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  WHITHER  NUCLEAR POWER? 

  LONG AGO, steam was found to be a fas-
cinating, easily produced form of the uni-
versally available resource, water. “Boilers” 
safely producing steam heat and hot water 
for baths and myriad cleansing processes 
are now appreciated worldwide. But it took 
many decades to develop safe boiler pres-
sure control. I estimate that there might 
have been several tens of thousands of 
individuals killed and injured over the past 
couple of centuries in boiler explosions. It 
took that much time to research, develop, 
engineer, produce, and regulate the materi-
als, structural designs, and instrumenta-
tion to make the use of boilers both reason-
ably safe and common.

  Now I watch with great concern the con-
sequences of tsunami and earthquake dam-
age to nuclear power plants and then to the 
people of Japan. We won’t know for a while 
the human casualties caused by released 
radiation there. We just know for sure that 
massive research and engineering must 
be applied to the design, instrumentation, 
materials, siting, construction, start-up, 
operation, and controlled shutdown of 
nuclear power plants there and everywhere 
else.

  My experience is in rocket science, in-
dustrial gases production, and operations 
with hazardous materials. Therein we pro-
claim safe operations as our first priority. 
That’s the way we have to go forward with 
nuclear power in the U.S. In the quarter or 
half century ahead we should also solve the 
long-term storage, or more desirably, the 
detoxification, of waste products. In that 
same time span, we might be able to solve 
the knotty problems involved in switching 
to safe nuclear fusion power production.
  E. Ellsworth Hackman III
  Hockessin, Del.

    THE SCIENTIST’S  ENGLISH 

  IN HIS LETTER to the editor, Joseph 
Jablonski complains of English-language 
problems in manuscripts submitted to ACS 
journals by ESL (English as a Second Lan-
guage) authors (C&EN, Feb. 21, page 4). He 
suggests that ACS could offer an editing/
screening service and charge “a small fee” 
for revising such manuscripts so that the 
English is acceptable.

  As a professional scientific editor with 
a master’s degree in chemistry and more 

than 15 years’ ESL editing experience, I 
object to the notion that such services are 
worth only a “small” fee. The ability to ef-
ficiently transform mangled syntax into 
idiomatic English without introducing 
scientific inaccuracies is a valuable skill 
that can take years to acquire, and many 
ESL authors pay relatively large fees for 
skillful editing. A recent article in  Nature 
 (DOI: 10.1038/nj7324-721a) discussed the 
growth, and value, of manuscript-editing 
services.

  The ACS Publications website provides 

HOW TO REACH US

CHEMICAL & ENGINEERING NEWS 
LETTERS TO THE EDITOR
■ Our  e-mail address is edit.cen@acs.org.
■ Our fax number is (202) 872-8727.
■ Or you can send your letter to:

C&EN Editor-in-Chief
1155—16th St., N.W.
Washington, DC 20036

■ Letters should generally be 400 words 
or fewer and should include the writer’s full 
name, address, and home telephone; letters 
may be edited for purposes of clarity and 
space. Because of the heavy volume of mail 
received at C&EN, writers are limited to one 
letter in a six-month period.

SUBSCRIPTIONS
■ Send all new and renewal subscriptions 
and requests for subscription rates to ACS, 
Dept. L-0011, Columbus, OH 43268-0011.
■ Changes of address, claims for missing is-
sues, subscription orders, status of records, 
and accounts should be directed to Manager, 
Member & Subscriber Services, ACS, P.O. Box 
3337, Columbus, OH 43210; telephone (800) 
333-9511 or (614) 447-3776; or send an e-mail 
to service@acs.org.

REPRINTS AND PERMISSIONS
■ Information on obtaining permission 
for copying articles is available at 
pubs.acs.org/cen/copyright.html.
■ For quotes and information on ordering 
bulk reprints, call CJS Reprint Services at 
(866) 487-5625 or (410) 943-3683, e-mail: 
fosters@cadmus.com.

ADVERTISING
■ For advertising rates and our editorial cal-
endar, contact ACS Publications’ Advertising 
Sales Group, 480 East Swedesford Rd., Suite 
220, Wayne, PA 19087; telephone (610) 964-
8061; or fax (610) 964-8071.

ACS INFORMATION
■ For more information about American 
Chemical Society activities and departments, 
call (800) 227-5558. When prompted, ask for 
operator assistance. Or visit the ACS website, 
www.acs.org.

mailto:edit.cen@acs.org
mailto:service@acs.org
mailto:fosters@cadmus.com
http://www.acs.org
http://www.cen-online.org
http://pubs.acs.org/isubscribe/journals/cen/89/i08/html/8908letters.html#2
http://pubs.acs.org/cen/copyright.html


4WWW.CEN-ONLINE.ORG APRIL 25, 2011

LETTERS

authors with a list of professional editing 
services, as well as a list of questions to ask 
before contracting for such services.
  Carlotta Shearson
  Cornwall, N.Y.

    GRADUATE EDUCATION’S 
 BRIGHT FUTURE 

  I MUST EXPRESSLY disagree with Hilton 
Weiss’s letter describing the current state 
of chemical education as “sorry” (C&EN, 
March 7, page 4). In recent years, hundreds 
of chemistry departments in the U.S. have 
had to grapple with the realities of difficult 
financial situations. At these universi-
ties, increasing emphasis on research has 
tracked with the increasing need for highly 
sought grant-based funding.

  However, a strong research program 
(and strong channels of research fund-
ing) still depends on a deep, insightful 
understanding of chemical theory. Gradu-
ate chemical education has become less 
about sheer memorization of facts and 
more about the creative application of 
general principles. America’s best graduate 
students and researching undergraduates 
are gripped by the creative spirit and ulti-
mately must take the bull by the horns—in 
the process they become critical thinkers 
and independent learners.

  The true frontiers of chemical educa-
tion remain, in my mind, at the under-
graduate level. Justifying the relevance of 
chemistry is very difficult in an age when 
many students are looking ahead to ex-
treme specialization in their careers. For 
example, what use does a future radiologist 
have for organic chemistry? To many ACS 
members the answer may seem obvious, 
but today’s preprofessional undergradu-
ates are (understandably) less convinced. 
Keeping chemistry relevant and general 
for preprofessional undergraduates re-
mains an ongoing challenge for chemical 
educators.

  Larger class sizes aren’t necessarily the 
unilateral evil that Weiss purports them to 
be. Although larger class sizes may dilute 
the effectiveness of traditional lectures, 
they also challenge educators to develop 
meaningful, individualized learning experi-
ences that place students in the driver’s 
seat of their own education.

  In chemistry, we are blessed with sev-
eral extraordinary semantic formats for 
the expression of chemical structures by 
computers: SMILES, CML, MRV, MOL, 

and XYZ come to mind. All kinds of exist-
ing software use these formats to create 
meaningful computer-based individualized 
learning and problem-solving experiences. 
At the same time, Web-based video brings 
the experience of lecture to students at 
any place and time. Meanwhile, teachers’ 
roles shift from boring preachers of lecture 
material to active, dynamic coaches of 
students.

  Modern chemical education will arm 
students for battle outside of class using 
independent learning experiences and with 
effective problem-solving skills in class 
(and it will do so in a largely scale-indepen-
dent way). The future is bright.
  Michael Evans, graduate student
  University of Illinois, Urbana-Champaign

     MUSK XYLENE  BAN

  C&EN’S COVERAGE of the recent Euro-
pean Union ban of musk xylene, formerly 
used in fragrances, missed an important 
point ( C&EN Online  Latest News, Feb. 17). 
The EU ban came two years after the Inter-
national Fragrance Association banned the 
use of musk xylene in perfumery through 
IFRA Standards. IFRA Standards form the 
basis for a globally accepted and recog-
nized risk management system for the safe 
use of fragrance materials and are a part of 
the fragrance industry’s global self-regu-
latory safety system contained in the IFRA 
Code of Practice.

  IFRA members produce more than 90% 
of all fragrances worldwide and standards 
are obligatory for all IFRA members. These 
standards cover areas of human health, 
occupational safety, and environmental 
safety and are established on the basis of 
comprehensive scientific review of materi-
als in perfumery. They follow recommen-
dations of the Research Institute for Fra-
grance Materials and an independent panel 
consisting of world-renowned experts 
from the fields of dermatology, toxicology, 
pathology, respiratory health, and environ-
mental sciences.

  IFRA’s action on musk xylene years 
before a government ban clearly demon-
strates that self-regulation and safety pro-
grams of the fragrance industry are viable, 
ensure safety of fragrance materials and 
products, and are far more stringent than 
many regulatory environments.
  Jennifer Abril
  Executive Director, IFRA North America
  Arlington, Va.  

THIS WEEK
ONLINE

cen-online.org/thisweek

Mercury Measured In 
Soil Of U.S. Forests
The carbon-rich soils in northern U.S. 
forests contain up to 16 times as much 
mercury as do soils in southern forests, 

according to a new study. Scientists 
want to understand mercury’s fate be-
cause the toxic metal can wash from for-
est floors to water bodies, where it can 
accumulate in the aquatic food chain.
cenm.ag/env27

A LEGO-Like Microarray
Although high-throughput screening 
provides a powerful means to evalu-
ate drug candidates, the expense of 
sophisticated facilities and robots 
limits access to its techniques. Now re-
searchers demonstrate a simple, cheap 
polymer-based benchtop microarray 
that doesn’t need a robot to deliver 
compounds.
cenm.ag/anl21

Braskem Mulls U.S. Cracker
Brazilian petrochemical company 
Braskem is considering building an eth-
ylene cracker and polyethylene plant in 
the U.S., according to CEO Carlos Fadi-
gas. C&EN Senior Editor Alex Tullo blogs 
about the likelihood of the project.
cenm.ag/blg8

IYC Profile: Burkina Faso
A Web-only slide show accompanies the 

profile of chem-
ist Mouhous-
sine Nacro of 
Burkina Faso 
(see page 41). 
Nacro con-
ducts research 
on natural dyes 
and nutrition, 
and he travels 
the country to 
promote sweet 
potatoes as a 
source of vita-
min A and other 
antioxidants.
cenm.ag/iyc1
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       IT WILL TAKE UP TO nine months before the 
crippled Fukushima Daiichi Nuclear Power Station 
in Japan is stabilized, facility owner Tokyo Electric 

Power Co. (TEPCO) said last week. Radiation has been 
leaking from the complex since a massive earthquake-
triggered tsunami inundated Japan’s Pacifi c coast and 
knocked out cooling systems at the plant’s six reactors 
just over a month ago.

  At an April 17 news conference, TEPCO 
officials unveiled a phased “road map” to 
bring the crisis under control. In the first 
three months of the plan, the company 
hopes to cool the reactors and gradually 
reduce the level of leaking radiation.

  Three to six months after that, the util-
ity expects all of the reactors to achieve 
“cold shutdowns,” a stable condition in 
which temperatures drop and radiation 
leaks substantially decline.

  “It is a sign of the extraordinary seri-
ousness of the Fukushima nuclear disas-
ter that TEPCO anticipates it may take 
nine more months before cold shutdown 
can be achieved,” Daniel O. Hirsch, lec-
turer on nuclear policy at the University 
of California, Santa Cruz, tells C&EN. 
“Radioactive releases could continue for 
a long time.”

  TEPCO said the plan involves install-
ing a concrete cover over the three badly 
damaged reactor buildings to contain the 
radiation. Hydrogen explosions in the buildings in days 
immediately after the quake blew off their roofs and 
scattered radioactive debris. The company has been 
pumping nitrogen gas into plant reactors to help pre-
vent additional hydrogen blasts.

  “We will do our utmost to curb the release of radio-
active materials by achieving a stable cooling state at 
the reactors and spent-fuel pools,” TEPCO Chairman 
Tsunehisa Katsumata told reporters at the briefing. 
“The company has been doing its utmost to prevent a 
worsening of the situation. We have put together a road 
map and will put all our efforts into achieving these 
goals.”

  Robots that are being used to measure the levels of 
radiation in the nuclear complex have reported radioac-
tivity readings of up to 57 millisieverts per hour. Work-
ers cannot enter these areas because the upper limit for 
nuclear workers in Japan is 250 millisieverts per year.

  Meanwhile, very low levels of radioactive material 
linked to the damaged nuclear plant in Japan have 
reached the U.S. West Coast. But analyses of air and 
water samples for radiation contamination show that 
the U.S. remains safe, EPA Administrator Lisa P. Jack-
son told the Senate Environment & Public Works Com-
mittee earlier this month ( C&EN Online  Latest News, 
April 14).

  “Let me be clear. EPA has not seen and does not ex-
pect to see radiation in our air or water reaching harm-
ful levels in the U.S.,” Jackson said. “All of the data that 
we have seen, which we continue to make public and 

available on our website, indicates that while radiation 
levels are slightly elevated in some places, they are sig-
nificantly below problematic levels.”

  EPA has 164 monitoring stations spread throughout 
the 50 states, and the agency measures radioactive sub-
stances in air, precipitation, drinking water, and milk.

  Recent air samples have contained very small 
amounts of iodine, cesium, and tellurium, which 
are consistent with possible releases from the dam-
aged Japanese reactors, Jackson testified. The largest 
amounts were found in samples from Alaska, she said, 
but all of the radiation levels detected “are hundreds of 
times below levels of concern.” —GLENN HESS       

 Debris is still piled 
outside Japan’s 
Fukushima Daiichi 
Nuclear Power 
Station. 
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JAPAN’S NUCLEAR 
CRISIS CONTINUES
 NATURAL DISASTER: Plant operator 
says it will take six to nine months 

to contain radioactive leaks 

http://www.cen-online.org
http://pubs.acs.org/cen/news/89/i16/8916notw.html
http://pubs.acs.org/cen/news/89/i16/8916notw.html


8WWW.CEN-ONLINE.ORG APRIL 25, 2011

NEWS OF THE WEEK

      SCRATCHES, CUTS, and cracks, although they 
may seem small, can add up to big bucks when 
they’re in polymer coatings. Just ask anyone 

who’s found a scratch to their car’s paint job. Thanks 
to a family of metallosupramolecular polymers, spot-
repairing damage to paints, coatings, and polymer thin 
films could one day be as simple as shining an ultravio-
let light on them ( Nature,  DOI: 10.1038/nature09963).

  The self-healing material, which comes from a group 
led by Stuart J. 
Rowan of Case 
Western Reserve 
University and 
Christoph Weder 
of the Univer-
sity of Fribourg, 
in Switzerland, 
is based on short 
polymer chains 
that terminate in 
a ligand that can 

coordinate to a metal ion. “When we put in a metal 
ion—in this case either zinc or lanthanum—the com-
ponents bind to the metal and essentially form a high-
molecular-weight polymer,” Rowan explains.

  When light shines on the polymer, the metal-binding 
ligands absorb the light’s energy and convert it into 
heat, which, in turn, makes the metal ion break ties with 
the ligands. “What you’re doing is depolymerizing the 
system using this photothermal process,” Rowan says. 
The depolymerized material is liquid and can flow into 
and heal cracks or scratches. “When you remove the 
light, the ligands rebind to the metal, polymerizing again 
and reestablishing the mechanical strength of the mate-
rial,” he adds. All of which takes place in under a minute.

  There are other light-activated self-healing materi-
als, but they rely on embedded particles or agents, 
which can be exhausted, or they use irreversible chemi-
cal reactions for healing. “We’ve used a reversible reac-
tion,” Rowan says, “so you can scratch and heal and 
scratch and heal.”

  The work “represents a major step forward in the 
nascent field of self-healing polymers,” comments 
Michael R. Kessler, a materials science and engineering 
professor at Iowa State University. “What makes this 
approach potentially so useful is that the light can be 
directed locally at the damaged region, so that bonds 
are only re-formed where the damage occurs, allowing 
the undamaged material to continue to carry load dur-
ing the healing process.” —BETHANY HALFORD      

Zn2+O O (                  )
p

(      )
q

N

N
CH

3
H

3
C

CH
3

H
3
C

N

N

N

N

N

N

N

N

m

n

........

........

...
...

..

...
...

..

.................

      BIOBASED CHEMICAL production is taking a 
step forward with the announcement of two 
new projects—both involving venture-capital-

backed start-ups—to make chemicals out of nonfood 
cellulosic biomass.

  Cobalt Technologies is joining with the process devel-
opment firm American Process to build a dem-
onstration-scale  n -butyl alcohol plant in Alpena, 
Mich. Genomatica, meanwhile, has formed a 
partnership with the Italian plastics maker Mossi 
& Ghisolfi to make 1,4-butanediol in Italy.

  High-volume industrial chemicals includ-
ing lactic acid, propanediol, and citric acid are 
already manufactured by fermenting sugars 
derived from sugarcane or corn, and several 
companies are pursuing a new generation of 
sugar-based chemicals such as isobutyl alcohol, 

succinic acid, and acrylic acid. To date, though, develop-
ment of chemicals from cellulosic feedstocks has lagged.

  Cobalt plans to jump-start the process by piggy-
backing on a cellulosic ethanol project that American 
Process has already begun. Using $22 million in grants 
from the Department of Energy and the State of Michi-
gan, American Process intends to open an ethanol plant 
early next year that’s based on a hemicellulosic waste 
stream from a neighboring wood-paneling firm.

  The plant will switch to making  n -butyl alcohol in 
mid-2012, the partners say, producing more than 3 mil-
lion lb annually. Key to the process, says Cobalt Chief 
Financial Officer Steven Shevick, is a  Clostridium  bacte-
rium that ferments five-carbon sugars more efficiently 
than do conventional yeast and  Escherichia coli. 

  Similarly, Genomatica is taking advantage of a cellu-
losic ethanol project that is already under way at Mossi 
& Ghisolfi’s Crescentino site. M&G expects to be pro-
ducing 88 million lb per year of ethanol by the first half 
of 2012. Some of the biomass feedstock will be diverted 
to 1,4-butanediol production later that year. 

  Both deals are evidence that attention among devel-
opers of cellulosic biomass is shifting from ethanol to 
higher-value industrial chemicals, notes Erik Hoover, 
an analyst with Cleantech Data. The deals demonstrate 
momentum, but Hoover still sees many unknowns. “The 
opportunity for cellulosic biomass is enormous—if a 
hundred ‘ifs’ are satisfied,” he says. —MICHAEL MCCOY       

 Cobalt 
Technologies 
has developed a 
bacterium that 
ferments a variety 
of biomass-derived 
sugars. 

   The self-healing 
metallosupramo-
lecular polymers 
are made from 
repeating units of a 
small polymer with 
ligands that bind to 
metals. 
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COMPANIES 
ADVANCE BIOBASED 

CHEMICALS
 CLEANTECH: Start-ups are poised 
to harness cellulosic feedstocks 

MENDING WITH LIGHT
 MATERIALS CHEMISTRY: Light 

prompts metallosupramolecular 
polymers to repair themselves 
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    THE AMERICAN Chemical Society presented its 
2011 Public Service Award to Jeremy M. Berg, a 
chem ist who runs a $2 billion-per-year research 

institute at the National Institutes of Health, and Nor-
man P. Neureiter, the first science and technology ad-
viser at the State Department, at an April 13 ceremony on 
Capitol Hill.

  The award honors the scientists for their vision and 
leadership in science and engineering policy. “I am 
very pleased that ACS is recognizing two scientists who 
have dedicated their talents to public service,” ACS 
President Nancy B. Jackson said in a statement.

  Berg, director of NIH’s National Institute of General 
Medical Sciences, “is an effective advocate for basic 
research who has worked to increase the visibility of 
chemistry at NIH,” Jackson said. He has also focused 
his efforts on training and motivating the next genera-
tion of scientists and increasing the diversity of the 
biomedical workforce. Berg plans to leave NIH at the 
end of June to take a position at the University of Pitts-
burgh (C&EN, Dec. 13, 2010, page 8).

  One of Berg’s achievements at NIH was finding 
middle ground with ACS in 2004 when NIH wanted to 
launch PubChem, a publicly available chemical struc-
ture database. ACS officials were concerned that the 
free service would compete with ACS’s private data-
base, the Chemical Abstracts Service (CAS) Registry. 
“This turned into a very complex issue with lots of ne-
gotiation,” Berg recalls. Today, both PubChem and CAS 
are thriving, he says.

  Prior to joining NIH in 2003, Berg directed the In-

stitute for Basic Biomedical Sciences at the Johns Hop-
kins University School of Medicine, where he was also 
a professor and head of the department of biophysics 
and biophysical chemistry. He holds a Ph.D. in chemis-
try from Harvard University.

