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First, let me offer my sincere congratulations to Chemical Abstracts Service on the occasion of its 100th anniversary.  
Today, I’d like to share with you a brief overview of some of the major computer-based advances that have had an enormous impact on communication in chemistry.  Among those are the development of online databases, the conversion of journals to electronic format, and the evolution of the Web as a communication channel.

I recently read an article entitled “Electronic Searching Moves Ahead.”  The author commented on the fact that the “…rapid growth of the huge volume of chemical knowledge stored away in the literature makes it harder and harder to find specific information quickly and easily.”  He went on to say that “. . . more than 10,000 compounds have been exhaustively searched in a little more than a minute.”  Well, since, on May 4, 2007 the CAS Registry File had records for 31,621,384 organic and inorganic substances, it would require over four days to search the Registry File at the rate of 10,000 compounds per minute.  You may have guessed that the article I was reading was old.  In fact, it was published in a 1957 C&EN issue and dealt with the first demonstration of chemical structure searching performed by Russell Kirsch at the National Bureau of Standards. (1, 2)  By the 1970s, structure searching of chemical databases was becoming commonplace through systems such as Chemical Abstracts Service’s CAS Online and the NIH-EPA Chemical Information System.
In the early days of online searching, however, chemists had to communicate with the databases through “intermediaries,” aka, librarians or online searchers.  They were responsible for the tremendous growth in online searching in the period 1970-1990.

An informal poll of CAS Online customers, conducted by James Seals in 1990, revealed that a single professional searcher was supporting from 70 to 300 customers. (3)  Chemists have long been known for their propensity to search the literature themselves, so with the introduction of SciFinder in 1995, they quickly embraced the new CAS product that allowed them to avoid using an intermediary to search the CAS databases.  Jan Williams, then at Monsanto, published an article at that time in which she quoted one of her customers as saying, “SciFinder is better than having a set of CA in my lab.” (4)  
In my own literature search on SciFinder, I uncovered a more recent article written by CAS’s Kirk Schwall and Kurt Zielenbach that appeared in the ACS’s Chemical Innovation in October 2000. (5)    Naturally, I wanted to read the article, and since it was published in an ACS publication, I connected to the e-journal version on April 3, 2007.   Imagine my surprise when the following message appeared on my screen:   
“The ACS Publications website has been redesigned and restructured. The page you are attempting to access may have been moved or deleted.”  
What???  I immediately fired off an e-mail message to the ACS Publications Division help desk:
“I was attempting to access the following article from Chemical Innovation:

Schwall, Kirk; Zielenbach, Kurt. "SciFinder: A new generation of research tool." Chemical Innovation 2000 (October), 30(10), 45-50.

However, it no longer seems to be available because the link to the article from the title page of the journal issue leads to a page that says the article may have been moved or deleted.  Is it really true that a publication of the ACS is no longer available on the web?”
It took ten days before a response was received:

“Greetings,
    Thank you for your message.  After having this investigated, the technicians have informed me that Chemical Innovation is no longer supported/available.  I hope this information is helpful.

    Thank You.”
Well, it wasn’t really helpful—thank YOU very much!  
Fortunately, I had submitted an interlibrary loan request for the article on the same day I wrote to the ACS (April 3, 2007), and on April 4, the Indiana University Libraries responded:
“An article that you requested “SciFinder: a new generation of research tool” has been received and processed by the Interlibrary Loan Staff. You can now receive this item by logging on to IUB Document Delivery Services and choosing the "View/Download Electronically Received Articles" option from your main menu.”  This version of the article was a scanned image provided by our sister institution at Indianapolis, IUPUI.  Sometimes, the tried and true ways work best! 
Lest you think that I am picking on the ACS, I want to assure you that encountering missing electronic journal materials is not a unique occurrence.  Howard Dess, chemistry librarian at Rutgers, noted in a CHMINF-L (Chemical Information Sources Discussion List) posting just two days after I received the interlibrary loan article: 
“We recently discovered that online volumes 74, 75, and 76 of Journal of the American Oil Chemists' Society were missing (not available online at the Springer web site).  Our inquiry to Springer about this problem received the following response:

“Unfortunately, the volumes/issues/article you mention is/are currently missing on SpringerLink.  From the production dept. we learnt that the content is in the process of being digitised. It is planned but not scheduled. We do all our best to fill the gap as soon as possible.  We kindly ask to accept our apologies for the inconvenience caused.

