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Editorial
ACS meeting highlights

I

hadn’t been missing in-person conferences and symposia that much.
Sure, a break from the day-to-day is
always nice, as is a bit of travel and
the opportunity to listen to good chemistry.
I had been coping fine until last week, when
the ACS fall meeting was due to take place
had it not been for the COVID-19 pandemic
that is still ravaging the world.
I’ll be honest: I really missed the
in-person experience. The ACS national
meetings are a perfect opportunity for me
and the rest of the C&EN team to take
the temperature from members in terms
of how good a job—or not—we are doing.
Not only that, during the 4–5 days we
spend at the meeting, we gather enough
ideas, leads, and contacts for stories to fill
our calendars for months. The experience
is very immersive: we work from early in
the morning—the scientific sessions typically start at 8:00 a.m.—to well into the
evening. It is exhausting but at the same
time it is energizing and stimulating.
But things are what they are and, for
the first time ever, the ACS national
meeting took place virtually (see page 4).
Of course, as usual, there was plenty to
choose from and I participated in a number of talks and events.
One of the highlights was the ACS
Virtual Kids Zone, which I hosted on
Aug. 15. This is an outreach event featuring interactive activities demonstrated
by ACS members to teach children about
the importance of chemistry. We had two
broadcasts of the event: one in English
starting at 3:00 p.m. and one in Spanish
that followed at 4:00 p.m. Overall, we had
more than 400 families register with an
estimated 1,000 viewers. Guest volunteers
included, among others, science teacher
Jonte Lee, materials scientist (and one of
C&EN’s Talented 12 class of 2018) Darryl
Boyd, and none other than Miss America
(and aspiring PhD student in biochemistry) Camille Schrier. We covered polymeric chemistry while making slime, made
batteries out of lemons, and more.
The Kavli lectures were another highlight. On Aug. 18, it was Bryan Barton from
DuPont who delivered the Kavli Foundation Emerging Leader in Chemistry Lecture titled “Innovator’s Guide to Industrial
Impact.” During his lecture, Barton shared

personal experiences and how they shaped
his approach to making innovations commercially successful. On Aug. 19, it was
the turn of University of Groningen’s Ben
Feringa to give the Fred Kavli Innovations
in Chemistry Lecture. During a session
titled “Art of Building Small” he delved
into the world of molecular switches and
motors that won him the 2016 Nobel Prize
in Chemistry.
Incidentally, 2020 marks the 20th anniversary of the Fred Kavli Foundation, a
philanthropic organization that Fred Kavli
established with the earnings he made from
selling Kavlico—the firm he had set up in
the late 1950s to manufacture sensors that
worked under extreme conditions. I briefly
met him in London at the Science Museum
during a reception that preceded the 2009
World Conference of Science Journalists
(WCSJ). He recognized the importance
of not just championing science but also
the communication of science, hence his
support of the WCSJ and the American Association for the Advancement of Science
Kavli Science Journalism Awards and his
partnership with ACS and other societies
for the dissemination of science.
All in all, we made it through the first
virtual ACS national meeting, and you’ll
see plenty of stories in C&EN about the
research that was presented (see pages
5–6). How was the experience for you? I’d
be interested to hear.
Given all that we have learned during
this pandemic, my view is that we’ll travel
less than before and be more selective
about what conferences we participate in
going forward. Virtual or (preferably) in
person, the ACS national meetings will
continue to be a fixture in my calendar.

Editor in chief
@BibianaCampos

Views expressed on this page are those of the author and not necessarily those of ACS.
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Reactions
▸ Letters to the Editor
Innovating in education
I found the article “Testing an ‘Ungrading’
Approach” (C&EN, April 27, 2020, page
20) of interest. However, I believe that
certain implications in the article can lead
to misconceptions by the reader. It is unfortunate that grading appears to be overshadowing learning and feedback. Two
issues come to mind as I read the article.
1. Are the faculty quoted in the article utilizing effective processes for course design?
2. Is there too much of a focus on quizzes
and exams as assessment tools?

Corrections

▸▸June 8, 2020, page 13, and July
27, 2020, page 36: Short articles
about Covestro incorrectly represented
the firm’s sources of renewable raw
materials. Covestro has struck an
agreement to use renewable materials
from Neste in polycarbonates, but
Neste is not the raw material source for
a partially biobased polycarbonate film
that Covestro recently introduced.
▸▸July 13, 2020, page 21: The
feature story on transient droplets in
cells incorrectly stated that Michael
Rosen is located in San Antonio. He is
in Dallas.
▸▸July 20, 2020, page 22: The
feature story about ultrafast imaging
had a typo in the formula for the gold
complexes studied in one experiment.
It should have been [Au(CN)2−]3, not
[Au(CN)2−]3.
▸▸July 27, 2020, page 7: The news
story on the reduction of CO2 using
carbenes and alkali metals incorrectly
stated that the starting carbene was
an imidazolium 2-carboxylate carbene.
It was a cyclic (alkyl)(amino)carbene. In
addition, a compound was incorrectly
listed as a “zwitterion adduct.” It was a
zwitterionic adduct.
▸▸July 27, 2020, page 44: The
sponsored content incorrectly stated
that Kavlico was founded in 1957. In
fact, Kavlico was founded in 1958.

In spite of implications made in the article, any course, whether it is a STEM or
a liberal arts course or whether it is a faceto-face or remote course, should have an
effective course design. And I get the feeling that the instructors quoted in the article were not concerned about the design of
their courses. Good course design should
include specification of what students
should know and be able to do as a result
of the course (i.e., learning outcomes).
Learning outcomes should then be aligned
with the opportunities students will have
to acquire those skills and knowledge and
[also be aligned with] the assessment that
demonstrates the acquisition of those skills
and knowledge and provides feedback on
this to both the students and the instructor. There is no evidence that learning outcomes and their assessments exist in the
courses being taught by the instructors.
And without assessment of learning outcomes, how do the instructors know if the
students have the requisite skills/knowledge for success in the following courses?
Prior knowledge is critical towards success
in any course. Prerequisites should mean
that skills and knowledge have been acquired for the next course and not just
earning a grade in a previous course.
As to the second issue, it appears that
there is too much reliance on tests. Assessments should draw from multiple ways of
demonstrating knowledge. In addition to
testing, other forms of assessment could
include discussions, short- and long-term
projects, portfolios, papers, etc. Any assessment tool (not just tests), should be
able to demonstrate and document whether students have acquired those skills and
knowledge specified by the learning objectives for the course. And most important,
both students and instructors should be
able to receive ongoing feedback on the
acquisition of the specified skills and
knowledge by the students.

Howard Kimmel
East Brunswick, New Jersey

The recent article in Chemical & Engineering
News on block teaching (July 6, 2020, page
17) describes the condensation of 6 weeks
of classes into 6 days (a factor of 5) while
students only take one class at a time. Fairly early in my 37-year college-teaching career, I taught a General Chemistry course

in a 5-week summer session, where the traditional 15-week semester was condensed
by a factor of 3. Students were strongly
advised not to take any other courses, or
work, at the same time. We had a full 90
min of lecture each day (with a 15 min
break near the midpoint) which produced
a 1 h 45 min schedule each day, and longer
lab periods 3 afternoons each week. Class
size was considerably smaller than during
the normal academic year. With the scheduled class time each day plus the usual recommendation that students spend 2 h out
of class for each hour in class, you nominally have 4.5 hrs/day devoted to chemistry
lecture, and you still have to fit in lab time
and lab report preparation. This was grueling for both faculty and students! There
was virtually no time for concepts to sink
in, move from short-term memory to long
term. Exams were difficult to return by the
next class period, and there was a longer
delay in returning graded lab reports. The
article admits “There just isn’t time to digest it [the material]. So . . . we cover less
material.” “There is no room for you to fall
behind.”
Years later I taught the course in a
7.5-week session; [a] factor-of-2 condensation. That was much better, but still difficult. The current crisis with COVID-19 may
force us to consider other modes of course
delivery, but I would certainly not use
block teaching under normal circumstances. Students need to be highly motivated
and disciplined for this to have a chance.

K. D. Schlecht
Hamlin, New York

Join the conversation.
facebook.com/CENews
@cenmag
@cenmag

How to reach us
Chemical & Engineering News
Letters to the Editor

▸ Ouremail address is edit.cen@acs.org.
▸ Our fax number is 202-872-8727.
▸ Comments can be left at cen.acs.org.
▸ Or you can send your letter to:
C&EN Editor in chief
1155 16th St. NW
Washington, DC 20036
▸ Letters should generally be 400 words or fewer and
should include the writer’s full name, address, and home
telephone; letters and online comments 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.
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Concentrates
Chemistry news from the week

▸ Highlights
Anilines from air
Scientists study plants’ sunblock switches
Hydrogel electrodes sense eye motion in comfort
Bacteria help form clouds
Refiners shift production to renewables
Sanofi to acquire Principia for $3.7 billion
US EPA at risk of missing TSCA deadlines
Chemours must stop PFAS from entering river
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MEETINGS

Despite the changes brought on by
the pandemic, society shows that the
meeting must go on—albeit virtually

ACS fall virtual meeting
by the numbers
(as of Aug. 20)

▸▸Attendance: 6,477
▸▸Papers presented: 4,143
▸▸Exhibiting companies: 65

and other activities. Attendees could also
visit a virtual photo booth to share photos
teacher Jonte Lee building batteries using
From the comfort of their home offices,
of themselves with Meg A. Mole or Profeslemons. Lee’s fame shot up recently after
or, in fact, anywhere they wanted, more
sor Molenium.
he transformed his kitchen into a science
than 6,400 people attended the ACS Fall
ACS Council held its meeting virtulab and began broadcasting experiments on
2020 Virtual Meeting & Expo, which was
ally on Wednesday. The Committee on
Instagram.
held Aug. 17–20. The meeting, originally
Budget and Finance reported that as of
Nearly 300 posters were presented
scheduled to take place in San Francisco,
July 31, 2020, ACS’s total revenues were
during the Sci-Mix session on Tuesday
was moved to an online platform due to
$354.3 million, which is ahead of 2019. Yearnight, with presenters answering questions
concerns related to the spread of the novel
to-date total expenses were below 2019,
that attendees sent in through a chat box.
coronavirus.
at $298.5 million, and net
More than 4,100 papers
contribution from operations
were presented virtually by 29
was at $55.8 million, $25 mildivisions and 6 committees.
lion greater than the same
The meeting’s theme was
period in 2019. ACS expects
“Moving Chemistry from
to finish 2020 on budget.
Bench to Market.”
The council voted to disThe virtual kickoff event
band the Joint Board-Council
on Monday featured TEDCommittee on Chemical
style talks by Dave HeldebAbstracts Service. It also
rant of Pacific Northwest
voted to approve the petition
National Laboratory, Malika
to clarify amendments to the
Jeffries-EL of Boston Unistanding rules, which aims to
versity, Richard Mackman
ensure consistency in ACS’s
of Gilead Sciences, and Megoverning documents. In
lissa Moore of Moderna. On
addition, the council voted to
Tuesday, Bryan Barton of
approve the formation of the
DuPont delivered the Kavli
Israel International Chemical
Foundation Emerging Leader
The virtual ACS Booth looked very much like the real thing.
Sciences Chapter. All council
in Chemistry Lecture. And on
actions are subject to approval by the ACS
In addition, undergraduates presented
Wednesday, Ben Feringa of the University
Board of Directors.
more than 80 posters during the Underof Groningen presented the Fred Kavli InOn-demand presentations will be availgraduate Poster Session on Wednesday
novations in Chemistry Lecture.
able for viewing by registered attendees
evening.
During the ACS Kids Zone Presidential
until Aug. 28. After that date, presenters
The Expo showcased products and
Outreach Event on Saturday, chemistry
who opted to do so will have their abstracts
services from 65 exhibitors, and the ACS
educators performed virtual demonstrations for children and their parents watch- Booth featured a 3-D experience, complete and presentations archived in SciMeetings,
ACS’s open-access platform for sharing
with presentations in the virtual theater.
ing at home. Highlights included 2020
content from scientific meetings.—LINDA
Elsewhere in the meeting, attendees filled
Miss America, Camille Schrier, making
virtual networking rooms for social hours
slime using borax and glue, and chemistry
WANG
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C R E D I T: ACS

ACS hosts Fall 2020
Virtual Meeting

Science Concentrates: ACS Meeting News

+ N N
Iron complex, sodium,
15-crown-5,
bromotrimethylsilane

SYNTHESIS

Anilines from thin air
Iron system couples benzene and dinitrogen
Making use of an abundant and essentially
free resource, chemists have coaxed dinitrogen from air and benzene to react with
one another, creating aniline derivatives.
Sean F. McWilliams, who helped invent
the reaction as part of his doctoral work
in Patrick L. Holland’s group at Yale University, presented the discovery in the Division of Inorganic Chemistry at the ACS
Fall 2020 Virtual Meeting on Aug. 17.
“There’s a lot of emphasis on trying
to find ways to take nitrogen from the
atmosphere and turn it into ammonia,”
Holland told C&EN. “But people have not
really found ways to take nitrogen from
the atmosphere and turn it into the wide
variety of nitrogen-containing organic
compounds,” such as pharmaceuticals
and polymers. The new reaction “enables
a new way to take a free resource and do
something useful with it,” Holland said.
To make N2 reactive, you need a

metal to pump electrons into its strong
and highly stable bond. But any organic
electrophiles that would react with this
nucleophilic nitrogen to make an organic
compound will instead preferentially react
with the metal in the reaction.
Holland said McWilliams, who is now a
postdoctoral scholar at the University of
North Carolina at Chapel Hill, and Daniël
L. J. Broere, who is now an assistant professor at Utrecht University, discovered
a way to reverse the reaction. Instead of
making it nucleophilic, they make nitrogen
electrophilic. The new reaction (shown)
uses diketiminate-supported iron, which
reacts with one of benzene’s C–H bonds
and then forms a complex with N2. Partial
silylation makes the nitrogen electrophilic
and therefore susceptible to attack by the
benzene in the complex. The chemists recently reported the work in Nature (2020,
DOI: 10.1038/s41586-020-2565-5).

TMS

N

TMS
+ NTMS3

TMS = trimethylsilyl

“The coupling of N2 reduction with
C–H bond activation is an impressive and
significant breakthrough,” said John D.
Protasiewicz, an inorganic chemist at Case
Western Reserve University, who presided
over the session where McWilliams presented the research. Protasiewicz noted
that the use of earth-abundant, nontoxic
iron for the transformation is noteworthy,
as well as the fact that the whole process
occurs at a single metal center.
The reaction isn’t yet practical for scale
up because it uses sodium metal, bromotrimethylsilane, and must go through several cycles of heating and cooling. “This
is the kind of thing that will require a lot
more development,” Holland said, but
added his group is working on more practical variations.—BETHANY HALFORD

PHOTOSYNTHESIS

Scientists study plants’ sunblock switches

C R E D I T: S H UT T ERSTO C K

Learning to flip these switches could
increase food production
Plants need sunlight, but they can get sunburned just like people. Too much light
can produce reactive oxygen species that
will damage plants’ cells. Researchers have
found the molecular switches that plants
use to shed excess light energy, and now
they’re figuring out how to control those
switches to make crops more productive.
At the ACS Fall 2020 Virtual Meeting,
Gabriela S. Schlau-Cohen of Massachusetts
Institute of Technology described what
she and colleagues have learned about
how plants dissipate excess light energy as
heat, a process called non-photochemical
quenching (NPQ).
By closely examining plant protein
complexes, researchers already had some
insight into the workings of NPQ. The
protein LHCSR (light harvesting complex stress-related) binds to chlorophyll
molecules and carotenoids. Light energy
absorbed by chlorophyll can be shed as heat
by the carotenoids, preventing sun damage.

Schlau-Cohen and Roberto Bassi of the
University of Verona previously found that
changes in pH, and changes in the ratio of
two different carotenoid molecules, trigger
NPQ (Nature Chem. 2017, DOI: 10.1038/
nchem.2818 and Proc. Natl. Acad. Sci. U.S.A.,
2019, DOI: 10.1073/pnas.1821207116).
Now, Schlau-Cohen, Matteo Ballottari
of the University of Verona, and colleagues
have located the regions of LHCSR they
think are responsible for the pH- and carotenoid-dependent quenching, as well as a
pH-sensing region of the protein (bioRxiv

To push crops to produce more food,
scientists found the switch plants use to
turn off photosynthesis.