  Neureiter, senior adviser to the Center for Sci-
ence Diplomacy at the American Association for the 
Advancement of 
Science (AAAS), 
served as science 
and technology 
adviser to the sec-
retary  of state 
under Secretaries 
Madeleine Albright 
during the Clinton 
Administration 
and Colin Powell 
during the George 
W. Bush Adminis-
tration. He is cred-
ited with increas-
ing the number of 
Ph.D. scientists 
working at the 
State Department.

  In 2004, Neu-
reiter became the 
first director of the 
newly established 
Center for Science, Technology & Security Policy at 
AAAS. A former oil industry research chemist, Neureiter 
also has a 23-year career in international business with 
the semiconductor industry. He served as a scientific 
attaché in Germany and Poland, and spent four years in 
the White House Office of Science & Technology, from 
1969 to 1973. “He has left a profound mark on both sci-
ence and foreign policy, and ACS is particularly proud to 
be recognizing him in 2011 during this International Year 
of Chemistry,” Jackson said. —BRITT ERICKSON       

 Berg (left) and Neureiter receive the 2011 ACS Public 
Service Award during a Capitol Hill reception. 
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BERG, NEUREITER 
RECEIVE ACS HONOR
 AWARDS: Society bestows 2011 Public 

Service Award on two chemists 

   Merck & Co. and Johnson & Johnson have 
resolved their two-year-long legal wrangle 
over rights to market the J&J arthritis 
drugs Remicade and Simponi outside the 
U.S. Merck will make a one-time payment 
to J&J of $500 million and give up rights 
to sell the drug in certain territories, 
among other concessions.

  The dispute over the arthritis fran-
chise originated in March 2009 after 
Merck announced its merger with Scher-
ing-Plough, which was then J&J’s market-
ing partner for the two drugs. The care-
fully crafted deal left Schering-Plough as 

the surviving company, operating under 
the Merck name. Merck calculated that 
the structure would avoid triggering a 
clause in the drug-marketing agreement 
between J&J and Schering-Plough that 
would return rights to J&J if Schering-
Plough were to be acquired.

  J&J didn’t buy Merck’s strategy. It 
filed a lawsuit in May 2009 claiming the 
merger triggered the change-of-control 
provision for the drug franchise.

  Under the settlement, J&J gains exclu-
sive rights to the drugs in Canada, Cen-
tral and South America, the Middle East, 

Africa, and Asia-Pacific. Merck retains 
rights in Europe, Russia, and Turkey—ter-
ritories it says represent about 70% of 
the $2.8 billion the drugs contribute to 
its revenues annually. In addition, the 
profit split on sales, which now favors 
Merck 58:42, will be equal in the future.

  The deal “lifts a critical overhang” for 
Merck, says Seamus Fernandez, a stock 
analyst for Leerink Swann. Still, the loss 
of about a third of the company’s stake in 
the Remicade/Simponi franchise could 
lower its earnings per share by 15 to 20 
cents per year, he adds.—LISA JARVIS   

PHARMACEUTICALS Merck and J&J settle arthritis franchise dispute
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      WILLIAM N. LIPSCOMB JR., 91, an emeritus 
professor of chemistry at Harvard University 
who won the 1976 Nobel Prize in Chemistry, 

died in Cambridge, Mass., on April 14 of pneumonia and 
other complications from a fall.

  Born in Cleveland in 1919, Lipscomb 
earned a B.S. in chemistry at the University 
of Kentucky in 1941 and a Ph.D. in chemistry 
under Linus C. Pauling at California Institute 
of Technology in 1946.

  Lipscomb then joined the faculty at the 
University of Minnesota; he moved to Harvard 
as a professor of chemistry in 1959. He was ap-
pointed Abbott & James Lawrence Professor 
of Chemistry in 1971 and retired in 1990.

  Lipscomb’s Nobel Prize was awarded for 
his studies on the structure of boranes and the 
insight that that work provided into chemical 
bonding. His work on boranes and on carbon 

compounds formed the experimental basis for the ex-
tended Hückel theory, the first widely applicable use 
of molecular orbital theory to study chemical bonding. 
Lipscomb also worked extensively on determining the 
structure and function of enzymes with the help of X-ray 
crystallography. His varied interests in biochemistry, as 
well as physical, inorganic, and organic chemistry, were 
linked by a common theme of structure and function.

  His lab was a fruitful training ground for other future 
Nobel Laureates, including Thomas A. Steitz of Yale 
University, Ada E. Yonath of Weizmann Institute of Sci-
ence, and Roald Hoffmann of Cornell University.

  “I learned from Lipscomb’s sly wit that one should 
not take oneself too seriously,” Hoffmann says, “and 
that chemistry should be fun.”

  Indeed, Lipscomb delighted in the lighter side of 
chemistry, frequently participating in the tongue-in-
cheek Ig Nobel Prize ceremonies, which are held at 
Harvard each year shortly before the Nobel Prizes are 
announced. In 2008, he agreed to be the prize in the 
event’s Win-a-Date-with-a-Nobel Laureate-Contest.

  Lipscomb’s varied interests extended beyond sci-
ence. Colleagues noted that it wasn’t unusual to find 
Lipscomb practicing his clarinet in the lab while wait-
ing for the latest experimental data.

  He is survived by his wife, Jean; three children; three 
grandchildren; and four great-grandchildren. —SOPHIE 
ROVNER       

  

    WITHOUT a functional group to grab onto, 
chemists can’t do much with alkanes other 
than burn them. Now, researchers in Japan 

have developed a metal-free method to outfit these 
hydrocarbons with amines ( Science,  DOI: 10.1126/

sci ence.1201686), thus 
making them available 
for further reactions.

  The room-temper-
ature reaction is regio-
selective and offers 
a more environmen-
tally friendly route than 
similar transformations 

that use hypervalent iodine reagents with metal cata-
lysts. The reaction makes use of an  N- triflylimino-λ 3 -
bromane compound, which inserts nitrogen function-
ality into C–H bonds to give triflyl-substituted amines. 
The hypervalent bromine reagent has a marked selec-
tivity for tertiary C–H bonds over secondary ones but 
leaves primary C–H bonds alone.

  The research team, led by Masahito Ochiai of the 

University of Tokushima and Waro Nakanishi of 
Wakayama University, previously developed the hy-
pervalent bromine reagent to transform alkenes into 
aziridines—a reaction that had already been done with 
hypervalent iodine and a metal catalyst. If the hyper-
valent bromine could replace the hypervalent iodine 
and metal catalyst in that reaction, the researchers rea-
soned, it could also replace those reagents for aminat-
ing aliphatic C–H bonds.

  Ochiai says the hypervalent bromine reagent is fairly 
stable in the solid state, lasting up to a month in the 
refrigerator without decomposition. Its preparation is 
simple, he says, but because it uses bromine trifluoride 
and liberates HF gas, it demands certain safety pre-
cautions. “Care should be taken in handling bromine 
tri fluoride because it will react violently with most or-
ganic compounds,” Ochiai warns.

  Philippe Dauban, a chemist at France’s Institut de 
Chimie des Substances Naturelles, who has worked on 
aminations using hypervalent iodine reagents and tran-
sition metals, notes the hypervalent bromine reagents 
“might provide new opportunities” for aminations. 
But he points out that they are not without their limita-
tions. For example, he says, using alkanes as solvents 
could be problematic.

  “The problem of efficient selective amination of al-
kanes has not been solved by this study,” Dauban says, 
“but it clearly shows us new avenues to explore.”—
BETHANY HALFORD  

 A
P

 

NABBING NITROGEN
 ORGANIC SYNTHESIS: Metal-free 
method adds amines to alkanes 

WILLIAM LIPSCOMB 
DIES AT 91

 OBITUARY: Harvard Nobel Laureate 
worked with boranes, enzymes 

Br
+

TfN
–

CF
3

Br

CF
3

NHTf

+ +

Tf = trifluoromethanesulfonate

 Lipscomb 

http://www.cen-online.org


11WWW.CEN-ONLINE.ORG APRIL 25, 2011

      LEGISLATION that would overhaul the nation’s 
patent system took another step toward enact-
ment on April 14 when the House of Representa-

tives Judiciary Committee gave strong bipartisan ap-
proval to a reform measure that has the backing of big 
chemical and pharmaceutical companies.

  The bill, H.R. 1249, was approved by a vote of 32-3 
and would align the U.S. with other industrialized na-
tions that use a “first to file” system, which awards pat-
ents to the inventor who filed an application 
first, rather than allowing a fight over who 
actually invented something first.

  It would also allow the Patent & Trade-
mark Office (PTO) to set its own fees and 
prevent Congress from diverting the rev-
enue raised by those fees to other unrelated 
government programs.

  Supporters say the bill will help ensure 
that the patent office has the resources it 
needs to hire more examiners and upgrade 

its technology. PTO has been struggling to deal with a 
huge backlog of more than 700,000 applications.

  “This important legislation is long overdue. The last 
major patent reform was nearly 60 years ago,” said Rep. 
Lamar S. Smith (R-Texas), committee chairman and 
the bill’s chief sponsor. “Since then, American inven-
tors have helped put a man on the moon, developed cell 
phones, and launched the Internet. But we cannot pro-
tect the technologies of today with the tools of the past.”

  The measure, which will likely be considered by the 
full House later this year, is similar to a bill that easily 
passed the Senate on March 8 and has the backing of 
President Barack Obama (C&EN, March 14, page 30).

  The bill also sets rules for patents to be challenged 
after they are granted through a PTO administrative 
procedure. Advocates say the new postgrant review 
process will allow disputes involving patent quality and 
scope to be settled without expensive litigation.

  The legislation is supported by a diverse 
array of stakeholders, including the Coali-
tion for 21st Century Patent Reform, whose 
members include Dow Chemical, DuPont, 
Pfizer, Eli Lilly & Co., and Novartis.

  “Our coalition believes the legislation 
reported, with overwhelmingly broad bipar-
tisan support, will improve the operations 
of PTO and procedures for obtaining and 
enforcing patents,” says Gary Griswold, the 
group’s director. —GLENN HESS       

      USING A nickel catalyst, chemists have found a 
way to break an aromatic ether bond while leav-
ing the aromatic ring itself unscathed ( Science,  

DOI: 10.1126/science.1200437). The work provides 
proof of concept that metal catalysts could be used to 
convert lignin—a biopolymer that is replete with aro-
matic ether linkages and that lends stiffness to plants—
into fuels or commercial chemicals.

  Lignin gums up some chemical processes for obtain-
ing energy from other plant components such as cel-
lulose. And although it can be burned to provide heat 
and energy, it’s a solid that is tough to transport, says 
organometallic chemist John F. Hartwig of the Univer-
sity of Illinois, Urbana-Champaign. “It would be nice to 
be able to chop it up into small enough pieces to make 
it a liquid” suitable for processing into transportation 
fuels or aromatic chemical feedstocks, he says.

  But enzymes have trouble breaking down lignin, and 
chemically cleaving aromatic ether bonds such as those 
in lignin is messy, requiring harsh conditions and lead-

ing to mixtures of products, some with reduced aro-
matic rings. Using hydrogen and a new nickel catalyst, 
Hartwig and postdoctoral researcher Alexey G. Sergeev 
selectively cleaved aromatic C–O bonds in lignin model 
compounds. So far, the method requires relatively high 
amounts of 
the catalyst 
and a strong 
base, but 
Hartwig says 
his team, 
which is 
among several 
Illinois research groups in the BP-supported Energy 
Biosciences Institute, is working to eliminate those 
drawbacks. He has filed a provisional patent applica-
tion on the process.

  “There’s a saying that you can make anything you 
want to from lignin except for money,” says George W. 
Huber, an expert in biomass conversion at the Univer-
sity of Massachusetts, Amherst. Researchers have been 
trying to break down lignin for a long time, but selectiv-
ity has always been an issue, he says. The catalyst must 
be improved to work cost-effectively on lignin itself, 
but “this route shows that selective lignin depolymer-
ization chemistry is possible,” he says. “It shows the 
power of modern chemistry for solving energy prob-
lems.” —CARMEN DRAHL   
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CHOPPING UP LIGNIN
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models of complex plant polymer 

PATENT REFORM 
ON THE MOVE

 INTELLECTUAL PROPERTY: House panel 
advances bill to reform patent process 
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“We cannot 
protect the 
technologies 
of today with 
the tools of 
the past.”
LAMAR S. SMITH 
(R-TEXAS)

http://www.cen-online.org
http://pubs.acs.org/isubscribe/journals/cen/89/i11/html/8911govc1.html


Agilent 7100 Capillary Electrophoresis System

In an amazingly small footprint, the Agilent 7100 CE system delivers all the 

flexibility, performance, and productivity you’re looking for:

• Breakthrough CE/UV detection sensitivity—best in class!

• The only single-vendor, fully-integrated CE/MS available

• Seamless connection to external detectors such as LIF, CCD, or others

Agilent reliability, lower operating costs, and single-vendor confidence add to 

the value equation—making the Agilent 7100 CE system the Clearly Better 

choice for your lab’s next (or first) CE or CE/MS system.

www.agilent.com/chem/CE

CE FLEXIBILITY

© Agilent Technologies, Inc. 2011

http://www.agilent.com/chem/CE


13WWW.CEN-ONLINE.ORG APRIL 25, 2011

COVER STORY

such as China, India, and Brazil,” 
Chance continues. “The recent 
events in Japan will impact some 

areas of the market, but it is still 
too early to tell.”

  In 2010, the general trend 
was one of increased spending, 

industry participants say. “In 
light of the economic issues 

that we had in 2009, there 
was a lot of activity that was 

pent up,” says Dusty Ten-
ney, president of analytical 

sciences and laboratory 
services at PerkinElmer. 

Because purchases had 
been on hold or deferred, 

“2010 was somewhat of 
an anomaly because of 

the soft comparison to 
2009,” he adds.

  Owing to 
the rebound 

in 2010, life 
sciences tools 

firms will find 
it hard to post 

robust gains in 
2011, Morgan Stanley stock 

analyst Marshall Urist suggested 
in a report to clients earlier this 
year. “Revenue is still generally 
flat to below pre-recession 2008 
revenue levels for most tools 
companies, favoring sustainable 
growth in 2011,” he wrote.

  Urist anticipates that stimu-
lus funding will have a minor 

effect on business this year. He considers 
the overall stimulus impact to have been 
lower than expected and, for the majority 
of companies, “not a material contributor 
to top-line growth.” Of more concern in 
coming months is flat research spending 
by governments worldwide.

  The industry’s sales growth this year 
will be in the mid-single digits, executives 
from many of the top 10 firms tell C&EN. 
New product introductions and expand-
ing markets will contribute organically to 
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and environmental 
and food safety,” says Kevin 

Chance, president of Thermo 
Fisher Scientific’s scientific in-
struments division. “Growth last 
year could be largely attributed 
to government stimulus funding, most no-
tably in Japan and the U.S. This had a major 
effect, particularly in the academic end-use 
markets.”

  Europe lagged somewhat in growth, ac-
cording to instrument makers. “Growth 
was more apparent in emerging markets 

  WELCOME RELIEF came in 2010 to the an-
alytical and life sciences instrumenta-
tion industry. Broad mar-
ket recovery 
coupled with 
strong growth 
in emerging 
regions helped 
boost sales. 
In this more 
stable economic 
environ ment, 
customers were 
again willing to 
spend money on 
new and replace-
ment instruments.

  In 2009, instru-
ment makers strug-
gled, and most watched 
sales fall. C&EN’s 
new survey of the top 
25 firms reveals the re-
bound that 2010 brought. 
At $24.5 billion, combined 
2010 instrument sales for 
the top 25 companies were 
up a healthy 14% compared 
with 2009. About half of the 
group saw double-digit gains, 
and all but two firms posted 
higher sales.

  The $40 billion global in-
strumentation market grew 7% 
in 2010, a sharp contrast to its 
3% decline in 2009, according to Strategic 
Directions International, a Los Angeles-
based research firm. Sectors such as life 
sciences and food testing grew at a faster 
than average rate, while industrial markets 
grew more slowly. The academic and gov-
ernment funding environment was stable, 
and some pharma sectors recovered.

  “There was an increased interest in ap-
plied markets, such as clinical research 

COVER STORY

“The midsized players get squeezed out 
as you get to a critical mass and scale.”

 DIGITAL DEVICE   
A semiconductor 
chip is the core of 
Life Technologies’ 
Ion Personal 
Genome Machine 
sequencer. 

TOP INSTRUMENT FIRMS
 Mergers and acquisitions alter the landscape in C&EN’S RANKING of 

leading analytical and life sciences instrumentation companies 
  ANN M. THAYER,   C&EN HOUSTON  
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company growth, they say, complementing 
the boost to revenues that many will see 
from acquisitions.

  Consolidation was a hallmark of 2010 
and is still under way. “There were actu-
ally two levels of consolidation,” Tenney 
points out. One was within the instrumen-
tation industry, where several major firms 
acquired businesses. Consolidation also 
took place among customers, most notably 
some major pharmaceutical and chemical 
firms.

  ACQUISITIONS SHIFTED C&EN’s rank-
ing of instrument providers, starting at the 
top. With its $1.5 billion purchase of Var-
ian, which ranked 13th in last year’s survey, 
Agilent Technologies moved up from third 
place to first. Life Technologies, formed in 
late 2008 from the merger of Applied Bio-
systems and Invitrogen, slipped to second. 
Thermo, meanwhile, moved from second 

to third, just a hair’s breadth above quickly 
rising Danaher.

  With only a 0.3% difference in instru-
ment sales, the top two companies are also 
neck and neck. Life Technologies’ rev-
enues, which include a significant amount 
of consumables, grew 7%, while Agilent re-
ported a 30% increase in chemical and life 
sciences equipment sales for its fiscal year, 
which ended on Oct. 31. Even without the 
Varian purchase, Agilent’s instrument sales 
would have grown at two to three times the 
industry average.

  Agilent’s outsized growth rate comes 
from having been an early entrant in appli-
cations such as food testing and in emerg-
ing markets, explains Chris Toney, vice 
president of Agilent’s chemical analysis 
group.

  In 2010, the company expanded its Life 
Sciences & Chemical Analysis Center of 
Excellence in Bangalore, India. It has been 

gradually shifting some manufacturing to 
the Asia-Pacific region, taking advantage of 
its wide footprint there. “We want to make 
sure that we are where we can get the most 
optimized supply chain possible, and that 
is not always just China,” Toney points out.

  For example, Agilent is moving produc-
tion of its liquid chromatography/mass 
spectrometry (LC/MS) product lines from 
the U.S. East Coast to Singapore. And the 
manufacturing of consoles for nuclear 
magnetic resonance spectrometers will 
move from a Varian site in California to an 
Agilent facility in Penang, Malaysia.

