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Safety In Academic Labs
EVERY ISSUE OF C&EN carries a variety

of stories covering news and issues of
significance to the chemistry enterprise.
This week’s cover story, for example, is our
annual “Global Top 50 Chemical Producers” by Senior Editor Alex Tullo. The story
presents a ranking, as it does every year, but
it also looks at how the global economic
recession has affected the world’s leading
chemical companies.
In the Government & Policy Department, Associate Editor Britt Erickson
examines the emerging field of synthetic
biology and whether and how it should be
regulated. The ACS News Department contains information on two petitions that will
be considered by the ACS Council at the
upcoming national meeting in Washington,
D.C., that could have a major impact on
how candidates are selected for the society’s national offices.
Sometimes, however, one story in an issue stands out as particularly consequential.
In this week’s issue, Associate Editor Jyllian
Kemsley’s in-depth examination of the details of an experiment in a laboratory at the
University of California, Los Angeles, that led
to a young researcher’s death is such a story.
Kemsley has been covering this story
since Sheharbano (Sheri) Sangji, a 23-yearold chemistry research assistant, died on
Jan. 16 from injuries sustained in a chemical
fire on Dec. 29, 2008 (C&EN Online Latest
News, Jan. 22). Kemsley has written several
stories on the investigation into Sangji’s
death and UCLA’s response to the investigation and the fines that resulted from it.
The story in this week’s issue is the most
comprehensive and detailed examination
of what happened to Sheri Sangji on that
day in December that has been published.
Kemsley used information from Sangji’s lab
notebook and from the notes and reports of
the Office of the UCLA Fire Marshal, UCLA
Fire Department, UCLA Police Department, UCLA Environmental Health & Safety, Los Angeles City Fire Department, and
California Division of Occupational Safety
& Health (Cal/OSHA) obtained through
requests for public records.
The story Kemsley relates is both gripping and chilling. In December, Sangji was
scaling up a reaction she had carried out at
least once before, producing 4-hydroxy-4-

vinyldecane from either 4-undecanone or
4-decanone. As Kemsley writes, the first
step of the reaction was to generate vinyllithium by reacting vinylbromide with two
equivalents of tert-butyllithium (tBuLi), a
pyrophoric chemical that ignites spontaneously in air. The experiment went terribly
wrong when, while drawing up tBuLi in
roughly 50-mL aliquots, the air-reactive
reagent was exposed to air.
The tBuLi and hexane from an overturned flask in the hood caught fire and ignited Sangji’s clothes. She suffered secondand third-degree burns to 43% of her body.
In the aftermath of the accident, Cal/
OSHA cited UCLA for numerous safety
violations and fined the university $31,875
for lack of training, failing to correct unsafe
laboratory conditions identified in an earlier
inspection, and failing to ensure that employees wear appropriate protective equipment such as lab coats. UCLA has since
taken numerous steps detailed by Kemsley
to improve the safety practices in its labs.
The larger problem, however, as Kemsley
points out in her article, is that the attitude
toward safety practices in too many academic labs is lax. Anyone who has trained
as a chemist and has experienced both
academic and industrial labs knows that
industry treats safety considerations more
seriously and consistently than academia.
Many chemistry professors take safety
seriously, but as one researcher Kemsley
interviewed pointed out, “The culture varies
too much from one research group to another” in academia. By contrast, the culture in
industry more often is that safety is a job expectation and part of one’s job performance.
Kemsley writes that “Sangji’s death has
inspired at least some members of the academic chemistry community to take stock of
the safety practices in their labs.” UCLA, not
surprisingly, has made significant changes in
the aftermath of Sangji’s death beyond fixing
the specific issues identified by Cal/OSHA.
Let’s work toward making sure that such
changes extend throughout academe.
Thanks for reading.

Editor-in-chief

Views expressed on this page are those of the author and not necessarily those of ACS.
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RESEARCH SPACE FOR RETIREES
MY MEMORY may be getting fuzzy, but

I remember universities in the 1930s and
earlier often offered research space, though
not funds, for anyone with a recognized
doctorate to continue research on their own
(C&EN, April 20, page 4). I was pretty young
when I read this in university catalogs, and
at the time I thought it was a grand idea.
I succeeded in my quest, but universities after World War II changed course and
slowly became big businesses, forgetting
their primary objective. I suppose providing lab space for retirees wouldn’t be practical for scientists because of high costs.
But I think it might work for all those other
disciplines where what is needed is only a
little cubical with a desk, preferably in the
university library and with the support of
the library, for a person to do research.
I have not tried to use university libraries for the past 20 years because I live in
Mexico, but as I remember, the restrictions
on outsiders using those facilities were becoming bigger and bigger impediments to
accomplishing real work.
Ellis Glazier
La Paz, Mexico
‘THE STORY OF STUFF’
I AM SURPRISED that Rudy Baum takes

issue with the message of “The Story of
Stuff” by Annie Leonard (C&EN, May 18,
page 3). Yes, the message is inflammatory.
Yes, it is over the top. But how do you capture the attention of a culture devoted to
rampant consumption if you don’t yell?
We are encouraged to “upgrade” our
mobile phone, computer, television, etc., as
soon as a newer better bigger version appears
on the market. Because newer, bigger, better
versions of these products appear almost
monthly, we are encouraged to consume at a
faster and faster rate. What is seldom, if ever,
discussed is where all the material comes
from to produce these things and what happens to them when we throw them away.
For example, to build computers, we
need a host of heavy metals. The extraction
of these metals, gold is very good example,
often does lead to the “trashing of the planet.” Mining practices around the world are
widely noted as being especially destructive to local and remote environments,
especially to water resources.
What happens when we decide after a
WWW.CEN-ONLINE.ORG
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couple of years that we don’t need these
computers anymore? They often end up as
municipal waste in landfills where the metals can leach into water streams or, if incinerated, can end up in the air. If a computer
is “recycled,” components may go to China
or India where people work outdoors without fume hoods or respirators while using
woks and strong acids to extract the precious metals for resale. Yikes!
Yes, it is true that Leonard overstated
the known neurotoxic impacts of brominated flame retardants. But, as noted in
the same issue of C&EN on page 9, these
compounds have been added to the list of
chemicals in the Stockholm Convention on
Persistent Organic Pollutants that should
be phased out because of concerns regarding their carcinogenicity and impacts on
reproduction and development and on
immune and nervous systems. “The Story
of Stuff” is a hammer to be sure, but you
need a hammer to get a sleeping audience
to wake up and realize what we are doing to
this planet as we consume, consume, consume, without any understanding of the
consequences of that consumption.
Alison Geyh
Baltimore
ALTHOUGH THE CONTEXT and content

of “The Story of Stuff” is controversial,
there is a lesson from its uptake and the
impact it has had on millions of Americans.
As an organization, ACS should take note
of the lightning speed in which this video
took hold, the enormous number of citizens
who have been exposed to it, and the lasting
power it has had in remaining mainstream.
We, as ACS members, should follow this
lead and start educating in a similar fashion. We should produce simplified graphic
representations of various processes and
make accompanying videos to showcase the
numerous principles and impacts of our industry. As a medicinal chemist at a researchintensive biotech company, I propose that
we use graphics and videos to teach the drug
discovery process to the world. The graphic
could picture a patient in need, then cut to
a lab research scene, then on to a depiction
of safety studies, and finally show a bottle of
pills being provided to the patient.
An accompanying video could be a timelapse chronicle of a young scientist conducting research who becomes a middleaged expert in his or her field and whose
discoveries have a dramatic impact on
patients. This would illustrate the years of
experiments and testing and the millions

LETTERS

of dollars that go into discovering a new
drug. The video could be educational yet
humorous, emotional, and dramatic.
Another graphic could illustrate the impact of science education: The first frame
would be kids doing a chemistry experiment,
the second frame would be an ivory tower
and suggest the attainment of a degree in
science or math, and the third frame would
show some of the professions realized (doctors, engineers, professors, researchers, and
environmentalists, etc.). These videos could
change the way the public views chemistry.
ACS should actively counteract the misrepresentation of chemistry to the public
and vigorously supply easy, straightforward, and wide-reaching venues so that
anyone (like the 6 million folks who took
a look at “The Story of Stuff”) could learn
about our industry and our efforts to better the world. Let’s counter “The Story of
Stuff” with our own educational blitz.
Stacie S. Canan
San Diego
BAUM SCOLDS Annie Leonard’s short

video, “The Story of Stuff,” for its characterization of the use of brominated flame
retardants; however, on page 9 in the same
issue is an article on the addition of brominated flame retardants to the Stockholm
Convention on Persistent Organic Pollutants because of their detrimental effects on
the human body.
I am in complete agreement with the idea
that the effects of certain chemicals should
not be exaggerated or oversimplified and
used as propaganda through scare-tactics
(my apologies to flame-retardant pillow
salespeople), but it is difficult to know what
the true significance of a chemical’s use or
nonuse is when such contradictory statements are juxtaposed, especially in a nonpropaganda publication such as C&EN.
Patrick Frantom
New York City
WHILE I WAS still an executive in industry,

I tried to persuade my employers to undertake a proactive program aimed at clarifying for the public at large the many benefits
that society has gained from chemistry, but
none of them ever felt sufficiently strongly,
nor did they want to spend any money in
this endeavor. Hence, I formulated my own
program.
As one of the speakers of the ACS Speaker
Service, one of the talks I have offered is
titled, “Chemistry—Good or Evil?” In it, I
try to present a balanced picture of the prob-

lems that have been caused by chemicals
(really, by the misuse of chemicals) and the
numerous benefits that have accrued from
chemicals. At the end of the talk, I invite attendees to spread the word. If we, ACS members, do not do it, nobody will. I think more
of us should do something along these lines.
Peter R. Lantos
Erdenheim, Pa.
CHEMISTRY LOST in the court of public

opinion a long time ago, especially in the
U.S., with burning rivers, dioxin spills, and
other industrial messes. Trust, once lost, is
very hard to get back, and chemistry has lost
it. But it has not lost respect. People still
respect chemistry for the hard science it is,
but the public’s trust in the chemical industry and the safety of chemical compounds
(natural or synthetic) is completely gone.
The solution is not just more education, but
rather dialogue and communication.
Scientists, in general, are not well trained
in the liberal arts, so most of the time we
fail at making our points in a passionate and
emotional manner. Humans are a passionate
and emotional species and are more often
swayed by emotional pleas than by cold facts
and logic. However, when facts are communicated effectively, people do pay attention.
Getting the public’s attention means
making catchy viral videos, speaking the
language of the environmental movement,
and talking to people directly. Scientists
must ask, “What do you want science to do
besides curl up and die?” We must also be
willing to listen to criticism and to act on it
rather than dismiss it out of hand. If people’s concerns are baseless, we must take
the time to be polite and show why concern
is unfounded. We must be ready; it will take
many attempts to get them to believe.
And finally, most important of all, we
must start teaching chemists, young and
old, the proper tools of the liberal arts. One
can speak and write English fluently and
still be a crappy communicator. By studying fiction, creative writing, and public
speaking (oration), you can learn to make
truly effective arguments. Scientific facts
alone won’t win an argument; you need
convincing rhetoric to make your point.
Improving the poor public image of
chemistry will require more communication
about the centrality of chemistry and its contribution to life and less emphasis on chemicals. If you can’t teach chemists to use the
tools of the liberal arts, then start hiring liberal arts majors to communicate chemistry
to the public. Otherwise you should give up
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now and stop being surprised when you’re
overtaken at every turn by catchy videos.
Alexander B. Morgan
Dayton, Ohio
CORRECTION
■ July 20, page 14: The “China-U.S. Deans/
Chairs Forum on Chemical Research & Education” was organized by Peking, Tsinghua, and
Nanjing Universities and sponsored by the
National Science Foundation of China and
China’s Ministry of Education.
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news of the week
U.S. WINS GOLD
IN CHEMISTRY
OLYMPIAD
EDUCATION: Taiwan is big winner;

U.S. has best showing since 2002

T

AIWAN DOMINATED the 41st International

J OHN KOTZ

Chemistry Olympiad, held on July 18–27 in Cambridge, England. Taiwan’s team won four gold
medals, more than any other country.
The U.S. also put on a strong performance, with its
four-member team earning a gold medal and three silver medals.
The international competition drew 250 high
school students from 64 countries. The 164 medals
that were awarded included 28 gold, 54 silver, and 82
bronze medals.
Ruibo Wang of China won the top gold medal; Assaf
Mauda of Israel won the second highest gold medal;

Wang (from left),
Benjamin, Lu, and
Seifried show off
their medals.

and Hung-I Yang of Taiwan won the third-ranking
gold medal. China and Russia each garnered three gold
medals and a silver medal. England earned four silver
medals.
On the U.S. team were Nathan Benjamin of West
Lafayette, Ind.; Colin Lu of Vestal, N.Y.; Brian Seifried
of Dunwoody, Ga.; and Yixiao Wang of Westfield,
N.J. They were accompanied by head mentor Linda J.
Wood, a chemistry teacher at Lowndes High School,
in Valdosta, Ga., and mentor John C. Kotz, an emeritus
WWW.CEN-ONLINE.ORG
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professor of chemistry at the State University of New
York, Oneonta.
The U.S. team’s performance is significant because
the U.S. has not won a gold medal since the 2002
competition in Groningen, the Netherlands, Kotz
says. “The fact that we got a gold medal this year
shows that we’re working hard on training
our students, and the students are pushing themselves even further,” he says.
Wang, who won the gold, says he
owes his achievement to the rigorous
preparation he received during the
U.S. National Chemistry Olympiad
study camp, held in June at the U.S. Air
Force Academy, in Colorado Springs
(C&EN, June 29, page 9). “All the skills we
learned at camp were applied in the practical
exam,” Wang says. “That was well done on the part of
the mentors.”
Peter Wothers, chair of the 41st International Chemistry Olympiad, says the exam questions tested students’
ability to think creatively. For example, in one of the
laboratory experiments, students were asked to design
a procedure for determining the critical
micelle concentration of sodium n-dodecyl
sulfate (SDS) by measuring the conductivity of different SDS concentrations.
“To be a good scientist, you need to be
able to devise your own experiments,”
Wothers says. “When you start doing
a Ph.D., it’s all about doing your own
research.”
During the 10-day program, the students also participated in cultural activities in and around London, including visiting Westminster Abbey and playing medieval games at Belvoir Castle. Students
stayed at the University of Cambridge,
which is celebrating its 800th anniversary
this year.
Every student, whether they won a
medal or not, should feel like a winner, Seifried says. “If they don’t, then they missed
some of the experience.”
Lu says that having a network of friends
around the world who share his love for chemistry prepares him well for a career in science.
Benjamin agrees, saying that the relationships they
created will remain long after the joy of winning a
medal subsides.
The 42nd International Chemistry Olympiad will
take place on July 19–28, 2010, in Tokyo (icho2010.org).
The U.S. will host the 44th International Chemistry
Olympiad in 2012 at the University of Maryland, just
outside of Washington, D.C.—LINDA WANG
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GILENT TECHNOLOGIES has signed a defini-

tive agreement to acquire Varian for $1.5 billion
in cash. The transaction, expected to close by
the end of this year, will create a $6.8 billion instrumentation and consumables firm.
“The acquisition is a major step in Agilent’s transformation into a leading bioanalytical measurement company,” says William P. Sullivan, Agilent’s CEO. “While
we continue to be a world leader in electronic measurement, our biggest opportunities for future growth are
in bioanalytical measurement.”
The $52.00-per-share deal, which represents a 35%
premium over Varian’s closing price on July 24, “delivers excellent value for our shareholders,” Varian CEO
Garry W. Rogerson says. The combined company will
provide a comprehensive set of solutions for energy,
environmental, and life sciences customers, he notes.
Santa Clara, Calif.-based Agilent, which has $5.8 billion in sales, spun out of computer maker Hewlett-Pack-

A LAB SABOTAGED
CRIME: Ex-employee destroys
4,000 protein crystal samples
at California laboratory

T

HE FBI HAS ARRESTED a former employee

of the SLAC National Accelerator Laboratory,
in Menlo Park, Calif., for allegedly destroying
more than 4,000 protein crystal samples in an act of
vandalism on July 18. A criminal complaint was filed on
Monday, July 27, in U.S. District Court for the Northern
District of California, in San Francisco.
The employee, Silvya Oommachen, was arrested on
Tuesday, July 28, for allegedly destroying government
property. She was released on $50,000 bail, says Jack
Gillund, a spokesman for the U.S. Attorney’s Office in
San Francisco.
Oommachen told investigators that she removed
the protein samples from storage in liquid nitrogen and
left them out to thaw, says Matthew Quick, a special
agent with the FBI, in an affidavit accompanying the
complaint.
The samples belonged to the Joint Center for Structural Genomics. JCSG is one of four high-throughput
centers for determining protein structures that are
funded by the National Institute of General Medical Sciences as part of the Protein Structure Initiative. JCSG
uses the X-ray beam lines at the Stanford Synchrotron

Radiation Lightsource to analyze protein structures.
The destruction of the samples is “disappointing
and astonishing,” says Ian A. Wilson, a professor of molecular biology at Scripps
Research Institute and the
head of JCSG.
Most of the destroyed
samples were archived
crystals on which scientists had already collected
data, Wilson says, although
researchers might have returned to some of them for
further analysis. About 120
samples, however, were new
and waiting for time in an Xray beam. It will take weeks
to months to re-create these
120 samples, according to Wilson. He estimates the loss
to be a minimum of $500,000.
According to the affidavit, Oommachen told Quick
that she had gone through “extreme personal and professional hardships, and had a very bad relationship
with her supervisor,” a SLAC employee who was paid
through JCSG funds. Oommachen stopped showing up
for work after June 17 and was fired by SLAC in July, the
affidavit says.
Oommachen got through two security gates at SLAC
to get access to the samples. SLAC is reviewing its security program, says Robert D. Brown, SLAC’s director of
communications.—JYLLIAN KEMSLEY
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A technician
examines
microarray slide
used to detect
chromosomal
abnormalities.

S LAC

INSTRUMENTATION: $1.5 billion deal will
bolster Agilent’s push into bioanalytics

ard in 1999. It is a producer of electronic test
gear, as well as chemical, pharmaceutical, and forensic analysis tools such as gas chromatographs
and mass spectrometers and the reagents and
lab automation tools to make them work. Varian,
based in Palo Alto, Calif., with $1 billion in sales,
will expand Agilent’s product portfolio into
atomic and molecular spectroscopy. It will also
allow Agilent to enter the market for nuclear magnetic
resonance, image, and vacuum technology.
“This is a good deal for Agilent,” says Isaac Ro, a senior analyst with the investment bank Leerink Swann.
It will put the firm among the top three bioanalytical
instrument makers, which also include Thermo Fisher
Scientific and Waters. In addition, Ro says, Varian’s
NMR business will place Agilent in the duopoly of NMR
firms along with Bruker BioSciences.
Agilent expects to save $75 million annually from
cost synergies. Ro says the figure is a conservative estimate and suggests the actual number may be higher as
the combined firm, for instance, increasingly sources
lower cost components from China.
A spokeswoman for Agilent says it is premature to
talk about possible synergies such as cuts to personnel
because of the combination. Varian had 3,600 employees
and Agilent had 19,000 employees at the end of 2008. In
March, however, Agilent said it would cut 2,700 jobs in
its electronic measurement segment.—MARC REISCH
AGILENT

AGILENT TO
BUY VARIAN

X-rays produced
at the Stanford
Synchrotron
Radiation
Lightsource are
used to analyze
protein structures.
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UNLEASHING THE
ENERGY FUTURE
ENERGY: National Research

A

SUSTAINED AND RAPID national commitment

to deploy new and existing technologies is needed to put the U.S. on a path to reduce energy use,
cut greenhouse gas emissions, and develop new sources
of energy, says a report released last week
by the National Research Council.
The report, “America’s Energy Future,”
is the capstone of five NRC reports examining future U.S. energy needs and is the
result of a two-year process, sponsored
by the Department of Energy and several
U.S. corporations.
“The most important thing I learned
from the study,” says Harold T. Shapiro,
panel chair and president emeritus of the
Woodrow Wilson School at Princeton
University, “is the vastness of the energy
sector and how it is integrated into every
aspect of our lives.”
Consequently, Shapiro warns, the energy system
cannot be modernized by a hard-driven Apollo- or
Manhattan Project-like program that is remote to most
Americans’ lives. It can be transformed only by a longterm, rapid, and sustained national effort, he adds, noting that the next few years will determine what energy
options are available for decades to come.
SHUTTERSTOCK

Expansion and
modernization of
the electricity grid
is urgently needed
for energy security,
reliability, and
demand growth.

