical nanoparticles have been theoretically shown 
to maximize the fraction 
of light scattered into a 
solar cell.  We would like
to explore monolayered
dimer self-assembly in 
the hopes that we could 
create  cylindrical particle
arrays in the same way.
We plan to charge one 
dimer lobe to control
particle spacing, and coat the other lobe to make it hydrophobic.  
 Ideally the dimers would orient 

themselves to “stand up” within 
the interface, with the 
hydrophobic lobes protruding
through the hexane phase.

One method for 
creating these arrays
is called Monolayered 
Self-assembly at Liquid-
liquid Interfaces (SALI). 

Conclusions
Solvent type and concentration seemed to have the greatest e�ect 
on forming an even array with long-range particle order.  In our
experiments, a solution of 1% amidine latex particles suspended in
pure methanol provided the most order, least aggregations and 
best control over particle spacing.  Further, the physical method of 
creating the arrays did not greatly a�ect their formation, allowing 
for �exibility in future methods of creating larger-scale arrays.

Array Creation Methods

We tried many di�erent methods of creating the particle monolayer, 
varying the particle injection site and speed, needle type and size, 
and initial water-hexane interface creation.  We soon found that the
easiest method was to inject the particles into water with a pipette,
allow them to convect to the water-air interface, then pour hexane 
on top.  This simple method did not a�ect the order of the array.

Interparticle spacing is controlled 
by the amount of particles injected
at the interface.  We created arrays
with long-ranged order for 
spacings between 2 to 8 microns, 
maintaining order between shorter
spacings by increasing the particle
concentration in the solvent.

A charged substrate is immersed in a water-hexane interface.  
Oppositely charged particles suspended in an alcohol and water
spreading solvent are injected at the interface using a needle.  The 
particles spread and are trapped at the interface in an ordered array,
and the substrate is lifted to deposit the particle array upon it.

Particles at water-air interface Particles after pouring hexane on top

E�ects of Solvent Type and Ratio

100% Methanol 100% Ethanol

100% Isopropanol 8:2 ratio of Isopropanol & Water

4:6 ratio of Methanol & Water 4:6 ratio of Isopropanol & Water

Solvents containing higher ratios of alcohol to water were better 
able to convect to the interface.