  As Agilent’s largest-ever acquisition, the 
Varian purchase strengthened its chemical 
and bioanalytical groups. “We will con-
tinue to look at acquisitions that fit well 
with our strategy as a way of rounding out 
the portfolio,” Toney says. “Our growth 
strategy is to expand the portfolio and 
make sure we are going after the fastest-

TOP 25 INSTRUMENTATION FIRMS 
Acquisitions caused shifts among industry leaders in 2010

RANK

COMPANY

 INSTRUMENT
SALES
2010

($ MILLIONS)

CHANGE 
FROM 
2009

INSTRUMENT 
SALES AS 

% OF TOTAL 
SALES

HEADQUARTERS
COUNTRY

 INSTRUMENT 
OPERATING 

PROFITS 
($ MILLIONS)

CHANGE 
FROM 2009

PROFITS AS 
% OF TOTAL 
OPERATING 

PROFITS

 OPERATING 
PROFIT 

 MARGINa2010 2009

1 3 Agilent Technologiesb $2,679 29.9% 49.2% U.S. $500 28.2% 88.3% 18.7%
2 1 Life Technologiesc 2,672 7.3 74.5 U.S. na na na na
3 2 Thermo Fisher Scientific 2,300 9.5 21.3 U.S. na na na na
4 9 Danaher 2,298 54.7 17.4 U.S. 228 26.7 10.5 9.9
5 5 Shimadzu 1,715 7.0 55.8 Japan 184 2.7 110.1 10.7

6 4 Waters 1,643 9.7 100.0 U.S. 450 14.0 100.0 27.4
7 7 Bruker 1,225 15.3 93.9 U.S. 161 13.3 103.1 13.1
8 6 PerkinElmer 1,193 10.0 70.0 U.S. na na na na
9 10 Roche Diagnosticsd 931 3.9 8.3 Switzerland na na na na

10 11 Mettler-Toledo 901 17.5 45.8 U.S. na na na na

11 12 Hitachi High-Technologies 701 -6.8 8.6 Japan na na na na
12 17 Nikone 695 26.4 6.6 Japan -67 nm nm def
13 18 Beckman Coulter 694 12.8 18.9 U.S. 75 -21.5 18.7 10.8
14 15 Bio-Rad Laboratories 662 2.8 34.4 U.S. 53 32.9 23.4 7.9
15 14 Olympuse 550 -7.3 5.2 Japan na na na na

16 16 Carl Zeissf 541 8.8 13.3 Germany na na na na
17 21 JEOLg 500 14.4 48.3 Japan na na na na
18 — FEI 480 9.1 75.7 U.S. na na na na
19 19 Spectris 464 11.3 33.0 U.K. 55 217.9 24.7 11.8
20 20 Dionex 447 15.0 100.0 U.S. 93 17.8 100.0 20.9

21 24 Horiba 398 0.3 27.5 Japan 62 236.8 41.5 15.7
22 25 Illumina 325 43.8 59.8 U.S. na na na na
23 23 Tecan 251 4.7 70.5 Switzerland 40 -13.5 75.1 16.1
24 — Qiagen 152 7.6 14.0 Germany na na na na
25 — Analytik Jenaf 65 2.5 59.7 Germany 4 -33.9 90.7 6.0

NOTE: Results are for the calendar year unless otherwise stated. Some figures were converted at relevant exchange rates as of Dec. 31, 2010. a Instrumentation operating 
profits as a percentage of instrumentation sales. b Fiscal year ended Oct. 31, 2010. c Includes significant amount of noninstrumentation products. d Results for instrumentation 
sales within this division alone. e Company estimates for fiscal year ending March 31, 2011. f Fiscal year ended Sept. 30, 2010. g Fiscal year ended March 31, 2010. def = deficit. 
na = not available. nm = not meaningful.
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growing application and geographic 
segments.”

  Already in 2011, the company has 
added Fourier transform infrared 
instruments for lab and field use 
to its spectroscopy business by 
buying A2 Technologies. In the life 
sciences arena, it acquired electro-
phoresis product firm Lab901 and 
Biocius Life Sciences, a developer 
of high-throughput MS technology 
for drug screening.

  Meanwhile, Life Technologies 
completed the sale of its half of 
AB Sciex, an MS business, to Da-
naher in 2010 and also acquired 
Ion Torrent. Within three months 
of the acquisition, Life Technolo-
gies launched Ion Torrent’s first 
semiconductor-based sequencing 
system, called the Ion Personal Ge-
nome Machine. It is already offer-
ing a faster version of the semicon-
ductor chip that is the replaceable 
core of the Ion PGM.

  “What we really liked about the 
Ion Torrent technology is that it 
marries biology and chemistry with 
years of development and billions 
in investment in the semiconductor 
industry,” explains Life Technolo-
gies President Mark P. Stevenson. 
“We see continued demand in both 
basic research and in molecular 
medicine and diagnostics for sim-
pler and lower-cost sequencing.”

  THE MARKET for affordable DNA 
sequencers—the Ion PGM costs 
about $50,000—is growing about 
35% per year, Stevenson says. “The 
price of sequencing a genome is ap-
proaching $1,000, and by next year 
I expect we will break that mark. 
That then opens up a wide range 
of applications in molecular medicine, hu-
man health and safety, and forensic DNA 
analysis.”

  Operating as an entrepreneurial entity 
within Life Technologies, Ion Torrent add-
ed to its new parent’s instrument business. 
Most of Life Technologies’ instrument-
related business is consumables, which 

sell well even during down times and con-
tributed to the company’s strong growth 
in 2009.

  “We like business models where we have 
consumables associated with the instru-
ments,” Stevenson says. Although the MS 
business was a successful joint venture for 
many years, it didn’t fit with this model. “It 

made sense to divest it to Danaher, 
which has put the two halves of the 
joint venture together and added 
high-performance liquid chroma-
tography, which was the right thing 
to do,” he explains.

  ACQUISITIONS have enabled Da-
naher to move up quickly through 
the instrumentation ranks. In ad-
dition to buying both halves of AB 
Sciex, last year it acquired MDS 
Analytical Technologies, which 
had been number 22 in C&EN’s 
ranking, and Eksigent Technolo-
gies’ chromatography business. 
Number nine in 2009, Danaher 
jumped to fourth place in 2010 
with $2.3 billion in lab instrument 
sales. It also bought the electron-
ics equipment firm Keithley In-
struments and Genetix, a maker of 
tools for cell analysis.

  Despite more than doubling its 
instrumentation sales in just one 
year, Danaher isn’t finished. In Feb-
ruary, the company announced that 
it would buy number 13 Beckman 
Coulter for $6.8 billion. Beckman 
sells in vitro diagnostics, lab auto-
mation systems, and consumables. 
Adding that company’s nearly $700 
million in equipment sales will 
move Danaher up further in next 
year’s ranking.

  Danaher has a chance to reach 
the top spot, although the competi-
tion is getting tight. Among those 
putting on the pressure, Thermo 
announced plans in late 2010 to 
purchase Dionex for $2.1 billion. 
The addition will make Thermo a 
big player in the chromatography 
area, where it will compete with 
Shimadzu and Waters at numbers 

five and six, respectively. It will also ex-
pand Thermo’s reach in the Asia-Pacific 
region and in environmental and food-
testing markets.

  Ranked 20th, with 2010 sales of $447 
million, Dionex will increase Thermo’s in-
strument sales by about 20%. At the same 
time, however, Thermo is selling its Athena 

CONSOLIDATION 
Recent instrumentation acquisitions will reshape 

competitors

ACQUIRER TARGET
DEAL VALUE 

($ MILLIONS)
2011

Agilent Technologies A2 Technologies na
Agilent Technologies Biocius Life Sciences na
Agilent Technologies Lab901 na

Bruker Michrom Bioresources na
Bruker Protect-US na
Bruker Sigma ElectroOptics na

Danaher Beckman Coulter $6,800
PerkinElmer Chemagen Biopolymer-

Technologie
na

Thermo Fisher Dionex 2,100

2010

Agilent Technologies Varian 1,500
Bruker Veeco’s AFM and optical 

industrial metrology
229

Bruker Three Varian product lines 38

Danaher MDS Analytical Technologies 650
Danaher Life Technologies’ half of AB 

Sciex 
450

Danaher Keithley Instruments 300
Danaher Genetix 82
Danaher Eksigent Technologies’ 

chromatography unit
na

Illumina Helixis 105
ITT Nova Analytics 390
ITT O.I. Corp. 29
Life Technologies Ion Torrent 725
PerkinElmer Danaher’s half of MS joint 

venture 
na

PerkinElmer VisEn Medical na

Qiagen ESE GmbH 19
Thermo Fisher Ahura Scientific 145
Thermo Fisher Finnzymes na
Thermo Fisher Lomb Scientific na
Thermo Fisher NovaWave Technologies na

na = not available.

“Growth last year could be largely attributed to government 
stimulus funding, most notably in Japan and the U.S. This had 
a major effect, particularly in the academic end-use markets.”
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Diagnostics and Lancaster Laboratories 
businesses. In 2010, the contract lab services 
businesses had about $225 million in com-
bined sales.

  PerkinElmer and Bruker also made ac-
quisitions during 2010 and are at it again 
this year. Bruker took advantage of an an-
titrust requirement that Agilent sell some 
overlapping businesses to pick up three 
Varian product lines. The company has long 
focused on academic markets and high-end 
research instruments used in the life sci-
ences; the acquisition increased Bruker’s 
exposure to applied and industrial markets.

  Bruker then bought Veeco’s atomic force 
microscopy (AFM) and optical industrial 
metrology instruments business. The ad-
dition further increased the company’s ex-
posure to industrial customers and to Asia-
Pacific markets. After declining during the 
recession, sales and profits at the Veeco 
businesses have rebounded, and they are 
forecast to post $130 million in sales this 
year, or about one-third more than in 2009.

  “ORGANIC GROWTH is an absolutely key 
element that is not going to be replaced by 
growing through acquisitions,” says Thor-
sten Thiel, Bruker’s director of marketing 
communications. “Bruker keeps a very fo-
cused strategy on acquiring only technolo-
gies and products that really fit our existing 
portfolio.” For example, it acquired the IR 
gas technology firm Sigma ElectroOptics 
to expand its detection business and is 
buying Michrom Bioresources to gain LC 
instruments to interface with its mass 
spectrometers.

  Bruker’s diversification strategy seems 
to be paying off. With its foray into new 
markets, the company’s total sales rose 
18% to $1.3 billion last year, and its instru-
ment sales moved it into seventh position, 
just ahead of PerkinElmer. Even without 
the acquisitions, sales would have been up 
about 12%. Bruker predicts that it will reach 
total sales of about $1.6 billion in 2011, and 
the firm is targeting sales of more than $2 
billion by 2014.

  PerkinElmer has also been active, buy-
ing out Danaher’s interest in an inductively 
coupled plasma MS joint venture and 
acquiring VisEn Medical, which makes mo-
lecular imaging systems and reagents used 
in preclinical drug research. Moreover, it is 
buying two software firms and Chemagen 
Biopolymer-Technologie, a maker of sys-
tems for automated nucleic acid isolation.

  At the same time, PerkinElmer has sold 
its illumination and detection solutions 

business to further focus on human and 
environmental health. The divested busi-
ness was expected to generate revenues of 
about $300 million in 2010. The company 
has forecast organic revenue growth in the 
mid-single-digit range for 2011.

  “The majority of growth will manifest 
itself out of the emerging regions of the 
world,” Tenney says about the industry 

overall. In addition to experiencing greater 
financial capabilities, higher levels of in-
vestment, and population growth, “these 
regions are becoming much more buoyant in 
terms of adopting regulations that ultimate-
ly drive that level of demand,” Tenney adds.

  PerkinElmer’s strategy for growth 
includes internal product development, 
regional expansion, and broader software 

www.mt.com/us-giantleap
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and services offerings, Tenney explains. 
“Acquisitions can play a part in enabling us 
to move faster and are a way to fulfill the 
strategy in a shorter time frame.”

  In 2010, the top five companies ac-
counted for nearly 48% of revenues 
among the 25 firms in C&EN’s survey, up 
from about 45% in 2009. Still, the median 
company size leaves significant room for 

continued consolidation, Morgan Stan-
ley’s Urist has told clients. In addition, he 
believes that “concentrated end markets 
and a shared customer base make for a 
ripe M&A environment.”

  Agilent’s Toney agrees that the competi-
tive landscape is changing in analytical 
instrumentation. “What will emerge are a 
smaller number of much stronger players 

in what has been a highly fragmented mar-
ket,” he says. “In my view, it may be tough-
er for some of the smaller, second- tier 
competitors to have the global presence 
that is going to be necessary to compete.”

  Stevenson sees a similar trend. “The 
midsized players get squeezed out as you 
get to a critical mass and scale,” he says. Life 
Technologies, for example, has thousands 
of field sales, service, and customer support 
employees that give it a broad geographic 
presence. It also can invest heavily in R&D 
and in its technology infrastructure.

  Even as the big companies get bigger, 
Stevenson sees opportunities for small, 
innovative companies and start-ups. These 
companies have a chance to thrive and 
succeed, he believes, by developing new 
technologies and by being acquired by the 
larger firms. The challenge for large firms 
is to keep this innovation alive, he suggests.

  CONSOLIDATION can affect customers 
as well. “There is always the question, ‘Are 
there too many competitors and too many 
choices?’ ” PerkinElmer’s Tenney says about 
what drives consolidation. Acquisitions will 
trim the number of suppliers, he acknowl-
edges, but customers benefit if companies 
can then offer broader ranges of solutions.

  “By the same respect, what can hap-
pen as companies keep getting bigger and 
bigger is that ultimately their ability to 
become more intimate with customers ac-
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system compacted into a small 

footprint. 
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FLASH to Preparative 

Chromatography and is 
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individual or a small 
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GROWING SECTORS 
Life sciences is a large and fast-

growing market for instrumentation

END MARKET
MARKET SIZEa 
($ BILLIONS)

ANNUAL 
GROWTH 

RATE

Life sciences 
(academia & 
government)

$10 8%

Pharmaceuticals & 
biotechnology

9 5

Environmental & 
forensics

6 5

Industrial 
(computing & 
semiconductors)

5 4

Communications 4 5
Aerospace & 
defense

3 4

Chemicals & energy 2 5
Food 2 8

TOTAL MARKETa $41 6%

a For the 12 months ending Jan. 31, 2011. 
SOURCE: Agilent Technologies estimates

http://www.gilson.com/plc2020
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tually goes down, and understanding their 
needs and translating those into strategy 
becomes a slower process,” Tenney points 
out. Although PerkinElmer may invest to 
round out its instrument portfolio, he con-
siders the company “uniquely positioned 
because of our size and the speed at which 
we can operate.”

  Bruker’s Thiel says he hasn’t seen 
consolidation create disadvantages for 
customers. “Consolidation has not yet 
reached a critical level of not any longer 
having choices in more or less all fields of 
technologies and applications,” he says. 
Instead, “the companies probably can be-
come more efficient and leverage certain 
aspects in their operating business.”

  BENEATH THE TOP TIER being created by 
consolidation are a number of companies 
with instrument sales under $1 billion. 
Among them are several Japanese firms, 
many of which struggled in 2010. Although 
Shimadzu had a strong year and Nikon re-
ported higher sales, others fared less well.
  Sales were flat at Horiba and actually 
declined at Olympus and Hitachi High-
Technologies. According to Hitachi, 2010 
was a year of strenuous effort to find its 
way out of the financial crisis, during which 
it went into the red for the first time in its 
10-year history.

  JEOL had a good year in 2010, increasing 
sales by 14%. Recently, however, the com-
pany decided to spin off its magnetic reso-
nance instrumentation business into a joint 
venture, to be called JEOL Resonance, with 
the Innovation Network Corporation of Ja-
pan. JEOL’s remaining scientific instrument 
division will consist of electron microscopes 
and other surface analysis equipment.

  Another instrumentation business ap-
pears to be in the making. ITT Analytics, 
owned by the industrial conglomerate ITT 
Corp., is a provider of field, portable, lab, 
and online analytical instrumentation. It 
was formed in 2010 after ITT acquired Nova 
Analytics and later added O.I. Corp. ITT 
says it sees “very compelling growth char-
acteristics in the analytical instrumentation 
market” and views its new businesses as a 
“new growth platform for the corporation.”

  Bullishness by smaller players likely 
means more shifts among the top 25 firms 
this year. With three of the traditional ac-
quirers—Thermo, Agilent, and Life Tech-
nologies—having made large acquisitions 
in the past two years, “the prospects for 
nontraditional players will be important to 
driving M&A in 2011,” Urist predicts. ■        
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    JAPANESE  RESTARTS 
PROCEED HALTINGLY

  Japanese chemical producers report some 
progress in restarting their facilities in 
Kashima, a major chemical complex north-
east of Tokyo that was damaged by the 
March 11 earthquake and tsunami. JSR says 
it restarted synthetic rubber production at 
the site after steam and other utilities came 
back on-line. But the company notes that it 
is working with inventoried raw materials 
and that the situation will not be normal 
until a major supplier also restarts in late 
May. Mitsui Chemicals is repairing its pet-
rochemical facilities and hopes to restart 
in late June. Shin-Etsu Chemical is repair-
ing its polyvinyl chloride plant but says it 
won’t be able to resume normal production 
until other suppliers at the site also come 
back on-line. The difficulty of restarting at 
Kashima was illustrated when Shin-Etsu 
had to stop production at its partially re-
started optical fiber preform plant after a 
violent aftershock on April 11. —JFT 

    RHÔNE CAPITAL BUYING 
 EVONIK  CARBON BLACK

  Seven months after putting its carbon 
black business up for sale, Evonik Indus-
tries has agreed to sell it to the private 
equity firm Rhône Capital. The deal, for 
more than $1.2 billion, is expected to be 
completed this summer, in advance of 
an initial public offering (IPO) of Evonik 
stock. Evonik’s main shareholder, the RAG 
Foundation, recently stated that it plans 
to carry out the IPO in the next 15 months. 
With revenues of about $1.7 billion in 
2010, Evonik’s carbon black business is the 
world’s third-largest producer of the rub-
ber additive. —MM 

     RELIANCE  PLANS HUGE 
POLYESTER EXPANSION

  Reliance Industries has embarked on 
a large-scale expansion of its polyester 
business in India. The company will build 
a 2.3 million-metric-ton-per-year puri-
fied ter ephthalic acid facility in Dahej, a 
special economic zone in Gujarat. Also in 
Dahej, it will build a 540,000-metric-ton 
polyethylene terephthalate plant and a 
290,000-metric-ton polyester staple fiber 
plant. In nearby Silvassa, Reliance will 
build polyester filament yarn and textur-

ized yarn plants. The company isn’t provid-
ing cost figures or completion dates. —JFT 

    DOW, U.S AGENCIES 
DEVELOP COOL  ROOFS 

  In a project funded by the Department of 
Energy, Dow Chemical is working with Oak 
Ridge National Laboratory, which itself will 
team up with Lawrence Berkeley National 
Laboratory, to improve elastomeric roof 
coatings. In particular, the partners want 
the coatings to resist the pickup of dirt and 
the growth of microorganisms to improve 
the white roofs’ ability to reflect solar rays. 
DOE estimates the improved coatings 

could reduce air-conditioning costs for 
commercial buildings by up to 25%. —AHT 

     RHODIA ANALGESICS 
ARE SOLD TO  NOVACAP 

  Rhodia is selling its business in the bulk 
analgesics aspirin and acetaminophen to 
Novacap, a French firm that was created 
in 2003 out of several former Rhodia busi-
nesses. The deal, which also includes the 
intermediates salicylic acid and methyl 
salicylate, involves plants in France, China, 
Thailand, and Brazil that collectively em-
ploy about 390 people. Rhodia is in the 
process of being acquired by Solvay in a 
$4.8 billion deal. —MM 

     CRYSTALLICS  FORMS 
VIA AVANTIUM BUYOUT

  Avantium’s solid-state research and drug 
preformulation business will become a 
new company, called Crystallics, follow-
ing a management buyout. Operating as a 
contract research organization, Crystal-
lics will specialize in identifying physical 
forms of compounds and in crystallization 
process development. Avantium will con-
tinue its efforts in high-throughput R&D. 
It also develops green chemical building 
blocks. —AMT 

BUSINESS CONCENTRATES

  DOW  PLANS ETHYLENE BOOST
  The chemical industry’s rush to tap into U.S. shale resources continued 
last week as Dow Chemical announced a series of investments to expand 
olefins production, and Brazil’s Braskem disclosed it is considering build-
ing ethylene and polyethylene plants in the U.S. Dow plans to build a new 
“world-scale” ethylene cracker on the U.S. Gulf Coast by the end of 2017. 
It will start up an “on-purpose” propylene plant at its Freeport, Texas, com-
plex in 2015. In addition, the company says it is exploring construction 
of a propane dehydrogenation plant, using its own technology, by 2018. 
Dow is pursuing near-term investments as well. The company will restart 
a cracker that it idled in 2009 in Hahnville, La., by the end of next year. 
Improvement projects in Plaquemine, La., and Freeport will allow crack-
ers at those sites to process more ethane by 2014 and 2016, respectively. 
Altogether, Dow expects to add 2.3 million metric tons of ethylene and 
900,000 metric tons of propylene capacity. To secure feedstock supplies, 
Dow is considering building a gas fractionator with a joint-venture partner. 
It has signed a memorandum of understanding with gas supplier Range 
Resources for ethane from the Marcellus region in Pennsylvania. Addition-
ally, it has inked ethane and propane supply agreements with gas suppli-
ers from the Eagle Ford shale gas region in eastern Texas. —AHT  

  Dow already 
offers elastomeric 
roof coatings.   
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    BAXTER TO BUY PRISM, 
GETTING  HEART DRUG 

  Baxter International has agreed to acquire 
Prism Pharmaceuticals, a privately held drug 
firm that recently received FDA approval 
for the antiarrhythmic agent Nexterone. 
Baxter will pay $170 million at closing and 
up to $168 million in sales-based milestones. 
Sold as a ready-to-use premixed intravenous 
bag, Nexterone requires no admixing, Baxter 
says, thus eliminating the risk of medication 
errors as a result of compounding. Prism had 
previously selected Baxter as its contract 
manufacturer. —RM 

