
Nomenclature, Terminology, and Symbols-..m'" Chemistry 
ACS 

for life" 

August 5, 2015 

Dear Members, Assoc iates, Consultants, and Friends ofthe ACS Committee on Nomenclature, 
Terminology, and Symbols : 

Welcome to Boston and the ACS Fall national meeting. Four subcommittees are reporting on 
their action items and projects. 

•	 Communication/Outreach - Robert Yokley (chair) 

Subcommittee meets 12:30-2:00pm, Sheraton Boston Hotel, Dalton A 

•	 Education - Paul Karol (chair) 

•	 Liaison - Gail Karet (chair) 

•	 Long Range Planning - Michael Mosher/Tracy Williamson (co-chairs) 

Subcommittee meets 12:30-1:45pm, Sheraton Boston Hotel, Fairfax B 

The full committee membership meets: 

Monday, August 17, 2015 

Open Session 2:00-5:00pm 

Sheraton Boston Hotel 

Fairfax B 

Thank you in advance for all your hard work and careful planning for the Committee and for 
the Society. 

Sincerely, 

American Chemical Society 



ACS Nomenclature Terminology and Symbols
~m'" Chemistry for life" 

Request from the secretary 

Anyone presenting a report at t he NTS committee meeting is requested to prepare and 
bring to the meeting a written executive summary with the important points that th e 

presenter wants included in the meetin g minutes. 

Thank you for your thoughtfulness. 

Please note that the next ACS Spring nat ional Executive meeting is in San Diego, 
Monday, March 14, 2016. 

American Chemical Society 
AI Censullo, Chair 
Gerald P. Fenske, StaffLiaison 



In Memoriam
 

Derek Horton
 

From: Albert C. Censullo [mailto:acensull@calpoly.edu] 
Sent: Monday, June 15,2015 12:01 AM 
It is with deep regret that I inform you of the passing of Derek Horton, a longtime 
member of the Committee on Nomenclature, Terminology, and Symbols. 
Derek was truly engaged in his field of carbohydrate chemistry. He took delight in 
presenting his reports on carbohydrate chemistry progress to our committee. His work 
and presence will be sorely missed. 
Please join me in honoring him in your thoughts. 
Albert Censullo 
Chair, ACS Committee on Nomenclature, Terminology, and Symbols 

From: "Dr. Karl-Heinz Hellwich" <hellwich.iupac@gmx.de> 
Sent: Tuesday, June 23,2015 11:05 PM 
Subject: Sad news 
Dear colleagues,
 
With great sadness I have to inform you that our valued colleague Prof.
 
Derek Horton, member of our task groups on Carbohydrate nomenclature
 
and Flavonoids nomenclature recently passed away. Already in May this
 
year he could not attend the task group meeting for health reasons.
 
All of us will miss this knowledgeable scientist, who had a phenomenal
 
knowledge of nomenclature in general and carbohydrate nomenclature in
 
particular. This is a great loss for his family and for the
 
carbohydrate community.
 
With best wishes
 
Karl-Heinz
 

Dr. Karl-Heinz Hellwich
 
President, IUPAC Division VIn
 
E-mail: hellwich.iupac@gmx.de
 

From: Jack Secrist (Former NTS Chair and long-term NTS member) 
It is indeed sad news. I have known Derek and his wife June (who passed away not long 
ago) since the early 70s. He was a leading light in carbohydrate chemistry, he trained 
many outstanding Ph.D.'s, and he was an active and contributing member of our 
committee over most of those years. He has a large number of publications, and he was 
an editor for Carbohydrate Research for many years. Derek was truly a gentleman by any 
definition, and he had a wonderful sense of humor. He seemed really saddened after the 
loss of June, who accompanied him almost everywhere. 
Yes, he will be missed. 



Dr. Derek Horton was a true Renaissance Scientist, a colleague, a friend, He will be truly
 
missed. He left a legacy in science and chemistry to be treasured for students, to ACS,
 
and to the International community!
 
Sincerest of Condolences to his family, friends and colleagues.
 
Janet Bryant
 
ACS ConC Liaison to NTS
 
From: Robert A. Yokley (NTS Member)
 
Sent: Monday, June 15,20156:40 AM
 
Thank you for sharing this sad news. I have not been an NTS member long enough to get
 
to know Dr. Horton well but it was easy to see that he was making significant
 
contributions to the efforts of this committee. Yes, his work and presence will be sorely
 
missed.
 

From: Mark A Benvenuto (NTS Member)
 
Thanks for passing this along. I'm going to miss him. I remember when I was the newbie on
 
NTS, Derek was one of the first to reach out and say hi. A real gentleman. This is a real loss.
 

From: Michael Mosher (NTS Member)
 
This is indeed sad news. Derek will be very missed.
 
Michael D Mosher
 
Professor and Chair
 
Department of Chemistry and Biochemistry Ross Hall 3480, Campus Box 98 University
 
of Northern Colorado Greeley, CO 80639
 

From: Jeffrey Rahn (NTS Member)
 
Like Mark Benvenuto, Derek was one of the first people to welcome me to NTS. I will
 
miss his passion for nomenclature and carbohydrate chemistry.
 
The carbohydrate community has lost a true giant in the field.
 

From: Herman M. Sheets (NTS Member)
 
A man highly respected in in his chosen field, well-liked by his colleagues and whom
 
will be remembered for his contributions and his character. What more can be said? Rest
 
easy, friend. You have done well and will be missed.
 

From: Paul Karol (Former NTS Chair and long-term NTS member)
 
Derek was indeed the paradigm of professionalism and character. His personality,
 
contributions, expertise, thorouglmess and deportment will be truly missed.
 

According to ACS records, Derek enjoyed active Nomenclature Committee work for 46
 
continuous years. Just an incredible contributor to science.
 

Jerry Fenske, Staff Liaison to the ACS Committee on Nomenclature, Terminology, and
 
Symbols
 



In Memoriam 

Peter A. S. Smith 

Peter was chair of the Commission on Nomenclature of Organic 
Chemistry (CNOC) during the 1980's. He also became chair of the 
NOM committee (precursor to NTS) during that time period succeeding 
Kurt Loening. His expertise was in organic chemistry - specifically 
heterocyclic and organic nitrogen chemistry. 

In those years, nomenclature meetings were held in Columbus, and he 
would ride his motorcycle from Ann Arbor. He was an astute and 
valuable member of the committee with a good sense of humor. 

Many thanks to those on the committee who sent in their thoughts 
honoring him - Warren Powell , Paul Karol, Jack Secrist and Jim 
Traynham. 



C&EN Issue Date: May 17,2015 

By Susan J. Ainsworth 

Peter A. S. Smith, 94, a professor of chemistry emeritus at the University of Michigan 
who lived in Dexter, Mich. died on Nov, 29, 2014, 

Born in London, Smith received a B.S. degree in chemistry from the University of 
California, Berkeley, in 1941. He then moved to the University of Michigan, where he 
worked with Werner Bachmann in the Office of Scientific Research & Development, a 
federal agency created for military purposes during World War II. 

While at Michigan, Smith received a Ph.D. in 1944 before becoming an instructor in the 
university's chemistry department. He was promoted to assistant professor in 1948 and 
full professor in 1959. 

Smith's research focused on the chemistry of organic nitrogen compounds, especially 
organic azides. He retired in 1990. 

He served as book review editor for the Journal ofthe American Chemical Society from 
1971 until 1990 and chair of the Commission on Nomenclature for the International 
Union of Pure & Applied Chemistry from 1988 until 1991. 

The University of Michigan held a symposium in Smith's honor in 1991 and also 
established the Peter A. S Smith Graduate Fellowship. 

An expert on Egyptian philately, Smith received the Crawford Medal in 2000 from the 
Royal Philatelic Society London for his book "Egypt: Stamps and Postal History," He 
was editor emeritus ofthe Collectors Club Philatelist. 

Smith is survived by his wife of more than 60 years, Mary; their son, Kent; daughter, 
Leslie Nyckel; three grandchildren; and one great-grandchild. 
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ACS Nomenclature Terminology and Symbols ...m,. Chemistry for Life-

Agenda for Open Meeting
 
of
 

Nomenclature, Terminology, and Symbols Committee
 

Monday, August 17,2015,2:00-5:00 pm
 
Fairfax B Room, Boston Sheraton Hotel
 

1. Review minutes from March 23rd Denver meeting 
2. Chair/Staff Liaison reports (Bryant/Censullo/Fenske) 
3. CTA support request (Peaslee) 
4. International Chemical Ontology and associated potential projects (Rusch) 
5. Periodic Table Live! (Karol, Peaslee , Porterfield) 
6. Reports from subcommittees 

a. Communication/Outreach (Chair, Robert Yokley) 
b. Education (Chair, Paul Karol) 
c. Liaison (Chair, Gail Karet) 
d. Long Range Planning (Co-Chairs, Mosher/Williamson) 

BREAK 

7. IUPAC Reports (Rogers, others) 
8. Report on CCQM Symposium (Rusch) 
9. Discussion on New SI definitions and IUPAC Mole Report (Giunta, Karol, others) 

10. Items from guests/visitors 
11 . Next Meeting: San Diego, March 14, 2016 
12. Adjourn 

American Chemical Society 

AI Censullo, Chair 

Gerald P. Fenske, Staff Liaison 
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MINUTES OF THE MEETING OF THE ACS COUNCIL COMMITTEE
 
ON NOMENCLATURE,TERMINOLOGY, AND SYMBOLS (NTS)
 

IN DENVER, CO, ON MARCH 23, 2015
 

OPENING ITEM S: At 2:05 p.m. chai r Albert Censullo opened t he executive 
meeting of NTS with a call for self-introductions of attendees. For all or part of t he 
meet ing, 24 perso ns were present: 22 named on the committee roster plus two 
visitors . The minutes of t he San Francisco (August 2014) meeting were accepted 
w it hout change. 

Attendees: David Ball, Mark Benvenuto, Elise Ann Brown, Janet Bryant, Albert 
Censullo, Ben Chastain, David Dillon, Gerald Fenske, Carme n Giunta, Bob Howell, 
Gail Karet, Paul Ka ro l, Donivan Porterf ield, Graham Peaslee, Daniel Rabinovich, 
Jeffrey Rahn, Michelle Rogers, Peter Rusch, Michael Sheets, Mark Thompson*, 
Marcy Tow ns, James Traynham, Philip Verhalen*, Tracy Williamson, Wayne 
Wolsey, and Robert Yokley. (* Visitor, not on NTS roster) 

Changes in roster addresses: 
For Towns, correct spelling of Purdue; for Wolsey, add telephone number (651)
696-6352. 

Chair's Report: Censullo encouraged all subcommittees t o review and update as 
needed their goals and responsibilities listed in the NTS Operat ions Document. 
He was contacted by Susan Marine, Chair of t he ACS Committee on Technician 
Affairs (CTA), about the perceived need for renaming this category of workers. In 
t he past workers designated "chemical technicians" normally did not hold a 
bachelor's degree, but the current economic climate is shifting employment 
requirements to include at least a bachelor's degree. Marine asks that NTS 
explore possible names, more appropriate than "chemical technician," for this 
group of professionals. Graham Peaslee agreed to chair an ad hoc committee to 
consider this matter and bring a recommendation for NTS action at the Boston 
meeting. 

Budget Report: Staff Liaison Gerald Fenske reviewed the 2015 budget for NTS, 
w it h four categories all associated with meeting attendance, and the updated ACS 
policy provisions on expense reimbursement. The review included specifications 
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of eligible and non-eligible expenses and of time-periods within which requests 
for reimbursement must be submitted. 

SUBCOMMITTEE REPORTS 
Communication/ Outreach : Subcommittee chairman Robert Yokley reported on 
the meeting of the subcommittee that immediately preceded the convening of 
NTS. M ichael Sheets presented t he NTS slide presentat ion, initiated last year in 
San Francisco to inform ACS Divisions and Committees about NTS activi ties, to 
sa CED and AGFD in Denver. The audiences registered favorable response s to t he 
presentat ions. A survey of t he membership of 22 Divisions and 10 Commi ttees 
identified those tha t include NTS members, w ho may be able to identify specif ic 
projects and programs for w hich liaison w ill be mutu ally benef icial. 

Donivan Porterfield noted that t he ACSwebsite contains a link t o a Periodic 
Table that needs to be updated. Fenske will contact the site owners and try t o 
determine the best path for NTS involvement: NTS take ownership of site, 
recommend links to other Periodic Table sites, and other options. Work on this 
project may lead to a one-page article for Journal of Chemical Education. Several 
Periodic Table apps are available, some better than others. Should ACS offer any 
guidelines on which are best? Perhaps an ad hoc committee, with members from 
NTS, YCC, and Division of Chemical Education coul d evaluate these apps and make 
recommendations. This activity might also lead to a brief article for Journal of 
Chemical Education. 

Volunteers are requested for art icles to be submitted to ACS unit s tha t 
publish newsletters for members, such as the Senior Chemists Committee, 
Younger Chemists Committee, Council, and the Nuclear Chemistry and 
Technology Division. [Post-meeting addendum: Robert Buntrock (not present at 
the meeting) suggested that the Chemical Information Division (CINF) quarterly e
newsletter, ClB (Chemical Information Bulletin), would be a good forum for any 
NTS matters; Vin Scalfani is the editor (vfscalfani@ua.edu).] 

Long Range Planning: Tracy Williamson, co-chair of the subcommittee, reported 
on an extensive survey of 2400 randomly-selected ACS members, seeking 
information about their familiarity with NTS and their ideas for major initiatives to 
be undertaken during the next three-to-five years. About 5% of the target group 
responded to the questionnaire. The key findings were: 

• More than half (59%) of the respondents were not at all familiar with 
NTS, and another third (32%) were familiar with the name only. 
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• At least 75% of the respondents thought the main goals of NTS are 
important. 

• Most respondents (83%) considered important the active involvement of 
ACS representatives in decisions and standards pertaining to chemical usage of 
nomenclature, terminology, symbols, and units. However, only 44% thought it 
important for NTSto sponsor symposia on these topics, and onl y 19% indi cated 
interest in attending such symposia in the next th ree-to-five years . 

• More than half (57%) of the respo ndent s prefer receiving news about 
th ese topics through t he ACS Matters Newsletter. 

Jack Secrist, a mem ber of t he subcommittee but not present at t he 
meet ing, sent a w ritten comment on the results of the survey summarized as 
follows: "We need to accept the fact that NTS is just not very exciting but is very 
important, and select our directions and approaches in light of that fact." 

The subcommittee expects to submit an action recommendation at the 
next meeting (Boston). 

Mark Benvenuto, member of the subcommittee, proposed that NTS use a 
booth or kiosk at one of the next few ACS meetings to disseminate information 
about SI units, perhaps with an inexpensive but useful take-away item. The 
subcommittee, HIST, CHF, and the Landmark Group may be able t o joint-sponsor 
a symposium on Elements Old and New at the Philadelphia meeting. Benvenuto 
also urged that NTS "get on board with the thematic programming Chemistry of 
the people, by the people, and for the people." 

Education: Paul Karol, chair of the subcommittee, reported that he had 
communicated with Norbert Pienta, editor of Journal of Chemical Education, 
about the possibility of short contributions to the Journal on a recurring basis 
about topics in NTS's purview. He replied that the Journal has moved almost 
completely to peer reviewed articles, without regular reports or columns, but 
invited a trial with a contribution with a t it le that could represent a recurring 
portion to test reader interest. 

REPORTS FROM IUPAC 

Biochemical and Carbohydrate Nomenclature: Derek Horton was not at the 
meeting but submitted a written report on biochemical and carbohydrate 
nomenclature by the Joint Commission on Biochemical Nomenclature of IUPAC. 
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The May 2014 meeting in Utrecht, Netherlands, focused on enzymes, flavonoids, 
and carbohydrates. Continuing work on Enzyme Nomenclature and Classification 
added 300 entries to the enzyme classification list and that on Small Molecules 
Glossary focused on substrates and inhibitors of enzymes, radicals, and 
organometallic compounds. IUPAC externa l review of the IUPAC-IUBMB 
document on Flavonoid Nomenclature is complete, and publication will follow the 
fi nal cor rect ions now being incorpora ted int o the document. 

At th e Utrecht meet ing an expert panel devote d a long session to a point
by-po int review of t he IUPAC 1996 document on carbohydrate nomenclature. 
The pane l's particular concerns were cove ring new areas t hat have arisen, 
prov iding new examples, clari fyi ng some wording in the document, symbolic 
representation of com plex st ructures, and br inging bioi nformatics specialists int o 
a common understanding w it h the language of the experimentalist s. Some items 
cited for needed revisions were: t rivial name s; cyclic oligosaccharides, including 
t heir symbolic depiction; polysaccharides; and glycoproteins, glycopeptides, and 
peptidoglycans. 

Division VIII of IUPAC: Warren Powe ll was not present at the NTS meeting, but 
he submitted a five-page written report about the activities of the IUPAC Divisio n 
of Chemical Nomenclat ure and Struct ural Representation (Division VIII). At it s 
meeting in Wales in August 2014, the Division Committee discussed the path for 
information f low between IUPAC and its National Adhering Organizations (NAOs); 
t hat is, t he information NAOs receive t hrough the Secretariat is insufficient. The 
NAO for the U.S. is the National Academy of Sciences (NAS), not the ACS, an 
arrangement that does not facilitate effective communication between ACS and 
other international organizations. Although NAS once had chemical 
nomenclature committees, they have faded away, basically ceding those 
responsibilities to ACS (NTS) while retaining the designation of NAO to IUPAC 

The 2013 publication of the new Blue Book, Nomenclature of Organic 
Chemistry, IUPAC Recommendations and Preferred Names 2013, was followed by 
numerous citations (about 900) of "errors." Powell has reviewed these citations 
and found that many are quite minor mistakes such as spaces before or after a 
hyphen in a name, italic commas, misaligned locants, an extra space in text, a 
missing and non-meaningful closing parenthesis or bracket, a doubled word in 
t ext , and errors of omission or perceived clarity by individuals. A list of actua l 
errors that affect names or structures is to be published as soon as possible; a 
separate list of non-nomenclatural, cosmetic errors will be prepared but not 
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published now. Both files are expected to be maintained and incorporated into a 
full pdf republication of the entire book. Powell pointed out that for about a year 
preceding publication of the new Blue Book a Drop Box of all final chapters was 
created for easy on-line access by interested parties for review and editing} but no 
member of NTS no r othe r int erested parties ever accessed t he Drop Box for 
proofreading. 

Division VIII is involved in many projects that are in various stages of 
progress. Some of th ese are : cycl ic pept ides; hvd roprefixes, added hydrogen} 
and indicate d hyd rogen; preferred names for inorganic compounds; polyhedral 
boranes; metallacycles containi ng t ransition metals ; flavonoids; graphical 
representation standards; coordination polymers; small molecules of biological 
interest; and phosphorus-containing compounds of biological importance. Ot her 
projects are in earl y stages of development or are projected for the future . 

ACS STRATEGIC PLAN 
On behalf of the ACS Board Standing Committee on Planning} Bill Carroll} member 
of ACS Board of Directors} and Robert Rich} Director of Strategy Development in 
Office of the Secretary & General Counsel} gave a slide presentation about the 
ACSStrategic Plan as it pertains to NTS. The slides highlighted the core values} 
vision} and mission of ACS and t he challenge to NTS to select optimal goals and 
st rategies tha t align with the ACS St rategic Plan. The presentation included an 
Enviro nmental Scan of Key Tren ds} aimed at guiding NTSefforts in th at challenge} 
w it h four categories: Social} Technology} Economic} and Political. Some 
discussion during t he presentation included suggestions for additions to the items 
listed in each category: Among the Technology concerns} include educational 
level of U.S. persons of Asian background; among Economic ones} the potential 
long range concern of current lower oil prices; among Political} availability of fresh 
water. Top trends specified for NTS were scientific enterprise globalization; 
challenges in creating information} know ledge} and understanding; emerging 
genomics applications; and 3-D printing. "What can [NTS] do?" Besides 
developing goals and objectives for NTS} provide updates for the ACS 
Environment Scan: trends that may impact ACS} suggested goals and objectives 
for ACS} and products/services for ACS to consider offering. 

UPDATES TO THE KILOGRAM AND THE M OLE 
A question was raised about the status of the IUPAC project ({{A critical review of 
th e proposed definitions of fundamental chemical quantities and their impact on 



6 

chemical communities") intended to review the definitions of the mole and 
kilogram. Marcy Towns (ACS) acknowledged receipt of the NTS response to the 
IUPAC questionnaire on this topic, which was submitted through the NAS and was 
among nearly 100 documents used by the IUPAC Mole working group. Towns 
expects the f inal technical report to be completed for submission to IUPAC w ithin 
a few months. 

Karol included a reprint copy of his recent art icle on We ighing the Kilogram 
(American Scientist, 2014, 102, 426-429) in t he Agenda Book. For info rmation, 
Carmen Giunta incl uded in th e Agenda Book a cit at ion to an article pert aining to 
Dimensionless Units in th e SI (P.J.Mohr and W.D.Phill ips, M eterologia, 2015 ,52, 
40-47). A section of the art icle is relevant to NTS discussions about t he mole and 
Avogadro's number and equates a mol e to a specific num ber of entities (as NTS 
recommends). 

Peter Rusch called attention to the Consult at ive Committee on Quantity of 
Matter (CCQM), one of the groups reviewing and supporting the redefinition of 
t he kilogram and the mole. CCQM is one of several consultative committees of 
the International Bureau of Weights and Measures (BIPM), which is charged with 
implementation of the Meter Convention that established the SI (International 
System of Units). CCQM will present a full-day, two-session symposium at the 
ACS meeting in Boston, organized by Willie E. May (President of CCQM) and 
Robert I. Wielgosz (of BIPM) . The morning session will be on Redefinition of t he 
International System of Units and t he afternoon one on CCQM: Who We Are, 
What We Do, and Why You Should Care. Possible NTS co-sponsorship is being 
explored. [After-meeting addendum: Rusch has accepted being the moderator 
for the afternoon session.] 

ADJOURNMENT: The meeting was adjourned at 4:28 p.m. 

Prepared by James G. Traynham, Secretary 

The next meeting of NTS, an open session, will be held 
in Boston at the Sheraton Boston Hotel 
on Monday afternoon, August 17, 2015. 



Executive Summary from Denver 2015 NTS Meeting 

Prepared by Albert Censullo 

1.	 As a prelude to the reports by subcommittees, Chair Censullo encouraged all 
subcommittees to review and update as needed their goals and responsibilities, as listed in 
the NTS Operations Document. 

2.	 NTS was contacted by Susan Marine, Chair ofthe Committee on Technician Affairs 
(CTA). She indicated that, due to the current economic environment, jobs normally filled 
by non-bachelor' s degree holders are being filled by candidates with bachelor's degrees 
or higher. In light of the increased training level of workers in this field, her committee is 
seeking a more appropriate term to replace the "Chemistry Technician" designation. She 
asked NTS to explore possible names for this new class of professionals. Graham Peesley 
agreed to take the matter under advisement, With the help of one or two additional NTS 
members, he will prepare a recommendation on this for presentation to our committee at 
the Fall meeting in Boston. 

3.	 During the NTS discussion about updates to the kilogram and mole, the question was 
raised about the status of the IUPAC project ("A Critical Review of the Proposed 
Definitions of Fundamental Chemical Quantities and Their impact on Chemical 
Communities") intended to review the definitions of the mole and kilogram. Guest Marcy 
Towns (ACS) offered her acknowledgement of the receipt of the NTS response to the 
IUPAC questionnaire on the topic. She indicated that the final technical report has not yet 
been written, but expects it will be completed within a month or so. 

4.	 Plans for the NTS in the CCQM symposium at the Boston ACS meeting were discussed. 
Even after examination of the ACS website, the sponsor of this symposium was not 
apparent. It was suggested that once the Denver meeting was finished, that information of 
Boston might be more readily available. NTS agreed to promote and advertise the CCQM 
symposium. Potential NTS co-sponsorship of the symposium will be explored. 



C&EN Short Report from Denver 2015
 
ACS Committee on Nomenclature, Terminology, and Symbols
 

The ACS Committee on Nomenclature} Terminology} and Symbols (NTS) met in executive 
session in Denver on Monday} March 23} 2015 with 24 attendees. Committee Chair Albert 
Censullo reported a request from t he Committee on Technici an Affairs on a recom mendat ion 
for a new designation to replace "Chemica l Technician," in light of new trends favo ring hiring of 
applicants with highe r levels of educational training. An ad hoc committee is expected to bring 
a recommendation to th e Boston meet ing. 

Reports f rom sub-committees included liaison act ivit ies with ACS Divisions and 
Committees; review ofthe ACS web site and available apps pertaining to the Periodic Table; 
plans to inform/ promot e th e new SI units/defi nitions} perhaps through a kiosk at a 2016 ACS 
meeting; and result s of a survey among 2400 ACS members about NTS long-range acti vit ies 
with planning fo r fo llow-up actio ns at the 2016 Philadelphia ACS meeting. Other reports 
updat ed information about IUPAC-IUBMB work on biochemical and carbohydrate 
nomenclature and about the Nomenclature of Organic Chemistry} IUPACRecommendations and 
Pref erred Names 2013 ({(Blue Book"]. Work is underway to revise typos and some chemic al 
errors in that publication. 

The Director of Strategy Development} ACS Office of the Secretary & General Counsel} 
reviewed the Society's strategic plan} with a slide presentation in the context of NTS 
responsibilit ies. Discussion and comments included some suggestions for expansion of topics 
ident if ied as Key Trends. 

The Committee reviewed documents and developments pert aining to the redefinition of 
th e kilogram. A statement of NTS}s preferences} submitted through the Nat ional Academy of 
Sciences} was among the large number of docume nts studied by th e IUPAC Mole Project earli er 
th is year . That wo rking group hopes to submit its report to IUPAC in mid-2015. 

The Consult at ive Committee for Amount of Substance: Met rology in Chemistry and 
Biology (CCQM) will be offering a one-day symposium at the 2015 ACS Meeting in Boston. A 
member of NTS will serve as moderator for the afternoon session of the symposium. 



Boston, August 2015, Council Report from NTS 

Nomenclature, Terminology, and Symbols 

As part of its ongoing program to better serve the needs of Society membership, with the 
cooperation of ACS staff in Research and Market Insights, NTS prepared and distributed 
a survey to 2400 randomly selected ACS member s. The questionnaire was intended to 
gauge Society familiarity with the NTS committee and its major initiatives. Analysis of 
survey results revealed that the majority of respondents were not very familiar with NTS. 
Survey respondents were overwhelmingly positive about the importance of key issues 
within the NT S realm of responsibilities. Provision was made to allow input for 
additional topics of interest for potential NTS study and action. This list of topics is under 
review. NTS is working on ways to further its study of issues related to nomenclature, 
terminology, symbols, and units, while trying to improve communication of its work to 
the membership. It is anticipated that more detailed analysis ofthe survey results will 
provide insights into potential projects of general interest and relevance to the 
membership. 

Following a presentation to the Committee on Technician Affairs (CTA), NTS was asked 
for help in identifying a possible alternate term to refer to the members formerly referred 
to as chemical technicians. Recognition of increased educational training and experience 
levels for these members has prompted this examination. NTS is studying this issue, and 
will report its recommendation to CTA in Boston. 

In Denver, continuing its outreach program described earlier, NTS delivered PowerPoint 
presentations, containing details ofNTS personnel, programs, and potential areas for 
collaboration to saCED and AGFD. Plans for additional outreach activities in San Diego 
(Spring 2016) and Philadelphia (Fall 2016) are under preparation. 

