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NIRII/SWIR Fluorophores for Bioimaging
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NIR Fluorophores for Bioimaging

Indocyanine Green (ICG)

-Peak abs at 807

-Peak emission at 822 (NIR-I)

QY =11 9.3%

-Used for tumor imaging among
other biomedical applications

-FDA approved in 1950s

NIR Surgeon'’s display
camera Colour-NIR merge
H O
Colour video

NIR light source camera T
(LED, laser) i : (optional) >\_{

Visible light
(optional)
i Light
| collection
optics
NIR fluorescent
contrast agent Working
(administered intravenously distance

in this diagram)

Target llluminated surgical field

Image Guided Surgery:
Nat. Rev. Clinical Oncology. 2013, 10, 507

Curr. Opin. Chem. Biol. 2003, 7, 626
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NIR Fluorophores for Bioimaging

A Color Video NIR Fluorescence Color-NIR Merge

N\

SLN #1

SLN #2

Indocyanine Green (ICG)

-Peak abs at 807

-Peak emission at 822 (NIR-I)

QY =11 9.3%

-Used for tumor imaging among

other biomedical applications

-FDA approved in 1950s Sentinel Lymph Node (SNL) Mapping at 800 nm:
Ann. Surg. Oncol. 2009, 16, 2943

SLNs
#3 & #4

Curr. Opin. Chem. Biol. 2003, 7, 626 Texas Tech Chemistry & Biochemistry 5



Potential for FatForward Combat Casualty Care (FC3)

Trauma
A Identification of active vascular injury
A Detection of tissue ischemia

Forward Surgical Care

A Image-guided debridement

A Foreign-body localization

A Identification of critical anatomy

Critical Care
A Perfusion monitoring
A Tissue viability assessment

NIR
camera

A
: Colour video
\ NIR light source camera

(LED, laser) : (optional) [SARE

Visible light
(optional)

3
-

Light
collection
optics

NIR fluorescent
contrast agent Working
(administered intravenously distance
in this diagram)

Target Illuminated surgical field

Image Guided Surgery:
Nat. Rev. Clinical Oncology. 2013, 10, 507

Lightweight and Portable Compared to MRI/CT

Texas Tech Chemistry & Biochemistry I



Potential for FatForward Combat Casualty Care (FC3)

Trauma
A Identification of active vascular injury
A Detection of tissue ischemia

Forward Surgical Care

A Image-guided debridement

A Foreign-body localization

A Identification of critical anatomy

Critical Care
A Perfusion monitoring

A Tissue Vlablllty assessment NIR Wound Assessment: Diagnostics. 2021, 11, 778

Lightweight and Portable Compared to MRI/CT Texas Tech Chemistry & Biochemistry 8
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Conjugated Polymers

Flexible Electronics
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Flexible Emitters/Conductors for Organic Electronics Texas Tech Chemistry & Biochemistry 10



Conjugated Polymers

Deep Tissue Imaging Image Guided Therapy

Implantable Biosensors Tissue Engineering Bioelectronic Interfaces
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Current State of NHR/SWIR Emitting CPs

A NIR-II Emitting CPs — Backbone Engineering

=
s a m=1:TT-T
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
Jem, max = 1047 nm, QY = 1.7% Jem, max= 1032 nm Jem, max = 1070 nm, QY = 1.75% Jem, max= 1123 nm, QY = 3.2%

P1 X;=OR;X,=H CoHas
P2 X,=H;X,=OR

CeHas

S,
N N
\

R= ,ﬂ"\rCAHG
CzHs

R= y
O O O O CioHz O Q o Q Ne N o
Xy X r"‘Y J\ CsHyy Se CaHyy
CgHas CeHaa CgHy7 N

Xa Xa CeHaO OCgHas CgHaa0 OCgHzy e Tl & X@ SD\K
P1: Macromolecules 2019, 52, 5735 PTQ: ACS Nano. 2020, 14, 2509 DPQ: Biomaterials. 2021, 275, 120935 BDT-SBOT2: Chem. Sci. 2022, 13, 10074
Jem, max = 1095 nm, QY = 0.92% Jem, max = 1057 nm, QY = 1.25% Jem, max = 1300 nm, QY = 0.02% Jem, max = 1100 nm, QY = 1.58% n=T2

