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Motivation 
The goal of this project was to detect epinephrine in concentrations less 
than 1 nM. Detection of epinephrine (aka. adrenaline) has significance in 
a variety of applications: from anti-doping regulations in sports to life-
saving treatments for cardiac arrest or allergic reactions. Organic 
electrochemical transistors (OECTs) display signal amplification; a small 
change in gate voltage induces a large change in channel current. 
Aptamers display good selectivity in binding to biomolecules. By 
combining these two aspects, we hope to develop a highly sensitive and 
selective method for the detection of epinephrine. 
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Figure	1:	Diagram	showing	effect	of	epinephrine	binding	to	aptamers	
1)	Before	epinephrine	addiGon.	2)	RepresentaGon	of	aptamers	binding	to	epinephrine.	3	)	RepresentaGon	of	aptamers	fully	
bound	to	epinephrine.	4)	Graph	showing	change	in	gate	conducGvity	and	channel	current	as	aptamers	bind	to	epinephrine	

Figure	4:	Change	in	Id	with	consecuGve	epinephrine	addiGon		
Drain	voltage	held	constant	at	+0.1	V.	Gate	voltage	held	constant	at	+0.07	V.	Epinephrine	addiGons	began	at	t	=	
11	min,	with	each	consecuGve	epinephrine	concentraGon	added	every	13	minutes	thereaWer.	Inset:	Magnified	
secGon	of	graph	between	t	=	20	minutes	and	t=	60	minutes.	Graphs	smoothed	with	Savitzky-Golay	method.	

Figure	2:	TesGng	apparatus	for	aptamer	based	OECT	
1)	Source	electrode.	2)	Drain	electrode.	3)	Gate	electrode.	4)	PDMS	gel	mold.	
Electrolyte	soluGon	connects	aptamer-covered	gate	electrode	and	PEDOT:PSS	layer.	
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Figure	3:	Images	showing	improvements	due	to	PEDOT:PSS	
opGmizaGon	

For	each	set	of	images,	the	leW	picture	is	of	the	transistor	when	dry.	The	right	picture	is	when	the	PEDOT:PSS	is	
submerged	in	aqueous	PBS	(buffer)	soluGon.	The	dropcast	pure	PEDOT:PSS	would	detach	from	the	transistor	during	

tesGng.	The	PEDOT:PSS	deposited	using	photolithography	and	spincoaGng	with	5%	by	volume	DMSO	(Dimethylsulfoxide)	
showed	much	becer	durability.			

Figure	6:	Change	in	Id	with	the	addiGon	of	various	analytes	
First	analyte	addiGon	at	t	=	7	minutes.	Each	following	analyte	added	every	5	minutes	thereaWer.	5	µL	of	100	µM		
soluGons	were	added	for	each	interfering	species.	To	the	right	are	the	structures	of	epinephrine	and	4	similar	or	

biologically	significant	interfering	species.	

Development & Optimization 
•  Key part of project was improving design of transistor 

•  Ex: PEDOT:PSS composition and deposition, 
aluminum oxide deposition, voltage parameters, etc. 
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•  Aptamers are man-made oligonucleotides that selectively 
bind to specific biomolecules with lock-and-key 
mechanism 

•  Aptamers are bound to the surface of the gate electrode 

•  Epinephrine binds to aptamer, gate conductivity 
increases 

•  Positive voltage is applied through the gate electrode 
•  Channel current decreases with epinephrine addition 

PEDOT:PSS Properties 
PEDOT:PSS is the organic 

semiconductor used to bridge the 
source and drain electrodes, 

forming the channel. It is a p-type 
semiconductor due to the anions 

introduced by PSS. Thus, an 
induced positive voltage reduces 

the concentration of holes, 
decreasing PEDOT:PSS 

conductivity. 

•  After each epinephrine addition, a distinct decrease in 
channel current occurred within 1 minute 

•  Limit of Detection: 900 pM, equivalent to ≈ 10 pg  

•  Essential that sensor selectively detects epinephrine  
•  Sensor responded to DOPAC and cysteine, but not to 5 

other tested biomolecules 
•  Epinephrine response was strongest by an order of 

magnitude 

Dropcast	PEDOT:PSS	 Spincoated	PEDOT:PSS	+	5%	
DMSO	

•  Aptamer based OECT selectively detected epinephrine 
•  Detection limit of epinephrine was found to be 900 pM 
•  Sensor responded to epinephrine much stronger than to 

other interfering species 
•  In the future, aptamer based OECT model can be 

modified to detect other biological molecules by changing 
type of aptamer 

Epinephrine Detection  

Figure	5:	Graph	of	Id	vs.	Vg	
Drain	voltage	held	constant	at	+0.1	V.		Observed	leW	shiW	
indicates	that	for	any	given	Vg	value,	channel	current	
decreases	with	increasing	epinephrine	concentraGon.	

•  Alternate test 
conducted to verify 
sensor performance 

•  With increasing 
epinephrine, Id vs. Vg 
curves shift left 

•  Finding is consistent 
with previous results 

•  Data analyzed and 
compiled into multi-
dimensional matrix 
using MATLAB 
program 

Channel Current (Id) vs. Gate Voltage (Vg) with 
Increasing Epinephrine Concentration  
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