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PNNL is developing and demonstrating

a range of nanomaterials with application
to national security needs. We design

and create nanomaterials for specific
applications by controlled integration

of specific surface chemistries with
nanostructures that provide unique
capabilities. Materials are systematically
constructed to provide specific solutions
using sequential chemical synthesis
processes supported by careful material
characterization. The nanostructures
provide novel and valuable features such as
high surface areas to enable better chemical
collection, high optical output for better
signaling or high magnetism to provide
dynamic material control for separations.
Installation of a surface chemistry on the
nanomaterial can impart high affinity and
selectivity for the targeted species (e.g. heavy
metals, toxic chemical, radionuclides, and
protein toxins to name only a few). With
this approach we can design and produce

Surface-functionalized nanoporous silica (brownish-

gray) is shown capturing analtyes of interest (blue)
from a complex matrix—a biological fluid in this
case. The surface chemistry can be tuned to
selectively capture specific classes of analytes.
The nanomaterials structures can be created to
enhance collection and assay for a wide range of
sensitive applications.

materials with unmatched affinity and

specificity for the capture of trace level analytes that span chemical, biological, and radiological
areas with applications ranging from forensic signature collection to protective barriers.
Hierarchically ordered materials, produced with multiscale synthesis, will provide solutions for
some of the most difficult and enduring problems in the national security arena.
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concentration of explosive compounds
provides improved sensitivity, selectivity,
speed and reduced false alarm rates.
PNNL has been developing novel
materials that provide enhanced and

selective collection (and release) of explosive materials, both in vapor and particle form. The
nanostructures provide higher sensitivity and easy integration with existing explosive detection
systems. Tailored surface chemistry provides improved affinity and selectivity in collection and
release. Competitive testing and evaluation of the new materials for explosive screening and
detection is underway and preliminary results show over a 10X increase in performance over
currently deployed systems.

NUCLEAR

The collection of radionuclides is critical to many national security areas including; monitoring and
detection of undeclared nuclear activity, determination of treaty compliance, response and triage
after a nuclear event, nuclear medicine, and environmental characterization and remediation.



In many cases sorptive materials provide
an effective means for the rapid collection
(and subsequent assay) of radionuclides.
PNNL has designed and synthesized a
range of nanostructured sorbents that have
demonstrated superior performance for the
capture of many radioisotopes. Selected
examples that have been developed inlcude
magnetic nanoparticles for dynamic
collections, nanoporous thin films for rapid
assay and mesoporous materials for larger
volume applications.

CHEMICAL WEAPONS

Effective personal protection and counter
terrorist forensic analyses require efficient
capture of chemical weapons materials

and the exclusion of interferents. Surface
functionalized nanostructured sorbent
materials developed at PNNL provide
higher selectivity and capacity for chemical
weapons compounds than current sorbents.
These enhancements enable novel forensic
applications and can improve detection of
hazardous chemicals. Personnel and facility
protection applications benefit from the
improved filtration capacity provided by the
high surface area of nanostructured sorbents.

Superparamagnetic
nanoparticle with
high affinity surface
chemistry to capture
signatures of interest.

BIOLOGICAL
MATERIALS

Rapid separation and detection of
biological weapons signatures is the pivot
point for responding to terrorist activities
and minimizing event impact. PNNL has
conducted research into the use of novel
engineered nanomaterials to improve the
speed, accuracy, and sensitivity of assays
designed to detect protein toxins from
complex samples. Specifically, we have
investigated the use of novel luminescent
quantum dots to drive the sensitivity of
assays for botulinum toxin in complex
samples to extremely low levels with a
very short analysis time. The quantum
dot materials were coupled to antibodies
that have some of the highest reported
affinities toward the botulinum toxin
allowing us to bind the toxin tightly and
selectively out of very complex samples
and then detect its presence using simple
fluorescence measurements.
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