
Hybrid purification of 
semiconducting single-
walled carbon 
nanotubes for use in 
optoelectronic devices 
and chemiresistive gas 
sensors

21 April 2022
Charles Yang



Outline

Introduction on the electronic structure of SWCNTs

Hybrid CPE/IPA purification scheme for sc-SWCNTs

Implementation as chemiresistive gas sensors
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Single Walled Carbon Nanotubes 
(CNTs)

https://commons.wikimedia.org/wiki/File:Carbon_nanotube_(8,8)_3D_ball.png 3



Semiconducting vs Metallic NTs

Yang, et. al. Chem. Rev. 2020, 120, 5, 2693–2758 4
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Semiconducting vs Metallic NTs
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Purity to Consistency

Bao et al. Nature Commun. 2019 10, 2161. 

LCH = 1 µm

Goals:
     <20% device variation 
     <15/500 device failure rate

Shulaker, et. al. Nature 2019, 572, 595–602. 7



Conjugated Polymer Extraction

Ding, et.al. J. Phys. Chem. C 2016, 120, 21946−21954



Conjugated Polymer Extraction

Sonication

C 12 H 25 C 12 H 25
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Conjugated Polymer Extraction

Sonication

C 12 H 25 C 12 H 25
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Centrifugation
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Inorganic Particle Adsorption
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Ding, et al. Nanoscale, 2015,7, 15741–15747 12



Metrics

Ding, et.al. Nanoscale, 2014, 6, 2328–2339
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Metrics

𝜂 =
𝑃𝑒𝑎𝑘 + 𝐵𝑎𝑠𝑒 (𝑎𝑓𝑡𝑒𝑟 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡)

𝑃𝑒𝑎𝑘 + 𝐵𝑎𝑠𝑒 (𝑏𝑒𝑓𝑜𝑟𝑒 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡)

𝜙 =
𝑃𝑒𝑎𝑘

𝑃𝑒𝑎𝑘 + 𝐵𝑎𝑠𝑒

Base

Peak

Ding, et.al. Nanoscale, 2014, 6, 2328–2339 14



Non-Covalent Functionalization
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Non-Covalent Functionalization
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Non-Covalent Functionalization
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Swager et. al. PNAS 2021, 118, e2022515118. 18

Applications: Gas Sensors
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Applications: Gas Sensors



Combining CNT Purification and Gas 
Sensing 

Guo. et. al. ACS Sensors 2020 5 (7), 2136-2145 20



Combining CNT Purification and Gas 
Sensing: PFID/PFIDBoc

Guo. et. al. ACS Sensors 2020 5 (7), 2136-2145 21



Conclusions

Our optimized hybrid purification scheme yields >99.99% 

sc-SWCNTs based on differences in polarizability

Carbon nanotubes can be non-covalently functionalized 

to act as chemiresistive gas sensors
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Conclusions

Our optimized hybrid purification scheme yields >99.99% 

sc-SWCNTs based on differences in polarizability

Carbon nanotubes can be non-covalently functionalized 

to act as chemiresistive gas sensors
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Applications: Gas Sensors
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