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When Rice Institute opened its doors to its first class
of students on September 23, 1912, a bachelor’s
in chemical engineering was among the degrees

offered, and in 1916, three chemical engineering graduates
(James L. Bramlette, William M. Standish, and Herbert W.
Wilber) received their bachelor’s diplomas from President
Lovett. They were the first in a long line of Rice chemical
engineering graduates who went on to have successful pro-
fessional careers.

The arrival on campus of Arthur J. Hartsook in 1921 marked
the true beginning of an independent program in chemical
engineering at Rice. Hartsook was educated at MIT and his
choice of Rice and Houston was not an accident. At MIT he
had gathered information that convinced him that the city
and its vicinity would, in time, grow into one of the foremost
chemical engineering centers in the country and the world.
By the 1940s, Houston had become the petrochemical and
energy capital of the world, and Rice graduates began to fill
many of the positiions created by the growing industrial es-
tablishment along the Houston ship channel. For many of
these graduates, Houston’s ship channel became the launch-
ing pad for important leadership positions, first in corporate
headquarters in New York or other major U.S. industrial cen-

ters and, subsequently, to key posts all over the world.

The 1950s and 1960s were years of almost exponential
growth, and in 1955, the department became a major player
in the emerging field of nuclear energy, securing a grant from
the Atomic Energy Commission to develop a program in
nuclear engineering, supported by a radiation laboratory and
a 10-watt operating reactor. Chemical engineering also “an-
nexed” a sanitation laboratory program in civil engineer-
ing and began to address the broader problems of envi-
ronmental pollution.

In the 1960s, the department was ranked among the top
seven in the country. Capitalizing on Rice’s location, a strong
thermodynamics group led by Tom Leland and Riki
Kobayashi developed new theories and an extensive data-
base of thermophysical properties for the petrochemical in-
dustry. Chemical engineering purchased the first digital
computer ever installed at Rice (an LGP-30) and later
acquired Rice’s first solid-state programmable computer
(an IBM 1620) that could be programmed with a (then)
new language called FORTRAN.

Perhaps the most significant example of a bold move into
new areas, however, was an artificial heart project and estab-
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lishment of a Biomedical Engineering Laboratory in the mid
’60s. In partnership with Baylor’s Department of Surgery,
Rice chemical engineers (led by Bill Akers) were instrumen-
tal in developing the first left ventricular heart bypass device
and carried out a large number of pioneering studies that so-
lidified Rice’s national reputation in the field of biomedical
engineering. Among their early successes was development
of an implantable artificial lens for the eye that restored
sight to hundreds of patients. During the late 70s and 80s,
however, the Biomedical Engineering lab shifted its re-
search efforts away from medical devices to become one
of the strongest centers of applied cellular engineering
research.

The 80s and early 90s witnessed continued growth. Many
new faculty joined the department to strengthen the areas of
thermodynamics (Chapman, Robert), interfacial phenomena
and petroleum engineering (Miller, Hirasaki), reaction engi-
neering and applied math (Zygourakis), process control
(Badgwell), biochemical engineering (Papoutsakis, San,
Shanks) and biomedical engineering (Glacken, Mikos). New
laboratories were built in 1982 to house the expanding re-
search programs in bioengineering, catalysis, reaction en-
gineering, and thermodynamics. In 1992, the chemical en-
gineering faculty forming the core of Rice’s bioengineer-
ing group (Hellums, McIntire, Mikos, San, Shanks, and
Zygourakis) moved their offices and laboratories to a new
research facility (George R. Brown Hall), especially built
to promote interdisciplinary research between biologists
and engineers.

Like the chemical engineering profession, the department

reached a major crossroad as it prepared to enter the 21st cen-
tury. Faculty retirements and the move in 1997 of four faculty
members to a new bioengineering department forced the de-
partment to redefine its research and educational missions.

