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NIR-1I/SWIR Fluorophores for Bioimaging
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NIR Fluorophores for Bioimaging
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NIR Fluorophores for Bioimaging

A Color Video NIR Fluorescence Color-NIR Merge
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Potential for Far-Forward Combat Casualty Care (FC3)
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Lightweight and Portable Compared to MRI/CT Texas Tech Chemistry & Biochemistry



Potential for Far-Forward Combat Casualty Care (FC3)

Trauma
* Identification of active vascular injury
 Detection of tissue ischemia

Forward Surgical Care

* Image-guided debridement

* Foreign-body localization
 |dentification of critical anatomy

Critical Care
« Perfusion monitoring
« Tissue viability assessment

NIR Wound Assessment: Diagnostics. 2021, 11, 778

Lightweight and Portable Compared to MRI/CT Texas Tech Chemistry & Biochemistry



Publications Over Time With Keyword “NIR-Il Imaging”

35,000

Journal
30.000 Patent
Report
25,000
Review
20000 Preprint
15,000 Clinical Trial
Conference
10,000 _
Letter
5,000 ]
‘ ‘ Commentary
0 - : : : : | | | I....|I|||!I|||“|I Editarial
o T o T o N . g o o o 9 9 O 9 _
— T ™ M i LE o= o0 o i = [ |
o o o 8 5 &b 0 R =R E 0 100K 200K 300K 400K

NIR-1I Imaging is Growing in Popularity — Materials are Nascent Texas Tech Chemistry & Biochemistry



Conjugated Polymers
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Conjugated Polymers

Deep Tissue Imaging
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Current State of NIR-II/SWIR Emitting CPs

A NIR-II Emitting CPs — Backbone Engineering

=
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ot | RIITE
Xy Xp Xz X
pDA: Nat. Commun. 2014, 5, 4206 PDFT: Chem. Sci. 2018, 9, 3105 TT-3T: ACS Appl. Mater. Interfaces. 2019, 11, 16311 m-PBTQ4F: Angew. Chem. Int. Ed. 2020, 59, 21049
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Example: Role of Molecular Weight
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« Absorptivity increases from 7.2 to 27.5 L /(g cm) with molecular weight
* QY decreases from 0.111% to 0.048% with molecular weight

ACS Appl. Mater. Interfaces. 2022, 14, 8705. Texas Tech Chemistry & Biochemistry 13



Structure Property Relationship Example: Role of Molecular Weight
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Structure Property Relationship Example: Peak Emission Beyond 1300 nm
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Structure Property Relationship Example: Peak Emission Beyond 1300 nm

1 e Absorption of H,0 Fluorescence of PTZ-F127 NPs in H,O
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in 1400—1900 nm, highlighting H,O’s quenching effect. The
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Current State of NIR-II/SWIR Emitting CPs
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Challenge: Synthetic Complexity, Scalability, and Access
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Polyisoindigo Copolymer Series

K,COs
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Polyisoindigo Copolymer Series

K,CO;3
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PIG Nanoparticle Series
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PIG Nanoparticle Series — Brightness Comparison

103i 101nj ® CPNs * AIE ®m Small Molecule Dye
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PIG-T in THF 21.5 2.02 638 950 1.11 +0.13 4100 46
PIG-TT in THF 24.1 2.19 657 955 - - 2.00 + 0.30 21, 500 432
PIG-T CPNs 21.5 2.02 631 950 129.83 + 2.04 - 49.07 £ 0.68 0.80 +0.09 1.4 x 109 1.12 +0.13 x 107
PIG-TT CPNs 24.1 2.19 638 950 137.15+0.96 -29.51 £1.37 0.77 +0.16 3.5 x 109 2.70 +0.56 x 107
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PIG Nanoparticle Series — Brightness Comparison

NPs diameter Dye content A,ps  Aem QY

Composition (nm) (Wt%) (nm) (nm) (%) B(M 'cm™Y)
Molecular organic dyes

Rhodamine 6G 530 552 90 1.0 x 10°
Quantum dots

QD-585 585 60 1.8 x 10°”
QD-605 605 52 3.0 x 10°°
QD-705 705 49 1.0 x 10°°
Conjugated polymer NPs