     BAYER  TO MODERNIZE 
ITS U.S. HEADQUARTERS

  Bayer will spend $17 million to renovate the 
two main buildings at its U.S. headquarters 
complex in Pittsburgh by June 2013. The 
updated buildings will feature Bayer mate-

rials such as polyure-
thane gel in seating 
and polycarbonate 
in workstations and 
light fixtures. The 

buildings will also sport a line of energy-ef-
ficient windows made with a unique Bayer 
polyurethane resin. —MM 

     MOMENTIVE TO SELL 
 RESINS  BUSINESSES

  Momentive Specialty Chemicals has signed 
a definitive agreement to sell its North 
American composites and coatings resins 
business to Investindustrial, a European 
private equity firm. Included in the sale are 
plants in Carpentersville, Ill.; Ennis, Texas; 
Forest Park, Ga.; and Lynwood, Calif. The 
sites collectively employ 225 people and 
generated sales of $230 million in 2010. In-
vestindustrial, with $3 billion in assets, also 
owns Polynt, an Italian chemical intermedi-
ates and resins maker that was once part of 
Lonza. Polynt had $850 million in sales last 
year. —MSR 

     IPSEN  LICENSES 
PROSTATE CANCER DRUG

  Paris-based Ipsen will pay $35 million up 
front for the right to codevelop Active 
Biotech’s prostate cancer compound tas-
quinimod outside of the Americas and Ja-
pan. Active Biotech could score up to $285 
million in milestone payments as the drug 
candidate progresses toward the market. 
Tasquinimod is in a Phase III trial involv-
ing men with metastatic castrate-resistant 
prostate cancer. Ipsen says the compound 
will complement its oncology portfolio. —LJ 

    SANOFI AND STANFORD 
ENTER  RESEARCH PACT 

  Sanofi-Aventis and Stanford University 
will collaborate through the university’s 
Bio-X program, which supports interdisci-
plinary, early-phase research projects. Fi-
nancial terms were not disclosed, but Bio-X 
traditionally provides seed funding in the 
form of two-year grants of $150,000. Sanofi 
will fund up to five programs per year over 
the lifetime of the pact. The French drug 
firm may also host Stanford postdoctoral 
fellows, and Sanofi scientists might work 
in the university’s labs. Since the beginning 
of the year, Sanofi has signed a diabetes re-
search pact with Columbia University and 
sealed two R&D agreements with the Uni-
versity of California, San Francisco. —LJ 

     MERCK  MAKES CHANGES 
AT RIVERSIDE PLANT

  Merck & Co. has told employees at its facil-
ity in Riverside, Pa., that it will cut back op-
erations by the end of 2013. After being sold 
to PWRT Services in 2008, the plant became 
known as Cherokee Pharmaceuticals. Then, 
last summer, it was sold back to Merck after 
PWRT found the contract manufacturing 
business too challenging. Merck plans for 
the site to focus on producing the antibi-
otic ingredients imipenem, cilastatin, and 
ertapenem. Other product manufacturing 
and a third-party fermentation business will 
be outsourced or sold. It is not yet known to 
what extent jobs will be cut. —AMT    

BUSINESS CONCENTRATES

   BUSINESS  
 ROUNDUP 

   DORF KETAL  Chemicals 
has acquired intellectual 
property from Johnson 
Matthey to produce 
Vertec brand polyester 
catalysts and Snapcure 
polyurethane catalysts 
and cure promoters. The 
company plans to pro-
duce the catalysts at its 
Mundra plant in western 
India. In 2010, Dorf Ketal 
acquired DuPont’s spe-
cialty catalysts business.

   LANXESS  is planning a 
20,000-metric-ton-per-
year expansion of neo-

dymium-polybutadiene 
(Nd-PBR) and solution 
styrene-butadiene rub-
ber capacity at its site in 
Orange, Texas. The $14 
million project, slated for 
completion by third-quar-
ter 2012, is in addition to 
a 15,000-metric-ton Nd-
PBR expansion it recently 
completed at the site.

   SOLUTIA  has been 
awarded a contract to 
supply its Therminol VP-1 
heat transfer fluid to the 
Solana solar power proj-
ect. The $2 billion project, 
under construction in Gila 
Bend, Ariz., is expected to 
be the world’s largest par-

abolic trough solar plant 
when it opens in 2013.

   LONZA  has licensed a 
probiotic  Lactobacillus  
strain developed by Ber-
lin-based Organobalance. 
The strain depletes the 
stomach of  Helicobacter 
pylori , a common cause 
of ulcers. Lonza says the 
strain expands its nutri-
tion portfolio, which in-
cludes amino acids such 
as carnitine and vitamins 
such as niacin.

   WARNER CHILCOTT  
will eliminate 500 jobs 
in a restructuring of its 
European operations. 

The move follows the loss 
of patent protection last 
year for its osteoporosis 
drug Actonel. The drug 
accounted for 70% of the 
company’s Western Euro-
pean revenues.

   CIRCASSIA  has raised 
$98 million in its latest 
round of financing. The 
cash influx, the second 
largest by a private Eu-
ropean biotech firm this 
year, will be used to fund 
Phase III studies of Cir-
cassia’s cat and ragweed 
allergy therapies, as well 
as Phase II trials of its 
dust mite and grass al-
lergy T-cell vaccines.

   ALNYLAM  Pharmaceuti-
cals and Precision Nano-
Systems will jointly de-
velop small lipid nanopar-
ticles using microfluidics 
technology. At approxi-
mately 20 nm in size, the 
LNPs will be designed to 
improve biodistribution of 
RNAi drugs.

   GENMAB  and Seattle Ge-
netics have signed a sec-
ond antibody-drug con-
jugate research deal. The 
companies will collaborate 
on using Seattle Genet-
ics’ ADC technology with 
HuMax-CD74, an antibody 
that Genmab is developing 
as an anticancer agent.  

  Bayer’s redesigned 
building will 
feature company-
made materials.   
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  IMAGINE A CONTAINERSHIP crossing 
the North Atlantic in the midst of a hur-
ricane. The violent storm damages the 
mount assembly and housing of the ship’s 
radar antenna.

  But instead of limping into port for re-
pairs, the ship’s engineer downloads draw-
ings of the radar components he needs and 
produces the parts on the three-dimension-
al printer in his workshop. In a couple of 
hours, he installs them for a flawless repair.

  The scenario is futuristic, but the tech-
nology the engineer uses—additive manu-
facturing—has advanced enough to make it 
nearly plausible today.

  Additive manufacturing is a recent term 
adopted by an industry eager to leap into 
the production of finished parts, says Terry 
Wohlers, president of Fort Collins, Colo.-
based market research and consulting firm 
Wohlers Associates. The term encom-
passes various processes that share a basic 
concept: building an object, usually out of 
a polymer, layer by layer from a mechanical 
drawing stored on a computer. “Some still 
call it ‘rapid prototyping’ because proto-
typing is the biggest application,” Wohlers 
says. Another term often used is 3-D print-
ing. Practitioners also tend to refer to the 
names of manufacturing processes such as 
stereolithography and laser sintering.

  The technology is making the leap from 
the designer’s studio to the factory floor. 
In addition to traditional prototypes and 

models, workshops are churning out pros-
thetic limbs, hearing aids, surgical imple-
ments, metal casting patterns, designer 
furniture, and Boeing 787 Dreamliner parts. 
And by offering a wider palette of raw mate-
rials, polymer suppliers aim to bring addi-
tive manufacturing to even more users.

  “It grabs the imagination,” says Bill Mill-
er, technical group leader for stereolithogra-
phy resins at Huntsman Advanced Materi-
als. “It is only natural for people to think that 
if you can extend it to the manufacturing 
arena, then you’ve really got something.”

  Additive manufacturing, observers say, is 
a natural choice for small production runs of 
customized parts. It offers greater freedom 
of design than other processes. A part can 
feature a near limitless number of twists, 
turns, nooks, and crannies. For example, ad-
ditive manufacturing can produce a plastic 
model of a house complete with rooms and 
furniture inside, which would be impossible 
through traditional injection molding.

  And to make a part by injection molding, 
a fabricator needs to spend thousands of 
dollars tooling molds and then make thou-
sands of parts to justify the expense. “That 
makes us very good for medical and dental 
applications, where every single person is 

different, or in the 
case of aerospace 
where the unit count 
is very small so the 
cost of tooling is quite 
expensive,” says Ste-
phen Hanna, director 
of rapid manufactur-
ing materials sales 

and marketing for 3D Systems, a leading 
additive-manufacturing-technology firm.

  Additive manufacturing is catching on. 
Wohlers says the market has been expand-
ing at an average annual rate of 26% for the 
past 22 years, reaching $1.1 billion in 2009. 
About 70% of sales of parts from the ma-
chine are models and prototypes. However, 
direct part production is a growing seg-
ment, representing 15% of activity.

  Although additive-manufacturing pro-
cesses are all similar conceptually, they dif-
fer in the specifics. Originally developed in 
the 1980s, stereolithography is the oldest. 
In this process an ultraviolet laser traces 
the cross section of a part in a vat of a UV-
light-curable resin. After a layer is drawn, 
the platform on which the part rests is low-
ered by a fraction of a millimeter, and the 
laser draws the next layer.

  THE PROCESS can take hours or days, 
depending on how thick the layers are and 
how large the part is. When the part emerg-
es from the vat, it goes through finishing 
steps such as removal of resin residue and 
additional curing.

  Other additive-manufacturing technol-
ogies make parts from thermoplastics. In 
laser sintering, an infrared laser traces the 
shape in a fine powder of a polymer such 
as nylon 12. When a layer is completed, the 
platform drops down, a roller applies an-
other layer of powder, and the laser makes 
its next sweep across the surface.

  Each additive-manufacturing process 
presents its own challenge to polymer sup-
pliers as the technology scales up to the 
manufacturing stage. Their main goal is to 
make resins compatible with the technol-
ogy and durable enough for real-world 
applications.

  Stereolithography is good for making 
precise prototypes, but suppliers recognize 
that additional development is needed to 
capture more manufacturing applications. 

  OFF THE BENCH   
The Monarch stool, 
by Amsterdam-
based Freedom of 
Creation, is made 
by laser sintering 
of glass-filled 
nylon.   
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The technology is making the leap from 
the designer’s studio to the factory floor.

PARTS ON DEMAND
 Polymer makers are helping ADDITIVE MANUFACTURING 

scale up into full parts production 
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The problem is familiar to Huntsman Ad-
vanced Polymers and DSM Somos, which 
helped pioneer the transition from early 
stereolithography resins based on acrylics 
to ones based on epoxy blends.

  “The drawbacks there were very notice-
able,” Huntsman’s Miller says. “The parts 
and the vats of liquid were very unstable 
and the accuracies were low.” Huntsman’s 
and DSM’s predecessors in stereolithogra-
phy resin, Ciba and DuPont, respectively 
introduced epoxies to help solve some of 
these problems, he says.

  One area of emphasis today is making 
the resins behave more like conventional 
thermoplastics, which are the standard 
polymer materials used in engineered 
parts. “These resins are not going to be 
exactly like ABS [acrylonitrile-butadiene-
styrene] or exactly like polyethylene or 
polypropylene,” Miller admits. “So you 
are not going to completely mimic them 
for a final part. But we are coming closer 
to that.”

  Laser sintering is also moving past 
prototypes and into the manufacturing 
arena. Nylon 12 has become the dominant 
polymer used in sintering because of its 
high crystallinity and its proclivity to form 
round particles only tens of micrometers 
in diameter, says Sylvia Monsheimer, busi-
ness director of global market develop-
ment for additive manufacturing at Evonik 
Industries, which makes nylon 12 for laser 
sintering.

  The resin’s high crystallinity allows 
sintered parts to have sharp edges and 
contours. Round resin particles can pack 
densely and uniformly in the thin additive 
layers. But finding the right morphology—
or polymer shape—is one of the challenges 
in developing materials for laser sintering.

  “You can grind the material,” Mon-
sheimer says, “but the result will not be the 
same because you will achieve only sharp 
particles,” which will stick out of the layers, 
leading to rough surfaces on the final part.

  When the small particles are sintered to-
gether, tiny pockets of air get trapped in the 
finished part. As a result, a laser-sintered 
part has mechanical properties that are 
different from those of a part made via 
injection molding. According to data from 
Evonik, the laser-sintered parts aren’t as 
dense as injection-molded parts. And the 
elongation at break, which measures how 
far a material stretches before it gives way, 
isn’t as high. However, the tensile strength 
of the laser-sintered part is higher, and the 
part is somewhat more elastic.

  Depending on the application, the ad-
vantages of additive manufacturing should 
more than make up for shortcomings in 
part properties, argues 3D Systems’ Hanna. 
“We are a free-form technology,” he says. 
“But the trade-off will always be that we 
have limitations in the ultimate durability 
of the plastic.”

  CHEMICAL COMPANIES are well on their 
way toward developing materials that are 
suitable for manufacturing. “For prototyp-
ing, one material is fine and beautiful for 
most applications,” Monsheimer says. 
“But if you look into manufacturing ap-
plications, then immediately we get higher 
requirements for the materials.”

  Evonik is coming up with grades of 
nylon that are more flame retardant, are 
more heat resistant, and are glass filled for 
greater reinforcement. The company also 
introduced polyether ether ketone (PEEK) 
for laser sintering. As it does in other ap-
plications, PEEK lends high-temperature 
and chemical resistance as well as flame 
retardancy.

  Rhodia recently launched nylon 6 plas-
tics with melt viscosity tailored for laser-
sintering. And the company’s emulsion 
process yields particle size and morphol-
ogy suitable for sintering, says Pierre-Em-
manuel Lucas, new business project direc-
tor for engineering plastics at Rhodia.

  Lucas maintains that nylon 12 domi-
nates laser sintering only for historical 
reasons. When the technology was devel-
oping 15 years ago, nylon 12 was available in 
powder form because of its use in coatings. 
“The machinery makers tried with what 
was available at the time,” he says.

  But nylon 12’s relative rarity in the world 
of engineering polymers puts it at a disad-
vantage to nylon 6, Lucas argues. “It is very 
necessary, for this technology to move up 
the ladder from the prototyping world and 
into the manufacturing world, to offer the 
people designing parts the polymer they 
are familiar with,” he says.

  Executives don’t expect additive manu-
facturing to take over the world right away, 
but they do expect the technology to coex-
ist with other processing techniques. “I 
don’t think that the lid is going to blow off 
this and that everything you have in your 
household is going to be manufactured 
this way,” Hanna says. “But the number of 
parts directly manufactured is going to be 
steadily and progressively increased to the 
point where it becomes very visible in the 
near future.” ■    
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  MORE THAN 15 YEARS of research and 
development is coming to fruition for the 
cystic fibrosis community: Two drug can-
didates that treat the underlying genetic 
defect causing the disease are on the verge 
of commercialization.

  Vertex Pharmaceuticals expects to ask 
the Food & Drug Administration to approve 
VX770 later this year, and PTC Therapeu-
tics should have a readout on late-
stage trials for its drug Ataluren in 
early 2012. Although the drugs ad-
dress just a small portion of the CF 
population, their success would be 
important first steps toward treat-
ing the underlying disease rather 
than just its symptoms.

  CF is caused by a mutation in the 
CF transmembrane conductance 
regulator (CFTR) gene, which car-
ries the instructions for assembling 
a protein that moves chloride ions 
from one side of epithelial cell 
membranes to the other. Some 800 
different mutations in the CFTR 
gene have been documented, each 
causing a different malfunction. 
Most commonly, mutations result 
in a lack of protein at the cell sur-
face to move chloride in and out; in 
other cases, the protein is abundant 
but not working properly.

  As a consequence of the faulty 
protein, people with CF can’t main-
tain the right balance of hydration 
in their lungs, causing the organ to 
be dotted with dried pockets that 
become clogged with mucus. It’s a 
breeding ground for bacteria, and 
people with CF are saddled with a 
complicated regimen of medica-
tions to manage the chronic infec-
tions that the microbes cause.

  Vertex’ VX770 addresses the 
4–5% of people with CF whose 
disease is caused by the G551D 
mutation, which prevents the right 
flow of chloride ions in and out 

of cells. In February, Vertex unveiled data 
from a Phase III clinical trial suggesting the 
compound does indeed correct the genetic 
defect. At the end of the 48-week trial of 
161 people with the G551D mutation, lung 
function improved by 16.9% in people tak-
ing VX770 compared with a placebo.

  Surprisingly, younger patients—6 to 11 
years old—appeared to respond better to 

the drug. “We were thinking 
we might have more difficulty 
detecting an effect, because their 
lung function was closer to nor-
mal,” says Chris Wright, medical 
director for the CF program at 

Vertex. “We think there may be more revers-
ible disease in the younger patients, and 
this tells us that we should focus on getting 
treatment to patients as early as we can.”

  ALTHOUGH unambiguous improvement 
in lung function is a key finding, Vertex sci-
entists are also excited about some of the 
other improvements seen in the trial. The 
rate of pulmonary exacerbations—flare-
ups that occur when the disease worsens, 
forcing CF patients to take other medica-
tions and antibiotics—dropped by 55% 
compared with a placebo.

  By improving lung function and cutting 
pulmonary exacerbations, the drug could 
permit people with CF to take fewer medi-
cations overall. Vertex is still analyzing the 
data, and Wright says longer-term studies 
will be needed to understand whether any 
of the other drugs in the CF regimen can be 
eliminated or used less frequently.

  Howard Liang, who follows Vertex stock 
for the investment firm Leerink Swann, 
says the data for VX770 far exceed expecta-
tions from industry watchers and could 
be “game changing” for people with CF. 

Vertex plans to file for approval of 
VX770 in the U.S. and Europe in the 
second half of this year.

  Although the prospects for the 
first disease-modifying CF drug are 
encouraging, VX770 has only been 
effective in that small portion of 
the CF population with the G551D 
mutation.

  Vertex has conducted in vitro 
studies that suggest the drug 
could also help people whose CF 
is caused by other mutations that, 
like G551D, hinder chloride ion 
flow. “We’re also doing some analy-
ses of a variety of different muta-
tions where we think we may have 
some positive effects,” Wright says. 
Vertex has yet to announce plans 
for clinical studies to test VX770 
against those mutations.

  Vertex did test VX770 in people 
whose CF is caused by the ∆F508 
mutation, which results in not 
enough protein sitting on the cell 
surface, but the compound failed to 
improve lung function. Thanks to 
financial support from the Cystic 
Fibrosis Foundation, the company 
is pursuing two other compounds, 
VX809 and VX661, that both work 
to move more CFTR protein to the 
cell’s surface.

BUSINESS

  ELBOW GREASE   
PTC developed 
Ataluren to 
correct a specific 
mutation in CF.   
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HIGH HOPES FOR 
CYSTIC FIBROSIS

 TWO COMPOUNDS to treat the underlying cause of 
the disease are nearing commercialization 
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  VX809 is already in Phase II trials. And 
earlier this month, the Cystic Fibrosis 
Foundation agreed to give Vertex up to 
$75 million over the next five years to sup-
port the development of VX661, which is 
expected to start Phase II trials by the end 
of this year. The compounds act by similar 
mechanisms to increase CFTR on the cell 
surface, and Vertex “hopes to make a deci-
sion between them” as data become avail-
able, Wright says.

  Ultimately, the idea is to use VX809 
or VX661 in combination with VX770 to 
maximize effectiveness in people with the 
∆F508 mutation. Leerink’s Liang thinks 
the data validating the mechanism of ac-
tion for VX770 mean a dual-therapy ap-
proach could work. He believes Vertex’ CF 
franchise could eventually be worth $500 
million in annual sales.

  A SECOND FIRM’S DRUG to address a 
subset of the CF population is also nearing 
commercialization. PTC Therapeutics’ Ata-
luren is in a Phase III trial that is expected to 
be completed by the end of this year. Results 
should be unveiled in early 2012.

  Ataluren addresses the roughly 10% of 
CF patients whose disease is caused by a 
“nonsense” mutation that prevents the full 
CFTR from being made. In normal cells, 
a ribosome attaches to the “start” site of 
messenger RNA and reads through the in-
structions for constructing the CFTR pro-
tein; with the mutation, the ribosome falls 
off early, rendering the protein inactive.

  Ataluren enables the ribosome to con-
tinue reading through the protein recipe. 
In Phase II trials, PTC scraped cells from 
inside patients’ noses to test for the pres-
ence of the full protein and also to see 
whether it was actively moving chloride 
ions from one side of the cell to the other. 
The company showed that the full protein 
was being made, “which wasn’t seen in 
patients without the drug,” says Stuart W. 
Peltz, PTC’s chief executive officer.