This committee has previously reported on its input to an IUPAC questionnaire on the 
"Mole and Amount of Substance" issues. A document detailing and explaining the NTS 
response has been prepared and will be posted on the committee website for examination 
and comment by the membership. 

NTS has maintained its awareness of planned changes to the International System of 
Units (Systeme International d'Unites, or SI system). Redefinitions of the mole and 
kilogram are of particular interest to ACS members as well as the entire chemical 
enterprise. At the Boston meeting, the NTS sponsored symposium "Chemistry and the 
International System of Weights and Measures" will be presented by the CCQM, the 
Consultative Committee for Amount of Substance: Metrology in Chemistry and Biology 
(formerly known as the Consultative Committee on Amount of Substance). A member of 
NTS will serve as moderator for the afternoon session. This is the first such symposium 
presented at an ACS meeting by this international committee. 



A final report from IUPAC on the status of the long-term project "A critical review ofthe 
proposed definitions of fundamental quantities and their impact on the chemical 
communities" is due for imminent release. NTS will review and report on this project, 
and its impact on ACS. 

Albert C. Censullo, Chair 

Me mbers 

David W . Ball Paul J. Karol Peter F. Rusch 

M ark Benvenuto M ichael D. Mosh er Jack Secrist 

Ben B. Chastain Warren H. Powell Michael Sheets 

Carmen J. Giunta Jeffrey A. Rahn James G. Traynham 

Derek Horton (posthumous) Michelle M. Rogers Tracy C. Williamson 

Bob A. Howell Robert A. Yokley 

Associates 

Richard A. Hermens Donald Maclean Daniel Rabinovich 

Gail B. Karet Graham F. Peaslee Wayne C. Wol sey 

David Dillo n 

Consultants 

Jeffrey M Wilson leslie H. Sperling 

Staff Liaison Gerald P. Fenske
 

ConC Liaison Janet L. Bryant
 



Fenske. Gerald Jr. 

From: WilliamI_Carroll@oxy.com 
Sent: Friday, May 15, 2015 9:45 AM 
To: acensull@calpoly.edu 
Cc: Fenske, Gerald Jr. 
Subject: Short Thank You note 

Dear Dr. Censullo : 

I appre ciated the opportunity to talk with NTS in Denver about Environment Scanning and the ACS Strategic 
Planning process. Hopefully your comm ittee had or will have time to discuss the key trends with greatest 
impact on NTS or greate st interest to you and th eir implicat ions for you r strat egic plan. As you cont inue 
strat egic leadership in suppo rt of your committee's plan and t he broader ACS, the Board Standing Commit t ee 
on Planning would be happy to assist. We wou ld especially appreciat e your feedback on t he key trends you 
are considering. 

Should you want to discuss key trends or you r Strat egic Plan w ith me or a member of the Committee on 
Planning, please don't hesitate to contac t me. Our committee wants to be sure you have what you need to 
successfully accomplish your plan. Please let us know if and how we can help you 

Thanks again for all you do fo r the Society. 

Bill 
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-----Original Message----
From: Porterfield, Donivan R [mailto:dporterfield@lanl.gov]
 
Sent: Monday, June 29, 2015 11:47 AM
 
To: Dr. Paul Karol; peaslee@hope.edu
 
Cc: 'Robert A. Yokley'; Fenske, Gerald Jr.
 
Subject: FW : ACS Education web site - Periodic Table Live! - current contact?
 

Paul and Graham,
 

At some prior ACS Committee on Nomenclature, Terminology, and Symbols (NTS)
 
meetings there have been discussions of suggesting updates to the ACS on-line Periodic
 
table Live.
 

http://www.acs.org/content/acs/enleducationlwhatischemistryIperiodictable.html
 

Below they have expressed a willingness to make changes so thought we could follow up
 
with proposing changes for elements 114 and 116 which still don't have names in the
 
ACS periodic table.
 

I have drafted the attached possible set of changes but wanted to run by some other
 
relevant NTS folks for consideration. Please feel free to make edits as needed.
 

Donivan
 



ACS Periodic Table Live! 

Flerovium Element 114 is a metal in Group IVA and the 7th period. It is a synthetic element; 
none occurs naturally on earth. 

Flerovium The element 'Nas first synthesized in late 1998 by scientists from Lawrence Livermore 
National Laboratory in the U.S.A. and scientists from the Joint Institute for Nuclear Research in 
Dubna, Russia; hOll/ever, this discovery has not been officially sanctioned by the International 
Union ofPrne and Applied Chemistry (IUPAC). Flerovium Element 114 was made by 
accelerating calcium-48 ions to 10% ofthe s,eeed oflight in a cyclotron and allowing the 
calcium-48 ions to collide with a target of 24 Pu. The world 's supply of this plutonium isotope, 
30 mg, was used for the experiment. This produced two isotopes of element 114 flerovium, 
which then decayed with halflives of21 sand 2 s. 

_M4~4SCa ) m 11 4 -t 3 +n 
_M4~4SCa ) m 11 4 -t 4 +n 

244p U + 48Ca ----+ 289Fl + 3 In
 

244p U + 48Ca ----+ 289Fl + 4 In
 

The experiment that produced element 114 flerovium was carried out in Russia, because the 
Dubna cyclotron was appropriate for accelerating the calcium ions. The U.S. scientists designed 
the experiment, prepared the americium target, shipped it to Russia, and helped run the 
experiment. The experiment lasted about six months (24/7). During that time, one atom of m 

-l-14 

289FI and two atoms of m 
-l-14 289FI were produced. Of special interest is the fact that these two 

isotopes have long halflives: 21 sand 2 s respectively. This supports the theory that elements 
beyond -l-14 flerovium may have longer half lives and therefore would be easier to study 
chemically than some elements with lower atomic number. 

Element 114 has not yet been named. 

IUPAC noted in announcing the naming of flerovium that it is in line with tradition and will 
honor the Flerov Laboratory ofNuclear Reactions where superheavy elements are synthesised. 
Georgiy N. Flerov (1913 - 1990) - was a renowned physicist, author of the discovery of the 
spontaneous fission of uranium (1940, with Konstantin A. Petrzhak), pioneer in heavy-ion 
physics, and founder in the Joint Institute for Nuclear Research the Laboratory of Nuclear 
Reactions (1957). It is an especially appropriate choice because, since 1991 this laboratory in 
which the element was synthesized, has borne his name. Professor G.N. Flerov is known also for 
his fundamental work in various fields of physics that resulted in the discovery of new 
phenomena in properties and interactions of the atomic nuclei; these have played a key role in 
the establishment and development of many areas of further research. 

The most stable isotope of element 114 flerovium is m-l-14 289FI, which has a half-life of 21 s. 



Very few atoms of element 114 flerovium have ever been detected, so little is known about the 
chemistry of the element. Based on the periodic table element 114 flerovium is expected to have 
properties similar to the properties of lead; however, for atoms this large the innermost electrons 
(electrons in the 1s orbital) are moving near the speed of light. Because the theory of relativity 
applies in these atoms, the motion of the electrons will be different from that of lighter atoms in 
the same periodic group; this may influence electronic structure and hence chemical properties. 
For example, theorists predi ct, based on relativistic effects, that element 114 flerovium may be 
rather unreactive chemically. 



ACS Periodic Table Live! 

Element 116 Livermorium (Lv) is in Group VIA and the 7th period. It is a synthetic element; 
none occurs naturally on earth. 

The element Livermorium was first synthesized in July 2000 by scientists from Lawrence 
Livermore National Laboratory in the U.S.A. and scientists from the Joint Institute for Nucle ar 
Research in Dubna, Russia; however, this discovery has not yet been officially sanctioned by the 
International Union of Pure and Applied Chemistry (IUPA:C). Element 116 Livermorium was 
made by accelerating calcium-48 ions in a cyclotron and allowing the calcium-48 ions to collide 
with a target of 248Cm. 

The experiment that produced element 116 livermorium was carried out in Russia, because the 
Dubna cyclotron was appropriate for accelerating the calcium ions. The U.S. scientists designed 
the experiment, prepared the curium target, shipped it to Russia, and helped run the experiment. 
The experiment lasted about one year with the cyclotron operating 24/7. During that time, about 
three atoms of element 116 livermorium were produced. 

Element 116 has not yet been named. 

IUPAC noted in announcing the naming of livermorium that it is in line with tradition and 
honors the Lawrence Livermore National Laboratory (1952). A group of researchers of this 
Laboratory with the heavy element research group ofthe Flerov Laboratory of Nuclear Reactions 
took part in the work carried out in Dubna on the synthesis of superheavy elements including 
livermorium. Over the years scientists at Livermore have been involved in many areas of 
nuclear science: the investigation of fission properties of the heaviest elements, including the 
discovery of bimodal fission, and the study of prompt gamma-rays emitted from fission 
fragments following fission, the investigation of isomers and isomeric levels in many nuclei and 
the investigation of the chemical properties of the heaviest elements. 

The most stable isotope of element 116 livermorium is mm 293Lv, which has a half-life of 0.05 
s. 

Very few atoms of element 116 livermorium have ever been detected, so little is known about 
the chemistry of the element. Based on the periodic table element 116 livermorium is expected to 
have properties similar to the properties of polonium; however, for atoms this large the 
innermost electrons (electrons in the 1s orbital) are moving near the speed of light. Because the 
theory of relativity applies in these atoms, the motion of the electrons will be different from that 
of lighter atoms in the same periodic group; this may influence electronic structure and hence 
chemical properties. 
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NTS Committee Planning 
sent 05-1 3- 15 

Greetings, members, associates and consultants for the Committee on Nomenclature, 
Terminology, and Symbols. In preparation for our Boston meeting, I would like to 
address plans for the future work of our committee. 

We have spent (quite constructively, I thought) some time discussing outreach in its 
various forms. We have put NTS "out there" for others to see. We have made ourselves 
aware of potential contact people within NTS. We have queried the ACS membership, 
for their views on NTS . All these activities were necessary and productive. 

I have stated before, and am still of the opinion, that in order for NTS to be engaged in 
meaningful liaisons with other groups, it is necessary for us to formulate specific projects 
that will engage other specific entities in the work. So, it seems that a first step is to 
ensure that NTS has its own goals strongly in mind. Once that has been accomplished, we 
could make plans to see how interactions with other groups could help us attain our goals, 
as well as help our partners achieve theirs. 

As part of that first step, I would like us to generate a list of topics, both present and 
future, that we view as important to the NTS mission of being the nomenclature, 
termino logy, symbols and units resource group for ACS. With this note, I am asking all 
subcommittee chairs to convene (electronically for now) their respective groups, for the 
purpose of defining and ultimate ly prioritizing topics for NTS study. Both general AND 
specific ideas are welcome at this point; we can place them into a suitable hierarchy once 
we have them identified. For now, these topics needn't be limited to any particular 
subcommittee's area of responsibility. 

The goal of this task is to ensure that, through the collective wisdom of the NTS 
membership, we spend our time and energy on matters of highest significance. 
Additionally, this information will be useful as we address our committee's update to the 
ACS strategic plan process. We should be able to complete the listing portion (but 
probably not the prioritization aspect) of this charge well before the Boston meeting. I 
suggest July 1 as a date for progress reports from the subcommittee chairs to me on this. 

With that task in hand, we can begin to discuss long term plans for NTS work, and then 
proceed to identify the topics of specific projects, and associated liaisons that will help us 
carry out our work, and enhance the value ofNTS to the Society. 

I appreciate the time and energy that goes into committee service. Thank you all for your 
participation in this process. 

Albert Censullo 
Chair, NTS 



Hi All, 

The C/O sub-committee took the approach to identify those committees and divisions that 
might be best fits with NTS for the creation of a liaison between the two groups. Our next 
step was to contact specific NTS members that have interest or affiliation with those 
committees and divisions on our list and ask if they can recommend specific projects 
and/or programs of mutually interest. 

Based on Gail's and AI's comments, it appears we should instead query the entire NT S for 
ideas on potentially beneficial projects and programs. Is this accurate? If so, should we 
prepare an e-mail message to be distributed to NTS? Should this come from Gail, AI, or 
me? We can work together to phrase the message appropriately and I do not mind being 
the "sender" but I wonder if the response might be better if the original message comes 
from AI. What do you think? 

Attached is a simple spreadsheet listing the identified committees/divisions and those 
NTS members who have expressed interest (in some form or fashion) in those particular 
committees or divisions. Note, none ofthese NTS members or friends of the NTS are 
listed as members or associates on any of these committees/divisions. Thus, although 
they may have interest, they are not presently active in those committees/divisions. To 
me, this is additional evidence that we should contact all ofNTS. Of course, it would be a 
generic message to all NTS members but we could still send messages tailored 
specifically for the members on the attached spreadsheet. 

How do you want to proceed? It would be great if we could send a message to all NTS 
members in the next few weeks so they would have time to reply by say, late July. Then, 
we might be ready to discuss their recommendations in Boston. 

Thanks, 
Robert 



-----Original Message----
From: Robert A. Yokley [mailto:RYokley1@triad.rr.com]
 
Sent: Friday, June 12, 20157:11 AM
 
To: Donivan R Porterfield; Ben B. Chastain; David Dillon; Richard Hermens; Wayne Wolsey
 
Cc: Albert C. Censullo; Fenske, Gerald Jr.
 
Subject: Re: NTS planning
 

Hi C/O Sub-Committee Members,
 

This is just a rem inder to send me your ideas on topics relevant to the NTS mission by 30 June.
 

I hope everyone is having a great spring. Summer will soon be here .
 

Thanks,
 
Robert
 

-----Origina l Message----

From: Robert A. Yokley
 
Sent: Wednesday, May 13, 20157:57 AM
 
To: Donivan R Porterfield; Ben B. Chastain; David Dillo n; Richard Hermens ; Wayne Wolsey
 
Cc: Albert C. Censullo ; Gerald Jr. Fenske
 
Subject : Fw: NTS planning
 

Dear C/ O Sub-Commit tee Members,
 

By now you' ve had a chance to read AI's message wh erein he would like us to "generate a list of
 
topics, both present and future, that we view as important to the NTS mission of being t he
 
nomenclature, terminology, symbols and units resource group for ACS" . To help attain t his goal,
 
AI requested tha t each sub-committee convene via e-mail "for the purpose of defi ning and
 
ultimately pr ior it izing top ics for NTS study".
 

AI also requested a progress report from each sub-committee chair by July 1.
 
To meet this goal, please send to me your thoughts and ideas for present and future topics
 
important to the mission of NTS by June 30. I will compile and forward this list to AI by July 1.
 
Attached is the Charter of the NTS to help remind us of the duties of t he NTS. After the
 
appropriate projects have been identified and prioritized, we will be in a much better position to
 
determine which liaisons will be most meaningful and productive.
 

Thanks for your input on this important act ivity. I look forward to receiving ideas from all of you.
 

Best wishes,
 

Robert A. Yokley
 
Chair
 
Communication/ Outreach Sub-Committee
 

-----Original Message----



Committee/Division 

C HED - Chemical Education 

CINF - C hemical Information 

SOCED - Ed ucation 

COMSCI - Sc ience 

ANYL - Analytical Div 

PUBS - Publica tions 

NlJCL - Nuclear Techno!' Div 

INORG - Ino rganic Div 

Liaison Candidate 

Dr. David Ball Dr. Jeffrey Rahn Dr. Art La nd is Dr . .Jerry Sarquis 

Dr. Peter Rusch 

Dr. David Ball Dr. .Ieffrey Rahn Dr . Ar t La ndis Dr . .lerry Sarquis 

Dr . Paul Karol Dr . Graham Peaslee 

Dr . Dan Rabinovich 



Liaison Subcommittee	 July, 2015 Gail Karet 

Over the last several months, there have been discussions as to what the role of the 
liaison subcommittee should be, and how to determine where future work should be 
directed. 

The consensus seems to be as follows: 

•	 Liaison should focus on developing and maintaining relationships outside ACS , 
as opposed to relationships within ACS, which fall under the purview of the 
Outreach subcommittee. 

•	 We have an existing subcommittee member who is able and willing to help in 
maintaining relationships with IUPAC. 

•	 Before approaching organizations outside the ACS, it would be highly beneficial 
to consider specific goals and projects that we can work on together with them. 

The liaison subcommittee requests suggestions from other nomenclature committee 
members for projects that we might work on, and with whom we might work on them. A 
query of committee members via email has so far received only a limited response. 

Some options might include: 

•	 Creating or helping to distribute educational materials in collaboration with 
elementary and high-school teachers, college faculty, or other organizations. This 
could include, for example, information about the redefinition of the kilogram and 
the mole or a list of periodic table apps. 

•	 Working on a new problem or issue as yet to be determined. An example might 
be working with other organizations to study the use of invented common names 
(as opposed to manufacturer codes, proper chemical names, or nonproprietary 
names) in the scientific and medical literature. Another possibility might be 
working with HR organizations, business groups or other scientific societies to 
create a list to create definitions for job titles for scientific professionals. 



ACS Nomenclature, Terminology and Symbols-..m,.- Chemistry for Life-

NTS Planning 

As a result of committee discussion in Boston, what action items 
are in planning for each subcommittee? 

• Communication/Outreach 

• Liaison 

• Education 

• Long Range planning 

Include Time-Frame 
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Member Activities 

Al and Jerry, 

I have been selected to attend illPAC in Busan in August as part of the US 
delegation, so I won 't be able to attend Boston. I will have some reports from IUPAC 
but no in time for the agenda book, but I will e-mail them to you as the illPAC 
meeting progresses and end on August 15th

. 

Michelle Rogers 





NTS Committee - Councilor Bulletin Article on CCQM Symposium for Boston 

As chemists, we are all intimately familiar with the workings of the system of measurements known commonly as
 
"the Metric System', but more formally as the International System of Units (Systeme International d'Unites, or SI).
 
This system spans all aspects of chemical measurements, providing units for time, temperature, length, mass,
 
amount of substance, current, and luminous intensity. With roots dating back to the time of the French Revolution,
 
the SI has expanded and evolved, in response to the changing needs of the measurement community. The system is
 
now poised for a major revision in its definitions of units, with changes affecting all areas of the worldwide
 
chemical enterprise.
 

The ACS Committee on Nomenclature, Terminology, and Symbols (NTS) has as one of its stated duties: "(to act) on
 
behalf of the ACS Council, in matters relating to the chemical usage of nomenclature, terminology, symbols, and
 
units ... " To address this charge, NTS has maintained a close watch on developments in the proposed redefinitions of
 
SI units. Of particular interest to chemists are the definitions of the mole and kilogram. At the Fall 2014 ACS
 
meeting in San Francisco, NTS sponsored a symposium "Redefining the Mole and Kilogram: Impact on Chemistry".
 
During that symposium, it was suggested that an opportunity existed for a joint meeting ofthe Consultative
 
Committee for Amount of Substance: Metrology in Chemistry and Biology (CCQM) and the American Chemical
 
Society at the Fall meeting in Boston. The CCQM is the body responsible for providing (among other things)
 
recommendations on the definition of the mole to the International Bureau of Weights and Measures (BIPM).
 

NTS is pleased to announce that it will co-sponsor a symposium with CCQM at the Boston meeting. This is the first
 
such joint project, allowing our Society's members to have a first-hand look at the workings ofCCQM, and the
 
mechanism by which standards for units become developed. This symposium could not have occurred without the
 
strong support of the current president ofCCQM, Dr. Willie May. Dr. May also serves as Under Secretary of
 
Commerce for Standards and Technology, as well as Director for the National Institute of Standards and Technology
 
(NIST).
 

The full day symposium, held on August 19, in Room 109B - Boston Convention & Exhibition Center, will consist
 
of two sessions. The morning session, "Session I: The Consultative Committee on Metrology in Chemistry and
 
Biology: Who We are, What We Do, and Why You Should Care", will focus on the role ofCCQM. The afternoon
 
session, "Session II: Redefinition of the International System of Units", will outline the status of proposed new
 
definitions for the mole and kilogram.
 

Additional information on the symposium may be found in the ACS program guide, or online at
 
https://ep70.eventpilotadmin.com/web/page.php?page=Session&project=ACS 15fall&id=200926for Session I and at
 
https://ep70.eventpilotadmin.com/web/page.php?page=Session&project=ACS 15fall&id=200925 for Session II.
 

We hope that you will be able to take advantage of this rare opportunity to hear from CCQM on this important topic.
 

Dr. Albert C. Censullo
 

Chair, Committee on Nomenclature, Terminology, and Symbols
 



Symposium: Chemistry and the International System of Weights and Measures 

Symposium at ACS National Meeting, Boston, MA 

Date: August 19, 2015
 

Locat ion: Boston Convent ion & Exhib it ion Center, Rm. 109B
 

Organizers: W. E. May (Nat ional Institute of Standards and Technology (NIST» and R. I. Wielgosz
 

(BIPM)
 

Co-sponsor: ACS Committee on Nomenclature, Term inology and Symbols(NTS)
 

Programming Grou p: CCQM (The Consultative Committee on M et ro logy in Chemistry and Biology)
 

Symposium Program 
9:00 Introduction to Symposium: Introduct ion to t he Internat ional System of Weights and M easures 

W.E. M ay (NIST) 

Session 1: The Consultative Committee on Metrology in Chemistry and Biology: Who 

We Are, What We Do, and Why You Should Care 
(Moderator: R.M. Parris (NIST) 

9:20 The CCaM, What It Does, What It Has Achieved and Why It is Important to You 

R. Kaarls (CCQM President Emeritus) 

9:50 ccaM Activities and Impact in Health care W.E. May (NIST) 

10:20 Break 

10:50 CCa M Activities and Impact in Environment and Climate R./. wietoosz (B/PM) 

11:20 CCa M Activities and Impact in Food Safety and Nutrition S. A. Wise (N/ST) 

11:50 Additional Questions/Discussion for Session I 

12:00 Lunch 

Session 2: Redefinition of the International System of Units 
Moderator: P. F. Rusch (ACS ) 

1:30 Linking the International System of Units to Fundamental Constants J. Ullrich (PTB) 
2:00 Units and Accurate Measurements in Chemistry R./ Wielgosl (B/PM) 
2:30 Break 
3:00 Progress in the Redefinition of the Mole B. Guettler (PTB) 
3:30 Redefinition of the Kilogram R. Davis (B/PM) 
4:00 Additional Questions/Discussion for Session II 

4:30 Closing 



Session I: The Consultative Committee on Metrology in Chemistry and Biology: Who We are, 

What We Do, and Why You Should Care 

Session Abstract: 

Important decisions in trade, health care, the environment and food safety and quality are 

dependent on reliable and accurate chemical and biological measurements. Certified reference 

mat erials (CRMs) and reference measurement methods, developed by National Metrology Institutes 

(NMls) provide stated references upon whi ch analytical laboratories can anchor their measureme nt 

result s. The tracea bility of measurement results t o internationally accepted stat ed references, 

together wi t h their stated measurement uncerta int ies, provide the basis for their com parability and 

global acceptance. Global activities to develop a system for the international equivalence of 

chemical and biological measurement standards are being led by the Consultative Committee for 

Amount of Substance: Metrology in Chemistry and Biology (CCQM). The Committee, established in 

1993, coordinates work to establish the equivalence of chemical and biological standards from over 

50 laboratories in 39 different countries. In order to do this the Committee has organized over 230 

inter-laboratory comparisons since its creation, leading to the international recognition of almost 

6000 measurement capabilities from these laboratories, which are listed and searchable in the BIPM 

key comparison database . The CRMs and measurement services cover seven technical areas 

(organic, inorganic, gas, surface, electrochemical analysis as well as bioanalysis and microbiology) 

and fifteen measurement service categories ranging from high purity chemicals, to advanced 

materials, biological materials and nano-materials. The session will include presentations on the 

history, strategy and achievements of the CCQM and descriptions of its impact in the healthcare, 

environmental and nutrition and food safety areas. 



Introduction to the International System of Weights and Measures 

Dr. Willie E. May 

Director, NIST 
Vice President, Intern ational Committee on Weights and Measures 
willie.may@nist.gov 

Mankind has long recognized the need for measurement science and standards to 
support construction, manufacturing and trade. During the past 100+ years, 
National Metrology Institutes (e.g. NIST and its global counterparts) have 
developed sound programs for physical metrology focused on the realization of SI 
units for time, mass, length, temperature, electricity, etc. But modem society also 
requires confidence in the comparability of measurements regarding the 
composition, structure and properties of diverse types of "stuff' to underpin sound 
decisions about things that affect the quality of our everyday lives. E.g., these 
decisions guide actions that affect the safety and quality of our food, air and 
drinking water; the accuracy of medical tests and efficacy of treatment decisions; 
appropriate composition of materials to provide functional properties, performance 
and reliability of "stuff' needed in a wide range of sectors such as transportation, 
housing, manufacturing, etc. This talk will provide a very brief overview of the 
International System of Weights and measures and explain the roles and 
responsibilities of its ten expert Consultative Committees and the National 
Metrology Institutes, and set the stage for the two sessions that follow. 



The CCQM, what it does, what it has achieved and why it is important to you 

Robert Kaarls, CCQM President Emeritus 

The Consultative Committee on Metrology in Chemistry and Biology - CCQM is one of the 
scientific advisory committees of the International Bureau of Weights and Measures - BIPM, 
an Inter-Governmental Organization created by "Metre Convention", responsible for the 
global measurement system. The CCQM, established in 1993, establishes global 
comparability of chemical and biological measurements through promoting traceability to the 
SI (International System of Units), and where traceability to the SI is not yet feasible, to other 
international agreed references. Through these activities the CCQM contributes to the 
establishment of a globally recognized system of national measurement standards, and 
methods and facilities for chemical and biological measurements, under the aegis of the CIPM 
MRA (the global international mutual recognition arrangement run under the responsibility of 
the International Committee for Weights and Measures - CIPM). The scientific activities are 
carried out by a number of CCQM Working Groups covering gas-, inorganic-, 
electrochemical-, organic-, protein-, DNA-, cell-, microbial- and surface-analysis, currently 
covering fifteen measurement service categories ranging from high purity chemicals to 
matrix materials, advanced-, biological-, and nano-materials. Activities include among others, 
the organization of global comparisons of analytical measurement capabilities realized by 
national metrology institutes and other designated institutes, comparison of Certified 
Reference Materials, CRMs, delivered by the participating institutes, and coordination and 
exchange of information about the research and measurement service delivery programs and 
other scientific-technical activities of the participating institutes, thereby creating new 
opportunities for collaboration. Over the twenty years of existence of the CCQM enormous 
progress has been achieved in improving the quality, reliability, accuracy, traceability and 
comparability of chemical and biological measurements and CRMs. Currently already more 
than 70 major institutes in 43 countries, IAEA, WMO and IRMM (EC) participate in CCQM 
activities with some 390 inter-laboratory comparisons organized by the CCQM, 
underpinning almost 6000 measurement capabilities from these institutes. 



CCQM Activit ies and Impa ct in Healthcare 
Dr. Willie E. May 
Director, NIST 
President, CIPM Consultative Committee on Metrology in Chemistry and Biology 
willie.may@nist.gov 

Accuracy and acceptability of chemical and biochemic al measurement results in t he health care 
sector are critical to the global economy and to the well-being of our citizens. In t he U.S., fo r 
example, over $2.5 trillion is spent annually on healthcare with 10-20% of this cost associated with 
measurements. 70% of medical decisions are based upon results from tests performed in a medical 
laboratory; yet only about 10% of the ~7 00 most-often-performed laboratory test s have an 
int ernat ionally-recognized measurement infra structu re underpinn ing th ese measurements. In 
Germany, it is estim ated th at t he costs of repeat measurements amounts to more t han 1.5 billion 
US$ per year. There are th erefore strong drivers to improve th e comparabili ty and quali ty of 
measurements and number of measurands covered by an internat ionally recognized measurement 
system . 

