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M o l e c u l a r  C r y s t a l s

• Molecular crystals 
have markedly different 
physical properties than 
covalent or ionic crystals
• Molecular crystals are 
bound together by inter-
molecular forces rather 
than ionic or covalent 
bonds
• These weak intermolecular forces can impart 
mechanical flexibility onto these crystals (a fea-
ture that allows for fabrication of flexible elec-
tronic devices such as bendable displays and 
roll-up solar panels)[1]

• Weak bonding allows for low deposition tem-
perature and vacuum-free setup, reducing cost 
and environmental impact

Shape Engineering of 

Organic Molecular Single-Crystals

I n t e r n a l  a n d  E x t e r n a l 
P a t t e r n i n g  v i a 
P h o t o l i t h o g r a p h y

• Control over both the bounding perimeter shape and the 
internal microstructure of single crystals can be achieved by 
pairing a traditional photolithography pattern with an organ-
ic-vapor-liquid-solid (OVLS) deposition method
• Traditional methods for patterning inorganic materials us-
ing photolithography typically utilize harsh chemicals or treat-
ments (e.g. wet etching) that are not compatible with organic 
molecular crystals due to the weak bonding in OMCs[2]

• We exploit the plasticity of organic molecular crystals in 
order to force the crystals to adopt specific shapes and sizes 
within the photolithographic pattern

K e y  I d e a s

• Nanoscale machining methods for inorgan-
ic crystalline semiconductor materials have 
enabled countless modern technologies, from 
microelectromechanical systems to integrated 
circuits
• Patterning methods for single-crystal molec-
ular materials, such as organic molecular crys-
tals, have matured in the past two decades but 
are still being developed
• Traditional nanofabrication methods for in-
organic crystals are not compatible with mo-
lecular crystals due to the weak intermolecular 
bonding forces in molecular crystals

D e p o s i t i o n  S c h e m e

• Glass tube is 
placed between 
two glass slides
• Monomer to be 
deposited is placed 
on the bottom 
slide, while a liq-
uid-layer-coated 
slide is placed atop 
the glass tube with the liquid layer facing down
• Upon heating, monomers will sublime and 
diffuse from the bottom slide and dissolve into 
the liquid layer on the top slide
•Jar with inert gas can be placed over the sys-
tem for an air-free environment
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F u t u r e  W o r k

•	Device fabrication, including OFETs and OLEDs on flexible  
substrates

•	Control over molecular packing in pharmaceuticals
•	Characterization of photonic band structure
•	Nanoscale patterning for visible light and phonon control

A c k n o w l e d g m e n t s

Special thanks to Dr. Patrick for his guidance 
and knowledge, to Matt Littleton and Haley 
Doran for their strong worth ethic, and to 
Daniel Korus, Kayla Koch and Ayesha Na-
deem for their artistic input on this poster.

P h o t o n i c ,  P h o n o n i c ,  a n d 
P l a s m o n i c  C r y s t a l s

• In our experiments, we have fabricated near-nanoscale per-
forated architectures (2-25 micron holes), which correspond 
to infrared bands
• These types of patterns can be found in nature; “structur-
al color”, such as the ever-changing skin of a chameleon, the 
blue wings of a butterfly, or the iridescent flecks on a peacock 
feather arise from nanoscale periodic patterns
• These patterns can create what is known as a “photonic 
bandgap”, where certain wavelengths of light are allowed to 
or are forbidden from propagating through the structure
• This phenomenon can be exploited for many interesting 
photonic and optoelectronic applications, and other types of 
wavelike quasiparticle such as phonons, plasmons, and exci-
ton-polaritons can be manipulated by the same sort of tech-
nique (allowing for control over properties such as thermal 
conductivity)[3]

S h a p e  C o n t r o l 
a n d  C r y s t a l 
T r a n s f e r  f o r 
O p t o e l e c t r o n i c s 
A p p l i c a t i o n s

• Control over the specific shape, 
size, and positioning of individual 
semiconductor crystals is critical for organic electronics ap-
plications such as OFET, OLET, and OLED arrays
• OLED arrays for display applications require that a large 
number (~8.8 million for 4K) of microscale organic stacks 
be deposited into precise positions on a device with a spe-
cific size and shape
• For both pixel and transistor arrays, every single element 
of the multimillion element system needs to be reliable[4]
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