  The trials also demonstrated improve-
ment in pulmonary function and a reduc-
tion in coughing in CF patients taking 
Ataluren. The Phase III study is testing the 
impact of the drug on people who have the 
nonsense mutation, who are six years of 
age or older, and who have some level of 
deterioration in lung function.

  Peltz suspects few young patients are 
enrolled in the trial because of their better 
lung function. Yet in the long run, he says, 
children will ideally get the most benefit 
out of early intervention with the drug. 

“What you ultimately want is to have a kid 
who may have CF by genotype, but because 
of being on Ataluren never suffers from the 
physical characteristics that occur as a con-
sequence of having CF,” he says.

  The success of the Vertex and PTC 
compounds shows that the genetic defect 
that causes the disease can be fixed. And 
although the drugs work only in a subset of 

patients, researchers are encouraged by the 
progress in treating specific CF genotypes.

  The field is on the cusp of “a new era 
where you have this genetics-based medi-
cine that will go after the underlying cause 
of the disease,” Peltz says. “Now it’s a 
matter of finding other molecules for oth-
er mutations to help treat those patient 
populations.” ■   
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C&EN TALKS WITH

  A 1970 DODGE CHALLENGER drove Patrick R. Gruber toward 
a career path that, back in those days, didn’t even exist. As a high 
school student, Gruber was unable to afford fuel for the gas-guz-
zler, and he decided then it would be a good idea to replace petro-
leum with something better.

  Since that time, Gruber, 50, has pursued the dream 
of replacing petroleum with unyielding intensity. 
Today, he is the chief executive officer of Gevo, a 
company that plans to ferment sugar into isobutyl al-
cohol for making renewable chemicals and fuels. The 
firm was backed in its early stages by venture capital 
wizard Vinod Khosla. Last month, it raised more than 
$123 million in an initial public offering of stock.

  Well before he became a CEO, Gruber realized 
he had the science chops needed to help high school 
auto enthusiasts. After earning degrees in chemistry 
and biology from the University of St. Thomas, he 
moved on to the University of Minnesota for a Ph.D. 
in biological chemistry. And for good measure, he 
got an M.B.A. from the same school.

  “I wanted to work at the interface,” Gruber tells C&EN, explain-
ing his interest in both chemistry and biology. “That was when 
genetic engineering was really new science and a hot topic.”

  It turned out to be just the right time to pursue what Gruber 
had in mind, which he describes by asking, “Wouldn’t it be cool if 
we could make chemicals from renewable resources and get rid of 
oil?” With a Ph.D. in hand, Gruber went on to work at agribusiness 
heavyweight Cargill.

  He stayed there for 20 years. “At Cargill, I worked on half a doz-
en projects,” Gruber says. “The biggest was plastics from corn—
polylactic acid. I was very lucky that I spent my whole professional 
career working on what I wanted to do.”

  While at Cargill, Gruber gained a bit of notoriety by making the 
first batch of polyactic acid (PLA) on his kitchen stove with the 
help of his wife.

  “I didn’t have a lab at the time; our Cargill lab was being worked 
on,” he recalls. “So we made some prototypes at home. We made 
paper coated with plastic, other plastic coatings, and films. We 
packaged candy with polymer made from corn.” Gruber then 
showed his colleagues at Cargill. “It blew them away. Up until then 
I thought, ‘These guys don’t get it. I’ve got to show 
them.’ ”

  The Cargill PLA project turned into a busi-
ness called NatureWorks. In 2003, 
NatureWorks began 
producing PLA 
as a replacement 
for plastics such 
as polystyrene 
and polyethylene 
terephthalate (PET) in 
packaging and food service 

applications. It was a tough sell, Gruber acknowledges. “To a con-
sumer, a cup is a cup is a plastic cup.” But to industrial customers, 
PLA represented additional costs. Tests had to be conducted. Supply 
chains had to be redirected. Molding machines had to be changed.

  “Lesson learned: Don’t do anything new,” Gruber concluded. 
He has taken this lesson with him to Gevo. The 
company plans to sell biobased isobutyl alcohol, a 
four-carbon alcohol, as a drop-in replacement for 
petrochemically derived isobutyl alcohol. And as 
a fuel component, isobutyl alcohol can be blended 
directly with gasoline with fewer complications 
than ethanol.

  “Our game is really all about cleaner, greener, 
cost competitive or cheaper; to make the exact 
same molecules that the petrochemical industry 
knows how to use—and use reliably. From that we 
can make a business,” Gruber says.

  The other lesson he took away from his time at 
NatureWorks was about money. Building a facility to 
scale up PLA manufacturing cost $300 million. For a 

young enterprise, that level of capital investment can be a handicap 
when it has to compete against established firms. “It was brutal, ex-
pensive, and hard,” Gruber says. “I’m not doing that again.”

  INSTEAD, GEVO has told investors that it will retrofit existing 
ethanol plants to make isobutyl alcohol at a cost of as little as 
$50 million per facility. In September 2010, the company acquired 
a 22 million-gal-per-year ethanol plant in Luverne, Minn. Gruber 
expects to have it producing isobutyl alcohol by early 2012.

  Although developing PLA was arduous, Gruber makes the case 
that Gevo exists because of hard-won experience at Cargill. Gevo 
staffers such as David Glassner, executive vice president of tech-
nology, and Christopher Ryan, executive vice president of business 
development, are former NatureWorks scientists who are now de-
veloping renewable isobutyl alcohol with knowledge gained at the 
interface of chemistry, biology, and agriculture.

  For example, Gruber says, his team developed proprietary 
technology to separate isobutyl alcohol from water after the fer-
mentation step. It was a hurdle that experts in the petrochemical 
industry said would be too high.

  But biologists can get it wrong, too, Gruber 
points out. “The products we have from 

chemistry are superb. Polypropylene 
and PET are superb. Synthetic 

rubber is very good. We 
should make them better by 
making them from renew-

ables and at the same cost.” 
He adds, “With chemistry, 

the steps are already optimized; 
they’ve done it for 30 years. We be-

lieve in the best of both worlds.” ■      S
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PATRICK GRUBER
 Gevo CEO shares lessons learned in the early days of making RENEWABLE MATERIALS 
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   ARPA-E TO FUND NEW 
 CLEAN ENERGY  PROJECTS

  The Advanced Research Projects Agency-
Energy (ARPA-E) will spend up to $130 mil-
lion to develop five new program areas for 
clean energy technologies in the agency’s 
fourth round of awards. “In addition to 
creating new jobs, breakthroughs in clean 
energy technologies can reduce our coun-
try’s dependence on foreign oil, decrease 
the cost of clean electricity, and build a 
sustainable infrastructure for future genera-
tions of Americans,” said Department of 
Energy Secretary Steven Chu in a statement. 
The first program, Plants Engineered To 
Replace Oil (PETRO), aims to optimize the 
biochemical processes of plants in captur-
ing sunlight and converting it to energy so 
that biofuels will be more cost-effective 
than petroleum products. The High Energy 
Advanced Thermal Storage (HEATS) pro-
gram will develop improved thermal energy 
storage technologies. The Rare Earth Alter-
natives in Critical Technologies (REACT) 
program will search for alternatives that 
reduce or eliminate the need for rare-earth 
materials in electric-vehicle motors and 
wind generators. The Green Electricity Net-
work Integration (GENI) program will pro-
mote software and high-voltage hardware to 
reliably control the electrical grid. The fifth 
program, Solar Agile Delivery of Electrical 
Power Technology (Solar ADEPT), partners 
with DOE’s SunShot Initiative, which aims 
to reduce the cost of solar technologies. 
ARPA-E’s contribution to this program will 
be to invest in magnetics, semiconductor 
switches, and charge storage. —RRM 

     LLNL  DIRECTOR 
TO RETIRE

  George H. Miller has announced his retire-
ment in October as the director of Lawrence 
Livermore National Laboratory 
(LLNL). He will also step down 
as president of Lawrence Liver-
more National Security (LLNS), 
which manages LLNL for the 
Department of Energy’s National 
Nuclear Security Administration. 
Miller, a physicist who special-
ized in nuclear weapons, became 
LLNL’s director in 2006 when the 
laboratory was under the manage-
ment of the University of Califor-
nia. In 2007, he was appointed LLNS presi-
dent when the laboratory’s management 

contract was awarded to LLNS. Except for 
serving as an adviser to former secretary of 
energy James D. Watkins in 1989–90, Miller 
spent his career at LLNL. As director, Miller 
guided LLNL through the new management 
transition, reduced operating costs, and 
explored ways to improve LLNL’s security 
missions. —RRM 

     EPA TARGETS EMISSIONS 
FROM  PVC FACILITIES 

  EPA is proposing new standards that would 
reduce the amount of toxic air pollution that 
can be released into the environment dur-
ing the production of polyvinyl chloride and 
its copolymers. The standards would give 
facilities the flexibility to choose the most 
practical and cost-effective control technol-
ogy or technique to reduce their emissions, 

the agency says in a statement. Fa-
cilities would also need to moni-
tor emissions at certain points 
in the PVC production process 
to ensure that the standards are 
met. Currently, the U.S. has 17 
PVC production facilities, with 
the majority located in Louisiana 
and Texas. All existing and any 
new PVC production facilities 
would be covered by the new rule. 
EPA estimates that the proposed 

standard would reduce emissions of haz-
ardous air pollution from PVC production 

facilities nationwide by 1,570 tons annually, 
including 135 tons of vinyl chloride and 33 
tons of hydrogen chloride. EPA says the 
chemical industry will have to spend about 
$16 million initially to comply with the new 
standards, and then $20 million per year in 
operation costs. EPA will accept public com-
ments on the proposed rule for 60 days after 
it is published in the  Federal Register  which is 
expected to happen soon. —GH 

     FDA’S  STRATEGIC PLAN 
EMPHASIZES SCIENCE

  In the wake of getting new responsibilities 
for food and drug safety, FDA has issued a 
“strategic priorities document” to guide the 
agency’s actions through 2015. “It is clear 
that FDA’s job is … far more complex than it 
was even a few years ago,” said FDA Com-
missioner Margaret A. Hamburg in a state-
ment. “Science underlies everything we do. 
… We must have the capacity to effectively 
oversee the translation of breakthrough dis-
coveries in science into innovative, safe, and 
effective products.” FDA lists five priorities 
in its plan: advance regulatory science and 
innovation, strengthen the safety and integ-
rity of the global supply chain, strengthen 
compliance and enforcement activities 
to support public health, address unmet 
public health needs of special populations, 
and advance medical countermeasures and 
emergency preparedness. —DJH   

GOVERNMENT & POLICY CONCENTRATES

 GERMAN TOXICOLOGISTS 
CONCLUDE  BPA IS SAFE 

  Exposure to the estrogenic chemical bisphenol A (BPA), found in polycar-
bonate plastic containers and the linings of food and beverage cans, “rep-
resents no noteworthy risk to the health of the human population, includ-
ing newborns and babies,” an advisory committee of the German Society 
of Toxicology has concluded. The committee of independent toxicologists 
comprehensively reviewed the scientific research on BPA and found that 
the current tolerable daily intake value of 0.05 mg/kg body weight/day, 
set by the European Food Safety Authority (EFSA), “is adequately justi-
fied.” The committee’s findings, which are published in the journal  Critical 
Reviews in Toxicology  (DOI: 10.3109/10408444.2011.558487), add to the 
growing body of evidence that suggests current exposure to BPA from 
food and beverages is safe. According to the analysis, many positive re-
sults for health effects have not been confirmed in subsequent studies, 
rodent data are appropriate for evaluating human risk, and the half-life of 
BPA in human adults is less than two hours. In the U.S., FDA is currently 
studying the health impacts of BPA from food packaging and ways to re-
duce exposure to the chemical. —BEE  

  Miller   
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  CHEMICAL INDUSTRY officials are 
working to rally congressional support 
for antiterrorism legislation that would 
extend for several years the Department of 
Homeland Security’s (DHS) authority to 
regulate security at thousands of chemical 
facilities across the nation, without impos-
ing additional mandates and costs on U.S. 
manufacturers.

  But before a bill is sent to the White 
House for the President’s signature, sup-
porters will have to coalesce around a 
single legislative vehicle and find a path 
forward through the political 
thickets on Capitol Hill.

  Turf battles between 
committees have continu-
ally hindered efforts to pass 
homeland security legislation 
since the terrorist attacks in 
September 2001. Although 
Congress created homeland 
security committees in each 
chamber, it did not give them 
consolidated jurisdiction over 
homeland security issues, as 
recommended in 2004 by the 
bipartisan 9-11 Commission.

  In both the House of Representatives and 
the Senate, multiple panels have overlap-
ping jurisdiction over the Chemical Facility 
Anti-Terrorism Standards (CFATS), a tem-
porary program created by DHS in 2007.

  Under CFATS, the department requires 
high-risk chemical plants and other facili-
ties that use or store threshold amounts of 
certain hazardous chemicals to complete 
vulnerability assessments, develop site 
security plans, and implement protective 
measures. DHS then conducts audits and 
inspections to ensure compliance.

  Congress directed the department to es-
tablish a chemical plant security program 
in October 2006 under an amendment 
added to the Homeland Security appro-
priations bill for fiscal 2007. However, the 
legislation gave DHS only three years to get 
the program up and running.

  Congress was expected to give DHS 
permanent authority to regulate security 
at chemical facilities before the temporary 
program expired in late 2009. But lawmak-
ers have been unable to agree on 
how to structure the program 
long-term, and CFATS has been 
kept alive through the annual 
appropriations process.

  This situation has led to the 
introduction of several bills 
in the House and Senate that 
would continue the security 

plan largely as it now exists. 
The Obama Administration’s 
budget proposal for fiscal 2012 
requests that the authoriza-
tion for the CFATS program 
be extended to Oct. 4, 2013, ef-
fectively a two-year extension. 
CFATS is currently authorized 
until Oct. 4, 2011.

  “CFATS is by far the most 
robust, comprehensive, and 
demanding chemical security 
regulatory program to date,” 
says Timothy J. Scott, the chief 
security officer and corporate di-
rector of emergency services and 
security at Dow Chemical, the 
nation’s largest chemical maker.

  The regulatory program offers flex-
ibility and minimizes its economic impact 
“by not dictating the implementation of 

specific measures, which allows facilities 
to take into account other important con-
siderations, such as labor costs, managing 
energy consumption, and ensuring worker 
safety when securing their facility,” Scott 
remarks.

  The chemical industry has invested 
more than $8 billion to enhance both 
physical and cybersecurity protections 
at its facilities since 2001, according to 
the American Chemistry Council, a trade 
group representing more than 140 major 
chemical manufacturers, including Dow.

  Earlier this month, the House Homeland 
Security Subcommittee on Cybersecurity, 
Infrastructure Protection & Security Tech-

nologies advanced a bill (H.R. 
901) that would extend DHS’s 
current regulatory authority 
over chemical facilities through 
2018, giving the department 
seven more years to fully imple-
ment the CFATS program.

  “Although implementation 
has been slower than Congress 
wanted, CFATS is working,” 
Rep. Daniel E. Lungren (R-
Calif.), the bill’s chief sponsor, 
remarked on April 14 shortly 
before the subcommittee voted 
to send the measure to the full 
Homeland Security Commit-
tee. “It is building a foundation 
of security in the chemical 
industry which will protect 
our citizens and our economy 
from future terror attacks,” he 
remarked.

  Significantly, the bill would 
codify the authority for the 
program within the Homeland 
Security Act—the law Congress 
passed in 2002 that created 
DHS. This would likely give the 
Homeland Security Committee 
primary oversight and funding 
responsibility for CFATS and 
jurisdictional advantage over 
the House Energy & Commerce 
Committee. The two panels now 
jointly oversee the program.

  Reps. Tim Murphy (R-Pa.) 
and Gene Green (D-Texas), 
both members of the Energy & 
Commerce Committee, have 
proposed similar legislation 
(H.R. 908) that would simply 

extend the existing CFATS program for six 
years through 2017.

  Which bill will advance to the House 
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The Department of 
Homeland Security 
(DHS) has reviewed 
more than

39,000 
security question-
naires submitted 
by potentially high-
risk facilities.

More than

7,000 
facilities were 
initially designated 
as high risk and 
were required to 
assess their  
vulnerabilities.

DHS has 
determined that

4,744 
facilities are 
high risk and, 
therefore, covered 
under CFATS.

More than

4,100 
of those facilities 
have submitted 
site security plans; 
DHS is reviewing 
those submissions.

DHS began 
inspecting the high-
est risk facilities 
in February 2010; 
approximately

175 
inspections have 
been completed.

CONGRESS MULLS 
FACILITY SECURITY

 Committee turf wars complicate effort to renew 
chemical ANTITERRORISM program 

  GLENN HESS,   C&EN WASHINGTON  
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floor is ultimately up to party leaders, Lun-
gren notes. But Murphy says the two bills 
will likely be reconciled. “We’ll work some-
thing out in the long run,” he says.

  Democrats on the Energy & Commerce 
Committee have expressed strong sup-
port in the past for expanding the CFATS 
regulatory regime to also cover security at 
drinking water treatment plants, which use 
large amounts of chlorine and other toxic 
chemicals. The Murphy-Green bill would 
allow the Energy & Commerce Committee 
to maintain a role in congressional over-
sight of CFATS and could set the stage for 
amendments later in the legislative process 
that would alter security requirements at 
drinking water facilities.

  Democrats have also expressed an inter-
est in extending the CFATS regulations to 
wastewater treatment plants. That could 
add another procedural hurdle because the 
House Transportation & Infrastructure 
Committee has jurisdiction over those 
facilities.

  Meanwhile, Sen. Susan M. Collins of 
Maine, ranking Republican on the Senate 
Homeland Security & Governmental Af-
fairs Committee, has reintroduced a bipar-
tisan bill (S. 473) that the panel unanimous-
ly approved last year. The measure would 
extend the current CFATS program by 
three years and direct DHS to provide more 
compliance assistance to the chemical in-
dustry. Sens. Mary L. Landrieu (D-La.), Rob 
Portman (R-Ohio), and Mark L. Pryor (D-
Ark.) have signed on as cosponsors.

  “Simply put, the program works and 
should be extended,” Collins says. “Chemi-
cal facilities are tempting targets for terror-
ists. DHS has done a good job developing a 
comprehensive chemical security program.”

  Landrieu says the legislation will im-
prove CFATS by promoting collaboration 
with state and local authorities and provid-
ing facility operators with technical as-
sistance, information about best practices, 
and enhanced opportunities for safety 
training and exercises. “Extending the 
program with those added improvements 
makes sense,” she remarks.

  None of the legislative proposals would 
impose any additional requirements on 
chemical facilities, such as a mandate 

for so-called inherently safer technology 
(IST). A chemical security bill passed by 
the House in November 2009 (H.R. 2868) 
would have required high-risk facilities to 
consider whether they could reduce the 
consequences of a terrorist attack by using 
a less toxic chemical or a safer process.

  IN ADDITION, facilities that DHS deems to 
pose the highest risk would have been re-
quired to adopt safer technology, provided 
implementation was feasible and would not 
merely shift the risk to another location.

  The bill failed to become law in the last 
Congress, but the mandatory IST concept 
has been revived in legislation (S. 709) 
introduced by Sen. Frank R. Lautenberg (D-
N.J.).The legislation would also eliminate 

the current law’s exemption of 500 port 
facilities, including the majority of U.S. re-
fineries. A separate proposal (S. 711) would 
give the Environmental Protection Agency 
authority under CFATS to regulate security 
at drinking water and wastewater facilities.

  Lautenberg sits on the Senate Environ-
ment & Public Works Committee, which 
would have to approve expanding CFATS 
to cover the nation’s 2,400 water treatment 
plants because the panel oversees EPA’s 
regulatory activities under the Safe Drink-
ing Water Act.

  “A catastrophic accident or terrorist at-
tack at one of America’s chemical plants or 
water treatment facilities would have dev-
astating consequences for the surrounding 
communities,” Lautenberg says. “When 
companies use dangerous chemicals, it 
is essential that they also use the safest 
methods available. This commonsense leg-
islation would ensure a thorough review of 
risk and help us move toward more secure 
plants and safer communities.”

  Chemical industry officials are urging 
Congress to approve a long-term extension 
of CFATS, but they adamantly oppose an 
IST mandate.

  “We’re encouraged by Congress’ swift 
attention to chemical security so early 
in the 112th Congress,” says William E. 
Allmond IV, vice president of government 
relations at the Society of Chemical Manu-
facturers & Affiliates (SOCMA), a trade 
group representing the batch, custom, and 
specialty chemical industry.

