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Interface Nanomaterialswith Bio-Systems

Carbon Nanotube

(CNT) & Nano- A Utilization of the physical (electrical

graphen optical é) proper
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Plasmonic Gold Films ~ Top Fatal Diseases:
1. Ischaemidcheart disease

Annual deaths: ~ 7,200,000
2. Cancers

Annualdeaths: #,100,000
3. Cerebrovascular disease (Stroke
Annual deaths: ~ 5,500,000

Vessel diseases: #1 killer




Making CNTs Biocompatible and NonToxic
(Kam, N.W.S. et alPNAS 2005 102,11600.)
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Carbon Nanotubes Fluorescence in NIRI
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Developing Optical Imaging In
The Second NIR Window (NIRII, 1-1.4nm)
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NIR Il Imaging of Mice

NIRII signal
With intravenously injected SWCNTs: 1000nm ¢ 1400nm

—

Welsher, K.



DeepTissue NIR Il Video Rate Imaging

(Image into the body of a mouse optically)




Anatomical Mapping by Principle Component
Analysis (PCA) of NIR Il Video Imaging
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Simultaneous Imaging in NIR-I &NIR 1l

785 nm
laser
~800 nm
INnGaAs camera
SWNT 1.1-1.4 pm \ (NIR-II)
+ it
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NIR -I Peripheral Vessel Imaging

Imaging in NIRI by detecting IRDye800 fluorescence:
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NIR -l Peripheral Vessel Imaging

Imaging in NIRII by detecting SWNT fluorescence:
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NIR-II Imaging: Reduced Scattering

NIR-| NIRRT
750-900 nm 1000-1400 nm

X Previous imaging modality: mic¥fGT, MRI

G. Hong, J. Lee, J. Cooke, H. Dilature Medicine, 2012



o0 Clear vs. Smoggy Day In Beljing

0.009 ;. 2

Beijing 2009-11-07 276 M. 4B

11-7-2009 ; 10:00 ; Latest Hour ; 0.389 ; 500 ; Hazardous ; Today's
Avg ; 0.469 ; 500 ; Hazardous




Sub-cm Deep Vessel Imaging &
Differentiation
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Video Rate Imaging of
Blood Flow In Healthy vs. Ischemiddindlimb

Control 0.0000 s Ischemic 0.0000 s
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Chirality Separated SWNT for NIR-Il Imaging

(12 1}enr|ched SWNTs

950 1000 1050 1100 1 150 1200 1250 1300 1350 1400 1440
n Wavelength [nr]

Gel filtration separation method:

F. Hennrich M Kappesand coworkers @arlsruhe Institute ofechnologyeas,
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Excitation Wavelength [nm]

Chirality Separated SWNT for
Tumor Photothermal Therapy

(6,5) SWCNTSs

950 1050 1150 1250 1350

Emission Wavelength [nm]

1450

Densitygradientcentrifugation method:
M. Hersam Northwestern.

A Ultra-low dosage: ~ 4 of (6,5) SWCNTs per mouse
(0.254 mg/kg)
A Dual imaging &photothermatherapy

A. Antaris et. al. ACS Nano,2013




Graphenefor Biology and Medicine

PEG 0
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Ap-stacking ofSN38 cancer drugraphenexide for drug delivery.
ASN38: apotent,insolublecancerdrug

Z. Liu, H. Dai et al.J. Am. Chem. Soc2008
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GrapheneOxide Are Fluorescent in
NIR-I & NIR -l
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X. Sun,H. Dal, et. al. Nano Res 1, 203212 , 2008.




Nano-Sized ReducedsrapheneOxide (rGO)

Jz\f Jﬁ %
O 07
Nano-rGO YUY O

U Non-covalent functionalizedanerGO 80
U Biocompatible 1

U High optical absorbance in NIR % EZ
0 Useful forphotothermatherapy £ 40
é 301 Nano-rGO

20+

10+
Joshua T. Robinsor. Dai,et. al. 0 , , : . grn 7y
J. Am. Chem. Soc133, 68256831, 2011. 200 400 600 800 1000 1200 74
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Photothermal Ablation of Cancer Cells With
RGD Peptide/NanerGO Complex
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A Nanostructured Gold Platform for Biological Assays
(ELI SA, Microarray:

Autoantibody,
cytokine

S

PEG star .  ‘7 =

Plamohi¢ At substrate

A Manynanogaps
A Gold film surfaceplasmorresonance in NIR range

S.Tabakmaret al.,Nature Comm2011



Fluorescence Enhancementiof NIR)Dyes
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Cancer Biomarker Detection on Au Platform Towards

Early Cancer Diagnosis Probe 10 pM CEA

~6553!