With kind regards,

SpringerLink Support Team””
I am sure that other librarians and perhaps some of you in this audience have encountered similar problems with articles, issues, or even whole volumes that are missing from the electronic versions of journals.  Nevertheless, the electronic journal is a significant milestone in the history of chemical communications, and it is clearly here to stay.  Many academic chemistry librarians have even canceled the print versions of journals and now view the electronic journal as the archival version.  The acceptance by the user is universal because the convenience of having the articles at one’s own desktop is much more attractive and efficient than having to go to a library. 
Let me turn now to another important development in communications in chemistry—the Web.  The Web has brought about a significant change in the way information is sought—not all of it positive, from my point of view.  In this part of the talk, we will encounter some new terms, most of which I will define.  The first is RSS.
“RSS” is one of the newer Web services that allows the syndication of lists of hyperlinks, along with other information, or metadata, that helps viewers decide whether they want to follow the link.  RSS is intended for use by computers on behalf of people, rather than being directly presented to them like HTML.  A Web site will make a feed, or channel, available, then, computers can regularly fetch the file to get the most recent items on the list. (6)  Some of you probably use RSS to keep up with new journal articles, since many of the scientific publishers have incorporated this feature into their offerings.  

An interesting RSS feed at ETH Zurich alerts you to recent book reviews. (7)   Twenty five scientific journals with book reviews are tracked.  This resource elicited quite a discussion on CHMINF-L, the Chemical Information Sources Discussion List, shortly after it was announced.  Andrea Twiss-Brooks, chemistry librarian at the University of Chicago, said, “I use the RSS feed and it's really super! . . our systems folks have built a Firefox LibX extension for UChicago, so I can highlight the book title and do a search in our catalog without rekeying. The combination of these two functions saves me a lot of time. . .” (8)

The Web clearly is having an impact on how we gather information.  However, my librarian colleagues note a recent shift from a desire for comprehensive searches to just enough information to get by.  Today’s searchers seem to be moving from an attitude of “no stone left unturned” in their quest for information to an all-too-ready acceptance of information that is quickly found and is “good enough.”  More often than not, that means what is found on a Google or other Web search as their first and only attempt.
In order to test the validity of some of the newer search tools on the Web, I decided to compare two free Web search services with CAS’s SciFinder Scholar.  I searched a topic dear to me: cheminformatics (also known as chemoinformatics).  On SciFinder Scholar, the search for “cheminformatics” (performed on 4/4/2007) resulted in 172 references, whereas entering “chemoinformatics” retrieved 173 documents.  A cursory comparison of the search results revealed that the two sets of answers were not the same, so over 300 unique entries were likely found in the CA search on this relatively new concept.
I next tried the search on the free Web service “Mitch’s ACS + Nature + APS + Science+ RSC + Springer Search.” (9)  This resource uses Yahoo Pipes to search all ACS, Nature Publishing Group, American Physical Society, Science, and Royal Society of Chemistry RSS feeds plus Springer chemical publications.  The results can be syndicated in RSS format and plugged into an RSS reader, and the reader notifies you whenever a new publication containing information on your topic was published.  The search on Mitch’s Site for “cheminformatics” produced three references, all linked to the original articles:
· A Cheminformatic Toolkit for Mining Biomedical Knowledge
· Cheminformatics analysis and learning in a data pipelining environment
· MotifMiner: Efficient discovery of common substructures in biochemical molecules
“Chemoinformatics” resulted in only two references:
· Application of Chemoinformatics to the Structural Elucidation of Natural Compounds
· Statistical Distribution of Chemical Fingerprints
Finally, the searches were repeated on ChemRefer, a source that searches only chemical and pharmaceutical literature that is full text and freely available on the web. (10)  The search on “cheminformatics” found 7 articles, while “chemoinformatics” found 14.  As with Mitch’s, the results include hyperlinks to all articles in journals, some of which appeared in Chemical and Pharmaceutical Bulletin, Pure and Applied Chemistry, and Current Opinion on Chemical Biology.

Five references on Mitch’s and 14 on ChemRefer do not compare favorably with over 300 references obtained in the SciFinder Scholar search.  So, based on these quick comparisons, I would say that Chemical Abstracts Service has little to fear at this point in time from either Mitch’s or ChemRefer.

Communication in chemistry was the topic of two symposia at the recent Chicago ACS National Meeting, interestingly, both of them scheduled at the same time by the respective divisions.  I’ll list a few titles from those sessions to give you a flavor for their contents. 

· Communicating Chemistry, CHED, March 27, 2007

· “Open notebook chemistry using blogs and wikis,” J-C Bradley et al.

· “Open access peer reviewed portal for communicating chemistry: Analytical Sciences Digital Library,” H. A. Bullen

· The Evolving Network of Scientific Communication, CINF, March 27, 2007

· “Implementation of scientific ‘blogging’ into chemical laboratory research,” A. C. Fahrenbach, A. H. Flood

· “Standard domain ontologies: The rate limiting step for the “Next Big Change” in scientific communication,” A. Renear