  “SOCMA strongly supports extending 
the current standards without any signifi-
cant programmatic changes to allow chemi-
cal facilities to fully comply,” Allmond says.

  But the need for annual reauthorization 
of the program has created uncertainty for 
facilities regulated by CFATS, he notes. 
“Without the assurance of a long-term 
authorization of these regulations, compa-
nies run a risk of investing in costly activi-
ties today that might not satisfy regulatory 
standards tomorrow,” Allmond asserts.

  Andrew K. Skipp, chairman of the 
National Association of Chemical Dis-
tributors (NACD) and president and chief 
executive officer of chemical distributor 
Hubbard-Hall, says CFATS has been and 
will continue to be a major regulatory com-
mitment for the industry.

  “While we have been willing to invest 
the time and resources to comply with 
this important regulation, I know that 
Hubbard-Hall along with all of the other 
members of NACD who have CFATS-cov-

“Companies run a risk of investing in 
costly activities today that might not 

satisfy regulatory standards tomorrow.”

 CHEMICAL FACILITY 
SECURITY PROPOSALS

    Current legislation under consid-
eration in Congress would impact 
the Chemical Facility Anti-Terrorism 
Standards (CFATS). Here are the high-
lights of five different measures.

     H.R. 901  would extend the CFATS 
program through 2018 and codify 
DHS’s authority to regulate security 
at high-risk chemical facilities within 
the Homeland Security Act of 2002.

   H.R. 908  would reauthorize the 
current chemical plant security regu-
lations through 2017.

   S. 473  would extend CFATS for 
three years and create a voluntary 
technical assistance program that 
would allow DHS to help covered fa-
cilities comply with the requirements 
of the CFATS program.

   S. 709  would require the high-
est risk plants to use safer chemi-
cal processes where feasible and 
cost-effective and would require the 
remaining high-risk plants to assess 
safer chemical processes.

   S. 711  would expand CFATS’s cover-
age to 2,400 water treatment plants 
and 500 port facilities, including 125 
petroleum refineries. 
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ered facilities would appreciate the certainty of a clean, long-term 
extension of the program,” Skipp says.

  Lautenberg’s bills are strongly backed by environmental activ-
ists and labor groups, who argue that an IST mandate—along with 
bringing water treatment and port facilities under the CFATS um-
brella—would close dangerous gaps in security.

  The two House bills and Sen. Collins’ legislation “are an irre-
sponsible distraction from a long overdue comprehensive security 
program,” says Rick Hind, legislative director for Greenpeace, an 
environmental organization. All three proposals “fail to require 
any disaster prevention at the highest risk chemical plants.”

  Safer processes may not be feasible in some circumstances, but 
they should at least be considered in a security plan, says James S. 
Frederick, assistant director of health, safety, and environment at 
United Steelworkers (USW).

  “Many safety measures may be possible without expensive rede-
sign or new equipment. Safer fuels or process solvents can be sub-
stituted for more dangerous ones. The storage of highly hazardous 
chemicals can be reduced,” Frederick says.

  MERELY EXTENDING the current CFATS regulations would jeop-
ardize the hundreds of thousands of USW members employed at 
chemical-related facilities and residents who live in surrounding 
communities, adds USW International President Leo W. Gerard. 
“We support the more comprehensive bills introduced by Sen. 
Lautenberg to address the preventable hazards these plants pose,” 
he remarks.

  The Obama Administration also supports expanding the CFATS 
program to include a requirement for safer technology. Rand 
Beers, under secretary of the National Protection & Programs 
Directorate at DHS, told the House Energy & Commerce Subcom-
mittee on Environment & the Economy last month that all high-
risk chemical facilities should conduct IST assessments.

  In addition, Beers said, the federal government should have the 
authority to require plants posing the highest risk to adopt safer 
technology if the measures enhance overall security and are deter-
mined to be feasible.

    SOCMA’s Allmond, however, says that IST is a process-related 
engineering concept, and there is no agreed-upon methodology 
to measure whether one process is inherently safer than another. 
“The world’s foremost experts in IST and chemical engineering 
have consistently recommended against regulating inherent safety 
for security purposes,” he remarks.

  M. Sam Mannan, a Texas A&M University chemical engineering 
professor, testified in February that U.S. facilities could be “put at a 
competitive disadvantage if required to implement unproven tech-
nologies simply to meet a regulator’s position that such technology 
is more inherently safe.”

  He told the House Homeland Security Committee that in some 
cases, a seemingly clear choice with regard to inherent safety may 
create some undesired and unintended consequences, such as re-
ducing risk associated with transport of a chemical while increas-
ing the risk of storing that chemical.

  For most chemical distribution facilities, Hubbard-Hall’s Skipp 
contends, an IST assessment would likely produce limited options 
that would impede normal business operations.

  “Particularly in these tough economic times, and in addition to 
the myriad regulations that already affect us, [an IST requirement] 
could be the final straw to put some companies out of business, 
which would result in further job losses,” he says. ■    
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The Journal of Combinatorial
Chemistry is now…

The Journal of Combinatorial Chemistry has been relaunched as ACS Combinatorial 

Science under the leadership of new Editor-in-Chief M.G. Finn of The Scripps Research 

Institute. Building upon the legacy of the Journal of Combinatorial Chemistry, the 

journal features an expanded scope that includes research describing the development 

and use of combinatorial, high-throughput, and related methods in chemistry, 

materials science, and biology.

SUBMIT YOUR 
RESEARCH TODAY!

“While retaining the journal’s role as the home for many of the 

best papers in combinatorial chemistry, our main goal is to expand 

the journal’s coverage. Combinatorial methods are used to discover 

functional molecules in a wide variety of �elds.” 

— EDITOR-IN-CHIEF: M.G. Finn,  The Scripps Research Institute

View a free sample issue and learn 
more at pubs.acs.org/acscombsci
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        IMPEDING CISPLATIN’S 
POWER

  New findings on cellular interactions of 
the chemotherapeutic agent cisplatin sug-
gest ways the drug might be redesigned to 
have better potency and fewer side effects. 
Cisplatin is an important chemotherapy 
for severe connective tissue, lung, ovarian, 
and lymphatic solid tumors. But it has seri-
ous adverse side effects, and its tendency 
to bind cytoplasmic proteins diverts it 
from its main job—binding and damaging 
genomic DNA in cancer 
cell nuclei, killing the 
cells. Now, researchers 
led by Pernilla Wittung-
Stafshede and Magnus 
Wolf-Watz of Umeå Uni-
versity, in Sweden, report 
that cisplatin binds in 
solution to Atox1, a chaperone protein that 
helps provide copper to newly biosynthe-
sized metalloproteins, and causes Atox1 to 
slowly unfold and degrade ( Proc. Natl. Acad. 
Sci. USA,  DOI: 10.1073/pnas.1012899108). 
They also show that cancer cells that ex-
press higher levels of Atox1 are more resis-
tant to cisplatin. Spending its precious time 
messing around with Atox1 may keep some 
administered cisplatin from reaching DNA, 
suggesting that inhibiting the interaction 
might be a good way to make the drug safer 
and more effective. —SB 

    EXTRA CHLOROPHYLL 
HELPS BACTERIA 

PHOTOSYNTHESIZE
  A key photosynthesis protein in certain 
bac teria contains eight bacte-
riochlorophyll molecules—
one more than previously 
realized ( Biochemistry,  DOI: 
10.1021/bi200239k). The addi-
tional compound is critical to 
understanding and modeling 
exactly how the bacteria turn 
sunlight into chemical energy. 
In green sulfur bacteria, the 
photosynthetic machinery is made up 
of an antenna complex that acts like a satel-
lite dish to gather energy from sunlight, a 
reaction center that does electron-transfer 
chemistry, and the FMO protein (trimer 
shown) that acts like a wire to connect the 
two. Energy flows through seven bacterio-
chlorophyll compounds in FMO through 
a delocalized, quantum coherence mecha-

nism, but researchers didn’t understand 
how energy got from the antenna complex 
into FMO. In new work, Robert E. Blanken-
ship, Michael L. Gross, and colleagues at 
Washington University in St. Louis used 
mass spectrometry to demonstrate that a 
previously unidentified bacteriochlorophyll 
(shown in pink) likely provides the missing 
link. The compound probably resides on the 
FMO surface in an area that would interface 
with the antenna complex. —JK 

       DNA SCRIBES SEEN LIVE

  A bank heist is only as fast as the 
slowest thief, and according 

to single-molecule studies, 
genes have a similar limita-
tion. With a fluorescence 
tracking method, Robert H. 
Singer at Albert Einstein 

College of Medicine and 
colleagues have learned that 

the rate at which genes are turned 
on depends on the time it takes for a 

protein called a transcription factor to hunt 
down its proper spot on DNA ( Science,  DOI: 
10.1126/science.1202142). Molecular biolo-
gists want to learn more about the work-
ings of transcription factor proteins, which 
bind to DNA to regulate gene expression. 
Singer’s team engineered nascent RNAs 
to bind to a molecule of green fluorescent 

protein, which let them follow transcription 
in single, live yeast cells with a fluorescence 
microscope. They learned that the time it 
took a transcription factor called Mbp1p to 
find its binding site on DNA dictated gene 
turn-on rate. The authors say their live-cell 
technique could unravel the roles of many 
more players in transcription. —CD 

    PLATINUM-FREE 
FUEL- CELL CATALYST

  The need to use the expensive and rare 
metal platinum as a catalyst remains a 
bottleneck for developers of hydrogen fuel 
cells. But a new group of catalysts com-
posed of cheap and plentiful nonprecious 
metals may edge the field closer to a reality 
of inexpensive fuel cells that convert H 2  
into electricity with H 2 O as a by-product. 
Piotr Zelenay and Gang Wu at Los Alamos 
National Laboratory and their colleagues 
designed a polymer electrolyte fuel cell, the 
most common variety used in the develop-
ment of cars, preparing the cell’s cathode—
which typically requires more platinum 
than the anode—from syntheses involving 
polyaniline, iron, and cobalt ( Science,  DOI: 
10.1126.science.1200832). The authors say 
the resulting catalysts performed on par 
with platinum and also avoided a common 
problem of producing unwanted hydrogen 
peroxide.—EKW  

SCIENCE & TECHNOLOGY CONCENTRATES

  IMAGING PLANT IMPRINTS
  Indirect desorption electrospray ionization (DESI) mass spectrometry can 
be used to image the distribution of secondary metabolites in soft plant tis-
sues, such as leaves and petals, Danish scientists report ( Anal. Chem.,  DOI: 
10.1021/ac2004967). These small molecules are difficult to image because 
the waxy outer layer of plants hinders conventional mass spectrometric im-
aging. Instead of trying to obtain images di-
rectly from plant tissue, Christian Janfelt and 
coworkers at the University of Copenhagen 
collected mass spectrometric images of vari-
ous metabolites in plant material imprinted 
on a porous Teflon surface. In St. John’s wort, 
for example, they imaged the distribution of 
hyperforin and hypericin in the plant’s leaves 
and petals. “The experiment preserves the 
simplicity of DESI imaging, and the sample 
preparation is a simple transfer step,” says 
R. Graham Cooks, a chemistry professor at 
Purdue University and one of the inventors of 
DESI. “The fact that leaf material is difficult to image because of the waxy 
overlayer makes this simple method very attractive.” —CHA 
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 An indirect DESI image from a 
petal of St. John’s wort shows 
hypericin (red), hyperforin 
(blue), and an unidentified ion 
(green) that reveals the shape of 
the petal. 
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  BIOLOGISTS PLAY with rats and mice, 
and microbiologists tinker with  Escherichia 
coli . Researchers rely on the well-known 
genetic codes and physiologies of these 
model organisms to advance scientific 
knowledge and even make new products.

  But there’s a new lab rat on the block. 
 Shewanella onei den sis,  a gram-negative bac-
terium capable of “breathing” metals in a 
way similar to how humans respire oxygen, 
has become a species popular with environ-
mental microbiologists in recent years, says 
Kenneth H. Nealson, who discovered the 
organism in New York’s Oneida Lake, near 
Syracuse, in 1987. 

Shewie, as it is affectionately called by 
some of the scientists who study it, con-
tains a chain of heme-bearing proteins 
that allow the microorganism to shuttle 
electrons from its inside to its outside dur-
ing anaerobic respiration. In other words, 
feed it and  S. onei den sis  can directly transfer 
charge to and reduce external aqueous met-
als or solid metal oxides.

  This inherent capability makes Shewie 
attractive to scientists developing micro-
bial fuel cells, with biofilms of electrode-
reducing bacteria consuming components 
of wastewater and generating electric-

ity. Others want to use Shewie for soil 
remediation at sites contaminated with 
heavy metals or radioactive materials. For 
instance, researchers have shown that 
the microorganism can convert soluble 
uranium(VI) ions into insoluble, isolatable 
uranium dioxide nanoparticles (C&EN, 
Aug. 21, 2006, page 44).

  But what really makes Shewie a model 
organism, explains Nealson, a University of 
Southern California geobiologist who has 
been studying metal-reducing bacteria for 
decades, is that it is harmless and has a fully 
sequenced genome. And although it thrives 
in an anaerobic environment, it also likes 
oxygen, making it easy to grow and use in 
the lab. These qualities have scientists—
particularly synthetic biologists—work-
ing hard to understand the bacterium’s 
electron-transfer pathway and taking 
advantage of its metal-breathing capability 
to construct microorganisms that are even 
more useful.

  Caroline M. Ajo-Franklin, for one, has her 

eye on Shewie’s respi-
ratory pathway as a way 
to “wire” other types of 
microbes and cells for 
electronic communica-
tion. By enabling in-
tracellular electrons to 
cross what in most cells 
are insulating outer 
membranes, says Ajo-
Franklin, a synthetic 
biologist at Lawrence 
Berkeley National 

Laboratory, scientists could create living 
biosensors that give an electrical readout 
when exposed to small molecules. Similarly, 
researchers could transform light-sensitive 
organisms into photocatalysts, rigging them 
to route the electrons they generate into 
batteries for storage.

  AS A FIRST STEP toward making these 
cell-electrode systems a reality, Ajo-
Franklin and her team took a portion of 
Shewie’s electron-transfer pathway and, 
via genetic engineering, inserted it into 
 E. coli  ( Proc. Natl. Acad. Sci. USA,  DOI: 
10.1073/pnas.1009645107). This syntheti-
cally “tricky” feat, the LBNL scientist says, 
involved adding three  S. onei den sis  pro-
teins—MtrA, MtrB, and MtrC—to the 
outer membrane region of  E. coli .

  MtrA is a decaheme protein that ac-
cepts electrons from the inner workings 
of  S. onei den sis  cells. It resides in the space 
between the two cell membranes charac-
teristic of gram-negative bacteria such as  E. 
coli  and Shewie. This protein passes along 
its charged cargo through the pore of MtrB, 
an integral protein embedded in the out-
ermost of Shewie’s two membranes. MtrB 
facilitates the transport of the electrons to 
MtrC, another decaheme protein that sits 
outside the cell and can move the charge to 
electrodes or other aqueous species.

  After some trials and tribulations, and 
with help from chemical biologists Yuri Y. 
Londer and Peter Weigele of New England 
Biolabs, in Ipswich, Mass., Ajo-Franklin’s 
team eventually inserted the Mtr pathway 
into  E. coli.  As a result, the  E. coli  was able 
to reduce iron oxide nanoparticles in solu-
tion. Although the engineered bacterium 
reduces the particles an order of magni-
tude more slowly than does native  S. onei-

  REWIRING CELLS   
UC Berkeley 
graduate student 
Heather Jensen 
(bottom) and 
Ajo-Franklin 
examine E. coli 
cultures that 
they engineered 
to express 
electron-transfer 
proteins and 
reduce metals.   
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Shewie could “open up the landscape for 
new types of industrial bioreactions.”

BUILDING BETTER 
BACTERIA

 Synthetic biologists turn to a MICROBE NAMED SHEWIE to 
‘wire’ microorganisms for fuel production, energy storage 
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den sis,  “we’ve made  E. coli  that can breathe 
rust,” Ajo-Franklin emphasizes. The ac-
complishment provides a “blueprint” for 
adding the electron-transfer functionality 
to other cells, she says, and leaves 
room for optimization.

  The next step for Ajo-Franklin is to 
send the electrons from the engineered 
 E. coli  to an electrode. Her team is now 
exploring both physisorption—letting 
the bacteria attach themselves to the 
surface—and controlled immobiliza-
tion to achieve that goal.

  For the latter scheme, Ajo-Franklin 
is collaborating with chemists Mat-
thew B. Francis, Carolyn R. Bertozzi, 
and Richard A. Mathies of the Univer-
sity of California, Berkeley.

  The researchers recently devel-
oped a way to bring the cells close to 
an electrode surface by chemically 
attaching single-stranded DNA to the 
outside of mammalian cells via naturally 
occurring amine groups on their mem-
branes ( Lab Chip,  DOI: 10.1039/b821690h). 
Complementary single strands of DNA an-
chored to an electrode hybridize with the 

cell-bound strands, bringing the cells close 
to the surface for electron transfer.

  But the amine linker needed for mam-
malian-cell attachment won’t work for 

gram-negative bacteria because of their 
double cell membranes, Francis says. So 
the Berkeley researchers are concocting a 
new type of chemistry to link the DNA to 
their engineered  E. coli . Ajo-Franklin hopes 

that this method will more efficiently route 
electrons to the surface because the DNA 
linkers should coax the engineered cells 
to bind to the electrode more tightly and 

densely than they would otherwise.
  Rather than engineer bacteria to 

be a bit more like Shewie, Jeffrey A. 
Gralnick is trying to give Shewie some 
of the beneficial capabilities of other 
bacteria. “Using a native organism that 
already does something unique” has 
advantages, says Gralnick, a microbi-
ologist at the University of Minnesota, 
Twin Cities, because “you don’t have 
to teach it the trick that you are really 
interested in”—in this case, Shewie’s 
ability to move electrons around.

  Gralnick has been studying  S. 
onei den sis  with the ultimate goal of 
improving the efficiency of industrial 
reactions. Current bioconversion pro-
cesses, in which microbes catalytically 

convert feedstocks into chemical products 
or fuels, often create unwanted side prod-
ucts because the cells don’t achieve redox 
balance, Gralnick says. But with bacteria like 
Shewie that can transfer electrons from the 
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  IT’S ELECTRIC   
 S. onei den sis  routes 
electrons from its 
innards to the Mtr 
protein pathway and 
beyond via CymA, a 
tetraheme protein 
that sits in its inner 
cell membrane. 
Ajo-Franklin and 
coworkers let NapC, 
a similar tetraheme 
protein native to  E. 
coli , do CymA’s work 
in their studies.  
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inside out, excess charge could be removed 
with an external electrode acting as a sink. 
“That way, you could stoichiometrically 
convert your substrate into your product,” 
he says.

  Along with Daniel R. Bond, another mi-
crobiologist and a collaborator at Minne-
sota, Gralnick has recently demonstrated 
the concept, using electrode-adsorbed  S. 
onei den sis  to transform glycerol into etha-
nol ( mBio,  DOI: 10.1128/mBio.00190-10). 
Through genetic engi-
neering, the researchers 
added to Shewie proteins 
and enzymes from other 
bacteria that would al-
low  S. onei den sis  to ingest 
glycerol, shuttle leftover 
electrons to its native 
electron-transfer path-
way, and eject ethanol.

  When the electrode 
that held the engineered 
 S. onei den sis  was poised 
at a voltage to accept 
electrons, the new-and-
improved Shewie sucked 
in almost 33-mM glycerol 
and pumped out about 
28-mM ethanol—an 85% 
carbon conversion. The 
engineered microorgan-
ism generated only a 
small amount of acetate 
by-product (15%), rather 
than the multiple by-products  E. coli  might 
yield from a similar bioconversion.

  REACTIONS OF THIS sort with Shewie 
could “in principle open up the landscape 
for new types of industrial bioreactions 
that maybe weren’t considered before 
because of redox imbalance,” Gralnick 
says, additionally citing glycerol-to-dihy-
droxyacetone conversion as an example. 
And although it’s not yet clear how to scale 
up this type of reaction for industrial-size 
fermenters, he says that the team he leads 
with Bond is working with engineers to fig-
ure out how to make it happen.