Council calls for rapid
technological deployment

“This is an extremely complex issue, and that was
sobering to me,” Shapiro continues. To change the energy system involves transforming physical infrastructure, as well as personal and social habits, he says. For
example, “You want to change the U.S. electricity grid?
Well, there are not enough cranes in the world to do
this tomorrow. You want to meet a goal of getting 1 million advanced cars on the road? You have to remember
there are 300 million cars on the road today,” he says.
Despite the vastness of the problem, the report and
Shapiro note that enough energy-efficiency technologies already exist today to meet projected U.S. energy
consumption growth through 2030. If these technologies were deployed, not a single new power plant will be
needed to meet demands between now and 2030.
“There are enormous gains available with efficiency
technologies on the shelf today,” Shapiro says, “and by
far the most important first step is to put policies and
incentives in place to encourage technological deployment.” In particular, he singled out better lighting and
windows, more construction insulation, and other technologies that could be driven by stronger building codes.
“Our building codes are way behind Europe’s,” Shapiro says, adding that most energy efficiency gains are
inexpensive or could be paid off in a few years by the
energy savings.
The panel also urges rapid deployment of carbon capture and sequestration systems at 15 to 20 existing and
new coal-fired power plants and construction of five
advanced nuclear power plants. The U.S. needs to know
within the next half decade whether these systems will
work, and their success or failure, Shapiro says, “will
make a huge difference in the options for the future.”
The full 650-page report is expected to be available
in the next month. Meanwhile, a 200-page summary is
online at nas.edu.—JEFF JOHNSON

SECOND-QUARTER RESULTS Dow Chemical and BASF earnings reflect bad, but improving, economy
The two largest chemical companies in
the world, BASF and Dow Chemical (see
page 11), reported second-quarter results
that were bad compared with the same
period a year ago but not so terrible
when contrasted with the first quarter.
Dow Chemical reported a secondquarter net loss of $486 million on sales
of $11.3 billion. During the same period
in 2008, the company earned $762 million on $16.3 billion in sales. Comparing
before-tax earnings, excluding unusual
items, the company earned $1.6 billion
during the 2009 second quarter versus
$946 million in the first quarter.
BASF earned $482 million during the
second quarter on $17.6 billion in sales,
a decline of 74% and 23%, respectively,

versus the same period a year ago. The results missed analyst consensus earnings
estimates of $533 million for the quarter.
“This was a very active quarter for
Dow, and a successful one on many
fronts,” Dow CEO Andrew N. Liveris told
analysts.
Last week, Dow focused on its strategic moves rather than on its earnings. The
company is selling its interest in the Optimal Group—a series of Malaysian petrochemical joint ventures—to its partner,
Malaysia’s national oil company, Petronas.
The $660 million deal is the latest in a series of divestitures—including the sale of
its interest in a refinery, its calcium chloride business, and Morton Salt—meant
to fine tune its portfolio and to help it
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pay for its Rohm and Haas acquisition.
Dow also disclosed that it is folding its
polycarbonate, styrenics, and styrenebutadiene rubber and latex businesses
into a new subsidiary called Styron Corp.,
preparing it for a possible sale.
BASF also had some positive points to
talk about. BASF’s chemicals and plastics
divisions showed some improvement
in the second quarter versus the first
quarter. Kurt Bock, BASF chief financial
officer, told analysts that he saw positive
signs that the worst is over, but wasn’t
optimistic about a robust recovery in
2009. “In North America, the recession
is bottoming out, and China is starting to
see stronger growth,” he told analysts.—
ALEX TULLO

N

OT ALL ENGINEERED BONE is created equal,

a new study finds. Molly M. Stevens of Imperial
College London and coworkers have compared
the “bone nodules” formed in cultures of osteoblasts (a
type of bone cell), embryonic stem cells, and adult stem
cells from bone marrow (Nat. Mater., DOI: 10.1038/
nmat2505).
All three types of cells are being explored to generate
new bone, Stevens says. “We find that the bone that’s
made from these different sources of cells ends up being quite different.”
Native bone is composed primarily of hydroxyapatite—Ca10(PO4)6(OH)2—deposited on an extracellular
matrix of the protein type I collagen. Natural bone
forms three distinct mineral environments that can be
distinguished by the position and shape of the phosphate bands in Raman spectra.
In Stevens’ team’s experiments, all three cultures
form nodules with calcium-to-phosphorus ratios similar to those found in native bone, but closer inspection

FINAL SLATE FOR
ACS FALL BALLOT
ELECTION: Candidates for
president-elect, director-at-large,
and District I and V directors

T

HE SLATE IS SET for this fall’s ACS national

elections. Winners will serve three-year terms
on the ACS Board of Directors beginning in 2010
and running through 2012.
Nancy B. Jackson, manager of the International
Chemical Threat Reduction Department at Sandia
National Laboratories; Cheryl A. Martin, former corporate vice president and a general manager at Rohm
and Haas, in Philadelphia (currently on sabbatical);
and Mary Virginia Orna, professor of chemistry at the
College of New Rochelle, in New York, are vying for the
office of 2010 president-elect. The winner will serve a
three-year term on the board as a member of the presidential succession.
Nominees for District I director are D. Richard
Cobb, senior research associate at Eastman Kodak,
in Rochester, N.Y., and Neil D. Jespersen, chair of the
chemistry department at St. John’s University, in Jamaica, N.Y.

Judith L. Benham, retired business director for 3M’s
Industrial Services & Solutions Division, in St. Paul,
Minn., and Peter K. Dorhout, vice provost for graduate
affairs and assistant vice president for research at Colorado State University, in Fort Collins, will compete for
a term as director for District V.
The five candidates vying for two seats as directorsat-large for a 2010–12 term are Dennis Chamot, associate executive director in the Division on Engineering
& Physical Sciences at the National Research Council,
in Washington,
D.C.; H. N.
Cheng, research
chemist at the
Agriculture
Department’s
Southern Regional Research
Center, in New
Orleans; Ray
A. Dickie, retired Jackson
Martin
corporate technical
specialist and senior staff scientist at Ford Motor Co.;
Valerie J. Kuck, retired staff member at Lucent Technologies, in Murray Hill, N.J.; and Howard M. Peters, retired
partner at Peters Verny, in Palo Alto, Calif.
Candidate statements will run in the Sept. 7 issue of
C&EN. Ballots will be mailed in late September and results announced in mid-November.—LINDA RABER
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Transmission
electron
microscopy images
of bone nodules
from embryonic
stem cells (left) and
osteoblasts (right)
show that the
materials are quite
dissimilar.

COU RTESY OF MARY
VIRGINIA ORNA

affects characteristics of bone
prepared from cultures

SUSAN BEARD DESIGN

TISSUE ENGINEERING: Cell type

reveals decided
differences.
Multivariate factor analysis of
Raman spectra
shows that the
mineral environments within
bone nodules
formed by osteoblast and adult
stem cell cultures are more complex than those produced by embryonic stem cells.
Other tests show that the nodules from embryonic
stem cells are less stiff than nodules from osteoblasts
and adult stem cells. In addition, the embryonic stem
cells form fibrous structures that don’t associate with
collagen fibrils the way bone normally does. The bone
nodules formed by embryonic stem cells are more like
the highly crystalline mineral found in older bone than
that found in normal bone.
This work sheds light on “the inherent mysteries of
the calcified matrix of bone and underscores the need
to understand and characterize fundamental biological
design before we tissue-engineering scientists move
forward too quickly,” says Jeffrey O. Hollinger, director of the Bone Tissue Engineering Center at Carnegie
Mellon University.—CELIA ARNAUD

KY LE ZIMMERMAN

BONY VARIATIONS
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CATION COURIER
STRUCTURAL BIOLOGY: The
last family of ligand-gated ion
channels reveals its form

A

N ION CHANNEL found in almost every cell of

N ATURE

the human body—where it acts as a gatekeeper
for positively charged currents that control
everything from taste to pain to inflammation—has finally revealed its three-dimensional X-ray structure.
The protein
conduit is a
LOOKmember of the
ALIKE Two
P2X family of
transmembrane
ion channels,
ion channels
which are inhave different
spired to open
amino acid
by the binding
sequences
of adenosine
but similar
triphosphate
topology.
(ATP), a molOne (gold) is
ecule better
switched on by
known for its
ATP binding,
role as an enerand the other
gy carrier than
(purple) by
as an ion-chanprotons.
nel-opening
switch.

REACHING FOR
THE SUN
Researchers from
five countries met
at the secularized
Seeon monastery,
in Germany, to
discuss energy.
SARAH EVERTS/C&EN

ACS NEWS: Chemists convene in
Germany to stake out the challenges
for solar energy research

T

HIRTY CHEMISTS from China, Germany, Japan,

the U.K., and the U.S. met on July 23–25 at a monastery in southern Germany to discuss the current state of solar energy research. They also worked to
prioritize scientific challenges that must be met before
sunlight can be optimally harnessed as an energy alternative to fossil fuels.
The meeting, the Chemical Sciences & Society Symposium (CS3), was organized by chemistry associations,
including the American Chemical Society, of the five
participant countries. Representatives from research
funding agencies from those countries, which paid for
the conference, also attended.
“Big-time problems—like energy—that involve
all of humanity require big-time solutions,” says Luis
Echegoyen, director of the Chemistry Division of the
WWW.CEN-ONLINE.ORG
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The pharmaceutical industry is trying to develop
drugs that interfere with P2X ion channels, and this
is the first member of that family to succumb to X-ray
crystallography, comments Richard J. Evans, a pharmacologist at the University of Leicester, in England, who
studies how P2X channels manipulate blood pressure.
Furthermore, P2X channels are the last family of ligandgated ion channels to yield to structural determination, Evans adds. For years, he says, “people have been
hoping the high-resolution structure of a P2X channel
would come.”
After seven years of tinkering with the P2X4 channel, a team of researchers, led by crystallographer Eric
Gouaux of the Vollum Institute at Oregon Health &
Science University, finally solved the structure of the
membrane protein in the closed conformation (Nature
2009, 460, 599). The Gouaux group also reports the 3-D
structure of an acid-sensing, proton-gated ion channel
and shows that the ATP- and proton-gated ion channels
have similar overall architectures, despite the fact that
the amino acid sequences of both proteins share almost
no similarity (Nature 2009, 460, 592).
Both ion channels have an hourglass structure.
The two proteins also contain similar “vestibules,”
which are interior compartments lined with negatively charged amino acids that likely entice positively
charged cations into the pore, Gouaux says.
Gouaux hopes the structures will aid the development of new compounds to modulate, inhibit, or activate the channels. Such compounds, he adds, “might
prove useful as therapeutic agents.”—SARAH EVERTS

U.S. National Science Foundation. “We wanted to get
people together to figure out how to collaborate on an
international level” to address the energy challenge.
The goal of the symposium was to pinpoint the
“steps required and the direction chemistry research
needs to take” to enable solar energy to best contribute to the global energy solution, says Julie Callahan,
who works in ACS’s Office of International Activities
and represented the society at the conference. The
three-day event focused on four topics related to solar
energy: mimicking photosynthesis using synthetic
materials, employing biomass to convert sunlight into
usable energy, creating innovative photovoltaics, and
storing solar energy in batteries and as fuel.
A conference report aimed at the public, politicians,
and policymakers is currently in the works.
“The meeting was an experiment worth trying,” says
Teruto Ohta, executive director of the Chemical Society of Japan. “These are great challenges, and no country alone knows exactly how to handle them.”
Organizers hope the conference will be the first of
several that tackle “the global challenges of the 21st
century and the indispensible role that the chemical sciences play in addressing these issues,” says
Klaus Müllen, president of the German Chemistry
Association.—SARAH EVERTS
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MAKING A CONNECTION

BAYER

A worker checks an
oxygen inlet pipe in
Bayer MaterialScience’s
hydrochloric acid
electrolyzer in
Brunsbüttel, Germany.

GLOBAL TOP 50

PROFITS SLUMP in C&EN’s first ranking since the onset of the financial crisis
ALEXANDER H. TULLO, C&EN NORTHEAST NEWS BUREAU

FOR THE CHEMICAL INDUSTRY, 2008

played out like a Shakespearean tragedy.
Most of the year was fine—profitable, in
fact. Then, “the slings and arrows of outrageous fortune” ensured things would end
badly, leaving many industry players, like
poor Hamlet, contemplating their very
existence.
C&EN’s ranking of the global Top 50
chemical companies is based on full-year
2008 results from the world’s largest
chemical makers. The numbers encompass a relatively strong first three quarters
of the year—and then a fourth quarter that
was among the worst the industry has ever
experienced.
Some results were positive. For instance,
sales for the 50 companies rose 9.6% to
$892 billion. But the year also saw oil prices
spike to historically high levels of nearly
$150 per barrel, which forced companies to
raise chemical prices just to stay afloat.
Some companies expanded their
revenues with acquisitions. The survey

captures a full year of results for LyondellBasell Industries, formed by Basell’s
late-2007 purchase of Lyondell Chemical.
Likewise, it reflects AkzoNobel’s January
2008 acquisition of ICI and Saudi Basic
Industries Corp.’s (SABIC) August 2007
acquisition of GE Plastics.
Sales also jumped at fertilizer companies, which had a banner year in 2008. Four
fertilizer makers—Yara, PotashCorp of
Saskatchewan, Mosaic, and Israel Chemicals—saw sales increase by more than 50%.
The latter three companies didn’t even appear in C&EN’s ranking last year.
Corporate profits show the advent of the
economic downturn more clearly, declining by nearly 27% to $60 billion. And for

the 47 companies providing comparable
year-over-year information, the average
profit margin—chemical operating profits
divided by sales—was 7.5%, a sharp decline
from the 10.3% recorded in last year’s survey. In fact, the last time profits were lower
was in 2003, when the industry posted a
5.5% margin while climbing out of the last
cyclical trough.
In the fourth quarter, chemical companies and their customers throttled back on
manufacturing and instead sold from inventory, according to Gregg Goodnight of Pearland, Texas-based consulting firm ChemAnalysis. “As it became obvious that 2009
demand was going to be down, people started drawing down inventories immensely all

“The severity of the downturn
was unprecedented in anybody’s
recollection of the chemical industry.”
WWW.CEN-ONLINE.ORG
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the way through the chain,” Goodnight says,
“and November and December crashed.”
BASF Chairman Jürgen Hambrecht
admitted as much in his annual letter to

shareholders. The year 2008 “brought
dramatic change to the world economy and
to BASF: a global financial crisis, massive
downturns in economies around the world,

SPENDING

Despite the rough economy, spending on the future remained strong
CHEMICAL CAPITAL SPENDING
CHEMICAL R&D SPENDING
% CHANGE
% OF
% CHANGE
% OF
2008
FROM
CHEMICAL
2008
FROM
CHEMICAL
($ MILLIONS)
2007
SALES
($ MILLIONS)
2007
SALES

Air Liquide
Air Products
AkzoNobel
Arkema
Asahi Kasei

$2,790
1,085
786
493
769

41.2%
2.8
48.7
3.1
82.3

15.8%
10.9
3.5
5.9
8.3

$330
131
520
221
na

17.0%
-6.4
25.2
-5.1
na

1.9%
1.3
2.3
2.7
na

BASF
Bayer
Borealis
Braskem
Chevron Phillips

2,920
1,686
655
766
403

-7.6
3.0
-2.6
9.9
33.9

4.1
7.1
6.6
7.8
3.2

1,981
1,281
118
38
40

-1.9
2.8
63.3
-8.8
-4.8

2.8
5.4
1.2
0.4
0.3

Clariant
DIC
Dow Chemical
DSM
DuPont

250
425
2,276
797
1,978

-13.5
12.9
9.7
40.2
24.8

3.3
4.7
4.0
5.8
6.5

170
142
1,310
580
1,393

-12.8
-6.0
0.4
5.9
4.1

2.3
1.6
2.3
4.2
4.6

ENI
Evonik
ExxonMobil
Formosa Plastics Group
Huntsman

312
1,035
2,819
1,188
418

46.2
17.4
58.2
-24.5
-37.1

3.6
6.0
7.3
4.3
4.1

na
458
na
na
154

na
1.3
na
na
6.2

na
2.7
na
na
1.5

Israel Chemicals
Lanxess
Linde
LyondellBasell
Mitsubishi Chemical
Mitsui Chemicals

320
524
2,137
776
771
784

69.1
25.4
36.6
99.5
-33.4
-4.3

4.6
5.4
15.2
2.0
4.1
5.4

57
143
108
na
na
397

48.1
10.2
7.4
na
na
-2.5

0.8
1.5
0.8
na
na
2.8

Mosaic
National Petrochemical Co.
Nova Chemicals
PetroChina
PotashCorp

372
829
166
2,259
1,198

27.4
22.1
6.4
85.5
97.3

3.8
10.7
2.3
14.2
12.7

na
na
52
na
na

na
na
4.0
na
na

na
na
0.7
na
na

PPG Industries
Praxair
Rhodia
Rohm and Haas
Royal Dutch/Shell

383
1,611
355
520
2,085

8.5
17.1
-6.6
24.7
47.3

2.7
14.9
5.1
6.2
7.9

451
97
108
327
na

27.4
-1.0
-21.5
10.5
na

3.2
0.9
1.5
3.9
na

Sasol
Shin-Etsu Chemical
Showa Denko
Sinopec
Solvay

384
1,542
473
2,967
1,183

-31.8
-40.6
-16.8
27.4
23.7

4.6
13.3
6.3
8.8
11.8

na
359
na
na
171

na
-22.6
na
na
-6.5

na
3.1
na
na
1.7

Sumitomo Chemical
Syngenta
Toray Industries
Total
Yara

985
290
881
1,582
581

4.4
42.2
-35.4
17.9
62.2

7.3
3.2
7.1
5.3
3.7

na
556
na
na
22

na
12.1
na
na
34.0

na
6.1
na
na
0.1

na = not available.
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and enormous fluctuations in raw materials
prices. After a very good start to 2008, consumer demand declined drastically, particularly in the fourth quarter,” he wrote.
With its $70.5 billion in chemical sales,
BASF topped the ranking for the sixth year
in a row. Its sales were up less than 1% from
the previous survey, and its profits declined about 40% to $3.9 billion. And most
of the profits BASF did earn came not from
chemicals but from its Wintershall oil and
gas exploration business.
Dow Chemical is once again the secondlargest chemical company in the world,
with almost $58 billion in sales, a 7.5%
increase. Its profits, however, tumbled a
precipitous 44.1% to $2.2 billion.
BASF and Dow will probably head the
list again next year because they both completed large acquisitions in April. BASF purchased the specialty chemical maker Ciba,
which, with 2008 sales of $5.5 billion, wasn’t
quite large enough to make the Top 50 ranking. Dow bought Rohm and Haas, ranked
number 42 globally with $8.4 billion in sales.
THE LARGEST MOVER at the top of the

ranking was LyondellBasell. Last year,
C&EN had separate entries for Lyondell
and Basell. With a full year of results under
its belt, the combined firm ranked fourth
on the list. Basell would have been number
12, on the basis of 2007 sales.
LyondellBasell is one slot behind Ineos
Group, which posted $47 billion in sales.
This figure makes privately held Ineos
the third-largest chemical company in
the world, but the sales figure includes its
refining operations. C&EN excludes refining operations whenever possible, as is the
case with LyondellBasell.
C&EN has restated last year’s rankings because of changes in methodology. The biggest impact is on number 11,
Royal Dutch/Shell, which appeared as the
third-largest chemical company last year.
This year, C&EN is not including some
nonchemical revenues at Shell that it
counted in previous years.
One trend evident in this year’s Top 50
ranking is the rise of the Middle East. In
addition to SABIC’s 17.8% sales growth,
National Petrochemical Co. (NPC) of Iran
debuts on the list at number 45 with $7.8
billion in sales.
NPC is one of many Middle Eastern firms
in the midst of massive expansions of petrochemical capacity. Five ethylene cracker
projects are starting up this year in the
Middle East alone, Goodnight says. Projects
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LyondellBasell makes it into the top 10, and two Middle Eastern firms debut in the Top 50
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COMPANY

BASF
Dow Chemical
Ineos Groupd
LyondellBasell
ExxonMobile
SABIC
Sinopec
DuPontd
Total
Formosa
Plastics Groupf
Royal Dutch/
Shell
Bayer
AkzoNobel
Mitsubishi
Chemical
Air Liquide
Evonik
PetroChina
Yara
Mitsui
Chemicals
Linde
PPG Industries
DSM
Sumitomo
Chemical
LG Chem
Chevron
Phillips
Toray Industries
Reliance
Industries
Shin-Etsu
Chemicald
Praxair
Huntsman
Solvay
Air Products
Borealis
Mosaic
Braskem
Lanxess
PotashCorp
Asahi Kasei
Syngenta
DIC
ENI
Rohm and Haas
Arkema
Sasol
National
Petrochemical
Co.g
Showa Denko
Clariant
Nova Chemicals
Rhodia
Israel
Chemicals

CHEMICAL
CHEMICAL
SALES
CHANGE SALES AS
HEAD($ MILLIONS) FROM % OF TOTAL QUARTERS
2008
2007
SALES
COUNTRY

CHEMICAL
PROFITS AS
IDENTIFIABLE ASSETS RETURN
OPERATING CHANGE % OF TOTAL OPERATCHEMICAL
AS % OF
ON
PROFITSa
FROM
OPERATING ING PROFIT
ASSETS
TOTAL CHEMICAL
($ MILLIONS) 2007
PROFIT
MARGINb ($ MILLIONS) ASSETS ASSETSc

$70,485
57,514
47,000
38,420
38,388
34,407
33,795
30,387
29,676
27,476

0.9%
7.5
na
90.7
4.2
17.8
0.6
4.0
1.7
-0.7

76.8%
100.0
100.0
75.8
8.4
85.6
15.6
99.5
11.2
51.1

Germany
U.S.
England
Netherlands
U.S.
Saudi Arabia
China
U.S.
France
Taiwan

$3,857
2,172
na
-3,079
2,957
9,769
-1,921
2,806
-85
1,322

-38.9%
-44.1
na
nm
-35.2
-11.5
nm
-32.4
nm
-66.3

40.5%
100.0
na
nm
6.5
80.0
nm
76.9
nm
56.7

5.5%
3.8
na
def
7.7
28.4
def
9.2
def
4.8

26,325

3.9

5.7

Netherlands

na

na

na

na

23,741
22,703
18,614

-0.9
50.9
-0.5

49.0
100.0
66.2

Germany
Netherlands
Japan

2,143
1,063
-642

-14.3
-9.6
nm

41.1
100.0
nm

17,706
17,147
15,950
15,750
14,388

9.6
8.6
7.9
54.4
-16.7

91.8
73.4
10.3
100.0
100.0

France
Germany
China
Norway
Japan

na
2,356
-90
2,361
440

na
-0.6
nm
55.4
-41.1

14,013
13,935
13,692
13,571

3.3
39.0
6.2
-12.8

75.1
87.9
100.0
78.5

Germany
U.S.
Netherlands
Japan

3,560
1,519
1,598
-199

13,553
12,646

28.3
0.9

100.0
100.0

South Korea
U.S.