MEH-PPV 15 100 485 590 1 1.2 x 10°
PFBT 15 100 450 545 7 5.1 x 10°
PFBT 10 100 450 545 30 3 x 10°
PFPV 15 100 445 510 8 1.2 x 10’
PFBT-DBSOC6 10-COOH 23 50 455 712 15 1.1 x 10’
PF-TC6FQ-BODIPY 26 100 495 723 33 1.7 x 10’
Pttc-TFQ-BODIPY 28 100 490 724 51 5.1 x 107
PF-TC6FQ 21 100 493 652 47 2.4 x 107
PFDBT5-PFBT 15 80 450 650 56 1.6 x 107
PFGBDP/PFDHTBT-BDP720 31 100 528 721 42 1.8 x 10°

¢ for typical core-only QDs is 10° — 10 M1 cm1

« ¢ for typical CPNsis 108 — 10° M1 cm™?

« While the QY is higher for QDs, many CPNs are brighter

* Modest improvements in CPN QY can dramatically boost B
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PIG Nanoparticle Series — Brightness Comparison

NPs diameter Dye content A,ps  Aem QY

Composition (nm) (wt%) A e

Molecular organic dyes i iCi “

Molezular organic dye Prob_lng the Cytotoxicity of Our data further suggest that
Quantum dots Semiconductor Quantum Dots cytotoxicity correlates with the
ggggg _ W Gt an » liberation of free Cd2+ ions due to
QD—?{]E Austin M. Derfus, Warren C. W. Chan,' an Sangeetﬂ N. Bhatia deterIOI’athn Of the CdSe /att’ce 7
Conjugated polymer NPs Department of Bioengineering, University of California at San Diego,

MEH-PPV 15 100 La Jolla, California 92093

PFRT 15 100 e T Nano. Lett. 2004, 4, 11
PFBT 10 100 T o o - --f

PFPV 15 100 EEAPPLIED MATERIALS

PFBT-DBSOC6 10-COOH 23 50 SNTERFACES wawacsamiorg

PF-TC6FQ-BODIPY 26 100

Pttc-TFQ-BODIPY 28 100 Highly Enhanced Fluorescence of CdSeTe Quantum Dots Coated

PF-TC6FQ 21 100 with Polyanilines via In-Situ Polymerization and Cell Imaging

PFDBT5-PFBT 15 80 Application

PFGBD P;'r PFDHTBT-BDP720 31 100 Jingjing Xue, Xinyi Chen, Shanglin Liu, Fenfen Zheng, Li He, Lingling Li* and Jun-Jie Zhu*

State Key Laboratory of Analytical Chemistry for Life Science, Collaborative Innovation of Chemistry for Life Science, School of
Chemistry and Chemical Engineering, Nanjing University, Nanjing 210093, China

- ¢ for typical core-only QDs is 10° - 1C images of HelLa cells cultured with (A) CdSeTe QDs and (B) PANI coated QDs.
« ¢ for typical CPNs is 108 — 10° M1 cm

« While the QY is higher for QDs, many-wrivo-arcwryrie:
* Modest improvements in CPN QY can dramatically boost B

Recent Update: Biophys. Rev. 2020, 12, 703

Klymchenko, S., Chem. Soc. Rev. 2023, 52, 4525 Texas Tech Chemistry & Biochemistry



PIG Nanoparticle Series — Degradability and Stability
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PIG Nanoparticle Series — Penetration Depth |
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PIG Nanoparticle Series — Subcutaneous Information

A Empty QR CPN-Filled QR  CPN-Filled QR Code Under
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PIG Nanoparticle Series — Subcutaneous Information

A Empty QR CPN-Filled QR  CPN-Filled QR Code Under
Code mold Code mold Meat Slices

.5 mm
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Position (Pixel
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What is Next? Let’s Shift it to the Right...
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Conclusions and Outlook
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* PIG Copolymers feature brilliant emission in the NIR-II/SWIR.

* Organic NIR-II fluorophores are approaching brightness levels that could enable
portable fluorescence-guided Imaging systems for future austere surgical
environments.

Gill, N., ... Tropp, J., Manuscript in Preparation Texas Tech Chemistry & Biochemistry 30



A Scalable Alternative to ICG for Far Forward Portable Imaging
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