AlEgen Incorporation
P3a R= wCgH,; P3¢ R= O

AlEgen
OV B o
7Y
T
N
il il
¥ ] /©/ \©\ CroPas CyaHos
s-R
P3c: Angew. Chem. Int. Ed. 2019, 59, 3691 PBPTV: ACS Nano 2020, 14, 11452 IR-TPE: Adv. Health. Mater. 2021, 10, 2100993
Jem, max= 1083 nm, QY = 1.7% Jem, max = 960 nm, QY = 7.9% Jem, max= 1010 nm, QY = 14%
a \ Em\sé\oﬂ
- R
Pl Ry= »~Cétis C CPN Processing Incideng L N

P2 R;= ,J"\(ClHQ

N N "P3 R,= ,.v-"\rc‘oni

N/ CgHy7 !
OR, Ry= 0.
‘ 3 2 Re= +Ocyn,, Surfactant She!lh

Side chain| |
stacking

Packing =

PNIR-2: J. Am. Chem. Soc. 2020 142, 15146 P3: Chem. Eng. J. 2022, 428, 132098 o~ DA B Influences st;arc.k;;
A - ° I
Jiem, max = 1010 nm, QY = 0.32% Jem, max = 1128 nm, QY = 0.13% QY 9

Gil, N. , é Adv. élenlth,Matdr..2024, 13, 2401297 Texas Tech Chemistry & Biochemistry 12



Example: Role of Molecular Weight

A Cathir PEGs B . —PBQ3NPs !
CoH Mn =4128 g mol 0.34 —PBQ5 NPs 1064 nm .
o NS PBAS ——pBQ8NPs  ICT
s W4 My = 5909 g mol" ——PBQ11 NPs
/ O O PBQ8 8 55 ——PBQ45 NPs
s / n My=10602gmol’ g
0 N N PBQ11 1 5
M,=14572gmol" 2 / ‘
Oty "” PB4 <o 3
Cathi7 O O M, = 59727 g mol"! =~ :
CeH130 OCgH13 :
0.0 T T T —
PBQX: ACS Appl. Mater. Interfaces 2022, 14, 8705 o 800 800 1000
x ppi. ater. fnteriaces T Wavelength (nm)
C 42l E———— D s/ ™5 PBQ3NPs
o s | 7 | e
: 8. PBQ11 NPs - L1 PBQ45 NPs .
pet —— PBQ45 NPs et
2 »
B 6 2 ]
5 £
E ¢ B 0s
- | -
11}
. __III III
0.0- T T

1200 1400 1600
Wavelength (nm) 1400 nm LP 1500 nm LP

A Absorptivity increases from 7.2 to 27.5 L /(g cm) with molecular weight
A 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

a 1400 nm LP 1500 nm LP
A CeHir PBQ3 B  —PBQ3NPs '
o M, = 4128 g mol” 031 ~ —PBQ5NPs  1064nm -
& sy PBAS ——PBQBNPs  ICT g
s M M, = 5909 g mol ——PBQ11 NPs -
% O ) O PBQS8 8 02 ~\| — PBQ45 NPs z .-
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G &9 O -1 feo x
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CGH13O OCGH13 00 l I l I ! - B . /" \"\ W '.
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PBQx: ACS Appl. Mater. Interfaces 2022, 14, 8705 Wavelengthin) o B D;s(t)an ce };m) R
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e —:gg*::‘:: E PBQ11 NPs " 30
= a— s S . .| [ PBQ45 NPs -
s &\ —— PBQ45 NPs 210 2
2 @ < -~
2 9 S el %
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£ 4 S 0.5 2 20{SBR=21 SBR=1.9
- o 2
& o £ 4
s B - ' ¥
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Distance (mm)

A Absorptivity increases from 7.2 to 27.5 L /(g cm) with molecular weight A Increasing polymer molecular weight improves nanoparticle brightness for
A QY decreases from 0.111% to 0.048% with molecular weight in vivo imaging

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



Structure Property Relationship Example: Peak Emission Beyond 1300 nm

1o 1 e Absorption of H,0 —— Fluorescence of PTZ-F127 NPs in H,O
Q ] e Absorption of PTT-F127 NPs in H,O - §
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Liu, B., J. Am. Chem. Soc. 2025, 147, 31091 Texas Tech Chemistry & Biochemistry 15



Structure Property Relationship Example: Peak Emission Beyond 1300 nm

R Absorption of H,0O Fluorescence of PTZ-F127 NPs in H,O |
j Absorption of PTT-F127 NPs in H,O