12,398
12,161

-9.0
-0.4

87.1
31.2

11,614

-12.8

10,796
10,117
10,001
9,976
9,863
9,813
9,799
9,685
9,447
9,225
9,158
9,018
8,697
8,355
8,296
8,267
7,755
7,488
7,462
7,366
7,015
6,904

$62,598
45,474
na
na
20,156
60,802
17,471
19,267
na
26,267

83.6%
100.0
na
na
8.8
83.9
17.7
98.3
na
65.1

6.2%
4.8
na
na
14.7
16.1
def
14.6
def
5.0

15,428

5.5

na

9.0
4.7
def

24,258
27,591
12,663

31.4
100.0
47.8

8.8
3.9
def

na
73.7
-0.4
100.0
100.0

na
13.7
def
15.0
3.1

25,585
na
16,055
14,351
11,500

84.3
na
4.9
100.0
100.0

na
na
-0.6
16.5
3.8

4.5
7.7
3.0
nm

94.6
95.6
100.0
nm

25.4
10.9
11.7
def

30,103
11,110
14,216
12,046

85.8
75.6
100.0
61.6

11.8
13.7
11.2
def

1,202
401

24.0
-51.1

100.0
100.0

8.9
3.2

4,865
6,676

100.0
100.0

24.7
6.0

Japan
India

290
1,580

-66.7
-3.6

83.2
100.0

2.3
13.0

12,724
9,595

86.3
22.5

2.3
16.5

100.0

Japan

2,253

-18.9

100.0

19.4

16,297

100.0

13.8

14.8
4.8
-2.7
16.5
5.5
70.0
1.8
-0.5
80.5
-5.5
26.9
-13.5
-10.1
6.6
-0.7
25.6
63.9

100.0
100.0
71.6
95.8
100.0
100.0
100.0
100.0
100.0
61.4
78.8
100.0
5.5
87.3
100.0
52.5
100.0

U.S.
U.S.
Belgium
U.S.
Austria
U.S.
Brazil
Germany
Canada
Japan
Switzerland
Japan
Italy
U.S.
France
South Africa
Iran

2,892
228
739
1,518
240
2,837
901
641
4,176
20
2,121
245
-1,211
384
368
801
1,484

13.1
-56.5
-36.1
12.5
-63.9
360.3
-20.3
-5.0
172.3
-97.1
41.3
-47.6
nm
-49.8
-14.7
53.9
66.5

100.0
100.0
52.0
97.5
100.0
100.0
100.0
100.0
100.0
5.9
103.3
100.0
nm
68.4
100.0
19.5
100.0

26.8
2.3
7.4
15.2
2.4
28.9
9.2
6.6
44.2
0.2
23.2
2.7
def
4.6
4.4
9.7
19.1

13,054
8,058
6,295
11,353
7,110
11,820
12,387
6,850
9,717
7,801
9,782
7,142
3,872
6,957
6,588
8,451
27,075

100.0
100.0
60.8
97.2
100.0
100.0
100.0
100.0
94.8
58.5
67.1
100.0
2.7
70.2
100.0
50.3
99.9

22.2
2.8
11.7
13.4
3.4
24.0
7.3
9.4
43.0
0.3
21.7
3.4
def
5.5
5.6
9.5
5.5

0.7
-5.4
9.4
-0.4
68.3

77.1
100.0
100.0
100.0
100.0

Japan
Switzerland
Canada
France
Israel

315
456
237
554
2,429

-55.9
-1.8
-73.2
-21.2
220.3

121.5
100.0
100.0
100.0
100.0

4.2
6.1
3.2
7.9
35.2

6,646
5,497
4,034
6,368
5,738

71.4
100.0
100.0
100.0
100.0

4.7
8.3
5.9
8.7
42.3

NOTE: Some figures converted at 2008 average exchange rates of $1.00 U.S. = 1.8327 Brazilian reals, 6.95 Chinese renmimbi, 0.679 euros, 43.39 Indian rupees, 8.956 Iranian rials,
103.39 Japanese yen, 5.6365 Norwegian kroner, 3.75 Saudi riyals, 8.248 South African rands, 1098.71 South Korean won, 1.0816 Swiss francs, 31.52 Taiwan dollars. a Operating profit is
sales less administrative expenses and cost of sales. b Chemical operating profit as a percentage of chemical sales. c Chemical operating profit as a percentage of identifiable chemical
assets. d Sales include a significant amount of nonchemical products. e Profits and profitability ratios are after-tax. f C&EN estimates. g Fiscal year ended March 19, 2008. def = deficit.
na = not available. nm = not meaningful.

WWW.CEN-ONLINE.ORG

14

AUGUST 3, 2009

understandable, he says, given the poor
outlook for petrochemicals in the coming
years. “If you look at the next two years, it
may be some fairly rough conditions for the
industry,” he adds.
IPIC’s takeover of Nova is the only
major chemical deal announced since last
summer. Prior to 2008, deal-making had
become increasingly ambitious. Ineos purchased BP’s Innovene olefins and derivatives business in late 2005 for $9 billion.
Linde bought industrial gas firm BOC in
2006 for $15.5 billion. And Basell got Lyondell in 2007 in a deal valued at $20 billion.
That same year, private equity firms and
the Omani government allegedly considered a $50 billion takeover of Dow.

DOWNTURN

Profits narrowed and companies
eased up on capital spending but
increased R&D expenses
Proﬁt margin, %
15
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NOTE: Based on C&EN’s annual listing of the
global Top 50 chemical producers. a For companies
reporting chemical capital spending. b For
companies reporting chemical R&D spending.

are coming onstream in Asia as well. Even if
economies begin to recover later this year,
Goodnight says, commodity chemicals will
still suffer from overcapacity. “I think the
worst is yet to come because of the supply
shock,” he says. “You’ll have trough conditions in commodities in 2010 and 2011.”
The supply overhang might explain the
low price that the International Petroleum
Investment Co. (IPIC) of Abu Dhabi, United Arab Emirates, paid earlier this year for
Nova Chemicals, Goodnight says. The $2.3
billion purchase was such a bargain given
the strategic value of Nova’s petrochemical complex in Alberta, he explains, that he
half expected a higher bid to come in before
the deal closed. One never did, and that’s

seem to be over. LyondellBasell has filed
for bankruptcy in the U.S., in part because
of its large debt load. Ineos recently hammered out a plan with its banks to stay
intact after servicing its debt proved a
problem.
Hexion Specialty Chemicals, backed by
the private equity firm Apollo Management,
tried to purchase Huntsman Corp. for $10.6
billion in 2007, but the deal fell apart last
year after Hexion and its banks got cold
feet. Dow’s plans to sell half of its commodity chemicals business to Petrochemical Industries Co. of Kuwait fell through. Dow’s
purchase of Rohm and Haas, announced
after Hexion sued to get out of the Huntsman deal, was also headed for a courtroom
before the parties came to terms.
Alasdair Nisbet, global head of chemicals at the investment bank Lazard, has
seen a combination of tragic flaw and bad
luck, particularly for the private equity
firms that have driven a lot of deals in
recent years. “The private equity funds
for much of the past 10 years have been
enormously successful with investments
in the chemical industry,” he says, but that
changed in 2008. “They have all learned
that investing at the top of the cycle in
chemicals has meant that they have had a
very rough two years. The level of leverage
we reached in these last two years was unsustainable in a cyclical business when you
get to the bottom of the cycle,” he adds.

“If you look at the next two years, it
may be some fairly rough conditions
for the [petrochemical] industry.”
WWW.CEN-ONLINE.ORG
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The recession has been worse than anybody could have planned for, Nisbet points
out. “The severity of the downturn was unprecedented in anybody’s recollection of
the chemical industry,” he says. “Companies have been quite shocked. I don’t think
that anybody suspected that there would
be a volume decline on the order of 30%.”
The chemical industry is back to the
beginning of its merger and acquisition
cycle, Nisbet observes. The deals occurring
now are small transactions in which the
seller is looking to get rid of a troublesome
business that might be better off in another
company’s hands. Then, “we will gradually start seeing some mergers, but we will
not see the return of megadeals for around
three to five years,” he says. Credit is starting to become available for deal-making,
Nisbet adds, but banks are still willing to
lend an amount that is only two to three
times the before-tax earnings of a target
company.
If Nisbet and other observers are right,
it might be a while before there are transactions big enough to have much impact on
future C&EN global Top 50 rankings. ■

BUSINESS CONCENTRATES

SEC SUES FOR INSIDER
TRADING OF NOVA STOCK

SANOFI-AVENTIS NABS DEALS

The U.S. Securities & Exchange Commission has filed a suit against Khaled Mohammed Sharif Al Sayed Al Hashemi for unlawful insider trading of Nova Chemicals
shares. According to the complaint filed
in the U.S. District Court for the Southern
District of New York, SEC wants the court
to order Al Hashemi to give up $458,760
in trading profits and pay an unspecified
civil penalty. SEC alleges that Hashemi, an
information technology manager at Abu
Dhabi Oil Refining, purchased 120,000
Nova shares in the two weeks before the
Feb. 23 announcement that International
Petroleum Investment Co. had agreed to
buy Nova for $2.3 billion. The government
of Abu Dhabi owns both IPIC and Abu
Dhabi Oil Refining.—MSR

Sanofi-Aventis and Merck reached an agreement under which Merck will
sell its 50% interest in the companies’ current animal health joint venture,
Merial, to Sanofi-Aventis for $4 billion in cash. Merck, Sanofi-Aventis, and
Schering-Plough also signed an agreement under which, following the
closing of Merck’s acquisition of Schering Plough, Sanofi-Aventis would
have the option to combine the Intervet/Schering-Plough Animal Health
business with Merial to form a new animal health joint venture with Merck.
Meanwhile, Sanofi-Aventis says it has agreed to acquire a controlling interest in Indian vaccine maker Shantha Biotechnics for an undisclosed sum.
Under the terms of the accord, Sanofi Pasteur, the vaccines unit of SanofiAventis, will acquire ShanH, a division of Mérieux Alliance, a French biotechnology company that owns 80% of the Mumbai-based firm. The deal
values Shantha, which is expected to have sales this year of about $90
million, at $776 million. Sanofi-Aventis has been on an acquisition streak
in recent months, purchasing generic drug firms in Brazil and Mexico, and
BiPar Sciences, a cancer drug firm in Brisbane, Calif. Earlier this year, the
French drug major took over Zentiva, a Prague-based generic pharmaceutical firm serving Eastern Europe and Turkey.—RM

DSM SELLING ENERGY,
FERTILIZER ASSETS
DSM is divesting its energy and urea licensing businesses as part of its effort to focus
on life and material sciences. The company
is selling DSM Energie Holding to TAQA
Abu Dhabi National Energy for $400 million. The DSM unit owns stakes in oil and
gas exploration and pipeline operations. It
had net sales of $225 million in 2008. DSM
is also selling its Stamicarbon urea licensing business to Italy’s Marie Tecnimont for
$53 million. The business had $80 million
in sales in 2008 and has generated about
$14 million in operating profits annually
over the past four years.—AHT

BAYER

BAYER ADVANCES
PRINTABLE
POLYCARBONATE
Using laser engraving with polycarbonate
inks, Bayer MaterialScience and its partner,
the Federal German Printing Office, have
developed color photo identification cards and
passports made
of polycarbonate film. Until
now, similar
laser images
were possible
only in black
and white. The
printed lami-

nated film process, known as Innosec Fusion, forms a single piece of polycarbonate
that is difficult to counterfeit.—MSR

ARKEMA ADDS MORE
FACILITIES IN CHINA
Arkema’s subsidiary Coatex will spend
$21 million to build new acrylic polymer
production facilities in Changshu, China.
Arkema already operates several plants in
Changshu that produce materials such as
fluorochemicals, polyamides, and organic
peroxides. With the recently announced
addition of facilities to make refrigerant fluids, Changshu is poised to become
Arkema’s third-largest manufacturing site.
Acrylic-based polymers are used as dispersants and thickeners in the paper, paint,
mineral processing, construction, cosmetics, and textile industries.—JFT

PFIZER CREATES MORE
CHINESE PARTNERSHIPS
Pfizer is solidifying its commitment to
enhancing biotech collaboration in China.
The company will provide $1.5 million
over three years to support basic research
projects at the Shanghai Institutes for Biological Sciences. In a separate deal, Pfizer
joined forces with Fudan University, also
in Shanghai, to create a three-year master’s
WWW.CEN-ONLINE.ORG
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degree clinical data management and statistics program. The first students will start
class in September. Fudan professors and
Pfizer scientists will teach them biostatistics, clinical sciences, how to monitor and
report adverse effects of drugs, and clinical
project management. The students will
work on active projects from Pfizer’s drug
development portfolio.—LJ

CHINA’S YINGLI SLATES
SOLAR SILICON PLANTS
China’s Yingli Green Energy Holding signed
an agreement with Hainan Provincial Development Holding to form a joint venture,
80% owned by Yingli, to build a site for producing polysilicon and ingots for solar cells.
Yingli did not reveal the cost of the project,
to be located on the island of Hainan, nor
when it is likely to come on-line. It did say
that the annual output of the plant can be
used to make enough photovoltaic cells to
generate 100 MW of electric power.—JFT

LA SEDA SHUTTING DOWN
PLASTICS OUTPUT
Spanish polyethylene terephthalate
maker La Seda de Barcelona plans to cut
about 300 jobs and capacity for 500,000
metric tons per year of both polyethylene terephthalate resin and purified

BUSINESS CONCENTRATES

BRONDEAU LEAVING
DOW CHEMICAL
Pierre R. Brondeau, 51, is retiring from
Dow Chemical. Brondeau had been the
president and chief operating officer of
Rohm and Haas until Dow’s purchase of
that firm in April. At Dow, he was president
and CEO of Dow Advanced Materials, a
division made up mostly of Rohm and Haas
units. “During the past several months,
he has led a combined management team
focused on establishing an innovative,
customer-centric culture at Advanced Materials,” Dow CEO Andrew N. Liveris said.
“This team has delivered on our aggressive
integration targets, meeting cost synergies
and building on a legacy of innovation.”
Brondeau will be succeeded by Jerome A.
Peribere, who has been with Dow for 30
years and most recently was the CEO of
Dow AgroSciences.—AHT

BUSINESS
ROUNDUP
AIR LIQUIDE has commissioned a number of
new units in the Middle
East. In Oman, the company has started up a
nitrogen unit at an Oman
Refineries & Petrochemicals refinery. In Egypt, it
has installed an oxygen
unit near Alexandria to
supply the EZZ steel mill
and has constructed a
140-metric-ton-per-day air
separation unit near Cairo
to serve local markets.
SASOL has been caught
up in the labor unrest

MALARIA VACCINE
R&D GETS FUNDING
Dutch biopharmaceutical firm Crucell will
collaborate with the PATH Malaria Vaccine
Initiative (MVI) and the U.S. Agency for
International Development (USAID) in an
effort to bolster the immune response to
a malaria vaccine in development. Crucell
will use its recombinant adenoviruses, or
viruses associated with the common cold,
to deliver a malaria antigen to the immune
system. USAID will fund the project. MVI
has also expanded an existing contract with
GenVec, awarding the Gaithersburg, Md.based biotech firm $2 million to support
preclinical studies of its adenovirus-based
vaccines. Separately, NIH has awarded
GenVec a $600,000 Small Business Innovation Research grant to support its
malaria vaccine program.—LJ

presence. Analysts expect the drug to bring
in $2 billion in sales in the U.S. alone by
2014. Denosumab is also being developed
to treat cancer, an indication for which Amgen retains exclusive rights.—LJ

LILLY MOVES IMCLONE
R&D TO NYC PARK
Eli Lilly & Co. has signed on as the first
tenant of the Alexandria Center for Science & Technology at East River Science
E LI LILLY & CO.

terephthalic acid. The company says that
five PET resin plants in Italy, Portugal,
Greece, Spain, and Turkey are “nonstrategic.” La Seda also wants to negotiate
with its unions and other parties at its San
Roque, Spain, plant—which it purchased
from Eastman in 2007—to reduce costs or
else it “will consider the definitive shutdown of the facility.” The company also
plans to shut down its Wilton, England,
PTA plant because the technology it uses
there is obsolete and the company’s pxylene supplier is shutting down.—AHT

AMGEN AND GSK FORM
DRUG PARTNERSHIP
Amgen has partnered with GlaxoSmithKline to sell denosumab, a monoclonal antibody in development to treat osteoporosis, in Europe, Australia, New Zealand, and
Mexico. GSK will pay $120 million up front
and royalties on sales of the drug in those
markets. It will also seek approval to commercialize the drug in emerging markets,
such as China and India. Amgen is holding on to the rights to the drug in the U.S.,
where it already has a strong marketing

sweeping South Africa.
The energy and chemical
maker says that strikes
have affected some Sasol
Wax, Sasol Nitro—which
makes ammonia, explosives, and fertilizers—and
Sasol Gas units. The company notes that “the strike
has been peaceful so far
and there have been no
incidents of intimidation
or victimization.”
LYONDELLBASELL Industries has named Kent
Potter chief financial officer. He will succeed Alan
Bigman, who will assist
the company through its
bankruptcy process. Potter was previously CFO at

Russian oil firm TNK-BP.
He had also been chief financial officer at Chevron
Phillips Chemical, where
he served under thenCEO, now LyondellBasell
CEO, James Gallogly.
LG CHEM will invest $967
million to build a plant
to make glass for liquidcrystal displays. The plant,
scheduled to come on-line
in 2012, will be located at
Paju, South Korea.
AFTON CHEMICAL has
signed a contract manufacturing agreement with
Singapore-based Chemical Specialties. CSI will
manufacture petroleum
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New York City Mayor Michael Bloomberg
(second from right) looks on as Lilly CEO
John C. Lechleiter signs a lease.

Park, in New York City. Lilly will shift the
roughly 125 scientists at its ImClone R&D
unit, which it acquired last year for $6.5
billion, to the new location from another
Manhattan neighborhood. Lilly expects to
add more scientists at the site as ImClone’s
pipeline of oncology drugs expands.—LJ

additives at its facility on
Jurong Island for distribution to Afton’s Asian
customers.
DUPONT TEIJIN
Films will close its Florence, S.C., polyethylene
terephthalate films plant,
which employs 210
workers, at the end of
2010. The firm will consolidate production at its
Hopewell, Va., facility.
GEORGIA GULF has
exchanged $736 million
worth of its creditors’
bonds in exchange for
preferred and common
shares of its stock. In
connection with the plan,
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meant as a way for the
embattled polyvinyl chloride maker to stay afloat,
Georgia Gulf plans a onefor-25 reverse stock split.
RAPTOR Pharmaceuticals and TorreyPines
Therapeutics, two California-based biopharmaceutical firms, will combine
operations and likely keep
the Raptor name and
headquarters in Novato.
Through an exchange of
stock, Raptor’s shareholders will own 95% of the
combined firm and TorreyPines’ just 5%. In May,
TorreyPines’ board agreed
to liquidate the company
unless a better offer arose.

BUSINESS

syntheses. “The business wasn’t born in a
swath of the
company with a strong
periodic table
chemical culture,” Giis represented
rard acknowledges.
in advanced
computer chips.
Still, by 2005, the
business had progressed enough on its
own that top Air Liquide executives took notice. Liking what they saw, they stepped up
the allocation of resources to create a global
infrastructure that today includes labs and
plants in the U.S., France, and Japan.
Mike Corbett, managing director of
Linx Consulting, a market research firm
that serves the electronic materials sector, confirms that Air Liquide has grown to
become a leader in the precursor market.
In advanced precursors that are turned
into films via atomic layer deposition, Air
Liquide has a 21% market share, Corbett
estimates, second only to South Korea’s
UP Chemical. And in precursors for lowdielectric-constant insulating films, Air
Liquide’s 32% share puts it in the number
two spot, just below Air Products & Chemicals, according to Linx figures.
Misra, who is director of the Aloha business, attributes the firm’s success to heavy
spending on R&D from 2004 to 2006. “It
was an extremely critical time in terms
of customers deciding on the materials
they would use,” he says. “Companies that
weren’t dedicating the resources at that
time have missed the boat.”
The Aloha business employs 40 chemists and materials scientists across its three
laboratories, Misra says. Unlike researchers at chemical companies who may have
multiple duties, “these are true Aloha
people,” he boasts. “They are doing nothing but precursor development.”

S HUTTERSTOCK

MATERIALS
MECCA A growing

PRECURSOR
POWERHOUSE
AIR LIQUIDE finds success in a specialized

electronic materials niche

MICHAEL MCCOY, C&EN NORTHEAST NEWS BUREAU

IN 1999, researchers at one of Air Liquide’s

customer companies approached the
French industrial gases giant for help with
a problem: They needed a nonchlorinated
alternative to dichlorosilane, a precursor
used to deposit silicon nitride films during
semiconductor manufacturing.
What started as an effort to answer that
simple request is now a major business for
Air Liquide. The company’s 10-year-old
advanced precursor unit has millions of
dollars in annual sales and, until this year’s
downturn, was doubling in size every year.
Jean-Marc Girard and Olivier Letessier
were two of the Air Liquide chemists who
worked with the customer, Toshiba, to
solve the problem. Along with Ashutosh
Misra, another former research colleague,
Girard and Letessier are now executives
running the business. Their charge is to
continue its rapid growth in the face of stiff
competition and customer demands that
make that first request seem easy.
Throughout the world, semiconductor
fabricators are seeking ultrathin films for
performing critical tasks in their computer
chips. Low-dielectric-constant films insulate circuit wires from each other, and
high-dielectric-constant films help form
transistors in advanced logic chips and
capacitors in memory chips. Other films
create barriers between chip layers.