In addition to document ing the comparability of measurements made across the world, comparisons 
organized under the auspices of the International Committee on Weights and Measures' Consultative 
Committee on Metrology in Chemistry and Biology (CCQM) have also facilitated an increase in t he 
provision of high-quality reference materials/measurements. 

Since 1998, more than 25 CCQM Comparison Studies have been completed in the healthcare/c1inical 
diagnostics area. They have resulted in significantly increased capacity of National Metrology Institute 
capabilities, wit h nine Nationa l Metrology Institute services t hat support healthcare measuremen ts 
growing from 2 in 2000 to more than 10 now. 

This talk will present examples of the results of CCQM comparisons in th e healthcare/c1inical disgnostics 
area and provide information concerning their impact. 



CCQM Activities and Impact in Environment and Climate 

R. Wielgosz, BIPM 

rwielgosz@bipm.org 

Abstract: 

Climate change, greenhouse gas emissions and air quality are major global concerns wit h major 

impact on t he environme nt and quali ty of life, wit h monitoring requirements and the control of 

emissions being incorporat ed into Nat ional legislations globall y, e.g. EU air qualit y direct ives and the 

USClean air act. Ensuring that informed decisions can be made on how t o react t o t hese 

environmental issues requires reliable monitoring data, and calibrations w ith gas standards of 

assured quality and accuracy. As a result 36 National Metrology Institutes (NMls) participate 

regularly in t he CCQM Gas Analysis Working Group (GAWG), and collectively provide over 1000 

internationally accepted calibration and measurement capabilities for environmental gas standards. 

These are t he basis of the gas standards and measurement services the y offer to customers ranging 

from scientific researchers to industrial manufacturers. The NMls work collaboratively to ensure the 

equivalence oftheir standards, and improvements in measurement and preparation techniques t o 

reduce uncertainties to meet the most stringent scientific and technical needs. The presentation will 

focus on the improvements in the accuracy and international comparability of gas standards that has 

been achieved over the last ten years. Examples will include: surface ozone standards, where the 

agreement of standards has improved by a factor of ten and new absorption cross section 

measurements have been published in the Hartley Band wi t h the smallest uncertainties recorded t o 

date; methane in air standards for atmospheric greenhouse gas monitoring, with a factor of fifteen 

improvement in the equivalence of standards achieved, including comparisons w it h standards used 

by the Global Atmosphere Watch Network of the World Meteorological Organization (WMO) as well 

as future plans for t he comparison of carbon dioxide in air standards; NOx in nitrogen standards, 

with the first comparison for nitrogen dioxide standards completed resulting in reduced 

uncertainties for N02 and HN03 measurements. 



CCQM Activities and Impact in Food Safety and Nutrition 

Stephen A. Wise 
stephen.wise@nist.gov 
Material Measurement Laboratory 
National Institute of Standards and Technology (NIST) 

Accurate, reliable measurement of nutrient and contaminant content of food products is 
necessary to facilitate compliance with nutritional labeling requirements, protect consumers, 
provide traceability for food exports/imports, and to support studies of human nutritional and 
health assessment. Traceable chemical measurements and certified reference materials (CRMs) 
are necessary to underpin national and international regulations for food safety and nutrition. 
CRMs play an essential role in the validation of analytical methods, as control materials to assure 
measurement quality, and as tools to provide the metrological traceability to national and 
international standards. 

The Consultative Committee on Metrology in Chemistry and Biology has conducted a number of 
comparisons over the past 15 years to support comparability of measurements related to food 
safety and nutritional assessment. For inorganic analysis, comparisons have supported food 
safety with toxic metals in a variety of food matrices (e.g., As, Cd, Pb, Hg, and methyl-Hg in 
wine, fish, rice, herbs, bovine liver, and/or tomato paste) and nutritional assessment (e.g., Ca, Cu, 
Fe, I, Se, and/or Zn in wheat flour, infant formula, soybean, and/or bovine liver). However, in 
the area of organic analysis, comparisons have been conducted primarily for analyte and matrix 
combinations related to safety concerns, e.g., antibiotics in meat, antifungals in fish, pesticides in 
tea, and melamine in milk). Only one study has focused on organic nutrients in food, i.e., 
vitamins in infant formula. All of these CCQM studies underpin and demonstrate the metrology 
institutes' capabilities to deliver measurement services, primarily through CRMs and value 
assignment of proficiency testing schemes. This presentation will discuss the significant 
expansion of measurement capabilities internationally and improvements in accuracy and 
comparability among the metrology institutes since the implementation of CCQM comparison 
studies to support chemical measurements in food safety and nutrition. 



Session II: Redefinition of the International System of Units 

Session Abstract: 

The International System of Units (Svsterne International d'Unites, with the international abbreviation 

51) is globally accepted as a practical framework for reporting measurement result s. The 51consists of a 

set of base units, pref ixes, and derived units-many wit h special names. The 51 base units are 

unambiguo usly defined and, by convent ion, are regarded as dimensionally independent: the metre, the 

kilogram, th e second, t he ampere, the kelvin, the mole, and the candela. The 51 is not stat ic but has 

evolved to take advantage of advances in science and technology. The definitions of th e base unit s can 

change but a cont inuity condition is imposed on new defi niti ons to ensure t hat previously-reported 

experimen tal results remain valid. Thus th e effect of the change in t he definit ions will be largely 

imperceptible when it happens. Experiments to determine t he values of certain constants of nature 

have now evolved to such an extent that redefi ning four of the base units in te rms of fu ndamental 

constants more appropriate to th e science and technology of our centu ry is envisaged and expected in 

2018. Besides the kilogram, the changes to 51definitions are also expected to include the unit for 

amount of substance, the mole. These two units, t he kilogram and the mole, are arguably of most 

interest to the chemist. The session will include a review of quantities, units and measuremen t 

uncertainties required in chemical measurements, and the impact of the change in definitions on 

practical chemical measurements. Experiments designed to accurately measure the fundamental 

constants involved will be described. These experiments are important because they can then be used 

to realize the new definitions of 51 units, including the mole and the kilogram, to the highest accuracy 

that is possible at present. 



Linking the International System of Units to Fundamental Constants 

Joachim Ullrich 

j oachim.ullrich@ptb.de 

Physikalisch-Technische Bundesanstalt, Bundesallee 100,38116 Braunschweig, Germany 

The current International System of Units, SI, established in 1960 by the General Conference 
on Weights and Measures (CGPM) of the Metre Convention rests on the definition of seven 
"base units": the metre, the kilogram, the second, the ampere, the kelvin, the mole and the 
candela. It serves the requirements of industry, science and society, underpins global trade 
and has been adopted by 97 Member and Associated States of the Metre Convention repre
senting 97.6 % of the world's economic power. 

Innovative technologies and ever-increasing demands from industry and science are challeng
ing the current SI. The kilogram in particular is causing concern. Moreover, the ampere, based 
on the 1960 definition, cannot be realized with an accuracy required by modern technology. 

It is thus envisioned that the 25th CGPM redefines the SI by 2018. In the future, as outlined by 
Max-Planck in 1900, it will be based on fixing the numerical values of "defining constants": 
the velocity of light, the charge of an electron, the Boltzmann, Avogadro and the Planck con
stants, the Cs hyperfine clock transition and the luminous efficacy. 

This talk motivates this endeavor, illustrates the rationale behind it, introduces the new defini
tions and reviews their requirements. The benefits and the wide-reachi ng impact of this fun
damental revision are presented. 



Units and Accurate Measurements in Chemistry 

R. W ielgosz, BIPM 

rwielgosz@bipm.org 

Abstract : 

Chemical measurement encom passes many physical quant it ies. The value of a physical quantity can 

be expressed as the product of a num erical value and a unit. The number of physical quant it ies 

measured cont inues to grow, and at the same t ime researchers in fundamental measurement 

science stri ve to improve the accuracy of methods fo r realizing the units in which chemical 

measurement results are expressed. Improvements in measurement science lead eventually to t he 

situation where a change in def init ion of a unit is required to enable its realization wit h smaller 

uncertainty whil st ensuring continuity in its value. Such changes are proposed to two base 51 unit s 

which are arguably t hose of most interest to the chemist, t he mole and the kilogram. This natura lly 

leads to the question of what will be the impact of such changes on practical chemical 

measurements and chemical reference data. The presentation will focus on the impact that these 

changes in definition will bring, starting with relative atomic masses of nuclides where the smallest 

relative uncertainties in chemical measurement are found; the tabulated atomic weights of the 

elements; as well as practical chemical measurement. In all cases it will be demonstrated that the 

definition changes have no adverse effect on chemical measurement accuracy, and indeed lead to a 

smaller uncertainty for the atomic mass unit when expressed in units of the 51. 
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Progress in the redefinition of the mole 

Bernd Giittler 

bemd.guettler@ptb.de 

Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany 

The "mole" is the SI base unit for the base quantity "amount of substance" and corresponds to a 
number of specified elementary entities. This number is exactly equal to the numerical value of the 
Avogadro constant (NA ) , which is equivalent to the number of atoms that are contained in 0.012 
kilogram of carbon 12. 

The current definition of the mole dating from 1971 made a direct link between the mole and the mass 

of the entities involved. This allowed traceability to the mole to be established via mass measurements 
and establishes a simple relation between macroscopic measurements and microscopic entity numbers 
such as atoms or molecules via the molar mass constant. 

The current definition of the mol is, hence, directly linked to the kilogram. Of the seven base units of 
the SI, only the kilogram is still defined in terms of a material artefact. The major disadvantage is that 
it refers to the mass of the artefact which, by its very nature, we know cannot be absolutely stable. 

In the "New SI" the mole will be redefined in terms of a fixed numerical value of the Avogadro 
constant without reference to the kilogram. Further, a specific mises en pratique will be drawn up to 
explain the realization of the definition of the base unit in a practical way. 

Currently, the most accurate example ofrealizing this proposed definition of the mole is the counting 
of 2sSi atoms in a single crystal of Si enriched in 2sSi using volumetric and X-ray interferometric 

measurements. This experiment is fundamental for fixing of the Avogadro constant. It also allows the 
definition of the mole in the New SI to be realized with a relative standard uncertainty of Zxl O". 



Redefinition of the kilogram 

Richard Davis, BIPM, rdavis@bipm.org 

It is no exaggeration that the need to improve on the current definition of the kilogram has provided 

the impetus leading to redefinition of four base units of the 51. 5ince 1889, the kilogram has been 

defined as the mass of an object known as the international prototype of the kilogram (IPK). The IPK 

is conserved at the International Bureau of Weights and Measures (BIPM) and is not often used fo r 

fear of wear or other types of damage. Putting to one side t he interesting question of whether the 

mass of th e IPKis t he same today as it was in 1889, this definition has nevert heless served legal 

met rology we ll. However, a macroscopic, materialized standard is obviously inappropri at e fo r 

science at the atomic or quant um level. 

In addition, the present def initions of the mole and the ampere both depend on th e definition of the 

kilogram. The mole connects the macroscopic mass of the IPKwith the mass of a carbon-12 atom; 

modern quantum elect rical standards connect the mass of the IPKwith the Planck constant; and 

physical principles fundamental to modern science already connect the Planck constant to atomic 

mass wi th very small uncertainty. It is not surprising, therefore, that both chemical and electrical 

metrology have made complementary contributions to a redefinition of the kilogram based on a 

constant of nature. The Consultative Committee for Mass and Related Quantities (CCM) has taken 

the view that the new definition of the kilogram must continue to serve the needs of legal 

metrology, must be accurately realized in practice either through metrology in chemistry (the so

called "x-ray crystal density-XRCD" or "Avogadro" method) or by electrical metrology (the so-called 

"watt balance" method). And of course results from these two realization routes must be 

demonstrated to be indistinguishable. 





Hello Colleagues, 

In Denver, we decided, I think, to post our responses to the IUPAC questionnaire on the mole as 
a stand-alone document on our website. I volunteered to edit what we submitted to NAS as a 
stand-alone document. I finally got around to doing th at. Here is what I came up with, main ly 
adding an introducti on stat ing th e questions IUPACasked and th e definitions t hat t hey asked 
about. 

What do you think? Edits are welcome. 

Carmen Giunta giunta@lemoyne.edu 
Professor and Chair of Chemistry 
Le Moyne College SC 120 
1419 Salt Springs Rd. (315) 445-4128 
Syracuse, NY 13214 fax 445-4540 
http://web .lemoyne.edu/~giunta/ 



lUPAC Questionnaire on the Mole and Amount ofSubstance 
During the past year, the International Union of Pure and Applied Chemistry (IUPAC) 

sought input from its member organizations about current and proposed definitions of the mole 
and about the current name and definition of "amount of substance" (the quantity for which the 
mole is the base unit). Although ACS is not the US member organization ofIUPACl, the ACS 
Committee on Nomenclature, Terminology, and Symbols (NTS), which has been studying the 
issue for several years, formulated a response to IUPAC' s questionnaire as an advisory document. 
NTS added a statement of concern on the proposed redefinition of the kilogram contemplated in 
the same draft revis ion of the international system of unit s (SI) . 

The questionnaire consisted of four questions: 
1) Are you satisfied with the current definition of the mole? 
2) Are you satisfied with the new definition of the mole as proposed by the 24th General 
Conference of Weights and Measures? 
3) Are you satisfied with the current definition of the quantity amount of substance? 
4) Are you satisfied with the current name of the quantity amount of substance? 

For each question, the questionnaire asked 
a) YES or NO? 
b) If NO, please specify in a few sentences why you opted for NO. 
c) If NO, Please provide some suggestion on what to change. 

For reference, the current definition of the mole, given in the current brochure defining 
the SI, is:2 

"The mole is the amount of substance of a system which contains as many elementary entities as 
there are atoms in 0.012 kilogram of carbon 12; its symbol is 'mol'. 0" 

The new definition of the mole, given in a draft brochure redefining the SI in terms of 
fixed constants, is:3 
"The mole, symbol mol, is the SI unit of amount of substance of a specified elementary entity, 
which may be an atom, molecule, ion, electron, any other particle or a specified group of such 
particles; its magnitude is set by fixing the numerical value of the Avogadro constant to be 
exactly 6.022 141 29 x1023 when it is expressed in the SI unit mol"." 

The current definition of the quantity amount of substance, as understood by NTS, is 
included in the response to question 3. 

Finally, the proposed definition of the kilogram, from the same draft brochure of the SI, 
is:3 
"The kilogram, symbol kg, is the SI unit of mass; its magnitude is set by fixing the numerical 
value of the Planck constant to be exactly 6.626 069 57 x10-34 when it is expressed in the SI 
unit for action J s = kg m2 s-I." 

NTS Responses to the IUPAC Ouestionnaire
1) Are you satisfied with the current definition of mole? 

a) No; however, chemists have lived with it for over 40 years, so they certainly can live with it. 
b) "Amount of substance" is a term that is not widely used by practicing chemists. (See below 
under questions 3 & 4.) 
c) See 2c below. 



2) Are you satisfied with the new definition proposed for the mole? 
a) The proposed definition is better than the current one; however, it still refers to the quantity 
"amount of substance", deemed unsatisfactory even by the BIPM. 
b) The proposed definition- is closer to the definition given in many introductory chemistry 
textbooks. The latter tend to define the mole as Avogadro's number- of elementary entities. The 
fixed-constant definition of the mole is closer than the current definition to this current practice 
in chemical education and chemistry allied fields such as the health professions. 
c) The mole need not be included as a unit in the SI and was not until 1971; it will continue to be 
used by chemists. A definition that reflects widespread usa~e by chemists and chemistry 
educators is "The mole contains exactly 6.022 141 29 xl 02 specified entities." [As a practical 
matter, in the context of chemistry, those entities will be "atoms, molecules, ions, electrons , other 
particles, or specified groups of such particles" as specified in the current SI Brochurc- .] 

3) Are you satisfied with the current definition of amount of substance? 
a) NO 
b) The current SI Brochure- states "The quantity used by chemists to specify the amount of 
chemical elements or compounds is now called 'amount of substance'. Amount of substance is 
defined to be proportional to the number of specified elementary entities in a sample, the 
proportionality constant being a universal constant which is the same for all samples." The 
IUPAC Gold Book6 adds "Since it is proportional to the number of entities, the proportionality 
constant being the reciprocal Avogadro constant and the same for all substances, it has to be 
treated almost identically with the number of entities." Many chemists and chemistry educators 
consider the quantity of which mole is a unit to be the number of entities, and they do not 
observe a distinction between proportionality to and identity with number of identities. 
Furthermore, the first sentence quoted from the SI Brochure has a serious factual problem: the 
quantity used by chemists to specify the amount of chemical elements or compounds is not 
generally called amount of substance.7 

c) See 4c below. 

4) Are you satisfied with the current name of amount of substance? 
a) No. 
b) The name is ambiguous. Mass, volume, and number of entities are all measures of the amount 
or quantity. Whatever the name of this quantity, its determination is commonly made by 
measurement of mass ("counting by weighing"). 
c) "Number of entities" is a clearer name for what practicing chemists think the mole measures. 
If a distinction must be made between a purely numerical quantity (like a dozen or gross) and a 
quantity that is proportional to number of entities-a distinction chemists and chemistry 
educators tend not to observe-then a name free from the word "amount" ought to be chosen. 
After all, the word "amount" is used for different entities in the SI Brochure- ("amount of heat" 
and "amount of electricity" as well as "amount of substance"). If the term "amount of substance" 
is retained, the option of dropping "of substance" ought not to be countenanced, as it is in the 
current SI Brochure. (And if "amount of substance" is retained, it is likely to continue to be used 
by chemists as infrequently as it is today.) And if the term "amount of substance" is retained, 
then the preferred formulation from Question 2c above would become "One mole is the amount 
of substance containing exactly 6.022 141 29 xl023 specified entities." 

2
 



The Kilogram 
While input on the kilogram was not sought at this time, its definition has received much 

attention from NTS in recent years. The Committee has noted the importance of maintaining the 
"compatibility condition'" that exists in the current SI which links Planck's constant, 
Avogadro's constant, and the mass of the carbon-12 atom. 

In its simplest form, this compatibility condition requires that hNA = KcM(l 2C), where Kc 
is a combination of other well-characterized constants. From this relationship, it is clear that any 
two (and ONLY two) of the three quantities (Planck' s constant, Avogadro 's constant , and the 
mass of carbon-12) may be fixed. Affirming the carbon-12 atomic mass as exactly 12 would 
require either h or NA to be determined experimentally. Fixing NA would produce a conceptually 
simple, readily achievable alternative to the proposed definit ion for the kilogram as 

e~~O) x 6.0221141 29 x 1023 times the mass of an atom of 12C (at rest and in the ground state). 

Surely the mass of the 12C atom is a true invariant, and one that has served chemists and 
physicists well as the basis of the unified atomic mass scale. 

The proposed indirect definition of the kilogram via the Planck constant seems to us 
unnecessarily complex in practice, if not in principle, and presents a high hurdle in explaining 
this definition to the users of the new S1. The early architects of the new SI indicated that any 
redefinitions should be "readily comprehensible to students in all disciplines'Y. We are 
convinced even the strongest proponents of the new SI will agree that this condition has not been 
met. In contrast, a carbon-12 based kilogram could produce an eminently teachable statement 
such as: "Avogadro's number, or one mole, of carbon-12 atoms has mass of exactly (1211000) 
kilograms". 

In addition to these issues, NTS also notes some technological concerns with the 
currently favored mise en pratique for the kilogram. Those issues have been addressed by others. 

Notes 

IThe International Union is made up of national organizations called "National Adhering 
Organizations" (NAOs). The NAO for the United States is the National Academy of Sciences. 
http://www.iupac.org/home/about/adhering-organizations.htm1 

2Bureau International des Poids et Mesures, The International System ofUnits (SI), 8th 
ed., Organisation Intergouvernementa1e de 1aConvention du Metre, 2006, 
http://www.bipm.org/uti1s/common/pdf/si brochure 8 en.pdf 

3Bureau International des Poids et Mesures, Draft 9th SI Brochure 16 December 2013, 
http://www.bipm.org/uti1s/common/pdf/si brochure draft ch123.pdf 

4In 2010, the IUPAC Executive Committee formally recommended adoption of the new 
definitions (Chemistry International vol. 32 no. 1) under examination here, following limited 
consultation with the user community. The ACS Committee on Nomenclature, Terminology, and 
Symbols is grateful for this opportunity to contribute on behalf of the American Chemical 
Society. 

5Note that chemical usage in textbooks and in research papers strongly prefers 
"Avogadro's number" to the "Avogadro constant." A search ofpubs.acs.org turned up 1606 
research papers published in ACS journals since the year 2000 that contain the phrase "Avogadro 

3
 



constant" or "Avogadro's constant." The comparable number of research articles containing 
"Avogadro's number" or "Avogadro number" was 6022. 

6IUPAC. Compendium of Chemical Terminology, 2nd ed. (the "Gold Book"). Compiled 
by A. D. McNaught and A. Wilkinson. Blackwell Scientific Publications, Oxford (1997). XML 
on-line corrected version: http://goldbook.iupac.org (2006-) created by M. Nic, J. Jirat, B. 
Kosata; updates compiled by A. Jenkins. ISBN 0-9678550-9-8. 
http://goldbook.iupac.org/A00297.html 

7A search of pubs.acs.org turned up 413 research papers published in ACS journals since 
the year 2000 that contain the phrase "amount of substance". The comparable number of 
research articles containing "number of moles" (the term given in the Gold Book as the former 
name for amount of substance) was 4436. 

8B. Leonard, Metrologia 43, L3-L5 (2006)0. 
91. M. Mills, P. Mohr, T. Quinn, B. Taylor, and E. Williams, Metrologia, 43, 227-246 

(2006). 
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Council Committee on Nomenclature, Terminology and Symbols 

A recurrent theme in reports from this Council Committee on Nomenclature, Terminology and 
Symbols (NTS) dating back at least a decade, regards the pending and unquestioned need to 
redefine the kilogram and the mole. NTS began its active participation in this issue with two goal s: 
1) to understan d what is being done; and 2) to understand what it means to the practi ce of chemistry . 

The Conference generale des poids et mes ures (CGPM) is an inter-governmental conference of 
official delegates of member nations and the assigned sup reme authority for all actions on we ights 
and measures. At its 2011 meeting, the CGPM endorsed the concept of redefining all of the SI base 
units on phys ical constants deemed "invariants of nature," a concept they had begun aggressively 
advocating for the kilogram since 2005. What immediately emerged as a corollary with NTS was a 
third goal 3) to influence establishment of valid , comprehensible, usable defin itions, objectives that 
have been evaded by the international group. In regard to goa l 3 a specification of the "Four Laws of 
Terminology" was introduced in NTS during the past year, modeled after the "Four Laws of 
Thermodynamics." Part icular sign ificance is paralleled in the Zeroth Law of Thermodynamics, which 
defines the not ion of temperature under certain conditions , and the Th ird Law of Thermodynam ics 
which imp lies that one can only reach a temperature of zero ke lvin in an infinite number of steps. 

TheLaws OfTermfnology 

zeroth Law OfTerminology
 
Definitions exlse, although not necessarilY for everYthing
 

firSt Law OfTerminology
 
Definitions muse be exace and underStandable
 

Second Law OfTerminology
 
Definitions muse be unambiguous and excepelon-cree
 

Third Law OfTerminology 
The number Of oeopte underStanding a definition approaches 
zero as the number Of words used to satisfY the n-se and 
Second LawsOfTerminology becomes infinite 

(That Th ird Law is similar to the tongue-in-cheek definit ion of an "expert": Experts are persons who 
know more and more about less and less unt il eventually they know everything about nothing.) 

NTS has been tackling the intricate issue of the CGPM redefin itions owing to the ir opaqueness, 
inapplicability , and contradiction of the criteria for acceptable definitions of base quantities, criteria that 
justly recognize the need for easy understandability, realization everywhere, and invariance. (See 
Karol , P.J. Weighing the Kilogram . American Scientis t, 2014, 102, 426-429; online at: 
http://www.americanscientist.org/issues/pub/weighing-the-kilogram, where it was demonstrated that 
the proposed defi nitio n of the kilogram will actually invo lve a weight, rather than a mass, and as such 
is not "invariant"). 
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Note that the impact on quantitative chemistry will be negligible, but understanding what is being 
done, particularly from the point of education, has acutely retrogressed. More importantly, the 
sponsoring institutions which include the International Bureau of Weights and Measures and the 
National Institutes of Standards and Technology, whose proficiency is in making measurements and 
evaluating standard s, do not have either the expertise or uncompromised judgments on definitions. 
That should be in the hands of scientists , not metrolog ists. 

The proposed redef inition of the kilogram , a breach of the CGPM 's own requirements and also now of 
the First and Third Laws of Terminology, would read as follows : 

"The kilogram, kg, is the 51 unit of mass; its magnitude is set by fixing the numerical value of 
the Planck constant to be equal to exactly 6.626 069 ... X 10-34 when it is expressed in the unit 
s-1 m2 kg, which is equal to J s." 

The redefinition will force the classical, easily understood concept of mass into the quantum realm, 
the only physical quantity so encumbered. Minimal progress towards realizing (mise en pratique) the 
redefinit ion in relation to the Planck constant has been noted by the CGPM. Data do not yet appear to 
be suff iciently robust to move forward , a euphemism for unresolved lack of agreement among 
metrology labs using multimillion dollar watt balances that depend on the Earth's gravitational 
constant , definitely not an invariant of nature . Continued effort on improving the data has been 
encouraged such that a resolution that would replace the current definition with the above revised 
CGPM definition could be adopted at the 26th meet ing. 

At the August 2014 ACS National Meeting in San Francisco, the sympos ium "Redefining the Mole and 
Kilogram - Impact on Chemistry" was sponsored by NTS, and co-sponsored by the Division of 
Analytical Chemistry and the International Activities Committee. Among the presentations was one by 
this author, "The new SI kilogram : misere en pratique" enumerating the fallacies of the CGPM 
definition. 

An even shoddier example of poor definition is "amount of substance," the SI base quantity 
representing the mole: 

"Amount of substance is a quantity proportional to the number of specified elementary entities 
N in a sample. The proportionality constant is the same for all substances, and is the 
reciprocal of the Avogadro constant NA, so that amount of substance is defined by the 
equation n = NINA. The entities may be atoms, molecules, ions, electrons, other particles or 
specified groups of particles." 

At the San Francisco symposium, NTS member Carmen Giunta presented data in his talk "Defining 
the mole and kilogram for chemistry education" document ing that chemists by and large simply do not 
use the so-called physical quantity term "amount of substance" for the mole. And likely never will. 

The NTS is involved in a "David and Goliath " battle and encourages active participation by the troops . 

Paul Karol, Former Chair, Council Committee on Nomenclature, Terminology and Symbols 
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IUPAC Mole Project Minutes 

Here are the minutes. They will be posted on the project website today and distributed.
 
Please feel free to read and quote them. All the NAO responses are included as well.
 

Marcy Towns
 
Professor of Chemistry
 
Associate Head and Director of General Chemistry Purdue University
 
Telephone: 765-496-1574
 
Website: http://www.chem.purdue.edultowns/
 

It is my pleasure to circulate the approved minutes of the IUPAC Project 2013-048-1-100
 
as approved and METICULOUSLY edited and read by all. I thank you very much for the
 
patience and attention to detail. Appendix of the minutes also contains all NAO replies
 
(53 pages).
 
Fabienne , could you please upload these minutes to the IUPAC project site?
 
