
NEW VOICES IN CHEMISTRY

I
n recent years, chemical engi-

neering has evolved from a discipline
that largely focused on macroscopic
phenomenon and systems design to one
that is more interdisciplinary and mol-

ecularly based. This development has cat-
alyzed the emergence of new frontiers at
the interface between engineering and the
molecular sciences. The new paradigm may
be best characterized as molecular engi-
neering, which offers exciting opportuni-
ties for both research and education.

Molecular engineering is playing a crit-
ical role in advancing nanotechnology, for
example. The “bottom-up” chemical meth-
od of building systems, atom by atom, is

very different from the traditional “top-
down” engineering approach. When we
generate nanocrystalline systems by first
synthesizing particles of <10 nm via wet
chemical approaches, unusual size-depend-
ent properties can be achieved.

The nanocrystals possess unique hybrid
properties characteristic of neither the
molecular nor the bulk solid-state limits
because of quantum confinement effects.
They may be engineered as multicompo-
nent catalysts with superb reactivity and
tailored selectivity to efficiently improve

on petrochemical and fine chemical pro-
duction, energy conversion, or pollutant
remediation. When self-assembled in the
form of thin films, nanocrystals may serve
as quantum devices with new physical char-
acteristics for optical, electronic, or chem-
ical sensing applications.

Also of great interest for future research
are organic nanoparticles for drug delivery
and gene therapy systems and quantum
dots for medical imaging and diagnostics.
One may further envision a wide variety of
ceramic/metal and organic/inorganic nano-
composites that provide special combi-
nations of materials characteristics for
chemical, electrochemical, biomedical,
structural, and thermal applications.

Besides nanocrystals, nanowires—
which are quantum confined in two,
instead of three, dimensions—can now be
generated with ultrahigh aspect ratios as
freestanding domains or as assembled
devices. They present intriguing potential
as magnetic and thermoelectric materials.

Also of interest to nanotechnology are
recent developments in supramolecular
templating that have produced novel mate-
rials with well-defined pores or cavities sys-
tematically tailored in the nanometer size
regime (1–100 nm). These materials pro-
vide unique molecular sieving capabilities
and ultrahigh internal surface areas that are
very useful in catalysis and separations.
They can be engaged as supports for
immobilizing chiral organometallic com-
plexes in heterogenized asymmetric
catalysis or for the chromatographic
separations of fine chemicals and pharma-
ceuticals. They also can serve as templates
for quantum dots and wire fabrication.

Self-assembly of nanostructured build-
ing blocks—nanocrystals—in concert with
porosities on different length scales would
lead to interesting hierarchical structures
and could offer the possibility of engineer-
ing simultaneously material characteristics
on the nanoscopic and macroscopic scales.
It could lead to the realization of such soph-
isticated systems as quantum photonic de-
vices and bio-mimicking medical implants.

These research examples illustrate the

potential of combining molecular sciences,
chemical intuition, synthetic skills, and
engineering design in producing new
materials and systems with unique chem-
ical, physical, and biological functionali-
ties. The principles of molecular engineer-
ing are broadly applicable to other areas of
chemical engineering and bioengineering.
It will be critical to foster interdisciplinary
approaches and expose our students to this
paradigm in a cohesive manner.

At Massachusetts Institute of Technol-
ogy (MIT), our faculty is revamping the
chemical engineering curriculum to present
advanced engineering concepts that tie to-
gether multiple length scales—molecular,
microscopic, and macroscopic—through a
close coupling of chemical, biological, and
materials sciences. We seek to introduce a
strong molecular component into the core
and elective offerings so that students can
acquire a unified perspective on translat-
ing molecular information and discovery
into products and processes. Perhaps, with
Web technology, pedagogical insights from
new course materials can be made accessi-
ble to promote information sharing and
exchange in advancing this growing field.

It is interesting to note the emergence of
multi-institutional collaborations estab-
lished in recent years for pursuing cross-dis-
ciplinary curriculum development. For
example, distance education is being used as
a vehicle to deliver innovative graduate
courses simultaneously to students at MIT,
National University of Singapore, and
Nanyang Technological University, Singa-
pore. One of the Singapore-MIT Alliance
programs is focused on molecular engi-
neering of biological and chemical systems
to educate a new breed of engineers for the
knowledge-driven fine chemical and life sci-
ence industries. By bringing together re-
searchers with backgrounds in chemical
engineering, bioengineering, mechanical
engineering, chemistry, biology, materials
science, and computational science, we hope
that the exciting outlook for molecular engi-
neering can be made reality. Indeed, the
future of this new field will be stimulated
by the tremendous synergy created in a sci-
entifically and culturally diverse enterprise. 
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