CHARTING NEW DIRECTIONS:
FROM MOLECULES TO SYSTEMS

The mission of the department is shaped by the same forces
that are redefining the chemical engineering profession. On
one hand, revolutionary advances in nanoscale science and
molecular biology open exciting new avenues for develop-
ing new materials, biological products, and medical thera-
peutics. At the same time, economic and social forces are
driving a transition toward more sustainable and environmen-
tally friendly production methods. Chemical engineers are
uniquely qualified to play leading roles in these revolutions.
For more than a century, we have been very successful in
developing and refining the tools necessary for translating
molecular-level discoveries into new and cost-effective prod-
ucts. To meet the challenges of the new century, however, we
must integrate molecular biology and nanoscale science into
the scientific foundation of our discipline. Such an expanded
knowledge base will enable us to engineer new products by
scaling up processes from the molecular to the system level.

These challenges and needs form the foundation of the
strategic plan formulated in 1998 to guide the future growth
of the department. The plan provided a blueprint for research
directions, faculty and graduate student recruitment, curricu-
lum development, and facility renovation. At its heart was a
dual research and education mission that called for

Capsule History of the Department

1912 Rice Institute opens the doors to its first class of students.
1916 The first three chemical engineering degrees are awarded.
1921 A.J. Hartsook is hired as instructor of industrial chemistry.
1927 Hartsook is promoted to Assistant Professor of Chemical Engineering and assumes the leadership of chemical

engineering, a post he holds until 1956.
1928 Anna Rebecca Lay becomes Rice’s first woman graduate in chemical engineering.
1938 Chemical engineering ceases to be a part of the department of chemistry and becomes one of the four Rice

engineering departments.
1941 Rice Chemical Engineering becomes the first chemical engineering department in Texas accredited by ECPD (the

precursor of ABET).
1941 The first MS degrees in chemical engineering are granted to Sam Bethea (thesis title, “Studies on Decolorizing

Clays”) and Ervon Eggimann (thesis title, “Performance of an Adiabatic Fractionating Column”).
1947 The Chemical Engineering Department receives a mandate from Rice President Houston to start a full-scale graduate program.
1955 Orrin K. Crosser is awarded the first PhD in chemical engineering (thesis title, “Condensing Heat Transfer Within Horizontal Tubes”).
1965 The Biomedical Engineering Laboratory is established with the help of a large federal grant. Under the leadership of Bill Akers, this

laboratory develops the first successful left ventricular heart bypass in cooperation with the Department of Surgery at Baylor; Bill Akers
holds a left ventricular bypass device that was implanted in 10 patients in the late 60s.

1967 Fritz Horn and other chemical engineering faculty are instrumental in the formation of the Mathematical Sciences (applied math) department
and Horn becomes acting chair of the new department.

1968 The Department of Environmental Science & Engineering is created, with chemical engineering faculty at its core.
1997 The Department of Bioengineering is created; our chemical engineering faculty transfer their primary appointments to the new department

and Larry McIntire becomes its first chair.
1998 A strategic plan for chemical engineering is approved by the University and its implementation begins with the help of an Advisory and

Development Board.
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� Conducting world-class research in the areas of advanced
materials and complex fluids, biosystems engineering, and
energy and environmental systems

� Educating outstanding undergraduate and graduate
chemical engineers to rise to leadership roles in academia,
industry, law, business, medicine and government

� Promoting interdisciplinary collaborations and forming
bridges linking Rice innovations to applications in the
chemical, energy, biotechnology and materials industries

The strategic plan also calls for complementing the
department’s internal research thrusts with strategic alliances
on pollution control with faculty from the Civil and Environ-
mental Engineering Department, and on biomaterials for tis-
sue engineering with faculty from the Bioengineering De-
partment. Because both these departments grew from pro-
grams initiated within chemical engineering, our faculty mem-
bers have many strong connections through research collabo-
rations, joint participation in university-wide research cen-
ters and joint faculty appointments. Our new undergraduate
curriculum, a very flexible schema that encourages students
to build interdisciplinary skills, also calls on these depart-
ments as teaching resources, thus solidifying these alliances.

Implementation of the strategic plan began in 1998 with
the help of a select Advisory and Development Board whose
members include academic, industrial, and professional ex-
perts. Over the past five years

� Four new faculty members were hired in the areas of
materials and biosystems.