A fM sensitivity
A 6 logs On Gold - I“‘

A Branched PEG 100
star blocking: On Glass 10
minimal non- .
specific binding
A Plasmonics b 5 _
. 1077 , = Glass slide
boosts specific . L
_ 101 4+ 4 Plasmonic slid
\ - signal o - s
~ JICEA = ) R
2S5 5 S 1074 '
PEG- Star S 2 S 1 i *
Ty e e 10 ' g
A e S A
Plamonic At substrate 10" .

10°10"°10""10"*10™10"* 10" blar
CEA Concentration (M) gs . ...




Fluorescence Intensity
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Cancer Biomarker Detection ffrom

Tumor-Bearing Animals

A CEA in the serum of LS174T xenograft mouse models
measured on plasmonic Au/Au films
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Multiplexed Autoantibody Detection on Gold

Nitrocellulose
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With Dr. P.J. Utz,
Stanford Medical School

A Much broader dynamic range on gold.
A Lower detection limit down tém
A Highly sensitive antigen microarrays




Human Cytokine (IL-6) Detection on Gold
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Selective Cytokine Detection on Gold
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Multiplexed Detection of Cytokines Secreted
by Cancer Cells

a Array on Gold: Array on Nitrocellulose:
OVCAR3 Medium Blank Control OVCAR3 Medium Blank Control
65535
H.F](.;BF 10000 a‘-
IL-4 o &
IL-6 =
IFN-y 10
TNF 10
b C
B Blank I Blank
2 1000 S 1000
£ £
Q @
g 100 2 100
2 2
g 4
o 10 o 10
= =
L L
1 1
VEGF IL-18 IL-4 IL-6 IFN-y TNF VEGF IL-1B IL-4 IL-6 IFN-y TNF

(Bo Zhang, et allNano Research2013)



A New Platform for Biological Detection

A A plasmonic Au platform for ELISA & microarray
detection.

A Sensitivity down to ~ IfM (0.01pg/ml) level.

- Dynamicrange spans 6 orders ofmagnitude.

- Single assay or multiplexed.

- Uses small volume aferum/bloodr othersamples.
Simple & low cost

Compatible with existing instrumentation.

Protein arrays, cytokine arrays, antigen arrays, peptid
carbohydrat e, DNA, RNAEg
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GrapheneNanoribbons (GNR)

Arm -chair GNR Zig-Zag GNR




Chemical Synthesis of Graphene Nanoribbons

(Xiaolin Li, Xinran Wang, eal., Science 2008




Unzip
Nanotubes

For

Graphene
Nanoribbons

(L. Jiao, et. al.Nature,
2009;

J. Tour groupNature,
2009)




Nanoribbons Synthesis by Physical and Chemical Mean:

222aa222,

gas- phase@ s
oxidation e msohnication
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nanotube

L. Jiao, et. al.Nature, 2009;
L. Jiao, et. al.Nature Nano, 2010;




=
i

b

ttern between layers

A ™
At e L
<

S

G 4
P »ﬁAh
P

ire pa

iIgh Quality Nanoribbons with Smooth Edges
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STM of GrapheneNanoribbons (GNR)

magnetic edge states ai

AHighly Smooth edges
nanoribboredges
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Quantum Transport of High Quality
Nanoribbons at 1.5 K
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Growth of Inorganic-NanoCarbon Hybrid for Energy
Storage andElectrocatalysis

High activity and rate capability. gﬂr{evr\f.ngesﬁz?)lIs)

Durable. (Y. Liang et. al. JACS

_OwW cost; norprecious metal based (pers;oective),
2013
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ALD Growth of Metal Oxide on

Graphene
(X. Wang, H. Dal, eal. JACS, 2008)

v A

Graphene " Graphene ¥,

x ALD nucleation requires surface functional groups.
X Graphenedges and defect sitase more reactive.




Nucleation and Growth of Inorganic Materials on
Oxidized Nano-Carbon

nucleation/growth on oxygen functional groups
onnanacarbon

0Strongly col

) Inorganichanaecarbon
(SChybrid)




Strongly Coupled-Hybrid of Oxides, Hydroxides
Phosphat e, SrdpHenmed e s é

LiMn  75F€5 o8P0
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Nanoparticle Growth Morphology

Growth on GO

Free growth
EE—

(Y. Li et al.,JACS, 2011)



