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CO2 (g) + H2O (l) H2CO3 (aq)

Challenges

• High Young’s modulus ~ 1 GPa Rigid sensor

• Easily dried  Loss of sensing capability

• Fast photobleaching  Signal changes over time
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Effective stress mapping
for PDMS – HPTS@SiO2

• Block copolymer with large chemical differences between blocks spontaneously undergoes microphase separation to 

minimize total energy and forms a nanostructure

• The multi-functional block copolymer matrices overcome the limitations of the previous PPMA-based and composite matrix
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 As-formed
 200% stretched 100 times

• Sensors with sensitivity within 0 - 15% pCO2 were fabricated

• Isosbestic point @405nm could be used as the reference peak

• R = I470/I405 followed the model derived in the theoretical section The 

sensors retained their pCO2 sensing capability after 100 times 

stretching of at least 200% strain

• Compared to PPMA, the new block copolymer displayed substantially 

reduced photobleaching

Intrinsically flexible and stretchable pCO2 sensor

• FEM revealed that conventional stretchable PDMS –

HPTS@SiO2 composite pCO2 sensor undergoes 

severe stress concentration of over 600% compared 

to an intrinsically stretchable sensor

• The stress concentration would induce mitigation on 

mechanical stability, as well as gas permeability

• Therefore, intrinsic stretchability is imperative

Fluorescence under 
405 nm excitation

(DH)

Fluorescence under 
405 and 470 nm excitation

(D-)
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 PDMS-b-PAA
 PPMA

55.5%70.2%

Photostability
(Stretched exponential model)

Wavelength 405 nm 470 nm

PDMS-b-PAA 1540 min 34.1 min

PPMA 39.4 min 28.6 min

Photostability
(Stretched exponential model)

Wavelength 405 nm 470 nm

ABA-BCP 301 min 49.1 min

PPMA 39.4 min 28.6 min
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• Sensitivity within the physiological pCO2 window (Rair/R5% CO2) was greatly improved by 13.1 times to 27.5 from 2.1 of the PDMS-b-PAA matrix

• ABA-BCP further mitigated the photobleaching of HPTS, which resulted in extraordinarily stable photophysical properties over 10 min

• Sensors made of the ABA-BCP showed excellent reversibility over 5 times (> 90 min), during which R = I470/I405 remained within ± 2.5% error

• Stretchable films retained their pCO2 sensing capability after 100 times of stretching with 200% strain

• The sensors made out of ABA-BCP quantitatively showed excellent pCO2 sensing capability in the physiological range under the mock extracorporeal 

membrane oxygenation (ECMO) system

Fabrication condition
• Precursor solution is made by mixing HPTS4-·(TOA+)4, 

TOA+OH-, NaOH, and polymer in methanol (or if required, 

tetrahydrofuran is mixed with methanol)

• Drop-casting of the precursor solution into PDMS mold, 

and sequential detaching of the mold

Precursor solution

PDMS mold

Stretchable 
substrate

• By adopting a multifunctional matrix for the fluorescent 
molecule HPTS, we enabled the first intrinsically flexible 
and stretchable pCO2 sensor

• The stretchable sensors showed excellent mechanical 
stability, reversibility, and sensing capability

• This work enables a novel modality for Point-of-Care for 
respiratory and metabolic diseases like hypercapnia

This summer was like Komorebi because of all of you in Evans Lab and the program. First, my
gratitude goes to my PI, Conor, who made this summer a truly dazzling experience for me. The
two months of experience revigorated my passion for science. At every juncture in the lab, I was
awed a lot by the ardor, expertise, and experiences that Manolis has, and learned so much from
him. I am indebted so much to Victoria for not only her kind guidance but also the competence
and techniques she taught me. You were the best advisor and mentors that I could have. Also, the
discussions we had in the chemistry group left unforgettable lessons for me. I remember the
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Molecular Weight (g/mol)

 Macro-CTA
 ABA-BCP

Sample Mn Mw PDI = Mw/Mn

Macro-CTA 4433.4 5061.4 1.14

ABA-BCP 5172.0 6958.6 1.34

pCO2 change  pH change  Fluorescence change

𝑄𝑄+𝐷𝐷− ⋅ 𝑥𝑥𝑥𝑥2𝑂𝑂 + 𝐶𝐶𝑂𝑂2 𝑔𝑔 ⇌ 𝑄𝑄+𝑥𝑥𝐶𝐶𝑂𝑂3− + 𝑥𝑥𝐷𝐷 ⋅ 𝑥𝑥 − 1 𝑥𝑥2𝑂𝑂

𝑅𝑅 =
𝐼𝐼470
𝐼𝐼405

=
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑜𝑜 𝑥𝑥𝐷𝐷 𝑎𝑎𝑐𝑐𝑎𝑎 𝐷𝐷− 𝑐𝑐𝑐𝑐 𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 @470𝑐𝑐𝑒𝑒 𝑒𝑒𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑜𝑜 𝑥𝑥𝐷𝐷 𝑎𝑎𝑐𝑐𝑎𝑎 𝐷𝐷− 𝑐𝑐𝑐𝑐 𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 @405𝑐𝑐𝑒𝑒 𝑒𝑒𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

=
Γ470𝐻𝐻𝐻𝐻 𝑥𝑥𝐷𝐷 + Γ470𝐻𝐻− [𝐷𝐷−]
Γ405𝐻𝐻𝐻𝐻 𝑥𝑥𝐷𝐷 + Γ405𝐻𝐻− [𝐷𝐷−]

𝑝𝑝𝐶𝐶𝑂𝑂2 =
1
𝐾𝐾
⋅
𝑥𝑥𝐷𝐷
𝐷𝐷−

=
1
𝐾𝐾
⋅
Γ470𝐻𝐻− − 𝑅𝑅Γ405𝐻𝐻−

𝑅𝑅Γ405𝐻𝐻𝐻𝐻 − Γ470𝐻𝐻𝐻𝐻 ≃
𝑘𝑘′

𝑅𝑅
− 𝑘𝑘′′

𝑅𝑅 ≃ 𝐼𝐼470
𝐼𝐼405

= 𝑘𝑘′
𝑝𝑝𝑝𝑝𝑝𝑝2+𝑘𝑘′′

matches well with experimental data (dotted lines on the R - pCO2 graphs)

(Equilibrium constant: 𝐾𝐾 = [𝐻𝐻𝐻𝐻]
𝐻𝐻− ⋅ 𝑝𝑝𝑝𝑝𝑝𝑝2

)

(∵ Γ470𝐻𝐻𝐻𝐻 → 0 experimentally)

𝑅𝑅 =
𝑘𝑘𝑘

𝑝𝑝𝐶𝐶𝑂𝑂2 + 𝑘𝑘𝑘𝑘

𝑅𝑅 =
𝑘𝑘𝑘

𝑝𝑝𝐶𝐶𝑂𝑂2 + 𝑘𝑘𝑘𝑘
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