� Over 14,000 sq. ft. of laboratory and office space was
renovated and now houses state-of-the-art facilities for
research on complex fluids, catalysis, and nanomaterials.

� A fundraising campaign for endowed graduate student
fellowships has raised more than half a million dollars.

� The undergraduate curriculum was restructured by introduc-
ing four focus or specialization areas, by integrating courses
or updating their content, and by introducing a biology (or
biotechnology) requirement for our BS degree.

The focus areas in biotechnology, environmental engineer-
ing, computational engineering, and materials science are very
popular among our undergraduates.

FACULTY RESEARCH

Hiring new faculty has been a top priority and four new
colleagues joined our department after 2000 to strengthen
the materials and biosystems areas.

Matteo Pasquali joined the department as an assistant pro-
fessor in January 2000 after receiving his PhD from the Uni-
versity of Minnesota in 1999 and completing his postdoc-
toral studies at the same University.  His research focuses on
processing flows of microstructured liquids that are ubiqui-
tous in the chemical, polymer processing, coating, food, and
biomedical industries. Current projects include the computa-
tional modeling of process flows with mesoscopic rheologi-
cal properties, the solution of microscopic transport equa-

tions, and the visualization of single DNA molecules in pro-
cess flows. He recently led a team of researchers who dis-
covered that a sulfuric acid-based superacid makes an excel-
lent medium for dispersing single-walled carbon nanotubes
(SWNTs) at concentrations that are useful for industrial pro-
cesses. This enabled them to process the dispersion into the
first continuous fibers of aligned, pristine SWNTs.[1-3] Fibers
like these might be used to make ultralight, and yet ultrastrong,
materials with remarkable electronic, thermal, and mechani-
cal properties.

Michael Wong joined our faculty as an assistant profes-
sor in July 2001 after receiving his PhD from MIT in 2000
and completing a year of post-doctoral studies at UC Santa
Barbara. Mike’s research program focuses on designing new
and improved materials for catalytic and encapsulation ap-
plications. His approach is based on the concept that the mac-
roscopic properties of materials can be manipulated and en-
gineered for target applications if their structural features can
be controlled at the nanometer scale. Current efforts focus on
the development of (a) supported nanoparticle-based metal
oxide catalysts for solid acid and oxidation reactions, (b)
metal-supported nanoparticles for the breakdown of environ-
mentally-unfriendly organic compounds, (c) “quantum dots”
for photocatalysis, and (d) nanoparticle-based hollow
microspheres and microshells that can be engineered to en-
capsulate either enzymes to form micro-bioreactors or drug
molecules to form drug delivery devices.

Nikos Mantzaris also joined our department as an assis-
tant professor in July 2001. He received his PhD from the
University of Minnesota in 2000 and completed his two-year
post-doctoral studies on mathematical biology at the same
university. His research lies in the emerging area of biosystems
engineering and it aims at understanding, optimizing, and con-
trolling the behavior of biological systems with the use of
mathematical modeling and dynamical studies. Specific sys-
tems of interest include recombinant E.coli cell populations,
tumor-induced migration of endothelial angiogenetic cells and
astrocytic signal transduction systems in the mammalian
brain. The fundamental question Nikos is trying to answer
for each of these systems is how single-cell events lead to the
complex behavior and patterns exhibited by cell populations
exhibiting heterogeneous phenotypes. The common thread
in these studies is a methodological framework used to ac-
complish these tasks. This framework includes the develop-
ment of (a) simplified models that can capture the essential,
experimentally observed features of the system under con-
sideration, and (b) sophisticated two- and three-dimensional
numerical algorithms that, in combination with the under-
standing gained from the simplified model results, serve as
the basis for studying the asymptotic and transient behavior
of the detailed model.