Please feel free to circulate these minutes as you feel necessary.
 

regards,
 
JUrIS 

Secretary ofIUPAC project 2013-048-1-100 

Dr. Juris Meija 
Research Officer 
National Research Council Canada 
Measurement Science and Standards 
1200 Montreal Road M-12, B-12 
Ottawa ON K1R OR6 (Canada) 

Chairman IUPAC Commission on Isotopic Abundances and Atomic Weights Titular 
Member IUPAC Interdivisional Committee on Terminology, Nomenclature and Symbols 
Column Editor Analytical and Bioanalytical Chemistry, Springer 



IUPAC Mole Project meeting minutes 

29-31 January 2015
 

National Research Council Canada, Ottawa
 

EXECUTIVE SUMMARY 

Wit h a remit to provide a crit ical assessment of the def init ions for the quantity 

amou nt of substance and its 51 unit, mole, the Task Group held its third meeting. 

Aft er t hree-day discussions of peer-reviewed litera ture related to the new 51 in 

general and the mole in part icular and analysis of the replie s fro m IUPAC Nat ional 

Adhering Organizat ions, the Task Group members concluded that t he CIPM

proposed future definition of the mole would satisfy a general demand for a 

clearer def inition of the mole. An informat ive paragraph was drafted for 

consideration by t he draft ing committee of t he 51 Brochure (9th edition) and the 

Task Group members present voiced the ir unanimous preference for "chemical 

amount" as the name of the quantity for which mole is t he name of the 51base 

unit (symbol mol). 

REMIT 

This project aims to achieve internal IUPAC consensus on the definition of the 

mole. The outcome of this project will be an IUPAC Technical Report which may 

not change the official IUPAC position on the mole that was ratified by the IUPAC 

Council in 2011. Any change of th e IUPAC position w ill need to be proposed to and 

rat ified by the IUPAC Council. 

VENUE AND DELEGATES 

IUPAC Project 2013-048-1-100 Task Group held its third meeting at the National 

Research Council Canada in Ottawa on 29-31 January 2015. The following were 

present: 

Task Group M embers 

Juergen 5to hner (J5), Zurich University ofApplied Sciences (Switzerland); Chair of 

the Task Group, Chair of IUPAC Commission 1.1, Secretary of IUPAC ICTNS, and 

Titular Member of IUPAC Division I 

Roberto Marquardt (RM), University ofStrasbourg (France); President of IUPAC 

Division I and Member of IUPACBureau 

Zoltan Mester (ZM), National Research Council Canada; Secretary of IUPAC 

Division V 
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Juris Meija (JM), National Research Council Canada; Chair of IUPAC ClAAW and 

Titular Member of IUPAC ICTNS 

Marcy Towns (MT), Purdue University (USA); Titular Member of IUPAC CCE 

Invited experts 

Richard Davis (RD), International Bureau of Weights and Measures (retired); 

former Execut ive Secretary of CCM (BIPM) 

Barry Wood (BW), National Research Council Canada; Vice-chair of CODATA Task 

Group on Fundamental Constants 

Apologies 

Ron Weir, Royal M ilitary College of Canada; Chair of IUPACICTNS 

Abbreviations used in this report 

BIPM: International Bureau of Weights and Measures 

CCE: IUPACCommittee on Chemistry Education 

CCEM:CIPM Consultative Committee for Electricity and Magnetism 

CCQM: C1PM Consultative Committee for Amount of Substance: Metrology in Chemistry and Biology 

CCM: CIPM Consultative Committee for Mass and Related Quantities 

CCU: CIPM Consultative Committee for Units 

CGPM: General Conference on Weights and Measures 

CIPM: International Committee for Weights and Measures 

CIAAW: IUPACCommission on Isotopic Abundances and Atomic Weights 

CODATA: The Committee on Data for Science and Technology 

ICTNS: IUPACInterdivisional Committee on Terminology, Nomenclature and Symbols 

IPK: International Prototype ofthe Kilogram 

ISQ: International System of Quantities 

IUPAC: International Union of Pure and Applied Chemistry 

IUPAP: International Union of Pure and Applied Physics 

NAG: National Adhering Organization of IUPAC 

SI:The International System of Units 

VIM: International Vocabulary of Metrology 

1. OPENING OFTHE M EETING 

Task Group Chairman JS opened the meeting at 9:40 a.m. and expressed his best 

w ishes to Task Group member Ron Weir (Chairman of ICTNS), who could not 

attend. The following agenda was adopted for the meeting: 

1. Opening of the meeting and adoption of the minutes of the last meeting (JS) 

2. The new 51: its origins & structure (BW) 

3. Discussion of the peer-reviewed literature and free discussions 

4. Analysis of the replies of IUPAC NAOs 

5. Distribution of tasks and closing of the meeting 
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The minutes of the 2014 Zurich meeting were approved and now constitute the 

official record of that meeting. These minutes have been deposited with the 

IUPAC Secretariat and are available publicly on www.iupac.org. 

The Task Group discussed the outline of the Technical Report and decided to 

include statements regarding the perceived conflicts of interest. For example, RD 

(an invited expert) represents BIPM, JM represents CIAAW, and ZM represents 

IUPAC Analyt ical Chemistry Division and all of t hese bodies have issued public 

opinions on the matter of redefin it ion of t he mole . All Task Group members 

assert ed that the y were not biased by th e opinions of th e Organizations t hey 

represent and th at t he critical evaluat ion of the proposed def init ion was carrie d 

out by analyzing th e pract ical and pedagogical advantages and/or disadvantages. 

For his part, RD made the same assertion. It w as also unanimously decide d th at RD 

will be a coauth or of th e IUPACTechnical Repo rt produced by t his Task Group . 

2. THE NEW 51: ITSORIGINS & STRUCTURE 

BW gave a ta lk entitled "The New 51: Its Origins & Structure". The main focus of 

the ta lk was on the fundamental constants and their role in scientific 

measurements and in the new 51. Although the name "51" dates from 1960, the Sl 

evolved from the MKS system introduced in the 1880s. As the name implies, the 

MKS system had three base units (rn, kg, s), all independent and with the metre 

and kilogram defined through artifacts conserved at the BIPM. The kilogram was

and remains to this day-defined by the mass of t he international prototy pe of 

t he kilogram, the IPK (approximately t he mass of a litre of water}, the meter was 

def ined by the length of the international prototy pe of th e metre (approximately 

10-7 the length of the quadrant of the Earth), and the second was defined as 1/86 

400 of t he mean solar day as determined by astronom y. These t hree base units 

clearly did not address all measurements. For example, electrical and chemical 

measurement s were routinely performed outside the 51. BW gave examples of 

measurements that span large dynamic ranges. For example, resistance 

measurements are performed from 10-27 0 to 1018 0 thus spanning 45 orders of 

magnitude. Likewise, length measurements are performed from t he current 

upper-limit of the asymmetry of the electron (10-29 m) to the diameter of Earth 

orbit (1011 m) thus covering 40 orders of magnitude. Given that physical artifacts 

are almost impossible to access over t hese ranges, fundamental constants are 

essential to realize near perfect scaling over these enormous ranges. On the 

question of what is a fundamental constant, BW replied that fundamental 

constants are the basis of how we describe all our observations. Given that 

chemists perform mass measurements in kilograms, and given that they commonly 

refer to the atomic weights, which are expressed as ratios of atomic masses, the 

scaling factor between atomic massesand the macroscopic mass of the Sl kilogram 

constitutes an important constant for chemists. It is irrelevant whether "the 
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Avogadro constant is a fundamental constant of a lesser breed" (quoted from 

Chem. IntI. 2010, 32, p.l0) as compared to the Planck constant or the speed of 

light. What matters in practice is that scientists find this constant useful. Similar to 

the Avogadro constant, the Boltzmann constant is also a scaling factor. Although 

neither of these constants is strictly necessary in science, they have been proven 

useful. 

BW explaine d tha t fundamental constants are the best standards t hat we have, 

and we have know n it for some time. In fact , t he use of fundamental constants in 

th e Sl has a long history dating fr om initiatives begun in 1948. The present 

def init ion of the ampere (since 1954), fo r examp le, has t he effect of fixing the 

nume rical value of th e magnetic constant (Jio) when it is expressed in th e SI unit of 

henry per metre (note t hat Hi m = N/A 2) . Likewise, t he current definition of the 

metre (since 1983) has th e effect of fixi ng th e numerical value of the speed of light 

in vacuum w hen it is expressed in the Sl unit of metres per second. Togeth er, 

these two definitions have also t he effect of f ixing the numerical value of the 
2electric constan t (Eo = Jio-1C- ) when it is expressed in the Sl unit of farad per metre. 

The ampere is the present base unit, but the farad is also uniquely defined. In this 

vein, the proposed "new Sl" also blurs the distinction between base units and 

derived units by stipulating exact numerical values of several constants in order t o 

set the magnitude of the Sl base units. The set of seven defining constants is 

merely a judicious choice, reflecting modern science and technology. The concept 

of "seven base units" has become more than ever a historical anachronism. For 

example, when the hyperfine splitting of caesium-133, t he Planck constant, and 

the elementary charge are all given fixed values, th e ampere becomes uniquely 

def ined, and so are the volt and the ohm. For historical continuity we may 

continue to t hink of th e ampere as a base unit but its metrological status wil l be 

no different to t hat of the volt or th e ohm. Realizat ions of t he units def ined by 

constants of nature are possible using more than one method. For example, the 

ampere can be uniquely defined by the second and the elementary charge. One 

can, however, realize this definition in two ways: (1) through the Josephson effect 

(for electrical tension) and the quantum Hall effect (for resistance), relying on 

Ohm's law to obtain the current or (2) by single-electron tunneling. 

Likewise, the kilogram can be defined by the Planck constant or it can be defined 

by the dalton and realized via watt balances or x-ray crystal density measurements 

in both cases. Ultimately, all decisions regarding the units are agreed by consensus 

and practical considerations play an important role. 

3. DISCUSSION OFTHE PEER-REVIEWED LITERATURE 

The Task Group had reviewed over seventy published articles that have appeared 

in the peer-reviewed literature from 1961 to 2015 dealing with the definition of 

t he mole. These discussions took more than two days. Due to the free nature of 
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most discussions, it was not feasible to record all issues raised during the meeting. 

However, several main points merit a note (in no particular order). BW commented 

that the best measurements are those which involve counting. Consequently, the 

proposed definition of the mole would reflect this reasoning even though there is 

no apparent benefice from this definition. 

A common thread throughout the literature was the confusion between the 

def inition of a unit and the realization of a unit . This is perhaps most evident in the 

criti ques of t he proposed definit ion of the kilogram in terms of a fixed numerical 

value of th e Planck constant. To some t his suggests th at th e def init ion is now tie d 

to the watt balance. However, the f ixed-h defin it ion of th e kilogram does not 

prevent one realizing th e kilogram by means of t he x-ray crystal density method. 

The purpose of the formal unit def init ion is not to provide a description accessible 

to secondary school teachers or students. Rat her, it serves to underpin t he quality 

of th e best measurements in the world . In regards to th e often raised comment 

t hat th e proposed definition "leaves out many scientists and completely fo rgets 

t he man-in-the-street" (quoted from J. Assoc. Public Analysts 2013, 41, 28-44), the 

Task Group noted the recent publications of LEGO watt balances appropriate for 

interested secondary school students'. The critics often suggest that defining the 

kilogram as the mass of a certain number of atoms would be comprehensible to 

all. One problem, however, is that such a definition would be impossible to realize 

as imagined because of the time it would take to count the number of atoms 

contained in one kilogram. If counted at the rate of one atom per second, the time 

needed would be many orders of magnitude greater than the age of the universe. 

Consequent ly, one cannot estimate the number of atoms in such samples by 

counting them. One can do so, however, via the ratio of the mass of the sample to 

the mass of an individual atom by means of sophisticated experiments. This shows 

that one has to careful ly separate the teaching aspects and t he pract ical aspects of 

measurement science. In addition, t he mises en pratique outlining how to realize 

def init ions of units are not intended to be didactic. Thus the challenge remains to 

rephrase definitions intended to serve measuremen t science such that the y 

become comprehensible for the "man-in-the-street", analogous to the way the 

definition of the second, realized by a caesium atomic clock, has been explained. 

ZM summarized the peculiar situation of the mole in contradistinction to t he 

kilogram or ampere. The proposed definitions of kilogram and ampere have been 

carefully selected in order to improve the realization of these units. On the 

contrary, chemists have spent considerable efforts to debate the current and 

proposed definition of the mole despite the fact that the realization of this 

measurement unit remains unaffected. JM noted that this comment mirrors the 

1 Chao, L.S. et al (2014) A LEGO watt balance: An apparatus to demonstrate the definition of mass 
based on the new 51, arXiv:1412.1699 [arxiv.org/abs/1412.16991. See also a manuscript by Quinn, T. 
et al (2013) Phys. Educ. 48, 601 [doi: 10.1088/0031-9120/48/5/601] 
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sentiments voiced by Theodore W. Richards in 1901 in regards to the debates over 

the choice of hydrogen or oxygen as the atomic weight unit: 

"One regrets that so much time should have been spent in discussing a 

matter which involves no fundamental principle, but is simply a question 

of form and ofconvenience".2 

Many authors comment that th e current definition of t he mole and the quant ity 

amo unt of substance lacks understanding in educational communiti es (t eachers 

and students). However, MT pointed out th at th is lack of understanding does not 

prevent teachers and students from carrying out stoich iometric calculat ions. 

Name of the quantity "amount of substance" 

In th e educati onal literature there is confus ion among students, teachers, and 

textbook aut hors regarding the phrase "the amount of substance". In 2009, ICTNS 

adopted a motion to recomm end to the IUPAC Bureau t hat "the greatest effort 

should be made to change t he name of t he ISQ base quantity 'amount of 

substance' at t he same t ime that a new def init ion of the mole is approved" [ICTNS 

2009 Minutes, §8.2.4.4]. This recommendation was approved unanimously by the 

IUPAC Executive Committee during its 141st Meeting in December 2009. Pursuant 

to the above recommendation, this Task Group discussed a suitable alternative 

name for the "amount of substance". A discussion arose regarding many proposed 

names for the quantity and "chemical amount" emerged as the best choice. As 

some authors have reflected", th e name "chemical amount" has an analogy to 

"electrical curren t". Many have criticized the name "amount of substance" largely 

on the basis that it is a three-word name. However, JS commented t hat there is a 

widespread misunderstanding in regards to the use of th e name "amount of 

substance". IUPAC Green Book (3rd edition) points out [§2.10] that "the words 'of 

substance' may be replaced by the specification of the entity". Hence, in practice 

we speak of amount of oxygen and not amount-of-substance of oxygen. In that 

sense, "amount of substance" is a placeholder name and "chemical amoun t" 

would avoid this misunderstanding. In addition, the word "chemical" can be 

omitted when sufficient context permits much like the name "electrical current" is 

often shortened to "current" in the scientific literature." For example: 

chemical amount of dioxygen is 5 mol, n(02) = 5 mol 

chemical amount of irontur) oxide is 2 mol, n(Fe203) = 2 mol 

amount of dioxygen is 5 mol, n(02) = 5 mol 

amount of lronuu) oxide is 2 mol, n(Fe203) =2 mol. 

2 Richards,T.W. (1901) The Standard of Atomic Weights. Proc. Am. Acad. Arts Sci. 37, 177-181 
3 Leonard, B.P. (2014) Accred Qual Assur 19,213-220 [doi: 10.1007/500769-014-1047-6] 
4 When chemical amount appears in the denominator of compositional kind-of-quantities, such as 
min or vln, both IUPAC GreenBook and IUPAC SilverBook recommend the adjectival form "molar" 
for the name of these compositional quantities (e.g., molar mass, molar volume) despite the 
reluctance from ISO and despite the fact that this adjective involves the name of a unit. This is done 
because of the established historical tradition and lack of better alternatives. 
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In fact, "chemical amount" appears as an alternative name for "amount of 

substance" in IUPAC Green Book since 1993.5 This Task Group decided that the 

name "chemical amount" should be preferred. When there is relevant chemical 

context, one can also talk about the chemical amount of photons or chemical 

amount of electrons. 

Definition of the quantity 

Several IUPAC NAGs have expressed the ir dissatisfaction with the current formal 

def inition of the quant ity "amount of substance". Although not explicitly "def ined" 

in t he IUPAC Green Book, t he informati on given therein is used as th e de facto 

def init ion of t he quant ity wo rldwide. In particular, it provides "n = NINA" , JM 

expressed th e opinion that we should aim to provide a description of the quantity 

whi ch goes beyond verbalizing t he above expression. The following t ext was 

proposed by t he Task Group as an honest union of opinions (with slight 

modifications aft er the meeting): 

The chemical amo unt, n, is a measure of the number of specified 

elementary entities. An elementary entity may be an atom, a molecule, 

an ion, an electron, any other particle or specified group of particles. 

The mole, symbol mol, is the 51 unit of chemical amount. One mole 

contains exactly 6.022 140 86 x 1023 elementary entities. This number of 

elementary entities is called the Avogadro number. 6 

Chemical amount of a substance B, nB, is proportional to the mass of a 

substance B, mB, and also to the number of entities, NB: 

nB= (MBrImB
 

nB= (NArINB
 

The proportionality constant between chemical amount and mass is the 

reciprocal of the molar mass, wh ich is unique to each substance, whereas 

the proportionality constant between chemical amount and number of 

entities, the reciprocal of the Avogadro constant, NA, is the same for all 

substances. The Avogadro constant has the 51 unit mol", because the 

chemical amount n is a base quantity with the 51 unit mol and because 

the number of entities, being a number, is regarded as dimensionless (or 

as having the dimension 1). The Avogadro number, 6.022 14086 x 10
23 

, is 

the numerical value of the Avogadro constant, NA =6.022 140 86 x 10
23 

rno!". The previous definition of the mole implied that the Avogadro 

number is the mass ratio of the kilogram to the atomic mass unit, the 

dalton. The historical continuity of the present definition preserves this 

relation to within a negligible uncertainty. 

5 The name "chemical amount" would have appeared in the 7th edition of the 51 Brochure (2006) in
 
Section 2.1.1.6 entitled "Unit of amount of substance (mol e)" but was removed during the 16t h
 
meeting of CCU at the request of Prof. Thor (16th Meeting of CCU; Minutes 4.4).
 
6 We employ here the 2014 CODATArecommended values (http://physics.nist.gov/cuu/Constants/)
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The molar mass of any atom or molecule B, M(B), may still be obtained 

from its relative atomic mass (atomic weight), A,(B), from the equation 

M(B) = A,(B)[M(12C)/12] = A,(B)Mu 

In this equation M u is the molar mass constant, equal to M(12C)/12. 

Because the molar mass of (unbound) carbon 12, M(12C), is no longer 12 

g/mol exactly, the molar mass consta nt, M u, is no longer 1 g/mol exactly. 

Its uncertainty, however, is of no practica l relevance in chemistry, being 

smaller tha n 1 part in 109
• The molar mass of any atom or molecule B is 

also related to the mass of th e elemen tary enti t y ma(B) by the relati on 

2and mu is th e atom ic mass constant (dalton ), equal to mi C)/ 12. M u and 

mu are relate d with the Avogadro constant t hrough t he relation M u = 
NAmu' 

Definition of the unit 

Many educational manuscripts on t he mole and surveys alike emphasize that 

teachers teach and understand the mole as the unit of a quantity representing an 

Avogadro number of entities. This sentiment is also reflected by the ICTNS (2009 

Minutes, §8.2.4.4) and the new definition of the mole is aligned with this view as it 

no longer specifies the magnitude of mole contained in a certain mass (of carbon 

12) but rather the exact number (the Avogadro number) of entities contained in a 

mole. 

Avogadro constant 

Many authors argue that the Avogadro constant is not well understood. In fact, 

t here is a widespread divergence of opinion about t he nature of the Avogadro 

constant: some believe it is a number whereas others believe it is a quant ity with a 

dimension of WI. Peculiar and hard-to-understand to many is also the observation 

that the Avogadro constant cannot be understood without the mole and yet the 

proposed definition of the mole rests entirely on the Avogadro constant. 

Arguments have also been raised that the Avogadro constant is not a fundamental 

constant, rather a conversion factor. This Task Group takes the position of 

CODATA Task Group on Fundamental Constants on this matter and considers the 

Avogadro constant an important tool used by chemists. It is of little value to argue 

whet her a certain concept is "fundamental" or not as any such discussions will 

abound with subjective opinions. Others argue that there is no need to involve the 

Avogadro constant in any 51 definition and that one could simply define the mole 

in terms of two units of mass: the kilogram and the atomic unit of mass (the 

dalton). Leonard, for example, contends that one has to recognize the Avogadro 

number, which is equal to the gram-to-dalton mass ratio, and then stipulate that 

mole is the amount of substance which contains the Avogadro number of entities. 

This Task Group has followed such an approach in the previous section. 
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Compatibility between molar mass and atomic weight 

Maintenance of compatibility between the molar masses and atomic weights is 

concerning to some. In short, some authors maintain that chemists enjoy the 

identity between the numerical values of atomic weights and molar masses. For 

example, the molar mass of mercury is M(Hg) = 200.592 g/mol and the standard 

at omic weight of mercury is A,(Hg) = 200.592. In the present system of units, mol e 

is def ined as t he amount of (unbo und) carbon-12 ato ms in 0.012 kg and dalto n is 

def ined as t he 1/12 mass of carbon- 12 at om. It fo llows th erefo re t hat th e molar 

mass of carbon- 12 is 12 g/ mol exact ly. In th e proposed new 51, however, mo le is 

no longer defined in terms of carbon-12 and consequently t here is no stipulati on 

th at th e mol ar mass of carbo n-12 remains 12 g/rno] exact ly. This has th e 

consequence t hat molar masses are not numerically identical to atomic weight s 

when they are expressed in t he 51unit s of g/mol, w ith a difference between t he 

two numerical values currentl y being in the ord er of one part in 109
. Consequently, 

many contend tha t t he expression relating molar mass and atomic weight s, M(X) = 

A,(X)M u will lose its appeal since M u w ill no longer remain to be 1 g/rnol exact ly. 

This problem can be reformulated by introducing a "correction factor": 

M(X) = (1 + K)A,(X)Mu 

which allows M u to remain 1 g/rnol exactly. The Task Group dismisses the concerns 

in regards to the "incompatibility" between molar masses and atomic weights and 

has made several observations in this regard. 

A discrepancy in the molar mass at the level of one part in 109 is not in the realm 

of concern fo r chemists. To date, th e most precise chemica l measurement, so to 

speak, is the measurement of the mola r mass of a 1 kg single crysta l of silicon, 

highly-enriched in silicon-28. This project has benefit ed f rom extraordinary 

financial support from th e Inte rnational Avogadro Consortium and, in 2014, the 

lowest reported expanded uncertainty of the molar mass of the enriched silicon 

sample reached 3 parts in 109
•
7 Virtually all chemistry measurements perform at 

precision levels several orders of magnitude worse. In addition, there are only 

three elements whose standard atomic weights are currently with precision below 

one part in 109
: sodium, fluorine, and phosphorus. Hence, the fact that the molar 

mass of carbon-12 will now have an uncertainty of few parts in 109 can have an 

impact on the molar masses of only a handful of substances such as Fz, P4, NaF, or 

PF3• Last but not least, one cannot forget that the current definition of the mole 

stipulates that it applies to unbound atoms." Chemists do not work with unbound 

atoms and binding energy between atoms leads to the loss of mass (t:.m = £/ ez). 

7 Vocke, R.D.Jr et al (2014) Absolute silicon molar mass measurements, the Avogadro constant and
 
the redefinition of the kilogram. Metro/agio 51, 361 [doi:1O.1088/0026-1394/51/5/361]
 
8 At the request of IUPAC, this stipulation was formally endorsed by CIPM at its 1980 meeting by
 
specifying that "it is understood that unbound atoms of carbon 12, at rest and in their ground state,
 
are referred to".
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Consequently, the mass of chemical substances does not equal the atomic mass 

times the number of entities. The molar mass of crystalline substances is given by 

M(X)cr = A,(X)Mu- f:::"tHoc(X)/c2 where f:::"tHoc(X) is the cohesive energy of the crystal." 

For a graphite crystal, f:::"t~c(C) = 711 kJ/mol which corresponds to a relative 

difference between the molar mass of bound and unbound carbon-12, M(C)cr 

M(C), of almost one part in 109
. In summary, currently we are already faced with 

the numerical incom patibility between molar masses and atomic we ight s due to 

binding energy with out anyone having an issue with thi s. Hence, argui ng tha t the 

"kappa" shou ld be avoided at all costs is unre asonable . Whereas the current 

def inition of the mole specifies t hat the carbon-12 atoms referred to in the 

definition are 'unbound, at rest and in their ground state', no such specificati on is 

needed in the proposed def init ion of th e mo le. 

4. CONSULTATION WITH IUPAC NAOs 

Questionnaire: general 

The letter to NAOs was sent out in June 2014 t o t he official representatives of 

IUPAC National Adhering Organizations using email addresses as they appear on 

iupac.org. The announcement of this activity was published in the official IUPAC 

news magazine in July 2014 (Chern. IntI. 2014, 36, ii, do i: 10.1515/ci.2014.36.4.ii) 

and in September 2014 (Chern. IntI. 2014, 36, 17, doi: 10.1515/ci-2014-0517). In 

addition, an announcement of this consultation also appeared in August 2014 in 

the journal Accredit at ion and Quality Assurance (Acered. Qual. Assur. 2014, 19, 

411- 412, doi: 10.1007/ s00769-014-1074-3), an announcement of this action was 

posted on the IUPAC NAO forum of IUPAC Discussion Board (at forum.iupac.org) 

by t he IUPAC Secretariat (10 July 2014), and RM not ified the IUPAC Bureau at the 

95th Meet ing of the IUPAC Bureau on th is activ ity. 

The responses from the following nineteen countries were received": Australia, 

Belgium, Brazil, Canada, Egypt, France, Greece, Hungary, Ireland, Italy, Nepal, 

Netherlands, Norway, Portugal, Slovakia, Slovenia, United Kingdom, Unites States 

of America, and Uruguay. The lack of responses from China, Germany, lndla!', 

Japan, New Zealand", Puerto Rico, Russia, and Spain were noted as th ey are 

represented in the IUPAC Bureau. In addition, the lack of responses from the host 

countries of the preceding and upcoming IUPAC General Assemblies (Turkey and 

Korea) was noted. 

9 Davis, R.S and Milton, M.J.T. (2014) The assumption of the conservation of mass and its� 
implications for present and future definitions of the kilogram and the mole. Metro/agio 51,169 [doi:� 
10.1088/0026-1394/51/3/169]� 
10 An initial response from Cuba was received but the answer to the questionnaire was not received.� 
11 A response from India was received but it did not pertain to the questionnaire and further� 
requests for clarification went unnoticed.� 
12 An initial response from New Zealand was received but the answer to the questionnaire was not� 
received.� 
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Questionnaire: content 

The replies from the NAOswere diverse rather than tending to any unified opinion 

either on the proposed definition of the mole or in regards to the current 

definition or the name of the quantity "amount of substance". Some members and 

international organizations felt that the questionnaire was being used as a vote on 

the matter, which was not its aim. The pur pose of the questionnaire was simply 

"to collect opinions and comme nts", if any, by th e National Adhering Organizations 

of IUPAC and was stated in the cover letter. 

Of the fo ur questions raised, the re was no emerging consensus on th e def init ion 

of t he mole . Opinion on all questions was, in fact, equally divided. From t he 

responses it became evident t hat (1) an informati ve description of t he quant ity 

(chemical amount ) is necessary and (2) th e name "amount of substance" has to be 

revised. Overall, many replies stated t he need for a better formulation of what is 

t he quantity "amount of substance". In addition, numerous technica l issues were 

raised although many of t hem were deemed irrelevant by th is Task Group. All of 

t he received replies are attached as Appendi x to these minutes. 

