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OLAF ANDREAS HOUGEN (1893–1986), former Professor 
of Chemical Engineering at the University of Wisconsin-
Madison, was one of the outstanding original contributors 
to the science and practice of modern chemical engineer-
ing. He is remembered for his inspired teaching, his 
leadership in engineering education and research, and 
his volunteer work in retirement for the university and 
the profession.

In his research activities, Professor Hougen developed  
important original and fundamental principles for the 
mainstream of modern chemical engineering: heat trans-
fer, gas adsorption, thermodynamics, catalysis, applied 
kinetics, and process design. In his teaching, Professor 
Hougen’s warmth of personality and sincere interest in 

each student’s future were a source of inspiration to chemical engineers around the 
world. He instilled in his students a sense of responsibility to their profession and 
to society. Professor Hougen’s influence on chemical engineering education in the 
United States and abroad was achieved through his numerous publications, many 
of which established patterns for chemical engineering teaching and research.

His many honors included five awards from the American Institute of Chemical 
Engineers, the Esso Award of the American Chemical Society, and the Lamme 
Gold Medal Award of the American Society for Engineering Education. From 1961 
through 1963, he served as a scientific attaché at the American Embassy, Stockholm, 
Sweden, and in 1974 was elected to the National Academy of Engineering.

THE OLAF A. HOUGEN PROFESSORSHIP in Chemical Engineering is funded by 
the Hougen Professorship Fund of the University of Wisconsin Foundation. Col-
leagues and former students of Professor Hougen, other friends, and corporations 
have contributed to the fund to honor one of the founders of the modern chemical 
engineering profession. The 2006 award to Alejandro Rey continues a tradition of 
providing outstanding individuals with the opportunity, through visiting appoint-
ments, to advance chemical engineering by exercising their creative abilities in the 
congenial and stimulating environment at the University of Wisconsin-Madison.

PREVIOUS HOUGEN PROFESSORS:
1979 Rutherford Aris University of Minnesota
1980–81 Robert C. Reid Massachusetts Institute of Technology
1984 William B. Russel Princeton University
1984–85 Arthur W. Westerberg Carnegie-Mellon University
1986 A. G. Fredrickson University of Minnesota
1987 L.K. Doraiswamy National Chemical Laboratory, Pune, India
1988 R.T.K. Baker Auburn University
1989–90 Douglas A. Lauffenberger University of Pennsylvania
1990–91 Matthew Tirrell University of Minnesota
1991–92 Arthur S. Lodge University of Wisconsin-Madison
1992–93 Keith E. Gubbins Cornell University
1993-94 Milos A. Marek Prague Institute of Chemical Technology
1995-96 David A. Tirrell University of Massachusetts at Amherst
1997-98 Alice P. Gast Stanford University
1998-99 Harold H. Kung Northwestern University
1999 Wolfgang Marquardt RWTH Aachen, Germany
2000 Bernhard O. Palsson University of California, San Diego
2002 Yannis G. Kevrekidis Princeton University
2004 Eric S.G. Shaqfeh Stanford University

Cover illustration: Polydomain structure of biological helicoids. Courtesy of A.D. Rey.



ALEJANDRO D. REY, HOUGEN VISITING PROFESSOR

ALEJANDRO D. REY received his B.S. in chemical engi-
neering from the City College of New York in 1985, 
where he was salutatorian of the college. He earned 
his Ph.D. In chemical engineering at the University 
of California, Berkeley under the supervision of Pro-
fessor Morton Denn in 1988. Dr. Rey has been a fac-
ulty member at McGill University since 1988 and is 
now professor of chemical engineering and executive 
member of the McGill Advanced Materials Institute. 
He is a member of the McGill Center for Nonlinear 
Dynamics in Physiology and Medicine, the McGill 
Center for Self-Assembled Chemical Structures, the 
NSF-Engineering Research Center for Advanced Fi-
bers and Films at Clemson University, and serves on 
the editorial board of Design and Nature. He has au-
thored over 240 refereed papers and book chapters, 
and given close to 50 invited talks.