Paul Laibinis joined our department as an associate pro-
fessor in January 2003. He received his PhD in organic chem-



Spring 2004 91

Jessica Dunn, an undergraduate, works on her
cell migration project.

istry from Harvard University in 1991 and was a member of
the MIT faculty from 1993 to 2002. His laboratory employs
methods of self-assembly and chemical modification for gen-
erating interfaces with enhanced properties. These efforts in-
clude generation of molecular and polymeric thin films that
are tailored through chemical synthesis to afford specific
molecular architectures on surfaces as needed to alter and
control surface events.  The ap-
proach is general and reveals an
ability to manipulate macroscopic
interfacial events through
nanoscopic changes at surfaces.
Current research projects include
approaches that control the inter-
actions of biological species with
surfaces, both to avoid their ad-
sorption and to direct the adsorp-
tion of specific agents from solu-
tion. Such properties are important
in the area of biodiagnostics,
where selective recognition of tar-
gets in conjunction with the avoid-
ance of nonspecific adsorption
events determine the performance
of many sensor and microarray
technologies.

The research efforts of the new faculty nicely complement
the work of the senior faculty in the areas of materials, en-
ergy systems and biosystems.

Chapman uses tools such as molecular simulation, com-
puter visualization, statistical mechanics, and NMR to dis-
cover how material properties and structure depend on mo-
lecular forces. His current research program focuses on poly-
mer solutions and blends, associating fluids, confined fluids,
and natural gas hydrates.

Hirasaki conducts research in fluid transport through po-
rous media ranging from the microscopic scale intermolecu-
lar forces governing wettability to the megascopic scale nu-
merical reservoir simulators for field-wide modeling. A re-
curring theme throughout this research is the dominance of
interfaces in the determination of fluid transport processes.

Miller’s research focuses on interfacial phenomena, es-
pecially those involving surfactants and their applications in
detergency, pharmaceutical and food products, petroleum
production, ground water cleanup, agricultural chemicals, and
personal care products. His current projects include studies
on the dissolution rates of surfactants, foam flow in porous
media, and transport in emulsions.

Robert conducts theoretical, experimental, and com-
puter simulation studies of the properties of matter. His
current efforts focus on magnetic nanoclusters and car-
bon nanotubes, polymer, colloidal systems, ferroelectrics,

and disordered systems.

Zygourakis studies the mechanisms through which cell
migration and proliferation affect the growth of three-dimen-
sional tissues. Experimental data and large-scale simulations
are used to analyze the dynamic behavior of large cell popu-
lations proliferating on 3-D scaffolds and find how tissue
growth rates are modulated by the culture conditions.

INTERDISCIPLINARY
RESEARCH

Over the past two decades, Rice
has established several institutes
and centers to promote interdis-
ciplinary research on nano-tech-
nology, biological sciences and
engineering, information technol-
ogy, and environmental engineer-
ing.  Almost all our faculty mem-
bers play key roles in these re-
search efforts.

� Center for Biological and
Environmental Nano-technol-
ogy (CBEN): Established in 2001
as one of six Nanoscale Science
and Engineering Centers funded

by the National Science Foundation, CBEN is the first to fo-
cus on applications of nanotechnology to human health and
the environment. The Center’s research    activities explore
the wet/dry interface between nanomaterials and aqueous sys-
tems at multiple length scales, including interactions with
solvents, biomol-ecules, cells, whole-organisms, and the
environment. Collaborations with industry, entrepreneurs,
and the Jones Graduate School of Management are inte-
gral to the Center’s mission of creating sustainable
nanotechnology.

Many chemical engineering faculty members have formed
strong collaborations with other CBEN researchers. In col-
laboration with Richard Smalley and other chemistry research-
ers, Pasquali is studying the rheological properties of sus-
pensions of single walled carbon nanotubes and is working
on the production of fibers from concentrated, strong-acid
solutions of nanotubes. Wong and his collaborators are de-
veloping new and improved materials for catalytic and en-
capsulation applications.  Their approach is based upon the
concept that the macroscopic properties of materials may be
manipulated and engineered for target applications if their
structural features can be controlled at the nanometer scale.
Laibinis is exploring methods of self-assembly and chemi-
cal modification for generating interfaces with enhanced prop-
erties.  Finally, Mantzaris, Zygourakis, Pasquali, and Wong
are developing transient population balance models and ap-
ply them to design reactors and develop optimal control poli-
cies for the large-scale production of high-quality
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nanoparticles (quantum dots).

