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If you walk into 119A Riddick Labs at North Carolina 
State University, the odds are you' ll see two people in 
there, facing each other in adjacent chairs in front of the 

desk. One is Carol Hall, whose office it is. The other could 
be anyone-an undergraduate, a graduate student (who might 
or might not be her advisee), a postdoc (ditto), a faculty 
colleague, or a former advisee. The visitor could be there to 
talk about some subtle point of statistical thermodynamics or 
molecular simulation or how to get a better grade on the next 
test or what to do about a personal problem or just to shoot the 
breeze for a while. The topic doesn't matter-the visitor will 
have Carol's undivided attention for as long as he or she is 
there, and so will the next one and the one after that. You can't 
help but wonder how she ever manages to get anything done. 

But she manages quite well. Between conversations in the 
past decade or two she has managed to get enough done to 
become a widely recognized leader in the field of molecular 
thermodynamics, a first-rate teacher, and the mother of three 
remarkably talented children. She also makes the best stuffed 
cabbage you ever tasted in your life. 

LIFE ANO TIMES 

Carol Klein Hall grew up in Brooklyn, the daughter of 
two unusual parents. Her father was an attorney, business­
man, and politician. He ran for Brooklyn borough president 
but lost to the machine candidate; he served as a New York 
City Transit Commissioner and fought (unsuccessfully) to 
keep the subway fare at 5¢; he organized a network of 150 
trucking companies to help supply Israel in the 1948 war; 
and he coordinated the famous JFK birthday party at Madi­
son Square Garden. Her mother stayed at home while Carol 
and her younger brother Mitchell were growing up , 
worked in an administrative position in the U.S. District 

Court in the 1970s, and then went back to get her college 
degree at age 63 . 

When Carol was 14, her parents and the parents of a boy 
who lived nearby decided that she and Henry would make a 
nice couple. He was definitely interested but she had other 
fish to fry and nothing came of it. He was crushed, but 
recovered enough to go on to a rather successful show busi­
ness career, and Carol and Henry (Winkler, aka "The Fonz") 
have remained in touch and still enjoy each other's company 
whenever they have a chance to get together. 

Carol gravitated into a science career at about the same 
time the first satellite gravitated into orbit. The national 
anxiety over Russian scientific supremacy triggered by Sput­
nik turned New York City science teachers into evangelists: 
if their students could handle algebra, they were encouraged 
to become scientists. Carol handled algebra very well, and 
when her high school physics teacher, Dr. Herman Gerwitz, 
assured her and her skeptical mother that "women could be 
physicists too," that was that, and off she went to become a 
physics major at Cornell. 

There were forty physics majors in Carol's entering class 
at Cornell, six of them women. There were twelve left in her 
graduating class, of whom six were the same women. She 
does not speak fondly of her undergraduate educational ex­
perience, having found most of her professors remote and 
seemingly indifferent to the success or failure of their stu­
dents. When asked how she accounts for the remarkable 
success of her female classmates, she replies that they recog­
nized that the support they would need to survive would 
have to come from themselves, so they networked with one 
another to provide it, and it worked. 

Carol met Tom Hall in a sophomore physics lab at Cornell, 
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. in the past decade or two [Carol] has managed to get enough done 
to become a widely recognized leader in the field of molecular 

thermodynamics, a first-rate teacher, and the mother of 
three remarkably talented children. 

She also makes the best stuffed cabbage 

Carol at the 
tender age 

of four 
(below) and 

then, 
afewyears 

later, 
all grown 

up and 
graduating 

from 
Cornell 
in 1967. 

1967 also saw Carol's marriage to Tom, 
shown at the right with her proud 
parents Harris and Celia Klein. 

Carol's own family, shown below, 
includes (bottom row) Katie (25), 

Norah (16), Carol; 
(top row) Adam (21) and Tom. 

where he was an engineering physics major. They ignored each other 
as sophomores, noticed each other as juniors, got married as seniors, 
and went to graduate school together in physics at the State University 
of New York at Stony Brook. Carol began her doctoral program by 
studying critical phenomena, and as part of that project wrote her first 
computer program, foreshadowing the major role that computer simu­
lation has played in her subsequent research. After a year she learned 
about the statistical mechanics research being carried out by a new 
professor named George Stell. She thought it sounded interesting, 
found out more about it, became intrigued by the idea that simply 
by knowing the forces between two molecules one could under­
stand the collective behavior of 1023 of them, and switched advi­
sors to become Stell's first Ph.D. student. The roots of her growth 
as a researcher were planted. 