2020, DOI: 10.1101/2020.07.10.197483).
The work is not yet peer reviewed. In a
Division of Physical Chemistry presentation, Schlau-Cohen explained that the
discoveries wouldn’t have been possible
without single-molecule spectroscopy,
which allowed the researchers to see both
quenching processes happening in individual LHCSRs. From their data, they determined that the pH switch responds to quick
changes in light intensity, like a cloud passing overhead, while the carotenoid switch
reacts to gradual changes like sunrise.
Plants only use about 30% of available
light before quenching mechanisms switch
on, but researchers think plants could push
to 40% without damaging themselves.
Schlau-Cohen and others hope to use these
structural insights to make plants grow
more food or to boost algal biofuel production. These complexes are found in green
algae and mosses. University of California,
Berkeley, biologist Krishna K. Niyogi says
it remains to be seen if the group’s findings
can be used to control higher light usage in
plants.—SAM LEMONICK
AUGUST 24, 2020 | CEN.ACS.ORG | C&EN
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ELECTRONIC MATERIALS

ATMOSPHERIC CHEMISTRY

Hydrogel electrodes sense Bacteria
help form
eye motion in comfort
by coating a square of conductive textile
made of cotton and silver thread with a
layer of medical-grade silver gel. Then she
used initiated chemical vapor deposition
to form a network of poly(2-hydroxyethylacrylate) (pHEA) that cross-linked with
the gel and grafted to the fabric backing.
This resulted in a mechanically stable,
ion-conducting hydrogel composite
that is safe to use on
human skin (Matter
2020, DOI: 10.1016/j.
matt.2020.07.030). A
few drops of water fully
hydrate the electrode
in minutes, but it takes
40 h for the material to
dry out.
The team sewed the
hydrogel electrodes
into a mask to make an
eye-movement tracker, adding a second
fabric-based pressure
sensor to measure the
This eye mask incorporates fabric-based hydrogel
wearer’s pulse. The new
electrodes (blue) that track eye motion.
components worked as
well as adhesive-based electrodes, without
Common medical-grade electrodes use
a combination of conductive gel and adhe- any of the discomfort. Whether the wearer
was awake or asleep, chewing or nodding,
sives that make a tight bond with the skin,
wearing makeup or sweaty, the mask
allowing for high-quality measurements
worked well for 8 h of continuous use.
of electrical signals. But these electrodes
The team also tested the mask’s duracan only be used once and they irritate the
skin. That makes it hard for people to wear bility. The hydrogel electrodes must stay
wet electrodes on the face or head for long hydrated to function, but they can be
rehydrated more than 30 times. And the
periods of time, which is common in sleep
electrodes can be washed with laundry destudies. Electrodes made of dry, conducttergent 15 times without breaking down.
ing metals have also been developed, but
Jun Chen, a bioengineer at the Univerthey don’t make consistent contact with
skin, especially when the wearer is moving sity of California, Los Angeles, who was
not involved in the study, was impressed
their face.
by the resilience of the sensor in everyday
A team led by S. Zohreh Homayounfar
settings. “This is certainly an outstanding
and Trisha Andrew, materials chemists at
work with a novel approach for wearable
the University of Massachusetts Amherst,
physiological monitoring,” he wrote in an
set out to make a more comfortable fabemail.
ric-based electrode that could provide the
Homayounfar said the mask “will ensame fidelity of measurements as sticky,
able a host of cutting-edge biomedical
irritating medical electrodes. They built a
and psychological studies in addition to
device that people can wear on their face
improving gaming and virtual reality headto track eye motion.
sets.”—ARIANA REMMEL
Homayounfar made a squishy electrode
On Aug. 17 at the ACS Fall 2020 Virtual
Meeting during a presentation in the Polymeric Materials: Science and Engineering
Division, researchers reported on a reusable hydrogel electrode that can track eye
motion with excellent signal quality without compromising on comfort. The new
fabric-based device could be used for sleep
studies and virtual reality equipment.
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clouds

Researchers have long suspected
that volatile organic compounds
produced by microscopic marine life
could react to form cloud-seeding
aerosols and influence the weather
and climate, but this hypothesis has
been extremely challenging to test
in the field.
On Aug. 17 at the ACS Fall 2020
Virtual Meeting, Kimberly Prather, an atmospheric chemist at the
Scripps Institution of Oceanography
at the University of California San
Diego, explained that for the past
10 years, her group has been probing
the chemical interactions between
sea, sky, phytoplankton, and microbes inside a 33 m long oceanwave simulator. The totally enclosed
system makes it possible to study
rapid chemical reactions in a realistic environment in the lab.
The researchers had previously
shown that bacteria rather than
phytoplankton are responsible
for the release of volatile organic
compounds, particularly dimethyl
sulfate (DMS), from the ocean. The
aerosol connection was difficult to
make, however. After years of trying, the group found that no matter
how high they made the bacterial
concentrations, they could not drive
the formation of aerosols—until
they added some reactive gases to
replicate human influence on the
atmosphere. During a presentation
in the Division of Physical Chemistry, Prather reported that her
team found that hydroxyl radicals
oxidized gaseous DMS, which led to
the formation of sulfate aerosols. In
turn, they can seed cloud formation.
Prather noted that this system
is still extremely simplified. Just
offshore, the ocean contains chemicals and microbes from wastewater
runoff, and the atmosphere is rife
with other emissions. Her team will
continue to add pollutants to the
system and keep watching what happens.—KATHERINE BOURZAC

C R E D I T: TR I S H A A N D R EW/ UN I V E RS I T Y O F M AS SAC H US E TTS A M H ERST

The fabric-based technology made its
debut at the ACS fall virtual meeting

STRUCTURAL BIOLOGY

Delving into bacterial geneexpression machinery
Transcription factors connect and stabilize
bacterial transcription and translation machinery
Three new studies provide structural
clues about how ribosomes and RNA polymerase are coupled to one another during
bacterial gene expression.
One team led by Albert Weixlbaumer
of the Institute of Genetics and Molecular
and Cellular Biology and another team led
by Richard H. Ebright of Rutgers University used cryo-electron microscopy to image
complexes called expressomes assembled
from purified components produced by
Escherichia coli (Science 2020, DOI: 10.1126/
science.abb5036 and DOI: 10.1126/science.
abb5317).
Both teams found that when the mRNA
spacer between RNA polymerase and the
ribosome active center is short, the components form a complex that matches a
previously reported one. But the current
studies find that complex likely represents
a stalled state in which the RNA polymerase and ribosome have collided.

With longer mRNA spacers, the resulting complex is functionally active. In
this active state, a transcription factor
called NusG forms a bridge between the
ribosome and the RNA polymerase. In addition, Ebright’s team solved structures in
which a second transcription factor, NusA,
further stabilizes the complex.
In a third study, Julia Mahamid of
the European Molecular Biology Laboratory, Juri Rappsilber of the Technical
University of Berlin, and coworkers used
cryo-electron tomography and cross-linking mass spectrometry to determine the
architecture of active expressomes inside
Mycoplasma pneumoniae cells (Science
2020, DOI: 10.1126/science.abb3758). The
researchers found both NusG and NusA as
part of the expressome in Mycoplasma, but
only NusA appears to form a contact between the ribosome and RNA polymerase.
The positions and orientations of the tran-

The transcription factor NusG acts as
a bridge that couples a ribosome and
RNA polymerase in E. coli. This structure
comes from Weixlbaumer’s group.
scription factors were different from those
found in vitro with E. coli components.
The studies “provide an important
framework for future studies,” says Andrei
Korostelev, an expert on translation regulation at the University of Massachusetts
Medical School. Future work “will uncover
how the coupling is regulated by different
RNA polymerase and ribosome states and
by transcription and translation factors,”
he says.—CELIA ARNAUD

ENERGY STORAGE

Energy-storing brick walls

C R E D I T: S CI E NC E ( ST RUCTU R E ) ; NAT. COM M U N. ( BR I CKS )

Researchers turn ordinary bricks
into supercapacitors
Brick walls might someday power your
lights and laptop, thanks to a new technique that converts the building blocks
into battery-like devices (Nat. Commun.
2020, DOI: 10.1038/s41467-020-17708-1).
By packing bricks’ tiny pores with conductive polymer nanofibers, researchers have
made supercapacitors that can power an
LED light for up to 15 min.
“Bricks have been around for thousands
of years, but we’ve added value and new
functionality to them,” says Julio D’Arcy,
a chemist at Washington University in St.
Louis. The proof-of-concept brick supercapacitor takes 13 min to charge fully and
can be recharged 10,000 times. Integrated
into walls and coupled with solar panels,
the devices could provide emergency power and lighting.
Supercapacitors, like batteries, have two

electrodes with an electrolyte in between.
D’Arcy makes supercapacitor electrodes
from conductive polymer nanofibers,
whose high surface area can store a relatively large amount of charge.
He was inspired when he spotted bricks
at the hardware store. D’Arcy’s nanofiber-synthesis method relies on ferric ions
to trigger polymerization reactions, and
his group had recently turned to rust as an
iron source. “Anything red in nature has
the pigment iron oxide,” including bricks,
D’Arcy says. So his group decided to use
iron oxide in the bricks as a reactant.
They first pump hydrochloric acid
vapors into the brick’s pores at 160 °C,
dissolving iron oxide to release ferric ions.
Next, they pump in a monomer vapor,
which polymerizes in the presence of the
ferric ions to create conductive nanofibers.

Three brick supercapacitors connected in
tandem power a green LED.
To finish the supercapacitor, D’Arcy and
his colleagues put together two brick electrodes with a gel electrolyte in between that
also acts as mortar. Finally, they encase the
device in a waterproof epoxy coating.
The device produces 3 W of power and
can operate over a wide range of temperatures. The energy-storing bricks are strong
enough to be made into decorative walls,
D’Arcy says.
“This is a clever and interesting idea,”
says Manas Gartia, a mechanical engineer
at Louisiana State University.—PRACHI

PATEL, special to C&EN
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Science Concentrates
CATALYSIS

Ir catalyst precisely functionalizes
remote C–H bonds
Catalyst’s cave modifies fatty acid derivatives
cave” that locks onto substrates and
At the moment, pharmaceuticals
borylates them at a particular spot,
are far from green—the carbon
three carbons away from the caratoms that make up their
boxyl group. The catalyst rebackbones come from oil.
acts with a variety of fatty
As an alternative, scientists
acid derivatives to make
can get carbon chains via
30 compounds at an enanfatty acids from biomass.
tiomeric purity of greater
However, fatty acid dethan 90% and good yields
rivatives contain carboxyl
(Science 2020, DOI: 10.1126/
groups, which make it
science.abc8320).
difficult to functionalize
Through a series of caldistant carbons. Researchculations, Sawamura and
ers now have developed a
coworkers found that the
catalyst that can do much
catalyst assembles to form a
more with these green startpocket, akin to an enzyme active
ing materials.
site, that binds the
Masaya Sawamura
compound through
and coworkers from
A substrate (yellow) snuggles
multiple noncovalent
Hokkaido University
into a catalyst’s chiral cave. Ir
designed an iridium
fragment = white, gray, red, and pink; interactions. These
include π-π interaccatalyst with a “chiral
ligands = cyan, green, and blue.

tions between a monophosphite ligand
and a urea-pyridine receptor ligand,
coordination of the pyridine to the Ir
center, and hydrogen bonding between
the substrate and the urea ligand. The
modularity of the catalyst is “reminiscent
of a machine built by piecing together individual parts,” Sawamura says. It should
also enable flexibility in changing the
parts of the catalyst to potentially expand
reactivity.
Starting with aliphatic secondary and
tertiary amides and esters, the researchers
made a series of borylated compounds.
These could then be transformed into
pharmacologically important compounds,
including a derivative of the neurotransmitter GABA.
Jin-Quan Yu, an organic chemist at
Scripps Research Institute, calls the work
“another great example of controlling site
selectivity in C–H activation by remote directing.”—LEIGH KRIETSCH BOERNER

POLLUTION

Air pollution hurts honeybees
Dirty air poses an additional health threat
for these important pollinators
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the team. The scientists decided to focus
on the giant honeybee (Apis dorsata), a
wild species native to South and Southeast
Asia. This bee produces more than 80% of
the honey in India.
The researchers chose sites across Bangalore representing high, moderate, low,
and rural levels of particulate air pollution.
For each site, the scientists recorded average concentrations of particles that measure less than 10 µm across, denoted as
PM10. Thimmegowda found twice as many
bees visiting the flowers of a common tree
at the least-polluted site as at the highly
polluted one. “The significant reduction
in bees gorging on flowers in more-polluted habitats demonstrates the direct link
between pollution and an impact on the
environment,” says Mark Winston, a bee
biologist at Simon Fraser University who
was not involved in the study.

Apis dorsata
is sensitive
to air
pollution.
Researchers caught insects at each site,
brought them back to the lab, and looked
for direct evidence of the burden of air
pollution. Bees from the highly polluted
site had more of their exoskeletons covered by tiny particles laced with toxic
metals compared with bees from other
sites, and they were more likely to have
irregular heartbeats. Higher air pollution
exposure also altered the expression of
genes involved in stress, immune function,
and metabolism.
The study shows that air pollution has
a multitude of health impacts on bees,
Winston says.—JANET PELLEY, special to

C&EN

C R E D I T: S CI E NC E ( ST RUCTU R E ) ; S H UT T ERSTO C K ( B E E)

Bees are in rapid decline across the globe,
stressed by pesticides, diseases, and lack
of diverse food sources. Air pollution can
now be added to the list of stressors. A
new study of honeybees in India finds
that air pollution impairs the pollinators’ behavior, survival, and health (Proc.
Natl. Acad. Sci. U.S.A. 2020, DOI: 10.1073/
pnas.2009074117).
As bee populations plummet, scientists
want to understand what is driving the
decline. Shannon Olsson and her team at
India’s National Centre for Biological Sciences suspected that air pollution could be
affecting the city’s pollinators.
“Even though there is a huge body of
literature on air pollution and human
health, there are very few studies that have
looked at its physiological effects on other organisms such as bees,” says Geetha
Thimmegowda, a chemical ecologist on

BIOCHEMISTRY

▸▸ How salmon muscles
stay flexible in the cold

C R E D I T: YA N G H . KU/C& E N ( I LLU ST RAT I O N ) ; MA R E K RYBA R / S H UT T ERSTO CK (SA L M O N ); ACS N A N O (A E RO G E LS)

As temperatures drop, proteins tend to
become more rigid. Not so for the muscles of Atlantic salmon (Salmo salar). New
research shows that the fishes’ powerful
tail muscles maintain flexibility at temperatures below 10 °C, thanks to a tweak
in tropomyosin, a protein involved with
muscle contraction. Credit for the salmon’s
tail flexibility goes to a single amino acid
difference compared with the tropomyosin
found in mammals (Biochemistry 2020,
DOI: 10.1021/acs.biochem.0c00416). For
muscles to contract properly, tropomyosin
must maintain conformational flexibility

and the ability to
interact with other
muscle proteins,
says study author
David H. Heeley, a
biochemist at Memorial University
of Newfoundland.
Mammalian forms of tropomyosin become
rigid and less able to bind their target as the
temperature drops. In the salmon protein,
positively charged lysine is replaced with
neutral threonine at position 77, which disrupts electrostatic interactions within tropomyosin. At a mammal’s body temperature, this variant would lose stability and
function. But in salmon, the destabilization
provides the protein with just enough
flexibility to prevent cold-induced rigidity,
allowing the fish to surge through frigid
waters.—EMMA HIOLSKI, special to C&EN

A variant of the
tropomyosin
protein in Atlantic
salmon keeps the
fish’s muscles
functioning in
frigid waters.

SYNTHESIS

Podcast: Chemists debate
the value of name reactions
in organic chemistry
Scientists have been naming ideas, theorems, and discoveries after other
scientists for a very long time (Newton’s laws of motion, anyone?). Chemists
are no different. They’ve
been naming reactions
after each other since
about the early-tomid-1800s. Nowadays,
organic chemists in
particular use them as
a kind of shorthand.
Because most name
reactions honor white
men, however, some organic chemists wonder
if using these names is
exclusionary. In the latMany chemistry
est episode of Stereo Chemistry, host Kerri Janprofessors
sen and reporter Leigh Krietsch Boerner hear
teach name
from a number of organic chemists on how reactions get
reactions in their
named, who they’re named after, and whether the practice
undergraduate
should stop. Listen at cenm.ag/namereactions.—LEIGH
cyction e [4+2]th
a
r Reac
Alde action is ne and
die
re
a
DielsThe els-Alder njugated yne). It’s e
th
The Di on of a co ene or alk involves
iti
o
loadd ile (an alk tion that and tw werne
ph
ac
re
no
e die . This po w
die
ion
of th
ne
ile
addit
cyclo electrons e dienoph rmation of e
four π- rons of th es the fo tically mor the
of
ct
lud
π-ele tion inc are energe is is one istry
ac
Th
em
ful re s, which bonds.
nic ch
πnd
in orga
σ-bo than the
ys
wa
stable portant bonds.
im
–C
t
C
os
m
w
Y
Mg X
rm ne
O
gent od
+
to fo
d rea
Δ
Y
ignar ion is a go
Y
s, a Gr
+
ction . A carban rbonyl of
Δ
Y
e rea
ion
e ca
In thes a carban ds to th e a tetrahe
+
ad
as
to giv
acts
e and
ophil or ketone mpound.
cle
co
e
nu
ehyd
dition
an ald rbonyl ad
dral ca

ion of
n
actio
e addit
rd Re tion is th (Grignard
igna
rm
ac
e
The Gr ignard Re sium halid yde, to fo
eh
The Gr nomagne ne or ald ol.
to
ga
alcoh
an or ) to a ke
y
ar
nd
nt
OH
reage y or seco
]
ar
[MgX
H O
a terti
O
+

2

KRIETSCH BOERNER

researchers at Donghua University have
developed a strong, flexible filter made of
a silica aerogel that efficiently kills bacteria, resists clogging, and needs just a dip
in dilute bleach to renew its disinfecting
properties (ACS Nano 2020, DOI: 10.1021/
acsnano.0c03793). Bin Ding, Yang Si, and
colleagues created an aerogel of silica
nanofibers studded with silica nanoparticles and covered it with N-halamine
functional groups. Dipping the aerogel
in a dilute bleach solution converted the

organic classes.