� Institute of Biosciences and Bioengineering (IBB): Es-
tablished in 1986 in recognition of the revolutionary advances
in biotechnology and molecular biology, IBB promotes in-
terdisciplinary interactions among scientists, engineers, and
clinicians from Rice and neighboring institutions.

Mantzaris and Zygourakis are collaborating with fac-
ulty from biochemistry and cell biology, bioengineering, and
chemistry, to develop a novel framework that combines ex-
perimental, theoretical, and computational tools to study het-
erogeneous cell populations as complex, and highly inter-
connected systems with interacting components. This sys-
tem-based approach will change the design principles used
to develop effective drugs, tissues with desirable structure,
materials with novel properties, and other bio-based, envi-
ronmentally friendly, and sustainable technologies.
Zygourakis also collaborates with other IBB members on
research focusing on tissue engineering and biomaterials. A
Biotechnology Training Grant from NIH and an IGERT grant
from NSF provide stipend support for graduate students work-
ing in these and related areas.

� Shell Center for Sustainability:  Chemical engineering
played a key role in the creation of the Shell Center for
Sustainability. This Center embraces the central theme of
Rice’s environmental initiative: that implementation of a strat-
egy for sustainable development requires both new tools and
a transformation in our understanding of society’s needs.

Administered through Rice’s Environmental and Energy
Systems Institute, the Center has a three-pronged mission of
education, research, and community service to (a) create the
knowledge required to remove current technological barriers
to sustainability and to enable development of novel “sus-
tainable” processes and products, (b) promote an interdisci-
plinary approach to sustainability that integrates research,
education & public policy, and (c) serve as an independent
forum for open discussions on sustainable development is-
sues and policies.

One of the first projects funded by the Center involves
research on gas hydrates that offer a vast, untapped energy
source and may have played crucial roles in past global warm-
ing events. Chapman and Hirasaki are collaborating with
geoscientists to develop mechanistic models describing the
accumulation and dissociation of gas hydrates that exist in
deep ocean sentiments or in Arctic permafrost. Also, Hirasaki
and Miller are working with faculty members from civil/
environmental engineering to develop and test new methods
for bioremediation of aquifers.

UNDERGRADUATE STUDIES

In today’s rapidly changing business climate, industrial
sectors from petrochemicals to biotechnology and semicon-
ductor manufacturing offer a multitude of employment op-

portunities for our graduates.

What opens all these career options to our graduates is a
broad education that encompasses both fundamentals and
applications to give students a sound scientific and technical
grounding for further development in a variety of professional
environments.

Over the past five years, our department has awarded 146
BS (ABET accredited) and 18 BA degrees, for an average of
about 33 graduates per year. After a significant decrease be-
tween 2001-03, our enrollments are increasing again and
our current sophomore class has about 30 students. The
percentage of female students in our classes ranges be-
tween 40% and 50%.

Industry employs the majority (about 61%) of our students
who graduate with a bachelor’s degree. Of the remaining stu-
dents, about 18% continue their education in graduate schools
to prepare for academic careers and industrial research jobs,
12% attend medical or law school, and 9% take govern-
ment or other jobs.

Courses in mathematics, chemistry, physics, and compu-
tational engineering provide a foundation for the chemical
engineering core, which introduces students to chemical pro-
cess fundamentals, fluid mechanics, heat and mass transfer,
thermodynamics, kinetics, reactor design, process control, and
process design. Chemical engineering curricula place an em-
phasis on chemistry not found in other engineering disciplines.
This background allows chemical engineers to tackle the wide
variety of technical problems arising in the chemical, elec-
tronic, pharmaceutical, and biotechnology industries.

To complete their technical education, students seeking a
BS degree in chemical engineering take course electives in
at least two other engineering disciplines to satisfy a “breadth”
requirement. Or, they can use their electives to create a focus
or specialization area in 1) biotechnology and bioengineer-
ing, 2) computational engineering, 3) environmental science
and engineering, and 4) materials science and engineering.

