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What is claimed is: 

1. A sensor configured to detect an analyte, comprising: 

 an antenna disposed on a substrate; 

 a sensing material disposed on the substrate and electrically coupled to the antenna, 

the sensing material comprising: 

a particulate carbon structure including a multi-modal distribution of pore 

sizes that define a surface area including bonding sites configured to interact with 

one or more additives and the analyte, the particulate carbon structure configured to 

generate a resonant signal indicative of one or more characteristics of the analyte in 

response to an electromagnetic signal, the particulate carbon structure comprising: 

a plurality of distinctly sized interconnected channels defined by the 

surface area and configured to be infiltrated by the analyte; and 

a plurality of exposed surfaces configured to adsorb the analyte, 

wherein each of the plurality of distinctly sized interconnected 

channels includes at least one of microporous pathways or mesoporous 

pathways. 

 

2. The sensor of claim 1, wherein each of the microporous pathways or 

mesoporous pathways is configured to increase a responsiveness of the sensing material 

proportionate to an amount of the analyte within the carbon structure. 

 

3. The sensor of claim 1, wherein the sensing material is integrated into the 

antenna or positioned within a vicinity of the antenna. 

 

4. The sensor of claim 1, wherein one or more characteristics of the resonant 

signal are indicative of a presence of one or more known harmful substances in the sensing 

material. 
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5. The sensor of claim 4, wherein the indication is based on a comparison of the 

one or more characteristics of the resonant signal with one or more characteristics of the 

known harmful substances. 

 

6. The sensor of claim 1, wherein the sensing material is configured to oscillate 

at:  

a first amplitude at one or more resonant frequencies of the sensing material; and 

a second amplitude at one or more non-resonant frequencies of the sensing material, 

wherein the first amplitude is greater in magnitude than the second amplitude.  

 

7. The sensor of claim 1, further comprising a pair of electrodes electrically 

coupled to a dielectric and the sensing material. 

 

8. The sensor of claim 7, wherein the sensing material and the dielectric are 

positioned between the pair of electrodes and comprise a tank circuit.  

 

9. The sensor of claim 1, wherein the particulate carbon structure is at least 

partially bound by a polymer. 

 

10. The sensor of claim 9, wherein the polymer comprises one or more polymer 

additives configured to alter electrical properties of the sensing material by interacting with 

the analyte. 

 

11. The sensor of claim 1, wherein the particulate carbon structure includes one 

or more tuned materials configured to increase a resonance sensitivity of the sensing 

material across one or more frequency ranges. 

 

12. The sensor of claim 1, wherein the particulate carbon structure further 

comprises a plurality of three-dimensionally (3D) structured aggregates, each aggregate of 

the plurality of 3D structured aggregates including a plurality of nanoparticles. 
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13. The sensor of claim 12, wherein the 3D structured agglomerates are 

configured to generate an impedance response indicative of one or more characteristics of 

the sensing material based on an excitation signal. 

 

14. The sensor of claim 1, wherein the sensing material is configured to generate 

one or more resonant signals indicative of a type of the analyte based on an electromagnetic 

signal. 

 

15. A sensor system configured to detect an analyte, comprising: 

a substrate; and 

a resonant circuit configured to be removed without requiring replacement of the 

substrate, the resonant circuit disposed on the substrate and comprising: 

an antenna disposed on the substrate; 

 a sensing material disposed on the substrate and electrically coupled to the 

antenna, the sensing material comprising: 

a particulate carbon structure including a multi-modal distribution of 

pore sizes that define a surface area including bonding sites configured to 

interact with one or more additives and the analyte, the particulate carbon 

structure configured to generate a resonant signal indicative of one or more 

characteristics of the analyte in response to an electromagnetic signal, the 

particulate carbon structure comprising: 

a plurality of distinctly sized interconnected channels defined 

by the surface area and configured to be infiltrated by the analyte; and 

a plurality of exposed surfaces configured to adsorb the 

analyte, 

wherein each of the plurality of distinctly sized interconnected 

channels includes at least one of microporous pathways or 

mesoporous pathways. 

 

16. The sensor system of claim 15, wherein the analyte is configured to be at 

least partially contained within a package. 
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17. The sensor system of claim 15, wherein the resonant circuit is attached to the 

antenna by compression. 

 

18. The sensor system of claim 15, wherein the analyte comprises a volatile gas 

or vapor. 