-
N

o
(o]
1

o
(0)]
1

o
w

Normalized absorbance
Normalized fluorescence

~~ L)

rise at 1600 nm (Figure 515) due to weak absorption of D,0O 00 1600 2000
in 1400—1900 nm, highlighting H,O’s quenching effect. The
NIR-IIbc fluorescence QY of PTZ-F127 NPs was 0.021% in guomsmews " -z
H,0, determined using IR-26 (QY = 0.05% in 1,2-dichloro- g

ethane) as a reference (Figure S16).” """ This results in a NIR-
IIbc brightness of 61.32 M™' cm™, an order of magnitude
higher than that of the current brightest organic materials
currently reported (Table S1). PTZ-PSMA, PTZ-DM-F127-

Liu, B., J. Am. Chem. Soc. 2025, 147, 31091 Texas Tech Chemistry & Biochemistry 16



Current State of NHR/SWIR Emitting CPs

agas 2 . PBTQ

A NIR-Il Emitting CPs — Backbone Engineering QT; H X =H
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" mPBTQiF |
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A S i
O T ) s ]‘n e PRI = CiHg
R= R 070 Crets =5 TraT CoHs

Xy Xe X2 X
m-PBTQ4F: Angew. Chem. Int. Ed. 2020, 59, 21049
Jem, max = 1123 nm, QY = 3.2%

pDA: Nat. Commun. 2014, 5, 4206
Aem,max = 1047 nm, QY = 1.7%

PDFT: Chem. Sci. 2018, 9, 3105
Jem, max = 1032 nm

TT-3T: ACS Appl. Mater. Interfaces. 2019, 11, 16311
Jem, max= 1070 nm, QY = 1.75%
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DPQ: Biomaterials. 2021, 275, 120935 BDT-SBOT2: Chem. Sci. 2022, 13, 10074

Jem, max = 1300 nm, QY = 0.02% Jem, max = 1100 nm, QY = 1.58%
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P1: Macromolecules 2019, 52, 5735
Jem, max = 1095 nm, QY = 0.92%

PTQ: ACS Nano. 2020, 14, 2509
Jem, max = 1057 nm, QY = 1.25%
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P3c: Angew. Chem. Int. Ed. 2019, 59, 3691
Jem, max= 1083 nm, QY = 1.7%

CioHos

PBPTV: ACS Nano 2020, 74, 11452
Jem, max = 960 nm, QY = 7.9%

IR-TPE: Adv. Health. Mater. 2021, 10, 2100993
Jem, max= 1010 nm, QY = 14%
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Bright NIR-II
Emission

Role of Size
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Backbone

Role of Molecular Weight,
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Challenge: Synthetic Complexity, Scalability, and Access

® R CwHaa Csta
JH Na 4 Fi R
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PolyisoindigdCopolymer Series

K,COs
:
CgHiz  DMF, 100 °C

R R
o) \ \
N —;Sn— T —St{— N0
)N ) - Ko NvO i = S0 LD
5% Pd(PPhs), n = S
o~ "N xylenes, pW o~ "N PIG-TT PIG-T
R 140 °C (20 min) R

Monomer on > 100g Scale!
>80% Yield

Multigram Polymer
Synthesis

Gill, N. . é Nanusgipt jn Préparation Texas Tech Chemistry & Biochemistry 19



PolyisoindigdCopolymer Series

K,CO;3

CgHy7

R R

\ O \ \

N —;Sn— T —St{— N0
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k= 0.0 | CP.in THE
9 12 15 18 300 400 500 600 700 800
Time (min.) Wavelength (nm)

DMF, 100 °C

:

S

Gill, N., é

WManwsgript in Préparation

Texas Tech Chemistry & Biochemistry

PIG-TT PIG-T

31200_ PIG-T
« PIG-TT
S 1000 -
&
> 800
2
5 600
£
c 400"
9
g 200 - Aex = 730 nm
£ CP in THF
I'u 0 T T T T

900 1000 1100 1200 1300 1400

Wavelength (nm)

20



PIG Nanoparticle Series

% Polymers

Nanoprecipitation
+ nA@— DSPE-PEGyo ----------------------- >
n
o
S A_‘—//JJ:
A, ,1/8\&\ NIR-I
S Emission Degradable NIR-II
PIG-TT PIG-T Fluorescence CPNs
B C D
= 495 PIG-TT o B PIG-T 0 0.6{ PIGT
£ 125 e PIGTT , PIG-TT
- s A E-20] S 0.5
S 1.00- ® 45 $-301 s
x g & -40 @ 0.4
c 0.75 o 3 -50 £
> .o
'% < 10 M g 0.3-
& 0.50- 1.03 £ 0.13 x 10° particles/mL 2 2 02
3 | g s g
Q [ &
£ 0.25- £ 0.1
(&) 134.85 nm CPNs in DI water :
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P1G Nanoparticle SerieBrightness Comparison