Stell was Carol's first true mentor. He communicated his passion 
for research and intellectual inquiry to her-sometimes in his office 
and sometimes at his kitchen table. He showed her how research is 
done and at the same time gave her the freedom and encouragement to 
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develop her own style of approaching problems. That free­
dom was exactly what she needed to come into her own as a 
scientist. Until then she had been the typical underconfident 
college woman of her generation, believing that her some­
times less-than-outstanding performance in the classroom 
was irrefutable evidence of her lack of ability . Once she 
began working with Stell, she began to truly believe that Dr. 
Gerwitz was correct about the possibility of women being 
physicists. Her dissertation research was a study of how 
repulsive and attractive intermolecular forces compete to 
determine the shape of the phase diagram. She 
spent many happy hours attempting to "think 

from closely related disciplines. He invited Carol to consider a 
career change, a chance at which she jumped. Sadly, Lapidus 
died suddenly a month before she came on board. 

The move from physics to chemical engineering proved to 
be a major cultural shift, and forced her to re-evaluate her 
position on the continuum between "rigorous" and "close 
enough." She was bemused, for example, by the notion that 
the number of theoretical stages in a separation process often 
depended on how sharp your pencil was. She eventually 
negotiated the transition, however-she learned the jargon, 

got the grants, performed widely recognized 
research into the phase behavior of metal hy­

like a molecule" and constructing questionable 
analogies between the behavior of systems of 
molecules and of mixed-gender groups. 

Carol and Tom received their doctorates on 
the same day and at the graduation gave joint 
speeches about the challenges that confront 
two-career families. As if to illustrate their 
speeches, they each got job offers but none 
from the same place, so they went back to 
Cornell and Carol took an unpaid postdoctoral 
position in the Chemistry Department, work­
ing in the world-renowned chemical physics 
group led by Ben Widom and Michael Fisher. 
In her work with Widom, she explained why 
the critical-point scaling relations break down 
in the ideal Bose gas at greater than four di­
mensions. She and a postdoctoral colleague 
also developed lattice gas models that explained 
the peculiar hourglass-shaped phase diagrams 
observed experimentally for certain gas mix­
tures at high pressures. Her daughter Katie (a 

Much of Carol's 
career has been 

devoted to 

drides, and won the Rheinstein Outstanding 
Young Faculty Award. She also became a 
popular teacher, teaching courses she had 
never taken. She discovered that chemical 
engineering was a veritable gold mine of in­
tellectual challenges, offering many exciting 
research problems that were ideally suited to 
approaches grounded in statistical thermody­
namics. Her son Adam (now a student of art 
and history at Tulane) and daughter Norah (a 
talented and- as Katie was-stage-struck 
high school student) were born during her 
Princeton years. 

overcoming the 
obstacles to 

success faced by 
women in 

technical fields 
and then helping 
others overcome 

them .... 
she 

constantly tries 
to help others 

form supportive 
networks. 

In 1985 Carol became the latest in a dis­
tinguished line of New Yorkers who made 
the transition from thinking "North Carolina­
isn ' t that south of Jersey somewhere" to join­
ing the Chemical Engineering Department at 
North Carolina State University. At N.C. State 
her career has flourished. She has made 

gifted actress, singer, and dancer now working 
in New York) was born during this period. 

Three years later when Carol was ready to find a paid 
position, the notoriously bad job market of the early 1970s 
had commenced and there were few academic openings in 
physics to be found. She and Tom considered themselves 
fortunate to land jobs together at Bell Laboratories, working 
on the applied technology side of the house. She worked in the 
economic modeling department, combining her knowledge of 
probability theory with her native New Yorker's instinct for 
competitive shopping to produce an innovative model for pric­
ing multiple products that competed with one another. 

Although Carol enjoyed her work at Bell, she wanted to 
get back into real science. The head of the Chemical Engi­
neering Department at Princeton University at the time was 
Leon Lapidus, a visionary who believed that women would 
be valuable additions to the ranks of chemical engineering 
faculties. Since there were only two female chemical engi­
neering professors in the entire country at the time and hardly 
any in the graduate student pipeline, Lapidus decided to recruit 
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ground-breaking advances in the modeling of 
polymer structures, trained 21 graduate stu­

dents and 5 postdoctoral fellows , published over 125 papers 
in the most prestigious chemical engineering and physics 
journals in the world, and won the NCSU Alumni Associa­
tion Outstanding Research A ward and the Alcoa Foundation 
Distinguished Engineering Research A ward. 