N-halamine groups to bactericidal N-chloramine. The aerogel killed 99.9999% of
Escherichia coli in water and had a flow rate
up to 100 times as high as that of commercial filtration membranes. A thin water layer on the fibers’ superhydrophilic surface
keeps bacteria from sticking, so they are
rapidly swept out of the aerogel instead of
fouling it. Study coauthor Fei Wang says
that it should be fairly straightforward
to make the aerogels on an industrial
scale.—PRACHI PATEL, special to C&EN

NANOMATERIALS

▸▸ Functionalized
aerogel filters water
Millions of people worldwide die every
year from waterborne diseases because of
a lack of affordable, practical disinfection
technologies. To help address this need,

An antibacterial silica aerogel made of interconnected bundles of silica nanofibers
(left) studded with silica nanoparticles (right) is superhydrophilic.
AUGUST 24, 2020 | CEN.ACS.ORG | C&EN
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Business Concentrates
RENEWABLE FUELS

FOOD

Marathon will finish converting a facility
Phillips 66, Global Clean Energy, and Marin Dickerson, North Dakota, to take in
athon Oil plan to convert their California
soybean and corn oil.
petroleum refineries to production of reThe three new entrants will join estabnewable diesel from plant oils and animal
lished players Neste, Valero, and REG in
fats.
supplying renewable diesel to California.
Prices for petroleum-derived fuels have
Renewable diesel is considered idenbeen squashed by the economic impact
tical to petroleum-derived diesel but has
of the novel coronavirus. In contrast,
roughly half the life cycle greenhouse gas
producers of renewable fuels expect to
impact. It is made by catalytically conprofit thanks to significant subsidies for
verting plant or animal triglycerides into
climate-friendly transportation fuels.
propane and longer alkanes, a process
The renewables shift could create stiff
competition for limited
stocks of cheap oils
and fats, according to
the energy consultancy
Stratas Advisors. Any
price increase would
also affect the soap
and detergent industry,
which relies on animal
fats as raw material for
products like cationic
surfactants. The American Cleaning Institute,
a trade group, has
unsuccessfully pressed
for biofuel mandates to
exclude animal fats as a
feedstock option.
that removes oxygen from the
Phillips 66 plans to
Neste supplies renewable
inputs. It is a different fuel
use fats and greases,
diesel to commercial
than biodiesel, which is made
along with used cookfleets in California.
by reacting vegetable oil with
ing oil and soybean oil,
at its San Francisco Refinery in Rodeo. The methanol to produce methyl esters. Commercial diesel fuels cannot contain more
firm says it will produce 19 million barrels
than 20% biodiesel.
(bbl) per year of renewable diesel, gasoUnder California’s Low Carbon Fuel
line, and aviation fuel starting in 2024.
A conversion at a refinery in Bakersfield Standard, fuel companies are required
to purchase enough certified low carbon
that Global Clean Energy bought in May
fuel to reduce the carbon intensity of the
will use a new feedstock: Camelina sativa,
state’s pool of transportation fuel by 20%
an oilseed crop grown in rotation with
between 2011 and 2030.
wheat. Global plans to make renewable
Fuel companies that fall under the tardiesel starting in 2022 and has a deal to
get must buy credits from renewable-fuel
sell 2.5 million bbl per year of the fuel to
producers to make up the difference. The
ExxonMobil.
credits, currently worth about $200 per
Finally, Marathon says it may convert
metric ton of renewable fuel, and addiits idled refinery in Martinez to renewtional credits from the federal Renewable diesel, though it has not given an
able Fuel Standard, ensure profits for
estimate of the plant’s expected capacity
producers.—MELODY BOMGARDNER
or when it will come onstream. This year
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Coffee may be great, but it takes
an environmental toll on the regions where it’s grown. Atomo
Molecular Coffee is confronting
this problem by replicating coffee
“from the atom up” using molecules derived from US farmers’
plant waste. The company just
raised $9 million from venture capital firms that it will use to build
a roastery in Seattle. Commercial
rollout is slated for 2021. Atomo
plans to sell its coffee at a price
similar to that for premium specialty coffees.
To replicate the taste and
sensation of coffee, Atomo combines organic acids, oils, proteins,
and polymers from plant waste,
including watermelon seeds,
sunflower seed husks, and a variety
of pits, stems, leaves, and other
seeds. It roasts and grinds ingredients in a traditional coffee-making
manner.
The firm copies the color of coffee with a combination of natural
additives. Caffeine content can
be tuned according to customer
preference.
Atomo says its version of coffee is
more sustainable than bean coffee,
with 95% of the drink’s ingredients
by weight coming from “upcycled”
plant materials.
The company developed its
molecular coffee with the help of
Chahan Yeretzian, a chemistry
professor who heads the Coffee
Excellence Center at Zurich University of Applied Sciences. “In the
Atomo project, we are re-creating
the complete experience while
addressing the multiple challenges
and threats linked to coffee as a
crop,” Yeretzian says. “Consumer
tests have shown that we are on
track.”—ALEX SCOTT

C R E D I T: N EST E

Refiners shift production Coffee
without
to renewables
the beans
New California diesel entrants will compete
with chemical industry for cheap feedstocks
gets a boost

DRUG DEVELOPMENT

Sanofi to acquire Principia for $3.7 billion
Principia is testing its small-molecule compounds
in multiple sclerosis and immune system diseases
Sanofi will pay $3.7 billion to acquire Principia Biopharma, a San Francisco–based
firm developing small molecules that inhibit Bruton’s tyrosine kinase (BTK). The
price represents about a 75% premium
over Principia’s stock market value in early July, before reports surfaced that Sanofi
was interested in buying the firm.
BTK is a protein important for both
normal B-cell development and the proliferation of lymphomas, which are B-cell
cancers. AbbVie, AstraZeneca, and BeiGene market BTK inhibitors for treating
specific kinds of lymphomas. Sales of
AbbVie’s inhibitor, Imbruvica, approached
$4.7 billion in 2019.
Other drug firms have been eager to
get in on the action as well. In January,
Merck & Co. spent $2.7 billion to purchase
ArQule, whose experimental noncovalent
BTK inhibitor is designed to overcome
resistance that some cancers develop after

85% in a Phase II clinical trial. A Phase III
trial of the compound began in June.
Upon announcing its deal to buy Principia, Sanofi said that both rilzabrutinib and
SAR442168 have the potential to become a
treatment with current covaO
“pipeline in a product,” indicating that they
lent BTK inhibitors. Eli Lilly
can be used for many immune-related and
and Company’s $8 billion
neurological diseases, respectively.
acquisition of Loxo
F
The anti-inflammatory effects of BTK
Oncology in 2019 also H2N
inhibitors have
included a noncovaN
O
N
raised interest in
lent BTK inhibitor.
N
O
N
the drugs to treat
BTK is linked to
N
N
N
people hospitalized
inflammation as well,
with COVID-19. Notably, the
and Principia focuses on develUS National Cancer Institute
oping BTK inhibitors for immune
N
conducted a small study suggesting
system diseases and multiple sclerosis. Its compound rilzabrutinib is in Rilzabrutinib that acalabrutinib may help reduce
the respiratory distress and inflammation
clinical trials for pemphigus and immune
thrombocytopenia. In 2017, Sanofi struck a in people with COVID-19. Based on that
deal to develop Principia’s brain-penetrant preliminary study, AstraZeneca—which
markets acalabrutinib as Calquence—is
BTK inhibitor, SAR442168, for multiple
conducting a 60-person randomized trial
sclerosis.
of the drug for COVID-19.
Sanofi announced in April of this year
Sanofi has not indicated interest in
that the inhibitor reduced formation of
investigating Principia’s BTK inhibitors as
new lesions—the scarred nervous tissue
COVID-19 treatments.—RYAN CROSS
that gives multiple sclerosis its name—by

AUGUST 24, 2020 | CEN.ACS.ORG | C&EN

11

Business Concentrates
CONSUMER PRODUCTS

Flavor and fragrance firms
dodge pandemic sales blow

CR E DI T: SY M R I SE

Sales increase at two leading companies
and only fall modestly at a third
Across the chemical enterprise, companies have been reporting punishing, double-digit drops in sales and earnings as the
COVID-19 pandemic caused demand for
their products to dry up.
But the news from the industry’s flavor
and fragrance corner is different. At two
leading players—Givaudan and Symrise—
both sales and earnings were up, and sales
fell only modestly at International Flavors
& Fragrances. It turns out that demand for
the consumer products their ingredients
go into has held up during the pandemic—
and in many cases has even grown.
Givaudan, a Swiss firm that calls itself
the world’s leading provider of flavors and
fragrances, says its sales in the first half of
2020 rose 4.0% to about $3.5 billion. Like

most Swiss companies, Givaudan reports
half-year rather than quarterly results.
In Givaudan’s fragrance division, sales of
consumer products rose 11.8% in the first
half, driven by COVID-19-related buying of
household goods. In contrast, sales of fine
fragrances dropped 16.4% as both traditional and travel-related retail channels closed.
At Symrise, sales increased 4.6% in
the second quarter and 3.4% in the first
6 months of 2020. Sales of fragrances for
consumer and oral-care products were
strong in the first half. On the other hand,
the firm experienced reduced demand for
sun-protection products—due to a drop in
travel to vacation spots.
Sales were basically flat on the flavor
side of Symrise’s business. Within the

Scent analysis at Symrise
segment, the trend toward cooking and
eating at home spurred demand for savory
ingredients, while reduced out-of-home
eating and drinking lowered demand for
beverage ingredients and sweets.
In contrast, International Flavors &
Fragrances didn’t manage to post growth.
IFF’s second-quarter sales totaled $1.2 billion, a decline of 7%, mainly because sales
in its fine fragrance and food service businesses plummeted a combined 38%.
IFF says July was an inflection point,
with a small sales increase, but the company remains cautious. “The environment
is volatile, and much uncertainty remains
about the duration and impact of the
pandemic,” CEO Andreas Fibig said in announcing results.—MICHAEL MCCOY

AUGUST 24, 2020 | CEN.ACS.ORG | C&EN
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Business Concentrates
▸▸ Lanxess is exiting
leather chemicals
Lanxess will exit the organic leather chemicals business with the sale of its subsidiary TFL Ledertechnik to Black Diamond
Capital Management for $93 million and
an additional $135 million subject to the
business hitting performance targets. TFL
has about 460 employees and plants in
Germany, Italy, and China; it generated
sales of over $100 million in 2019. Lanxess
announced a deal last November to sell its
business in chrome chemicals for leather
tanning.—ALEX SCOTT

BUSINESS

▸▸ Aspen wins ruling
in China aerogel case
Aspen Aerogels has won an injunction
in a German court against the Chinese
firm Nano Tech for infringement of its
aerogel patents. The injunction prohibits
the sale of infringing products and makes
Nano liable for damages. The German
court previously issued a similar ruling
against another Chinese firm, Guangdong Alison Hi-Tech. In 2018, the US
International Trade Commission blocked
the import of infringing products from
Nano and Alison. Aspen had aerogel sales
of nearly $140 million in 2019; aerogels
are sold primarily for insulating applications.—ALEX TULLO

ENVIRONMENT

▸▸ Sealed Air invests in
plastics recycling firm
Bubble Wrap maker Sealed Air has invested an undisclosed amount in Plastic Energy, a London-based firm with pyrolysis
technology for converting postconsumer
plastics into a synthetic oil that can be
processed into plastics again. Plastic
Energy runs two facilities in Spain and
has plans to build 50 more over the next
decade. It has agreements to build plants
with Sabic next year and Ineos by 2023.
Sealed Air has a goal of incorporating
30% recycled content into its products by
2025.—ALEX TULLO
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OUTSOURCING

Agilent to boost oligos
Agilent Technologies plans to spend $150 million to double capacity for
oligonucleotides—short DNA and RNA molecules used to create nucleic
acid–based therapies—at its facility in Frederick, Colorado. Agilent
expects the market for oligos to
top $750 million by 2025, with double-digit growth over that time. The
company hopes to begin shipments
from the 2,300 m2 expansion by the
end of 2022. Agilent has been manufacturing oligos in Boulder, Colorado,
since 2006 and opened the Frederick
facility in 2019. Others have also
been expanding. WuXi AppTec’s
STA Pharmaceutical unit opened a
large-scale oligo plant in Changzhou,
China, this year. And CordenPharma
A quality control lab at Agilent’s
expanded its oligo plant, also in Boul- faciility in Frederick, Colorado
der, in 2018. Several pharmaceutical
companies have drugs approved by the US Food and Drug Administration
that use oligos. Biogen’s oligo-based Spinraza treats spinal muscular atrophy.
Alnylam has two oligo-based RNAi drugs, Onpattro and Givlaari, for hATTR
amyloidosis and acute hepatic porphyria, respectively.—RICK MULLIN

START-UPS

▸▸ BASF works with
2 start-up firms
BASF’s venture capital arm has invested
an undisclosed sum in IntelliSense.io, a
British firm that provides artificial intelligence–based software for the mining
industry. BASF is using the firm’s software
in its own product for mining customers.
Separately, BASF is working with California-based Coreshell Technologies,
which is developing a coating that helps
prevent rechargeable battery electrodes
from degrading. Coreshell recently raised
$4 million.—MICHAEL MCCOY

INVESTMENT

▸▸ BASF buys Sinopec
alkoxylates assets
BASF has bought its neighbor’s alkoxylates
plant in Jinshan, China. Next door to its
own alkoxylates plant, the German firm
has purchased from Sinopec a package of
land, buildings, and other assets related
to that product line. The move will double
BASF’s capacity in Jinshan for alkoxylate

surfactants, which the firm primarily sells
into cleaning and personal care markets. It
also provides BASF room to expand at the
site. The firm is already integrating the facilities and expects to have the new capacity online by the end of the year.—CRAIG

BETTENHAUSEN

DIAGNOSTICS

▸▸ Cambridge Isotope
expands in Ohio
Cambridge Isotope Laboratories has
completed a 25% expansion of its 13C separation facility in Xenia, Ohio, which it
calls the largest such plant in the world.
Cambridge Isotope cryogenically liquefies
carbon monoxide and distills it through
several long distillation columns. The firm

Cambridge Isotope Laboratories says
it operates one of the world’s longest
distillation systems at its Ohio facility.

C R E D I T: AGI L EN T ( LA BO RATO RY) ; CA M BR I D GE I S OTO P E LA B O RATO R IES ( AE R I AL V I EW )

MERGERS & ACQUISITIONS

uses the resulting 13C-rich CO to synthesize isotope-labeled products for environmental analysis, medical research, and
diagnostics.—MICHAEL MCCOY

ENERGY STORAGE

▸▸ South 8 gets funding
for gaseous electrolyte
The San Diego start-up South 8 Technologies has received investments, amounts
undisclosed, from Shell Ventures and Taiyo Nippon Sanso for liquefied gas electrolyte technology for energy storage devices.
The firms will also jointly accelerate commercialization. The gaseous electrolyte is
liquid under moderate pressure when used
in batteries and capacitors. Unlike solvent
electrolytes, the liquefied gas enables a
wide range of operating temperatures,
stores more energy, and is safer to operate,
South 8 says.—MELODY BOMGARDNER

ONCOLOGY

▸▸ BMS will license
Dragonfly’s IL-12 drug

C R E D I T: A JI N O MOTO

Bristol Myers Squibb will pay $475 million
to license an experimental cytokine drug
from Dragonfly Therapeutics. The therapy,
called DF6002, is an IL-12 immunoglobulin Fc fusion protein. IL-12 helps activate T
cells and natural killer cells, and BMS sug-

gests that DF6002 could induce inflammation around tumors. The therapy may
help boost the efficacy of BMS’s cancer
immunotherapy Opdivo. Dragonfly could
earn additional milestone payments and
up to 24% royalties if the drug is successful.—RYAN CROSS

DRUG DISCOVERY

▸▸ Gilead and Tango
expand cancer pact
Gilead Sciences has expanded its collaboration with the start-up Tango Therapeutics. Tango uses CRISPR gene editing to
discover weaknesses in cancer cells and
thereby identify new drug targets. Gilead
began working with Tango in 2018. The
firms are now expanding their partnership
from 5 targets to 15. Gilead will pay Tango
$125 million up front, make a $20 million
equity investment, and pay up to $410 million for each of the potential 15 programs.
Tango is also getting $30 million from private investors.—RYAN CROSS

OUTSOURCING

▸▸ Ajinomoto to boost
API output in India
Ajinomoto Bio-Pharma Services has begun
construction on an 8,500 m2 small-molecule active pharmaceutical ingredient

Ajinomoto’s facility in India
(API) facility at its site in Visakhapatnam,
India. The facility will double reactor capacity at the site to 310 m3 for products
that include highly potent APIs and intermediates. The project includes renovation
of laboratory space to support R&D expansion. The project should create at least 60
jobs and be complete by mid-2022, according to Ajinomoto.—RICK MULLIN

BIOLOGICS

▸▸ Momenta to go to
J&J for $6.5 billion
Johnson & Johnson has signed an agreement to purchase Cambridge, Massachusetts–based Momenta Pharmaceuticals
for about $6.5 billion. The offer is a 70%
premium on Momenta’s stock value before
the announcement. J&J is interested in
Momenta’s nipocalimab, an experimental
antibody designed to target FcRn, a neonatal receptor associated with automimmune diseases. J&J says nipocalimab could
be commercialized for multiple diseases,
some of which could yield annual sales of
over $1 billion.—RYAN CROSS

Business Roundup

cultural films in addition to
their use in displays.

▸▸ Idemitsu Kosan and BASF
are closing their jointly
owned 1,4-butanediol plant
at Idemitsu’s complex in
Chiba, Japan. They will dissolve their joint venture, and
BASF will supply Japanese
butanediol customers from
its plants elsewhere in the
world.

▸▸ Arevo, a developer of 3-D
printable carbon fiber composites, has raised $25 million in a financing round led
by Defy Partners and GGV
Capital, with participation
from Khosla Ventures and
others. Arevo has raised
$60 million in total funding.

▸▸ BASF will double capacity
for Uvinul A Plus, an ingredient that provides UVA protection in skin-care formulations, by building a plant
in Kaohsiung, Taiwan. The
additional capacity, which
will complement BASF’s cur-

rent production line in Ludwigshafen, Germany, is set to
open in mid-2022.
▸▸ Elkem has picked Norway’s Herøya Industrial Park
as the site for a possible
large-scale battery graphite
plant. The company expects
demand for graphite for battery anodes to increase more
than 10 times by 2030.
▸▸ Nanosys has raised
$20 million in funding from
undisclosed investors to expand capacity for quantum
dots. The firm is pursuing
use of quantum dots in agri-

▸▸ Novo Nordisk has struck
a research partnership with
Evotec focused on drug discovery for chronic kidney
disease. Evotec will receive
an undisclosed payment,
research funding, and potentially more than $180 million
per project.