The films must stay thin and uniform
over the hills and valleys of a silicon wafer’s
surface. Increasingly, the best way to apply
them is with techniques known as chemical
vapor deposition and atomic layer deposition. In both cases, precursor molecules
are added to a deposition chamber, where
they are heated and vaporized. When the
molecules land on the wafer’s surface, ligands fall off, leaving the desired film.
Toshiba was after a precursor that it
could react with ammonia to create a silicon nitride barrier. Air Liquide’s solution
was trisilylamine. At first, it supplied the
compound on an R&D basis, but interest
grew. “Month after month we got requests
for other applications,” recalls Girard, who
is now vice president for technology at Air
Liquide Electronics.
Other opportunities followed, yet for
several years the business was an “internal
start-up” that Air Liquide mostly left alone.
Girard and his colleagues named it Aloha,
figuring they would eventually think of
clever words to form an acronym.
The words didn’t come and, at first, neither did success. Air Liquide is expert in handling bulk specialty gases such as ammonia,
nitrogen trifluoride, and silane that are used
by the electronics industry, but trisilylamine
is a liquid, and many other advanced precursors are solids. Most require multistep
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THAT R&D has paid off in a number of

product hits. One is hexachlorodisilane
(HCDS), which, like trisilylamine, is used
to deposit silicon nitride. Whereas others
synthesize HCDS by reacting chlorine with
silicon alloys, Air Liquide uses the disproportionation of silane to yield a high-purity
product. The company also has worked
with Selete, a Japanese semiconductor
research consortium, on special additives
that improve the performance of HCDS at
low temperatures.
“We supply the world,” is how Girard
describes Air Liquide’s market share for
this molecule.
Corbett says Air Liquide also has a winner with ZyALD, a zirconium-containing

JSR

BUSINESS

JSR BETS ON
OLD BUSINESS
Diversified ADVANCED MATERIALS firm
renews commitment to synthetic rubber
JEAN-FRANÇOIS TREMBLAY, C&EN HONG KONG

SINCE THE 1980S, JSR has successfully diversified its opera-

tions away from synthetic rubber to become a leading supplier of
advanced materials to the semiconductor and display industries.
While doing so, the firm, once known as Japan Synthetic Rubber,
insists it has not neglected its traditional business.
“JSR has given the impression to its employees and outsiders
that petrochemicals were our past and electronics our future,” says
Mitsunobu Koshiba, JSR’s president since April. But “elastomers,
semiconductor materials, and displays are equally important to
us,” he says.
With Koshiba at the helm, JSR will continue to invest substantially in R&D to maintain competitiveness in the fast-changing
electronic materials industry. It will also strive to provide new
materials for the energy and medical fields. But synthetic rubber,
which may seem a mature and uninteresting product, will also ben-

efit from substantial attention.
JSR’s renewed commitment
to rubber with Koshiba as president is unexpected. The holder
of a master of engineering
degree from Chiba University
who has also done some graduate work in materials science
at the University of Wisconsin,
Koshiba, 53, has worked mostly
in JSR’s electronic materials
business. From 1990 to 2002,
he was head of JSR Micro, a
Sunnyvale, Calif.-based subsidiary responsible for JSR’s
semiconductor materials business in North America. And just
before becoming president of
Koshiba
JSR, Koshiba was in charge of
the company’s fine chemicals business, which includes everything
except rubber and plastics.
Despite having spent relatively little time managing JSR’s rubber operations before this spring, Koshiba has enthusiastically embraced them as president. “We have a very strong competitive position in rubber for high-performance tires,” he says. It would in fact
be quite the strategic shift for JSR to neglect its rubber business. In
the latest fiscal year, JSR derived 22% of its operating income and
one-third of its sales from rubber. The tire producer Bridgestone
is both a major customer and the company’s biggest shareholder,
with a 16% stake in JSR.
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just as it does in its electronic materials and display businesses.
Over the past few years, JSR developed and commercialized a new
solution-polymerized styrene butadiene rubber that enables tires
to grip the road while reducing fuel consumption.
The idea to develop rubber for tires that better adhere to the
road came from Europe, “where people drive their cars madly, even
in rainy weather,” Koshiba says. JSR produces the rubber commercially in Japan and Germany.
Few companies have mastered the technology for producing
solution-polymerized synthetic rubber, says Samuel Liew, consultant for olefins and elastomers in Asia at Chemical Market Associates Inc., in Singapore. The few firms capable of producing the
material—a small group including JSR, Lanxess, Kumho, and Nippon Zeon—can charge a premium for it. The rubber enables tire
producers to make high-end tires with desirable characteristics
such as low noise, high road adherence, and low roll resistance.
“Generic-type tires can be very cheap, but then, you also have the
very premium grades of tires,” Liew says.
Currently, the market for fuel-efficient, high-performance tires
could not be better, Koshiba points out. “Under the Obama Administration, there is a lot of talk about energy and environment,”
he says. “Of course, that means there will be more energy-efficient
engines, but tires will also play an important role in improving energy efficiency.”
The 12 years spent in California, Koshiba says, left him with a
global view of development and commercialization of new products. “The old Japanese way is to do all the R&D and optimization
in Japan, then market overseas,” he says. He believes that global
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JSR

SUBSTANTIAL INNOVATION occurs in JSR’s rubber operations,

“One single tool in semiconductor research can cost
$50 million. For rubber, you just need simple tools.”
players like JSR need to develop, test, and
commercialize their products in the world’s
most advanced markets, whether they are
in the U.S., Japan, China, or Europe.
Compared with electronic materials,
innovating with rubber is relatively inexpensive, Koshiba observes. “One single
tool in semiconductor research can cost
$50 million,” he says. “For rubber, you just
need simple tools, such as those for measuring mechanical strength and mechanical properties.”
For JSR, the key challenge, Koshiba says,
is the shrinking supply of butadiene in
Japan as the petrochemical industry downsizes. For now, he says, JSR has secured
alternative sources of the key synthetic
rubber raw material from other countries.
The company projects that its sales will
reach only $3 billion in the fiscal year, down
substantially from $4.3 billion two years
ago. “This takes us back to our sales level in
2004,” Koshiba acknowledges. But he will
more or less maintain the company’s $200
million R&D budget in the fiscal year that
ends on March 31, 2010. Instead, he will reduce the company’s overhead by downsizing manufacturing facilities. Cutting into
R&D, he believes, would “sacrifice” the
company’s future.
In the fiscal year that ended on March 31,
JSR turned a net profit of only $141 million,
a 62% drop from the previous year. Still,
compared with other major Japanese
COSTLY TOOLS
chemical compaScientists work
nies, which posted
with instruments at
record losses, JSR’s
JSR’s lithography
performance was
R&D facility in
Yokkaichi, Japan.
robust.

But the numbers are misleading, Koshiba says. In the last fiscal year, he explains,
JSR built inventories of expensive products
made with expensive oil. Oil prices have

dropped this year, and so has the value of
products in JSR’s warehouses. “We will
lose money when we sell those inventories,” he says. ■

PURAC helps companies reach sustainability goals and manage green initiatives
with naturally derived bio-based solutions. Replace or reduce the amount of
petrochemicals in your product or formula
using PURAC’s natural lactic acid and
derivatives. Take the ﬁrst step towards
managing your future. For assistance and
proven solutions, call 888-899-8016
or visit purac.com/biobased

PURAC has oﬃces in:
Brazil, China, France, Germany, Japan, Korea, Mexico, Netherlands,
Poland, Russia, Singapore, Spain, Thailand, United Kingdom and USA.
Call 888-899-8016 or visit purac.com/biobased
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GOVERNMENT & POLICY CONCENTRATES

ENRICHMENT LOAN
GUARANTEE DENIED
The Department of Energy last week denied
$2 billion in loan guarantees sought by the
global energy company USEC to continue
construction of its partially complete
centrifuge-based uranium enrichment facility in Piketon, Ohio, which would create
low-enrichment uranium (LEU) fuel for
nuclear power plants. DOE said the facility
was not ready to move to commercial-scale
operations, which is a requirement for the
loan program. DOE did, however, offer
USEC some $45 million in grants for further
research. Currently, USEC produces about
half the nation’s LEU reactor fuel primarily by down-blending Russian bomb-grade
uranium, along with using an older, noncentrifuge-based enrichment technology. To
soften the blow to Ohio workers, DOE also
announced it would increase funding for a
huge cleanup program at Piketon and other
sites, spending $150 million to $200 million
annually over the next four years to treat
some 700,000 tons of depleted uranium
stored at various government facilities,
primarily left over from weapons work. The
depleted uranium would be treated in Piketon at a facility that is yet to be completed.
USEC strongly objected to the decision to
withhold loan guarantees, saying it had invested $1.5 billion in the project and secured
another $1 billion in financing.—JJ

DEAD ZONE SMALLER,
BUT MORE SEVERE

N OAA

The Gulf of Mexico’s “dead zone,” an area
where oxygen levels are too low to support
most forms of
life, is smaller
than expected
but more severe
this year, report
scientists at Louisiana Universities
Marine Consortium. Typically
the dead zone
area is limited to
Dead zone in Gulf of
bottom waters
Mexico is smaller than just above the
expected this year.
seafloor, but the
current dead zone
extends closer to the water surface than
usual. Researchers predicted this year’s
dead zone would be comparable with last
year’s, with an area of about 8,000 sq miles,

STYRENE INDUSTRY SUES
TO STOP PROP 65 LISTING
The chemical industry has filed a lawsuit that asks the Superior Court of
California, in Sacramento, to stop state environmental officials from listing
styrene monomer as a “chemical known to cause cancer” under the law
known as Proposition 65. The Styrene Information & Research Center, an
Arlington, Va.-based trade group, argues that styrene does not cause cancer and that its listing as a carcinogen would stigmatize the $28 billion-peryear industry “by creating a false public perception that styrene and styrene
products are dangerous to human health.” California’s Safe Drinking Water
& Toxic Enforcement Act of 1986, commonly called Proposition 65, requires
the state to annually update a list of chemicals known to cause cancer, birth
defects, or other reproductive harm. On June 12, California EPA’s Office of
Environmental Health Hazard Assessment proposed listing styrene and 29
other chemicals under Proposition 65. The office cited a 2002 conclusion
by the World Health Organization’s International Agency for Research on
Cancer that styrene is “possibly carcinogenic to humans.”—GH

but unusual weather patterns reoxygenated the waters, resulting in this year’s dead
zone measuring only 3,000 sq miles. “These
results at first glance are hopeful, but the
smaller than expected area of hypoxia appears to be related to short-term weather
patterns … not a reduction in the underlying cause, excessive nutrient runoff,” Robert Magnien, director of NOAA’s Center for
Sponsored Coastal Ocean Research, said in
a statement. Each year, the dead zone forms
in the Gulf of Mexico when excess nitrogen
and phosphorus from agricultural runoff
stimulate phytoplankton growth, causing
low levels of dissolved oxygen.—BEE

VIDEO ANALYZES
DUST EXPLOSIONS
A half-hour video prepared by the Chemical
Safety & Hazard Investigation Board (CSB)
uses computer animations of real accidents
to explain the cause and prevention of industrial plant accidents due to common combustible dust. A CSB report found that 281
dust accidents have occurred at a wide range
of industries over the past 25 years, killing
119 workers and injuring 718. Most recently, a
dust explosion killed 14 workers at Imperial
Sugar near Atlanta (C&EN, Feb. 18, 2008,
page 5). The animations show how explosive
dust—accumulated over years on plant
equipment, pipes, floors, ducts, dust collectors—is ignited by a simple spark, setting off
a primary explosion, lofting more accumulated dust hidden away in the plant, and leadWWW.CEN-ONLINE.ORG
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ing to deadlier secondary explosions. The
hazard is easily managed and preventable,
CSB notes, but due to a lack of understanding, plant officials and workers often ignore
it. Since 2006, CSB has urged OSHA to issue
enforceable standards for dust. Last April,
OSHA announced its intention to begin
developing regulations. The video discusses
accidents at West Pharmaceutical Services,
in Kinston, N.C.; CTA Acoustics, in Corbin,
Ky.; and Hayes Lemmerz International, in
Huntington, Ind., which together killed 14
workers. It is available at www.csb.gov.—JJ

HEART ILLS LINKED
TO AGENT ORANGE
The Institute of Medicine reports “suggestive but limited evidence” that exposure to
the herbicide agent orange during the Vietnam War is associated with an increased
chance of ischemic heart disease and Parkinson’s disease in veterans. The committee preparing the IOM report notes there is
some evidence that exposure to the agent
orange-contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and herbicides
increases the incidence of ischemic heart
disease and of Parkinson’s, but direct studies linking these health problems to veterans are lacking. IOM strongly recommends
that such studies on Vietnam veterans be
performed. The report is the latest in the
series of biannual congressionally mandated reviews of agent orange exposure
and veterans’ health.—DJH

GOVERNMENT & POLICY

“Technology is
created and used
by human beings,”
Arden L. Bement
Jr., director of
NSF, said in the
opening keynote
address. But, he
added, to really
understand technology, one has to
understand human behavior. “With synthetic biology we have an opportunity to
get this right from the outset, but not without a firm commitment to integrate the
social, behavioral, cognitive, and economic
sciences into our research agenda,” he said.
Bement emphasized NSF’s commitment to weaving social science and environmental studies into research involving
emerging technologies. But when it comes
to engaging citizens in genuine dialogue,
current tools are inadequate, he said.
TRANSFORMING LIFE

Proponents argue
that synthetic biology
has the potential to
improve life as we
know it, but others
caution that the
benefits to society
must be balanced
against the risks.

SYNTHETIC BIOLOGY
Rapidly EMERGING FIELD opens many opportunities
but also poses difficult challenges
BRITT E. ERICKSON, C&EN WASHINGTON

D REAMSTIME

THE FIELD OF synthetic biology has the

potential to solve some of the world’s
most daunting challenges, from reducing
reliance on petroleum to eliminating disease. But as with any new transformative
technology, the potential benefits must be
weighed against the possible risks.
At a two-day meeting last month in
Washington, D.C., hosted by the National
Academies, the Royal Society, and the
Organization for Economic Cooperation
& Development, an international group of
stakeholders debated everything from the
definition of synthetic biology to methods
for engaging the public in dialogue. Concerns about regulatory oversight, safety,
security, and intellectual property rights
were also addressed.
Currently, only a few hundred companies are involved in synthetic biology
worldwide, and the U.S. government is
spending about $30 million per year on it,
according to David Rejeski, director of the
Synthetic Biology Project at the Woodrow
Wilson International Center for Scholars.
But the rapidly growing field is expected
to attract more investment in the years to
come. The situation is much like the early
days of nanotechnology, which started out
small but is now bringing in $1.6 billion per
year in U.S. federal funds.
Unlike nanotechnology, which was clearly defined early on by the National Science

Foundation, there is no universally agreed
to definition for synthetic biology, Rejeski
pointed out. In fact, synthetic biology
means different things to different people.
Some people at the meeting called synthetic biology the equivalent of biological
Legos. Synthetic biologists design and construct building blocks such as DNA, chromosomes, and other cellular components to
create organisms with novel functionalities.
Those promoting the technology, such
as James C. Greenwood, president and
chief executive officer of the Biotechnology Industry Organization (BIO), said that
synthetic biology is nothing more than an
extension of genetic engineering. The difference is that genetic engineers manipulate genomes one gene at a time, whereas
synthetic biologists construct entirely new
biological systems from the ground up,
redesigning cellular pathways to more efficiently produce fuels, catalysts, drugs, and
other useful products.
Some advocacy groups referred to synthetic biology as a radically new, unpredictable technology with unquantifiable risks.
They believe synthetic biology has the potential to create alien forms of life, and they
point to the lack of government oversight.
Nearly everyone at the meeting agreed
that it is important to engage the public in
honest dialogue and include social sciences
in synthetic biology research.
WWW.CEN-ONLINE.ORG
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“NOT SURPRISINGLY, not many people

have heard about synthetic biology,” Rejeski
noted. In a national phone survey and two
focus groups conducted in Baltimore last
year by the Synthetic Biology Project, close
to 90% of the participants said they knew
little or nothing about synthetic biology.
Many people have suggested changing
the name of synthetic biology to make it
more appealing to the public. “It was stunning to watch people react to the term synthetic biology. It pushed buttons that nanotech never pushed for them,” Rejeski noted.
But those working on commercial applications of synthetic biology say now is
not the time to change the name. “It is only
through dialogue that the public can actually become comfortable with the technology. Changing the name potentially delays
the conversation, and frankly, we’d rather
have the conversation now,” Kinkead Reiling, cofounder and senior vice president of
corporate development at Amyris Biotechnologies, told C&EN during a press briefing sponsored by BIO that coincided with
the meeting.
When it comes to safety, many researchers at the meeting said synthetic biology is
inherently safe, emphasizing that synthetic
organisms can’t survive and reproduce outside the laboratory. And because synthetic
biology is an extension of biotechnology, it
is adequately regulated, they noted. Nonetheless, they acknowledged that some
modification of existing safety guidelines
could be in order.

SGI

GOVERNMENT & POLICY

A 1975 conference held in Asilomar,
Calif., was the first to address biosafety
and the risks of genetically modified organisms. That meeting drove scientists
to take responsibility for the risks of their
research, said Jacqueline Corrigan-Curay,
acting director of the Office of Biotechnology Activities (OBA) at the National
Institutes of Health. It also led to federal
guidelines that each institution receiving
NIH funding for recombinant DNA research must follow.
THE NIH GUIDELINES currently do not

cover synthetic nucleic acids, CorriganCuray noted, but the agency has issued a
proposal to include them. NIH has concluded that synthetic biology has “not yet
yielded organisms that present safety concerns that fall outside the current risk assessment framework used for recombinant
DNA,” she said. “As the field develops, we
will need to look at this again.”
NIH guidelines are followed closely
around the world, participants noted.
European Union regulations are “essentially shaped after the pattern of the NIH

guidelines,” said Helge Torgersen, a senior
researcher at the Institute of Technology Assessment of the Austrian Academy
of Sciences. Likewise, the Japanese have
followed similar guidelines, noted Takuji
Wakita, director of the Department of Virology II at the National Institute of Infectious Disease, in Tokyo.
Torgersen agreed that new regulations
are not necessary for synthetic biology
at this time, adding that they could stifle
progress. But he acknowledged that some
adaptation of existing frameworks is needed, particularly with respect to biosecurity.
In the U.S., biosecurity concerns related
to synthetic biology have been addressed
primarily through NIH’s National Science
Advisory Board for Biosecurity (NSABB).
One of NSABB’s recommendations is to
screen all purchases of biological agents
for the potential match to something that
is dangerous, noted Michael J. Imperiale,
a member of NSABB and a professor of
microbiology and immunology at the University of Michigan.
Imperiale emphasized the need for
“better and more uniform screening tools

WWW.CEN-ONLINE.ORG
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so everybody is working on the same page to
determine if something
is dangerous or not.”
He warned researchers,
particularly those who
make large pools of DNA
sequences using molecular-shuffling techniques,
“to be conservative regarding containment and
be prepared for unintended outcomes.”
Regulating the equipment and supplies
needed for synthetic biology projects to ensure biosecurity is not an option, Imperiale
noted, because the tools are surprisingly
low tech, widely available on the Internet,
and relatively inexpensive.
In fact, a number of meeting attendees
pointed out that a do-it-yourself (DIY)
community of synthetic biologists has
sprung up on the Internet, DIYbio.org,
with the goal of making amateur biology
socially responsible and safe. These selfproclaimed “biohackers” are tinkering
with DNA in their basements and garages,
trying to build novel organisms such as

GREEN FUEL

A scientist at
Synthetic Genomics,
in La Jolla, Calif.,
works with solutions
of engineered algae
to create a more
efficient source of
biofuels.

diesel fuel by 2011, according to Reiling.
Other companies are using synthetic
biology to engineer biocatalysts that will
lead to novel, greener ways of making not
only fuels, but also chemicals. Humanitarian efforts, such as engineering microbes to
produce large quantities of a malaria drug
called artemisinin, are also in the works.
The hope is to produce a drug that is more

beer yeast that
makes resveratrol, the heart-healthy compound found in red wine.
“We need to try and identify who is out
there, especially in this DIY community,
and engage them in this dialogue,” so that
they are aware of the potential risks, Imperiale noted.
Closely related to biosecurity is an
ongoing debate in the synthetic biology
community over openness. The engineering and computer science communities,
as well as the DIY folks, advocate living in
an open-source world, one where things
are given away for free. On the other hand,
the biotech community, which is busily
trying to secure intellectual property, such
as patents, in order to get more funding
from venture capitalists, wants to keep its
research protected. The result is constant
tension between the communities.
Innovation can happen only when information is shared, some participants argued.
Others, particularly those from biotech
companies, said obtaining patents and
venture capital funding is key for them to
deliver on the promise of synthetic biology.
ONE AREA that has attracted a lot of at-

tention is production of cheaper, more
efficient biofuels. Some observers say that
much of the excitement around biofuels
has to do with oil companies wanting to secure patents so they can own fuel—something they could never do with gasoline.
Synthetic Genomics—based in California and founded by J. Craig Venter, who is
best known for his work sequencing the
human genome—recently signed a multiyear agreement with ExxonMobil Research
& Engineering to engineer superior strains
of photosynthetic algae for the large-scale
production of biofuels (C&EN, July 20,
page 15). The oil and gas giant is expected
to spend as much as $600 million over the
next five or six years on the project.
Amyris is engineering yeast to produce
a diesel molecule found in apple peels.
The company expects to rapidly scale up
the technology and have a large pool of
WWW.CEN-ONLINE.ORG
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affordable for developing countries.
Over the past few years, researchers
have demonstrated the promise of synthetic biology, and “it is now our challenge
to achieve this promise,” said Drew Endy,
an assistant professor of bioengineering at
Stanford University. This will require “focused investments in technology, science,
and policy,” he said. ■

COMING JANUARY 2010:
Journal of Physical Chemistry Letters,
complementing the Journal of Physical Chemistry,
the #1 most-cited journal in physical chemistry.