RESEARCH 

Carol's research on metal hydrides at Princeton was mo­
tivated in part by the energy crises of the early 1970s. Sky­
rocketing gasoline prices had led many people to look to 
hydrogen as a clean alternative fuel, and metal hydrides 
were strong candidates as hydrogen storage media. Carol 
performed Monte Carlo simulations on lattice models of 
metal hydrides and successfully explained the unusual phase 
behavior that accounted for the metals' ability to absorb vast 
quantities of hydrogen. At the same time, a team composed 
of Carol , Princeton colleague Bill Russell, and Ph.D. student 
Alice Gast (now a professor at Stanford) used perturbation 
theory to explain the phase behavior that underlies polymer-
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induced colloidal precipitation. Their research demonstrated 
that such systems can coexist in three phases analogous to 
gas, liquid, and solid, a phenomenon that had been observed 
experimentally in the preceding year. While doing all that 
and having two babies and co-running a home, Carol still 
found time to collaborate with Gene Helfand of Bell Labora­
tories to develop a model for conformational state relaxation 
in polymers. The result was the so-called Hall-Helfand cor­
relation function , which has become a standard against which 
to compare results of NMR relaxation and time-resolved 
fluorescence spectroscopy experiments. 

Towards the end of her time at Princeton, Carol became 
interested in fluids containing what she calls "chainlike" 
molecules, a subject that has become her main area of inter­
est at North Carolina State. For the past half-century, the 
state of the art in polymer modeling has been the classical 
work of Flory and Huggins, which is based on a model of 
chain molecules confined to a lattice. While revolutionary 
for its time, the Flory-Huggins model has a number of short­
comjngs, not least of which is that the so-called Flory pa­
rameter-which the model presumes constant-turns out to 
depend on variables such as composition, polymer chain 
length, and temperature. 

In the mid- l 980s Carol and her coworkers identified in­
trinsic differences between chains moving on a lattice and 
chains moving in continuous space as the principal limita­
tion in the predictive capability of the Flory-Huggins theory. 
By blending the probabilistic reasoning underlying the origi­
nal Flory approach with powerful theories of liquid-state 
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Princeton faculty and 
graduate students in 1978 
included a very pregnant 

(8 months) Carol (first 
row, next to last). 

Interested readers may 
also spot other familiar 
(youthful) faces in the 
first row (left to right): 

Bob Bratzler; Mort Kostin; 
Dick Toner; Ernie 

Johnson; 
Ron Andres, with Bill 
Russel peeking from 

behind him; 
Carol, with Bob Axtman 
behind her and Dudley 

Saville behind Bob; 
and Joe Calo, with Dave 
Ollis behind him to the 

right and Bob 
Prud'homme behind him 

to the left. 

physics that had previously only been applied to monatomic 
and diatomic fluids, they developed the "Generalized Flory 
Theory," providing an elegant and deceptively simple ap­
proach to constructing equations of state for mixtures of 
fluids and polymer molecules made up of segments of dif­
ferent size, shape, energetics, and angular constraints. The 
theory is computationally convenient and physically intui­
tive, and has been found to be remarkably accurate in exten­
sive tests against computer simulation data. Carol ' s papers 
in this area have stimulated a flurry of follow-on research in 
the chemical engineering thermodynamics community. 

Carol's contributions also include trailblazing simula­
tions of the dynamics of entangled polymer melts. Her mo­
lecular simulations are considered computational tours de 
force, spanrung almost six orders of magnitude in time. 
They are aimed at reconciling the two competing theories of 
polymer entanglements: the older view that polymer chains 
entwine to form a so-called "local knot" and the more recent 
view that chains "reptate" through a tube formed of sur­
rounding molecules. The simulations show that both types 
of entanglements influence polymer dynamics, but that they 
occur on different time scales. 

Carol's latest venture is into the area of protein aggrega­
tion, a phenomenon associated with (and possibly a cause 
of) many degenerative diseases such as Alzheimer ' s, 
Huntington ' s, and "mad cow" disease. She and her students 
recently completed the fust computer simulation of the si­
multaneous aggregation and folding of model proteins. One 
of their major findings is that a crowded protein environ-
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ment can distort the folding pathway, making it more likely 
that pathological partially folded intermediates will be stabi­
lized and will then aggregate. Such "misassembly processes" 
are hypothesized to be the catalyzing events for fibril forma­
tion, the physical manifestation of Alzheimer's disease. 

Carol's work has gained considerable attention throughout 
the scientific community. As of the writing of this article, 
her papers have been cited 2500 times, and five of them have 
been cited more than 140 times each. Her accomplishments 
and widespread recognition led to her designation as Alcoa 
Professor of Chemical Engineering at N.C. State. 