  Despite his interest in applied work, 
Gralnick advises that researchers not for-
get the true beauty of engineering Shewie’s 
pathways and proteins into nonnative or-
ganisms: That tinkering can “help find out 
about how the bacterium actually works,” 
he says. Many things are still not known 
about Shewie, Gralnick adds. For instance, 
“there have been rumblings in the past year 
or so of X-ray crystal structures” of the Mtr 

proteins, he says, but nothing has been 
published yet. So researchers aren’t sure 
how the hemes in the electron-transfer 
pathway are oriented.

  In addition, researchers are trying to 
understand how Shewie routes electrons 
from MtrC to metal species or electrodes 
over large distances (greater than 10 nm). 
Transfer still occurs when direct MtrC-
metal contact is obstructed. Some scien-
tists, including Gralnick, think that flavins, 

which  S. onei den sis  secretes, are an 
electron shuttle between bacte-
rium and metal in solution ( Proc. 
Natl. Acad. Sci. USA,  DOI: 10.1073/
pnas.0710525105). Others, includ-
ing Nealson and physicist Mo-
hamed El-Naggar, also at USC, have 
observed conductive nano wires 
growing from the outside of Shewie 
that could function like extendable 

arms, reaching out to transfer charge to 
other materials ( Proc. Natl. Acad. Sci. USA,  
DOI: 10.1073/pnas.1004880107).

  Ajo-Franklin might be able to answer 
some of these questions with her work, 
Gralnick says, because  E. coli  doesn’t in-
herently secrete flavins and presumably 
doesn’t grow nanowires. In optimizing 
electron-transfer efficiency in  E. coli,  she 
might also discover further details about 
the Mtr pathway, he adds with excitement. 
“Being able to show that the components 
that you’re looking at are not only neces-
sary for a process but are also sufficient to 
reconstruct it is an important scientific 
achievement,” Gralnick contends.

  Nealson is also confident that some of 
these unknowns will become clear in the 
next generation of studies with Shewie, 
the “bug” he discovered. “It is absolute 
fun to watch all the research activity,” he 
says. Young scientists such as Ajo-Franklin 
and Gralnick “are so good at what they are 
doing,” he adds, “I may have to look for an-
other field.” ■      

  PROTEIN EXPRESSION   
When added to E. coli 
(left), the Mtr protein 
pathway native to 
S. onei den sis causes 
the bacterial culture 
to turn pink, indicating 
the incorporation of 
heme groups.   
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  A FADING, decades-old photo illustrates 
California’s ongoing water woes. It shows 
a man standing next to a telephone pole 
in the San Joaquin Valley, the agricultural 
backbone of the state. He’s marked the 
pole with signs at different heights, each 

sign indicating 
where ground 
level sat in a 

particular year. The one at the very bottom 
reads “1977,” and one about 30 feet up the 
pole reads “1925.”

  What made the ground drop almost 30 
feet in five decades? The culprit is ground-
water overdraft, when communities pump 
more water from a groundwater basin than 
rainfall and other sources can replenish. 
Farming communities in the San Joaquin 
Valley pumped so much groundwater that 
the region’s aquifers began to compress 
and the soil above them collapsed, lower-
ing the ground level.

  Although the valley has reined in its 
groundwater pumping, overdraft is still a 
problem across the state. The California De-
partment of Water Resources estimates this 
yearly deficit at as much as 650 billion gal of 
water. “It’s like drawing down your savings 
account,” says Richard G. Luthy, an envi-
ronmental engineer at Stanford University. 
“Eventually you’re going to get to zero.”

  But groundwater isn’t the only water 
source at risk. Scientists expect climate 

change to bring longer droughts to South-
ern California and to shrink snowpack in 
the Sierra Nevada Mountains, a major wa-
ter source for the state.

  To stabilize the state’s water supplies, 
environmental engineers point to recycling 
wastewater as one possible solution. By 
purifying wastewater to irrigate crops or 
replenish groundwater basins, local com-
munities can decrease their dependence 
on importing water from across the state or 
depleting local aquifers.

  Currently, California recycles about 200 
billion gal of water per year, according to 
the State Water Resources Control Board, 
and the state plans to reach 325 billion gal 
by 2020. At last month’s American Chemi-
cal Society meeting, in sessions within the 
Division of Environmental Chemistry, 
Luthy and other environmental engineers 
discussed the economic and social barriers 
that stand in the way of local water reuse 
projects, as well as some possible solutions.

  ALTHOUGH Luthy acknowledges the need 
for more scientific research on water reuse, 
such as developing methods to detect and 
remove new classes of contaminants from 
wastewater, he thinks that large engineer-
ing projects also face economic and social 
policy issues that need to be studied. So 
he stepped outside his lab and decided to 
look into the successes and failures of local 

water agencies to un-
derstand what drives 
or stalls water reuse 
projects.

  Luthy and his grad-
uate student Heather 
Bischel worked with 
social scientists to 
develop an online 
survey for managers 
at 134 water agencies 

in northern California. The survey included 
questions about when the agency started its 
reuse project, what it used the treated water 
for, and what challenges the agency faced 
during the planning and development.

  Of the 71 water agency managers who 
responded, about 90% listed a money-re-
lated issue as a challenge they faced. These 
hurdles included capital costs for the treat-
ment facility, the cost of constructing pipe-
lines to and from the facility, and determin-
ing who would pay for the treated water.

  The fact that costs were a major chal-
lenge isn’t surprising, according to Y. Jef-
frey Yang, a scientist at the U.S. Environ-
mental Protection Agency and coorganizer 
of the water reuse symposium. Recycling 
water is an energy-intensive process, which 
pushes costs up, he said. To lower water re-
use’s ticket price, engineers must develop 
new technologies to make the process 
more energy neutral, he added.

  But Luthy was interested in how some 
agencies overcame the cost problem, espe-
cially the issue of who pays for the water. 
When the community directly receiving 
the recycled water is too small, water prices 
can become prohibitively expensive, Luthy 
said. So agencies look for ways to spread 
out the costs.

  For example, the Pajaro Valley Water 
Management Agency in Watsonville, Calif., 
opened a water recycling plant for crop 
irrigation in 2009. Because the water dis-
trict sits along the coast, years of overdraft 
had depleted the groundwater basin to 
the point that salt water from the ocean 
had seeped in and made parts of the basin 
too salty for use. To reduce groundwater 
pumping near the coast and supply farm-
ers with nonsaline water, the agency now 
transports a mix of recycled water and wa-
ter from other sources to coastal custom-
ers affected by the saltwater intrusion.

  But instead of asking only these custom-
ers to bear the full cost of the new facility, 
the agency charges customers two differ-
ent rates: a higher one for those directly 
receiving the treated water and a lower 

  RECYCLING 
WASTE   In Orange 
County, Calif., 
the Groundwater 
Replenishment 
System treats 
70 million gal of 
wastewater every 
day and injects it 
into the region’s 
groundwater basin.   
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CHALLENGES TO 
WATER REUSE
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one for anyone drawing from the basin. 
Because everyone using the basin’s water is 
part of the problem, everyone pays some-
thing to the solution, Luthy said.

  After costs, the next major hurdle fac-
ing water agencies is handling the public’s 
perception of recycled water. About 25% of 
the managers surveyed by Luthy and Bischel 
identified this issue as a major challenge. “If 
you can’t address public perception, then it 
doesn’t matter if you can afford the project, 
because it isn’t going to happen,” Luthy said.

  No one knows the perception problem 
better than Eleanor Torres, the director 
of public affairs for the Orange County 
Water District, which recycles 70 million 
gal of water every day. People worry about 
the water’s safety when they learn that its 
source is sewage, she told C&EN in an in-
terview. “It’s essentially the yuck factor.”

  Luthy thinks that water agencies can 
overcome this issue if they help their com-
munities understand how the system works 
and provide transparent data on the water’s 
quality and safety. Torres agrees and said 
that gaining the public’s trust was key in the 
lead-up to the Orange County project.

  THE ORANGE COUNTY project brings 
treated wastewater closer to people’s 
homes than the Pajaro Valley system does. 
In Orange County, the agency allows treat-
ed wastewater to filter into the county’s 
groundwater basin to replenish the water 
supply. This process is called indirect pota-
ble water reuse, because the treated water 
mixes in with the groundwater and eventu-
ally makes its way to household taps.

  To bolster its customers’ trust, the agen-
cy set out to educate people on the waste-
water treatment system. Agency represen-
tatives made about 1,200 presentations 
to community groups between 2003 and 
2007. “We’d speak to anyone who would 
listen to us,” Torres told C&EN. Agency 
management enlisted people outside the 
agency to talk about the treatment tech-
nology and the water’s safety, including 
international water reuse experts and local 
doctors. Also, the district now offers tours, 
so visitors can watch how the plant works.

  Luthy also stressed that agencies should 
explain the community’s need for water 
recycling. From responses to his survey, 
he thinks that projects succeed more often 
when agencies engage their entire commu-
nity and explain these issues openly. “When 
the whole community understands the 
need and shares in the outcome,” he said, 
“the project seems to move forward.” ■   

TM

True Blue Performance

Request flyer GNFL1323 or learn more at

www.restek.com/sky

• Increase accuracy and precision

• Lower detection limits

• Use wool with confidence

Exceptionally inert, Sky™ inlet liners with state-of-the-art

deactivation improve trace level analysis.

NEW!

Innovative Chromatography Products
Restek U.S. • 110 Benner Circle • Bellefonte, PA  16823 • 814-353-1300 • 800-356-1688 • fax: 814-353-1309 • www.restek.com

Restek France • phone: +33 (0)1 60 78 32 10 • fax: +33 (0)1 60 78 70 90 • e-mail: restek@restekfrance.fr

Restek GmbH • phone: +49 (0)6172 2797 0 • fax: +49 (0)6172 2797 77 • e-mail: info@restekgmbh.de

Restek Ireland • phone: +44 (0)2890 814576 • fax: +44 (0)2890 814576 • e-mail: restekeurope@aol.com

Restek Japan • phone: +81 (3)6459 0025 • fax: +81 (3)6459 0025 • e-mail: ryosei.kanaguchi@restek.com

Thames Restek U.K. LTD • phone: +44 (0)1494 563377 • fax: +44 (0)1494 564990 • e-mail: sales@thamesrestek.co.uk

Custom Organic Synthesis
Contract Research and Development
Milligram to Kilogram Quantities
DEA Schedule I-V Analytical Samples
Litigation Support for Chemical Processes

©2011 CHEMIR ANALYTICAL SERVICES | CH0001

www.chemir.com          866.470.9604

Now a Division of Evans Analytical Group! 

http://www.chemir.com
http://www.restek.com/sky
http://www.restek.com
mailto:restek@restekfrance.fr
mailto:info@restekgmbh.de
mailto:restekeurope@aol.com
mailto:ryosei.kanaguchi@restek.com
mailto:sales@thamesrestek.co.uk
http://www.cen-online.org


Journal of Agricultural and Food Chemistry present an online 

compilation of selected articles focusing on a variety of 

emerging groups of health bene�cial chemicals.

Visit pubs.acs.org/r/foodquality 

Food Quality Traits for Sustaining Agriculture

http://pubs.acs.org/r/foodquality
http://www.acs.org/network


41WWW.CEN-ONLINE.ORG APRIL 25, 2011

ACS NEWS

 IN A VILLAGE in Burkina Faso, Mouhous-
sine Nacro watched nervously as a textile 
artisan slipped some of the dye that he was 
mixing into his mouth. To Nacro, a natural 
products chemist, the observation was a bit 
unsettling. But to the artisan, it made per-
fect sense. And then it dawned on Nacro: 
“When I thought about the chemical aspect 
of what he was doing, I realized that he was 
checking the pH,” which is important for 
dye adhesion and color.

  Nacro, a professor of chemistry 
at Ouagadougou University and 
one of only two American Chemi-
cal Society members in Burkina 
Faso, travels this landlocked coun-
try in West Africa to document 
the craft of local artisans. “A lot of 
traditional know-how is disappear-
ing,” Nacro says. Traditional prod-
ucts, such as home-dyed clothing, 
are being replaced by synthetic 
goods. So, after documenting arti-
sans’ crafts, Nacro goes to the lab 
to better understand dye extrac-
tion, production, and application. 
He then looks at ways to innovate 
or improve these age-old tradi-
tions through chemistry—adjust-
ing the pH, temperature, or extrac-
tion technique, for example.

  Having grown up in Burkina 
Faso, Nacro is intimately familiar 
with the region and its people. 
But when he was studying in the 
1960s, there were no universities 
in the country, so Nacro pursued 
a bachelor’s in biology from the Univer-
sity of Dakar, in Senegal. He went on to 
earn a Ph.D. in physical sciences from the 
University of Nancy, in France. In 1977, he 
returned to Burkina Faso as a professor at 
Ouagadougou. From 1982 to 1984, Nacro 
was a visiting biochemist at the University 
of Georgia, Athens.

  When he returned to Ouagadougou, 
Nacro was “without contacts and without 
scientific information,” he says. “You can’t 

do research without knowing what’s hap-
pening in your field.” He joined ACS to stay 
connected to his U.S. colleagues. At the 
time, one year’s membership cost him a 
month’s salary.

  Nacro also subscribed to the  Journal of 
Agricultural & Food Chemistry  and the  Jour-
nal of Chemical Education  to keep abreast 
of advances in his field. These days, some 
students at Ouagadougou refer to his 

journals for their own 
research. Upon gradu-
ation, many chemistry 
students find employ-
ment as teachers or in 
mining companies in 
the region, and a few go 
into the health field to 

research plant-based drugs, Nacro says.
  Conducting research in Burkina Faso is 

challenging. Reagents can take three to four 
weeks to arrive after ordering, and equip-
ment may take several months. Accessing 
information online can also be difficult. 
“It takes hours to send a document over 
e-mail,” Nacro says. Lack of funding is an-
other major constraint, he adds. Most 
research is funded by grants from phil-
anthropic and international develop-

ment organizations; the Burkina Faso gov-
ernment provides little money for research.

  Disease adds to the strain on resources. 
When a coworker is out sick for a few days, 

it’s not a cold or the flu keeping the 
researcher at home—it’s usually 
malaria, Nacro says. “It’s a com-
mon reason to be out,” and it’s 
very incapacitating, he adds. “Your 
colleagues must take care of what-
ever research you were doing.”

  These difficulties don’t stop 
Nacro from conducting research 
and maintaining an active role in 
scientific communities. This year, 
he is on the scientific committee 
for the International Symposium 
& Exhibition on Natural Dyes, a 
biennial conference that brings to-
gether industry and academic re-
searchers from around the world. 
The meeting is being held this 
week in La Rochelle, France.

  Nacro has also been involved in Burkina 
Faso’s government: He has served as the 
country’s ambassador to Canada, as a 
member of Parliament, and as the minister 
of secondary and higher education and sci-
entific research.

  Even with the impressive array of re-
search duties and offices held, Nacro has 
also raised a family with his wife, Rosette. 
He didn’t try to sway their four children to 
follow in his chemistry footsteps, he says, 
“because it’s so difficult to do chemistry 
here; it’s not always rewarding.” But for 
Nacro, chemistry is the way to solve prob-
lems, help people, and improve lives in 
Burkina Faso.

TRANSFORMING LIVES 
Nacro (center) and 
postdocs Adama Héma 
(left) and Constantin 
Dabiré discuss data 
related to their research in 
natural dyes and nutrition.

 C
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Population 

16.8 million

No. of ACS members

2 

TOP SUBJECTS in chemistry publications: 
Pharmacology; fertilizers, soils, and plant 

nutrition; plant biochemistry; food and feed 

chemistry; agrochemical bioregulators

SOURCES: CIA World Factbook, Chemical 

Abstracts Service

Africa

Atlantic Ocean

Burkina Faso

View a slide show about Nacro’s research in Burkina 
Faso by clicking on C&EN Online, cenm.ag/iyc1.PHOTOS ONLINE

       This series celebrating the 
International Year of Chemistry 
offers a window into the lives of 
ACS members around the world. 

BURKINA FASO
 In this landlocked West African country, chemist 

MOUHOUSSINE NACRO hopes to preserve centuries-old traditions 
  KENNETH J. MOORE,   C&EN WASHINGTON  

http://www.cen-online.org
http://cenm.ag/iyc1
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And if it’s serious, you could su� er a disability that prevents you from returning to work 
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  THE RELATED developments of commer-
cial nuclear magnetic resonance spectrom-
etry (NMR) and magnetic resonance imag-
ing (MRI)—which have revolutionized the 
practice of chemistry and medicine—were 
recently honored by the American Chemi-
cal Society as its 68th National Historic 
Chemical Landmark.

  The landmark designation was marked 
with two ceremonies. MRI was honored 
with a celebration on March 11 at the State 
University of New York, Stony Brook. And 
on April 8, celebrants gathered at Agilent 
Technologies, a measurement company 
in Santa Clara, Calif., to recognize NMR 
advances.

  Varian—whose scientific instrument 
company is now part of Agilent—intro-
duced the A-60, the first commercially 
successful NMR spectrometer, in 1960. 

NMR was origi-
nally developed 
by physicists, but 
the affordability, 
reliability, and 
compact con-
struction of the 

A-60 allowed chemists to use the technique 
to perform nondestructive analyses to 
elucidate molecular structures. What had 
previously taken chemists a month to de-
termine could be done in hours, leading to 
NMR’s widespread use.

  Stony Brook chemistry professor Paul 
C. Lauterbur used a Varian A-60 to take the 
science even further, demonstrating that 
NMR could generate multidimensional 
images. The discovery eventually led to the 
development of MRI, an important medical 
diagnostic tool for the noninvasive exami-
nation of body tissues such as the brain, 
heart, and other muscles. MRI scanning al-
lows for early detection of cancer and other 
diseases. Lauterbur shared the 2003 Nobel 
Prize in Physiology or Medicine for his role 
in the development of MRI.

  At the Stony Brook ceremony, ACS Presi-
dent Nancy B. Jackson presented the land-
mark plaque to John H. Marburger III, the 
university’s vice president for research. And 
Lauterbur’s widow, Joan Dawson, noted 
that the development of MRI originated in a 
“eureka” moment while Lauterbur was eat-
ing a hamburger at a local restaurant in 1971.

  During the Agi-
lent celebration, 
Abby Kennedy, 
chair of the ACS 
Santa Clara Valley 
Section, presented 
the landmark 
plaque to Nick 
Roelofs, president 
of Agilent Life Sci-
ences Group.

  ACS grants 
landmark status to 
seminal achieve-
ments in the history 
of chemical science 
and technology, 
including individual 
discoveries, bodies 
of work, resources, 
advances, or arti-
facts. Prospective 

landmarks can be 
nominated by ACS lo-
cal sections, divisions, 
or committees. The 
landmarks committee 
reviews nominees, 
and the ACS Board of 
Directors approves 
them.

  By recognizing landmark achievements 
of chemists, chemical engineers, and 
the chemical enterprise, the program is 
intended to enhance the public’s apprecia-
tion of the contributions of the chemical 
sciences and chemical engineering and to 
increase the sense of pride in their practi-
tioners. —SOPHIE ROVNER     

   FLORIDA SECTIONS  HOST 
ANNUAL MEETING

  ACS’S FLORIDA SECTION and other local 
sections in the state will hold the 2011 Flor-
ida Annual Meeting & Exposition on May 
12–14 at Innisbrook, a golf and spa resort in 
Innisbrook, Fla.

  The meeting will feature symposia 
on analytical, computational, forensic, 
inorganic, materials, organic, and physi-
cal chemistry, as well as biochemistry, 
bioinspired peptidases, catalysis, chemi-
cal education, and metal organic/hybrid 
frameworks. The meeting will also include 
a Cope Scholar Symposium, the Florida 
Award Symposium and associated cer-
emony, and a Gulf of Mexico Geochemistry 
Summit that will examine science perspec-
tives one year after the Deepwater Horizon 
accident and oil spill.

  For further information, see chem.fsu.
edu/chemlab/fame2011/fame2011.html or 
contact program organizer Stephanie Dil-
lon at sdillon@chem.fsu.edu. —SLR   

  LAUTERBUR’S LEGACY   
Marburger (from left), 
Jackson, and Dawson 
examine the Varian 
A-60 that Lauterbur 
used at Stony Brook.   
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  CELEBRANTS   
Kennedy (left) 
presents Roelofs 
with the plaque 
designating the 
Varian A-60 
at Agilent as a 
landmark.   
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NMR AND MRI SHARE 
LANDMARK STATUS

 ACS HONORS magnetic resonance advances now 
considered indispensable in the lab and clinic 

mailto:sdillon@chem.fsu.edu
http://www.cen-online.org
http://chem.fsu.edu/chemlab/fame2011/fame2011.html
http://chem.fsu.edu/chemlab/fame2011/fame2011.html


ACS Mobile is now 

available on Android.