Streamlined for speed.
Authors of letters need publication speed for their urgent research results. The
Journal of Physical Chemistry Letters will have the most rapid time to publication
among physical chemistry journals – estimated at 6 to 8 weeks from submission
to web publication.

Editor-in-Chief:
George C. Schatz,
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Careful scientific assessment of your manuscript facilitated by Editors who are
practicing scientists and distinguished leaders in a wide range of research areas
No mandatory author charges for pages, color illustrations, or cover art

Deputy Editor:
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Issue 1 of the Journal of Physical Chemistry Letters launches January 2010.
Submission accepted beginning September 2009. First articles published
November 2009. For more information, go to www.pubs.acs.org/JPCL

SCIENCE & TECHNOLOGY CONCENTRATES

A quantity of ricin smaller than a grain of
sand can kill a person, so researchers are trying to develop sensitive detection methods
for this potent bioterrorism threat. Now,
Li-Qun Gu and colleagues at the University
of Missouri, Columbia, report an aptamerstudded glass nanopore that detects single
molecules of ricin protein (Anal. Chem., DOI:
10.1021/ac9006705). The team attached
copies of a ricin-specific aptamer—a short
RNA sequence that recognizes ricin—to the
surface of a glass nanopore. When a ricin
molecule binds to an aptamer at the narrow
opening of the wineglass-shaped nanopore,
the ionic current through the pore changes.
The researchers detect sequential molecules of aptamer-captured ricin as a series
of stepwise current blocks. Unlike antibodies, aptamers are much smaller than their
targets, so the method is more sensitive
than antibody-coated synthetic nanopores.
It also distinguishes between transient current blockades caused by nonspecific molecules passing through the nanopore and
longer blocks resulting from ricin binding.
In principle, the technique could be used to
detect any molecule for which an aptamer
has been identified.—LAC

NANOPARTICLES INDUCE
POLYMER PATTERNS

ACS NANO (BOTH)

Nanoparticles can cause radially concentric patterns to form in thin films of
block copolymers, according to researchers at NIST (ACS Nano, DOI: 10.1021/
nn9002133). The study deepens understanding of polymer properties and may
lead to a new way to gauge stresses present
in thin films during polymer processing.
Differences in the properties of the chemically distinct segments of block copolymers can cause these materials to assemble
into nanosized cylinder-shaped

PATIENCE, MY DEAR POLYMERASE
When RNA polymerase II (Pol II) transcribes DNA to messenger RNA in
eukaryotes, it must overcome the physical barrier imposed by the wrapping of DNA around histones. It has remained a mystery whether the
enzyme actively unwraps the DNA to
gain access or whether Pol II waits for
the DNA-histone complex to locally
unwrap itself before making a move.
Now, a group led by Carlos Bustamante of the University of California,
Berkeley, has used optical tweezers
to follow a single Pol II molecule as
it processes DNA wrapped around
histones and anchored between two
trapped beads (Science 2009, 325,
626). As Pol II moves along DNA, it
pauses at the DNA-histone complex.
RNA polymerase II (blue) transcribes
DNA (gray) as it unwraps from a
Bustamante and colleagues found
histone (yellow), converting the DNA to
that the frequency and length of the
messenger RNA (red).
Pol II pauses are consistent with Pol
II waiting for DNA to unwrap. “The
polymerase, rather than actively separating DNA from histones, functions
instead as a ratchet” that seizes on unwrapped DNA and transcribes it
before it becomes inaccessible again, then waits for the next opportunity,
the authors write. Modulation of DNA wrapping and unwrapping around
histones could be critical for transcription regulation, they conclude.—JK
COURTNEY HOD GES/UC BERKELEY

APTAMER-STUDDED
NANOPORE
DETECTS RICIN

domains. For years, researchers have used
various “handles” including electric fields
and temperature gradients to control the
microscopic order in block copolymers by
orienting the cylinders. The NIST team,
which includes Xiaohua Zhang, Jack F.
Douglas, and coworkers, reports a new
way to induce such ordering. Introducing
immobilized nanoparticles that span the
copolymer film thickness causes domains
of aligned cylinders to adopt concentric
ring patterns, the team reports. Similarly,
they observe undulating height patterns
in nanoparticle-modified homopolymer
films. The patterns arise from stresses that
build up in the film during thermal treatment and could serve as a diagnostic to
evaluate those stresses,
the group proposes.—MJ
Nanoparticles cause
concentric patterns to
form in films of block
copolymers, as seen in
this artistic rendering
(left) and TEM image
(150-nm-diameter
silica in polystyrenepolymethylmethacrylate).
WWW.CEN-ONLINE.ORG
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GOLD-COATED
QUANTUM DOTS
Scientists have devised a way to make goldcoated quantum dots that retain the desirable optical properties of both the gold and
the nanocrystal. Such gold-coated quantum
dots will allow researchers to perform
both fluorescence and plasmonic imaging
with a single
tag. But making
MORE ONLINE
them is harder
than it sounds because gold can snuff out
the quantum dot’s fluorescence. Xiaohu
Gao and Yongdong Jin of the University of
Washington, Seattle, overcame that barrier
by leaving a gap between the quantum dot
and its glittering shell (Nat. Nanotechnol.,
DOI: 10.1038/nnano.2009.193). They coat
lipid-stabilized, polyethylene glycol-coated
quantum dots with a layer of poly-l-histidine, which serves as a template for gold
deposition. The thickness of the lipid-PEG
layer determines the size of the gap, which
can be tuned with nanometer precision by
adding polyelectrolyte bilayers of polyallylamine hydrochloride and sodium polystyrene sulfonate before adding the peptide
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SAFER, MORE VERSATILE
ACETAMINOPHEN
A simple, hydrolyzed saccharin derivative of
acetaminophen being geared up for clinical
studies is potentially safer and can treat a
broader range of ailments than the parent
compound, acO
O
cording to KenO
neth W. Narducy
S
N
N
of St Charles
H
H
CO2H
Pharmaceuticals,
in New Orleans,
which is develop- SCP-123 consists
of a hydrolyzed
ing the drug. In
saccharin substituent
the latest aspect
(red) clipped onto
of the research,
acetaminophen.
Narducy teamed
up with Mark
L. Trudell and coworkers of the University
of New Orleans to devise a multigram synthesis of the compound, dubbed SCP-123,
in 47% overall yield and better than 99%
purity by crystallization (Org. Process Res.
Dev. 2009, 13, 820). Acetaminophen is one
of the world’s most widely used pain relievers, but it is hampered by low water
solubility and can cause liver damage
at high doses. SCP-123 is just as potent
as acetaminophen at relieving pain but
has better water solubility and significantly diminished liver toxicity. And
unlike acetaminophen, SCP-123 shows
promise for treating neuropathic pain,
which stems from nervous system damage
rather than stimulation of pain receptors.
Last year, St Charles Pharmaceuticals was
awarded a special $3 million grant from the
National Institute of Neurological Disorders & Stroke to help advance SCP-123 to
clinical trials.—SR

COLLAGEN NESTS FOR
CANCER CELL TESTS
Pluck some cancer cells from a tumor,
culture them in the smooth wells of a
plastic plate, and soon their behavior will
change—potentially skewing the results
of assays. By seeding cancer cells onto
textured materials that mimic their native

environment, researchers can build better
assays, according to Olga Hartman, John F.
Rabolt, and their colleagues at the University of Delaware (Biomacromolecules, DOI:
10.1021/bm8012764). Hartman prepared
the scaffolds by electrospinning collagen
and then incubating it with prostate cancer
cells that are ordinarily hard to culture.
Although they are an excellent model of
metastatic prostate cancer, the C4-2B lines
that she used do not adhere well to the
plastic used in traditional tissue culture
and thus are rarely used by researchers. On
Hartman’s membranes with microfibrous
structures, however, the cells thrived and
resisted apoptosis-inducing
drugs as if they were still in the
body. The same cells appeared
OH
far more vulnerable when
drugged in a classic tissue-culture system, making the medications appear more effective than they really
are. With further development, the fibrous
materials could be used in high-throughput
drug screening experiments, Hartman
says.—AAR

MIMICKING
PHOSPHORYLATION
A new adaptation of classic reactivity
constructs phosphorylated protein mimics without using enzymes. The new reacProtein

Protein
O
N
H

N3

P
O–

O–

tion sequence is related to the Staudinger
ligation, which is widely used for labeling
biomolecules, and adds to the tool kit for
probing biological signaling pathways.
Christian P. R. Hackenberger of the Free
University of Berlin and coworkers adapted the Staudinger-phosphite reaction,
which forms phosphoramidates from the
combination of phosphites and azides, to
work under aqueous conditions at room
temperature. Next, they ran the reaction
with a specially designed phosphite that
loses masking groups in the presence of
light. That produced charged phosphoramidates, which differ from phosphates
only by the replacement of an oxygen atom
with an NH group. With that process,
they site-selectively incorporated phosWWW.CEN-ONLINE.ORG
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photyrosine mimics into a protein, which
was recognizable by a phosphotyrosinespecific antibody (Angew. Chem. Int. Ed.,
DOI: 10.1002/anie.200902118). The differential chemical and enzymatic reactivity
of phosphates and phosphoramidates is a
bonus of this work that could be exploited
in future studies, says chemical biologist
Ronald T. Raines of the University of Wisconsin, Madison.—CD

ANSWERS TO MANTLE
OXIDATION MYSTERY
A new study of magma samples from areas
where tectonic plates collide may help
solve a long-standing debate over what
controls the oxidation states of Earth’s
mantle. These oxidizing properties influence the evolution of Earth’s crust and
mantle. On the
basis of data from
magma taken from
volcanoes just
above the mantle
wedge that overlays
a sinking tectonic
plate, scientists
concluded years ago
that Earth’s mantle
is more oxidized
in areas where
tectonic plates are
coming together
than where they’re
spreading apart.
Under polarized
In this new study,
light the glassy melt
inclusions trapped
Katherine A. Kelley
in a volcanic olivine
of the University of
crystal appear as
Rhode Island and
dark spots. Image is
Elizabeth Cottrell
1.5 μ m across.
of the Smithsonian
Institution, in
Washington, D.C., used synchrotron-based
X-ray absorption spectroscopy to study a
variety of volcanic-glass samples from various tectonic areas. They concluded that the
iron oxidation state of lavas increases with
the amount of water in the sample (Science
2009, 325, 605). Scientists already knew
that water comes from the subducting
plate, where one plate slides underneath
another. Cottrell tells C&EN that this work
now shows that the oxidized signature of
the subducting plate, like the water, is also
being transferred to the mantle wedge.
This implies that the oxidation states of
Earth’s surface influence those of deep
Earth.—EKW
COURTESY OF K. KELLEY

and gold. The nanoparticles’ gold shells are
2–3 nm thick. TEM images of the nanoparticles show a clear gap between the quantum dot and its shell because the organic
layers are not dense enough to be seen with
transmission electron microscopy.—CHA
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LEARNING FROM UCLA
Details of the experiment that led to a researcher’s death
prompt evaluations of academic SAFETY PRACTICES
JYLLIAN KEMSLEY, C&EN WASHINGTON

ether to a flame-dried 200-mL flask. Next,
23-year-old chemistry research assistant,
she added 3.0 mL of vinyl bromide and
died from injuries sustained in a chemical
stirred the mixture for 15 minutes at –78 ºC.
fire on Dec. 29, 2008, in a laboratory at the
She then charged the flask with 53.79 mL of
University of California, Los Angeles (C&EN
1.67 M tBuLi in pentane. She further stirred
Online Latest News, Jan. 22).
the mixture for two hours, then moved it to
The incident has trained a spotlight on
a 0 ºC bath for 30 minutes, and finally took
safety practices in academic
it back to –78 ºC.
labs, with researchers
Separately, she added 6 mL of ether and
WEIGH IN AND
highlighting the need for
3.90 mL of 4-undecanone to another flameREAD MORE AT
awareness of risks and
dried flask and cooled the mixture. She then
CENBLOG.ORG
regular hazard assessused a double-tipped needle to transfer the
ments, while cautioning
material to the tBuLi flask. She stirred the
against developing an adversarial relationship with campus environmental health and safety officials.
Before researchers can learn from
what went wrong, however, they must
first understand what happened.
Sangji had started work in the lab of
Patrick Harran, a chemistry professor
at UCLA, on Oct. 13. According to copies of Sangji’s lab notebook obtained
from UCLA through a California Public
Records Act request, Sangji planned in
December to scale up a reaction she’d
run once before, on Oct. 17, to produce
4-hydroxy-4-vinyldecane from either
Sangji
4-undecanone or 4-decanone—the
structure and molecular weight written in her lab notebook are inconsisreaction at –78 ºC for two
Although it wasn’t part of her experiment,
REACTION
Sangji’s lab
tent with the named reagent.
hours, then warmed it to
an open flask of hexane was also in the
notebook reveals
The first step of that reaction was to
–10 ºC before quenching
hood and Sangji knocked it over. The tBuLi
that she planned
generate vinyllithium by reacting vinylthe reaction with 80 mL of
ignited and the solvent caught fire, as did
to react vinyl
bromide with two equivalents of tert-bu- bromide with tert- NaHCO3. Her crude yield
Sangji’s clothes. She was wearing nitrile
butyllithium as
tyllithium (tBuLi), a pyrophoric chemiwas 3.60 g of 4-hydroxy-4gloves, no lab coat, and no one remembers
the first step of a
cal that ignites spontaneously in air.
vinyldecane, or 86.75%.
if she was wearing eye protection.
larger synthesis.
That’s an acceptable way to apAt the end of DecemAlthough there was a safety shower in
proach the synthesis Sangji was doing,
ber, Sangji’s goal was to
the lab, Sangji did not use it. Instead, Weisays E. J. Corey, a Nobel Laureate and
generate three times that
feng Chen, a postdoctoral researcher in
chemistry professor at Harvard University.
amount of material—a “moderate” scale
Harran’s group who was cleaning up one
A Grignard reagent could be used instead
reaction, Harran said, according to a tranof the lab’s benches, wrapped a lab coat
of vinyllithium to do the addition to the kescript of his interview with Joel E. Aplin
around Sangji to try to put out the fire. “She
tone, Corey says, but side reactions would
and Maurice S. Jurado, deputy fire marwas screaming and was moving around
reduce the yield. And the best way to genershals at UCLA, that was obtained by C&EN
and I was attempting to wrap her tightly,”
ate a clean lithium reagent, Corey says, is to
through a public records act request.
Chen told Cal/OSHA Investigator Ramon
use two equivalents of tBuLi (J. Am. Chem.
Using information from the notes and
Porras. Chen abandoned the lab coat when
Soc. 1972, 94, 7210).
When Sangji had done the reaction in
See Sangji’s full notebook pages and other investigation
MORE ONLINE
October, she added 28 mL of anhydrous
documents by clicking on this story at www.cen-online.org.
UCLA

COURTESY OF NAVEEN SANGJI

ON JAN. 16, Sheharbano (Sheri) Sangji, a

reports from the UCLA fire marshal, UCLA
Fire Department, UCLA Police Department, UCLA Environmental Health &
Safety Office (EH&S), Los Angeles City
Fire Department, and California Division of
Occupational Safety & Health (Cal/OSHA),
also obtained through public records requests, C&EN has tried to put together
as detailed an account as possible of what
happened to Sangji that day.
Sangji was working on a nitrogen manifold in a fume hood in a lab on the fourth
floor of UCLA’s Molecular Sciences Building. She had titrated the tBuLi twice to
determine its concentration—1.69 M—and
needed 159.5 mL of the reagent to react
with 9.0 mL of vinyl bromide. She was
drawing up the tBuLi in roughly 50-mL aliquots in a 60-mL plastic syringe equipped
with a 1.5-inch, 20-gauge needle.
For unknown reasons, the syringe
plunger came out of the barrel and the
tBuLi was exposed to the atmosphere.

WWW.CEN-ONLINE.ORG

BLACK YELLOW MAGENTA CYAN

29

AUGUST 3, 2009

pg029xCENxAUG03.pgs 07.29.2009 16:35

ACS

SCIENCE & TECHNOLOGY

it started burning. He then started pouring
water on Sangji from a nearby sink, while
she sat on the floor.
Hui Ding, a postdoctoral researcher in
an adjacent lab, heard Sangji screaming. He
went into the lab and saw Chen trying to put
out the fire. Ding also saw that “the tip of
the reagent bottle was positioned sideways
and was also on fire,” he told Porras. Ding returned to his lab and called 911, then checked
on Chen and Sangji again before going to get
Harran from his office on the floor above.
When Ding returned to the lab with Harran, Harran saw that Sangji’s hands, torso,
and neck were burned. “Her clothing from
the waist up was largely burned off and
large blisters were forming on her abdomen and hands—the skin seemed to be
separating from her hands,” he told Porras
in an e-mail. Sangji was conscious, asking
for more water, where emergency responders were, and for someone to call her roommates. When Harran heard sirens, he went
down to the road to tell the emergency
personnel where they needed to go.
UCLA POLICE DISPATCH recorded the 911

call at 2:54 PM as an “unknown type chemical fire.” Emergency crews were dispatched
at 2:57 PM, and Christopher Lutton, a
UCLA deputy fire marshal; a fire engine;
and emergency medical personnel arrived
at the building at 3:01 PM. Lutton donned
full protective gear and went up to the lab to
assess the situation, with dispatch recording at 3:06 PM that the fire was out upon
arrival. Lutton cleared the other emergency
responders to go up to the lab. Once medical personnel arrived, Sangji was put on a
rolling chair and moved under the safety
shower for decontamination. She was then
transported to UCLA Ronald Reagan Medical Center. From there she was transferred
to Grossman Burn Center, in Sherman
Oaks, Calif., where she died on Jan. 16.
Harran told Cal/OSHA and fire marshal
investigators that the lab generally follows
Aldrich Technical Bulletin AL-134 for handling air-sensitive reagents. The bulletin
first recommends heating glassware in an
oven to eliminate any adsorbed moisture,
then cooling it in an inert atmosphere.
Sangji refers in her notebook to using
flame-dried flasks and the syringe found at
the scene was plastic.
Additionally, if a researcher is using a
syringe to transfer the reagent, the bulletin
says to use a 1- to 2-foot-long needle. The
Cal/OSHA report says that Sangji’s was 1.5
inches.