103i 101nj ® CPNs * AIE ®m Small Molecule Dye
z ] = 10°{® Semiconductor Oligomer
. 1071 ' ! L.
= ; = 1031 Lipid Droplets
o ] o :
T 10°; T 1071 '—r- This Work
7 10 : @ 10 1
4] o 10°;
E 107 s 0415‘ ¢
T a3 = 10%; ¢ —
m10 1 o) 3: . *
= ‘= 10°4{™ * o om
@ 1021 o 102 : H
5 ! H
. 1 ]
101 L] - L] = L] v L] = L] v L = LI = L] "' 10 Ll = ] s | v ] = L] = ]
06 08 1.0 1.2 14 16 1.8 2.0 2.2 900 920 940 960 980 1000
QY (%) Wavelength (nm)
Ile I abs,max I em,max u LOJ B
(kDa) ! (?lm) (nm) Dy (nm) X (mv) u (%) (M" Icm T} (M" Icm T )
PIG-T in THF 21.5 2.02 638 950 1.11 No0.13 4100 46
PIG-TT in THF 24.1 2.19 657 955 - - 2.00 N0.30 21, 500 432
PIG-T CPNs 21.5 2.02 631 950 129.83 N 2.04 - 49.07 N0.68 0.80 N0.09 1.43 109 1.12 N0.133 107
PIG-TT CPNs 24.1 2.19 638 950 137.15N0.96 -29.51 N1.37 0.77 N0.16 3.53 109 2.70 N0.563 107
Gill, N. |, é Nanusgript jn Préparation Texas Tech Chemistry & Biochemistry 22




P1G Nanoparticle SerieBrightness 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°

A Ufor typical core-only QDs is 1057 106 M- cm-!

A Ufor typical CPNs is 1087 10° M-t cm't

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

A Modest improvements in CPN QY can dramatically boost B
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P1G Nanoparticle SerieBrightness 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-705 Austin M. Derfus, Warren C. W. Chan," and Sangeeta N. Bhatia deterioration ofthe CdSe| atti ¢ e .
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

PFGBDP}F 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

A lZJfOI‘ typical core-only QDs is 10°1 1C images of HelLa cells cultured with (A) CdSeTe QDs and (B) PANI coated QDs.
A Ufor typical CPNs is 1087 10° M1 cm

A While the QY is higher for QDs, many wrive aro wrnyrmo:

A 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 24



PIG Nanoparticle SeriedDegradability and Stability

A B - 2
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PIG Nanoparticle SeriedPenetration Depth
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PIG Nanoparticle SeriesSubcutaneous Information
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PIG Nanoparticle SeriesSubcutaneous Information

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

.5 mm

0 50 100 150 200 250 300 350
Position (Pixel
4.5 mm {Fhxs)
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Conclusions and Outlook

P

=350

2 o) 10"°{®@ CPNs * AIE ®m Small Molecule Dye
€ 2250] - 1091: ¥ Semiconductor Oligomer
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A PIG Copolymers feature brilliant emission in the NIR-II/SWIR.

A Organic NIR-Il fluorophores are approaching brightness levels that could enable
portable fluorescence-guided Imaging systems for future austere surgical
environments.
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A Scalable Alternative to ICG for Far Forward Portable Imaging

Indocyanine Green (ICG)

-Peak abs at 807

-Peak emission at 822 (NIR-I)

QY =11 9.3%

-Used for tumor imaging among
other biomedical applications

-FDA approved in 1950s

NIR Surgeon'’s display
camera Colour-NIR merge
H O
5 Colour video
NIR light source g camera B
Visible light ! _
(optional) ‘ 3
' g Light
! collection
optics

NIR fluorescent
contrast agent Working
(administered intravenously distance
in this diagram)

Target llluminated surgical field

Image Guided Surgery:
Nat. Rev. Clinical Oncology. 2013, 10, 507

Curr. Opin. Chem. Biol. 2003, 7, 626

Texas Tech Chemistry & Biochemistry 31