Figure 1 shows the components of the chemical engineer-
ing BS degree with their credit requirements. A total of 132
credit hours are required for the BS degree. The BA program
is more flexible, making it even easier for a student to pursue
a double major. Chemical engineering specifies 77 semester
hours for the BA degree, including prerequisites and labora-
tory courses. In addition to these requirements, students must
also satisfy the University distribution requirements (24 se-
mester hours) and complete no fewer than 31 semester hours
of free electives for a total of at least 132 semester hours.

GRADUATE STUDIES
The department offers programs of graduate study lead-

ing to both the Master of Science and Doctor of Philosophy
degrees, with the primary emphasis on the latter. A profes-
sional master’s degree (MChE), involving only course work,
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Figure 1. Components of the BS curriculum in ChE.
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is also offered.

Currently, the depart-
ment has about fifty gradu-
ate students. All are en-
gaged in research activities
and receive full financial
aid (stipend plus tuition).
During the past five years,
the department has gradu-
ated an average of 7.5 PhDs
each year, making it first in
per-faculty production of
PhD graduates among the
eight departments of the
Rice School of Engineer-
ing. The 1995 National Re-
search Council report
ranked our department 16th
in the United States in edu-
cating chemical engineer-
ing PhD students.

Graduate education is aimed at developing each student’s
ability to conduct independent creative scientific research.
To ensure the versatility of our graduates, our curriculum pro-
vides a solid background in chemical engineering fundamen-
tals (applied mathematics, thermodynamics, transport phe-
nomena, kinetics, and reaction engineering). It also provides
a mastery of engineering tools and ability to set clear goals
of professional development so that our graduates become
productive and successful in their professional careers.

The graduate program is large enough to offer research
topics in several important areas of chemical engineering and
related fields, but small enough to retain an atmosphere where
students and faculty can have extensive personal contact. In
addition, interdisciplinary research projects provide ample
opportunities for students to interact with researchers from other
disciplines, especially through the interdisciplinary institutes.

THE UNIVERSITY AND ITS CITY
Rice is a leading research university distinguished by a

collaborative, interdisciplinary culture and a global perspec-
tive. Only a few miles from downtown Houston, it occupies
an architecturally distinctive, 300-acre campus shaded by
nearly 4,000 trees. State-of-the-art facilities and laboratories,
internationally renowned centers and institutes, and one of
the country’s largest endowments support an ideal learning
and living environment. With just 1,600 graduate students
and 2,700 undergraduates, it offers an unusual opportu-
nity to form close relationships with its faculty scholars
and researchers and the option to tailor graduate programs
to specific interests.

Houston is home of the Texas Medical Center, the largest
concentration of medical schools, hospitals, and research fa-

cilities in the world.
Rice has cooperative
programs with the Uni-
versity of Houston,
Baylor College of Medi-
cine, the University of
Texas Health Science
Center, and Texas
Southern University.
Houston is one of the
few U.S. cities with resi-
dent companies in all
four major performing
arts (drama, ballet, op-
era, and symphony). It
also boasts a museum
district featuring exhib-
its of national and inter-
national prominence. As
urban as it is, Houston is
also a surprisingly green

city. Houstonians enjoy the outdoors in over 300 municipal
parks and 120 open spaces, while the beach at Galveston Is-
land is only a 45-minute drive away.

FORWARD PATH
The Rice chemical engineering department has grown from

its embryonic beginnings as an adjunct to the chemistry de-
partment to a major research and educational center.  To a large
extent, this success has been due to the foresight of its faculty
and an ability to exploit opportunities in emerging areas.

Past achievements set a precedent for the departmental
rejuvenation that is occurring today. Faithful to its tradition,
the department is refocusing its research and teaching efforts
in areas that address the evolving needs of our society. These
efforts are already receiving national recognition.[1-3] The be-
lief that chemical engineering is an enabling discipline, how-
ever, continues to shape our mission.  Like our predecessors,
we continue to use the same quantitative, systems-based ap-
proach in our research, we adapt our curricula to meet the
evolving needs of our students, and we apply the same com-
mitment to excellence.
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