The Aldrich bulletin also recommends
pressurizing the reagent bottle with highpurity dry nitrogen such that the pressure
in the bottle pushes out the syringe plunger. “The plunger should not be pulled back
since this tends to cause leaks and create
gas bubbles,” the bulletin says.
But Harran told fire marshal investigators that he prefers not to pressurize the
bottle to push out the material. “I find that
a little dangerous because then it can jump
on you,” he told Aplin and Jurado. Harran
said that he favors using a nitrogen line
with a bubbler, under enough N2 pressure
so that as he withdraws the syringe plunger
to pull in reagent, the bubbler keeps going.
“Aldrich recommends regulating the
inert gas to about 3 to 5 psi to pressurize the
bottle,” says Mark Potyen, a R&D scientist
at Sigma-Aldrich. “Through a 16-gauge needle, the largest Aldrich recommends, the
movement of the plunger is manageable
and is a safer technique than pulling the
plunger of the syringe to use the reduced
pressure in the syringe to draw up the material.” This is partially why Aldrich recommends glass rather than plastic syringes,
Potyen says, because pressure at 3 to 5 psi
cannot push up a plastic syringe plunger.
Aldrich also recommends using a syringe that is twice the volume that you
intend to deliver and advises against reusing syringes for multiple transfers, Potyen
says, since a dirty syringe could result in a
locked-up barrel.
For amounts larger than 50 mL, Aldrich
advocates that researchers transfer the
reagent by cannulating, or using a doubletipped needle to transfer the reagent under
pressure from the bottle into a sealed graduate cylinder, then again from the cylinder
into the reaction flask.
“I would have preferred that [Sangji]
had done the cannula technique,” Harran told Aplin and Jurado. “We use both
methods in the laboratory. …. I don’t know
if she had done the cannulation technique
previously, so she may have been repeating
the procedure that she had done simply on
a larger scale.”
Although Harran told Cal/OSHA Investigator Porras that he talked with Sangji
on the morning of Dec. 29 about what she
planned to do that day, he did not indicate
whether they discussed specific experimental procedures.
Looking at what actually went wrong
with Sangji’s experiment, there is not
enough information available to say for
certain. In the materials obtained by
WWW.CEN-ONLINE.ORG
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C&EN, no one docuEQUIPPED
Davis dons
mented the state of the
goggles,
hood immediately after
gloves, and a
the accident. And alflame-resistant
though Fire Marshal Lut- lab coat to do
experiments at
ton took photographs of
the scene, he did so after Dow.
fire officials asked Harran to shut down the experiment to ensure that the hood was safe.
Postdoc Ding noted that, when he first entered the lab, a reagent bottle was sideways
and on fire—but he did not say whether that
was the tBuLi bottle or the hexane flask. If it
was the tBuLi bottle, and it was not clamped
as specified by the Aldrich bulletin, it could
have been a clue that perhaps Sangji, using a
needle too short for the reagent bottle, had
upended the bottle in one hand while trying
to handle a 60-mL syringe with the other,
and things went awry from there.
Alternatively, although Harran told
C&EN in an interview in May that he remembered that the bubbler on the nitrogen
manifold was active when he later returned
to the lab and shut down the experiment,
he couldn’t recall if the port to the tBuLi
bottle was open. Perhaps Sangji had simply
forgotten to turn on the gas to the bottle,
then pulled too hard on the syringe plunger, not realizing that she was fighting a lack
of pressure in the bottle.
Other possibilities include that the
tBuLi reacted with moisture in the undried
syringe, or with air that got into the syringe
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AFTER GRADUATING from Pomona,

Sangji went to work at Norac Pharma, in
Azusa, Calif. Daniel Levin, president of
Norac Pharma, says that, although he can’t
disclose the specific chemistry Sangji did
for the company, she did not work with pyrophoric materials. He adds that, although
he thought Sangji had more research experience than average for a chemist with
a bachelor’s degree, she was still closely
supervised in both the planning and execution of her experiments at the company.
At UCLA, Harran told Aplin and Jurado
that Sangji had trained with an unnamed
postdoctoral fellow who had done the
tBuLi procedure multiple times. Sangji
“had executed it successfully, I think three
times, previously,” Harran said.
But UCLA has no evidence that Sangji

used tBuLi more than once before the day
of the incident, says university spokesperson Carol Stogsdill. “However, her résumé
and work history show that she was familiar with pyrophorics—and, importantly,
the techniques we use to handle t-butyllithium are common to those employed
when handling a wide range of air- and/or
moisture-sensitive chemicals,” Stogsdill
says. Sangji “had prior experience with
those techniques and was further trained
in them in Dr. Harran’s lab.”
Because Sangji was an employee rather
than a graduate student, Cal/OSHA investigated the incident; as a result of the investigation Cal/OSHA fined the university
$31,875 (C&EN, May 11, page 7). The agency
cited the UCLA chemistry and biochemistry department for lack of training; failure
to document training; failing to correct
unsafe laboratory conditions and work
practices identified in an Oct. 30, 2008,
inspection of Harran’s lab; and failing to
ensure that employees wore appropriate
personal protective equipment (PPE),
such as lab coats.
On the training front, prior to the incident, the UCLA EH&S office conducted
general laboratory safety training at the
beginning of every quarter, while principal
investigators provided laboratory-specific
training.
Having started in mid-October, Sangji
missed the EH&S training and would have
been expected to attend in January, says
James Gibson, director of EH&S. Neither
Chen nor Ding had received general safety
training from EH&S, either—Chen started
at UCLA on Oct. 10, 2008, and Ding told Cal/
OSHA investigator Porras in January that he
had been at UCLA for four months. Harran
and UCLA maintain that all researchers had
the laboratory-specific training needed to
perform their work safely. EH&S now provides general safety training monthly, and
researchers cannot receive keys to their labs
until the training is complete, Gibson says.
UCLA has also now purchased flameresistant lab coats for researchers using
flammable reagents.
The October laboratory inspection was
the first for the Harran lab since the group
had moved to UCLA from the University
of Texas Southwestern Medical Center
on July 1, 2008. Several of the violations
described in the inspection report involve
things that could be due to differences in
Texas versus California law. The report
notes that gas cylinders were not properly
restrained, for example, and California
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requires that gas cylinders have two straps
whereas Texas requires only one.
Other violations flagged in the inspection
include keeping more than 10 gal of flammable solvents outside of the flammable
storage cabinets, and that lab researchers
were not wearing PPE. UCLA’s standard
practice is to correct such deficiencies at the
time of the inspection and in a Nov. 5, 2008,
e-mail to Harran, UCLA Chemical Safety
Officer Michael Wheatley says that the lab
“was able to correct some deficiencies on
the spot,” although he doesn’t specify what
those were. But in the aftermath of the incident Cal/OSHA investigators again flagged
flammable solvent storage and PPE issues,
noting that photos of the lab taken after the
incident showed approximately 14 gal of
flammable liquids inside a hood, and Sangji
was not wearing a lab coat.
Generally, UCLA rules at the time gave
Harran 30 days to correct the deficiencies.
In that Nov. 5 e-mail, Wheatley asked Harran to set up a time to go over the report.
Harran replied on Nov. 12, asking if
J OHN PALMER/ UC SAN DIEGO

DOW CHEMICAL

while Sangji was pulling up the reagent. Or
Sangji was on her second or third transfer
with a used syringe, it locked up, and she
tried to release it.
Last but not least, since she was using a
60-mL syringe for 50 mL or more of tBuLi,
perhaps she simply overshot while pulling
out the plunger.
Los Angeles Fire Department investigators were able to speak briefly with Sangji
at the emergency room, where she told
them that “she pulled the plunger out too
far, the plunger came out of the housing of
the syringe, and the chemical spilled out
and flashed.” She also told them about the
spilled hexane.
But UCLA fire marshal investigators
never spoke with Sangji, despite being told
on Jan. 6 that she could be interviewed.
Sangji’s family also did not discuss the incident with her while she was in the hospital,
says her sister, Naveen Sangji, because they
were trying to stay focused on the positive
and “we thought we had all the time in the
world to get to the unpleasant stuff.”
Whether Sangji should have been doing
the experiment under closer supervision is
an open question. Both Harran and Kevin
S. Reed, UCLA’s vice chancellor for legal
affairs, have said in written statements that
Sangji was an experienced chemist. Sangji
graduated from Pomona College in May
2008 with a bachelor’s degree in chemistry.
While at Pomona, she spent three years
working for chemistry professor Daniel
O’Leary doing peptide chemistry. Neither
of her published papers involves alkyllithium or similarly hazardous reagents (Org.
Lett. 2005, 7, 5721; J. Am. Chem. Soc. 2006,
128, 7754).

the meeting could
wait until his group
moved out of their
temporary labs and
into their permanent location, which
was still under construction. “Our labs
on four are overcrowded and disorganized,” Harran wrote.
“I wasn’t planning to be in temporary space
for this long. We should be moving soon.”
“That should be no problem,” Wheatley
responded. The labs did not relocate until
early January.
Gibson says that UCLA historically has
inspected labs once a year, and new labs
were simply added to the cycle without
PYROPHORIC A

recommended setup for syringing
tert-butyllithium
includes inert gas
supply and venting
to a bubbler, as well
as a glass syringe.
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SANGJI’S FAMILY has been very unhappy

with how the various investigations have
gone, Naveen Sangji says. She notes that,
except for Cal/OSHA Investigator Porras,
everyone else directly involved in investigating the incident was a UCLA employee.
She also questions Cal/OSHA’s thoroughness, given that the Cal/OSHA report says
Sangji was syringing 20 mL of tBuLi, not
three 50-mL aliquots.
“We feel like we’ve gotten nowhere
with the state agencies and the university,”
Naveen says. “We think it’s time for the
district attorney to step in and figure out
what’s going on. We want to know who was
responsible and who failed in their duties to
make sure Sheri was safe at work, and those
people should answer for their failures.”
The family wrote to the American
Chemical Society on July 6, asking the society to issue a public statement reprimanding Harran for disregarding the safety of his
researchers, and to demand full disclosure
of the events of the day.
In her July 17 response to the letter,
Madeleine Jacobs, executive director
and chief executive officer of ACS, which

publishes C&EN, writes that “issuing a
rebuke to a specific individual or individuals is not an option consistent with our
role. There are entities, such as Cal/OSHA,
which investigate and apportion blame in
these circumstances, and we are obliged to
respect their oversight role.” Jacobs adds
that “there may be an opportunity for ACS
to develop a statement that highlights the
tragedy of deaths such as
Sheri’s as compelling examples of the need for stronger
safety practices in academic
laboratories.”
Anna Davis, who is
approaching her first anniversary as a research scientist working on catalyst
discovery for water-soluble
polymers at Dow Chemical,
agrees that academic lab
safety could be improved.
She says that safety at Dow
is generally much more a
part of the laboratory culHarran
ture than in the academic
institutions at which she’s worked. Davis
received her Ph.D. from UC Berkeley and
did postdoctoral research at Northwestern
University.
“I was fortunate to work for professors
that took safety seriously,” Davis says, “But I
think that the culture varies too much from
one research group to another” in academia,
and consequences are minimal when something bad happens. In contrast, at Dow it’s
emphasized from day one that, no matter
what your job is or where you work, safety is
a job expectation and is a critical part of your
job performance, Davis says.
When asked whether the emphasis on
safety is a deterrent to being open and honest when things go wrong in the lab, Davis
responds: “You’re certainly going to get
in trouble if you’re lax about safety here.
But I think that if you do an earnest job of
trying to follow safety practices, then no, I
wouldn’t say that you’re afraid to discuss a
near miss or an accident.”
Sangji’s death has inspired at least some
members of the academic chemistry community to take stock of the safety procedures in their labs. Robert M. Waymouth, a
chemistry professor at Stanford University,
works in the area of organometallic chemistry and catalysis. Although Waymouth
typically spends part of every group meeting discussing safety issues that come up in
his group, news of the UCLA fire inspired a
meeting devoted entirely to talking about
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what was known about the incident and
whether any lab procedures should be
changed, Waymouth says.
In keeping with federal OSHA lab standards, certain things in his lab have always
had trigger points—for example, using
more than 500 mL of an extremely flammable solvent like diethyl ether—that require
an explicit risk assessment. In those cases,
the researcher doing the
experiment must fill out
a form and go over it with
someone else, to explain
what they’re doing and
why and to review the appropriate safety procedures
if something goes wrong.
And everyone in the lab is
informed of the experiment
so the group knows what’s
going on.
That protocol now applies to any reaction involving tBuLi. The group’s labsafety manual has also been
revised to contain more
explicit directions regarding use of PPE,
Waymouth says.
Waymouth emphasizes that evaluating
safety risks needs to be a constant and ongoing thing. Safety shouldn’t be something
done at a training seminar and then forgotten, he says. Faculty “need to make sure
that there’s an awareness in the real dayto-day environment about what’s the best
way to do things safely,” he says. “You need
to establish a safety environment where
people can encourage others to have safe
practices and not be embarrassed about it.”
And just as essential, lab workers “have
to have the mind-set that something can
always go wrong,” Waymouth says. “If you
have thought about it beforehand, you will
be more prepared to deal with it. If you’re
surprised, then it is more difficult to respond
rationally. A prepared mind is the most important safety attitude that you can have.”
Tom Welton, head of the department
of chemistry at Imperial College London,
would agree. Risk assessments in the U.K.
started to become part of the research culture there about 20 years ago—when Welton was a postdoctoral researcher—after
an incident at the University of Sussex.
A third-year graduate student at Sussex
was distilling a triacetylene under nonstandard conditions, says Anthony McCaffery,
a Sussex chemistry professor who was head
of his department at the time. The apparatus exploded, blowing out a window and
COURTESY OF PATRICK HARRAN

necessarily getting additional support from
EH&S officers during the setup period.
UCLA is considering how to remedy that
gap, Gibson says.
Gibson also says that, although the incident occurred over the winter holiday for
the university and administrative offices
were closed, UCLA expects that research
labs will generally be open 365 days per year.
The California State Fire Marshal Arson
Bomb Investigation Division reviewed
the information collected by UCLA fire
marshal investigators and concluded that
the incident was an accident and closed the
case. Although UCLA requested that the
California Office of the State Fire Marshal
review the Aldrich-recommended syringe
procedure to see whether it meets the firecode requirements for a closed system for a
solid or liquid hazardous material, the state
fire marshal declined to consider the matter, says Ernie Paez, chief of the South Fire
& Life Safety Division of the Office of the
State Fire Marshal.
Cal/OSHA is reviewing the incident, as
is standard for a case involving a fatality, to
determine whether to forward its findings
to the Los Angeles district attorney’s office
to evaluate whether criminal prosecution is
warranted. UCLA has withdrawn its appeal
of Cal/OSHA’s citations (C&EN, June 29,
page 30).
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Lab workers “have to have the mind-set
that something can always go wrong.”
embedding a large piece of metal in the student’s abdomen. The researcher lost a foot
or two of his intestine, if McCaffery recalls
correctly, and returned to the school to finish his Ph.D. after recovering from his injury.
The U.K. government had recently created the country’s Health & Safety Executive to prevent death, injury, and ill health
in workplaces. The Sussex incident was the
first case the agency decided to prosecute.
“I was required to appear in the local Magistrate’s Court and the County Court to
defend the indefensible, since they charged
us with failure to carry out a proper risk assessment, which was not a widely accepted
procedure in university research at the
time,” McCaffery says. The university pled
guilty and was fined.
THE END RESULT for academic chem-

istry research in the U.K. was that risk
assessments have become an integral part
of experiments. The assessments don’t
apply just to chemical reactions but also
to equipment such as lasers. The initial assessments were “much like some kind of
legal record where if we got sued we could
say we’d done this,” Welton says, but the
paperwork has evolved over the years into
a simple table that is printed on one side of
every page spread in his department’s lab
notebooks—risk assessment on the left,
experimental notes on the right. “Twenty
years ago, it was very much about a legal
defense should it be necessary,” Welton
says. “Now it is about making the person
engage in the risk management of what
they’re doing.”
Chemistry students in the U.K. start
doing risk assessments in their very first
undergraduate lab, so the process is second
nature by the time they get their bachelor’s
degree, Welton says. He adds that the training is critical not just from a safety perspective, but also for future employment. “If we
don’t train students in risk management and
safety procedures, then we’re not training
them for employment in modern industry,”
Welton says. “If we want someone to turn
up in a job and be productive, they can’t do
that if they’re not safety aware.”
UCLA has made significant changes to
its health and safety program in the aftermath of Sangji’s death, beyond fixing the
specific issues identified by Cal/OSHA.

UCLA laboratory safety inspections have
been standardized and expanded. Items
identified as critical—for example, missing
or inoperable fire extinguishers or eyewash
stations, or lack of PPE—must be corrected
within 48 hours; other deficiencies, within
30 days. Gibson’s office is working to develop a computer system that will streamline
much of the inspection process.
University research labs are also now
required to quantify chemical, biological,
and other hazards; to assess risks based on
laboratory activities; specify appropriate
PPE; and train all lab personnel in the appropriate use of PPE for their experiments.
And if a lab balks at any point? Chancellor Gene Block “has made it very clear in
his communications that EH&S has the authority to shut down labs, and we take that
responsibility very seriously,” Gibson says.
If a lab is shut down, it can’t reopen until
the professor appears before the university’s newly formed safety committee and
provides an action plan to improve safety
in the lab.
The safety committee recently issued
its first report to the chancellor. It said that
UCLA still has more to do to develop a topdown culture of safety consciousness and
suggests that reward systems should be
developed to encourage compliance with
safety procedures in labs. It also says that the
university needs to increase accountability
and oversight, improve and expand outreach
and training, improve laboratory design, and
improve inventory and record keeping.
As UCLA works to develop a new safety
culture on campus, it needs to watch that
an adversarial relationship doesn’t build up
between researchers and EH&S officers,
says Rick L. Danheiser, a chemistry professor and chair of his department’s safety
committee at Massachusetts Institute of
Technology. MIT has twice won the ACS
Division of Chemical Health & Safety’s
College & University Health & Safety
Award, in 1991 and again in 2005.
In Danheiser’s opinion, the key to his
department’s success in developing a safe
laboratory environment is that the department recruited graduate students and
postdocs to help develop the policies and
procedures that they would be expected to
follow. “Everything is done in groups that
involve the faculty and graduate student or
WWW.CEN-ONLINE.ORG

BLACK YELLOW MAGENTA

34

postdoctoral researchers so that all regard
it as an enterprise that we are all involved
in,” Danheiser says. “In my experience
that’s really important in ensuring that
there’s full compliance.”
This approach includes having faculty
and student members of the safety committee participate in unannounced laboratory inspections twice a year. Having that
self-inspection component also helps
prevent adversarial relationships from
developing between researchers and safety
officials, Danheiser says.
When Danheiser talks to new students
and postdocs joining his lab, he emphasizes
to them that it is their responsibility to
evaluate whether or not they are comfortable performing an experiment. “I expect
them to be able to make the determination
whether they are certain they have enough
knowledge and experience to do an experiment safely,” Danheiser says. If not, then
they need to seek assistance from others in
the group, him, the department safety coordinator, or even from MIT EH&S.
Danheiser adds that one issue of concern at MIT has involved postdocs who
were trained in other countries and thus
are used to a different laboratory culture.
“It’s sometimes more difficult to retrain
them to follow the rules we have, as compared to a beginning graduate student,”
Danheiser says.
IN THOSE CASES, it’s not only important

to have the faculty adviser make the rules
clear, but also to have a culture that reinforces them through peer pressure in the lab,
Danheiser says. “If the great majority of people enthusiastically comply with the safety
program and support it and understand why
all of the rules are in place to protect people,
then they can police themselves.”
One of the challenges in lab safety is that
the lab setting becomes very familiar to
people who work in it day in and day out.
“When you do something over and over,
your perception of the risk may change
even though the risk itself doesn’t change,”
says Lawrence M. Gibbs, associate vice provost for EH&S at Stanford. His department
tries to use information about incidents
to remind researchers not to get too comfortable. In that way, hopefully something
positive can come out of Sangji’s death. “It
was a tragic, tragic incident,” Gibbs says.
“We all have to learn from it and use it as
reinforcement to help people understand
the potential risks of working with highhazard materials in this environment.” ■
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Reversing aging was once only fiction, but a special
diet might ADD YEARS to the human life span
LAURA A. CASSIDAY, C&EN WEST COAST NEWS BUREAU
ALTHOUGH Paul McGlothin and Meredith

normal aging slowed, but calorie-restricted
Averill are in their early 60s, the married
animals are also less likely to develop agecouple from New York State says that they
associated diseases such as diabetes and
feel at least 20 years younger. This is no
cancer. In mice fed a calorie-restricted diet,
idle claim: Their blood pressures, resting
these effects translate to a greater than
heart rates, and body fat percentages rival
30% increase in life span.
those of Olympic athletes. The slender duo
Nobody knows for certain why caloric
is often mistaken for being much younger
restriction has such extreme health benthan their years. “Meredith doesn’t have
efits, but scientists believe that from an
any wrinkles,” McGlothin points out. “She
evolutionary standpoint, it may help organnever wears makeup, but her face looks
isms cope with periods of famine. Pankaj
better than actresses who’ve had all
Kapahi, an assistant profeskinds of plastic surgery.” So what’s
sor at the Buck Institute for
their antiaging secret? For the past
Age Research, in Novato,
RUNNING STRONG
16 years, McGlothin and Averill have Although in their
Calif., says: “You can imag60s, McGlothin
been eating a carefully controlled,
ine that whenever food
and Averill enjoy
calorie-restricted diet.
is limited in the wild, the
health,
Scientists have known for decades excellent
which they attribute animal goes into a sort of
that caloric restriction—reducing
stasis. Then, when food is
to a lifestyle of
caloric restriction.
calorie intake without malnutriabundant, it will come out
tion—slows aging and extends life
span in model organisms ranging
from yeast to mice. Exactly why
and how it confers these benefits
in animals, and whether similar effects could be attained in humans,
have been a mystery. Now, a flood of
recent discoveries has brought scientists closer than ever before to the
elusive Fountain of Youth.
Caloric restriction is about more
than just being thin and fit. Something about eating a diet that is low
in calories but nutritionally complete causes a dramatic reprogramming of cellular metabolism that
can’t be replicated by exercise or
by eating smaller amounts of highcalorie foods.
In laboratory animals such as fruit
flies, roundworms, and mice, caloric
restriction switches biochemical
pathways on or off, resulting in
higher insulin sensitivity, decreased
inflammation, enhanced cardiovascular functioning, reduced muscle
wasting with age, and improved resistance to cellular stress. Not only is
WWW.CEN-ONLINE.ORG
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THE “WHY” of caloric restriction could

forever be a mystery, but the past five
years have witnessed impressive progress
in elucidation of the “how.” According to
Kapahi, a major goal of aging research has
been to understand the mechanism of caloric restriction. As a postdoctoral fellow
in Seymour Benzer’s lab at California Institute of Technology, Kapahi discovered that
inhibiting the target of rapamycin (TOR)
signaling pathway extends the life span of
the fruit fly Drosophila melanogaster (Curr.
Biol. 2004, 14, 885). Through the activity of
the TOR protein kinase, the TOR pathway
controls cell growth in response to nutrient availability.
The results led Kapahi to wonder whether the TOR pathway, which is evolutionarily conserved in organisms ranging from
yeast to humans, might be the missing link
between caloric restriction and long life
span. “I found that flies with mutations
that reduce TOR signaling didn’t
get further health benefits by caloric restriction,” he explains. These
so-called epistasis experiments, in
which the effects of one intervention (for example, caloric restriction) are masked by the effects of
another (such as TOR mutation) in
the same pathway, suggested that
reduced TOR signaling is at least
partly responsible for life span extension by caloric restriction.
Further studies in invertebrate
model organisms (Science 2005,
310, 1193) provided compelling
evidence for the vital role of TOR
signaling in caloric restriction and
aging, but data from higher animals
were lacking. Last month, this situation changed when Richard A.
Miller, a professor at the University
of Michigan, and coworkers reported that rapamycin, a bacterial
natural product that inhibits the
TOR kinase, extends the life span of
mice (C&EN, July 13, page 26; Nature 2009, 460, 392). In an accompanying commentary in Nature,
COURTESY OF PAUL MCGLOTHIN & MEREDITH AVERILL

THE CURIOUS CASE OF
CALORIC RESTRICTION

of that state and start eating so it can reproduce.” By shutting down growth and reproductive processes when food is scarce, the
animal’s body can focus all of its metabolic
resources on survival, which could improve
the efficiency of energy production or the
clearance of damaged cellular proteins. By
eating less, modern humans might engage
these ancient pathways to extend life span.
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tured much of the limelight in recent years,
other biochemical pathways such as the
insulin/insulin-like growth factor 1 (IGF-1),
AMP kinase, and Sir2 pathways likely play
supporting parts, at least under some
conditions. “The conclusion that people
are coming to is that all of these signaling
pathways that respond to growth factors
and nutrients are talking to each other,”
Kaeberlein says. “I think a very appealing
hypothesis is that TOR coordinates several
of the responses that go along with caloric
restriction, including turning down protein
synthesis and modulating the response to
glucose and the insulin pathway.”