5. CLOSING OF THE MEETI NG 

Before closing the meeting, JM put forward a motion to the Task Group members 

to endorse, in principle, the proposed definition of the mole as it appears in the 

Draft 9th 51 Brochure (16 Dec 2013). The motion was seconded by ZM and the 

Task Group members present unanimously vote d in favor of t he motion." The 

Task Group approved the proposed definition of the mole only "in principle" 

because several additions are warranted. First, t he Task Grou p members agreed to 

recommend changing the quantity name "amount of substance" to "chemic al 

amoun t". In addition, the Task Group drafted an informative paragraph explaining 

the nature of the quantity which is currently known by the name "amount of 

substance" and its relationship with the Avogadro number, the Avogadro 

constant, and the number of entities. This informative paragraph will be sent t o 

the drafting committee working on the 9th edition of the 51 Brochure in order to 

better complement the normative definition of the mole. 

JS closed the meeting at 19:40 in the Saturday evening and the Task Group set out 

to draft the Technical Report. 

Juris Meija 

Secretary of the Task Group [Ottawa, February 5,2015], revised in May 9,2015 and July 2, 2015 

13 All Task Group members voted with the exception of RW who did not attend the meeting. 
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APPENDIX 

IUPAC Project 2013-048-1-100 

(1) Letter sent to IUPAC National Adhering Organizati ons on June 2014 [3 pages] 

(2) Replies received from IUPAC National Adhering Organizations [53 pages] 



NAO Sum mary in IUPAC Mole Minutes
 

My (Censullo) review of the minutes from the most recent Mole Committee meeting 
summarizes the responses of reporting NAO's to the questionnaire. The name of the 
responding authority is also given for each country (18 respondents). Answers to 
questions are provided in linear format 
(e.g. yes, yes, yes, yes) 

IUPAC Questions: 

1. Satisfied with Current definition of the mole 
2. Satisfied with New proposed definition of the mole 
3. Satisfied with Current definition of amount of substance 
4. Satisfied with Current name of amount of substance 

Norway 

Secretary General of the Norwegian Chemical Society. 

"This issue was on the agenda for a meeting of The board of the Norwegian Chemical 
Society, and we do not have special comments to the Proposed Definition of the Mole 
we support the proposition." 

(AI interprets this a NR, yes, NR NR) 

Netherlands no, NR, no, no 
Royal Netherlands Chemical Society 
"The terms 'amount of substance' or 'chemical amount' are not always applicable, for 
example 
when the number of photons is expressed in 'moles' ...." 

Canada NR, yes, yes, NR 
National Research Council of Canada 
Canadian National Committee for IUPAC 

Egypt yes, NR, yes, yes 
National Committee for IUPAC 

Portugal no, yes, yes, no 
Portuguese Chemical Society 

Slovakia no, yes, yes, yes 
Slovak National Committee of IUPAC and the Slovak Chemical Society 



Greece no, yes, no, yes 
Association of Greek Chemists 

Uruguay yes, yes, yes, yes 
PEDECIBA QUIMICA 

Brazil no, no, no, no 
Brazilian Chemical Society 

Australia yes, yes, yes, no 
Royal Australian Chemical Institute 

Hungary no yes no no 
Hungarian National Committee for IUPAC 

Italy no no no no 
Consiglio Nazionale delle Ricerche 

Ireland no yes no yes 
Royal Irish Academy Physical Chemical and Mathematical Sciences Committee 

USA 
NIST not given 
ACS NTS given (no, maybe,no, no) 

France yes no yes yes 
Comite National Francais de la Chimie 

Slovenia NR, yes, yes, yes 
Slovenian Chemical Society 

Belgium no no no no 
The Royal Academies for Science & the Arts of Belgium 

Nepal yes, yes yes yes 
Nepal Polymer Institute 



IUPAC Project 2013-048-1-100 

UNITED STATES OF AMERICA 

On 10/1/14,2:04 PM, "Hughes, Kathryn" <KHughes@nas.edu> wrote: 

Dear Marcy, 

Attached please find the response from the American Chemical Society's 
Nomenclature, Terminology, and Symbols to the questionnai re sent to them 
by the US NAO. Within the United States, of course, the National 
Institute of Standards and Technology represents the US government's 
position. I trust that the IUPAC committee is well aware of the formal 
international discussion on the topic, and as a result I have not 
reproduced NIST's position here. If you would like more information on 
that point, I would be happy to provide it in a follow up email. 

I also recently learned that the American Association for Clinical 
Chemistry also has an interest in the topic, and though the answers will 
return after your deadline, I will send on any response I receive from 
that organization for your consideration as well. 

Best regards, 
Kate 

2014 Consultation of IUPAC NAOs on the redefinition of the mole Page 34 of 53 



Thompson - International Report 

BIPM/CCU 

• Redefinition appears to be a go, final adjustments underway, 2018 CGPM 

• IPKcomparison with BIPM working standard showed 35.0 x 10-9 error, in favor of U5 

• New 51 Logo 

• 51Brochure 2014 minor Supplement to 8t h edition (2006) 

• CCU Working Group on Angles and Dimens ionless Quanti ti es in the 51(rad ian, steradian, S l) 

ISO TC12/ IEC TC25 

• Revision of ISO/IEC 80000 Series 

• ISO TC12 Plenary meeting and TC12/WG19 on 80000 series at NIST June 24-26, 2015 

• James Frysinger resigned as DTA 3/31/2015 
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ACS Nomenclature, Terminology and Symbols 
...m,- Chemistry for life" 

ACSINFORMATION UPDATE 

B OSTON, AUGUST2015 

• Presidential Symposia and Events - Diane Grob Schmidt 

• Henry Hill Symposia and Events - Diane Grob Schmidt 

• ACS Council Issues 

1) Council Petition on Preferential Voting 
2) Balloting and Preferential Voting Procedures 
3) Council Petition on Member Expulsion 
4) Procedure for Expulsion of a Member 



PRESIDENTIAL SYMPOSIA AND EVENTS
 
Sponsored by the ACS President 

Diane Grab Schmidt, Ph.D. 
ACS President 

Thursday, August 13, 2015 
3:30 PM-4:30 PM 
National Historical Chemical 
Landmark Designation: Edwin 
Land and Instant Photography 
(Reception will immediatelyfollow) 
MIT Museum 
265 Massachusetts Avenue 
Cambridge, MA 02139 

Saturday, August 15, 2015 
10:00 AM-1:00 PM 
Presidential Outreach Event: 
Exploring Our WorldThrough 
Chemistry 
(Cosponsored by CCA and ACS Member 
Communities) 

Boston Children's Museum 
308 CongressStreet 
Boston, MA 02210 

Sunday, August 16, 2015 
8:30 AM-2:30 PM 
National Science Foundation's 
Centers for Chemical Innovation 
(Cosponsored by AGRO, BMGT, CARB, Call, 
ENFl, INOR,PROF, SCHB & wee) 
Westin Boston Waterfront, Burroughs 
Room (Harborwing, Concourse Level) 

1:30 PM-3:00 PM 
"Mysteryof Matter" 
hosted by PBS 
(Cosponsored by CPRC and the ACS Office of
 

Public Affairs)
 

Boston Convention & Exhibition Center,
 
Room 52A-B (Exhibition Level)
 

1:30 PM-5:00 PM 
21st Century Chemistry 
Education: Formal and Informal 
(Cosponsored by AGRO, CARB, CHAS, CHED, 
CINF, cou, ENFl, PROF, SOCED & WCe) 

Boston Convention & Exhibition Center, 
Room 158 (LevelOne) 

2:00 PM-6:00 PM 
Edwin Land and Instant 
Photography: Massachusetts' 
First National Historic Chemical 
Landmark 
(Sponsored by HISTand Cosponsored by PRES) 
Boston Convention & Exhibition Center, 
Room 50 (Exhibition Level) 

3:00 PM-6:00 PM 
National Science Foundation's 
Centers for Chemical Innovation 
Poster Session 
(Cosponsored by AGRO, BMGT, CARB, Call, 

ENFl, INOR,PROF, SCHB & wCe) 

Westin Boston Waterfront, Galleria 
(Harborwing, Concourse Level) 

Monday, August 17, 2015 
8:30 AM-12:00 PM 
21st Century Chemistry 
Education: Formal and Informal 
(Cosponsored by AGRO, CARB, CHAS, CHED, 
CINF, cou, ENFl, PROF, SOCED & WCe) 

Boston Convention & Exhibition Center, 
Room 158 (LevelOne) 

8:30 AM-12:00 PM 
Memoriesof Henry Hill: 
HisLegacy in Science and in 
Professional Service 
(Sponsored by HIST& Cosponsored by PRES, 

AGRO, CARB, cou, ENFl, POLY, PROF & SCHB) 

Boston Convention & Exhibition Center, 
Room 50 (Exhibition Level) 

8:30 AM-4:50 PM 
ACSScholars: Rising Stars in 
Academe and Industry 
(Cosponsored by AGRO, CARB, CMA, Call, 

ENFl, ENVR, PROF, SCHB & YCe) 

Sheraton Boston Hotel, Back Bay 
Ballroom A (2nd Floor, Main Building) 

Tuesday, August 18, 2015 
8:00 AM-5:00 PM 
Transforming University-Industry 
Partnerships for an Innovative 
Future 
(Cosponsored by AGRO, BMGT, CARB, CHAS, 
cou, ENFl, ENVR, MEDI, PROF & SCHB) 

Westin Boston Waterfront, Burroughs 
Room (Harborwing, Concourse Level) 

5:00 PM-7:00 PM 
HenryA. Hill Award and Reception 
(Sponsored by PRES) 

Seaport Hotel, Plaza Ballroom A-B 
(Plaza Level) 



PRESIDENTIAL SYMPOSIA AND EVENTS 
Recommended by the ACS President 

Diane Grob Schmidt, Ph.D. 
ACSPresident 

Sunday, August 16, 2015 
8:00 AM-12:45 PM 
Opportunities for US/Cuba 
Collaboration in Chemistry, Chemical 
Engineering and Chemical Education 
(Sponsored by lAC & Cosponsored byPRES, COMSCI & PROF) 
BostonConvention& ExhibitionCenter, Room 109B 
(Level One) 

1:00 PM-5:00 PM 
True Stories from Entrepreneurs 
(BRIC Edition) 
(Sponsored by SCHB & Cosponsored by PRES, CARB, COll, 
I&EC, lAC & PROF) 
Westin BostonWaterfront, Webster Room (Lobby Level) 

Monday, August 17, 2015 
8:00 AM-12:00 PM 
True Stories from Entrepreneurs 
(BRICEdition) 
(Sponsored by SCHB & Cosponsored by PRES, CARB, COll, 
I&EC, lAC, & PROF) 
Westin Boston Waterfront, WebsterRoom (LobbyLevel) 

8:00 AM-5:00 PM 
Younger Chemists Exchanging M ore than 
Currency: First-Euros and Dollars; Next 
Rupees, Rands, and Reais 
(Sponsored byYCC & Cosponsored by PRES, CHED, 
IAC& PROF) 
Seaport Hotel,Seaport BallroomB(Mezzanine Level) 

8:10 AM-12:10 PM 
The Chemistry Enterprise in 2015: 
Then and Now 
(Sponsored by BMGT & Cosponsored by PRES & PROF) 
Renaissance BostonWaterfront, AtlanticBallroom 1 (3rdFloor) 

1:30 PM-5:00 PM 
Leadership Skills as a Strategic Advantage: 
The Chemist's Competitive Edge 
(Sponsored by BMGT & Cosponsored by PRES, CA, CEPA,
 
PROF & YCe)
 
Renaissance BostonWaterfront, AtlanticBallroom 1 (3rd Floor)
 

Tuesday, August 18, 2015 
8:00 AM-5:00 PM 
Starting-Up &Spinning-Out: 
Commercializing Innovative Chemistry 
(Sponsored by SCH B& Cosponsored by PRES, AGRO, COll, 
I&EC, PROF & YCe) 
Westin Boston Waterfront, Webster Room (Lobby Level) 

8:30 AM-5:00 PM 
International Entrepreneurship: 
How to Start a Businessand 
Thrive in the Global Marketplace 
(Sponsored by lAC and Cosponsored by PRES, AGFD, AGRO, 
BMGT, CARB, CEll, INOR, MEDI, ORGN, POLY, PROF & SCHB) 
Boston Convention & ExhibitionCenter, Rooms210C (AM) 
and 20B (PM) (Level Two) 

3:30 PM-5:00 PM 
The Debate: How Do We Respond to 
Climate Change? 
Sponsored by ENVR & Cosponsored by PRES & CEI 
BostonPark Plaza, Plaza Ballroom (Mezzanine Level) 

Wednesday, August 19, 2015 
8:00 AM-10:00 AM 
Big Chemistry from Small Businesses 
(Sponsored bySCH B& Cosponsored byPRES, COll, I&EC & PROF) 
Westin Boston Waterfront, Webster Room (Lobby Level) 



HENRY HILL SYMPOSIA AND EVENTS 
Recommended by the ACSPresident 

Sunday, August 16, 2015 
1:30 PM - 4:30 PM 
The Professional Legacy of 
Henry Hill 
(Sponsored by PROF & Cosponsored by PRES) 

CEPA, CMA, ETHX, HIST, ORGN, PMSE, POLY & SCHB 
Boston Convention & Exhibition Center 
Room 210C (Level Two) 

HenryA. Hill 

Monday, August 17, 2015 
8:30 AM-12:00 PM 
M emories of Henry Hill: 
His Legacy in Science and in 
Professional Service 
(Sponsored by HIST& Cosponsored by 

PRES, AGRO, CARB, cou, ENFl, POLY, PROF & SCHB) 
Boston Convention & Exhibition Center 
Room 50 (Exhibition Hall Level) 

1:15 PM- 4:45 PM 
The Legacy of Henry Hill: Commercial 
Enterprises in the Polymer Sector 
(Sponsored by SCHB & Cosponsored by 

PRES, CMA, cou, HIST, I&EC, POLY & PROF) 
Westin Boston Waterfront, Webster Room 
(Lobby Level) 

DianeGrabSchmidt,Ph.D. 
ACS President 

Tuesday, August 18, 2015 
8:00 AM- 4:00 PM 
Henry A. Hill Centennial 
Symposium: Innovation in 
Polymer Science 
(Sponsored by POLY and Cosponsored by PRES, HIST,
 

PMSE & PROF)
 
Westin Boston Waterfront, Commonwealth C
 
(Concourse Level) 

5:00 PM -7:00 PM 
Henry A. Hill Award and Reception 
(Sponsored by PRES) 
Seaport Hotel, Plaza Ballroom A-B (Plaza Level) 



ACS
 
Chemistry for life" American Chemical Society 

1155 SIXTEENTH STREET N.W. 
DR. THOMAS CONNELLY, JR. WASHINGTON, D.C. 20036 
Executive Director & CEO Phone (202) 872-4534 

April 29, 2015 

Petitioners for Amendment of the
 
Society' s Constitution and/or Bylaws
 

Dear Petitioner: 

The enclosed Petition on Preferential Voting, marked "ORIGINAL," on which you are one of 
the signers, is submitted for your reference and review. Also enclosed is a copy of the petition as 
resubmitted by the Committee on Nominations and Elections on behalf of the petitioners, and 
modified by the Committee on Constitution and Bylaws; the petition will be marked Alternate 
Version FOR ACTION and included in the Council agenda for the fall 2015 national meeting in 
Boston. 

The Society's governing documents provide that a petition as modified by the Committee on 
Constitution and Bylaws shall be placed on the Council agenda for vote and shall stand in place 
of the original petition. However, the original petition, unchanged or modified to include any of 
the Committee-recommended changes, must also be placed on the Council agenda for possible 
action should a request for such be received from a majority of the petitioners no later than eight 
weeks prior to the Council meeting. 

If you have any objections to the petition as recommended by petitioners and the Committee on 
Constitution and Bylaws, and if you wish to request that the original petition, or modified to 
include any of the Committee-recommended changes, also be placed on the Council agenda for 
possible action, please send me your statement or request promptly. In order to meet the 
prescribed deadline, your request must be received in this office no later than June 22. 

Sincerely, 

[original signed] 

Thomas Connelly, Jr. 

Enclosures 

Copies to: 
Chairs and Staff Liaisons of Committee on Nominations and Elections, Committee on 

Membership Affairs, Council Policy Committee, Society Committee on Budget and Finance, 
Committee on Constitution and Bylaws 

Chairs and Staff Liaisons of Elected, Standing, and Other Committees of the Council, Society 
Committees, and Joint Board-Council Committees not listed above
 

Dr. James C. Carver
 
Mr. Flint Lewis
 
Ms. Barbara F. Polansky
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Balloting and Preferential Voting Procedures for Elections of
 
President-Elect, District Directors, and Directors-At-Large
 

American Chemical Society
 

General Policy: 

1.	 These detailed procedures add specificity to the provisions in Bylaw V of the ACS 
Governing Documents (www.acs .orglbulletin5). They have been developed by the 
Committee on Nominations and Elections (N&E) in cooperation with the ACS Secretary and 
General Counsel, and approved or subsequently amended by the ACS Council. They reflect 
the procedures currently used by N&E in national elections with the exception of adding 
preferential voting requirements and procedures when electing two or more individuals to fill 
Director-at-Large positions. Nothing in these procedures is to be construed in a manner that 
is inconsistent with the Bylaw V, Sec. 11, c balloting procedures, established by N&E and 
approved by the Council Policy Committee, which address fair balloting, anonymity, 
protection against fraudulent balloting, ballot archiving, and the timely reporting and 
archiving of balloting results. 

2.	 Wherever possible, elections should result in the winning candidate (or candidates for certain 
elections as described below) receiving a majority of the valid votes cast. Depending upon 
the number of candidates on the ballot, this may result either by receiving a majority of 
single-choice ballots or by preferential voting as a result of receiving a majority of the 
remaining votes by having the second-preference votes of eliminated candidates added to 
their first-preference votes (recalculation of votes). Where multiple candidates for the same 
office are to be selected, a majority shall consist of more than half of the total number of 
ballots that remain valid at that step in the elimination process. 

General Procedures: 

1.	 Preferential voting will be used in elections whenever there are more than two candidates for 
a single position, or whenever there are multiple positions to be filled for the same office, 
such as typica lly occurs when electing Directors-at-Large or when selecting two candidates 
for District Director or President-Elect from among four (or more) nominees. 

2.	 The preferential voting method that will be used under these procedures is known as the 
instant run-off method. 

a.	 The preferential ballot shall afford the voter an opportunity to rank the candidates in 
order of preference. After the initial vote, if a candidate receives a majority of the first
preference votes cast, then that candidate shall be declared elected. If no candidate 
receives a majority of the first-preference votes cast, the candidate with the fewest 
number of first-preference votes is eliminated. The eliminated candidate's second
preference votes (i.e. the second-preference votes of those who cast their first-preference 
vote for the eliminated candidate) are redistributed to the remaining unelected candidates. 
When recalculating vote totals following the elimination of a candidate, those ballots on 
which no preference is indicated for any of the remaining candidates shall be deemed 
invalid in that and any subsequent rounds. In each of those rounds, a majority shall 
consist of a majority of the number of valid ballots that remain at that step in the 
elimination process. This procedure continues until a candidate receives a majority of the 
votes. 

8/15	 (over) 
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b.	 If there are multiple positions for the same office to be filled and only one candidate 
receives a majority of first-preference votes cast, then the candidate receiving the 
majority shall be declared elected. The elected candidate's second-preference votes are 
redistributed to the remaining unelected candidates. Additionally (or if no candidate 
receives a majority of first-preference votes cast), the candidate with the fewest first
preference votes is eliminated from further consideration; the second-preference votes of 
the eliminated candidate are redistributed to the remaining unelected candidates. The 
procedure continues until one candidate receives a majority. When a candidate receives a 
major ity and is declared elected, the elected candidate's second-preference votes are 
redistributed to the remaining unelected candidates. After the second-preference votes are 
redistributed and no remaining candidate receives a majority, then the candidate with the 
lowest number of votes is eliminated and the eliminated candidate's second-preference 
votes are redistributed to the remaining unelected candidates. The process is repeated 
until the number of elected candidates equals the number of positions available. 

c.	 When recalculating vote totals following the elimination of a candidate, those ballots on 
which no distinct preference is indicated for any of the remaining candidates shall be 
deemed invalid for this and any subsequent candidate elimination rounds. 

d.	 Preferential voting as described in these procedures shall be used whether the ballot is 
paper or electronic. Hand-marked (or paper) ballots will be counted only if the voter's 
intent to vote in favor of a particular candidate or candidates can be reasonably 
determined from the marking(s) on the ballot. All valid votes are tallied. Where a 
determination of intent is needed, it will be made by the Chair of the Committee on 
Nominations and Elections, or his or her designee. 

e.	 In the event of a tie for last place in the first round (i.e. two candidates have the same 
number of first preference votes), the candidate with the fewest second choice 
preferences will be eliminated and their second preference votes will be redistributed. In 
the event of a tie for last place in the second or succeeding rounds, the candidate with the 
lowest first round preference votes is eliminated. The eliminated candidate's second 
preference votes are redistributed in the next round. If the two candidates that are tied are 
not in last place, then the candidate with the lowest vote total in that round will be 
eliminated. The eliminated candidate's second preference votes are redistributed in the 
next round. In the event of a tie in the final round, Council balloting will break the tie per 
the ACS Bylaws. 

Election Procedures: 

I.	 President-Elect: 

a.	 When there are two candidates, a single-choice ballot shall be used, and the candidate 
receiving the greater number of votes shall be declared elected. 

b.	 When there are more than two candidates, or when Councilors are selecting two 
candidates from among several nominees, a preferential ballot shall be used as described 
(in the General Procedures) above. 

79 
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2.	 Director-at-Large: 

a.	 If there is only one position to be filled and there are two candidates, a single-choice 
ballot shall be used and the candidate receiving the greater number of votes shall be 
declared elected. 

b.	 If there is only one position to be filled and there are three or more candidates, a 
preferential ballot shall be used as described (in the General Procedures) above. 

c.	 If there are two or more positions to be filled and three or more candidates, a preferential 
ballot shall be used as described above. However, where two candidates must be selected, 
the preferential voting method as described above continues so that the first candidate 
receives a majority of the votes and then the second candidate receives the next majority 
of the votes. 

3.	 District Directors: 

a.	 Where there are two candidates, a single-choice ballot shall be used, and the candidate 
receiving the greater number of votes shall be declared elected. 

b.	 When there are more than two candidates, or when Councilors are selecting two 
candidates from among several nominees, a preferential ballot shall be used as described 
above. 

Developed by the Committee on Nominations and Elections, July l , 2015 
Approved by Council: _ 

80 
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Petition on Preferential Voting 

ALTERNATE VERSION 

FOR ACTION 

Petition on Preferential Voting 

Bylaw V, Sec. 2, d, Sec. 3, c, Sec. 4, d and f 

Petition 

We, the undersigned Councilors of the American Chemical Society, hereby petition to amend the 
SOCIETY Bylaws as follows (additions under lined ; deletions struck through): 

BYLAW V 
Manner of Election 
Section 1. 

Preamble 
ALTERNATE 

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

VERSION 
dhWhen there are two candidates, a single-choice ballot shall be 

used, and the candidate receiving the greater number of votes shall be 
declared elected. (9/29/94) [FYI: this wording was originally in Sections 
2, d and 4, f.] 

When there are more than two candidates, a preferential ballot 
shall be used-, and the election shall be conducted using procedures 
developed by the Committee on Nominations and Elections and 
approved by the Council. Any modifications or changes to these 

COUNCIL	 procedures shall be approved by Council. [FYI: the first phrase was 
originally in Sections 2, d and 4, f.] 

Sec. 2. 

ACTION	 President-Elect 

b. The Council, at a meeting to be held not later than May I, shall 
select as candidates for President-Elect two of the nominees presented 
under the provisions of these Bylaws, using preferential voting. 
(9/29194) 

4/22/15
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ALTERNATE 

VERSION 

COUNCIL 

ACTION 

Page 2 of5 
Petition on Preferential Voting 

d. On or before October 10, the Executive Director shall 
distribute to each member of the SOCIETY a ballot containing the names 
of all candidates for President-Elect and constructed as provided herein. 
(6/2/07) 

When there are 1\'10 candidates, a single choice ballot shall be 
used, and the candidate receiving the greater number of votes shall be 
declared elected. (9/29/94) [FYI: this was moved to Sec. 1.] 

When there are more than two candidates, a preferential ballet 
shall be used. This ballot shall afford the voter an opportunity to rank the 
candidates in order of preference. If one candidate receives a majority of 
first preference votes, that candidate shall be declared elected. If no 
candidate receives such a majority, the candidate receiving the fewest 
first preference votes shall be eliminated from further consideration. The 

.vote total of a candidate not so eliminated shall then be set equal to the 
number of valid ballots on "'/hich that candidate is ranked higher in 
preference than any of the other remaining candidates. If the vote total of 
one of the candidates is now a majority, that candidate shall be declared 
elected. HmNever, if no candidate receives a majority, the process of 
eliminating the candidate with the lowest vote total and recalculating the 
vote totals of the remaining candidates shall be repeated as many times as 
necessary until the vote total of one candidate is a majority. That 
candidate shall then be declared elected. When recalculating vote total s 
following the elimination of a candidate, those ballots on ,..",hich no 
distinct preference is indicated for any of the remaining candidates shall 
be deemed invalid in that and any subsequent candidate elimination 
rounds. In each of those rounds, a majority shall consist of more than half 
of the total number of ballots that remain valid at that step in the 
elimination process. (6/7/08) 

Sec. 3. 

Director-at-Large 

c. On or before October 10, the Executive Director shall 
distribute to each voting Councilor a ballot containing the names of all 
candidates for the positions of Director-at-Large to be filled. If there are 
multiple positions to be filled, those candidates receiving the greatest 
numbers of votes shall be declared elected Directors at Large. (6/2/07) 

If there is only one position to be filled and there are two 
candidates, the candidate receiving the greater number of votes shall be 
declared elected Director at Large. If there is only one position to be 
filled and there are three candidates, a preferential ballot shall be used. 
The ballot shall afford the voter an opportunity to indicate a first and 
second choice. If one candidate receives a majority of first choices, that 
candidate shall be declared elected. If no candidate receives such a 
majority, the candidate receiving the lmvest number of first choices shall 

4/22/15
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be eliminated and the second choice preferences on those ballots so 
eliminated shall be added to the first choice totals of the other 1'',1/0 

candidates to establish a majority for one candidate, who shall then be 
declared elected. Ballots for the eliminated candidate that have not 
indicated a second choice shall be void in the second count. (6/2/07) 

If there is only one position to be filled, and there are four or 
more candidates, a single choice ballot shall be used. In the event that no 
candidate receives a majority of the votes cast, a run off election shall be 
held bet\veen the 1''''''0 leading candidates. No later than four weeks after 
the first election results are certified, and in no event later than December 
15, the Executive Director shall distribute to each voting Councilor a 
ballot containing the names of the 1'110 candidates receiving the most 
votes in the first election. The candidate receiving the greater number of 
votes shall be declared elected. (6/2/07) 

Sec. 4. 

