Supporting Information

Organic Electrochemical Transistors as Impedance Biosensors
A.
Laplace Transform for complex RC circuits

The Laplace Transform is an important mathematical method, widely used in applied science and engineering, since differential equations (those with constant coefficients) can be reduced to simple algebraic expressions. The Laplace method is an example of integral transform, where a function f(t), being t referred normally as time, is converted to a function F(s) in the complex s-domain.

The integral transformation is given by:
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An important feature of the Laplace Transform method is the inverse transform, where f(t) can be recovered from F(s) by solving the following integral:
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In our modeling, we first determine the impedance of each segment of the circuit in the s-domain (namely, lipid membrane, electrolyte solution and active channel), as represented by equations 2-4 in the main text. Vch can then be easily calculated as a function of Vin and depend on all the impedances of the system. Here Vin represents a step or sinusoidal input voltage. To obtain Vch we performed an inverse Laplace Transform in Mathematica to obtain an analytical expression for Vch as a function of time.

In the case where Vin is a sinusoidal input voltage, the Vch output signal is also sinusoidal (Figure. S1). To evaluate Vch responses for different barrier properties, we compare the maximum Vch as is indicated. Generally Vchmax decreases as the membrane layer resistance increases. 
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FIG. S1. Simulated Vin and Vch as a function of time for a sinusoidal input voltage. 

B.
OECT device impedances

Impedances for more than 50 PEDOT:PSS OECT devices with different channel areas, which will be disseminated and more thoroughly discussed in a separate publication, were collected using a Metrohm Autolab potentiostat with Ag/AgCl reference electrode, a Pt foil as the counter electrode, and the source and drain contacts of the OECT shorted together as the working electrode. The complex impedance data was fit to a model R(R||C) model to extract the parameters of the PEDOT channel. For our modeling purposes, we use here only a small number of interpolated values for specific device areas (Table S1).
TABLE SI. Extrapolated impedances of PEDOT:PSS devices with different channel areas.

[image: image4.emf]Device area R, R, C,
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50 7.22x10* 3.84x10% 2.19x10°
500 2.03x10* 8.64x107 1.20x 103
5,000 571x10° 1.94x10" 6.82x108
50,000 1.60x 103 4.37x10%8 3.88x 107
500,000 451x102 9.84x10° 2.19x10°
5,000,000 1.27x102 221x10° 1.24x10°
50,000,000 3.57x10" 498x10* 7.06x10°
500,000,000 1.00x 10"  1.12x10° 4.00x 104
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C.
Geometrical properties of OECTs

As discussed in the main text, there exists an optimal regime in device area and membrane resistance over which OECTs can be used to quantitatively characterize the membrane’s electrical properties. In the electrolyte-dominated regime (green), the resistance of the membrane is too low with respect to the device area and the OECT response remains relatively unchanged. In the device-dominated regime (red), the resistance of the membrane is too high and the device will exhibit no response under application of a gate voltage. While this represents a good barrier-device system, the impedances of the membrane cannot be properly determined in most cases. Finally, in the optimal operation regime the kinetics of the device response scales with membrane resistance, thus allowing us to directly quantify such electrical properties. 
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FIG. S2. Plot of the membrane resistance as a function of device area. For each device area, the orange region indicates the simulated range of membrane resistances that can be properly characterized. 