Professor Rey’s accomplishments have been recognized through several profes-
sional awards, including the James McGill Chair in Chemical Engineering, and 
the 1993 Class of ‘51 Outstanding Teacher Award from McGill’s Faculty of Engi-
neering. Five of his former graduate students and postdoctoral fellows are engi-
neering academics in Japan, South Korea, Brazil, and Canada.

OLAF A. HOUGEN VISITING PROFESSORSHIP IN CHEMICAL ENGINEERING FOR 2006

MODELING LIQUID CRYSTAL MATERIALS AND PROCESSES IN BIOLOGICAL SYSTEMS

Tuesday, November 21 at 4:00 p.m. (refreshments at 3:45 p.m.)
Room 1800 Engineering Hall

Liquid crystal phases are found in DNA, proteins, lipids and polysaccharides. 
Frozen-in, chiral liquid crystal ordering also occurs in solid biocomposites such as 
insect cuticle, muscle, plant cell walls and collagen, where the helicoid structure 
is believed to arise by self-assembly processes. Spinning of silk fibers by spiders is 
another biological polymer process that relies on liquid crystal self-assembly. I will 
discuss the progress and challenges of modeling in three such applications:

(1) Biological helicoids form by directed self-assembly. Theory and computer 
simulation of chiral phase ordering show that the directed self-assembly process 
reproduces the natural structures. The computational results shed light on the 
role of chiral ordering on the formation of helicoidal monodomains.

(2) Spinning of spider silk involves a complex sequence of phase transitions that 
includes nematic phase ordering in the duct section of the spinning apparatus. 
Simulation of phase ordering under capillary confinement replicates the observed 
structures found in Nephila clavipes and other orb-weavers. The computational 
results shed light on the role of defect textures in the fiber spinning process.

(3) Biological membranes are smectic liquid crystals that display flexoelectricity, or 
coupling between electric fields and curvature. Models based on smectic elasticity 
and polarization thermodynamics are used to derive the electroelastic shape 
equation, whose solution gives the membrane shape under external fields. The 
theoretical results shed light on the various ways electric fields affect membrane 
shape and functioning. 

HOUGEN LECTURES, FALL 2006
COMPUTATIONAL MATERIALS SCIENCE OF LIQUID CRYSTALS

Tuesday, September 26 at 4:00 p.m. (refreshments at 3:45 p.m.)
Room 1800 Engineering Hall

Liquid crystals are orientationally ordered soft phase materials with many functional 
and structural applications. Understanding and optimizing the functionality and 
processability of these anisotropic, textured, viscoelastic materials requires the 
integrated use of optics, rheology, interfacial science, phase transitions, defect 
physics and topology. Computational materials science is a methodology based on 
the integration of all these disciplines. I will discuss several challenges in liquid 
crystal research in which computational materials science has helped to elucidate 
structure and dynamics relevant to functionality and processability.

Processing of liquid crystalline polymers to produce fibers involves flow-induced 
texturing, pattern formation, and texture transformation through defect nucleation 
and annihilation. I will discuss how computational rheooptics together with defect 
physics and bifurcation theory yield quantitative information on orientation field 
symmetry, defect density, and rheological functions, as well as inverse problems, 
such as extracting heterogeneous orientation information from optical signals.

Carbonaceous mesophases are discotic liquid crystals used as precursors for 
carbon super-fibers, composites, foams, and nanofibers. Mesophase orientation 
and self-assembly under non-planar confinement invariably leads to characteristic 
heterogeneous textures and defect lattice structures. I will discuss the use of phase 
ordering models, computational reflection polarized microscopy, and differential 
geometry to develop an understanding of how defect lattices and orientation 
heterogeneities arise under confinement.

Texturing by chemical, electrical, and geometrical heterogeneities of substrates 
in contact with liquid crystals can be detected by transmitted optical microscopy, 
an optoelastic process known as liquid crystal vision. I will present progress and 
challenges in computational polarized optical microscopy of textured liquid crystals 
based on Maxwell equations and device models based on liquid crystal vision.
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