▸▸ Vive Crop Protection will
join with biopesticide maker
Marrone Bio Innovations
on a fungicide combining
plant-based and chemical
active ingredients with a
polymer-based delivery
system. In July, Vive raised
$5.4 million from Midland
Capital and the Business
Development Bank of Canada.
▸▸ Impossible Foods, maker
of plant-based meats that
look and “bleed” like the real
thing, has raised $200 million from the hedge fund
Coatue Management and
others. It will use the funds
to expand manufacturing and
develop new products like
faux pork, steak, and milk.
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Policy Concentrates

Charges against
Feng “Franklin” Tao

MISCONDUCT

Kansas chemist’s attorneys
move to dismiss fraud case
‘A garden-variety employment issue’ should
not involve federal charges, defense says
Attorneys for University of Kansas chemist
Feng “Franklin” Tao have filed motions to
dismiss the federal case against him for
fraud and making false statements stemming from his interactions with China. A
pretrial hearing for Judge Julie A. Robinson
to consider the motions is scheduled for
Oct. 1 in the US District Court for the District of Kansas.
A June 24 indictment alleges that, while
employed as a KU chemical engineering
professor with funding from US agencies,
Tao concealed that he also secured a fulltime faculty position at Fuzhou University
in China. The indictment charges him with
seven counts of wire fraud involving several
emails and submission of inaccurate KU
forms. The indictment also charges Tao
with three counts of making false statements on KU conflict-of-interest forms and
to the US Department of Energy (DOE).
If convicted on the current charges, Tao
faces up to 20 years in federal prison and
a fine up to $250,000 for each of the wire
fraud counts. He also faces up to 5 years in
prison and a $250,000 fine for each count
of making a false statement.
The US Department of Justice is prose-
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cuting Tao as part of its “China Initiative”
to curb theft of US intellectual property.
Tao’s attorneys argue that his actions
were not crimes because merely withholding information is not fraud unless it is
done to obtain money or property. In one
of the motions to dismiss, they note that
Tao “is not alleged to have stolen trade secrets; or committed economic espionage;
or improperly shared sensitive information with anyone who was not entitled to
receive it.”
The motion goes on to say that “the
government has turned a garden-variety
employment issue that is well within
the jurisdiction of a Human Resources
department—and could be resolved with
enhanced disclosure forms, basic compliance training, or in a worst-case scenario
a letter of reprimand—into a federal case
involving nearly a dozen felony charges.”
In a second motion to dismiss, Tao’s
attorneys contend that the prosecution
misled the grand jury to obtain the indictment, including by having a US Federal
Bureau of Investigation agent imply that
Tao was a spy for China. “At the very
least, this misconduct gives rise to ‘grave

According to the June 24 indictment,
Tao engaged in an effort to participate
in a Chinese talent plan that benefits
China, to obtain US federal grant
funding and his university salary
under false pretenses, and to conceal
the scheme. The specific charges
cite instances of wire fraud and false
statements:
Wire fraud
1. an email regarding travel
2. electronic submission of a grant application to the US Department of Energy
3. electronic submission of a university
conflict-of-interest form
4. an email regarding a research project
5. an email to the US Department of
Energy
6. electronic submission of a university
conflict-of-interest form
7. an email regarding a grant application
to a Chinese funding agency
False statements
1. a university conflict-of-interest form
2. a university conflict-of-interest form
3. an email to the US Department of
Energy
Source: USA v. Feng Tao, US District Court for the
District of Kansas, case number 2:19-cr-20052JAR, second superseding indictment filed on June
24, 2020

doubt’ about whether the grand jury’s
decision to indict Dr. Tao was free from
the government’s influence,” the motion
says.—JYLLIAN KEMSLEY

CHEMICAL REGULATION

▸▸ US EPA at risk
of missing TSCA
deadlines

The US Environmental Protection Agency
failed to meet its deadline to complete
the first 10 chemical risk assessments
under the 2016 revisions to the Toxic Substances Control Act (TSCA). Those first
10 assessments were due by June 19, but
so far the agency has completed only 2 of
them—methylene chloride and 1-bromopropane. If the EPA does not identify what
additional staff and resources it needs to
comply with TSCA mandates, it is at risk
of missing future deadlines, the agency’s
Office of Inspector General (OIG) says
in an Aug. 17 report. The EPA’s Office of
Pollution Prevention and Toxics (OPPT),
which is responsible for implementing the
2016 amendments to TSCA, has not analyzed its workforce needs in a systematic
way since 1987, the OIG found. The EPA
plans to increase staffing at OPPT this
year, but the agency needs to conduct a
workforce analysis to balance workloads
and ensure that it meets its TSCA deadlines, the OIG says. In response to the
report, the EPA agreed to conduct a workforce analysis and annually identify what
resources are required to conduct work
related to TSCA implementation.—BRITT

ERICKSON

PUBLISHING

▸▸ Gender gap in
chemistry journals
hasn’t improved
in 15 years
The percentages of female first and corresponding authors of papers in chemistry journals haven’t increased in the last
decade and a half, according to a new
analysis of studies published in 15 leading
chemistry journals since 2005. Adam D.
Cotton and Ian B. Seiple of the University
of California, San Francisco, published
the analysis, which has not been peer
reviewed, on the preprint server bioRxiv
(2020, DOI: 10.1101/2020.07.08.194035).
They found that gender disparities were
highest for corresponding authors and
that first authors of a given paper were
more likely to be female if the corresponding author was also a woman. Out
of the journals studied, ACS Chemical

PERSISTENT POLLUTANTS

Chemours must stop
PFAS from entering river
Chemours must prevent highly persistent fluorinated compounds from seeping from or washing off its factory site near Fayetteville, North Carolina, the
state has ordered. The North Carolina Department of Environmental Quality
(DEQ) this month added conditions to a 2019 consent order requiring Chemours to halt releases of per- and polyfluoroalkyl substances (PFAS) from
manufacturing operations, such as from stack emissions or wastewater discharge. The new requirements address residual PFAS pollution at the property, including hexafluoropropylene oxide dimer
O
acid (HFPO-DA), a fluoroether that comes from the
F F
hydrolysis of Chemours’s fluoropolymer processing
O
F3C
OH agent GenX. The company will have to construct an
F F F CF3
underground barrier about 2.4 km long to prevent
groundwater under the site, which is contaminated
HFPO-DA
with PFAS, from seeping into the Cape Fear River.
Chemours must also install a groundwater cleanup system to remove PFAS.
The river, which flows past the site, is a drinking-water source for hundreds
of thousands of people downstream. In addition, Chemours must capture
and treat stormwater at the plant to remove PFAS. Chemours says in a statement that the new requirements are consistent with its efforts “to reduce
the emissions of PFAS by at least 99% at all Chemours manufacturing sites
worldwide.”—CHERYL HOGUE

Biology had the highest representation
of women authors, with about 35% of
its papers listing a female first author
and 18% listing female corresponding
authors (ACS also publishes C&EN).
Medicinal chemistry journals usually
had markedly higher representation of
female authors than other chemistry

subdisciplines, a trend that may be due to
different contributing factors to authorship in academia and industry, the study
suggests. Most chemistry journals also
list significantly more men than women
on their editorial boards, the analysis
found.—DALMEET SINGH CHAWLA, spe-

cial to C&EN
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BY THE NUMBERS

Number of people hospitalized in May and June in Arizona and New
Mexico after swallowing hand sanitizer containing methanol, according to the US Centers

for Disease Control and Prevention. Of those 15 people, 4 died, 4 remained hospitalized as
of July 8, 3 were discharged with vision loss, and 4 were discharged with no complications
(Morb. Mortal. Wkly. Rep. 2020, DOI: 10.15585/mmwr.mm6932e1).
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MERGERS & ACQUISITIONS

Although mergers have slowed down, independent
analytical labs still face the temptation to sell
CRAIG A. BETTENHAUSEN, C&EN STAFF

T

he giant analytical lab company Eurofins Scientific
purchased 136 smaller labs in the 3 years ending in 2019,
spending $3.4 billion along the way. Overall, from 2014
to 2019, Eurofins tripled its full-time staff to 43,320
employees and tripled its revenue to $5.4 billion per year.

Eurofins is the largest of a handful of
firms that have led a wave of mergers
and acquisitions in the analytical services
industry. Other buyers include Pace Analytical, ALS, LabCorp, Intertek, and SGS.
TestAmerica had been snapping up smaller lab businesses until Eurofins bought it
in 2018.
“I get a letter every year about this wonderful opportunity to join the Eurofins
family,” says Élan Sudberg, CEO of the
herbal supplements testing specialist Alkemist Labs. “When that happens, I get an
email from two or three other labs saying,
‘Hey did you get your letter?’ ”
The acquisition wave has subsided
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somewhat as purchasers focus on integrating their new assets. Eurofins, for example, spent 86% less on M&A in 2019 than
in 2018, on 26 buyouts. But the industry
continues to be fragmented, and many
small labs still dot the landscape. Their
owners say they are torn between their
desire for independence and the access
to capital, equipment, and technology
that being part of a larger company would
bring.
Several factors came together to jumpstart the acquisition spree. Environmental
testing consultant Robert Wyeth says
firms with the financial capacity to make
acquisitions saw an opportunity in the

fragmented analytical services market.
They could increase their market shares,
diversify their businesses, and become big
enough to play on a global scale.
All the large lab companies C&EN contacted declined to comment for this story.
Also, a lot of smaller-lab owners were
looking for an exit strategy, Wyeth says.
Most of the environmental testing laboratories in his niche were started in the
1970s. By the 2010s, their owners were
looking to retire. If there wasn’t a second
generation of leaders to take over, the lab
got sold.
But the biggest reason behind the
spree is that testing is a growing market.
Although environmental testing is in a
lull—because of the Trump administration’s deregulatory push—new fields
such as cell and gene therapy require new
kinds of testing, drugs are under constant
and changing scrutiny, industries such as
cannabis and herbals require testing to
become legitimate, and an increasingly
skeptical population wants to know what’s
in the products they consume.
Mark Jordi, president of the polymer
extractables and leachables analysis firm
Jordi Labs, says his biggest competitors
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The lure of the buyout

C R E D I T: A LK E MI ST LA BS

have been bought up by larger corporations. “I’ve been seeing an uptick in activity,” he says. “These aren’t mergers of
equals, these are really large laboratories
purchasing out smaller companies.”
Jordi traces the growth and interest in
his niche to 2017, when the US Food and
Drug Administration started expressing
a preference for chemical tests over biological assays to determine what might be
leaching out of the plastics in drug packaging and medical devices. Regulators in Europe and Asia are making similar pushes.
The boom in biotechnology is sustaining a boom in the analytical services that
support it, says Jeffrey Evans, who has
been an executive in the drug analysis
industry for many years, most recently at
the plasma analytics firm Bionique Testing
Laboratories. Biotech drug testing requires
a different set of skills, equipment, and
accreditation than is typically possessed
by a firm developing and producing a novel therapeutic, he says. It usually makes
sense to outsource that work to specialists, Evans adds.
The same is true in herbal supplements,
including hemp and marijuana. A more
accepting regulatory environment is giving
rise to new products, which require testing
for plant identification, potency, metals,
pesticides, and microbiologicals.
Such growth in the customer base makes
analytical firms attractive targets for acquisition. “I think there’s a lot of interest,”
Evans says. “Any business that would be
available for acquisition could be acquired.”
Growing demand for analytical services
is motivating independent labs to expand
and entrepreneurs to launch new analysis
firms. Either way, they need capital, and the
ability to supply it is part of the sales pitch
of the lab giants.
Alkemist, for example, currently only
does plant identity and potency testing.
Sudberg says his customers have promised
him high-six-figure contracts if he can add
other tests, and he’s looking for an investor to help him purchase the additional
equipment.
“It’s not like I have to go and get new
clients. The St. John’s wort or goldenseal
that came to us for identity and potency
are also going to other labs for metals,
pesticides, and biologicals,” Sudberg says.
“The work is here, I don’t have to go get it.
I just have to add on those services.”
That need for equipment is even more
acute for newcomers. Shawn Wyatt is
taking a shot at analytical entrepreneurship. After 20 years in the drug industry,
he launched Scout Scientific in January
with an eye toward testing and contract research on cannabis and per- and

always monetary. “I don’t ever want to be
polyfluoroalkyl substances (PFAS). As
put in the position of having to choose
is the case for many scientific start-ups,
between profits and what’s best for the
COVID-19 has impaired his fundraising.
patient. I’m not saying anyone else is
He has the office and lab space, but he
doing that. My concern, if I wasn’t at the
needs more instruments.
top of the organization able to make those
A large lab service firm offers working
decisions, would be that there would be a
capital, more diverse opportunities, and
tension between them.”
a larger footprint, Wyeth says. Of course,
The vendors who sell to labs big and
merging with another lab or selling to a
small can confirm a difference between
lab conglomerate isn’t free money with no
them in how decisions get made. The ERA
strings attached.
division of the instrumentation firm WaEntrepreneurs often define themselves
ters sells testing and reference materials
by the company they lead. Selling out may
to a wide range of analytical labs. Melissa
bring a big payday, but “they get into the
McNamara, ERA’s director of sales and
process, and they realize that by effecting
marketing, says that after an acquisition,
that sale, they’re going to, essentially, sell
she has to wrangle both the local managetheir soul,” Evans says.
ment she’s been working with and the new
A personal connection to the brand is
corporate overseers. “Some will have very
key for Jordi. “This is a second-generation
family business. It’s my passion, and I love centralized purchasing and try to consolidate cost,” McNamara says.
directing it. I care deeply about patient
That consolidation process can be insafety, and I want the development of our
tense. When a lab gets bought, Sudberg
methods to be for the sake of doing the
says, the acquiring firm often starts by
best science.”
cutting management, accounting, marAfter a sale, the small lab’s brand is typiketing, IT, and administrative staff that it
cally erased in favor of the acquirer’s. That
considers redundant. “Those are some of
might not be a big deal for everyone, but it
would be for Sudberg. “I personally love my my favorite people,” he says. Members of
the sales team are benchmarked and let go
brand. I started it with my father. It’s been
or brought into the larger organization.
in my life more than it hasn’t been.”
Another risk for staff is that the new
Dana Garves, CEO and founder of Oremanagement might move them. If the
gon BrewLab, also takes pride in the brewacquiring firm has a centralized liquid
ing analysis company she’s built. “I feel
chromatography facility in, say, Chicago,
strongly about BrewLab’s mission statement to be steadfastly woman-built and woman-owned.
I think these corporations
may have a passion for
science, but I don’t think it
matches mine.” And they
don’t have her passion for
beer, Garves adds.
“The personal element is
lost when you’re owned by
someone else,” she says. “I
don’t want to be ‘just another analysis lab.’ I want BrewLab to be a lab that specializes in beer so that brewers
utilizing the service can ask
beer-related questions and
get beer-related answers.”
Sudberg strikes a similar
tone. “I’m so used to the
autonomy of being my own
boss,” he says. “We have
this brand, this momentum,
this culture, and I’d really
love to maintain it, to be
myself and have a good
time with my employees. I
think that would be lost.”
Jordi likes the freedom
“My job is to make it hard for people to quit,” Alkemist
to set priorities that aren’t
Labs CEO Élan Sudberg says.
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it might move all those instruments from
a lab it buys. The scientists can choose to
move or be let go.
Still, being acquired isn’t necessarily
all bad. Andy Eaton knows what it’s like
to become part of a big analytical service
firm. Starting in 1980, he led a potable
water analysis team at a water systems engineering firm. After the parent company
merged with two other engineering firms
to become MWH Global, the role of chemical analysis diminished. In 2012, MWH
sold Eaton’s team to Eurofins.
Eaton says he had mixed feelings about
the move. He’d been with the same company for 32 years and had close friends
throughout. But he was excited to finally
be part of a true lab organization like Eurofins, where he could improve his offerings through collaboration with other analytical chemistry professionals and learn
best practices for growing and managing
the business. He remembers thinking,
“We’re no longer going to be a flea on the
tail of a dog; we’ll be part of the dog.”
Eaton had a lot of discretion to purchase new equipment at MWH. At Eurofins, he had more access to capital, but he
had to justify purchases and new hires to
owners with more expertise and skepticism. Eurofins also had a tighter focus on
return on investment, a factor that became
more important as the company grew.
Eaton recommended Eurofins over
another suitor because he was convinced
it would leave him more autonomy. The
pitch by Eurofins was to make his team
a stand-alone subsidiary rather than be
digested by the larger firm. And that was
pretty much how it went. Eaton says he
was able to keep his group’s culture and

slow in the next few years as firms digest
mostly local control, though that freedom
what they’ve acquired. There is also a sense
required consistent strong results—and a
that the desirable targets—at least those
willingness to push back against corporate
willing to sell—have been snapped up.
now and then. Eaton retired in 2018, con“There aren’t really a lot of plactent with his time under the
es available for sale,” Evans says.
Eurofins banner.
Evans doesn’t see anything
So what makes a lab ripe for
ahead like the volume of acacquisition? When Evans was
quisitions in 2016–19. For one
hunting for analytical firms
thing, Eurofins appears happy
to buy, he says, the first thing
with its size. In its 2019 annual
he looked for was technical
report, the firm wrote that it
superiority and a specific exhad “already managed to build
pertise—“a company that really
its desired laboratory platform
owns whatever space they’ve
and geographic footprint.” Pace
mapped themselves out to be
is still active, but it mostly goes
in.”
after very small labs.
Jordi Labs, for example, deGoing forward, Wyeth, the
veloped and built specialized
consultant, says, “If there’s a
chromatography systems that
wave of acquisitions, I think it’ll
use three or more detectors
be more toward smaller compaon the same analyte stream,
an approach that allows it to
—Mark Jordi, nies trying to join forces rather
test simultaneously for a range
president, Jordi than very large lab networks
of potential adulterants. Jordi
Labs such as Eurofins, Pace, or ALS
trying to grow.”
says the firm’s scientists used
Overall, he points out, the analytical serthe system to figure out that a contaminant
vices industry isn’t mature. Not all labs are
was getting into a pharmaceutical from the
accredited, and some states and services
wood pallets that the packaged medicine
don’t require it. Quality among labs is unwas shipped on.
even, both in terms of results and customer
“That’s why other companies are trying
service.
to buy companies like us, because if they
“Despite the consolidations, it will
could just go out and reinvent the wheel,
continue to be a very, very competitive
they wouldn’t need any of us,” Jordi says.
marketplace,” Wyeth says. “There are still
“I think they know this is highly specialliterally thousands of small, independent
ized and that to do it right requires a lot of
commercial laboratories that are fighting
expertise.”
for their very existence.” That competition
Evans also looked for modern business
keeps prices down and creates incentives
practices and software. If they’re in place,
for innovation, he says. “Maybe merging
the firm is easier to integrate into a larger
and consolidating is just part of that macompany, he says.
turing process.” ◾
Industry insiders say merger activity will

“This is a
secondgeneration
family
business.
It’s my
passion,
and I love
directing
it.”
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ELECTRONIC MATERIALS

C&EN talks
with Zhenan
Bao, electronics
innovator
Stanford professor is developing
stretchable electronics
for artificial skin
NEIL SAVAGE, SPECIAL TO C&EN

Z

What drives your group’s work?

We are trying to change the future of electronics. Today’s
electronics are rigid and brittle. We envision a future where the
electronics are merged into what we wear and what we attach to
our bodies or what we implant inside our bodies. As a chemist by
training, I’m most excited about understanding molecular design
for this new generation of electronics.

How did you come to focus on electronic skin?

When I started at Bell Labs two decades ago, my dream was
to make foldable displays. After I moved to Stanford, I wanted to
work on something further out. A colleague in mechanical engineering was building a robotic cockroach that could climb up a
wall. But once the cockroach got to the top of the wall, it would
fall down because it didn’t have sensory feedback. That’s when
I got intrigued with sensors that can sense touch. I thought that
would be a great place where we could apply expertise from flexible electronics and potentially learn from biological systems.
We started by mimicking the sense of touch of human skin,
and that led us to start thinking about all the properties of human
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To help
people
with
prostheses
to regain
their sense
of touch
would have
a great
impact.

skin such as stretchability, biodegradability, and self-healing properties. So we decided to use human skin as the inspiration
to define the properties and functions for
the electronics we would design and build.

How do you make electronic skin?

We work with polymer-based electronic
materials because they can be designed
to have all these skin-like properties. For
polymers to be able to transport electrons or electron holes effectively, the
conventional wisdom has been that they
need to have rigid, crystalline structures.
However, for stretchable electronics, we
need to have a large fraction of amorphous
domains blended with a small fraction of
crystalline domains. So we had to come up
with new ideas for designing semiconductors so that we do not compromise one
property for another—basically to have
high charge-carrier mobility while still being able to reversibly elongate the material
by at least twice its original length.

How do you build semiconductors that
have the properties you need?