District Director 

d. On or before March 1, the Executive Director shall send a 
preferential ballot to each Councilor in the District electing a District 
Director; the ballot shall contain the names of the nominees for District 
Director of that District, as selected by the Committee on Nominations 
and Elections. This primary election shall be conducted using 
procedures developed by the Committee on Nominations and 
Elections and approved by the Council. Ballots shall be returned te-the 
E](ecutive Director no later than four weeks after the ballots are 
distributed. The two nominees receiving the greatest number of votes 
shall be announced to the Council orally at its next meeting or, if timing 
does not permit, in the official organ of the SOCIETY, as candidates for 
District Director of the District. (10/19/04) 

f. On or before October 10, the Executive Director shall 
distribute to each member of the SOCIETY entitled to vote in the 
District electing a District Director a ballot containing the names of all 
the candidates for Director from that District and constructed as 
provided herein. (6/2/07) 

¥lhen there are t'1IO candidates, a single choice ballot shall be 
used; the candidate receiving the greater number of votes shall be 
declared elected. (9/29/94) [FYI: this was moved to Sec. 1.] 

'When there are more than two candidates, a preferential ballot 
shall be used. This ballot shall afford the voter an opportunity to rank 
the candidates in order of preference. If one candidate receives a 
majority of first preference votes, that candidate shall be declared 
elected. If no candidate receives such a majority, the candidate 

4/22/15
 
8/15 



Page 4 of5 
Petition on Preferential Voting 

receiving the fev/est first preference votes shall be eliminated from 
ALTERNATE	 further consideration. The vote total of a candidate not so eliminated 

shall then be set equal to the number of valid ballots on which that 
candidate is ranked higher in preference than any of the other 

VERSION	 remaining candidates. If the vote total of one of the candidates is now 
a majority, that candidate shall be declared elected. Hmvever, if no 
candidate receives a majority, the process of eliminating the candidate 
with the lowest vote total and recalculating the vote totals of the 
remaining candidates shall be repeated as many times as necessary 
until the vote total of one candidate is a majority. That candidate shall 

COUNCIL then be declared elected. When recalculating vote totals following the 
elimination of a candidate, those ballots on which no distinet 
preference is indicated for any of the remaining candidates shall be 

ACTION 
deemed invalid in that and any subsequent candidate elimination 
rounds. In each of those rounds, a majority shall consist of more than 
half of the total number of ballots that remain valid at that step in the 
elimination process. (617/08) 

These amendments shall become effective following approval by Council of the 
preferential ballot and election procedures developed by the Council Committee 
on Nominations and Elections. 

Explanation 

The petitioners propose changes to the ACS Bylaws to provide for the use of preferential balloting in 
elections for nominees and candidates, where necessary, to achieve a majority of votes to win an 
election. The procedure language developed by the Committee on Nominations and Elections 
(N&E) shall be voted on and approved by Council prior to the vote on this petition. 

Preferential voting is used currently in two ACS key national elections: Electing a President-Elect 
and electing a District Director to the Board of Directors whenever there are more than two 
candidates for each office. This procedure has been in place for twenty years, and petitioners believe 
preferential voting is well received within ACS. Preferential voting was adopted to ensure that the 
ultimate victors in the election were elected by a majority, rather than a plurality of votes cast. This 
petition proposes to add preferential voting for a third national election: the election of two or more 
Directors-at-Large to the Board of Directors. 

The procedural details described in Bylaw V, Sec. 2, band d, Sec. 3, c, and Sec. 4, d, and f, would be 
removed. To provide context to Council for this proposed change, the petitioners believe it advisable 
for N&E to present Council with a set of procedures based on the excised procedural text. 

4/22/15 
8/15 



Page 5 of5 
Petition on Preferential Voting 

Signed: 
Dr. Lisa Balbes Dr. Catherine C. Fenselau 
Dr. William H. Breazeale, Jr. Dr. Lydia E.M. Hines 
Dr. Jeannette E. Brown Dr. Carol Baker Libby 
Dr. Martha L. Casey Dr. Les W. McQuire 
Mr. D. Richard Cobb Mr. Donivan R. Porterfie ld 
Dr. Milagros Delgado Ms. Andrea B. Twiss-Brooks 
Dr. Lissa A. Dulany 

(This petition has been referred to the *Committee on Nominations and Elections, Committee on 
Membership Affair s, Council Policy Committee, Society Committee on Budget and Finance, and 
Committee on Constitution and Bylaws.) 

*Committee having primary substantive responsibility 

FINAL STATEMENT OF FINANCIAL IMPACT 

The Society Committee on Budgets and Finance has examined this petition and concludes that it will 
have a minor positive impact on the finances of the Society ($0 - $100,000). 

FINAL REPORT OF THE COMMITTEE ON CONSTITUTION AND BYLAWS 

The Committee on Constitution and Bylaws (C&B) received from a representative of the petitioners 
and on behalf of the Committee on Nominations and Elections, a revised version of the petition to 
address C&B's concerns. The revised petition includes a review by Council of the procedure to be 
adopted and Council' s approval of any modifications. C&B made additional editoria l changes to 
clarify the wording. 

The Committee finds the revised petition to be legal and consistent with other provisions of the 
Society's documents. 

A two-thirds (2/3) vote of Council is required for approval of amendments to the Bylaws. If approved 
by Council, the amendments will become effective upon confirmation by the Board of Directors. 

Dr. James C. Carver 
Chair 

4/22/15
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ACS 
Chemistry for life" American Chemical Society 

1155 SIXTEENTH STREET NW. 
DR. THOMAS CONNELLY, JR. WASHINGTON, D.C. 20036 
Executive Director & CEO Phone (202) 872-4534 

April 29, 2015 

Petitioners for Amendment of the
 
Society' s Constitution and/or Bylaws
 

Dear Petitioner: 

The enclosed Petition on Member Expulsion, marked "ORIGINAL," on which you are one of 
the signers, is submitted for your reference and review. Also enclosed is a copy of the petition as 
resubmitted by the Committee on Membership Affairs on behalf of the petitioners, and modified 
by the Committee on Constitution and Bylaws; the petition will be marked Alternate Version 
FOR ACTION and included in the Council agenda for the fall 2015 national meeting in Boston. 

The Society's governing documents provide that a petition as modified by the Committee on 
Constitution and Bylaws shall be placed on the Council agenda for vote and shall stand in place 
of the original petition. However, the original petition, unchanged or modified to include any of 
the Committee-recommended changes, must also be placed on the Council agenda for possible 
action should a request for such be received from a majority of the petitioners no later than eight 
weeks prior to the Council meeting. 

If you have any objections to the petition as recommended by petitioners and the Committee on 
Constitution and Bylaws, and if you wish to request that the original petition, or modified to 
include any of the Committee-recommended changes, also be placed on the Council agenda for 
possible action, please send me your statement or request promptly. In order to meet the 
prescribed deadline, your request must be received in this office no later than J une 22. 

Sincerely, 

[original signed] 

Thomas Connelly, Jr. 

Enclosures 

Copies to: 
Chairs and Staff Liaisons of Committee on Membership Affairs, Committee on Economic and 

Professional Affairs, Council Policy Committee, Society Committee on Budget and Finance, 
Committee on Constitution and Bylaws 

Chairs and Staff Liaisons of Elected, Standing, and Other Committees of the Council, Society 
Committees, and Joint Board-Council Committees not listed above
 

Dr. James C. Carver
 
Mr. Flint Lewis
 
Ms. Barbara F. Polansky
 



AMERICAN CHEMICAL SOCIETY
 
Procedure for Expulsion of a Member
 

Section 1. Members of the American Chemical Society (hereinafter referred to as "SOCIETY") may 
be dropped from the rolls of the SOCIETY (hereinafter referred to as "expelled" or "expel") for 
conduct that in any way tends to injure the SOCIETY or to affect adversely its reputation, or that is 
contrary to or destructive of its objects as described in the SOCIETY's Constitution. 

Section 2. The procedure to expel a member shall be initiated when the specific charges and 
reasonable substantiating evidence are submitted in writing to the Secretary of the SOCIETY and 
signed by at least five members of the SOCIETY (secretary@acs.org). 

Section 3. The Secretary shall, without delay, forward the documented charges to the Chair of the 
Council Committee on Membership Affairs (MAC), who shall determine that the members 
submitting the charges are aware of the gravity of the actions and the procedures to be followed. If 
the Chair of MAC is the accused party, the Vice-Chair will act as substitute for the Chair. Within 
thirty days of receipt, the Chair of MAC shall appoint and call a meeting of a Hearing 
Subcommittee. The Hearing Subcommittee shall consist of not more than six members including 
those on the MAC Executive Committee and one or more other members of MAC with the longest 
tenure on the committee. Members of MAC who signed the request for expulsion, as described in 
Section 2 may not serve on the Hearing Subcommittee. In addition, any member of MAC who has a 
financial interest with either the accused or any of the accusers must recuse himself or herself from 
the proceedings. The Chair of MAC shall chair the Hearing Subcommittee, unless the Chair signed 
the request for expulsion, as described in Section 2. If the Chair of MAC cannot serve, the 
Subcommittee will elect its own Chair. 

a.	 Within thirty days, the Hearing Subcommittee shall continue the expulsion process, dismiss 
the charges as ill founded, or find an alternative solution to the issue, and the Chair shall 
inform the accused member and those who brought the charges of the decision of the 
Hearing Subcommittee. 

b.	 If the proceedings continue, the accused member shall be offered an opportunity to answer 
the allegations of the charges before the Hearing Subcommittee. Every reasonable effort 
shall be made to contact the accused member throughout this procedure. That effort shall 
include a certified letter to the last known address on the official SOCIETY membership 
rolls. This letter shall offer the accused member choice of one of the following options: 

(l)	 The accused member may resign. 

(2)	 The accused member may request a hearing by the Hearing Subcommittee. A two-thirds 
(2/3) vote of the members of the Hearing Subcommittee shall be required to expel the 
accused member. 

(3)	 The accused member may choose not to respond and thus forfeit his/her membership in 
the SOCIETY. 

c.	 Upon notification, the accused member shall have thirty days to make a written response to 
the allegations from the date of issuance of the notice described in Section 3, b, above. The 
Hearing Subcommittee shall decide how to proceed after reviewing the member's response. 
The Chair shall inform the member and those who brought the charges of the decision of the 
Hearing Subcommittee. 



If no contact with the accused member can be made after a reasonable effort, the 
Hearing Subcommittee may expel the member in question with a two-thirds (2/3) vote 
of its members. 

Section 4. Within thirty days, the accused member may appeal an adverse decision of the Hearing 
Subcommittee to the Council Policy Committee, which shall consider the appeal at its next regularly 
scheduled meeting, or at an earlier meeting specially called for the purpose of considering the 
appeal. Decisions of the Council Policy Committee are final, as of the date of the decision. 

Section 5. An application for readmission by the charged member after an expulsion or resignation 
or after the initial statement of charges is received will only be considered by MAC after a minimum 
ofjive years have passed from the original expulsion or resignation. Members of MAC who signed 
the request for expulsion as described in Section 2, must recuse themselves from the readmission 
vote. The application must be approved by a two-thirds (2/3) vote of MAC. 

Effective TBD. Contact secretary@acs .org 
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ALTERNATE VERSION 

FOR ACTION 

Petition on Member Expulsion 

Bylaw I, Sec. 5 

Petition 

We, the undersigned Councilors of the American Chemical Society, here by petition to amend the 
SOCIETY Bylaws as follows (additions underlined; deletions struck through): 

Bylaw I
 
Membership
 

Sec . 5. 

ALTERNATE	 a. Proceedings 

(1) Charges. Charges of conduct injurious to the SOCIETY 
(Constitution, Article IV, Sec. 3) shall be entertained against one or more 
members of the SOCIETY only 'Nhen the specific charges and reasonable 

VERSION	 substantiating evidence are submitted in 'Nriting to the President of the 
SOCIETY by at least five members of the SOCIETY. (6/11/83) 

(2) Statement of the Charges. Upon receipt of such charges, the 
President shall determine that the members bringing charges are av/are of 
the gravity of their action and the procedures to be follmved. The charges 
may be 'Nithdrawn at this time. If the charges are not 'Nithdravm, they 
shall be referred to a panel of three, comprising the Chair of the Council 
Committee on Membership Affairs, who shall be the Chair of the Panel, 
the Chair of the Council Committee on Constitution and Bylaws, and the 

COUNCIL	 Vice Chair of the Council Policy Committee. This Panel, with the advice 
of the President and the SOCIETY's General Counsel, shall act promptly, 
either dismissing the charges if considered to be ill founded or submitting 
a statement of the charges to the member charged, along 'lAth the 
procedure for handling such charges (including copies of pertinent 

ACTION	 SOCIETY documents). (6/11/83) 

(3) Response to the Charges. Upon receiving the statement of the 
charges, the member charged shall have three options: (6/11/83) 

(a) Within sixty days of receipt of the statement of the charges from 
the Chair of the Council Committee on Membership Affairs, the 

8/15 
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member may present to the President a \vritten answer to the charges, 
along with a request that the proceedings continue to a review by the 
Council Committee on Membership Affairs. (6/11/83) 

(b) The member may resign. (6/11/83) 

(c) The member may choose not to answer the charges 'Nithin si)(ty 
days of receipt of the statement, or may answer the charges 'i'iithout 
requesting that the proceedings continue. In either instance, the 
process shall go foPNard. (6/11/83) 

(4) Review by the Council Committee on Membership Affairs. The 
President shall instruct the Counci l Committee on Membership Affairs to 
review both the charges and any ansv/er to the charges at a regularly 
scheduled meeting of the Committee, no more than nine months after the 
instructions are received from the President. By a majority vote of its 
membership, the Committee shall order the process to go forward and 
offer the member charged the opportunity to be heard before a 
Commission of Nine Councilors to be appointed by the President. 
Lacking such a majority vote, the charges shall be dismissed. Within 
thirty days after the meeting of the Committee, the Chair of the 
Committee shall notify the President and the member charged of the 
Committee's action. (6/11/83) 

(5) Response to the Offered Opportunity to be Heard. Upon 
notification by the Chair of the Council Committee on Membership 
Affairs of the opportunity to be heard before a Commission of Nine 
Councilo rs, the member charged shall have three options: (6/11/83) 

(a) The member may request a hearing before a Commission of Nine 
Councilors. Such request must be made to the President within sixty 
days after receipt of the notification. (6/11/83) 

(b) The member may resign. (6/11/83) 

(c) The member may choose not to answer the notification. In this 
instance, the member shall be dropped from membership, effective 
the first day after the sixty day period has elapsed. (6/11/83) 

(6) Selection of the Commission of Nine Councilors. The 
Commission of Nine Councilors shall be chosen according to the 
following procedure: Within thirty days after the President receives the 
request for a hearing from the member charged, the President shall 
submit the names of fifteen Councilors, not previously involved in the 
proceedings, to the member charged, who shall have the right to e)wuse 
as many as three persons from the list of fifteen. Action to excuse must 
be made within thirty days following the receipt of the list from the 
President. The President shall promptly appoint nine unchallenged 
Councilors from the list of fifteen to serve as the Commission of Nine 

8/15 
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Councilors. The Commission shall elect a Chair, Vice Chair, and a 
Secretary from among its members. (6/11/83) 

(7) Hearing by the Commission of Nine Councilors. \Vithin thirty 
days after the date of appointment, the President shall set the date and 
location for the hearing by the Commission of Nine Councilors. A 
quorum for the hearing shall be seven members. The hearing shall be 
held vlithin one hundred twenty days after the date of appointment. 
Immediately following the hearing, the Commission may have the 
member dropped from membership by a tVfO thirds (2/3) vote of those 
Commission members present at the hearing, subject to the provisions of 
this Bylavt'. Otherwise the charges shall be dismissed. The Chair of the 
Commission of Nine Councilors shall notify the member charged, the 
President, and the Chair of the Council Committee on Membership 
Affairs of the Commission's decision vfithin thirty days. If a quorum is 
not present, the President shall reschedule the hearing for the earliest 
practical date. (9/21/90) 

(8) Appeal to the President. The decision of the Commission of Nine 
Councilors shall be final unless the member charged addresses an appeal 
to the President of the SOCIETY, requesting a hearing before the 
Council. The request must be received by the President vrithin sixty days 
after the notification of the decision of the Commission of Nine 
Councilors is received by the member charged. The date of the hearing 
before the Council shall be set by the President, and shall be no more 
than nine months after the last day of the sixty day period. If no appeal is 
received, the member charged shall be dropped from membership, 
effective the first day after the sixty day period has elapsed . (6/1 1/83) 

(9) Hearing before the Council. The hearing before the Council shall 
be open only to voting Councilors, necessary SOCIETY staff, and others 
as specified in (c) belo,\>'. The proceedings shall be comprised of four 
parts in the following order: 

(a) The President, or the President's designate, shall introduce the 
subject and provide necessary information on Bylaw procedures and 
responsibilities of the Council. (6/11/83) 

(b) The Chair of the Commission of Nine Councilors, or the Chair's 
designate, shall present background information on the case, and 
explain the decision of the Commission. This presentation shall not 
exceed one hour. (6/11/83) 

(c) The appeal of the charged member before the Council shall be 
made by the member, and/or a designate of the member. This appeal 
shall not exceed one hour. (6/11/83) 

(d) A vote shall be taken in executive session. The member charged 
shall be dropped from membership by a two thirds (2/3) vote of the 

8/15 
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voting Councilors present; termination of membership shall be 
immediate. Othervlise the charges shall be dismissed. In either 
instance, the Commission of Nine Councilors then shall be dissolved 
by the President. If a quorum is not present, the hearing shall be 
rescheduled by the President for the earliest practical date. (6/11/83) 

a. Grounds for expulsion 

Members of the SOCIETY shall be expelled from the 
SOCIETY for conduct that tends to injure the SOCIETY or to affect 
adversely its reputation, or that is contrary or destructive to its 
objects as described in the SOCIETY 's Constitution. 

[FYI: the original subsection b on Readmission was moved to subsection 
g, below. ] 

b. Initiation of process 

Any member(s) of the SOCIETY may begin the expulsion 
process by submitting to the Chair of the Council Committee on 
Membership Affairs, a written statement specifying charges 
regarding the charged member. 

c. Due process 

Procedures for considering expulsions shall be developed by 
the Council Committee on Membership Affairs and approved by 
Council. Such procedures shall provide for quick resolution, fairness, 
confidentiality, and due process, including an opportunity for a 
charged member to be heard. Any modifications or changes to the 
approved procedure shall be approved by Council. 

eQ. Advisors 

It is the intent of this Bylavi that the member charged be present 
at the hearings before the Commission of Nine COlfficilors and before the 
Council. The member may be excused from attending either hearing by 
the President of the SOCIETY for reasons of extreme exigenc)' or 
circumstances be)'ond the control of the member. In either the hearin g 
before the Commission of Nine Councilors or the Council, the The 
member charged member may be assisted by ene-an advisor who may 
act on behalf of the member. The--Such advisor may be an attorney if the 
charged member provides the President Chair of the Council 
Committee on Membership Affairs with-tf written notice of the 
attorney's name and office address of the attorney is given to the 
President at least ten working days prior to any before the date of the 
hearing. An attorney for the SOCIETY may be selected by the 
SOCIETY' s General Counsel to be present and speak at any suc h-the 
hearing(s). (6111/83) 

5/12/15
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d~. Confidentiality 

Until resolution of the case, which shall be announced by the 
President, all allegations, All charges, evidence, cor respondence, 
findings, and recommendations pertaining to the case any such 
expUlsion matter shall be deemed confidential,: with all All expulsion 
proceedings and hearings shall be closed to the public: (6/11/83) 

f. Appeal 

The charged mem ber may ap peal an ad verse decision of the 
Council Committee on Membership Affairs to the Council Policy 
Committee, which shall consider the appeal at its next regularly 
scheduled meeting, or at an earlier meeting specially called for the 
purpose of considering the appeal. Decisions of the Council Policy 
Committee shall be final. 

g. Dissemination of outcome 

Upon disposition of the charges, the Chair of the Council 
Committee on Membership Affairs shall be res ponsible for 
communicating the outcome to the charged member, the Society's 
Executive Director, the Chair of the Board of Directors, and the 
member(s) who submitted the statement of charges. In the event the 
Council Committee on Membership Affairs determines to expel the 
charged member, the Chair of the Council Committee on 
Membership Affairs shall also inform the chairs of the local section, 
and of any division(s) to which the charged member belongs. In 
addition, the Chair of the Board also may inform any additional 
people who, in the Chair's discretion, have a need to know the 
decision . 

bh. Readmission 

Persons whose membership in the SOCIETY shall have been 
terminated by any SOCIETY action herein described, or by resignation 
after the initial statement of charges is received by the member charged 
member , shall not be readmitted upon subsequent application unless 
such application is approved by a two-thirds (2/3) vote of the Council 
Committee on Membership Affairs. (6/11/83 ) 

These amendments shall become effective following approval by Council of the 
member expulsion procedures developed by the Council Committee on 
Membership Affairs. 

Explanation 

BYLAW I, Membership, Sec. 5 has a lengthy procedure for expelling a member from the SOCIETY 
for "conduct injurious to the SOCIETY." This lengthy procedure, added or last amended in 1983, is 

8/15 
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cumbersome. There are several steps, each of which involves creation or use of an additional body to 
consider the charges. The length and cumbersome nature of the process is unfair both to the 
SOCIETY and to the member charged. Petitioners believe the intent of the Constitution (Article IV, 
Sec. 3) and the current Bylaw can be met, and due process maintained for the charged member, by 
using a procedure modeled after those currently recommended by the Committee on Constitution and 
Bylaws for removal of officers for neglect of duties. Petitioners further believe the intent of the 
Bylaws can be met by amending the Bylaw and delegating authority to the Counci l Committee on 
Membership Affairs to promulgate and amend such procedures as are necessary to implement this 
amendment separately from the Bylaws. Reference to the "Chemical Professional ' s Code of 
Conduct" could provide a framework for determining "conduct injurious to the SOCIETY." 

Petitioners have developed an example of the type of the detailed procedure s that could be adapted 
by the Council Committee on Membership Affairs to implement this amendment. These procedures 
have been reviewed by the Counci l Committee on Membership Affairs and the Council Policy 
Committee and we suggest that they be published as part of the ACS Governing Documents (Bulletin 
5) after their formal adoption. They are available from these committees. 

Signed: 
Dr. Harmon B. Abrahamson Dr. Alan M. Ehrlich Dr. Carolyn Ribes 
Dr. Frank D. Blum Dr. Peter C. Jurs Dr. Eleanor D. Siebert 
Dr. Mary K. Carro11 Mr. James M. Landis Dr. Herbert B. Silber 
Mr. Robert S. Cohen Dr. Lee H. Latimer Dr. Angela K. Wilson 
Ms. Ella L. Davis Dr. Melanie J. Lesko 

(This petition has been referred to the *Committee on Membership Affairs, Committee on 
Economic and Professional Affairs, Council Policy Committee, Society Committee on Budget and 
Finance, and Committee on Constitution and Bylaws.) 

*Committee having primary substantive responsibility 

FINAL STATEMENT OF FINANC IAL IMPACT 

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

FINAL REPORT OF THE COMMITTEE ON CONSTITUTION AND BYLAWS 

The Committee, in consultation with a representative of the petitioners, has prepared a revised 
version of the petition. The substance of the petition and the intent of petitioners are maintaine d. 

The Committee finds the revised petition to be legal and consistent with other provisions of the 
Society's documents. 

A two-thirds (2/3) vote of Council is required for approval of amendments to the Bylaws. If approved 
by Council, the amendments will become effective upon confirmation by the Board of Directors. 

Dr. James C. Carver 
Chair 

8/15 
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POLLING FORM
 
American Chemical Society
 

Petition on Member Expulsion and Petition on Preferential Voting
 

PLUS two procedures documents
 

FOR ACTION: fall 2015 Council meeting in Boston, MA 

In addition to the committees listed below, which must discuss the petitions and procedures documents, 
and take positions, all "Other" Committees of the Council, Society Committees, and Joint-Board Council 
Committees are asked to consider if they wish to add the petition(s) AND procedure(s) to their agenda to 
discuss whether or not to endorse, oppose, or take no position. The Petition on Member Expulsion was 
referred to MAC*, CEPA, CPC, B&F, and C&B; the Petition on Preferential Voting was referred to 
N&E*, MAC, CPC, B&F, and C&B. (*Committee having primary substantive responsibility.) 

The petitions and procedures documents are available at www.acs.org/bulletin5 - click on Petitions. 

COMPLETE THE FOLLOWING: 

A. Committee Name: 

B. Name of Committee Chair: 
AND Staff Liaison: 

C. DATE that you submit this form: 

D. Committee's majority position on the petition(s) and/or procedures document(s); after EACH petition 
and procedure below, write either "endorse", "oppose" or " no position" below. 

1.	 Petition on Member Expulsion: 

2.	 Procedure for Expulsion of a Member: 

3.	 Petition on Preferential Voting: 

4.	 Balloting and Preferential Voting Procedures for Elections of President-Elect, District 
Directors, and Directors at Large of the American Chemical Society Committee on Nominations 
and Elections: 

E. If your Committee opposed the petition(s) and/or procedure(s), C&B would appreciate a brief 
explanation(s) as to why your Committee opposed it/them, although this is not required. 
Comments, if any: 

Complete the above information (A, B, C, D 1, 2, 3, 4, and E, if applicable) and send it (preferably by 
email with "Polling Form" in the subject line), in the body of an email or as an attachment, to 
bylaws@acs.org, or print out and deliver the form to the Governance Office, Gardner A/B on the 3rd Floor 
of the Sheraton Boston Hotel, attention Barbara Polansky, by 5:00 pm, Tuesday, August 18, or as soon 
as possible after your committee meets. Email would be preferable, if possible. 

FYI: the Committee on Constitution and Bylaws (C&B) will report to Council in Boston only the names 
ofthe committees that endorse and/or oppose the petition(s) and/or procedure(s). C&B does not report the 
names of committees that take "no position". 



CJ-4 
'tJ C 
c'tJ 
l>l> 
~n 
mJ-4 

2 
." o 
;:0 
~ 



ACS Nomenclature, Terminology and Symbols 
~m,. Chemistry for life" 

I UP ACINFORMATION UPDATE 

BOSTON, AUGUST2015 

•	 International Chemical Identifier (InChi) QR Code Consultation 
Workshops 

•	 What's in a Name? Quite a lot, as it Happens ! 

•	 Towards a Uniform Description system for Materials on the Nanoscale 

•	 The History of the IUPAC Nomenc1ature of Organic Chemistry
Systematic Flexibility 

•	 IUPAC Provisional Recommendations 



From: Richard Hartshorn [mailto:richard.hartshorn@canterburv.ac.nz]
 
Sent: Friday, July 24,20156:13 PM
 
To: Fenske, Gerald Jr.
 
Subject: RE: Final call for agenda items for Boston, August, 2015
 

Dear Gerald and Albert,
 

Thank you for the opportunity to put items forward for your meeting, which, unfortunately, I will
 
not be able to attend.
 

However, I would like to alert you to an IUPAC project that is examining the possibility of
 
developing a QR code (2D barcode) version of the International Chemical Identifier (InChI).
 
Details of the project can be found at http://www.iupac.org/nc/home/projects/project-db/project

details.html?tx wfgbe pil[project nr]=2015-019-2-800 but the essence of it is that we are
 
consulting the community on what additional information could/should be usefully included in the
 
QR code. Possibilities include health and safety information or links to it, inventory information,
 
batch codes etc.
 

We would appreciate any input that your group may have, and also invite you to circulate the
 
attached flyer among your group. They may even be interested in attending one of our
 
consultation workshops (see the attached flyer). One of them will be held in Boston, during the
 
period of the ACS meeting, so circulation of the flyer to your members in advance of the meeting
 
might be best in the event that they have an interest in attending or contributing.
 