O

ALTHOUGH the TOR pathway has cap-

Nevertheless, some researchers have
intake to improve health and slow aging.
been skeptical that caloric restriction
Members of the society, which include
could extend human longevity. And the
McGlothin and Averill, sometimes refer to
enormous cost and logistical difficulties of
themselves as “CRONies” (Caloric Restricstudying caloric restriction in humans over
tion with Optimal Nutrition).
the course of an approximately 80-year life
Results are encouraging (Proc. Natl.
span makes most such studies unfeasible.
Acad. Sci. USA 2004, 101, 6659). “The data
Last month, however, a research team led
suggest that most of the metabolic adapby Richard Weindruch, a professor at the
tations to caloric restriction in mice and
University of Wisconsin, Madison, remonkeys are also occurring in humans,”
ported groundbreaking findings from a 20Fontana says. “On the basis of their metayear study of caloric restriction in a close
bolic profiles, CRONies have practically
human cousin, the rhesus monkey (Science
zero risk of developing cardiovascular
2009, 325, 201). The monkeys, which were
disease or stroke. We’ve also measured the
placed on calorie-restricted diets at 7–14
elasticity and efficiency of the left ventricle
years old, are now in old age.
and found that these people have hearts
The effects of caloric restriction were
that are 15 years younger in terms of biolodramatic: Calorie-restricted monkeys
gy,” he says. In addition, “preliminary data
not only appeared younger, but they also
suggest that many hormones and growth
showed significantly reduced incidences
factors implicated in cancer are also reof diabetes, cancer, and cardiovascular
duced,” he says.
disease, as well as age-associated brain atFontana notes one important differrophy and muscle wasting. Compared
ence, however, in the effect of caloric
with calorie-restricted monkeys,
restriction in humans and in mice: Mice
control animals had a threefold
on calorie-restricted diets show a
O
higher rate of death from an
30–40% reduction in IGF-1 levels,
O
H
OH
age-related cause.
but this reduction does not take
O
N
OCH3
At the time of the report,
place in humans. The implicaH
the calorie-restricted montions of this finding are currently
keys had an 80% survival
unclear, but low IGF-1 levels
O
H
rate, whereas only
have been linked
OCH3
OH
O
50% of the control
with increased life
animals were still
span and reduced
OH cancer risk. Fontana
alive. Although WeinOCH3
druch and coworkers
discovered that strict
won’t know for another
vegetarians (vegans) on a low-calRapamycin
15 years whether caloric restriction
orie, low-protein diet have reduced
extends the maximum life span of rhesus
IGF-1 levels (Rejuvenation Res. 2007, 10,
monkeys (normally about 40 years), these
225). “I asked six of the CRONie people to
results clearly demonstrate that caloric
go for three weeks on a diet that contains
restriction lengthens the average life span
the same amount of calories they normally
of a primate species. The finding bodes well
consume, but lower protein, and, in fact,
for the prospects of extending human lonIGF-1 levels dropped,” Fontana says (Aggevity through caloric restriction.
ing Cell 2008, 7, 681). These results raise
Studies so far show definite health
the possibility that in addition to caloric
benefits for practitioners. Luigi Fontana, a
restriction, protein restriction might be
research associate professor of medicine at
important for slowing aging in humans.
Washington University in St. Louis and diCould the effects of caloric restriction
rector of the Division of Nutrition & Aging
lengthen the human life span beyond
at the Italian National Institute of Health,
roughly 120 years? “I’m positive that cain Rome, has been studying members of
loric restriction will work in humans to
the Calorie Restriction Society, a group
extend median life span,” Fontana says. “In
of people who voluntarily restrict calorie
terms of maximum life span, I don’t know.”
O

Matt R. Kaeberlein and Brian K. Kennedy,
assistant professors at the University of
Washington, Seattle, note that these findings “make TOR the first protein that has
been shown to modulate life span in each
of the four model organisms most commonly used to study ageing: yeast, worms,
flies, and mice.”
Researchers think that when TOR signaling is blocked—whether from genetic
mutation, rapamycin treatment, or caloric
restriction—cells put the brakes on growth
by decreasing protein synthesis, ribosome
production, and amino acid transport.
Simultaneously, the organism becomes
more resistant to some forms of stress.
Autophagy, or the recycling of damaged
cellular components, increases.
Many of the proteins controlled by TOR
signaling still need to be identified, but
some known targets of the TOR kinase
play key roles in protein synthesis and have
also been implicated in life span extension. These include S6 kinase, a protein
that activates components of the protein
translation machinery, and the eukaryotic
initiation factor 4E binding protein, a
translational repressor. In addition, Kapahi
and colleagues showed recently that HIF-1,
a protein whose expression is activated
by TOR signaling, causes increased stress
of the endoplasmic reticulum, a cellular
site of protein translation and folding,
and reduces the life span of Caenorhabditis
elegans roundworms (PLoS Genet. 2009, 5,
e1000486).

“Healthy aging people will not only have a positive effect
on the economy, but they’re also wiser and will actually
bring benefits to society that can’t even be measured.”
WWW.CEN-ONLINE.ORG
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BECAUSE many people have difficulty

adhering to a low-calorie diet for a week,
much less a lifetime, some pharmaceutical companies are attempting to develop
caloric restriction mimetics—drugs that
would offer all the benefits of caloric restriction without requiring drastic changes
in eating habits. Initial studies in yeast
suggested that activation of the Sir2 pathway is important for life span extension
by caloric restriction (Genes Dev. 1999, 13,
2570). Therefore, many efforts to identify
caloric restriction mimetics and antiaging
drugs in general have focused on the class
of histone deacetylases known as sirtuins

© 2009 SCIENCE

Weindruch remarks, “I
think it’s more important and useful, and this
is the direction aging research is going, to move
away from considering
life span extension as the
gold standard of aging
retardation. There are
other important aspects,
such as how long animals stay healthy, the socalled health span.”
Even knowing that
caloric restriction improves human health
and could extend life
span, most people probably won’t be rushing to
adopt the CRONie diet.
“Caloric restriction is
not about only eating half
a hamburger or half a pack of french fries
but is really a major change in the quality of
your diet,” Fontana says. “You cannot be on
a typical American diet and just eat half or a
third less food than you used to eat.”
McGlothin and Averill, who describe the
CRONie lifestyle in their 2008 book “The
CR Way,” meticulously plan their diet with
a dedication that many might find difficult
to maintain. Each day, they weigh their
food and use a detailed software program
to ensure that caloric and nutritional requirements are met. “My diet on the average day is 1,900 calories,” says McGlothin,
who is 5’11” and weighs 136 pounds. “There
are no throw-away calories, but rather all
our calories have some purpose behind
them in terms of the nutrients supplied.”
According to McGlothin, a typical meal
might include a barley dish, a mixture of
vegetables tossed with olive oil dressing
and walnuts, and salmon.

doubt that the beneficial effects of caloric
restriction could ever
be completely mimicked by simply popping a pill. “I don’t believe in caloric restriction mimetics myself
because I don’t think
that a single compound
or even two or three
compounds can replicate the effects of the
many factors that are
working together in caloric restriction,” Fontana says. “What I also
firmly disbelieve is that
someone can smoke
and drink, be sedentary, and eat a high-fat
diet, and then with a
(SIRTs), of which Sir2 is a
combination of caloric
WHICH MONKEY LOOKS OLDER?
Owen (left panels) and Eeyore
member.
restriction mimetics,
(right panels) are both 27 years
In particular, resverahe will live longer and
old, but Eeyore, who has been
trol, a natural compound
healthier. That doesn’t
fed a calorie-restricted diet
found in red grapes that
make sense.” However,
for the past 20 years, looks
more youthful in terms of facial
lengthens the lives of yeast
Fontana acknowledges
features, coat, and posture.
and worms, has attracted
that caloric restriction
intense scientific scrutiny
mimetics could prove
and media coverage as a
beneficial for people
SIRT-activating compound that might
who have healthy lifestyles but don’t pracmimic caloric restriction. However, recent
tice extreme caloric restriction.
studies have questioned the importance
Whether or not caloric restriction miof the Sir2 pathway in caloric restriction,
metics come to fruition, Kapahi believes
and trials of resveratrol in mice have been
that educating people and governments
disappointing. “So far, feeding resveratrol
about the health benefits of caloric restricto mice doesn’t increase life span, and
tion could have a major impact not only
overexpressing SIRT1 doesn’t increase life
on human life span but also on health care
span,” Kaeberlein says. “Resveratrol may
costs and worker productivity. “The general
mimic some aspects of caloric restriction,
perception of the public is that it’s wrong to
but thus far it hasn’t given the phenotype
work on aging,” he says. “But I think the way
that is probably most important from an
to think about it is, healthy aging people
aging perspective, and that is the actual
will not only have a positive effect on the
slowing of aging.”
economy in general, but they’re also wiser
Miller and colleagues’ finding that rapeople, and they will actually bring benefits
pamycin, an inhibitor of the TOR pathway,
to society that can’t even be measured.”
extends life span in mice suggests that
“Oh yes,” McGlothin says when asked
TOR inhibitors are a promising new class
whether he wants to live to the ripe old
of caloric restriction mimetic. Rapamycin
age of 130. “I hope for a longer life, but
analogs are already used clinically to preI’m most concerned about the now. I like
vent rejection of transplanted organs and
being able to read the newspaper without
to treat some forms of cancer. Although
glasses. If I decide I want to go out and
the immunosuppressive side effects of
play basketball with some kids, I can do
the current forms of rapamycin could
it, and I can keep up with them. There
prevent their use as antiaging drugs, Miller
are a lot of things that people write off
says,“someone might design a drug that
as gone in their 60s, and Meredith and I
has the beneficial effects of rapamycin but
haven’t written them off at all—we’re just
is not immunosuppressive.”
enjoying life like it’s always been for us
On the other hand, some scientists
from young adulthood.” ■
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ACS COMMENT

S3G: Enlisting Chemistry
For A Sustainable World
ACS SUSTAINABILITY STAKEHOLDERS STEERING GROUP

SUSTAINABILITY is all over the news

these days. People understand we must
do things differently if we are to meet the
demands of a growing population who
deserve the same quality of life we enjoy
today. The sustainability challenge must be
addressed at the local, regional, national,
and global levels. Recognizing
that its members are uniquely
positioned to lead a sustainability agenda, the American Chemical Society has
made a major commitment to sustainability.
To support this leadership role through improved coordination and
communication among
ACS stakeholders and members and through support for
innovative ideas, ACS appointed
the Sustainability Stakeholders Steering
Group (S3G) earlier this year.
As a first step, S3G recently completed
an inventory of governance and staff initiatives already in place within the society
to identify additional internal and external partners and program elements that
should be developed. ACS will be able to
use this information to inform the public of
what scientists are doing and to encourage
members to take part in various sustainability activities. S3G has grouped these
activities into the following five sustainability leadership initiatives:
The
Columbus Section has published a Sustainability Resource Directory on its website.
The Kentucky Lake Section teamed up with
the Memphis and Nashville Sections, as
well as local student chapters, to sponsor
two workshops on green chemistry supported by Innovative Projects Grants from
the Local Section Activities Committee. In
addition, students from the University of
Texas, Martin, received four Innovative Activities Grants from the Society Committee on Education for their green chemistry
projects, such as Green Chemistry 101 for
■ Educating for sustainable change:

Civic Clubs. The Younger Chemists Committee will offer a program titled “Careers
in Sustainability” at the spring 2010 national meeting.
■ Convening the sustainability dialogue

with industry: The ACS Green Chemistry

Institute organizes Pharmaceutical
and Formulators Roundtables.
The 13th Annual Green
Chemistry & Engineering
Conference took place on
June 23–25, with increased
conference attendance
and keynote presentations by Len Sauers of
Procter & Gamble and
Jean-Michel Cousteau of
the Ocean Futures Society
(C&EN, July 20, page 39). The
Committee on Environmental
Improvement partnered with the Committee on Corporation Associates to lead a
workshop to understand the nontechnical
barriers for the adoption of sustainability
in industry, and it published a viewpoint
article in Environmental Science & Technology
outlining the results. At many recent ACS
national and regional meetings, technical divisions have programmed symposia
focused on sustainability issues, and the
theme of the 2010 spring national meeting
will be “Chemistry for a Sustainable World.”
■ Developing scientific and technological

analysis of sustainability: In cooperation

with the ACS International Activities Committee, the Office of International Activities collaborated with the Chinese, German, and Japanese chemical societies and
national science funding agencies to organize a symposium on solar energy conversion and storage that took place last month
in Kloster Seeon, Germany (see page 9).
■ Setting a sustainable example: ACS is

implementing major initiatives to make
operations more green. Examples include
reducing the impact of printed materials;
saving energy; and practicing reduction,
WWW.CEN-ONLINE.ORG
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reuse, and recycling. The ACS headquarters buildings recently received EPA Energy Star certification, and a staff group is
working to further green operations. Many
local sections, committees, and divisions
have migrated to electronic newsletters,
agenda books, and ballots. The Committee
on Meetings & Expositions and its staff are
finding new ways to reduce the environmental footprint of our national meetings
(C&EN, July 27, page 58). The Division of
Organic Chemistry distributed reusable
grocery bags to celebrate its 100th anniversary. Many governance units are holding teleconferences instead of in-person
meetings.
■ Enabling member and community ac-

tion: The Division of Chemical Informa-

tion has compiled information resources
for Earth Day. The board of directors has
adopted policy statements on green chemistry, sustainability, climate change, and
funding for federal research programs related to sustainability. Some Science Cafés
organized by ACS local sections, with funding from the Local Section Activities Committee, have revolved around sustainability
issues such as biofuels.
WE INTEND our campaign to engage the

world’s scientific professionals to address,
through chemistry, the sustainability
challenges to be as inclusive as possible.
Last year, a member survey revealed that
most of us are already doing something to
advance sustainability through our professional work, through ACS, or in our personal lives. By replicating these examples
across the board, ACS has the power to
magnify your role in achieving a sustainable society. It is the mission of S3G to find
ways in which ACS can stand with you and
support you as you get involved.
If you are interested in becoming a key
stakeholder or to participate in ongoing
discussions for sustainability, you can join
the Sustainability Stakeholders Group at
communities.acs.org/groups/sustainabilitystakeholders-group. ■

SHUTTERSTOCK

ACS NEWS

COUNCIL PREVIEW
Adoption of one petition to AMEND ELECTION RULES
may prevent council’s consideration of another
LINDA R. RABER, C&EN WASHINGTON

WHEN THE ACS COUNCIL meets on Aug.

19 in the nation’s capital, it will debate
changes to the ACS constitution and bylaws regarding national elections. The two
petitions to amend the society’s governing
documents appear to be mutually exclusive. Although exact procedures for councilor voting are still being discussed, it appears that if councilors agree that the first
petition on the agenda is sufficiently urgent
and subsequently approve it, they won’t be
able to adopt the other at this meeting.
As background, names appear on ballots
for ACS president-elect, district director, and
director-at-large in one of two ways: Either
councilors select candidates from a slate of
nominees provided by the Committee on
Nominations & Elections (N&E), or an individual can bypass the council by collecting a
sufficient number of signatures and submitting them to the ACS executive director.
Over the past several years, N&E has
brought forward petitions or rules changes
that have resulted in new processes regarding ACS national elections. Specifically,
the maximum length of candidates’ official
election statements has been reduced,
and the number of signatures required
for access to national ballots by petition
candidates for president-elect, district director, and director-at-large has increased
markedly. These developments alarm
proponents of the “Petition on Candidate
Selection by Member Petition,” several of
whom attained national office as petition
candidates. They believe that members’
right to vote for whomever they choose is
being threatened by N&E’s actions.
Their petition, which will be considered
first, seeks to amend the ACS constitution
to make it explicit that petition candidates
are permitted in all national elections and
that petition candidacy is not subject to

review by the council. Signatories have
requested that the petition receive “urgent
action” from the council.
They say that their petition is urgent
because the other petition up for council
action is the N&E-sponsored “Petition on
Election Timelines & Procedures 2009,”
which would, among other things, amend
the bylaws to require every potential
candidate for president-elect, district
director, and director-at-large—not just
N&E nominees—to be subject to a vote of
council before showing up on the ballot.
Adoption of this petition would make ACS
Council the gatekeeper to ballot access for
all candidates, which its advocates believe
is fairer than the current practice.
The likely procedure is as follows:
Councilors will initially be asked to decide
whether the first petition is so urgent that it
is reasonable to bypass the usual practice of
a petition’s being published for councilors’
information in one meeting agenda and
then published again for full council action
at the next meeting. For the “Petition on
Candidate Selection by Member Petition” to
be adopted at its Washington, D.C., debut,
three-quarters of the councilors voting have
to first agree that it’s urgent. If they do that,
the petition itself can then be debated.

COMMITTEE ACTIONS
Read official reports of committees
that met during the June meeting
of the ACS Board of Directors in the
ACS News section of C&EN Online,
www.cen-online.org. Included are
reports from the Standing Board Committees on Grants & Awards, Professional & Member Relations, and Public
Affairs & Public Relations.
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The petition will be considered adopted if
it receives a majority vote of council. It would
become effective upon ratification by twothirds of the members of ACS voting. The
pending constitutional amendment would
be inconsistent with the bylaw amendments
proposed in the “Petition on Election Timelines & Procedures 2009,” so that petition as
written would no longer be subject to council approval in Washington, D.C.
If the first petition does not receive the
three-quarters vote for urgency, it will
automatically be placed on the council
agenda for action at the next ACS national
meeting in San Francisco. Then, council
could turn its attention to the “Petition on
Election Timelines & Procedures 2009,”
which is printed on the following pages
and is reasonably self-explanatory. Signatories propose to amend the bylaws to
shorten the election cycle and to subject all
potential candidates for president-elect,
district director, and director-at-large to a
vote of council before their names appear
on the ballot. Petitioners, reacting in part
to feedback from councilors and previous
nominees for ACS office, believe that having all of these candidates subject to council
review is fairer than current procedures.
IN OTHER BUSINESS, councilors will be

introduced to candidates and then elect
members to the Committee on Committees, the Council Policy Committee, and the
Committee on Nominations & Elections.
At the division’s request, councilors will
be asked to approve the dissolution of the
Division of Chemical Technicians, effective
Dec. 31. Councilors will also be asked to approve changes to templates for bylaws for
divisions in probationary status, for new international chemical sciences chapters, and
for new local sections. Finally, throughout
the meeting’s debating and voting, councilors will hear oral reports from ACS officers
and from the chairs of 27 committees.
Following are the text and associated reports
of the petitions scheduled for action at the ACS
Council meeting in Washington, D.C. The
meeting will be held on Wednesday, Aug. 19,
beginning at 8 AM in the Grand Ballroom of
the JW Marriott Hotel.
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However, the petition not only would decrease the amount of time available for the
members to learn about the candidates for
election but also would eliminate the members’ right to nominate directly a candidate
for the election. Substituted instead would
be a process allowing the council to eliminate any or all petition candidates prior to
ballots being prepared, thus negating the
very reason for having a petition process.
Petitioners request urgent action. This
petition does not require second reading,
in our opinion, not only because in contrast to others it is very simple, but also
because it addresses the basic rights of our
members.

PETITION ON CANDIDATE
SELECTION BY MEMBER PETITION
Article X, Sec. 3
Petition

We, the undersigned councilors of the
American Chemical Society, hereby petition to amend the society Constitution as
follows (additions underlined; deletions
struck through):
Article X
Manner of Election
Sec. 3.
Nominations for President-Elect, Directors-at-Large, and District Directors
shall be made as provided in the Bylaws.
The selection of candidates shall be made
through two distinct processes: a) a screening process conducted by the committee
responsible for nominations and elections,
and b) direct selection by members of
the SOCIETY through a petition process
provided in the Bylaws. Eligible persons
selected by members through petition shall
appear as candidates on the final ballot
without further screening. For purposes
of this Section, a nominee is a MEMBER
whose name appears in an earlier step of
the screening process and a candidate is a
MEMBER whose name appears on a final
ballot that elects a person to office where
the candidate may be chosen in the screening process or in an alternative ways, such
as by petition. (1/1/01)
Explanation

In any truly democratic organization, those
who are entitled to vote in an election also
have the inalienable right to nominate under appropriate conditions candidates to
stand for election in addition to candidates
nominated by any other means.
Petitioners view with alarm the recent
changes in the election procedures in our
organization. First, the length of candidates’ official election statements was
reduced from 1,000 to 750 words, and then
the required number of signatures for petition nomination for president-elect was
almost tripled. At the council meeting in
Salt Lake City, a petition appeared for consideration and to be voted at the Washington, D.C., meeting under the original title,
“Petition on Election Timelines 2009”
(now, Alternate Version title, “Petition on
Election Timelines & Procedures 2009”).