One concept we introduced is to incor-

C R E D I T: CO URT ESY O F Z H E N A N BAO

henan Bao of Stanford University is the first recipient
of the ACS Central Science Disruptors and Innovators
Prize, which highlights a paradigm-shifting scientific
breakthrough of broad relevance (ACS also publishes
C&EN). Bao, a chemical engineer, received the award for her “extensive and disruptive research in the field of conducting polymer
molecular designs and their applications, as well as her outstanding advances in the development of artificial electronic skin and
other bioelectronic devices.” Bao’s work in this area includes the
development of stretchable circuits, flexible batteries, and a material that connects medical implants to biological tissue. These
stretchable electronics allow Bao to build devices that can interface with living tissue. Such electronic skin could also be used for
both human prostheses and robots.
Bao immigrated to the US from China as an undergraduate and
spent her first years after earning her PhD working on flexible
displays at Bell Labs. She joined the faculty at Stanford University
in 2004. Neil Savage spoke with Bao about her work on electronic
skin and all that it touches. This interview was edited for length
and clarity.

Vitals
▸▸Education: chemistry major,
Nanjing University and University of
Illinois, 1991; MS, chemistry, 1993,
and PhD, chemistry, 1995, University
of Chicago
▸▸Favorite material to work with:
Polymers. My kids love to play with
slime. I always tell them the slime
my group makes can be used to
make artificial electronic skin for
prostheses or make batteries for
future electrical vehicles last longer.
▸▸Favorite science fiction:
X-Men Origins: Wolverine was an
inspiration for our self-healing
electronic skin.
▸▸Science hero: George Whitesides
▸▸Hobbies: I enjoy gardening and
growing orchids. Orchids are very
sensitive to how you water them.
It feels very satisfying seeing
healthy and well-hydrated orchid
roots, as it took me years to find
the right conditions. This was like
running a very slow “reaction” to
see results.
porate dynamic chemical bonds into the
polymer semiconductor. These dynamic
bonds may be weak hydrogen bonds or
weak metal–ligand bonds that can easily
break under strain and reconnect after
strain is removed. If covalent bonds are
broken when the polymers are stretched,
they cannot readily be reconnected at
room temperature, so the material is permanently damaged. But if dynamic bonds
are broken during stretching, they provide
a place to use up the mechanical energy
instead of breaking the covalent bonds.
In the end, the polymer is able to go back
to its original state after the strain is removed, and these dynamic bonds can be
reconnected. Dynamic bonds have been
used before in other applications. Our
challenge was to come up with molecular designs that can provide good charge
transport at the same time.
We also discovered that when thin films
of semiconducting polymers are made into
nanostructures, the result is much more
ductile than the bulk polymer. So, we
developed ways to form polymer semiconductor nanofibers from a properly chosen
polymer blend. As a result, we now have
a number of stretchy, high-performance
semiconducting polymers that were originally fragile and brittle.
To build a circuit, we also need a dielectric layer, we need conductive materials,

and all of these components need to be
stretchable. We needed to develop those
materials, again adding new functionalities
without compromising electronic properties. In addition, we needed to develop
a patterning process to create patches
of each type of material so we can build
circuits. We now can make thousands of
transistors at a time, and the functional
circuit block we built has tens of transistors in it.

Will electronic skin actually reproduce
the sensation of touch?

Touch sensation is generated through a
combination of signals from many mechanoreceptors of several types. We are
trying to make the electronic skin sensors’
output similar to what skin’s mechanoreceptors would generate. We have sensors
that sense, say, pressure or strain or sheer
force, and we also have the circuit that
converts these signals into electrical pulses. Pulsed electrical signals are basically
what biological mechanoreceptors would
generate. We hope our electronic skin
will produce the sensation of touch when
its electrical pulses are used to stimulate
nerves. But this is yet to be tested, and
the electronic skins we build now still do
not have the number of sensors and signal
processing ability to match the complexity of human skin. We’re getting close to
being able to integrate a number of different types of sensors onto the electronic
skin, and they all generate a nerve-like
signal.
Our vision is to eventually build electronics that directly communicate with
living systems. To help people with prostheses to regain their sense of touch would
have a great impact.

How far in the future is this kind of
electronic skin?

That’s the longer-term vision, but in
the short term, the sensors that we have
developed have led to noninvasive, continuous-monitoring wearable devices.
For example, blood pressure monitoring
devices became a spinoff company (PyrAmes). We’re developing other wearable
sensors that could sense the stress level
of a person through monitoring chemicals
from sweat or from saliva. These sensors
combined with circuits can potentially
be used as robotic skin to allow robots to
work with humans safely.

Neil Savage is a freelance writer. A version
of this story first
appeared in ACS
Central Science:
cenm.ag/bao.
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The Chinese firm Wengfu
Group opened this
hydrogen fluoride plant
in 2016.

INORGANIC CHEMICALS

In a first for the US, the fluorochemical raw material
will be made from a fertilizer industry by-product
MICHAEL MCCOY, C&EN STAFF

I

n Aurora, North Carolina, the fertilizer company Nutrien operates
one of the world’s largest fertilizer
plants. Although the facility’s focus
is on phosphate-containing crop nutrients,
it also generates hydrofluorosilicic acid
(HFS) as a by-product. Nutrien markets
some of the acid for water fluoridation, but
the company must dispose of much of it by
other means it declines to comment on.
Meanwhile, 1,300 km away in Calvert
City, Kentucky, the French chemical maker
Arkema has a problem of its own: rising
prices and unstable supplies for the raw
materials it needs to produce fluoropolymers and fluorinated refrigerant gases.
In June, the firms announced an agreement intended to address both problems.
Nutrien will build a plant in Aurora, the
first of its kind in the US, that will convert
by-product HFS into anhydrous hydrogen
fluoride (HF). Arkema will pay $150 million to secure a long-term contract for the
plant’s output when it starts up in 2022.
Although novel to the US, the Aurora
plant will be one of several worldwide
that are starting to challenge the current
method of making hydrogen fluoride from
the mineral fluorspar. The new approach
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could solve an environmental problem for
fertilizer companies while improving both
economics and raw material supply security
for fluorochemical makers.
We think of farms as idyllic, literally pastoral, places where our basic foodstuffs are
grown. But producing the fertilizers needed
to make a modern farm productive can be a
messy business, particularly when it comes
to phosphate fertilizers.
In Aurora and other phosphate fertilizer
production centers, companies use giant
dragline buckets to scrape topsoil off acres
of land and get at deposits containing clay,
sand, and phosphate-rich rock. After the
companies separate the clay and sand, they
react the rock with sulfuric acid, yielding
phosphoric acid. Next, they react phosphoric acid with ammonia to form ammonium phosphates, bedrock fertilizers for
farmers because they provide nitrogen and
phosphorus, which along with potassium
are the three essential plant nutrients.
But the sulfuric acid also reacts with
other elements in the rock to generate
by-products, most notably silicon tetrafluoride gas. In the fertilizer industry’s early
years, companies vented the gas into the
environment, damaging nearby vegetation

and livestock. Today it is absorbed in water,
forming HFS.
The silicon content makes HFS a less
versatile raw material than HF, with applications limited to water fluoridation and
making certain fluoride salts. And the fertilizer industry generates much more HFS
than is needed for these uses, explains Olivier Ruffiner, business manager for fluorine
at the Swiss engineering firm Buss ChemTech. “The majority is neutralized and gets
pumped into the sea,” Ruffiner says. “That’s
a huge problem.”
Companies like Buss have recognized
this problem since the 1980s, but early attempts to scale up laboratory methods of
converting HFS to HF didn’t go well. “All
of them failed,” Ruffiner says. In the mid1990s, Buss acquired rights to technology,
developed by the Polish firm Lubon, that
uses sulfuric acid as a catalyst to turn HFS
into hydrogen fluoride and silicon dioxide.
After some 4 years of effort, Buss managed
to develop a commercially viable process.
Buss’s initiative coincided with a push by
authorities in China’s phosphate-producing
regions for recovery and use of HFS. In
2008, the Chinese fertilizer firm Wengfu
Group became the first company to adopt
the Buss technology. Today, Ruffiner says,
Wengfu operates five such plants across
China, and it is considering two more facilities. A report by the British minerals research firm Roskill says Wengfu is planning
an HFS facility in Morocco, home of OCP
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A new route to hydrogen fluoride

Group, the world’s largest phosphate fertilizer producer.
It seems likely that the North Carolina
project will employ the Buss technology as
well, but Buss, Arkema, and Nutrien all declined to discuss the matter.
Regardless of the technology provider,
the intended recipient of the resulting HF
is Arkema’s Calvert City plant. The facility
started making fluorochemicals in 1956,
reacting fluorspar, which is mostly calcium
fluoride, with sulfuric acid to yield hydrogen fluoride and calcium sulfate.
When the plant opened, more than
three-quarters of the fluorspar mined in the
US came from an area straddling the nearby
Kentucky-Illinois border. Today, chemical-grade fluorspar is no longer mined in
the US. Instead, it is imported mainly from
China and Mexico. China was the source
of more than half of the fluorspar mined
around the world last year, according to the
US Geological Survey; Mexico accounted
for 17%.
Arkema closed the Calvert City site’s hydrogen fluoride plant in 1996 and switched
to bringing HF in by rail from Mexico,
where Orbia’s Koura unit is the dominant
producer. Arkema converts about half the
imported HF into fluorinated polymers
such as its Kynar-brand polyvinylidene

fluoride. The other half goes to make refrigerant gases like R-32 (difluoromethane), of
which Arkema is the sole US producer.
Supplies of fluorspar have become
precarious in recent years as demand
grows and Chinese officials crack down
on environmentally questionable mining
operations. Industrial Mineral Forums &
Research, a market research firm, reports
that the number of fluorspar mines in China fell from more than 1,200 in 2013 to 251
by the end of 2018. Compounding the supply shrinkage are growing trade frictions
between the US and China.
Overall, according to Arkema, US supplies of fluorspar and hydrogen fluoride are
becoming increasingly tight and volatile.
The company began working with Nutrien
on the new approach in 2017, opting for a
facility with a capacity of up to 40,000 metric tons (t) per year. Environmental benefits, Arkema says, include use of an unwanted by-product instead of mined fluorspar
and a decrease in both energy consumption
and greenhouse gas emissions compared to
the traditional process.
Ruffiner says interest in Buss’s technology is mostly environmental as authorities
crack down on waste-disposal practices
once deemed acceptable. “The regulations
are getting tighter and tighter, and they

can’t do it as they have in the past,” he says.
But economics play a role as well. The
price of fluorspar is more than 3 times what
it was in 2000, according to Roskill. Meanwhile, as a mostly unwanted by-product,
HFS is essentially free. Roskill production
cost calculations suggest that Wengfu’s
plants have “significant” economic advantages over their fluorspar-based competitors, says Kerry Satterthwaite, an analyst
with the research firm.
And there’s plenty more HFS to be
captured. Phosphate rock contains about
3% fluorine, Satterthwaite says. Based on
Roskill’s estimate of world phosphoric acid
output, she puts HFS production at roughly
1.4 million t per year, of which less than a
third is recovered for water fluoridation
and fluoride salt production. Satterthwaite
sees considerable benefit to directing more
of this by-product to HF.
Still, Wengfu and—maybe—Arkema
aside, customers are not beating down
Buss’s door, Ruffiner acknowledges. Buss
has been in contact with Mosaic, the largest
US phosphate fertilizer producer, as well as
other large firms in China, India, and the
Middle East. Further contracts have yet to
emerge. “All are theoretically interested,”
Ruffiner says, “but most are state-owned,
so the move forward is not that easy.” ◾

Dreyfus Prize in the Chemical Sciences
The Dreyfus Prize in the Chemical Sciences recognizes
exceptional and original research in a selected area of
chemistry that has advanced the field in a major way.
The topic of the 2021 Dreyfus Prize is:
Environmental Chemistry
The prize is open to international nominations of an
individual and consists of a monetary award of
$250,000, a medal, and a certificate.
The nomination deadline is December 3, 2020.
For further information, see www.dreyfus.org.
The Camille and Henry Dreyfus Foundation, Inc.
555 Madison Avenue, 20th Floor
New York, New York 10022-3301

AUGUST 24, 2020 | CEN.ACS.ORG | C&EN

25

Periodic Graphics
A collaboration between C&EN and
Andy Brunning, author of the popular
graphics blog Compound Interest
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More
online
To see more of
Brunning’s work, go to
compoundchem.com.
To see all of C&EN’s
Periodic Graphics,
visit cenm.ag/
periodicgraphics.

Bench & Cubic e

Musings on working in the chemistry enterprise
BY CHEMJOBBER

The secret search for a new job

C R E D I T: C& E N /S H U TT E RSTOC K

If only we could give our employers honest feedback
You’d never announce in a department
So now you’re looking. What do you
meeting, “You know, I’m applying for ando? You can always go to the internet and
other position. In fact, I’m really looking
start applying for other positions. If I were
forward to not working with you all soon.
looking (I’m not!), I would start by talking
This organization is going down the tubes, with my peers in the industry. During
and I’m leaving before I get laid off.”
these pandemic times, it’s going to be
Instead, it seems the dissatisfaction
hard to get a cup of coffee or an after-work
that leads to thoughts of leaving a job
beer. Instead, texting or calling old classhappens in private
among coworkers.
You may even be
JOB SEARCH:
so cautious as to
not speak of these
RESULTS:
things in an email,
perhaps relying on a
text message from a
personal phone. Why
is that? I’ve seen
enough employers
let employees go after learning that they
are looking for work,
and just that possibility is enough to
tamp down on open
“I’m leaving” talk.
Another reason is
financial. It’s always
better to find your
next employer while you’re still employed Searching in stealth
and receiving a paycheck.
Why would you want to leave your job? mates or work friends may help you get
Geography is a classic reason. No matter
the lay of the land.
how pleased you are with your position,
There was a time when recruiters would
living in the same town as your family
call you at work and boldly ask if you would
and your old friends is deeply satisfying.
be open to considering another position.
I am blessed to live near my parents, and
While I used to view these folks with some
being able to drive over and see my mom
annoyance, I’ve changed my perspective
and dad on a whim is priceless. There
over the years. Recruiters are professionare other considerations as well. Perhaps
als, just like chemists. If you meet good
your role has changed, and there is less
ones, they know some chemistry and they
laboratory research time in your future
definitely know the chemical industry. I
and more paperwork. A research role at
am perfectly happy with my position right
another company may look more attracnow (really, boss, I am!) and I will tell retive. Your desire to leave can also be pay
cruiters that. But I’ll also tell them that I’m
related. Maybe you’ve learned that you’re
not looking for something new right now.
getting paid significantly less than a more If they’re a good recruiter, they’ll be smart
junior coworker, or that your salary is
and discreet and develop a long-term relabelow the market rate. A change in super- tionship with you. If you’re not happy with
visor can also drive dissatisfaction.
your current position, then a good recruiter

can help you search for what’s next without
announcing it to the world.
Perhaps it’s hopelessly naive, but I hope
employers want to know if their employees
are looking at the door longingly. You hear
of senior managers who will greet news
of departing employees with, “I wish you
would have said something earlier.” It’s
hard to know if that’s
a genuine sentiment
or a polite fiction.
What if we had a
culture where rankand-file employees
felt comfortable
sharing honest feedback with employers?
Some employers use
anonymous surveys
to gauge company
morale, and maybe
employees fill those
questionnaires out
honestly, but that
doesn’t help the
individual whose
reasons for leaving
are already bubbling
over. I appreciate
each of my coworkers for their unique talents, and it’s the blend of different people
and their skills that produces quality work
from strong teams and, ultimately, great
products and great companies. Keeping
those teams intact and thriving takes
work, and it’s all too often neglected by
employers.
Honest feedback from employees is
needed. Until that time, surreptitious text
messages between coworkers will remain
the best predictor of employee departures.

Chemjobber is an industrial chemist who
blogs about the chemistry job market at
chemjobber.blogspot.com. Find all his
columns for C&EN and suggest future topics
at cenm.ag/benchandcubicle.
Views expressed are those of the author and
not necessarily those of C&EN or ACS.
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Cover story
In brief
For all the hardships it delivered, 2020 may be remembered as an awakening for America.
The outpouring of protest under the banner of Black Lives Matter this summer fostered a discussion
of systemic racism that touches on all aspects of economic and social life. Environmental racism,
characterized by the disproportionate impact of pollution on people of color, came to the fore as
another reason for the cry of “I can’t breathe.” And a nearly 40-year-old civil rights movement
for environmental justice found new momentum. But life for people at the industrial fenceline, as
evidenced by three communities profiled in this article, continues to be a constant battle.

Members of the Coalition Against Death
Alley and their supporters marched by
chemical plants in Geismar, Louisiana,
on day three of a 5-day march through
Louisiana’s “Cancer Alley” between New
Orleans and Baton Rouge.
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The rise of
environmental
justice
In the midst of a pandemic and an
uprising for racial equity, advocates for
communities of color near industrial
facilities seize the moment
RICK MULLIN, C&EN STAFF, WITH DATA ANALYSIS BY CHERYL HOGUE

T
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he killing of George Floyd by police in
Minneapolis turned an already fraught year
on its head. A news cycle stuck for months
on the COVID-19 pandemic went split screen
with coverage of a second crisis as protesters across the
country took to the streets under the banner of Black
Lives Matter.
The 8 minute and 46 second incident on Memorial Day weekend was
one of many similar killings in recent years, but it was catalytic, perhaps
because of the starkness of the image—that of a police officer, Derek
Michael Chauvin, with his knee on the neck of a Black man lying face
down in the city street saying “I can’t breathe.”
Floyd’s dying words were also those of Eric Garner, similarly victimized by police in New York City in 2014. Since then, “I can’t breathe” has
emerged as a rallying cry during protests against racist police brutality.
But those words can be seen in a broader context. “ ‘I can’t breathe’
predates the United States of America,” says Michele Roberts, a Black
woman who is the national co-coordinator for the Environmental Justice
Health Alliance for Chemical Policy Reform. “For us, it came when the
first person came from the shores and was shackled to the bottom of
that ship.”
For many people of color, the killing of Floyd in the middle of the
COVID-19 pandemic put the spotlight on systemic racism—a continuum
of slavery, Jim Crow, and segregation that impacts every aspect of life in
America today. According to Roberts and other community advocates,
“I can’t breathe” makes direct reference to environmental racism—the
pollution burden borne by people in communities of color living near
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“It took
George Floyd
a few minutes
to die. His life
was shortened
faster than
ours. Ours is
shortening
slowly but
surely.”
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ties of color has triggered a revitalization
of the National Black Environmental Justice Network, an organization launched in
1999 that had gone dormant following the
death of its cofounder and original executive director, Damu Smith, in 2006.
“Today we are not only dealing with
environmental threats and pollution, but
also the economic stress caused by the
coronavirus,” says Bullard, who cochairs
the network. The virus has proven especially deadly in communities where longterm exposure to pollution has compromised health, contributing to high rates of
asthma and heart disease, he notes.
This year has also seen the emergence
of a climate-policy platform crafted by
12 environmental-justice groups and four
prominent national environmental organizations in an effort to foster a détente
between two camps that have operated at
odds for decades. Bullard is a signatory to
the platform, called the Equitable and Just
National Climate Platform.
The effects of decades of pollution burden will be difficult to reverse, but some
environmental-justice leaders see signs
that a corner was turned in the weeks of
protests that followed the killing of Floyd.
“As my 85-year-old father would say,”
says Roberts, a biologist by training, “the
pot will boil till the lid busts off.”

