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Electrochemical Characterization of the membrane

Corrosion Tests on Nanochannels Membrane

In-vitro Release of Charged Molecules

(A) Coated membrane with SiC

or SiO2; (B) Magnification of the 

membrane architecture showing 

the support structure, the 

nanochannel and macro-

channels layers. Final structure

holds 121 macro-channels and 

680000 nanochannels.

Cyclic Voltammetry Measurements: 

Measurements at different scan rate 

Transmembrane current Ids at different gate 

voltage Vgs. (D) Anodic Peak of current Ipa

corresponds to Oxidation and Cathodic Peak 

of current Ipc corresponds to Reduction.

Adopted methodologies
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Stability Test of Nanochannel Membrane in Sodium Fuoride and Bovine Serum Albumine. 
Surface Analysis:

- Scanning Electron Microscope SEM

- Energy Dispersive X-ray EDaX

- Atomic Force Microscopy AFM

- Ellipsometry

Solution Analysis:

- Dynamic Light Scattering DLS

- Inductively Coupled Plasma Mass Spectroscopy ICP-MS

AFM

EDaX

Ellipsometry

DLS ICP-MS

R.E. - Drug Reservoir: 250µl 

- Sink: 4.25ml

- Wavelenght: 256 nm

- Phases: Active / Passive

Future work

- In-vitro and in-vivo experimental tests for

validation of the remote control modulation

of the release of therapeutic drugs in small

and large animals.
In-Vitro Tests In-Vivo Tests

- Development of a printed circuit board (PCB) for the application of

potential to the gate control of the 
nanochannel membrane.

Molecule: Poly(sodium 4-styrenesulfonate)

Electrochemical Impedance Spectroscopy EIS: 

Measurements of the EDL capacitance Cdl and 

Resistance of Charge Transfer Rct. (A) Nanochannel

wall immersed in electrolyte; (B) Equivalent Circuit of the 

nanochannel’s system; (C) Nyquist plot of the measured

impedance.

Frequency: 0.1Hz - 10KHz

AC: 50mV

Vgs :-3V - 3V; Vds:-3V - 3V

Scan Rate: 0.01V/sec - 0.005 V/sec

Electrolytes: Phosphate 

Buffer Saline (PBS), 
Potassium Chloride (KCl)

Nanochannels membrane offers the possibilty to compare the size

of molecules and nanochannels, generating an electrostatic

interaction between the liquid and the electrical double layer EDL.

EDL is the surface-charge distribution at the liquid-solid interface

caused by fixed surface charge and compensating counter-ions

near the surface. The transport rate of the charged molecules can

be modulated by altering the EDL. Many drug molecules are

charged in solution and thus their diffusion through a nanochannels

membrane can be controlled.

Applying a potential to the wall of the nanochannels, it is possible

to expand or reduce the EDL, attracting counter-ions and to

repelling co-ions.

Chronic diseases constitute a major public health problem. Only 

the 50% of individuals with chronic diseases adhere to treatment 

regimens, posing significant risks of complication and even 

mortality. [1] 

Current strategies for therapeutics administration are systemic. 

Upon bolus administration, drug concentration in the body rapidly 

increases reaching potentially toxic levels and exponentially clears 

resulting in a small therapeutic window.

On the other hands, sustained release platforms use zero-order 

drug release kinetics, however once implanted there is no option 

for controlling dosage. Dosing and timing are key factors for 

effective treatment of chronic diseases. Chronotherapy and 

personalized medicine focus a controlled release, allowing the

administration of therapeutics to  follow the specific circadian 

rhythm of the diseases under treatment.
[1] Centers for the Medicare&Medicaid Services, Chronic Conditions Prevalence State/Country Table: All

Free-for-Service Beneficiaries, 2015. NCOA: National Concil of Aging, www.ncoa.org
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Current-Voltage Measurements I-V: 

Measurements of Transmembrane current

Ids at different Vgs for different

transmembrane potential Vds. 

Characterization of Conductance of the 

nanochannels.

DC Power Generator

A B C

D

The Implantable Delivery Systems has

been implementated utilizing the Radio

Frequency approach.
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