Signed: Robert P. Barron, Lesli Bordas, Elise
Ann Brown, Michael J. Brownfield, Bela
Buslig, Charles Cannon, Ronald D’Amelia,
Richard S. Danchik, Jean Delfiner, George H.
Fisher, Allan M. Ford, Onofrio G. Gaglione,
Herbert S. Golinkin, James A. Hammond,
George Heinze, Sheila Kanodia, Vijaya L.
Korlipara, Joan A. Laredo-Liddell, Claude
A. Lucchesi, N. Bhushan Mandava, Arthur
E. Marcinkowsky, Samuel S. Markowitz,
John Massingill, Brian L. Mundell, E. Ann
Nalley, Gordon Nelson, John G. Nikelly, Anne
T. O’Brien, Attila E. Pavlath, Eli M. Pearce,
Howard M. Peters, Patricia Redden, Yorke E.
Rhodes, Frank Romano, James Schreck, Susan
M. Shih, David Strauss, E. Thomas Strom,
James Tatera, Keith Vitense, James A. Walsh,
Darrell Watson, E. S. Yamaguchi, Peter Zarras
This petition has been referred to the Committee on Nominations & Elections (committee having primary substantive responsibility), Council Policy Committee, Society
Committee on Budget & Finance, and the
Committee on Constitution & Bylaws.
Statement of Financial Impact

The Society Committee on Budget &
Finance has examined this petition and
concludes that it will have no impact on the
finances of the society ($0).
Report of the Committee on
Constitution & Bylaws

The Committee on Constitution & Bylaws
has reviewed the petition and finds it to
be legal and consistent with other provisions of the society’s documents. The
petition proposes to permit candidates
to be selected by a petition process from
members.
The intent of the framers of the constitution was to defer specifics about goverWWW.CEN-ONLINE.ORG
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nance methods to the bylaws. Therefore,
the specifics that the petitioners wish to
insert in the constitution are placed more
frequently in the bylaws. However, we see
nothing in the constitution that would
prevent them from making the changes
they proposed. Given the intent of the
petitioners as stated in their explanation,
the Committee on Constitution & Bylaws
recommends the changes as noted, including a correction to the revised petition title
that’s in the “Explanation” section.
Comments from committees, petitioners, and other interested members on the
substance of the petition, should be directed to the Committee on Nominations
& Elections, which has primary substantive
responsibility for the petition. Other comments may be directed to C&B.
A related petition, “Election Timelines & Procedures 2009,” appears on the
agenda of this council meeting for action.
In addition to changing the timing of the
national election process, it proposes bylaw changes with respect to the petition
process for nominees and candidates.
A three-fourths vote of council that sufficient urgency exists is required to take
immediate action at this meeting. If so voted, a majority vote of council is required for
adoption of an amendment to the constitution. If approved by council and confirmed
by the board of directors, the amendment
will become effective upon ratification
by voting members of the society. If a
three-fourths vote of council to take immediate action is not attained, the petition
will be presented for consideration only.
In this case, comments and suggestions
from committees, petitioners, and other
interested members on the substance
of the petition should be directed to the
Committee on Nominations & Elections.
Other comments and suggestions may be
directed to the Committee on Constitution
& Bylaws.—ALAN M. EHRLICH, CHAIR
PETITION ON ELECTION TIMELINES
& PROCEDURES 2009
Bylaw V, Sec. 2, a,b,c,d (paragraph 1)
Bylaw V, Sec. 3, a,b,c (paragraph 1)
Bylaw V, Sec. 4, c,d,e,f (paragraph 1)
Bylaw V, Sec. 12
Petition

Bylaw V
Manner of Election
Sec. 1.

A candidate is a MEMBER whose name appears on the final ballot that elects a person
to office. A nominee is a MEMBER whose
name appears on an earlier ballot from
which the Councilors select candidates.
(9/24/94)

[Note: The remaining paragraphs in Section 2, d are not affected by the proposed
changes].

Sec. 2.
President-Elect

a. On or before January March 15, the Committee on Nominations and Elections shall
transmit to the Executive Director of the
SOCIETY the names of the MEMBERS of
the SOCIETY selected as candidates for
the positions of Director-at-Large to be
filled. The number of such candidates shall
be at least twice the number of such positions to be filled. These names shall be announced to the Council at a meeting to be
held not later than May 1 The names of the
nominees shall be communicated to members of the Council by March 15. (9/29/94)

a. On or before January 15 March 1, the
Committee on Nominations and Elections
shall transmit to the Executive Director
of the SOCIETY, for presentation to the
Council, the names of four MEMBERS of
the SOCIETY as nominees for PresidentElect. The names of the nominees shall be
communicated to members of the Council
by March 15. (9/29/94)
b.c. Members of the SOCIETY may nominate additional candidates nominees for
President-Elect by providing to the Executive Director by July June 15, nominating
petitions endorsed by at least one-half
percent (0.5%) of the SOCIETY membership entitled to vote in the SOCIETY’s
most recent fall national election, with
neither more than one-sixth (1/6) of that
from members of a single Local Section nor
more than two-thirds (2/3) from any one
District of the SOCIETY. Each member
may nominate no more than one candidate
nominee for President-Elect in a given
election. The names of any candidates duly
nominated by petition shall be included
on the ballot along with the names of
those candidates selected by the Council.
(6/7/08)
c.b. The Council, at a meeting to be held
not later than May October 1, shall select
as candidates for President-Elect two of
the nominees one-half (1/2) of the number
of nominees (including both those chosen
by the Committee on Nominations and
Elections and those nominated by member
petitioners) presented under the provisions of these Bylaws. If an odd number
of nominees is presented to Council, then
the number of candidates to be selected
will be rounded to the next higher integer.
(9/29/94)
d. On or before October 10 31, the Executive Director shall distribute to each member of the SOCIETY a ballot containing
the names of all candidates for PresidentElect and constructed as provided herein.
(6/2/07)

Sec. 3.
Director-at-Large

b. Members of the SOCIETY may nominate
additional candidates for Director-at-Large
by providing to the Executive Director
by July June 15, nominating petitions
endorsed by at least one-fourth percent
(0.25%) of the SOCIETY membership
entitled to vote in the SOCIETY’s most
recent fall national election, with neither
more than one-sixth (1/6) of that from
members of a single Local Section nor
more than two-thirds (2/3) from any one
District of the SOCIETY. Each member
may nominate no more than one candidate
per Director-at-Large position in a given
election. The names of any candidates duly
nominated by petition shall be included on
the ballot along with those nominated by
the Committee on Nominations and Elections. (6/7/08)

transmit to the Executive Director of the
SOCIETY the names of not fewer than four
MEMBERS of the SOCIETY as nominees
for each position of District Director to
be filled. Each nominee must be entitled
to vote in the District electing the District
Director for which the nominee would be a
candidate. When elected, each District Director may serve a complete term despite
changes in Local Section or address or in
any District boundary. (1/1/01)
d.e. One percent of the members of the
SOCIETY entitled to vote in the District
electing a District Director, not more than
one-third (1/3) of whom are assigned to
any one Local Section, may nominate an
individual candidate for District Director by filing a petition with the Executive
Director by July June 15. Each member
may nominate no more than one candidate
individual for District Director in a given
election. A petition candidate nominee
must be entitled to vote in the District
electing the District Director for which
the MEMBER is a candidate nominee. The
names of any petition candidates shall
be included on the ballot along with the
names of those selected by the District’s
Councilors. (10/19/04)

Sec. 4.
District Director

e.d. On or before March 1 July 15, the Executive Director shall send distribute a ballot
to each Councilor in the District electing
a District Director; the ballot shall contain
the names of the nominees for District
Director of that District, as selected by the
Committee on Nominations and Elections
or duly nominated by petition. Ballots
shall be returned to the Executive Director
no later than four weeks after the ballots
are distributed. One-half (1/2) of the number of nominees (including both those
chosen by the Committee on Nominations
and Elections and those nominated by
member petitioners) will be selected as
candidates. If an odd number of nominees
is presented to that District’s Councilors,
then the number of candidates to be selected will be rounded to the next higher
integer. The two nominees receiving the
greatest number of votes candidates shall
be announced to the Council orally at its
next meeting or, if timing does not permit,
in the official organ of the SOCIETY, as
candidates for District Director of the District. (10/19/04)

c. On or before January March 15, the Committee on Nominations and Elections shall

f. On or before October 10 31, the Executive
Director shall distribute to each member

c. On or before October 1031, the Executive Director shall distribute to each voting
Councilor a ballot containing the names of
all candidates for the positions of Directorat-Large to be filled. If there are multiple
positions to be filled, those candidates receiving the greatest numbers of votes shall
be declared elected Directors-at-Large.
(6/2/07)
[Note: The remaining paragraphs in Section 3, c are not affected by the proposed
changes.]
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of the SOCIETY entitled to vote in the
District electing a District Director a ballot
containing the names of all the candidates
for Director from that District and constructed as provided herein. (6/2/07)
[Note: The remaining paragraphs in this
Section 4, f are not affected by the proposed changes.]
Sec. 12.
Procedure for Special Elections
If, in a specific nomination or election, circumstances do not permit the procedures
prescribed elsewhere in these Bylaws to be
carried out, the Committee on Nominations and Elections shall forthwith devise
a special procedure. If such election will
have the effect of filling an office for a
longer period longer than six months, the
special procedure shall include an opportunity for nomination of candidates
by petition, which differs from the regular
procedure for the office involved only in
the date that petitions must be received
by the Executive Director. Such procedure
shall be transmitted to and publicized
promptly by the Executive Director, and
used for that specific nomination or election. (9/29/94)
Explanation

Councilors and candidates have asked the
Committee on Nominations & Elections
(N&E) to consider changing the timing
of the national election process (i.e., elections for president-elect, directors-at-large
and district directors) as part of an overall
improvement to ensure that the national
election process is both fair and equitable.
Candidates routinely express concern
about the length of time between being
asked to run by N&E (becoming formal
nominees or candidates) and the time of
the actual election. Candidates also complain about the length of the campaign
period, which starts one month after the
spring national meeting and runs until ballots are counted in November, and about
the unfair exclusion of petitioners from the
full election/vetting process.
In response to councilor and nominee/
candidate concerns, N&E surveyed ACS
councilors and other members (2004)
to determine their understanding of and
satisfaction with the current nominations
and elections process. In 2007, the committee continued its review by conducting three councilor conference calls, and

hosting a town hall meeting at the fall
national meeting. This was another opportunity to solicit comments and advice
on the petition process and the nature
of campaigning. Earlier this year, the
committee again sought councilor input
and perspectives—this time on the possibility of shortening the president-elect
timeline. In this forum as in other surveys
and calls, councilors consistently encouraged refinement of the current election
process.
The proposed timeframe should make
the campaign process less onerous for all
nominees and allow full participation of
candidates in the council review process.
N&E has worked diligently to address the
needs of both groups. The revised timeline
is accomplished by three steps:
The entire election process is compressed, therefore the allowable campaign
time is also reduced, but kept equal for all
nominees.
All petition candidates, except those
for director-at-large, will become petition
nominees, thus allowing them to participate in all aspects of the election that the
N&E nominees currently engage in, namely
the Town Hall Meeting, and, for presidentelect nominees, the opportunity to address
council. Modified procedures already approved allowing electronic gathering of
petition signatures ensure that petitioners
are provided sufficient time between the
announcement of the formal nominees/
candidates and the petition deadline to decide whether to run and then to obtain the
necessary signatures.
Council will now vet all nominees and
determine the final candidates to be placed
on the ballot. These actions allow council
the opportunity to select the best candidates for the membership to consider.
Council would select half of the nominees
(50% of the nominees raised to the next
highest integer when there is an odd number) and would maintain the number of
candidates to a more desirable number
should there be a large number of petition
nominees.
These proposed election procedure
refinements are intended to provide a fair,
consistent and equitable process, which
balances the concerns and needs of all participants, as requested by councilors and
candidates.
Signed: Frank D. Blum, Philip W. Crawford,
Carol A. Duane, Merle I. Eiss, Steven A. Fleming, Bruce A. Hathaway, Ruth A. Hathaway,
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Peter C. Jurs, Bjorn Olesen, John G. Palmer,
Roger A. Parker, Arlyne M. Sarquis, Barbara
A. Sawrey, Herbert B. Silber, Rachel Morgan
Theall
This petition has been referred to the
Committee on Nominations & Elections
(committee having primary substantive
responsibility), Council Policy Committee,
Society Committee on Budget & Finance,
and the Committee on Constitution &
Bylaws.
Final Statement of Financial Impact

The Society Committee on Budget &
Finance has examined this petition and
concludes that it will have no impact on the
finances of the Society ($0).
Final Report of the Committee on
Constitution & Bylaws

The Committee on Constitution & Bylaws
has reviewed the petition and finds it to be
legal and consistent with other provisions
of the society’s documents. The petition
amends procedures for national elections
found in bylaw V for president-elect (Sections 2a–2d), directors-at-large (Sections
3a–3c), district directors (Sections 4c–4f )
and special elections (Section 12). The objectives of the petitioners are to address
interests in accelerating and compressing
the timing of the national election process as part of an overall effort to ensure
that the national election process is fair,
equitable and efficient. The committee, in
consultation with representatives of the
petitioners, has prepared a revised version of the petition. The substance of the
petition and the intent of petitioners are
maintained.
A request has not been received from
a majority of the petitioners to place the
original petition on the Council agenda for
action if the revised version now before
council is not adopted.
Comments from committees, petitioners and other interested members on the
substance of the petition should be directed to the Committee on Nominations
& Elections, which has primary substantive
responsibility for the petition. Other comments may be directed to the Committee
on Constitution & Bylaws.
A two-thirds vote of Council is required
for approval of amendments to the bylaws.
If approved by council, the amendments
will become effective upon confirmation by the board of directors.—ALAN M.
EHRLICH, CHAIR

Ciba Foundation

ONE
EXTREMELY
GENEROUS
GIFT…

MANY RIPPLES….
ACS would like to thank the Ciba Foundation for its unparalleled
support towards our shared mission of developing future
generations of innovative scientists. With a $2 million donation
designed to improve access to quality science education for
deserving students with ﬁnancial need, Ciba has created a
lasting legacy that will beneﬁt many students and young
professionals. Ciba Scholars will be a part of the tradition of
successful innovation that has deﬁned Ciba Specialty Chemicals.
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POSTDOCTORAL POSITION
IN CHEMISTRY/MATERIALS SYNTHESIS
AT SANDIA NATIONAL LABORATORIES
The Department of Geochemistry is seeking a postdoctoral appointee for a period of 2 to 3 years starting
September 2009. The department is actively engaged
in materials research and development for a diverse
set of customers with applications in energy production and environmental remediation (i.e. materials for
contaminant capture and sequestration, nuclear energy, and photocatalysis). The appointee will be expected to perform synthesis and characterization, focusing on any of the above-mentioned research areas. The
appointee will also participate in customer engagements, presentations and publications of research activities, and ensure environmental and safety compliance in the laboratory. A PhD in chemistry or closely
related field with a focus in inorganic, materials, surface science, or crystallography is required. Sandia
National Laboratories is the nation’s premier science
and engineering lab for national security and technology innovation. We are a world-class team of staff
members, technologists, postdocs, and visiting researchers focusing on cutting-edge technology ranging from homeland defense, global security, biotechnology, and environmental preservation, to energy
and combustion research, computer security, and nuclear defense. To learn more, visit www.sandia.gov. If
you are interested in this postdoctoral position, please
apply ONLINE at www.sandia.gov/employment/
career-opp. The job reference number is 63077. Only
ONLINE applications will be considered. Sandia is an
Equal Opportunity/Affirmative Action Employer.

ACADEMIC POSITIONS
TWO TENURE-TRACK POSITIONS
The Department of Chemistry and Biochemistry at
Ohio Northern University seeks applicants for two
tenure-track faculty positions (one retirement and one
new) at the rank of assistant professor. One position is
in inorganic chemistry, the other in analytical chemistry. Qualifications include a Ph.D. in chemistry, excellent lecture and lab teaching skills in the specialty area
in addition to introductory courses in either general or
organic chemistry, and an ability to establish a scientific research program involving undergraduates. See
www.onu.edu/chemistry for details of the positions
and application procedures. Review of applications
will begin on October 16, 2009. EOE/AA .
POSTDOCTORAL RA POSITION available at Washington State University for a candidate with a PhD
in Bioengineering or Materials Science. Expertise in
biomaterials processing and in vitro cell culture is required. Cell signaling and hands-on in vivo research
experience is desired. Send CV, three representative
papers, and three reference letters to Prof. Susmita
Bose at sbose@wsu.edu.
THE DEPARTMENT OF CHEMISTRY in the College
of Arts and Sciences at American University seeks
a full-time, tenure-track inorganic chemist at the rank
of Assistant Professor for academic year 2010–2011,
starting Fall Semester 2010. The successful candidate
must have a Ph.D. in Chemistry and be able to show evidence of strong teaching skills. Teaching responsibilities include General Chemistry, Inorganic and Liberal
Arts Chemistry (nonscience majors). Applicants are
expected to maintain a strong research record and to
form collaborative research programs with other faculty in the Chemistry and Environmental Studies Department. Other responsibilities also include supervising
graduate and undergraduate research and mentoring
women and minority students. To apply, submit a letter of application and curriculum vitae, a statement of
research interests and a research plan, and arrange to
have three letters of reference sent directly from individuals who are able to comment on the applicant’s
teaching and research skills to Dr. William Hirzy,
Acting Chair, Department of Chemistry, American
University, 4400 Massachusetts Ave. NW., Washington, DC 20016-8104, afarran@american.edu; Email submission is encouraged. American University
is seeking highly dedicated teachers and scholars who
are deeply committed to interdisciplinary learning, the
application of new technologies in teaching and scholarship, and to the preparation of students for life in a
diverse and rapidly changing global society. American
University is an Affirmative Action/Equal Opportunity Employer committed to a diverse faculty, staff, and
student body. Women and minority candidates are
strongly encouraged to apply.

ACADEMIC POSITIONS
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THE DEPARTMENT OF CHEMISTRY in the College
of Arts and Sciences at American University seeks
a full-time, tenure-track analytical chemist at the rank
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American University, 4400 Massachusetts Ave., NW.
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ish oil supplements and foods fortiﬁed
with OMEGA-3 FATTY ACIDS are all
the rage these days. It’s hard to ﬁnd a
disease or medical condition that researchers somewhere haven’t indicated might
respond favorably to the polyunsaturated
compounds in those products. And now
omega-3s could even go from being “heart
healthy” for humans to being “hen healthy.”
The U.K.’s Biotechnology & Biological
Sciences Research Council (BBSRC), in
partnership with egg production company
Noble Foods, recently awarded John Tarlton
of the University of Bristol, in England,
some $2.8 million to study the beneﬁts
of an omega-3-supplemented diet in egglaying hens. Speciﬁcally, Tarlton’s research
team will look at improving bone health in
hens. The industrially valuable birds have
been breaking their bones left and right.
According to Tarlton, selective breeding methods and
optimized diets in
laying hens have
led to increased egg
production in the past
few decades but have also
likely compromised skeletal strength in the birds.
“Bone is used by hens as a
source of calcium in production of
egg shells,” he tells C&EN.
Weakened skeletal structures are
particularly problematic for free-range
hens that roam around hazardous housing
structures; bone breakage in these ﬂocks
is on the rise, with the majority of birds in
some free-range systems suffering broken
bones, Tarlton says. The consequences of
this increase are both economic and birdwelfare-related. “Injured hens produce far
fewer eggs,” he points out. Also, the birds
show clear signs of pain, and, Tarlton notes,
“many could die from their injuries.”
Imparting a further urgency to Tarlton’s
work is the European Union’s Laying Hens
Directive, which bans all conventional cage
systems by 2012 and thus requires approximately 18 million hens to be transferred to
free-range systems.
Tarlton’s preliminary studies on freerange hens fed omega-3-supplemented
diets have shown a signiﬁcant reduction
in broken bones among the birds—up
to 60%. The current three-year BBSRCfunded project will compare the effects
of a high-omega-3 diet to a standard
egg-layer’s diet for 16 ﬂocks of 1,500 hens
each. In addition to improving hen welfare,
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Tarlton says, “we plan to demonstrate how
this could help human patients suffering
from osteoporosis.”

I

n another case of an EU directive spurring scientiﬁc advances, researchers at
the University of York, in England, are
investigating ways of extracting and repurposing chemical compounds from DIGITAL
WASTE—speciﬁcally from liquid-crystal
displays (LCDs). The team, which includes
members from both York’s Green Chemistry Centre of Excellence (GCCE) and its Liquid Crystal group, recently published work
in the journal Green Chemistry demonstrating the extraction of polyvinyl alcohol (PVA)
from LCD screens and the potential of the
compound, which is biocompatible, for use
in tissue scaffolds and drug delivery
systems (DOI: 10.1039/b906607a).
In 2002, the EU issued the Waste
Brittle-boned bird: Omega-3s might
do an egg-layer’s body good.
Please recycle: One man’s
trash is another scientist’s
tissue scaffold.
Electrical & Electronic Equipment Directive, which requires
LCDs greater than 100 cm2 in
size to be disassembled before
disposal. Because of the deluge
of electronic waste worldwide, “it is
important that we ﬁnd ways of recycling the elements of LCDs,” says
James H. Clark, head of York’s GCCE.
To extract PVA from an LCD panel, the
York team soaked the display’s polarizing
ﬁlms in water and dried the separated PVA,
which in LCDs is complexed with iodine, in
a vacuum oven. To then demonstrate PVA’s
potential use in biomedical applications,
the group gelled the complex in water and
“froze in” a mesoporous structure, Clark
tells C&EN.
The ﬁnal extracted PVA-iodine solid
material had a surface area of 95.0 m2/g,
which, Clark says, should be high enough
for use in tissue scaffolds and other applications. He adds that he hopes this proofof-concept study helps “encourage others
to look at what we call waste as more of a
resource than a problem.”
LAUREN WOLF wrote this week’s column.
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