St. James Parish, Louisiana
Earlier this year, residents of St. James
Parish, Louisiana, wanted to hold a Juneteenth ceremony at a grave site of formerly enslaved people on land where Formosa
Plastics Group plans to build a $9.4 billion
petrochemical plant. Formosa turned
down their request.
“We recognize the sincerity of this
request and the importance of acknowledging this historical and meaningful day
for the African-American community,
however FG must respectfully decline the
site access request primarily due to safety
concerns on an active construction site,”
Janile Parks, director of community and
government relations for FG LA LLC, the
subsidiary of Formosa that is building the
plant, responded in a statement.
The statement went on: “It is important to note that despite assumptions that
have been made about ancestral ties to the
burial site, no archaeologist has been able
to confirm the identity or ethnicity of the
remains discovered on FG property.”
That was all Sharon Lavigne, a lifelong
resident of the community, had to hear.
Given that the plant is being built on a
former plantation and that freed slaves
settled St. James after the Civil War, the
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racial-equity framework (2020,
DOI: 10.1073/pnas.1818859116).
On average, the study found
that non-Hispanic white people experience a “pollution
advantage” of 17% less air pollution exposure than is caused
by the goods and services they
consume. In contrast, Blacks
and Hispanics bear a “pollution burden” of 56% and 63%
excess exposure, respectively,
relative to the pollution caused
by their consumption.
In April, the Harvard T.H.
Chan School of Public Health
published statistics linking air
pollution to higher COVID-19
death rates. Looking at 3,000
counties, the preprint, currently in peer review, found that
Robert D. Bullard, regarded as the father of
someone who lives for decades
environmental justice, cochairs the recently
in a county with high levels
revitalized National Black Environmental Justice
of fine particulate pollution
Network.
is 8% more likely to die from
COVID-19 than someone who lives in a
industry, toxic waste landfills, highway infrastructure, and other sources of extreme region that has just one unit (1 ug/m3) less
pollution.
of such pollution (medRxiv 2020, DOI:
“We are talking about what we breathe,” 10.1101/2020.04.05.20054502).
says Robert D. Bullard, a professor at
These findings follow a 2017 report by
Texas Southern University who is widely
the National Association for the Advancerecognized as the father of the environment of Colored People (NAACP) and the
mental-justice movement.
Clean Air Task Force finding that African
The disproportionate pollution burden
Americans are exposed to 38% more air
these communities experience has been
pollution than white people and are 75%
the focus of that advocacy movement
more likely to live near toxic pollution
since it formed in the decade following
than the rest of the American population.
President Richard M. Nixon’s establishThe impact of COVID-19 on communiment of the Environmental Protection
Agency 50 years ago. However, its message, often overpowered by mainstream
environmentalist organizations focused on
climate change, has not registered clearly
with the public at large. And for the past
3 years it has endured a reversal of core
protections under the administration of
President Donald J. Trump.
The shocks of COVID-19 and the killing
of Floyd are now shattering public complacency and creating an opening for the
movement. “Environmental justice and
environmental racism just happen to be
in one of the many splintered threads that
came from the busting of that glass,” Roberts says. And while no graphic video is
propelling environmental racism into public view, both scholarly publications and
real-world events in the past 18 months indicate heightened awareness and a chance
for progress.
A recent article in the Proceedings of the
National Academy of Sciences of the United
States of America put the impact of pollu—Sharon Lavigne, founder, RISE
tion on communities of color into a full
St. James

ST. JAMES PARISH, LOUISIANA

Residents of two adjacent census tracts, one encompassing the towns of Convent and Uncle Sam and the other covering
the town of St. James, are predominantly Black. These areas are home to industries that emit 85% of reported air
pollution in St. James Parish, according to the federal Toxics Release Inventory.

Towns of Convent and Uncle Sam
Population:

Town of St. James

Race and
ethnicity:

2,173

61%

Median household
income:

$52,292
versus Louisiana’s

$47,942

Black

38%
White

1%
Other

◾ CONVENT & UNCLE SAM
◾ ST. JAMES

Population:

2,372
Shell Convent
Refinery
Annual air emissions:
129,491 kg
Risk score: 116,800,
compared with refining
industry median of 8,871
for all toxic releases
Chemicals contributing
most to risk score:
Cobalt and cobalt
compounds (possible
carcinogens)

BATON ROUGE

Americas Styrenics
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Annual air emissions: 56,725 kg
Risk score: 120,091, compared
with petrochemical manufacturing
industry median of 15,243 for all
toxic releases
Chemical contributing most to
risk score: Benzene (carcinogen)

Sources: US Census Bureau via censusreporter.org, 2018 data; Environmental Protection Agency Toxics Release Inventory, 2018 data; and EPA Risk-Screening Environmental Indicators, 2018 data for individual facilities
and 2017 data for industry medians. Note: The risk scores—formally called Risk-Screening Environmental
Indicators (RSEI)—are calculated by an Environmental Protection Agency model that includes amounts of toxic
chemicals released, substances’ transport through the environment, each compound’s relative toxicity, and potential human exposure. Data are shown for facilities with RSEI scores of at least 1,000 in 2018.

Median household
income:

$30,404
versus Louisiana’s

$47,942

Race and
ethnicity:

91%
Black

6%
White

2%

Two or more races

1%

Hispanic

Occidental Chemical
Annual air emissions: 4,009 kg
Risk score: 6,642, compared
with basic inorganic chemical
manufacturing industry median of
123 for all toxic releases
Chemical contributing most to risk
score: 1,2-Dichloroethane (probable
human carcinogen)

NEW ORLEANS

Mosaic Fertilizer
Annual air emissions: 134,965 kg
Risk score: 12,920, compared with
phosphate fertilizer manufacturing
industry median of 1,107 for all toxic
releases
Chemical contributing most to risk
score: Sulfuric acid (respiratory and
eye irritant)
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assumption that the graves were those
of slaves seemed safe, says Lavigne, who
retired as a special education teacher in
2018 to form a community group opposed
to the project. The group, RISE St. James,
prevailed in a suit filed against Formosa in
time for the community to hold the ceremony as planned on the June 19 holiday,
the oldest nationally celebrated commemoration of the ending of slavery in the US,
dating back to 1865.
RISE St. James has doggedly opposed
the Formosa plant, filing a number of lawsuits in league with both local and out-ofstate environmental groups, including the
Louisiana Bucket Brigade and the Center
for Biological Diversity, based in Tucson,
Arizona. Lavigne’s group is the latest to
rally local residents against industrial expansion in a community in the middle of
Louisiana’s “Cancer Alley,” which stretches along the Mississippi River between
New Orleans and Baton Rouge. Today,
RISE St. James is the most active and, with
protests featuring members in matching
yellow T-shirts, the most visible opponent
to Formosa.
“My whole life changed because of Formosa,” Lavigne says. “I would have been
still teaching school if Formosa hadn’t
decided to come into St. James. They are
talking about putting this plant 2 miles
from where I live? I’m not going to sit back
and let that happen.”
The plant, for which Formosa acquired
2,400 acres of land in 2018, will cover an
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expanse of river shore that can still be
described as bucolic. It is expected to at
least double pollution in St. James Parish,
according to an analysis by the journalism
nonprofit ProPublica. Neighbors told Lavigne they were hoping for a buyout from
the industrial giant. But she was uncertain
whether she should try to sell her home.
“That’s when I spoke to God,” Lavigne recalls, “and He told me what to do.”
Lavigne, who was involved in earlier efforts against industrial projects, says many
community leaders had become fatalistic
in the face of a project moving through the
permitting process in a state as friendly to
industry as Louisiana. She made it clear
that she was going to challenge Formosa.
Ten people showed up at her first meeting, she recalls. “The next time I had a
meeting, I had 20 people in my garage,” including representatives from the NAACP in
Baton Rouge who have helped her organize.
“It took off like wildfire.” The group currently has 35 members, all local residents.
The COVID-19 pandemic has raised the
level of urgency, Lavigne says, noting that
a community with underlying health issues is highly vulnerable. “We have people
over here dying. One died the other day
of COVID. When it first started, we had
a preacher that died. He thought he had
the flu.”
She says RISE St. James members caught
Formosa workers on the site the day after
Governor John Bel Edwards issued a stayat-home order in response to the pandemic.

“I busted them on that,” Lavigne says, explaining that she live-streamed the activity
and notified the local Parish Council. The
council stopped the work.
Earlier this year, RISE St. James was
party to a federal suit accusing the US
Army Corps of Engineers of failing to disclose the environmental damage and public health risks of the petrochemical facility
under the National Environmental Policy
Act. The plaintiffs in that case are also suing the Louisiana Department of Environmental Quality, contending Formosa’s own
modeling shows the plant would exceed
federal air pollution standards.
Last month, a judge dismissed an injunction filed by plaintiffs in the federal case
attempting to block construction of the
project. The court approved the company’s
plan, which includes holding off on work
near the grave site and in other areas until
at least February of next year. Formosa said
in a statement issued after the ruling that it
“has always taken great care to protect and
not disturb the known burial area.”
For Lavigne, who in 2016 was diagnosed
with autoimmune hepatitis, a disease that
has been associated with particulate air
pollution, the insult regarding the grave
sites extends to the entire project. “It
is a form of racism,” she says. “It took
George Floyd a few minutes to die. His life
was shortened faster than ours. Ours is
shortening slowly but surely. If Formosa
comes, it’s going to shorten faster.”
Lavigne is partnering with community
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Sharon Lavigne of RISE St. James (speaking) and Father Vincent Dufresne of St. Michael the Archangel Catholic Church in
Convent, Louisiana, led a Juneteenth ceremony on the site of Formosa’s planned plastics plant in St. James Parish.

advocates in St. John the Baptist Parish
and other communities along the river
in a group called the Coalition Against
Death Alley. Last November, she and four
others from St. James Parish traveled to
Washington, DC, to participate in an environmental-justice summit sponsored by
Representatives Raúl M. Grijalva (D-AZ)
and A. Donald McEachin (D-VA). She says
she senses momentum building for policy
changes that will protect vulnerable communities of color.
Lavigne’s effort to halt a huge project
for which permits are in place may seem to
border on the quixotic. But environmentalists note that organized community opposition played a part in turning away Shin-Etsu
Chemical, which was set to build a polyvinyl chloride plant in St. James Parish in
1998. The Japanese firm moved its project
to nearby Plaquemine, Louisiana.
“Sharon is fighting for the life of her
community,” says Julie Teel Simmonds,
senior attorney at the Center for Biological Diversity. “It makes it so much more
urgent that she is fighting for her health
and life, and fighting for anyone who has
ever suffered from the environmental impact of industry.”
Lavigne says RISE St. James is renting
a billboard visible from the Veterans Memorial Bridge crossing the river into town
reading: Formosa, you are not welcome
here. St. James is our home. “We want
the world to take notice of what they are
doing to the Black community,” she says.

“We are not
only talking
about
environmental
policy. We’re
talking about
economic policy
that has really
cut off economic
opportunities
for communities
of color.”
—Cathleen Kelly, senior fellow,
Center for American Progress

“What we are doing is going to change the
way people look at the chemical industry. I
think this time, a change will come.”

Birth of a movement
In 1982, when dump trucks filled with
PCB-laden soil headed to a newly designated landfill in Afton, North Carolina,
they met resistance. Local residents of the
poor, largely African American community
came out and marched, laying down in
front of the vehicles. Protests against an
order to dump 6,000 truckloads of the
contaminated soil lasted for a month, with
more than 500 arrests.
The community lost the fight in the
end, but their nonviolent action, the first
of its kind against the siting of a landfill
for toxic material, garnered national media
attention. Advocates date the recognition
of environmental justice as a civil rights
movement to the protests in Afton.
The movement grew and achieved a
milestone in 1991 at the National People of
Color Environmental Leadership Summit
where more than 300 Black, Latino, Native
American, and Asian American delegates
from across the Americas met for 4 days
in Washington, drafting and adopting 17
principles of environmental justice. Three
years later, President William J. Clinton
signed an executive order requiring that
federal agencies address the health and
environmental impacts of their policies on
minority and low-income populations.
The message from the current White
House is drastically different. The Trump
administration, partly in an effort to
reverse the policies of President Barack
Obama, is acting to increase fossil-fuel use
and scrap environmental regulations. As
of May, the administration had reversed
nearly 70 environmental rules and regulations and has efforts underway to roll back
more than 30 others, according to a tally
published in the New York Times.
The pandemic and the killing of George
Floyd energized a response from the environmental-justice movement that had
been building in recent years, says Bullard
of the National Black Environmental Justice Network. “The convergence of threats
now calls for a new emphasis on the urgency of bringing attention to the underlying conditions that create the economic,
health, and environmental disparity that
relates to policing and criminal justice,” he
says. But understanding the disparity, he
adds, requires knowing its history.
Beverly L. Wright, executive director of
the Deep South Center for Environmental
Justice and Bullard’s cochair at the justice
network, points to a misconception about
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the historical relationship between fenceline communities and industry. The general assumption is that communities form
around plants as people move to an area
seeking employment, she says, but communities of color, especially in the south,
were well established prior to industry’s
arrival. And the Jim Crow legacy of not
hiring Blacks established a pattern that
shadows employment to this day.
“Many of the people who are fencelined
have been there since they bought property
from their slave masters when they were
freed,” Wright says. She notes that racist
zoning practices, industry’s discriminatory
residential buyout offers, historic segre-

earlier name. The association’s community outreach program has gained little
traction in connecting communities to the
industry at its property lines, in Wright’s
opinion. “They wanted that Responsible
Care stuff, but it wasn’t happening.”
Wright says her organization has attempted for years to make fenceline communities more widely heard. In 2000, for
example, she accompanied residents from
Mossville and Norco to the Climate Justice Summit in The Hague. The delegation
was well received as a voice from the front
lines during long sessions of broad-stroke
climate-sustainability discussions.
This year’s broader awakening to the

munity revitalization at the National Wildlife Federation (NWF) sees the turnout of
white protesters as good news triggered by
this year’s bad news. “2020 is an awakening,” Ali says. “Lots of times people don’t
pay attention until tragedy strikes.”
Ali, who worked for 24 years at the EPA,
where he tried to establish an office of
environmental justice, points to improved
communication as a start. “A couple of
years ago, if you uttered the words ‘racism’
or ‘systemic racism,’ doors would shut,
windows would close, people’s minds
wouldn’t want to deal with it. But now it’s
part of the lexicon,” he says.
One indicator of change is Ali’s job at
the NWF, a position created when he was
recruited in 2019 by the group’s president,
Collin O’Mara, to help transform the group
into “a 21st century organization.” NWF is
widely, and accurately, perceived as one of
the more staid and politically moderate major environmental organizations, Ali says. “I
like a challenge,” he says.

Beverly L. Wright, executive director of the Deep South Center for Environmental
Justice and cochair of the National Black Environmental Justice Network, was
among the community advocacy leaders who worked with national environmental
organizations on the Equitable and Just National Climate Platform.
gation, and a huge imbalance of political
clout have ensured that industrial expansion over the years isolated Black communities near industry, steadily devaluing
their property. Diamond and Mossville—
fenceline communities in Louisiana—were
severely depleted by chemical industry expansion and eventual buyouts, she says.
The Deep South Center has helped
mediate between residents and individual
companies in Mossville and Norco, a town
that includes the community of Diamond.
But, overall, Wright says, environmental-justice groups have had little luck
establishing meaningful dialogue with the
chemical industry.
“We have had individual relationships
with companies, but never with the
Chemical Manufacturers Association,” she
says, referring to the American Chemistry
Council, an industry association, by an
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impacts of racial inequity is only a start,
says medical ethicist Harriet Washington.
“We have to remember that the people
who are directly and profoundly affected
have always known about these issues,”
she says. “It’s novel to mainstream America—essentially to many white people,
including privileged white people who are
now assuming an active role as white allies. Which is a good thing.”
But expanded attention should not
be confused with actual progress, Washington says. “When it comes to environmental concerns, what is of paramount
importance is that the solutions to a lot of
issues facing people of color now lie in the
law—in the EPA being either persuaded or
forced to follow its mandate to protect all
Americans. We’re not there yet.”
Mustafa Santiago Ali, vice president of
environmental justice, climate, and com-

“We are in the process of dissolving the
organization this year,” says Pam Nixon,
president of the board of People Concerned about Chemical Safety (PCACS), a
citizen’s group in Institute, West Virginia,
launched after the deadly release of methyl isocyanate (MIC) from a Union Carbide
plant in Bhopal, India, in 1984.
Union Carbide operated a sister plant
in Institute that also manufactured the
pesticide precursor. People in the predominantly Black community organized to find
out about the safety of MIC production.
They demanded information about what
all the chemical companies operating on
the Kanawha River near the town were
emitting into the air and water.
Nixon returned to work as a community
advocate in 2015, after retiring from her
position as an environmental advocate for
the West Virginia Department of Environmental Protection. She says she is retiring
for good this year after 35 years of cleanair and community advocacy. Others in
the group have also moved on.
“And of course, with COVID-19 hitting
the country, people are staying in and
sheltering,” she says. The organization, a
forerunner in fenceline community activism, is simply winding down.
But a torch has been passed, Nixon
says, to Kathy Ferguson, the daughter of
Warne Ferguson, a community activist
who started PCACS, originally called
People Concerned about MIC. Warne was
working at the time as an administrator at
West Virginia State University, which was
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Institute, West Virginia
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founded in 1891 in Institute as the West
Virginia Colored Institute, a land-grant
college for Black students.
Kathy Ferguson—until recently the
president of the Sub-Area Planning Committee, the local town council—is running
for the West Virginia House of Delegates.
She recently advanced in the primary
election along with three other Democrats
from a field of 16 with a campaign centered on environmental justice.
Institute, an unincorporated community, was settled on land bequeathed to Mary
Barnes, a slave, by her owner, Samuel I.
Cabell, with whom Barnes had 13 children.
The college, built on property put aside
for Mary’s children, was integrated in 1954.
Since then, enrollment has quadrupled.
Meanwhile, the chemical industry flourished along the river.
The community has endured a steady
cadence of explosions and accidental
releases, some of which produced toxic
clouds requiring residents to shelter in
place. More recently, some of the facilities
have closed, and few in town work at them
anymore. The industry has some local support, largely among older men, but steady
opposition has come from PCACS and
women such as Ferguson.
She is confident that this year she can

Kathy Ferguson (right), a long-time community leader in Institute, West Virginia, is
running for a seat in the West Virginia House of Delegates with a campaign centered on
environmental justice.
make headway. “Environmental racism
is part of the BLM story,” she says. “And
I am very happy to report that there has
been a lot of movement and conversation around environmental justice and
how it is just another link in the chain of

structural inequalities across the board.”
Ferguson says she participated in an
NAACP program to form a Black Lives
Matter action plan incorporating environmental justice and is working to get young
people interested in advocacy. “There are
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INSTITUTE, WEST VIRGINIA

This site next to West Virginia State University, a historically Black, land-grant university founded in 1891, was
constructed to produce synthetic rubber during World War II. In 1947, Union Carbide purchased the plant to manufacture
commodity chemicals. Over decades, the plant has changed to production of specialty chemicals.
Population:

Union Carbide, a Dow subsidiary

1,489

Annual air emissions: 57,252 kg
Risk score: 2,271,446, compared with basic organic chemical
manufacturing industry median of 184 for all toxic releases
Chemical contributing most to risk score: Ethylene oxide (carcinogen)

Median household
income:

$39,722

versus West Virginia’s

$44,921

CHARLESTON

◾ INSTITUTE

Data sources and notes: See page 31.
Additional note: Union Carbide sold part
of its operations to Altivia in 2019.