ACS Mobile is an award-winning application 
for Android and Apple mobile devices.

It allows you to stay current with the latest research and news from a single, 

scrollable index. This comprehensive application features new Articles ASAPSM 

listings from all ACS journals and the Latest News articles from C&EN the 

moment they’re posted to the web.

For more details and a video demonstration go to www.acsmobile.org

Download for  

Android
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Advertising Rate Information

QUALITY JOBS, QUALITY CHEMISTS

Serving the Chemical, Life Sciences, and Laboratory Worlds

CLASSIFICATIONS
Positions open and academic positions. Di-
rectory section—chemical exchange, equip-
ment mart, technical  services. Situations 
wanted—members, nonmembers, student 
and national affiliates, and retired members. 

ISSUANCE
Published weekly every Monday. Calen-
dar available at http://pubs.acs.org/cen/ 
advertise/2011/recruitment.pdf.

CLOSING DATE FOR CLASSIFIED ADS
Two weeks prior to publication date. Late 
ads will incur a 15% fast close premium on 
the standard insertion cost and be accepted 
pending space availability. Fast close space 
is available on a first in and completed ba-
sis. Cancellations must be received 14 days 
(excluding legal holidays) in advance of 
publication date.

DISPLAY ADS
For rates and information go to http://
pubs.acs.org/cen/about/advert.html or 
contact your local sales representative: 
East Coast—Lisa Kerr, kerr@acs.org, 
(610) 964-3613; Midwest—Tom Scanlan, 
scanlan@acs.org, (847) 749-3030; West 
Coast—Bob LaPointe, lapointe@acs.org, 
(925) 964-9721.

RECRUITMENT NONDISPLAY LINE ADS
$65 net per line; $650 minimum. One 
line equals approximately 50 characters 
and spaces, centered headlines equal ap-
proximately 32 characters, bold caps, and 
spaces. For an additional $150, your print 
line ad will appear on www.acs.org/ careers 
for four weeks. For more information go 
to www.cen-online.org/classifieds, e-mail 
 classifieds@acs.org, or call  Renee Zerby at 
(202) 872-8069. 

DIRECTORY SECTION
Space rate is $680 per inch. Lower rates 
available on contract basis. Contact your 
local advertising representative to place an 
insertion order.

SITUATIONS WANTED
“Situations Wanted” advertisements 
placed by ACS members and affiliates are 
accepted at $6.60 a line per insertion, no 
minimum charge. State ACS membership 
status and e-mail to  classifieds@acs.org. 

The advertisements will be classified by the 
chemical field designated by the member. 
If not designated, placement will be deter-
mined by the first word of text submitted. 

TO SUBMIT A CLASSIFIED AD
E-mail ads in a word document to 
 classifieds@ acs.org. Do not include any ab-
breviations. C&EN will typeset ads accord-
ing to C&EN guidelines. All ads must be ac-
companied by either a purchase order (PO) 
 number or a credit card (CC) form (avail-
able at http://pubs.acs.org/cen/advertise/ 
CCauth_CENC.pdf) with billing address. 
 POs and CC forms must allow for some 
degree of flexibility and/or  adjustment.

CONDITIONS
In printing these advertisements ACS as-
sumes no obligations as to qualifications of 
prospective employees or responsibility of 
employers, nor shall ACS obtain information 
concerning positions advertised or those 
seeking employment. Replies to announce-
ments should carry copies of supporting 
documents, not original documents. Every 
reasonable effort will be made to prevent for-
warding of advertising circulars. Employers 
who require applications on  company forms 
should send duplicate copies. ACS considers 
all users of this section  obligated to acknowl-
edge all replies to their  advertisements.

IMPORTANT NOTICES
■ Employment in countries other than your 
own may be restricted by government visa 
and other policies. Moreover, you should 
investigate thoroughly the generally ac-
cepted employment practices, the cultural 
conditions, and the exact provisions of the 
specific position being considered. Mem-
bers may wish to contact the ACS Office of 
International Activities for information it 
might have about employment conditions 
and cultural practices in other countries.
■ Various state and national laws against 
discrimination, including the Federal Civil 
Rights Act of 1964, prohibit discrimination in
employment because of race, color, religion, 
national origin, age, sex, physical handicap, 
sexual orientation, or any reason not based 
on a bona fide occupational  qualification.
■ These advertisements are for readers’ 
convenience and are not to be construed 
as instruments leading to unlawful 
 discrimination.

IMERYS is looking for a Process Development Man-
ager to manage a Process Development Group lo-
cated in Sandersville, Georgia. The role involves de-
velopment, transfer, and implementation of process 
technology used for manufacturing of kaolin and cal-
cium carbonate pigment minerals used for paper coat-
ing and filling. The process development objectives 
are to reduce manufacturing costs, improve process 
efficiency, extend reserves, and develop new prod-
ucts. Scope includes developing technology for kaolin 
operations in Georgia, USA, and northern Brazil, and 
for calcium carbonate operations in North America. 
Knowledge of colloid chemistry, organic chemistry, 
(organic dispersants) and chemicals used for mineral 
processing are a must. Applied background in colloid 
or surface chemistry related to dispersion, solid-solid 
and solid-liquid separation. Position requires a post-
graduate degree or 5+ years’ experience. To learn 
more and apply go to www.imerys.com, or use link 
http://tbe.taleo.net/NA1/ats/careers/ requisition.
jsp?org=IMERYS&cws=1&rid=174.

SUPERVISORY RESEARCH CHEMIST
The U.S. Army Edgewood Chemical Biological Cen-
ter, located at Aberdeen Proving Ground, Maryland, 
seeks to hire a supervisory research chemist for 
Agent Chemistry Branch who will serve as Branch 
Chief responsible for initiating, coordinating, person-
ally performing and leading a group effort in long-
term experimental research in chemical threat agent 
chemistry. This position requires a strong background 
in the synthesis and characterization of threat agent 
or related compounds. Experience in multinuclear 
NMR, GC/MS and other analytical techniques are also 
desired. This position is under the Lab Demonstration 
Pay Plan (DB-1320-IV $105,211–155,500). For detailed 
vacancy announcement, including specific qualifica-
tions and application requirements for this position, 
refer to announcement no. NEAG11850400D at www.
cpol.army.mil. All candidates should demonstrate the 
ability to work within a research team and to communi-
cate orally and in writing to a wide range of audiences. 
Applicants selected for these positions must be able 
to obtain and maintain a secret security clearance. En-
rollment in the Chemical Personnel Reliability Program 
(CPRP) is also required. U.S. citizenship required. The 
U.S. Army is an Equal Opportunity Employer.

RESEARCH CHEMISTS
The U.S. Army Edgewood Chemical Biological Cen-
ter, located at Aberdeen Proving Ground, Maryland, 
seeks to fill multiple research chemist positions. Three 
positions will be responsible for developing research 
using FT-NMR spectroscopy to evaluate chemical 
warfare agents (CWA), explosives, and their degra-
dation and by-products in a variety of liquid and solid 
matrices. Experience in reaction kinetics and quan-
titative/qualitative analyses of reactive systems is 
required. One position requires an expertise in solid-
state NMR techniques. Refer to announcement num-
bers NEAG11848466D and NEAG11629448D. Two 
positions will be responsible for conducting/directing 
complex chemical research and analysis projects, 
developing processes/procedures for detecting CWA 
and CWA by-products in a variety of matrices using LC, 
LC-MS, and high resolution LS-MS techniques. Refer 
to announcement numbers NEAG11848426D and 
NEAG11650374D. One position will be responsible 
for developing analytical procedures for the analysis 
and characterization of explosives, chemical war-
fare agents, and the degradation and by-products. 
Strong background in GC/MS (GCxGC) GC-TOF-MS, 
FT-IR and Raman spectroscopy is required. Refer 
to announcement numbers NEAG11848466D and 
NEAG11629448D. Applicants for all positions are 
encouraged to apply online at www.cpol.army.mil. 
Applicants selected for these positions must be able 
to obtain and maintain a secret security clearance. 
Enrollment in the Chemical Personnel Reliability 
Program (CPRP) is also required. U.S. citizenship re-
quired. Salary commensurate with experience (GS-12 
$72,872–$97,333) and (GS-13 $89,033–$115,742). 
The U.S. Army is an Equal Opportunity Employer.

POSITIONS OPEN

AGILENT TECHNOLOGIES, INC. has an Advanced 
Software R&D Engineer (Req #2016747) job oppor-
tunity available in Westlake Village, CA. Design, con-
struct, document, test and maintain software for elec-
tronic design automation software. Mail resumes to 
Agilent Technologies, Inc. c/o Pinstripe, 200 South 
Executive Drive, Suite 400, Brookfield, WI 53005. 
Must reference job title and Req # to be considered.

http://pubs.acs.org/cen/advertise/CCauth_CENC.pdf
http://pubs.acs.org/cen/advertise/2011/recruitment.pdf
http://pubs.acs.org/cen/about/advert.html
http://pubs.acs.org/cen/about/advert.html
mailto:kerr@acs.org
mailto:scanlan@acs.org
mailto:lapointe@acs.org
http://www.acs.org/careers
http://www.cen-online.org/classifieds
mailto:classifieds@acs.org
mailto:classifieds@acs.org
http://www.cpol.army.mil
http://www.cpol.army.mil
http://www.cpol.army.mil
http://www.imerys.com
http://tbe.taleo.net/NA1/ats/careers/requisition.jsp?org=IMERYS&cws=1&rid=174
http://www.cen-online.org
http://pubs.acs.org/cen/advertise/2011/recruitment.pdf
mailto:classifieds@acs.org
http://pubs.acs.org/cen/advertise/CCauth_CENC.pdf
http://tbe.taleo.net/NA1/ats/careers/requisition.jsp?org=IMERYS&cws=1&rid=174
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For full details, or to request an application pack, visit

www.liv.ac.uk/working/job_vacancies/  or e-mail

jobs@liv.ac.uk please quote job ref in all enquiries.

COMMITTED TO DIVERSITY AND 

EQUALITY OF OPPORTUNITY

POST-DOCTORAL POSITION is available in the Chem-
istry Department at Xavier University of Louisiana in 
New Orleans for a synthetic organic chemist. Aiming 
preparation of organic/inorganic nanocomposites, the 
project will involve synthesis on metal oxide surfaces. 
The successful candidate must also be experienced in 
methods of analytical chemistry. Send your CV to Dr. 
V. Kolesnichenko at vkolesni@xula.edu.

EXPERIMENTAL PHYSICAL CHEMISTRY
The Department of Inorganic and Physical Chem-
istry at the Indian Institute of Science (http://ipc.
iisc.ernet.in/) has a strong program in experimental 
physical chemistry. The Department is planning to 
recruit one or two young assistant professors with a 
strong background in experimental physical chem-
istry, particularly in the following areas: 1) spectros-
copy and dynamics, 2) surfaces and interfaces, 3)soft 
matter including polymer, and 4) energy and environ-
ment. Candidates with the desire to establish unique 
experimental facilities for addressing fundamental 
questions in physical chemistry/chemical physics are 
particularly welcome. Contact The Chairman, Depart-
ment Inorganic and Physical Chemistry, Indian In-
stitute of Science, Bangalore 560012, India. Email: 
 chairman@ipc.iisc.ernet.in.

UNIVERSITY OF KENTUCKY (UK)
COLLEGE OF  PHARMACY – Lexington, KY

SYNTHETIC MEDICINAL CHEMISTRY
The Department of Pharmaceutical Sciences invites 
applications for a senior faculty position (Associ-
ate/Full Professor) in the area of synthetic medicinal 
chemistry. Applicants should have a Ph.D. in Medici-
nal Chemistry, Organic Chemistry, Biochemistry or 
related field. For full position description and appli-
cation instructions see http://pharmacy.mc.uky.
edu/depts/ps/employment.php. Applicants should 
submit required information to Dr. Jurgen Rohr at 
dratl2@email.uky.edu. UK is an Equal Opportunity/
Affirmative Action Employer & Educator.

SURFACE CONTACT Angle test, $95/sample, apda@
advancedpolymerda.com; (732) 410-7176. 

SITUATIONS WANTED

CONSULTANTS

ACADEMIC POSITIONSPOSITIONS OPEN

AGILENT TECHNOLOGIES, INC. has a R&D Software 
Engineer (Req #2030882) job opportunity available 
in Santa Rosa, CA. New product introduction (NPI) 
lead with SW product life cycle and its checkpoints to 
provide specific test strategy (remote and front panel), 
SW quality analysis, and quality reporting for the cur-
rent NPI at each checkpoint.

Mail resumes to Agilent Technologies, Inc. c/o Pin-
stripe, 200 South Executive Drive, Suite 400, Brook-
field, WI  53005. Must reference job title and Req # to 
be considered. 

AGILENT TECHNOLOGIES, INC. has a Product Spe-
cialist (Req #2031910) job opportunity available in St. 
Pete Beach, FL. Responsible for sales, marketing, and 
customer satisfaction for High Performance and Ultra 
High performance Liquid Chromatography (HPLC and 
uHPLC) in Life Science and Pharmaceutical Accounts 
from South Central New Jersey through Florida and 
Texas. 

Mail resumes to Agilent Technologies, Inc. c/o Pin-
stripe, 200 South Executive Drive, Suite 400, Brook-
field, WI  53005. Must reference job title and Req # to 
be considered. 

THE DEPARTMENT OF PHARMACOLOGY AND TOXI-
COLOGY, in the College of Pharmacy, at the University 
of Arizona, invites applications for  tenure-track or 
tenured faculty positions in Medicinal Chemistry at the 
Associate Professor rank. We are seeking outstanding 
medicinal chemists to join our expanding program in 
the newly formed Drug Discovery Center of Excellence 
at BIO5 Oro Valley. Successful candidates are expect-
ed to develop and/or maintain an independently extra-
murally funded research program and to participate in 
Center activities, graduate (Ph.D.) and professional 
(Pharm.D.) education. The Division of Drug Discovery 
and Development is a part of the Department of Phar-
macology and Toxicology, which is undergoing a period 
of dynamic growth in parallel with significant facilities 
expansion. Excellent opportunities exist for research 
collaborations and participation in numerous Centers 
of Excellence that include the Arizona Cancer Center, 
Bio5 Institute, Southwest Environmental Health 
Sciences Center, Sarver Heart Center, and Arizona 
Respiratory Center. Applicants with significant indus-
trial and/or academic experience of advancing small 
molecules along the drug discovery value chain in a 
high-throughput manner are encouraged to apply. For 
complete details and to apply see job 45127 at www.
uacareertrack.com. Applicant review begins immedi-
ately and continues until filled. The University of Ari-
zona is an EEO/AA Employer —M/W/D/V.

ACADEMIC POSITIONS

WANT YOUR DREAM JOB? Find it at www.acs.org/
careers. Search the latest postings for jobs in specific 
fields, at various levels, in different locations. Or post 
your résumé and have employers find you. Why wait? 
Go to www.acs.org/careers and get started on finding 
the right job for you.

Synthetic Organic Chemist
Engineered Mineral Composites

Unimin Corporation, the leading supplier of industrial minerals and silica based
proppants in North America is seeking a Synthetic Organic Chemist to serve as
a Sr. Research Chemist in our Research and Development group in Western
North Carolina.

In this position, you will interact directly with other scientists, suppliers, 
customers and oil field technical personnel to identify opportunities and 
develop new mineral composites based on down hole reactivity and performance
during oil and gas production and will be expected to use your advanced 
knowledge of organic chemistry to develop new thermoset and thermoplastic
resin formulations for producing resin coated proppants for the hydraulic 
fracturing market.

Qualified candidates must have a minimum of a Ph.D. Degree in Organic 
Chemistry and at least 5 years of experience synthesizing and formulating 
compounds and composites for engineered applications. Candidates with 
specific experience in formulating phenolic formaldehyde, phenolic urethane,
epoxy and other engineered thermoset plastics designed for use in harsh 
environments are preferred. Prior experience formulating mineral composites is
a plus.

You must also possess excellent verbal and written communication skills and
be able to work in a dynamic, multi-disciplinary, team oriented, customer 
focused, research and manufacturing environment.

Occasional N.A. travel will be required. Unimin offers a 
comprehensive salary/benefits package, including 401(k). For consideration,

please apply online at: www.unimin.com or forward resume and salary 
requirements to: HR Manager, 258 Elm Street, New Canaan, CT 06840;

Fax: (203) 966-1557. Unimin Corporation is an Equal Opportunity Employer.

Discover the Possibilities

Chemical & 
Engineering News

is read by over 
300,000  chemists, 
chemical  engineers 

and scientists 
each week.

http://www.unimin.com
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  Watering a plant is usually a simple 
task: Fill a container with water, 
hold it over the thirsty specimen, 

and pour. The process doesn’t typically 
involve pulleys, toy train tracks, and wa-
terwheels … unless it’s part of the annual 
RUBE GOLDBERG MACHINE CONTEST.

  This year, the competition—named for 
the Pulitzer Prize-winning cartoonist who 
drew elaborate contraptions for complet-
ing simple tasks in complicated ways—re-
quired competitors to build a machine that 
takes at least 20 steps to water a plant in 
less than two minutes. The winning team, 
from the University of Wisconsin, Stout, 
entered a themed device in the March 26 
national contest that did it in 135 steps. 
This is the second year in a row that the UW 
Stout team took first place.

  The secret to the group’s success, says 
UW Stout team captain Andrew Behnke, 
is a well-thought-out theme and layout. 
The machine needs “to maximize viewing 
angles for the audience but also be compli-
cated enough to compete,” he explains to 
Newscripts. His team’s winning contraption 
this year told the story of a haunted estate 
in the swamps of Louisiana where the dead 
spring to life when a gate is cranked open. 
For its grand finale, the device watered a 
faux venus flytrap.

  What surprises people most about UW 
Stout’s winning streak, Behnke says, is that 
“we actually don’t have any engineers on 
our team.” Behnke is a senior business edu-
cation major, and other teammates study 
retail merchandising and applied science. 
Competitors just have to have a “natural 
love” for the contest to enter, Behnke 
contends, pointing out that UW Stout’s ma-
chine this year took nine months and 2,000 
hours to build.

  Next year’s 
contest will re-
quire teams to build 
devices that pop a balloon. Because Behn-
ke is graduating soon, he’s now recruiting 
students to the UW Stout team to carry on 
the tradition in 2012.

  To see video of the winning device in 
action, visit the Newscripts blog (cenblog.
org/newscripts).

  Another seemingly nonsensical, but 
fun, activity that requires an inher-
ent passion for the subject matter 

is calculating the 15 wealthiest characters 
in the fictional universe. Forbes.com ranks 
its favorite FAKE BILLIONAIRES from lit-
erature and screen annually, but this year, 
Executive News Editor Michael Noer took 

some time to prove to readers 
that the list is based on serious, 
nerdy thought.

  In an April 6 blog post entitled 
“How Much is a Dragon Worth?” 
Noer gives fans “some idea of 
just how deep the rabbit hole 
goes” by revealing his scientific 
formulas for ranking Smaug, 
a treasure-hoarding dragon in 
J. R. R. Tolkien’s novel “The Hob-
bit,” seventh on this year’s list. 
Just behind sixth-place Tony 
Stark (aka Iron Man), Smaug 
has a net worth of $8.6 billion, 
Noer says, owing primarily to 
the mound of gold and silver 

that the dragon sleeps on, the diamonds 
stuck to his belly, and the dragon’s coveted 
Arkenstone of Thráin—a gem Noer de-
scribes as “the Hope Diamond on steroids.”

  Noer estimates the dragon’s size and 
the volume of his treasure mound by using 
details from the book and even consulting 
a guide from the fantasy role-playing game 
Dungeons & Dragons. He also explicitly 
calculates how many 5.99-carat diamonds 
would be encrusted on the protective 
scales of Smaug’s belly to eventually arrive 
at the final ranking.

  Despite the fact that Tolkien describes 
Smaug as “unassessably wealthy” and his 
gold as being “beyond price and count,” 
Noer assessed and counted away. “Make 
up the numbers?” he scoffs. “Ha.”        

newscripts

 Watering machine: Behnke presents UW Stout’s 
device during the national Rube Goldberg contest. 
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INEFFICIENT ENGINEERING, DRAGON ECONOMICS

LAUREN K. WOLF wrote this column. 
Please send comments and suggestions to 
 newscripts@acs.org. 
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