Cheers
 

Richard Hartshorn
 
Past-President IUPAC Division of Chemical Nomenclature and Structure Representation
 

Associate Professor Richard Hartshorn 
Department of Chemistry 
University of Canterbury 
Christchurch 
New Zealand 



International Chemica/ Identifier (InChl) QR Code
 

Consultation Workshops
 

The Internationa l Chemical Identifier (lnChl) is a text string that encodes chemical struc ture and 

provides a means to search databases for the st ructure . IUPACand t he InChl Trust 

(http://www.inchi-t rust .org/ ) is examining development of a QRcode (2D bar code) version of the 

lnChl. We wish to consult w it h industry/regulatory/academic sector users to identify and prioritise 

additional information that could/should be included in the QRcode at a series of workshops. 

The additional information wi ll enhance t he value and commercial utility of t he QR InCh!. 

Possibilit ies t o be evaluated and elaborated upon include: health/safety information (UN GHS and/or 

safety data URL); catalog code; batch number; inventory informat ion; sample composition/purity. 

This project is complementary to another user-focused project that is developing InChl for states and 

mixt ures. 

Please register your interest in attending t hese workshops at : 

https:l!www.surveymonkey.com/s/inchiQRcode 

Workshop Locations/Dates/Times 

Workshop 1: Busan, South Korea, Mond ay 10 August , 17:00-19:00, coinciding with the IUPAC 

Congress and General Assembly 

Workshop 2: Boston, USA, Wednesday 19 August, 17:00-19:00, coinciding with the Boston ACS 

meeting. 

Workshop 3: Brussels, Belgium, details yet to be determined 

InChlTRUST
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by Mark I. Borkum and Jeremy G. Frey list of Web resources is provided by Wikipedia, and not 

IUPAC's own homepage (which, as a particular example, 
ames are essential to data manipulation and omits compendia like the Silver book). 
data interpretation. IUPAC standardizes the But all is not lost! A critical observation is that many, 
names that chemists use in their scholarly if not all, IUPAC publications are typeset using software

works, which it publishes as a suite of terminol based document preparation systems, meaning that, giv
ogy, nomenclature and ontology, the IUPAC colour en some preprocessing, the information content of these 
books. Currently, machine-accessible representations publications, such as the subject indices,can, in principle, 
of these publications are not available on the Web. be made available for data integration. 
In this article, we argue the case for Web-based, At the University of Southampton, we are exploring 
machine-accessible representations of IUPAC publica the usage and applications of Semantic Web technolo
tions. gies for chemistry research. In a recent publication [3J, 

we describe the extraction and enrichment of the subject 
What's in a name? Names are used to identify whole index of the IUPAC Green Book [4]. We note that the 
classes of things, or individual things, either uniquely, or subject index is of a particularly high quality. An IUPAC
within a given context. Scientific disciplines standardise endorsed, machine-accessible representation would be 
their terminology (sets of names), nomenclature (rules of considerable interest to software developers. The im
for the selection of names) and ontology (denotation of age [belowJ is a depiction of the weighted frequency list 
names and definitions of associated things) to ensure (or "tag cloud") of the most frequently referenced terms 
that their scholarly works have unambiguous interpre in the subject index of the IUPAC Green Book, rendered 
tations. Names are also an essential component of the using Wordle [5]. 
architecture of the Web, where they are used to identify 
Web resources. 

"Tag cloud" of the IUPAC Green Book subject indexToday, an increasing number of chemists, 
working around the world, disseminate their 
scholarly works using the Web. Some, with the aQtll!llussolution absir1Ia angular momentum amountilf-substance concentration ~mDerebbnee " t" 
assistance of specialist publishers. Unfortunately, a revla IOns CfjPM h " I ot t' Ialwmcwelght

angularfrelJlency baseunit amount of substancec emlca p en la instead of being readily available for data inte - acronyms •• Boltzmann ~onstanl cmnsm!GISl! 
gration, much of the world's chemical informa atomicnumber ' t t amountconcentratIOn aclN~ coefficient 
tion is "trapped" inside of vast "data silos", whose absol1l1ion charge density aomleumelectric dipole moment charge amountCelsIUs temperature CfjS unit aIisDrplDlCl2lfIClllll • • BDlr radillS 
contents are accessible to humans, but not ma area nvogadro constant elementary charge conv~rslOn tablesfo~ Units _ 
chines. The lingua francas of the Web (HTML, . electronvmt conductivity electromagneticradiation chemical thermodynamics dimenSion one 
PDF, e-book, etc.) are rudimentary emulations diffllSlDn Cl!fficBrt • • • danon Bohrmagneton gas

electMX:~m ica l cellconcen tra tJon e l ec trlC field strength electronmassGrSletterof paper and ink, designed for data presentation, elecllicpotenlial dimensIOnless quanlily energyI t · h d,"stanceemu
not data communication. As these data formats '. eec ric c arge

erg e~t1tY f electric current IUpnCfunda menlalphysicalCllnstanldo not codify names, it is not possible to delin eqUllibnum OrCegeneralchemistry ~oo stat e H fllE-StnJcturecooslani matrix 
eate and explicate data structure, and hence, ke l ~~C!JI1didMlYisotopic COI!1Position of the ~I~ments liquid ISOkmilllUS intenSlluthe information content of the resultant Web re mole kilogramdqJlJlemomenl IsotopIC COIllPosltlon eleQ1ents ~:e~: 
sources is inaccessibleto machines. magnelicsusceptlblhly lengtfiucmagnetlC flux denSity photochemistl'1J mass number 

One of the main roles of IUPAC is to stan metre pressure . properties of nu~lides mathematical symbol m~e fraclron
dardise the names that chemists use in their nuclear magneton mass denSity nuclear magnetic moment magnetic dillO!e moment ~roton 
scholarly works. Accordingly, it publishes the neutron partICle symbol molar volume particle massIUpnp. phySical Quan!ltyQuantrtu calculus t b . .IUPAC colour books: a suite of terminology, no numie'concentralionquan urn numer " ' SolutlonSlbaSl! Uml
menclature and ontology for chemistry. Current probabilrtystandard alomicweight symbolfor chemical element molality . solvent 
ly, only five of these publications are available raoran re~~~f ,i~ second stoichiometric n~mber quadrupole moment ~~~::=a ss 
online [1,2J, represented as a mixture of unstruc solidan stoichiometric e~ation speed of light spectroscopystOll:hiO cchenllcal equalilll1gIE meln
tured and semi-structured Web resources that - t st t rt . t , JOlT - Planckconstantsolutesohd rast edcordn slainunce am y symbol of chemical thermodynamiCs gderiY!dunit volume 
cannot be easily reused by software develop SlprIfg an a aa b If h . I I t surface tensIOnvector thermodynamic temperature sym 0 or c emlC ~ eemen pro!lIl nurnie' time 
ers. These projects are ad hoc and their outputs wavmnie' tensortemperature symbol of chemICal element relaxation lime. 
mutually incompatible, lacking long-term plan tenn symlxil symlQ ut parlCieunifiedatomic mass un it SIJmlDs forel emental1j parl lC~ 
ning and centralised coordination, as demon
strated by the fact that the only comprehensive 
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What's in a Name? 

As a follow-up, and in conjunction with the Royal 
Society of Chemistry's Chemical Information and 
Computer Applications Group (RSC CICAG) [6J, we 
organized the one-day meeting, "What's in a name: 
Terminology and nomenclature, the unsung heroes 
of open innovation" [7J, which was held on 21 Oc
tober 2014, at Burlington House, London, UK. Pre
sentations covered a wide range of topics of inter
est to both industry and academia, including: the 
representation of crystal structures, polymers and 
chemical reactions; the impact of the Web on the 
communication of chemical information; and the 
challenges of managing translational research in an 
"open" software architecture. 

Despite its name, the meeting highlighted the 
ease with which, from a computer science per
spective, many common misunderstandings about 
names permeate human discussion. For example, it 
is all too easy to confuse the name of a thing with 
the thing itself, to ignore the distinction between 
the processes of identification and resolution, or to 
forget that the same name can be resolved by more 
than one identity provider. To paraphrase the Bel-

The Semantic Web [aJ is a collaborative movement led 
by the international standards body the World Wide 
Web Consortium (W3C) [bJ, whose goal is to trans
form the human-accessible "Web of documents" into a 
machine-accessible "Web of data". The Semantic Web 
is realized as a hierarchy of technologies (see figure), 
where each successive layer builds upon and extends 
the capabilities of the preceding layers. 

At the base, the fundamental technology of the Se
mantic Web is the Uniform Resource Identifier (URI) 
[cJ, which provides a mechanism to identify the name 
of a resource. Given identification by one or more URis, 
representations of a resource can be exchanged over 
the network. The most common form of URI on the 
Web is the URL (the thing that you type into the ad
dress bar of your Web browser). 

The next layer is the Resource Description Frame
work (RDF) Cd], a family of specifications that col
lect ively define a method for modelling information 
resources by making assertions abou t their nature 
and characterist ics. Each assertion takes the form of 
a "subject-predicate-object" triple, where the subject 

gian surrealist, Rene Magritte: "Ceci n'est pas une 
structure chimique," (ceci est une representation 
d'une structure chimique). 

In this niche area, chemists risk succumbing to 
the "curse of knowledge", focusing on the minor 
details of their own discipline while bypassing the 
major practicalities of software engineering; an is
sue that can only be resolved by actively seeking 
collaboration with computer scientists. There are 
many fine examples of "chemist-ware" on the Web, 
but their developers represent an absolutely tiny 
fraction of the world's chemists, who are presently 
unable to fully express themselves. 

The Web is indispensable to modern chemis
try research. It is only a matter of time before the 
"killer app" for chemistry is successfully developed, 
"infecting" its end-users with its own potentially 
problematic interpretation of the discipline. If IUPAC 
does not take immediate measures [8J, leveraging 
the power of its brand to promote a cohesive vision 
of chemical terminology, nomenclature and ontol
ogy on the Web, then it risks being supplanted as 
the international authority for chemical sciences. ~ 

and predicate are both resources, identified by URis, 
and the object is either a resource, identified by a URI, 
or a literal value, such as a string, number or t imestamp. 

In RDF, every set of assertions induces a labelled, 
directed graph, where vertices and edges corre
spond to resources and assertions respectively. A 
core capability of RDF is that any two graphs can 
be added together, to yield a third graph of equal or 

" , he 
a c le ..... e a lie 

5 e. 

oQuery: 1'::::1111:::=.======:H ....,
SPARQL iii a. 

RDFS (:
U 

Data interchange:
RDF .....----""fll 

XML 

URI/IRI 



Quite a Lot, as it Happens! 
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by John Rumble, Steve Freiman, and 
Clayton Teague 

W
hen isa chemical not a chemical? When isa 
material not a material? The answer to both 
questions can be considered the same: 

When the procedures and rules chemists and materi
als scientists have developed to describe those sub
stances no longer work. One area wherethis occurs is 
in the world of nanomaterials. 

These substances, containing hundreds of thousands to 
hundreds of millions atoms (with leeway at both ends of 
that range), have rapidly evolved the potential to impact 
virtually every area of our physical world-health, food, 
engineering, transportation, energy. In many cases, nano
materials are already part of our world. 

Yet unlike chemical and "normal" engineering materi
als, there is no accepted way to describe nanomaterials 
such that we know exactly which nanomaterial is being 
discussed, reported on, regulated, bought, or put into 
a commercial product. Simple chemical nomenclature 
does not suffice-nanomaterials have solid-like aspects 
beyond normal chemistry. Systems used for engineer
ing materials, such as ceramics, metals, and polymers, do 
not capture the nanoscale features of form, size,surfaces, 
etc., that impart special properties to nanomaterials. 

Further, nanomaterials are the subject of intense in
terest in many disciplines, from chemistry, physics, and 
material science to food, medicine, and nutrition. The 
user communities are equally diverse, including research
ers, product designers, purchasers, regulators, health ex
perts, and many others. These users need to discuss and 
describe nanomaterials accurately. Nanomaterials them
selves are not homogeneous except for their nanoscale 
size. Single-walled carbon nanotubes, quantum dots, ti
tania nanoparticles, and thin film perovskites share little, 
except for their intriguing and exciting nanoscale-derived 
properties. 

So what can be done to describe nanomaterials in a 
way that meets the needs of diverse scientific disciplines, 
user communities, and nanomaterials themselves? During 
the last three years, a CODATA [lJ-VAMAS [2J Working 
Group (WG) on Nanomaterials has worked on a multi
disciplinary, multi-user community, international basis to 
develop a Uniform Description System for Materials on 
the Nanoscale (UDS). Version 1.0of the UDSwas released 
1 February 2015 and is publicly available for download, 
use,and comment at www.codata.org/nanomaterials. 

The UDS has two primarily goals. The first is to de
scribe nanomaterials uniquely, so that each is differenti
ated. The second is to determine when two instances of a 

nanomaterial are equivalent to whatever degree desired. 
The UDS was designed to meet both goals as well as to 
meet the needs of different disciplines and user com
munities for as many types of nanomaterials as possible. 
The CODATA-VAMAS WG is built on the work of many 
groups, including standards committees, database devel
opers, and nanomaterials researchers. 

Before describing the UDS in more detail, it is impor
tant to mention several import facets of the present ver
sion. As Chemistry International readers well know from 
the work of IUPAC nomenclature committees, a descrip
tion system is never complete. As new substances are 
discovered and synthesized and new knowledge is dis
covered about the structure and function of these sub
stance, description and nomenclature systems must be 
updated and extended. We anticipate the same for the 
UDS, especially as the field of nanomaterials is advanc
ing so rapidly. New uses for a description system will also 
require changes. So the release of version 1.0of the UDS 
is not the end of the process. Changes will be required 
and improvements suggested. The IUPAC community is 
well positioned to help with this process, and comments, 
suggestions, and improvements are welcomed. 

Definitions 

Nanomaterial:There are two primary definitions of nano
material in wide use.The UDSapplies to both definitions. 

The ISO TC229 definition [3J of a nanomaterial is: "a 
material with any external dimension in the nanoscale 
[approximately 7nm to 700 nm] and/or having internal 
structure or surface structure in the nanoscale." 

The European Commission definition [4J of a nano
material is:"A natural, incidental or manufactured material 
containing particles, in an unbound state or as an aggre
gate or as an agglomerate and where, for 50 %or more of 
the particles in the number size distribution, one or more 
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external dimensions is in the size range 7nm - 700 nm. In 

specific cases and where warranted by concerns for the 
environment, health, safety, or competitiveness, the num

ber size distribution threshold of50 %may be replaced by 

a threshold between 7and 50 %." 

Descriptor: Numerical data or text that expresses the 
measurement, observation or calculational result of some 
aspect on an object. 

Information category: a set or group of related descrip
tors that represent a property, characteristic, or feature 
of an object. 

Nano-object: The ISO TC229 definition [5J of a neno-cb

ject is: ';4 material with one, two or three external dimen
sions in the nanoscale". 

Collection of nano-objects: a group of two or more na
no-objects that may function as a unit; a collection can be 
made of identical or different nano-objects. 

Bulk material: A material that has all external physical di
mensions larger than the nanoscale. 

Uniqueness: The ability of a description system to differ
entiate one object (here a nanomaterial) from every oth
er object (all other nanomaterials) and to establish which 
particular object (nanomaterial) is being described with
in the broad range of disciplines and user communities. 

Equivalency: The ability of a description system to es
tablish that two objects (nanomaterials), as assessed by 
different disciplines or user communities, are the same to 
whatever degree desired. 

Approach 

The approach taken has been to identify the broad types 
of information used through the nanomaterials commu
nity to describe a nanomaterial as completely as pos
sible. This approach was chosen so that the majority of 
the terms and concepts used in the description system 
are readily understandable to scientists, technologists, 
and lay persons involved in nanotechnology. The basic 
premise behind the Uniform Description System is that, 
unlike individual molecules, a nanomaterial cannot be 
uniquely specified by a simple, or even complex, name. 
Further, the description systems developed for metals, 
alloys, ceramics, polymers, and composites are also in 
an incomplete state for nanomaterials because of size, 

surface, shape, and other effects that significantly influ
ence their properties. While simplistic terms such as "car
bon nanotubes" or "quantum dots" convey important 
information, the identification of a specific nanomaterial 
requires more. For complete specificity, all relevant infor
mation categories must be used. Many situations require 
this level of specificity, including the development of 
regulations and standards, purchasing, and testing. One 
can imagine in the future a numbering system that traces 
back to specific values of the descriptors included in the 
information categories of the UDS. 

The first step in the development of the UDS was a 
survey of a large variety of nanomaterial communities, 
including those representing medicine, toxicology, food 
science, chemistry, biology, etc., as to their needs, as well 
as the convening of a series of interactive workshops to 
obtain consensus on the approach. There were also in
teractions with standards committees such as ISO Tech
nical Committee 229 Nanotechnologies [6J and ASTM 
Committee E56 on Nanotechnology [7J as well as groups 
such as the OECD Working Party on Manufactured Nano
materials [8]. Based on this, a Framework was built for 
the information used by different disciplines in their nano
materials work. The Framework integrates existing ap
proaches that have focused on specific detailed aspects 
of nanomaterials, such as size, shape, structure, etc. The 

Nanomaterial
 
Description
 

System
 

Character izatio n 

Collection of 
nano-obj ects 

Bulk materi al 
conta ining 
individually 

identifiable nano · 
objects 

Bulk material 
that has 

nanoscale 
features 

Fig 7:Schematic of the information framework 
relevant to nanomaterials work. 
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Info rmation Category Descr iption 

General Identifiers The general terms used to name and classify a nanomaterial. 

A set of measurement results that taken together uniquely de-
Characterization scribes the physical, chemical, structural and other characteristics 

of a nanomaterial. 

A set of general and specific information that describes the pro
duction of a nanomaterial. The production of a nanomaterial is 

Production 
assumed to have a distinct initial phase followed by one or more 
post-production phases. 

A set of detailed information about specification documentation 
Specification according to which a nanomaterial has been produced or docu

mented. 

Table 1. Information categories used to describe nanomaterials 

Framework is shown in Figure 1. primarily belong to one of these types. At the same time, 
The final Framework defines four major information cate the functionality of nanomaterials may really take place 
gories used to describe nanomaterials as shown in Table1. as an individual nano-object or as a collection of a small 
Each of these information categories contains numerous number of nano-objects that have separated in use from 
subcategories that in turn contain the descriptors that the bulk material that originally contained it. This is espe
provide the detailed information and data comprising a cially true for bio-medical functionality. It should be noted 
complete description system. that the applicability of the UDS is not limited to engi

The UDS identifies the various types of information neered or manufactured nanomaterials but is also perti
and data that can be used to describe a nanomaterial. It nent to naturally occurring nanomaterials. In the follow
does not, however, prescribe which pieces of information ing sections these information categories are examined in 
and data must be reported; that will be determined by much greater detail. 
the reason for describing a nanomaterial, which in turn 
is determined by the community receiving the informa Information Categories and their 
tion and data. It should also be noted that additional de Subcategories 
scriptors may become necessaryas our knowledge of the 
properties of nanomaterials increases. General Identifiers 

In establishing the LIDS, the rich array of actual and As with all scientific fields, practitioners create formal 
potential nanomaterials requires considerable detail in and informal terminology to refer to aspects of objects 
order to differentiate one from another. It is extremely that are of interest, especially in order to aggregate 
useful, however, to divide nanomaterials and the objects items of interest into classes. Such identifiers include: 
that contain them into four major types, each of which 
requires slightly different sets of information to describe Common or informal names and identifiers 
completely: Formal names and identifiers as determined by rules, 

or as assigned by an authority 
1.	 An individual nano-object Informal classifications based on one or more 
2.	 A collection of nano-objects features 
3.	 A bulk material containing individually identifiable Formal classifications as determined by rules, or as 

nano-objects assigned by an authority 
4.	 A bulk material that has nano-scale features 

Characterization of an individual 
It must be recognized that the distinction between bulk nano-object 
materials of types 3 and 4 may be difficult to determine It is at the scale of an individual nano-object that 
and the use of information categories related to those the complexity and uniqueness of nanomaterials is 
types will depend on the application and discipline. The most clearly demonstrated. The following six subcat
majority of "products" made from nanomaterials will egories comprise the characteristics of an individual 
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nano-object that are relevant for its description. In the 
following discussion, the term "nano-obiect" refers to 
an individual nano-object: 

Shape 
Size 
Chemical composition 
Physical structure 
Crystallographic structure 
Surface description 

Some of these subcategories have well defined methods 
for quantifying information about their details, whereas 
other subcategories do not, a situation that will change as 
new methods for characterizing aspects of nanomaterials 
evolves. 

The characterization of a collection of 
nano-objects 
Perhaps the most important type of nanomaterials 
from the viewpoint of actual applications is a collec
tion of nano-objects, created either deliberately or 
through chance interactions. In most cases, the reac
tivity of individual nano-objects means that on a prac
tical scale, it is difficult to produce, manipulate, and 
use an individual nano-object in isolation from all other 
nano-objects. Clearly there are exceptions, such as 
in applications being explored in the manipulation of 
quantum dots or individual atoms to create qubits for 
quantum computing applications. 

A collection of nano-objects may be homogeneous, 
composed of one type of nano-object, or heterogeneous, 
composed of two or more different types of nano-ob
jects. A collection may be tightly associated and act as 
an unit, or simply an assemblageof non-interacting nano
objects. All collection types are characterized in the same 
manner, using sevencategories: 

Composition 
Physical Structure 
Interfaces 
Surface 
Size Distribution 
Stability 
Topology 

A collection is differentiated from the third and fourth 
types of nanomaterial in that it contains only nano-ob
jects, whereas the other types of nanomaterials are bulk 
materials containing nanomaterials or bulk materials with 
features on the nanoscale. Because of the wide diversity 

of possible collections, considerable thought must be 
given to the details accurately describing a collection, 
and in many situations, the description will be made on 
the basisof an averageor representative collection rather 
than each individual collection. The implications of this 
approach are significant. The correlation of properties 
with collection features may be difficult. In a distribution 
of collections, individual collections away from the aver
age might exhibit different levels of reactivity and prop
erties than those that are average. Indeed, over time the 
description of a distribution of collections might be a new 
level of description for the UDS. For the present, we as
sume that the UDSis being used to describe one specific 
collection. 

There remains the ambiguity of an individual nano
object that hasacquired adherents, either as a full corona 
or as partial coverage. In these cases, using the informa
tion categories for an individual nano-object is preferred. 

A bulk material containing individually 
identifiable nano-obiects 
The Uniform Description System as discussed above is 
focused on the description of individual nano-objects 
or collections thereof. In many applications, however, 
nano-objects and collections of nano-objects will be 
placed in bulk materials, whether homogeneously or 
heterogeneously. When in service or during an applica
tion, the bulk material, which has most likely obtained 
new properties from the included nano-objects or col
lections, still functions as a bulk material. 

We can differentiate between two types of bulk ma
terials: solid phase and liquid phase. In liquid bulk materi
als, nano-objects and their collections are free to move 
around in the liquid, with interactions with other compo
nents of the liquid changing over time. The description 
of the nano-objects and their collections can be done by 
using the information categories and descriptors defined 
above. In solid bulk materials, the nano-objects and col
lections are more or lesspermanently locked in place and 
change locations slowly with respect to molecular time 
scales. Again, the description of the nano-objects and 
collections can use the tools above. 

The question that then arises with respect to the de
scription of this type of nanomaterial is the followinq: 
Does the bulk material have nano-scale features beyond 
those associated with the nano-objects or collections 
contained therein? One can define two extreme situa
tions. The first is where individual nano-objects or col
lections nano-objects separate from the bulk materials 
during use or other application and move around freely, 
outside the confines of the bulk material. In this case, the 
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UDS is fully capable of describing the separated nano
objects, including a description of their production (i.e.by 
separation from the bulk material), if necessary. 

The other extreme situation is where the use or ap
plication of the bulk material does not involve any sepa
ration of the nano-oblects from the bulk material. In this 
case, the question becomes "what additional information 
is needed to fully characterize the bulk material as includ
ing nano-objects?" Aside from issues associated with the 
preparation of nano-objects before inclusion in the bulk 
material, or with the production process of the bulk ma
terial with nano-objects, current systems for describing 
bulk materials such as metals, alloys, ceramics, polymers, 
composites, food substancesand others, should suffice. 

Manycasesbetween these two extremes are possible 
and as nanomaterials come into commerce, enhance
ments of the UDS may be necessary. 

A bulk material that has nano-scale 
features 
The fourth type of nanomaterials that needs to be de
scribed is a bulk material that has nanoscale features, 
but does not have individual nano-objects or collec
tions of nano-objects. At present the UDS does not 
describe these materials. 

Production 
The production of a nanomaterial is assumed to have 
a distinct initial phase followed by one or more post
production phases. The post-production phase may 
simply be storage after initial production, or a more 
complex transformation. ISO TC 229 has produced 
ISO 80004-8:2013 which defines terminology appli
cable to nanomanufacturing. In addition, much effort 
is being made by several engineering communities to 
develop process models that are applicable to a wide 
variety of processes. As development of the Uniform 
Description System for nanomaterials progresses, 
these models need to be reviewed and utilized to the 
extent possible. 

Specifications 
Specifications are a mechanism to define in detail how 
a nanomaterial is produced, purchased, or delivered. A 
specification is important for documenting the agree
ment between two or more parties as to the exact na
ture of the nanomaterial under consideration. Specifi
cations can be informal or formal, and are often legally 
binding. Informal specifications are often used in the 
purchase of an object. They are developed by and 
agreed to by the parties involved. Formal specifica
tions are developed by some competent organization 

on behalf of a cohort of interested parties so that they 
can be used by a simple reference. 

Specifications can also contain information about the 
registration of a nanomaterial in a government, public, or 
private registration system, including the authority con
trolling the registration system. The fact that a nanoma
terial is registered in such a system does not mean that 
it has specific properties or interactions; that information 
can only be determined by referring back to the registra
tion system itself. 

Summary 

The Uniform Description System as discussed above is 
now being widely reviewed by various communities work
ing with and using nanomaterials. The UDS will continue 
to evolve over time as new knowledge is developed k: 
on how best to describe a nanomaterial accurately. 
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The History of the 
IUPAC Nomenclature of 
Organic Chemistry 

by Evan Hepler-Smith 

F
or chemists and chemistry students around the 
world, "IUPAC" is synonymous with "nomencla
ture" - especially the nomenclature of organic 

chemistry. Generations of chemists have learned 
sometimes grudgingly - to read and write systematic 
names for organic compounds using guidelines codi
fied by the International Union of Pure and Applied 
Chemistry. [1,2,3] The prefixes, suffixes, numbers, and 
parentheses of IUPAC names put molecules in order: 
individually, by expressing the network of atoms and 
bonds that constitutes the structure of an organic 
compound, and collectively, by situating each com
pound among the tens of millions of known organic 
chemical substances. IUPAC names carry this order 
out of chemical journals and into such sites as patent 
records, customs lists, and environmental regulatory 
databases. 

The latest IUPAC Nomenclature of Organic Chem
istry runs to 1,568 pages. [4J A curious reader thumb
ing through this volume might reasonably assume that 
systematic nomenclature is made by layering a verbal 
logic atop the ever-expanding variety of carbon com
pounds that nature and synthetic chemistry have de
vised. However, the drive for rigor-economical, cat
egorical, logically consistent rules-is only a part of the 
story of systematic nomenclature. The making of the 
1930 Liege Nomenclature, the foundation of official 
IUPACorganic nomenclature, also required f/exibi/ity
tolerance for carefully-curated variation and inconsis
tency among chemical names, in the service of making 
the nomenclature system easier to adopt and adapt
able to a wider range of circumstances. Formed amidst 
the disordering aftermath of war as well as a disorderly 
chemical vocabulary, the Liege Nomenclature gained 
acceptance not only because of how it ordered mol
ecules, but because of how it organized chemists. 

