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Outline

(n,m) selective, covalent chemistry of single
walled carbon nanotubes

e Mechanism of electronic sensitive reactions

e Separation and sorting carbon nanotube by electronic type

Single walled carbon nanotubes as near infrared
fluorescent biosensors

o Nanotube sub-cellular “molecular beacons”

e Tissue implantable biomedical devices
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(n,m) Selective Chemistry on SWNT
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On-chip Modification of SWNT FETs

Functionalization carried out directly on SWNT array
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Apparatus for Studying SWNT Chemistry

Monitor Bond Formation
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Absorption Spectrum Allows Probing of VValence Electrons
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Low Concentration: Selective Reaction of Metallic Nanotubes
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Two Step Mechanism from Raman Spectroscopy

Measures electron withdraw

Tangential mode after addition
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Understanding the Selective Mechanism

0 = 0; — B[t] — C[t]
If coverage remains sparse,
o[t] >> (B[t] + C[t], k,~0

Resolves outstanding problems:
k, = selective and delocalized
k, = follows Pyramidalization

Disorder Mode “C” .
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Further Evidence: Blocking the Second Step

Sodium cholate:

closely packed
adsorbed phase;
steric hindrance
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Chemistry for Sorting Carbon Nanotubes
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Chemistry Controls Electrophoretic Mobility

v=(ql/f)E

v= electrophoretic mobility
g = net charge
f = hydrodynamic factor
E = applied electric field
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Absorbance (cm-1)

Advantages for Optical Sensing

SWNT
Fluorescence
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» fluoresce in near infrared | —
e very photostable
e sensitive to environment
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Single nano-particle spectroscopy =
single molecule sensor
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Scheme for B-d-Glucose Sensor
Two Step Synthesis

Glucose oxidase

(GOXx)

Glucose + O, + H,0 H,0, 1,5-gluconolactone

Colloidally stable

Self assembly
Nanotube-Glucose oxidase

(GOXx)

complex
Step lI: Coupling to electron transfer
2[Fe(CNg)]* + H,0, 2[Fe(CNg)* + 2(H*) + 2e +0,
A nanotube redox couple:
Decrease in

fluorescence intensity

PW Barone, S Baik, DA Heller, MS Strano: Nature Materials 4 (2005) 86-92.



Step I: Immobilization of GOx Enzyme
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Step |l: Functionalization with Ferricyanide

B-D-glucose

0

O =surface bound Fe(CN)¢ SO fluorescence

O =adsorbed H,0, Glucose oxidase (GO,)

Relative Intensity
Relative Intensity

5 10

Ti )
ime (min) Glucose concentration (mM)

PW Barone, S Baik, DA Heller, MS Strano: Nature Materials 4 (2005) 86-92.



Tissue Implantable Biomedical Sensors
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DNA Wrapped Carbon Nanotube Hybrids

Synthesis |: Sonication
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Selective Detection of DNA Hybridization

Sensor;: SWNT decorated with ss-DNA ,
TAG CTA TGG AAT TCC TCG TAG GCA ; / ‘ \
Thicker sections denote DNA 4 ‘

adsorbed on SWNT
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Optical Transduction: Dielectric Modulation

One dimensional structure confines exciton that forms on photo-absorption
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Fluorescence energy : E=E,, + E/
E,, = Energy of V,— C, transition
E,= Exciton binding energy

E, scales with effective environmental
dielectric constant (€)

Binding energy relation:
Ebz Rn—Zmn—1 gn
R = nanotube radius

m = nanotube effective mass
n = scaling value of 1.4

Nanotube fluorescence linked
to analyte adsorption via
surface area (o)

G4/

8
Density of Electronic States

Effective medium approximation
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Perebeinos, et. al. PRL, 92 (2004)



Detecting Changes in
DNA Conformation

Divalent metal ions added to DNA-SWNT
cause red shift in nanotube fluorescence

Conformational polymorphism of
nanotube-bound DNA

Same relative sensitivity to divalent ions
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Thermodynamic
Comparison of DNA
Transitions on and off
SWNT

Compare CD and PL: common

midpoints — A(AGibbs) ~ 0
thermodynamically similar transitions
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Probing the Effects of Nanotube Diameter

Scaling from 1-D Exciton
Simulations

AEB—)Z

n-1,.n-2

u,

)
w

e
N]

o
—

N
=]
Relative Intensity

=y
(s}

il

Effective ™ Nanotube

radius

-
e}

—
>
2
A
(o2}
| 49
o
c
(11
c
)
)
©
=
O
X
1T

-
BN |

N
w

s
X

b
—

e
o

-
[<e]

n-1,n-2

I 0.017 -

Excitation Energy (eV)
-

0.013 -

-
-\I

0.009 | | |
0.35 0.40 0.45 0.50 0.55
Nanotube Radius (nm)




Modeling Conformational Polymorphism on SWNT

Exciton binding energy difference of B and Z forms modeled on change
in dielectric constant (¢)

A, n, = empirical parameters
u = SWNT reduced effective mass
r=SWNT diameter

Effective medium model accounts for changing € using DNA surface
area coverage on the nanotube

Epna = 4.0 and g, = 88.1
a = surface area

The surface area of the absorbed DNA helix is described by 3 parameters:

Equilibrium values of radius and
pitch in B and Z DNA:
r = radius

» = picn

Heller, D. A. et. al., Science 311 (2006)




Transduction is Modeled using DNA Geometry

(Epp — Epz) for each nanotube:
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Endocytosis of DNA-SWNT “sensors” within live cells

Myoblast stem cells
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Applications for Metal lon Detection
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