· “Enhancing the web experience with ACS journals,” E. Jabri, S. Tegen

Allow me to digress a bit and tell you a story that illustrates the value and the drawbacks of attending conferences in person and communication problems that can sometimes arise.  I happened to sit down next to a young man on an ACS shuttle bus, who turned out to be Dr. Jean-Claude Bradley.  He asked which session I was going to, and I told him the one on scientific communication.  Jean-Claude was glad to hear this since he said he too was going to that symposium and didn’t know where it was located.  When we arrived at McCormick Place, I led him on a long walk to the room in which the CINF symposium was taking place, only to discover then that there was another communications symposium (CHED’s) at which he was to be the lead speaker (that one located a considerable distance away from the CINF session).  I later learned that Jean-Claude made it to the CHED session with little time to spare.  The first talk in the CINF session was delivered by a graduate student, Albert Fahrenbach, who described some novel uses of the Web in his research group at none other than Indiana University, my own institution.  Thus, my colleague David Wild and I were pleasantly surprised to find that we had come to the ACS Chicago national meeting to learn about developments that were very relevant to our cheminformatics research, but were being performed a few minutes away from our offices in Bloomington, Indiana.  Yes, there certainly are advantages to  attending conferences in person.  However, the new uses of the Web are providing some interesting alternatives to conference attendance. Coincidentally, the talk which Dr. Bradley gave at the Chicago ACS meeting was posted on a Drexel Web site within one day of his presentation, so although I missed his talk in Chicago, I was able to view and hear it shortly after returning to Bloomington.) (11) 

If we look at the titles of the presentations at the ACS symposia, many in the audience would likely say that some words are unfamiliar to them.  Blogs?  Wikis?  Ontologies?  These are part of the strange new vocabulary in what is referred to as “Web 2.0,” a phrase coined by O’Reilly Media in 2004.  It refers to a perceived second generation of Web-based communities and hosted services that facilitate collaboration and sharing between and among users, and it indicates a significant change in the way the Web is currently used, namely, social networking.  (12)  I’ll define some of these terms.  

A “blog” (short for web log) is a website where entries are made and displayed.  Their content may include commentary or news on a particular subject, but often blogs function as personal online diaries.  The ability for readers to leave comments in an interactive format is an important part of most blogs. (13)  Jean-Claude Bradley’s “Useful Chemistry Blog” at Drexel University invites you to “post specific problems in chemistry that need to be solved.”  (14)  Other components of his blog are:

· UsefulChem Molecules (as of 4/2/07 had only 231 molecules)

· UsefulChem Wiki and 

· UsefulChem Experiments.
An “ontology” is a data model that represents a set of concepts within a domain and the relationships between those concepts.  It is used to reason about the objects within that domain and thus is a form of knowledge representation about the world or some part of it. (15)  A cutting-edge use of ontologies can be found in the Royal Society of Chemistry’s Project Prospect.  In the RSC journals, many terms are highlighted and hyperlinked to definitions or additional information, as for example in this article: Chem. Commun., 2007, 49 - 51, DOI: 10.1039/b615122a   Ontology terms are highlighted in blue and feature definitions from the Gene Ontology, Sequence Ontology, or Cell Ontology. Terms found in the IUPAC Gold Book are highlighted in yellow.  In addition, the RSC Project Prospect journals highlight in pink the compounds identified in the paper and provide much additional information (including names and structures) about those substances.

The American Chemical Society has begun to introduce some Web 2.0 aspects for at least one of its journals, ACS Chemical Biology, which features the Chemical Biology Wiki and ChemBio WIKI Spot, an online journal club.  The ACS Biotech Exchange is an online network of tools to facilitate information sharing and communication.  It features tools to build invitation-only groups, open groups, peer networks, and networks of friends.  Registered members may send messages, post questions, and maintain a member profile. (16)
Another new term in the Web 2.0 environment is “folksonomy.”  This refers to a user-generated taxonomy for categorizing and retrieving web content such as Web pages, photographs, and Web links, using open-ended labels called “tags.” (17) Nature Publishing Group’s Connotea has aspects of folksonomy indexing.  It is a free online reference management service that lets you save links to articles, references, websites, etc. with one click.  With Connotea, you can put your entire reference library online for access at home, work, or while traveling.  It is also a social bookmarking tool where users can categorize articles with “tags,” share references, and view other people’s collections. (18)
It’s still an open question whether Web 2.0 technologies will be enthusiastically adopted by chemists in the same way they flocked to electronic journals.  David Lipman, Director of the National Center for Biotechnology Information was recently quoted as saying, “Scientists are more interested in their careers and grants than using tools that promote better communication and data sharing.” (19)  No doubt tried and true behavior patterns, such as attending conferences in person, searching CA databases through SciFinder, and using Interlibrary Loan will linger for a long time.  But everything changes.  It has been said that the Semantic Web is a substrate for collective intelligence. (20)  That is a powerful reason to incorporate Web 2.0 into your own information-gathering habits.  I believe that Web 2.0 empowers people to create such innovative communication tools that scientists will increasingly adopt them in order to promote better communication and data sharing.  As much as anything, I suppose the fact that in 1991 I created in CHMINF-L a way for people to communicate easily about chemical information topics has contributed to my receiving the Patterson-Crane award.  For that award I am extremely grateful.  Just keep in mind: If you build it, they will come (especially if THEY help build it!).  
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