The development of an international system of or
ganic nomenclature began nearly three decades be
fore the founding of IUPAC, at the Geneva Nomencla
ture Congress. During the late nineteenth century, as 
chemists synthesized more and more novel organic 
compounds, they often found it expedient to give each 
new compound a name that expressed their view of its 
chemical structure. However, since chemists turned to 

numerous conflicting conventions for doing so, such 
names threw the already disorderly nomenclature into 
further disarray. Over four days in April in 1892, thirty
four prominent organic chemists from across Europe 
gathered in Geneva to develop a system of nomencla
ture rules to put this confusion in order. [5J 

The delegates to the Geneva Congress were present
ed with a choice between two ideas of how systematic 
nomenclature should work, each advocated by a lead
ing chemist of the day. Charles Friedel, the Frenchman 
who organized the Congress, envisioned a flexible sys
tem of nomenclature that would allow chemists to use 
different sorts of trivial and systematic names adapted 
to their diverse needs and preferences. German luminary 
Adolf von Baeyer, in contrast, advocated a rigorous sys
tem of nomenclature rules.Sucha system, Baeyerargued, 
could be an invaluable aid to chemical editors in the task 
of sorting an endless stream of organic chemical names 
into reliable subject indexes. Baeyer's plan won the day: 
the Geneva Nomenclature would generate a unique name 
for every organic compound, expressly for use in ordering 
and searching through the tens of thousands of entries in 
chemical handbooks and journal indexes. 

That wasthe idea,anyway. In reality,generating unique 
names that clearly expressed the structure of organic 
compounds was no easy task. Most compounds of even 
moderate complexity - for example, anything containing 
more than one kind of functional group - fell outside of 
the scope of the rules that the Congresshad been able to 
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German chemical lexicographer Max Moritz Richter, 
a colleague of Paul Jacobson, offered this example 
of the excessive complexity of some Geneva names. 
[Max Moritz Richter, "Ein Beitrag zur Nornencletur, " 
Berichte der Deutschen Chemischen Gesellschaft 29. 
no . 1 (1896): 603.J 
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agree upon. To other compounds, the Geneva rules as
signed names that seemed excessively complicated to 
chemical readers and authors alike. As a result, some of 
the editors for whose benefit the Geneva nomenclature 
had been created felt that they could not make use of it. 

Foremost among these editors was Paul Jacobson. 
A young organic chemist of Jewish heritage, Jacob
son had left a junior professorship in Heidelberg to be
come editor-in-chief of the publications of the German 
Chemical Society, an expanding collection of periodi
cals and reference works including the invaluable Bei/
stein's Handbuch [6] Jacobson considered the Geneva 
nomenclature to be a lost cause. In his publications, he 
shunned systematic nomenclature and alphabetized 
lists of names in favor of chemical indexes ordered 
by empirical formula. For the mammoth undertaking 
of compiling an entirely reorganized fourth edition of 
Beilstein, Jacobson and his deputy Bernhard Prager 
developed the elaborate classification of organic com
pounds that became known as the "Beilstein system." 

Despite, or perhaps because of, his skepticism re
garding the rigorous Geneva project, when another 
international project to reform organic nomenclature 
began to coalesce, Jacobson seized a leading role. 
At the first meeting of the International Association 
of Chemical Societies, held in Paris in 1911, Jacobson 
took the initiative to present a plan for the nomencla
ture work that the Association would undertake. [7] 
His approach was diametrically opposed to that of 
the Geneva Congress. Instead of prominent chemists, 

Jacobson advocated that the new nomenclature com
mission be made up of experienced editors and index
ers. Instead of developing a rigorous system of nomen
clature rules - or any system of nomenclature rules at 
all - he proposed that the commission merely evaluate 
novel nomenclature proposals and address specific in
stances of confusion among existing chemical names. 
Some of his fellow commission members had different 
ideas, but Jacobson managed to secure the chairman
ship of the organic nomenclature commission. For an 
editor in the middle of a project as enormous as the 
fourth edition of Beilstein, it was a savvy move. By tak
ing charge of nomenclature reform and shepherding 
it in the direction of flexibility, he could stave off any 
rigorous new rules that might interfere with his work 
in progress. 

Just as Jacobson's commission was beginning to 
get to work over the summer of 1914, the German army 
invaded Belgium. Like many other areas of internation
al scientific cooperation, nomenclature reform came to 
a sudden halt. It remained suspended for the duration 
of World War I. Though dormant, the project was not 
forgotten; after the armistice, the members of Jacob
son's commission sought to resume their prewar ef
forts. The conditions of international scientific relations 
had changed substantially. The International Associa
tion of Chemical Societies was dissolved in 1919, and 
the International Union of Pure and Applied Chemistry 
founded under the umbrella of the International Re
search Council (IRC). As with all the member unions of 
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The members of the organic nomenclature working group, along with colleagues on an analogous group dealing 
with inorgani c nomenclature (Industrial & Eng ineering Chemistry 17, no. 12 (December 1, 1925) : 1245. 
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the IRC, a kind of scientific Treaty of Versailles estab
lished by representatives of the victorious Entente na
tions, Germans and German institutions were banned 
from membership in IUPAC. The landscape of organic 
nomenclature had changed as well. The initial volumes 
of the fourth edition of Bei/stein had been published, as 
had another authoritative reference work, the first col
lective index to the American abstract journal Chemi
cal Abstracts. Under these challenging conditions, and 
without the help of the German Jacobson, IUPAC took 
up the reform of organic nomenclature. 

In 1921, the IUPAC Council established a Commis
sion on the Reform of the Nomenclature of Organic 
Chemistry, composed of one representative from each 
of the Union's twenty-one member nations. (Parallel 
IUPAC commissions took up inorganic and biochemi
cal nomenclature; the three commissions operated in
dependently during the 1920s.) Over the following two 
years, several representatives proposed different start
ing points for the commission's work. One, for exam
ple, suggested picking up precisely where Jacobson's 
commission had left off; another advised portioning 
out the entire field of organic compounds and putting 
each commission member in charge of nomenclature 
within one such section. The commission met only at 
the Union's annual conferences, and chronic absentee
ism among commission members left these meetings 
as ad hoc affairs offering little opportunity to reconcile 
the various proposals. 

At the encouragement of the Union president, the 
commission decided upon a different way of advanc
ing its work. The commission assigned responsibility 
for organic nomenclature reform to a working group 
made up of six members appointed by the editorial 
boards of leading American, British, Dutch, French, Ital
ian, and Swiss chemical publications. Cutting through 
the Gordian knot of commission reports from before 
and after the war, the commission instructed this work
ing group to base its discussions on the one concrete 
point of departure that could be identified without fur
ther discussion: the Geneva nomenclature. 

The working group took up this task in 1924, under 
the presidency of University of Amsterdam professor 
Arnold Holleman, a respected textbook author fluent 
in French, German, and English as well as his native 
Dutch. The American member, Austin Patterson, was 
regarded as the world's leading authority on organic 
nomenclature - outside of Germany, at least. Just as 
importantly, as the architect of the nomenclature used 
in Chemical Abstracts, Patterson could help ensure 
mutual understanding between the working group 
and this important publication. In order to establish a 
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similar sort of relationship with Beilstein despite the 
IRC boycott of Germany, both Holleman and Patterson 
corresponded unofficially with Prager, the reference 
work's editor (Jacobson had died in 1923). 

The working group faced a conundrum. Under 
Jacobson's watch, international work on organic no
menclature had shifted decisively in the direction of 
flexibility, and the further entrenchment of the no
menclature systems used in Chemical Abstracts and 
Bei/stein seemed to make such flexibility all the more 
important. At the same time, the working group had 
been charged with building rules based on the rigor
ous Geneva nomenclature. 

Holleman's solution was to adopt the content and 
form of the Geneva rules, but to subtly reshape them 
according to the spirit of Jacobson's flexible approach. 
During five meetings over the course of two and a half 
years, Holleman led the working group step by step 
through the official text of the Geneva nomenclature. 
By 1927, Holleman's group had agreed upon a set of 
sixty-eight rules. These rules covered nearly the same 
ground as the sixty-two Geneva rules, sanctioning 
most of the same prefixes and suffixes. However, when 
it came to general matters, the working group took a 
much more flexible approach, tolerating variation and 
preserving well-established trivial names where the 
Geneva rules had assigned exclusively unique, system
atic names. Where the Geneva Congress had codified 
a rigorous approach to organic nomenclature, and Ja
cobson had resisted the codification of any such sys
tem, the working group's nomenclature codified a sys
tematically flexible approach to organic nomenclature. 

Satisfied that they had discharged their duty, the 
working group submitted these rules for affirmation 
by the organic nomenclature commission. One com
mission member, though, stood ready to defend the 
rigorous spirit of the Geneva Nomenclature. Victor 
Grignard, who represented France on the commission, 
saw the flexible approach embodied in the working 
group's rules as an abdication of the consistency and 
logic achieved by the Geneva Congress. His opinion 
mattered more than most; Grignard was a Nobel laure
ate and one of the most famous chemists in France. 
Speaking from a position of scientific prestige akin to 
that of Friedel and Baeyer in 1892,Grignard advocated 
instead addressing the shortcomings of the Geneva 
rules by developing an alternative but no less rigorous 
system. 

At the 1927 IUPAC conference, Grignard laid out 
this critique for his fellow commission members. His 
eloquent appeal to the logic of Geneva - and surely 
also his scientific reputation - convinced the commis
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Geneva: 3-methyl-1,31-hexanedioic acid Geneva: 3-methyl-1,31-hexaned iaI 
WG: l,2-pentanedicarboxylic acid WG: propylbutanedial 

propylsuccinic acid propylsuccinaldehyde 

Naming a diacid and its corresponding dialdehyde according to the Geneva rules and the rules proposed by the 
working group in 1927. The Geneva rules assign systematic names to each compound using a consistent logic. 
These names are cumbersome, but they express the structural relationship between the two compounds unam
biguously. The working group's rules address each compound using a different approach; the resulting names 
are easier to read, but they do not capture the structural similarity of the compounds as precisely. The work
ing group's approach also permitted the use of the established trivial names succinic acid and succinaldehyde. 
(Neither system considered stereochemistry.) 

sion to defer its approval of the working group's rules. 
Over the subsequent year, Grignard had his critiques 
printed and distributed, seeking to generate enough 
opposition to the rules to stave off their acceptance 
once more. 

He was perhaps more successful than he intend
ed. When the organic nomenclature commission as
sembled once again in 1928, Grignard's impassioned 
campaign and the Union's lax approach to commis
sion participation combined to turn the meeting into a 
free-for-all. Grignard and his sympathizers once again 
spoke out against the working group's rules, as curious 
delegates wandered into and out of the meeting room 
at will. A few of these visitors volunteered off-the-cuff 
ideas that had nothing to do with either the rules or 
Grignard's critiques. With tempers flaring among com
mission members, Holleman adjourned the meeting 
early, though not before Grignard had rallied a major
ity to vote down the working group's rule for naming 
carboxylic acids. Still, Holleman did not back down 
from his commitment to flexibility. Instead of replac
ing the working group's rule with Grignard's preferred 
approach, he retained the former as an acceptable al
ternative. 

At the insistence of the IUPAC Council. Holleman 
scheduled his rules for a definitive vote at the 1930 

conference in Liege. While Grignard carried on his 
attempts to rally chemical public opinion, Holleman 
worked to shore up his support among influential edi
tors. At Patterson's request, Holleman agreed to sup
press a rule that might have led to conflicts with the 
nomenclature used in Chemical Abstracts. After revi
sions in IRC and IUPAC bylaws opened the way for 
Germany to join the Union, Holleman met with German 
editors in Berlin. There, he allowed Prager to attach a 
rider to the working group's rules, stipulating that they 
were not to be taken to interfere with naming practices 
in the two preeminent reference works. 

Holleman's painstaking revisions made the work
ing group's rules more flexible and less rigorous - a 
change in the opposite direction as that sought by Gri
gnard and his fellow critics. However, they secured the 
support of the editors of Beilstein and Chemical Ab
stracts. Holleman no doubt reminded the commission 
members of the importance of this support when he 
solicited their votes - this time, before they assembled 
at the conference. 

The appeal succeeded. Even Grignard conceded 
the fight. though not the argument, acknowledging 
that the nomenclature practices of the reference pub
lications presented, in his words. "nearly insurmount
able difficulties" for one aiming to bring rigorous no-
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menclature into an international setting. [8J When the 
nomenclature commission met in 1930, the working 
group's rules were approved without debate, and be
came the Liege Nomenclature. 

In recent years, the focus of IUPAC nomenclature 
work has turned to the development of unique identi 

fiers for organic compounds, in the form of "preferred" 
IUPAC names (PINs) and computer-readable notation 
(InCh I). [4,9J Such projects are driven by the demands 
of a new technological context - the wholesale shift 
from print to a variety of computer-based resources 
for handling chemical information. But their funda
mental aim is neither entirely new, nor even the next 
step in a progression of increasingly rigorous ways of 
naming and ordering chemical compounds. Rather, the 
InChl and PIN projects are the latest episodes in a long 
history of competing demands for flexibility and rigor 
in organic nomenclature, a history whose product is 
IUPAC nomenclature itself. Today's efforts to devel
op nomenclature and notation standards are related 
by both analogy and genealogy to decisions taken in 
1892, the 1920s, and since. The more we understand 
about how chemists have confronted the challenges 
that the making of systematic nomenclature has pre
sented over the past century and a quarter, the better 
we can equip those who develop and use chemical in
formation systems to deal with these challenges, now 
and in the future. ..-; 
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•	 Definition of the halogen bond (I; DOI:10.1351/PAC-REC-12-05-10) 

•	 Terminology for self-assembly and aggregation of polymers (IV: 

DOI:10.1351/PAC-REC-12-03-12) 

•	 Glossary of terms relating to thermal and thermo-mechanical properties of 

polymers (I; DOI:10.1351/PAC-REC-12-03-02) 

•	 Standard definitions of terms relating to mass spectrometry (I; 

DOl:10.1351/PAC-REC-06-04-06) 

•	 Termino logy and nomenclature for macromolecular rotaxanes and 

pseudorotaxanes (IV; doi .t 0.1351/PAC-REC-11-1 0-15) 

•	 Names and symbols of the elements with atomic numbers 114 and 116 (II; 

dOi:10.1351/PAC-REC-11 -12-03 ) 

•	 Guidelines for reporting of equilibrium measurements (I; doi :10.1351/PAC

REC-11-05-02) 

•	 IUPAC glossary of terms used in immunotoxicology (VII; doi :10.1351/PAC

REC-11-06-03) 

•	 Terminology for biorelated polyme rs and applications (IV; doi:10.1351/PAC

REC-10-12-04) 

•	 Terminology of polymers and polymeriza tion processes in dispe rsed systems 

(IV; doi :10.1351/PAC-REC-10-06-03) 

•	 Definitions of terms relating to crystalline polymers (IV; doi :10.351/PAC-REC

10-11-13) 

•	 Definition olthe Hydrogen Bond (I; dOi:10.1351/PAC-REP-10-01-01 ) 

•	 Metrological Traceability of Measurement Results in Chemistry (V; 

doi :10.1351/PAC-REP-07-09-39) 

•	 Convention on the Use of Units for Time in Earth and Planetary Sciences (II; 

dOi:10.1351/PAC-REC-09-01-22) 

•	 Glossary of Terms Used in Photocatalysis and Radiocatalysis (I and III; 

dOi:10.1351/PAC -REC-09-09-36) 

•	 Glossary 01 Terms Used in Biomolecular Screening (VII; PAC 

doi :10.1351/PAC-REC-09-05-03) 

•	 Explanatory Dictionary of Key Terms in Toxicology , part II (VII; PAC 

doi :10.1351/PAC-REC-09-03-01 ) 

•	 Name and Symbol of the Element with Atomic Number 112 (II; PAC 

doi :10.1351/PAC-REC-09-08-20) 

•	 Terminology for radical polymerizations with minimal termination - the so

called 'living ' and/or 'controlled' radical polymerization (IV) 

•	 Glossary of class names of polymers based on chemical structure and 
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molecular architecture (IV) 

•	 Glossary ofTerms Used in Pharmaceutics (VII) 

•	 Glossary ofTerms Used in Ecotoxicology (VII) 

•	 Dispersity (IV) 

•	 Glossary of Terms Related to Kinetics, Thermodynamics and Mechanisms of 

Polymerization (IV) 

•	 Nomenclature for Rotaxanes (VIII) 

•	 Graphical Representation Standards for Chemical Structure Diagrams (VIII) 

•	 Glossary of Terms Related to Solubility M 
•	 Structure-Based Nomenclature for Cyclic Macromolecules (IV) 

•	 Further Conventions for NMR Chemical Shifts (I) 

•	 Definitions of Terms Relating to the Structure and Processing of Inorganic 

and Polymeric Gels and Networks, and Inorganic Polymeric Materials (II, IV) 

•	 Quantities , Units and Symbols in Physical Chemistry (I) 

•	 Explanatory Dictionary of Key Terms in Toxicology (VII) 

•	 Glossary of Terms Used in Toxicology - Expanded and Revised from 

"Glossary for Chemists of Terms Used in TOXicology" (IUPAC 

Recommendations 1993) (VII) 

•	 Glossary ofTerms Used in Photochemistry (III) 

•	 Guidelines for Potentiometric Measurements in Suspensions - Practical pH 

Measurements in Soil Suspension (V) 

•	 Glossary ofTerms Relating to Pesticides (VII) 

•	 Terminology of Polymers Contain ing Ionizable or Ionic Groups and of 

Polymers Containing Ions (IV) 

•	 Graphical Representation of Configuration (VIII) 

•	 JCAMP-DX for EMR (CPEP) 

•	 XML-based IUPAC Standard for Experimental, Predicted , and Critically 

Evaluated Thermodynamic Property Data Storage and Capture (ThermoML) 

(CPEP) 

•	 Nomenclature of Inorganic Chemistry (VIII) 

•	 Numbering offullerenes (VIII) 

•	 Terminology in soil sampling (V) 

•	 Name and symbol ofthe element with atomic number 111 (II) 

•	 Definitions of terms related to polymer blends , composites and multiphase 

polymeric materials (IV) 

•	 Quantities , terminology, and symbols in photothermal and related 

spectroscopies (1.5) 

•	 Glossary for toxicokine tics of chemicals (VII) 

•	 Definitions of terms relating to reactions of polymers and to functional 

polymeric materials (IV) 

•	 Terminology for analytical capillary electromigration techniques (V) 

•	 Name and Symbol of the Element with Atomic Number 110 (II) 

•	 Measuremen t of pH. Definition, standards, and procedures (V, I) 

•	 Recommendations for the use of the term "recovery" in analytical procedures 

(V.1) 

•	 Nomenclature of regular single -strand organic macromolecules (IV.1) 

•	 Definitions relating to stereochemically asymmetric polymerizations (IV.1) 

•	 Phane nomenclature. Part II: Substitution derivatives of phane parent 

hydrides (111.1) 

•	 The naming of new elements (11.2) 

•	 Nomenclature for the C60-/h and C70-D Sh(6) fullerenes (111.1) 

•	 NMR nomenclature: nuclear spin properties and conventions for chemical 

shifts (1.5) 

•	 Generic source-based nomenclature for polymers (lV.1) 

•	 Selectivity in analytical chemistry (V.1) 

•	 The hold -up volume concept in column chromatography (V.3) 

•	 Retention parameters in gas chromatography (V.3) 

•	 Definitions of basic terms relating to low-molar-mass and polymer liquid 

crystals (IV.1) 

•	 Nomenclature of structural and compositional characteristics of ordered 

microporous and mesoporous materials with inorganic hosts (1.6) 

•	 Names for muon ium atoms and ions (11.2) 

•	 Nomenclature of lignans and neolignans (JCBN) 
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•	 IUPAC gUidelines for terms related to chemical speciation and fractionation of 

trace elements : Definitions, structural aspects, and methodo logical 

approaches 0/.2 - VI.1 - VII.C.2) 

•	 Names for inorganic radicals (11.2) 

•	 Biological monitoring for exposure to volatile organic compounds (VOCs) 

0/II.C.2) 

•	 Nomenclature, symbols , units, and their usage in spectrochemica l analysis 

XVII. Laser-based molecular spectrometry for chemical analysis : Absorption 

(VA) 

•	 Glossary of terms used in theoretical organic chemistry (111.2) 

•	 Nomenclature of organometallic compounds of the transition elements (11.2) 

•	 Definitions of terms for diffusion in the solid state (11.3) 

•	 Classification and use of terms for amplification and related reactions 0/.1) 

•	 Revised Section F of the 1979 Blue Book: Natural products and related 

compounds (111.1) 

•	 Extension and revision of the nomenclature for spiro compounds (111.1) 

•	 Extension and revision of the von Baeyer system for naming polycyclic 

compounds (111.1) 

Abandoned 

. , Thermochemistry of Chemical Reactions : I. Terminology and Symbols 

•	 Explanatory Glossary of Terms Used in Expression of Relative Isotope Ratios 

and Gas Ratios 
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The use of the qualifier "primary" is ubiquitous in the 
chemical literature: "primary reference measurement pro
cedure" or "primary reference procedure" (entry 2.8 in 
[1]), or "primary measurement standard" ("primary stan
dard" for short-entry 5.4 in [1]) are considered to have a 
high scientific status. Thus, they are used frequently. The 
qualifier "primary" is thereby allocated easily, rather 
loosely, and not necessarily on the basis of metrological 
criteria. 

A measurement standard (of which a certified reference 
material is a typical example in chemistry) usually is a 
material carrying a property value or having a property 
value embodied in the material. It is that property value 
which will be used in, e.g., a calibration by means of this 
material, or which will be used for verifying the presence 
or absence of systematic effects in a measuring system 
(entry 3.2 in [1]). If there is a strong wish for such a ref
erence material to be viewed as having a "higher status" 
for commercial andlor political reasons, it is often called 
"primary," just to increase that status. In addition, a very 
small or "smallest possible" measurement uncertainty for 
the embodied property value is implied or declared, 
sometimes without being consistent with the VIM defini
tion of measurement uncertainty (entry 2.26 in [1]) . 

The knowledge of the property value of a chemical 
measurement standard usually is obtained by means of a 
reference measurement procedure (entry 2.7 in [1]) (a 

Disclaimer: The author is a member of the Joint Committee on 
Guides for Metrology (JCGM), Working Group 2 (VIM). The 
opinions expressed in this Column do not necessarily represent the 
view of the Working Group or of ACQUAL. 

P. De Bievre (:8:1) 
Kasterlee, Belgium 
e-mail: paul.de.bievre@skynet.be 

measurement procedure is a description of how to carry out 
a measurement-see entry 2.6 in [1]). Such a procedure 
usually consists of a series of steps or operations each of 
which-through its uncertainty-contributes to the uncer
tainty budget (entry 2.33 in [1]) of the measured property 
value. A case in point is the measurement of the mass 
fraction of Ag (the measurand) by constant current coulo
metry in an impure raw silver-containing material. First, a 
weighed portion of the raw silver material is dissolved in a 
weighed portion of HN03 solution. Measuring a constant 
electric current passing through the solution, depositing the 
Ag on an electrode and measuring the time needed until 
depletion of Ag+ ions, leads to the knowledge of the 
measurand (entry 2.3 in [1]) by a calculation of the number 
of Ag atoms or the mass of the Ag per g of the raw silver 
material. Note that the term "analyte" is frequently used
erroneously-to designate either the pure Ag or the raw 
silver material which is a recipe for confusion because an 
analyte is not a quantity and can therefore not be a 
measurand. 

It is also possible to arrive at the property value to be 
certified, by using a "preparation procedure" through 
which the final property value embodied in the standard is 
obtained. A simple example of that is the preparation of a 
glucose measurement standard obtained by mixing a 
known mass of glucose and a known mass of water, both of 
known (preferably high) purity. This enables to calculate a 
property value expressed as a measured mass of glucose 
per measured mass of water or per measured mass of so
lution, expressed in the (derived) unit gig for mass fraction. 
The end product: a gig value or number ratio for glucose in 
water for which an associated uncertainty must be 
evaluated. It is essential to indicate the measurand (e.g., 
mass fraction) as well as the unit used, i.e., gig. Once the 
measurement standard has been established, one can say 
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that the embodied property value in the standard has been 
synthesized by a procedure which is totally different from 
the role the standard will play in any subsequent mea
surement procedure in which the standard is used. 

Can the value embodied in a measurement standard be 
obtained by a routine measurement procedure using a 
routine measuring system for the same measurand? Or in 
an interlaboratory comparison? 

No. 
Obtaining a value by a routine measurement procedure 

requires a calibration (as in any measurement) by a mea
surement standard. When used to attain a certified value for 
such a measurement standard, a circular way of thinking 
and working develops in which a measurement standard's 
value would be used to arrive at a measurement standard's 
value for a measurement of the same measurand (see [2]). 
Circular procedures in science are, of course, unacceptable 
as a matter of principle. 

Where does that leave us for the qualifier "primary"? 
In the case of glucose, the certified value for the mea

surement standard for measuring a glucose concentration in 
water was attained "without relation to a measurement 
standard" for mass concentration measurements of glucose 
in water. It was obtained via a totally different and inde
pendent route. That entitles this certified value to be called 
"primary." 

Thus, the attribution of the qualification "primary" 
depends on the procedure used to obtain the property value 
to be certified for the measurement standard. That proce
dure must not make use of a standard of the same kind. A 
logical-one could say a metro-logical-criterion determines 
whether the qualification "primary" can be attributed to a 
given measurement procedure. Thus, a property value ob
tained by a "preparation procedure" can be seen as 
equivalent to a property value obtained by a "measurement 
procedure." That puts the burden of justifying the attri
bution of the qualifier "primary" squarely on the reference 
material producer. If proof of that cannot be given in the 
certificate of the standard, that standard cannot be claimed 
to be a "primary measurement standard." 

Because of this scientific-metrological way that the 
standard's certified property value is arrived at, it is seen as 
the "realization" of the (theoretical) definition of the 
measurement unit for the property involved (in the glucose 
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example the unit gig). In a metrological traceability chain 
(entry 2.41 in [1]), it is the first step after the definition of a 
unit (see chapter 9 in [3]). A measurement of the property 
value concerned, using another measurement standard for 
the same measurand, does not yield a primary measurement 
standard but a secondary measurement standard (entry 5.5 
in [1]). 

Do we have objective and intercontinentally agreed 
criteria as well as the necessary concepts at our disposal for 
the attribution of the qualification "primary"? 

Yes. 
They can be found in the quoted definitions from the 

International Vocabulary of Metrology-VIM [1]. Since 
the existence of this Vocabulary (2008), valid translations 
can be made of that Vocabulary in any other language 
because the translators can find in the VIM the meaning of 
the term to be translated, thus enabling the application of 
the same objective criteria to so-claimed "primary mea
surement standards" worldwide. An arbitrary allocation of 
the qualification "primary" for either prestige, political, or 
commercial reasons only, is not permitted since such a 
qualification is not a criterion for being allocated the 
qualifier "primary." 

The reason why we take up this matter again is that little 
progress has been made in a better metrological under
pinning of the qualifier "primary" since attention was 
drawn on this point 3 years ago [3]. 

As usual, any comment, question, or amendment is 
welcome, preferably as a contribution to the Discussion 
Forum of this Journal. 
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