Specialty Products US LLC, a DuPont subsidiary

Race and
ethnicity:

54%
Black

36%
White

5%

Two or more
races

4%
Asian

1%

Native
American

a lot of folks working in different streams,
and I sort of have my foot in each one,”
she says. “There will be a local effort,
probably statewide and a national effort.”
Donna Willis, a lifelong Institute resident active with PCACS over the years and
a regular contributor of op-ed articles to
the local Charleston Gazette-Mail, is one of
the industry’s most outspoken local critics. Diagnosed with congestive heart failure at the age of 41 after suffering for years
undiagnosed—she attributes the ailment
to exposure to a chlorine release when she
was a teenager—Willis speaks of family
and neighbors who have died of cancer
over the years and a chipping away at what
had been a thriving Black community.
“We lost our school, which used to be
a black college,” she says, referring to the
integration of the West Virginia Colored
Institute. Willis points to a new sports
complex used primarily by people outside
of Institute built on what had been Shawnee Park, a recreational area that had long
been managed and used by residents of
Institute. “We have nothing in our community anymore,” she says.
But the steadiest erosion of community,
Willis says, results from the pollution that
sickens residents, many of them older
people who live in fear of the next siren
at a neighboring plant and can’t afford to
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move. “Sheltering in place was nothing
new for us,” she says, referencing the
COVID-19 quarantine. “We’ve been holedup in our homes for decades.”

Détente
Environmental-justice leaders fighting
on the industrial fenceline say they have
battled for decades on a second front:
against large national environmental
groups such as the Sierra Club and the National Wildlife Federation.
One issue is diversity. A 2018 study by
the University of Michigan found that
85% of people on the staffs of over 2,000
environmental nonprofits were white;
the boards of these organizations were
80% white.
And agendas of the traditional and
justice-oriented environmental groups
differed fundamentally. Many of the major
environmental groups got their start over
a century ago with a focus on protecting
natural resources and national parks. More
recently, their focus has been on global climate change, with little or no consideration
of the immediate impact of pollution on
communities most heavily exposed, according to environmental-justice advocates.
A coalition of these advocates fired a
shot across the bow of the major groups

30 years ago with a letter to the president of the National Wildlife Federation.
Known in the environmental-justice
community as the Letter to the Big Ten,
it accused the national organizations of
contributing to inequity with policies that
“emphasize the clean-up and preservation
of the environment on the backs of working people in general and people of color
in particular.”
Roberts of the Environmental Justice Health Alliance for Chemical Policy
Reform speaks of her dissatisfaction in
engagements with the major groups over
the years. She describes them as self-appointed stewards of the environment with
lofty budgets. Their policies, however, do
not directly address the needs of communities that groups like hers are struggling
to assist, she says.
Leaders of the national groups acknowledge a problem with diversity and
the distribution of resources. But efforts
to correct disparities—including a recent
editorial by Michael Brune, executive
director of the Sierra Club, denouncing
the racism of the group’s founder, John
Muir—have a long way to go. Ali of the
National Wildlife Federation estimates
that 3% or fewer of resources circulating in
environmental conservation and climate
organizations make it to fenceline commu-
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Annual air emissions: 1,100 kg
Risk score: 411,101, compared with basic organic chemical manufacturing
industry median of 184 for all toxic releases
Chemical contributing most to risk score: Ethylene oxide (carcinogen)
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es Defense Council.
“We are not only talking
about environmental
policy. We’re talking
about economic policy
that has really cut off
economic opportunities
for communities of
color, leaving them in a
state of economic and
financial insecurity.”
Roberts describes
high expectations and
heated debate. Finally
agreeing on a platform
last year—it occurred
serendipitously on
Juneteenth at the Josephine Butler Parks
Center, a building with
a civil rights and enviA quilt commemorating victims of environmental racism
ronmentalism heritage
that was present at the 1991 People of Color Summit was
near Malcolm X Park in
on hand for the signing of the Equitable and Just National
Washington, DC—was
Climate Platform on Juneteenth last year.
a spiritual moment, she
the initiative had gotten in Washington.
recalls. A quilt commemorating victims of
Jill Tauber, vice president of litigation for
environmental racism that was present at
climate and energy at Earthjustice, notes
the 1991 People of Color Summit was on
that a recently published report by the
hand for the platform signing after having
House Select Committee on the Climate
been missing for years.
Crisis draws from the Equitable and Just
“I do believe it was a spiritual encounter,” Roberts says, “even more so now when National Climate Platform on the need to
craft climate policy that accounts for the
I see what is happening in the streets.”
cumulative impact of multiple pollution
Participants are pleased with traction
sources, community health and safety, and
“We just decided to try again,” says Cecilia Martinez (center), executive director of the self-determination in land development.
“You don’t have to look further than
Center for Earth, Energy, and Democracy, of the effort to bring national environmental
page 4 to see discussion of the platform
organizations to the table with environmental-justice groups.
and a footnote citing it specifically,” Tauber says. Kelly of the Center for American
Progress counts at least 12 references to
the group’s platform in the report. She
notes that the clean energy and social-justice policy platform of Joe Biden, the 2020
Democratic presidential candidate, also
draws from the Equitable and Just National Climate Platform.
But much work lies ahead. “Environmental groups have had to look within and
wrestle with the ways we have functioned
within and contributed to the grave injustices and inequities of structural racism,”
Tauber says. She points to growing concern that any transition to a clean-energy
economy, an item topping the agenda of
the traditional environmental groups,
could perpetuate inequity of access for
communities of color.
nities. “It’s been an evolutionary process,”
he says. “Something has to change.”
The process has taken a leap forward
over the past year, according to leaders on
both sides, thanks to a 2018 initiative called
the Equitable and Just National Climate
Platform that was backed by four national
organizations and a dozen environmental-justice groups. Participants gathered to
hammer out an agenda for environment
and climate policy that centers on communities most heavily impacted by pollution.
“We just decided to try again,” says
Cecilia Martinez, cofounder and executive
director of the Center for Earth, Energy,
and Democracy (CEED), an environmental-justice policy research group. “We
brought together green organizations we
know had already been involved in some
way, had some level of partnership and
some knowledge of environmental justice,
along with key environmental-justice coalitions, and tried to be as representative with
racial mix, gender mix. We just tried to pull
folks together and say can we do this.”
It wasn’t easy, Martinez says. Community-centered initiatives introduce a complex
set of social and economic concerns not
generally encountered by national groups.
“It’s a policy problem,” adds Cathleen
Kelly, a senior fellow at the Center for
American Progress, a public policy research
organization that convened the platform
group with CEED and the Natural Resourc-

Harrisburg/
Manchester, Texas

“One day I was driving on Highway 3
going to work, my wife was with me, and
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says. “When we started in the ’90s, peowe drove past this huge sign announcing
ple thought we were crazy. Many of them
the future site of the new high school,”
worked in these companies, and it was part
Juan Parras recalls. His wife, Ana, called
of their culture. The schools had a direct
his attention to it. “I said I saw it, but she
pipeline to jobs in the industry.”
said to look what’s behind it. There were
But an environmental-justice movehuge smoke stacks.”
ment has been building since Hurricane
It was 1995, and Juan and Ana had just
Katrina shone a light on imperiled comreturned from working on a community
munities of color one state over, Bryan
outreach project in Baton Rouge, Louisiana. Juan, a long-time union organizer, had says. Few people from the community are
hired these days, he adds. And younger
been lured back to his home state to work
at an environmental-justice clinic at Texas people, having gained access to higher
education, are more socially conscious.
Southern University, a historically Black
“A lot of credit goes to Black Lives Matter
university in Houston. The sign, heralding
and the indigenous struggle,” Bryan says.
a high school for the twin neighborhoods
Juan, executive codirector with Ana of
of Harrisburg and Manchester a half mile
TEJAS, hosts a “toxic tour” of the shipping
from the refineries and chemical plants
channel region, spreading the word about
that overshadow the predominantly Histhe environmental impact on local companic community, registered as another
munities. He is less optimistic than Bryan.
new assignment.
“People have given up,” he says. “They feel
Juan, Ana, and their son Bryan orgapowerless because of the industry.” Some
nized protests, hoping to convince local
have sought property buyouts from the
leaders to find a new site for the high
local companies.
school. The project to build near the refinStill, this has been a busy year for
eries went ahead, but so did the organizers.
TEJAS, Juan says, as it battles Valero on a
The Parras family, motivated by induspermit the refiner submitted in 2018 to retry’s impact on Harrisburg/Manchester
and similar fenceline communities on the Houston
Ship Channel, launched a
citizen’s action group that
today is called Texas Environmental Justice Advocacy
Services, or TEJAS. Harrisburg/Manchester has been a
focus of their activism.
The community is in one
of the oldest settled areas
of Houston. “The first Anglo/European settlers set
up shop here,” says Bryan,
who is vice president of the
TEJAS board and a local
organizer for the Sierra
Club. Harrisburg was the
site of a trading post and
gristmill. John R. Harris
established the town in the
1820s. The chemical and
Juan Parras, co-director of Texas Environmental
plastics industry moved in
Justice Advocacy Services, spoke at a recent hearing on
after World War II. By the
Valero’s application for a permit to emit 178 metric tons
1980s, the population was
of hydrogen cyanide at its refinery.
predominantly Hispanic.
lease up to 464 metric tons of hydrogen cyToday, the community is boxed in by
anide per year—the Texas Commission on
heavy industry and transportation infraEnvironmental Quality is currently reviewstructure. Its largest industrial neighbor,
ing a revised application to emit 178 metric
on the northern border, is a Valero refinery.
tons. TEJAS is challenging the permit and
To the west is the 610 Ship Channel Bridge,
has also filed a language-access challenge,
and across the southern border run more
which would force future permitting prothan 25 lines of Union Pacific rail track.
cesses to accommodate residents in comThere are more than 20 industrial operamunities such as Harrisburg/Manchester
tions in Harrisburg/Manchester that report
for whom English is a secondary language.
air, water, and waste emissions to the EPA.
Juan says the difficulty of taking on in“It’s difficult to organize here,” Bryan

HARRISBURG/MANCHESTER NEIGHBORHOOD, HOUSTON, TEXAS
Refinery stacks loom over this lower-income area of Houston where the residents are almost all Hispanic. Much of
the neighborhood is cut off from the rest of Houston by two multilane freeways, two bayous, and a rail yard.
Population:

1,146
Median household
income:

Race and
ethnicity:

96%
Hispanic of
all races

$28,988

3%

$59,570

1%

versus Texas’s

Valero refinery and tank farm
Annual air emissions: 28,247 kg and 12,465 kg, respectively
Risk scores: 24,566 and 26,449, respectively, compared with
refining industry median of 8,871 for all toxic releases
Chemical contributing most to risk scores: Benzene (carcinogen)

HOUSTON

White

◾ HARRISBURG/
MANCHESTER

Black

Huntsman International
Annual air emissions: 709 kg
Risk score: 3,007, compared with petrochemical
manufacturing industry median of 15,243 for all toxic releases
Chemical contributing most to risk score:
1,4-Dioxane (likely carcinogen)

Eco Services
Annual air emissions: 19,296 kg
Risk score: 19,235, compared with basic inorganic chemical
manufacturing industry median of 123 for all toxic releases
Chemical contributing most to risk score:
Sulfuric acid (respiratory and eye irritant)
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Data sources and notes: See page 31.

dustry in Texas is illustrated by comparing
Valero’s permit application to one filed
by Suncor Energy, which seeks to emit
18 metric tons of hydrogen cyanide at its
refinery near Denver. Opposition to the
Suncor permit is coming not only from
concerned citizens but also from US Representative Diana DeGette (D-CO).
“Compare this with how Houston is
being treated,” Juan says. “We do not have
political support from our elected officials,
our congressional folks, or even from our
district representative.”
While Valero has no formal program to
buy residential property near the plant,
the company has accommodated individuals who pursued buyouts and offered them
to others, Juan says.
He says the community has received
a lot of attention from environmental
groups in recent years, but little practical
assistance. “There has been a lot of research and published data,” he says. “But
nobody is picking up on it.” A representative of a national group recently contacted
TEJAS, he says. “He was kind enough to
visit our office to see if we want to do
more air monitoring and testing,” Juan
says. “We said we appreciate your interest,

but we don’t want any more research. We
want money to address relocation.”

The road ahead
Environmental-justice advocates have
high hopes for progress on racial equity in
2020. A slew of statements voicing support
for Black Lives Matter and commitments
to increased diversity in the workplace
have emerged from the CEOs of chemical
and other industrial companies, many of
which operate plants across the fence from
communities of color. But for the communities themselves, little has changed.
Individual chemical companies contacted by C&EN declined to participate
in interviews for this story. Instead, they
emailed statements and written responses
to questions that outlined investments in
fenceline communities and engagement
with local agencies such as parks and recreation departments.
Formosa responded that, after announcing the project in St. James Parish,
the company invited community members
to an open house to hear concerns and
answer questions about hiring, safety, and
environmental impact. The company has

an outreach program that meets regularly
with residents and parish officials, Parks,
the community and government relations
director, said in an email.
In addition, Formosa pointed to a grant
program called the FG Workforce Academy
that offers training through local schools
and awards grants to students in science,
technology, engineering, math, and the arts.
“FG pledges that local residents who
successfully complete the training program at the academy will be given an
opportunity to interview for jobs with the
Sunshine Project,” Parks wrote, referring
to the planned plastics facility. “We are
certainly aware of the increased concentration on and public concern around racial equity in the US and FG is committed
to hiring local.”
Valero, in its 2020 Stewardship and
Responsibility Report, lists $64 million in
charitable contribution and investment
in communities in 2019. That included
$600,000 to renovate Hartman Park in
Manchester. The park, the only green
space in Harrisburg/Manchester, runs
along the refinery fenceline.
DuPont forwarded a press release on
the appointment of Kimberly Markiewicz,
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“Environmental
justice did not
grow out of
government,
it grew out of
community. When
we fight for justice,
it’s not a sprint.
It’s a marathon.”

who headed the company’s PRIDE
Employee Resource Group, an
LGBTQ support initiative, to
the position of vice president of
diversity, equity, and inclusion.
The CEOs of Dow and DuPont are
among those who issued personal
statements in support of Black
Lives Matter. And BASF and DuPont highlighted Responsible Care
initiatives in responses to C&EN.
“Recent public health and
social justice concerns have highlighted that many minority and
economically disadvantaged communities feel they have not had a
strong voice in discussions about
environmental quality,” Anne
Kolton, executive vice president
for communications, sustainability, and market outreach at the
American Chemistry Council, said
in an emailed statement. “We look
forward to being a constructive
partner with policymakers as ideas
and opportunities to address environmental-justice issues continue to develop.”
If legislative activity is any indication,
the trade association will have plenty of
opportunities to engage with lawmakers
in the months ahead. In July 2019, Sena-
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ion legislation in the House of
Representatives.
Similar bills appeared in 2020.
Representatives McEachin and Grijalva introduced the Environmental Justice for All Act in February,
and Senator Kamala Harris (D-CA),
Biden’s vice presidential running
mate, introduced a companion bill
in the Senate last month. Also last
month, Senator Tammy Duckworth
(D-IL) and Representative Lisa
Blunt Rochester (D-DE) introduced the Public Health Air Quality Act, which would require the
EPA to implement fenceline monitoring of air pollutants at facilities
contributing to high local rates of
cancer and other illness.
Meanwhile a bill in New Jersey would require state agencies
to assess cumulative impact in
—Robert Bullard, cochair of the National Black
permitting and other decisions.
Environmental Justice Network
Viewed as bellwether state-level
legislation, the bill has garnered
much attention in the environmental-justor Cory Booker (D-NJ) introduced the
tice community. It cleared the state SenEnvironmental Justice Act of 2019, which
ate and has the support of Governor Philwould require federal agencies, including
ip D. Murphy, but it failed to come up for
the EPA, to consider cumulative impacts
a vote in the Assembly late last month.
on communities in permitting decisions.
Community advocates are generally
Raul Ruiz (D-CA) introduced compan-
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Harrisburg/Manchester, a Hispanic community in Houston, is boxed in by a highway bridge, rail lines, and a roster of polluting
industries, including a Valero refinery.
unimpressed with companies’ statements of support for people of color and
commitments from corporate leaders.
“Statements are not enough. I think it’s
past time for both regulatory agencies and
industry to do more,” says Sacoby Wilson,
associate professor of applied environmental health at the University of Maryland School of Public Health and a member of the National Black Environmental
Justice Network steering committee.
But 2020 does present a unique opportunity to raise issues with both government and industry as white Americans
come to terms with racial inequity, including in pollution burden, Wilson says. “I
think this year in many ways is a sort of a

moment in history where we have a real
awakening to systemic racism,” he says.
And, of course, the fall presidential
election looms. While it will be easier to
pass environmental-justice legislation if
Democrats end up controlling the White
House and both wings of Congress, Bullard, the environmental-justice pioneer,
stresses that the election outcome is not
an endpoint. “The fact is that environmental justice did not grow out of government,
it grew out of community,” he says. “When
we fight for justice, it’s not a sprint. It’s a
marathon. We run the 26.2 miles and then
pass the baton to the next generation.”
That baton is being passed amidst the
turmoil of a pandemic and reaction in

the streets to the killing of George Floyd.
“Millennials? I can’t even credit them.
It’s Generation Z, the under-30s, that are
moving this message,” says Ferguson, the
statehouse candidate and community
activist in West Virginia. She says she is involved in planning a statewide virtual conference on environmental justice geared
toward young people.
Ali at the National Wildlife Federation
also sees youth empowered to make a
change. “Young people are saying that this
is not the country we want,” he says. They
have a vision of racial equity in America
that their elders may not see as clearly, Ali
says, and they are willing to fight to make
it happen. ◾
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COMMENT

YCC on supporting and
recognizing younger chemists

ACS
NEWS

KRISTIN NUZZIO, CHAIR, YOUNGER CHEMISTS COMMITTEE

Y

ou likely never envisioned defending your thesis at your kitchen table, graduating with fellow
classmates on Zoom, or masking
up in the lab as an essential worker. While
2020 may not be what we expected, younger chemists are still proceeding, persevering, and achieving. The skills that younger
chemists are developing
in this unprecedented environment will shape who
we become as leaders.
The vision of the
American Chemical Society Younger Chemists
Committee (YCC) is for
younger leaders to transform the world through
chemistry. In reflecting
on the experiences that
younger chemists have
had this year, I think we
are well positioned to realize this vision.
I’d like to highlight some ways that YCC
is supporting rising chemists through our
strategic plan goals and share several resources for you to explore:
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Advocating for younger chemists’
needs, concerns, and contributions. YCC,

along with ACS, condemns the systemic
racism and discrimination that pervade our
society. We are committed to listening to,
supporting, and amplifying voices of our
BIPOC (Black, Indigenous, and People of
Color) constituents and increasing diversity in our organization. YCC is evaluating its
award applications and scoring rubrics to
ensure diverse selection of candidates and
opportunities for younger chemists from
underrepresented groups. We encourage
local section YCCs to do the same and consider selecting diverse speakers for upcoming events to elevate different perspectives.
Some resources to check out are the websites Diversify STEM Conferences, Diversify
Chemistry, and the Committee on Minority
Affairs’ Speaker Directory.
We also acknowledge concerns regarding
changes to in-person education due to the
pandemic and limitations on workforce and
student visas. YCC has and will continue
to partner with other ACS committees and
divisions, as well as the Diversity, Inclusion,

and Respect Advisory Board, to foster dialogue around these issues and take action.
I encourage all members to participate in
YCC’s Catalyze the Vote initiative, which
provides a forum for younger chemists
to engage in ACS national elections. In
October, YCC will host a town hall webinar featuring the ACS President-Elect
candidates. The national
YCC serves as your representative, and we wel-

Fostering and connecting communities
of younger chemists around the world.