TEACHING, SERVICE, AND MENTORSHIP 

Carol enjoys a reputation as an excellent undergraduate 
teacher. Recalling the impersonal nature of her undergradu­
ate instruction and the difficulties it caused many of the 
students, she makes a point of learning every student's name, 
no matter how large the class. In her writing and lecturing, 
she takes great pains to make the complex seem simple and 
yet manages to leave her students with a deep understanding 
of the physical ideas that underlie the formulas and algo­
rithms she presents. Long before "Writing Across the Cur­
riculum" became a buzzword in educational circles, she 
recognized that the exercise of writing frequently leads to 
improved clarity and depth of thinking, and she has become 
locally famous for requiring the students in her thermody­
namics courses to write essays on concepts that have baffled 
generations of engineering students. Remarkably , she reads 
and provides feedback on every essay, even though class 
sizes at N.C. State sometimes approach 100. 

The insights Carol has acquired in several decades of 
teaching thermodynamics will be reflected in an undergradu­
ate textbook scheduled to be published in 2000 by Oxford 
University Press. The book's aims are to introduce the idea 
that thermodynamic properties are a direct reflection of mo­
lecular size and shape and the nature of the interactions 
among neighboring molecules; to illustrate thermodynamics 
concepts with up-to-date examples that go beyond the usual 
ones involving light hydrocarbons; and to help students for­
mulate a general strategy for setting up and solving most 
thermodynamics problems. 

A variety of professional service activities augment Carol 's 
career dossier. She has organized numerous sessions at pro­
fessional society meetings, initiated a reception for women 
chemical engineers that has become a fixture of the annual 
AIChE meeting, and is currently the consulting editor for 
thermodynamics of the AIChE Journal. She serves on the 
Executive Board of the National Programming Committee 
and on the AIChE ABET Accreditation Team, and is on the 
editorial boards of Molecular Physics and the Journal of 
Chemical and Engineering Data. 

Mentorship is at the heart of Carol's professional activi­
ties. Those constant conversations with graduate students in 
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Carol' s office are not just incidental to her job-she consid­
ers them the most important part of it. In putting together an 
award nomination package, the Chemical Engineering De­
partment recently asked some current students and former 
advisees to reflect on the impact she had on their profes­
sional and personal lives. Their comments paint a remark­
able portrait of a truly gifted role model to young people. 
For example, "Dr. Hall is a special person to many graduate 
students, not just her own." "I can only hope that I will touch 
people 's lives the way that Dr. Hall has ." "I believe she is 
genuinely interested in what I am going to become, not just 
in my research results." "I [and indeed, all students who 
interact with her] owe a great deal to her active interest in 
our intellectual and personal growth, which is supplemented 
by her terrific sense of humor, patience, much wisdom, and 
undoubted scientific expertise." 

Former advisee Professor Alice Gast wrote "Everyone 
should have a list of the most influential people in their lives. 
Carol is near the top of my list." Dr. Kevin Honnell of Los 
Alamos National Labs wrote "As we began to work to­
gether, what impressed me much more than the research 
itself was the quality of the training Carol provides to her 
students and the exceptional care and commitment she in­
vests in their intellectual, social, and emotional well-being." 
Dr. Mauricio Futran, recently promoted to Executive Direc­
tor of Chemical Process Development at Bristol-Myers 
Squibb, commented, "Her support, encouragement, and ad­
vice do not stop at graduation. It is typical for her students to 
stay closely in touch and to rely on her feedback through the 
years, both on professional and personal matters." George 
Stell has a right to feel proud of his first PhD student and of 
himself. Good mentoring bears rich fruit. 

Attracting and retaining women has widely been recog­
nized as an important challenge facing science and engineer­
ing education. Much of Carol 's career has been devoted to 
overcoming the obstacles to success faced by women in 
technical fields and then helping others overcome them. She 
learned the value of networking and mutual support as an 
undergraduate at Cornell, as one of a handful of female 
graduate students in physics at Stony Brook, and as the only 
female engineering faculty member at Princeton, and she 
constantly tries to help others form supportive networks. 

When speaking to women students in her office and at 
seminars, Carol offers insights based on her experience. She 
tells her listeners about the research showing a drop in confi­
dence experienced by many women in science and engineer­
ing, both in school and in the workplace. She encourages 
them to join forces and provide one another with the kind of 
mutual support that helped her survive professionally, and 
she gives them a modified version of the Herman Gerwitz 
message, assuring them that women can indeed succeed 
in engineering. No one is better qualified to deliver thi s 
message. 0 
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