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List of nanostructures and the related materials

Nanostructure Chemical Potential Application Structural
Composition Parameter
Mesoporous SiO,, Al,O,, ZrO,, Photon/electron devices, Pore geometry,
structure CeO,, Zr-phosphate, catalysts & catalyst pore size
etc supporters, sensing
materials, adsorbents,
etc.
Nanotubes TiO,, carbon, etc Photon/electron devices, Pore size, wall
catalysts, sensing thickness, tube
materials, etc. length
Core-shell Iron oxides Chemical separation, Particle size, shell
structure (especially Photon/electron devices, thickness and
magnetite), metallic catalysts, medical coverage
particles, etc treatments, etc.
Nanoparticle & TiO,, iron oxides, Catalysts, Particle size,
nano-rods metallic iron, metallic | photon/electron devices, morphology

Pd, etc

environmental
remediation, cosmetics

Nanotechnology is anticipated to be a trillion dollar industry by 2015.
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Environmental & Health Concerns of Nanomaterials

NEWS & VIEWS

NANOECOTOXICOLOGY

Nanoparticles at large

Environmental toxicologists, chemists and social scientists have identified three priorities for
research into the impact of engineered nancoparticles on the environment.

Renata Behra' and Harald Krug?
are at 'Depariment of Environmental Toxicology,
Eaway, Diibendorf, Switzerland; 2Materials-Biology
Interactions, Empa, 5t. Gallen, Switzeriand.
e-mail: renata.belra@eawag.ch;
harald.krug@empa.ch
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LETTERS

Carbon nanotubes introduced into the
abdominal cavity of mice show asbestos-
ike pathogenicity in a pilot study

CRAIG A. POLAND', RODGER DUFFIN', IAN KINLOCH?, ANDREW MAYNARD?,
WILLIAM A. H. WALLACE', ANTHONY SEATON*, VICKI STONE®, SIMON BROWN',
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Biological Effect of Carbon Nanotubes
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Poland et al., 2008, Nature Nanotechnology
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Nanotechnology and Human Health Impact

— Confirmed routes

(Oberdorster et al. 2005, Environmental Health Perspectives 113, 823)
-=---» Potential routes

Exposure media Air, water, clothes | Drug delivery | I Alr | Food, water
Deposition Injection l Inhalation l Ingestion
\
] sk Respiratory tract
Uptake pathways o - Tracheo- Gl tract
’ . Nasal |br0nchlal Aveolar
' %;:“ Lymph
' g | CNs A
: 4 Blood '
J ! PNS {platelets, monocytes, Liver
' endothelial cells)
Translocation !
and distribution h
i Lymph
, Oihe ge’s
] r ‘I
: Bone marrow (e.g., muscle, placenta) Kidney . Spleen Heart
\ ¥ < ¥
Excretory pathways Y| Sweat/exfoliation Urine Breast milk Feces

Acute - Contact with a substance that occurs once or for only a short time {(up to 14 days)
Intermediate - Contact with a substance that occurs for more than 14 days and less than a year

Chronic - Contact with a substance that occurs over a long time {(more than 1 year)

National

A @ Sandia
LOCKHEED MARTIW Laboratories




Stability of Colloid Suspension
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Colloid Transport & Filtration
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Technical Gaps for Evaluating the
Impacts of Nanomaterials

* The key factors controlling the mobility of nanomaterials
are the chemical properties of particle surfaces including
the point of zero charge (PZC), acidity constant, and
sorption capability.

* These properties are also important for mechanistic
understanding of the uptake, persistence, and biological
toxicity of nanoparticles inside living cells.

« Given the number of new nanomaterials daily emerging,
to determine their surface chemical properties
individually is a formidable task, if not impossible.
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Structure-Function Relationships

Surface -
chemistry of bulk Mobility
material
Surface
chemistry of
nanostructured
Materials
Nanostructures Tox‘i' city
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Synthesis of TiO, Nanotubes and nanorods
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Titration Results
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Distribution of Acidity Constant
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Distribution of Acidity Constant

1.8
*
1.6 ..
R
14 &
Nanoporous — ,¢*
1.2 alumina .
o>
—~ 1.0
\'d L 3
2 .
= 0.8 - :
0.6 4 2
' Activated alumina . i'l'i
04 - paﬂicmf
O 2 ..l ”0
L .I— *
" g s s s amwunt"® we® * *
0.0 . R
5 6 7 8 9 10
pK

A
LOCKHEED MARTIW

11

()

Sandia
National _
Laboratories



Concluding Remarks

« Like natural colloids, nanomaterials released into aquatic
environments will experience a sequence of
transformations including coagulation, settling, and
filtration, which will ultimately control the bioavailability of
these materials.

* The key factors controlling the mobility of these materials
are chemical properties of particle surfaces including the
point of zero charge (PZC), acidity constant, and
sorption capability.

* |tis possible to predict these properties based on the
underlying nanostructures.
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