YCC seeks to strengthen connections
between younger chemists at the local,
regional, national, and international levels.
Every ACS member is part of a local section
based on geography or choice, and there are
over 55 local section YCCs globally. Getting
involved in a local section YCC is a great
way to connect with younger chemists in
your area and explore leadership opportu-

The skills that younger
chemists are developing in this
unprecedented environment will
shape who we become as leaders.
come your thoughts and
feedback to build a more
inclusive ACS.

Providing tools and
support to younger chemists for diverse
career opportunities and development.

In the age of virtual interviews, canceled
internships, and layoffs, resources for and
access to career development tools are
paramount. In June, YCC collaborated with
Career Navigator LIVE! to host the first
virtual career day designed for recent graduates and early career chemists. This free
event featured interactive workshops and
networking sessions with ACS career consultants. Register for virtual office hours or
personal consultations with career consultants to receive tailored advice on topics
of interest to you. Another great member
benefit is the ACS Leadership Development
System, which offers free professional development courses.
YCC recently announced the application for the Younger Chemist Leadership Development Award. Recipients of
this award attend the ACS Leadership
Institute and learn tools to develop
their leadership skills within ACS and
the workplace. I received this award
in 2012, and the experience initiated
a wonderful journey of volunteerism,
mentorship, and advocacy opportunities for which I am beyond grateful.
Please consider applying!

nities within ACS. During the pandemic,
many local section YCCs have maintained
momentum and collaborated with other
local sections to broaden their reach, and I
am consistently impressed with the innovative programming they develop.
The national YCC continues to award
grants to start or revitalize a local section
YCC or provide financial support for programming. In addition, the national YCC
is planning a virtual symposium on Aug. 26
with the International Younger Chemists
Network, which will feature early career
innovators highlighting sustainable benchto-market technologies. We encourage
younger chemists to continue thinking outside the box for unique programming and
networking opportunities.
At the heart of what we do in the YCC
is celebrate younger chemists. I encourage
all younger chemists to recognize your
milestones and achievements. In spite of
the circumstances, you’ve passed your preliminary exam, defended your thesis, and
started a new job, and these events deserve
respect and major kudos! YCC and younger
chemists around the world support you and
celebrate with you (virtually, for now).
Share your successes, ideas, and feedback with the YCC at info@acsycc.org, and
connect with us on Facebook and Twitter.

Views expressed are those of the author and
not necessarily those of C&EN or ACS.
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▸▸ US tops International
Chemistry Olympiad
The US team took home four gold medals in the 52nd International Chemistry
Olympiad, including the top gold medal.
Vietnam also won four golds.
Alex Li from Lexington High School in
Massachusetts received the top score in
the competition.
The other US gold medal winners were
Alec Zhu, also of Lexington High School,
in 8th place; Ananthan Sadagopan of
Westborough High School in Massachusetts in 12th; and Anugrah Chemparathy
of Dougherty Valley High School in California in 24th.
A total of 235 students from 60 countries competed in the olympiad, which
was hosted by Turkey on July 25. Normally held in person, the event moved
online this year because of the COVID-19
pandemic.
“The competition went well for all of
us,” Li says. “We all left feeling pretty confident in how we did.”
The 2020 competition marks the third
time the US team has won four golds, as
well as the third time a US team member
has won the top gold.
The US International Chemistry Olympiad team is sponsored by the American
Chemical Society and guided by a team
of mentors. This year, those leaders were
head mentor Melissa Barranger Mathys
of Ursuline College, Joseph Houck of
Pennsylvania State University, and Esther
Hines of Billerica Memorial High School.
Though the competition was held
online, the participants went to a local
high school in their area to take the 5 h
exam. Chemparathy, who lives on the
West Coast, had to get up at 5 a.m. “To get
through it in time was really the hard part

The four US team members and three
mentors (center colunm) celebrate their
gold medal win at the 2020 International
Chemistry Olympiad. Alex Li, (top right),
was the top gold medal winner in the
competition.
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Applications open for
ACS Bridge sites; travel
awards available
The ACS Bridge Program, which is part of the ACS Bridge Project, is accepting proposals from institutions to become ACS Bridge sites. Bridge sites receive funding for up to 3 years to support underrepresented minority (URM)
students as Bridge fellows. Applications are due by Sept. 1.
Applications are also being accepted for the ACS Bridge Travel and Career/
Professional Development Award. These awards provide funding for undergraduate and graduate URM students to attend scientific conferences and
other professional development events. Each award will cover up to $1,500 in
eligible expenses for graduate students and up to $1,000 in expenses for undergraduate students. Applications are being accepted on a rolling basis.
The ACS Bridge Project, supported by the US National Science Foundation and the Genentech Foundation, aims to diversify the graduate student
population in the chemical sciences.
For more information, visit www.acs.org/bridge.—LINDA WANG

for me because I like to be slow and work
methodically,” he says.
The students got ready for the competition during an online study camp
May 31–June 12. “The camp did a good job
preparing us because I think we all agree
that the actual competition was a lot easier
than the test they use for the team selection,” Li says.
Sadagopan says that the olympiad questions weren’t quite the same as those from
the study camp, “but we all just adapted,
and we ended up doing well.” As is part of
the tradition, there were a few questions
that related to the host country, including
some involving cats and local plants.
Making the shift from an in-person
event to online was challenging for the
host country, mentor Mathys says. The
organizers had to negotiate time zones and
review the exam’s questions online for the
first time. “They planned it really well even
though they had only a short period of
time,” she says.
Houck agrees. “The Turkey organizers,
really hats off to them,” he says. “They did
a really good job at making the shift to the
remote exam.”
The Turkish organizers incorporated
some of Turkey’s beautiful sights into
the closing ceremony on July 30. They
also had online avatars cheering for the
winners.
Li said his favorite part was when they
showed the teams from the other countries. “You can see the names and pictures
of the other people who are participating.
That was probably one of the highlights
for me.”—ANDREA WIDENER

▸▸ Christopher W.
Jones to lead JACS Au
Christopher W. Jones will take the helm of
the American Chemical Society’s newest
fully open access journal, JACS Au, as its
inaugural editor in chief. JACS Au (pronounced “JACS Gold”) will complement
ACS’s flagship Journal of the American
Chemical Society by
publishing high-impact research in
chemistry and related fields through
a pay-to-publish,
free-to-read model.
“JACS Au will
align with the prestige and standards
of the Journal of the
American Chemical
Jones
Society and offer
high visibility, fast processing, and comprehensive, constructive, and fair peer
review,” Jones says in a statement announcing his appointment. “Submissions
will be adjudicated by an editorial team
that represents the global diversity of the
chemical science and engineering community and focuses on the science being
communicated, independent of where the
research originates.”
Jones is a professor at the Georgia
Institute of Technology, where he researches catalysis, separations materials, and carbon capture. He began his
chemistry career in 1995 with a BSE in
chemical engineering from the University
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of Michigan. He received his MS in 1997
and PhD in 1999, both from the California
Institute of Technology. Jones stayed at
Caltech for a year as a postdoctoral fellow before joining the faculty at Georgia
Tech.
Jones previously served as editor in
chief of ACS Catalysis, starting with that
journal’s launch in 2010. He was named an
ACS Fellow in 2015.
“Professor Jones is an exceptional
scientist and a highly experienced and
successful editor-in-chief. I am delighted
he will lead JACS Au as it develops into
the world’s premier open access multidisciplinary chemistry journal,” says James
Milne, president of the ACS Publications
Division, in the announcement.
Alongside JACS Au, ACS is creating
nine new fully open access journals. The
additional “ACS Au” journals will launch
in 2021 and will focus on specific areas
of chemistry. ACS intends for the new
journals to allow researchers who wish to
or are required to publish in open access
journals to do so in peer-reviewed publications held to high standards. Submissions
for JACS Au open Aug. 25, 2020.—ARMIN-

DA DOWNEY-MAVROMATIS
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▸▸ ACS launches
2 new journals
The American Chemical Society is launching two new journals, ACS Agricultural
Science & Technology and ACS Food Science
& Technology, which will focus on agricultural and food sciences, technology, and
engineering. Thomas F. Hofmann, editor
in chief of the parent journal, Journal of
Agricultural and Food Chemistry, will lead
both journals, which open for submissions
in September.
“Food and agricultural research are crucial topics as we confront a world changing
rapidly in the face of multiple challenges,”
says James Milne, president of ACS Publications. “With these new journals, ACS is
developing a home for scientists researching solutions to these global threats.”
“More than ever before, the demand for
efficient solutions to overcome increasing
challenges in agricultural practices, food
quality and supply, and nutritional health
calls for new science and technology,”
Hofmann says.
Coralia Osorio Roa, professor of chemistry at the National University of Colombia, will serve as deputy editor of ACS Food
Science & Technology, which will focus on
new research related to the characterization, development, processing, and safety

of foods. Topics will include food security
and health-promoting food ingredients.
Laura L. McConnell, principal scientist
at Bayer Crop Science, will serve as the
deputy editor of ACS Agricultural Science
& Technology, which will focus on the role
of agricultural science and technology in
addressing humanity’s most urgent challenges. Topics will include plant science,
soil and environmental science, and agricultural engineering and regulation.
“ACS Food Science & Technology will
address the challenges we face globally
and especially in a post-pandemic world,
finding solutions through science and
technology and strengthening international cooperation” says Roa.
“ACS Agricultural Science & Technology will provide an exciting platform to
envision creative and innovative pathways towards a more sustainable and
productive future for our planet,” says
McConnell.—LINDA WANG

▸▸ Shane Snyder
named editor in chief
of ACS ES&T Water
Shane Snyder, professor of civil and environmental engineering and executive
director of the Nanyang Environment
& Water Research Institute at Nanyang
Technological University in Singapore, has
been named the inaugural editor in chief
of ACS ES&T Water.
The new journal will focus on water
quality and anthropogenic and
geogenic contaminants, as well as environmental chemistry and technology for sustainable
water management
and reuse. Submissions will open this
summer.
“Today, more
Snyder
than ever, we struggle to maintain safe and sustainable water
supplies for human well-being as well as
preserving and restoring the natural aquatic environment,” says Snyder. “ES&T Water
will publish a breadth of pertinent topics
related to ensuring the needed water quality to meet growing urban demands while
protecting environmental health.”
Snyder’s research focuses on the identification, fate, and health relevance of
emerging water pollutants. He earned a BA
in chemistry from Thiel College and a PhD
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in environmental toxicology from
Michigan State University. Snyder also
serves as codirector of two University of
Arizona research centers: the Arizona Laboratory for Emerging Contaminants and the
Water & Energy Sustainable Technology
Center.
“Having worked in this field for over 20
years, I really look forward to seeing my
colleagues submit their manuscripts to
ES&T Water but also to meeting the new
generation of water researchers from an
even broader geography,” Snyder says. “I
hope that 5 years from today, ES&T Water
is considered one of the premier outlets for
scientific and policy information that positively impacts global water sustainability.”
“I look forward to working with [Professor Snyder] to develop his vision for
this journal further and to the impact that
our growing environmental science and
technology portfolio of journals will have
on the chemistry community,” says James
Milne, president of the ACS Publications
Division.—LINDA WANG

▸▸ Undergraduate
research fellowships
awarded
The 2020 recipients of the American
Chemical Society Division of Organic
Chemistry’s Summer Undergraduate
Research Fellowships (SURF) have been
announced. They are Matthew Albritton of
the University of Florida; Finn Beruldsen
of Hendrix College; Andrew Champlin of
Bucknell University; Sriyankari Chitti of
the University of Illinois at Urbana–Champaign; Crystal Chung of the University of
California, Irvine; Julian Cizmic of San Diego State University; Mitchell E. Daneker
of the University of Delaware; Jessica
Gallawa of Western Washington University; Gabriel Herrera of New York University;
Olivia Langner of the University of California, Santa Barbara; Mira Milic of the University of California, Davis; Henry O’Callaghan of the University of Nebraska–Lincoln; Tiana Saak of Washington University
in St. Louis; Ben Stemen of North Carolina
State University; Jonathan Wong of the
University of California, Los Angeles; and
Johnny Wang of Boston College.
The SURF awards provide $5,000 in
funding for summer research opportunities for outstanding undergraduate
organic chemistry students attending
colleges and universities. For more
information about the program, visit
bit.ly/2AMH0xX.—LINDA WANG
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Curating quirky science since 1943

Solving the
Stonehenge mystery

I

n Stonehenge, “the banshees live and they do live
well,” according to fictional rock group Spinal
Tap.
While that is probably true, what has remained
unknown for centuries is where the rock for the enormous megaliths—each 6 to 7 m in height and 20 metric
tons in mass—was quarried from when Stonehenge
was erected around 2500 BCE. The conventional
wisdom for more than 4 centuries had been that the
builders sourced the sarsen stone from
Marlborough Downs, England, about
30 km (18.6 mi) to the north.
In research published in Science Advances, a team led by David J. Nash from
the University of Brighton has identified
a different probable location (2020,
DOI: 10.1126/sciadv.abc0133).
The scientists took X-ray fluorescence spectrometry data for 52 Stonehenge sarsens. All but two share the
nearly identical chemical composition—
more than 99% silica with traces of
other elements, such as aluminum, iron,
and titanium—and thus likely originated
This rocks: Scientists
from the same place.
may have finally
Nash and coworkers’ breakthrough
discovered where the
sarsens for Stonehenge came from the inductively coupled
plasma mass and atomic emission speccame from.
trometry analysis of a core taken from
one of the stones during a restoration in the 1950s. The
core had been thought lost until it surfaced in the US in
the hands of a former restoration worker in 2018.
The scientists compared the signature of trace elements in the core to those found in deposits around
England. They pinpointed West Woods, about 25 km
(15.5 mi) north of Stonehenge, not far from Marlborough Downs, to be the closest match. The team is
calling for further investigation, perhaps to identify the
precise pits the Stonehenge megaliths came from.

Lockdown painting

P

eople quarantining at home
to stem the advance of
COVID-19 have been undertaking construction projects
of their own, albeit at a more modest
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Alex Tullo wrote
this week’s column.
Please send comments
and suggestions to
newscripts@acs.org.

C&EN artifact
unearthed

T

he Newscripts gang recently found a piece
of C&EN history. It is a spreadsheet used
to produce the C&EN Top 50 US chemical
producers feature that was published on
April 26, 1971. It isn’t an Excel spreadsheet. It is a genuine paper ledger sheet where a draft of the Top 50
was organized in pencil.
It must have been laborious to put together this
feature like that—tabulating data by hand, writing
everything out, and correcting data manually. Not to
mention that the
author probably
had to send away
for annual reports
from each company
instead of finding
the primary sources on the internet.
As for the ranking itself, DuPont
came in first that
year with 1970
chemical sales of
$3.2 billion. By our
count, 12 names on
the ranking then,
including DuPont,
were still there this
year. The other 38
Old school: This nearly
companies were
50-year-old spreadsheet was
lost to name chang- used to prepare C&EN’s Top
es or mergers over
50 US chemical producers
the years.
feature.
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Newscripts

scale than Stonehenge. Just as people have been
hording toilet paper and learning how to make their
own bread, people have also been sprucing up their
homes—painting in particular.
John G. Morikis, the CEO of Sherwin-Williams,
described the demand as “unprecedented” in a recent
conference call with financial analysts. The company
didn’t put a precise number on the sales increase, but
it is selling more paint to consumers than it did a year
ago. The company even redirected production from
5 gallon pails, which contractors use, to the single gallons favored by consumers.
“In our stores, it’s often referred to as a COVID project,” he said. “Where people have been in their home
for some time and they might have a bedroom that
they’ve never really considered repainting. And they
realize that it’s very affordable and a highly impactful
project. And they tackle it.”
The effect has reverberated all the way back through
the supply chain to the chemical raw materials used in
paints. Chemours reported that sales of titanium dioxide, a white pigment used to boost paint opacity, to this
sector have remained healthy. Dow said similar things
about acrylic paint resins.

