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Chemistry without

Computers?

Such was the

world of 1976, when

ACS celebrated its last

landmark anniversary, the centennial.

During the past 25 years, computers have

revolutionized many areas of chemistry, including the

process of doing research.

By Emil Venere

Imagine a world without personal computers, let alone e-mail, the Internet, electronic editions of scientific journals, and instant access to immense online databases of chemical knowledge—that was the hard-copy reality of 1976. For chemists and chemistry students engaged in research, it was an era of tedium that’s hard to

even imagine today.

A literature search meant a fingers-turn-the-pages manual search through, perhaps,

the index volumes of Chemical Abstracts. Yes, there was, and is, a paper-and-ink CA

index, and even in the 1970s, it could claim Guinness Book of World Records status as the

world’s longest index. Next came a foray into the volumes of abstracts, which held

millions of entries and took up yards of shelf space in the university or corporate library.

The paper CA database was, well, single-user-only access. If a colleague or student

happened to be using the index or abstract volume you wanted, you waited. If the

individual was hogging the volume for hours on end, you wasted hours on end of

precious time.

With complete citations in hand, you filled out a paper request form for the desired

journal and waited again. Library staff had to retrieve the journal from stacks or storage.

If your library didn’t carry the journal, there was interlibrary loan. That meant a wait,

often several days, for your library to borrow the journal from another library. If the

volume turned up missing, or some miscreant had ripped out a page, you waited longer.

Over the past 25 years, PCs and the information-access revolution have fostered

sweeping changes in nearly every aspect of chemistry, from education to instrumentation.

Documents flow with the speed of light from vast databases. Powerful software

programs turn theoretical computations into on-the-screen reactions or

images of complex folding proteins and other molecules. User-friendly digital

instruments have simplified the laboratory.

LITERATURE SEARCH TECHNOLOGY

Some of the most sweeping changes have come in the area of literature-search technology.

Eric Bigham (ACS ’70), a chemist at GlaxoSmithKline in Research Triangle Park,

NC, was a newly minted Ph.D., just launching his career in that paper-and-ink era of the

early 1970s. He can recall the tedium well. “We used to do all of our literature searches

by hand, looking through Chemical Abstracts and other reference materials,” Bigham

explained. Library research not only consumed time, but it required meticulous record

keeping that also took time away from conceptualizing research problems and working

at the lab bench.

“There were multiple places to search, so one had to keep track of which sources had

been used and which ones hadn’t. And that was a lot of overhead. Then, keeping track

of the information once you found it was another problem.” Bigham used an elaborate

file card system that enabled him to look up his archived references by author, journal,

title, or various keywords. Each new reference meant multiple new entries in the mini-card

catalog. Like other researchers, Bigham invested endless hours in keeping his own

database current.

Chemical Abstracts Service’s first online search service, CAS Online, launched in

1983 and was a big initial step toward simplifying traditional literature searches. The

“online” in CAS Online, however, had a somewhat different meaning than today’s

“online”. It didn’t put you online. It put someone else online, who would do the search

for you.

“When electronic databases first came online, they were experts’ systems, and we had

staff people whose job it was to run those searches,” Bigham said. “You didn’t really

need to be a programmer, but you needed to be somebody who had experience running

those systems, or else you could waste a lot of time and money. And not everybody had a

computer on their desk. Even if you did want to run your own search, you’d have to go

to the library to use a computer terminal.”

FIRST USER-FRIENDLY SEARCHING

It wasn’t until 1995 that searching online became truly user-friendly, when CAS introduced

SciFinder, the widely used desktop search tool (see the Chemical Abstracts article

in Chemistry’s 125th Anniversary Special Edition). “It’s superior in the sense that, if you

are looking for something specific, it’s much faster to find it now,” Bigham said. “You

actually spend less time searching for the information, so you have more time to look at

the information.”

In some cases, electronic searching is also more thorough. “Because we were searching

by hand, it was easy to miss things,” Bigham said. “Also, you might have searched by

a chemical name or a formula or a keyword, but rarely would you do all three. So, in that

sense, it was harder to be sure that you had searched absolutely everything.”

Combining today’s online search tools with other computer-related innovations, such

as computational and data analysis software and automated digital instruments, has

brought a drastic increase in the output of chemistry research.

One indicator is the growth in the CAS chemical registry system, which continually

adds new synthetic and natural substances whose chemical structure has been determined

and recorded. Over the past 25 years, the annual increase in new substances added to the

registry has skyrocketed 10-fold, from 347,515 in 1976 to 3,548,161 in 1999.

PROTEIN FOLDING

Computers, of course, are playing many other crucial roles in chemistry, enabling scientists

to tackle extraordinarily complicated problems that once were beyond approach and

get answers fast, without waiting for benchside experimental results.

“If you talk to a theoretical chemist, someone who is a modeler or a quantum

chemist, they would definitely tell you that there are things you can do now that you

couldn’t do before, just because of the amount of computing power that is required,”

said Paul Dagdigian (ACS ’78), a physical chemist and chair of the chemistry department

at Johns Hopkins University in Baltimore.

David Draper, a biochemist at Johns Hopkins, uses a desktop computer to recreate

the elaborate, folded, 3-D structures of ribonucleic acid molecules.

“I have a person doing almost entirely theoretical computations, and they are fairly

complicated ones,” Draper said. “But with a standard desktop Unix machine, you can do

all these right here. You don’t need a computing center. Ten years ago, this would have

been a different computer problem. Twenty years ago, we wouldn’t have even thought

about doing it. It’s just not something you would have contemplated.”

COMPUTATIONAL CHEMISTRY: CHEMINFORMATICS

Computational chemistry and quantum chemistry have enlisted the computer and

software in an entirely new kind of experimental methodology. Computational chemists,

for example, don’t study matter directly. In the past, chemists who wanted to determine

molecular properties chose their instrumentation, prepared a sample, observed the

reactions of the sample, and deduced the molecule’s properties. Computational chemists

now choose their computer and software packages and get their information by modeling

and mathematical analyses.

The computer has opened other new fields of research, such as cheminformatics.

Bigham, for instance, started his career in the ACS centennial era as a medicinal chemist.

About a year ago, he moved into cheminformatics, a field that didn’t even exist until the

mid-1990s. “A lot of cheminformatics involves extracting subtle information from large

amounts of data,” he said. “What medicinal chemists want to know usually is the

relationships between chemical structure and biological activity. Twenty-five years ago, if

we had 500 molecules with a particular type of biological activity, it would have been a

huge data set. The experimental methods for generating large amounts of data weren’t

readily available to most scientists. But nowadays, data sets of 500,000 data points are

not uncommon, thanks to combinatorial chemistry and high-throughput screening.”

High-throughput screening rapidly evaluates

compounds produced with combinational

chemistry.

And those data, thanks to computers, are accessible to researchers all over the world. “I

think another big change in the last 25 years has been a much greater globalization of research,”

Bigham said. “There is a lot more chemistry research going on outside of the U.S. now than

there used to be. Information is as readily avail-able to a chemist working at a small institute in

central Asia.”

DOWNSIDES?

There may be disadvantages, however, to all this connectivity. Ever wonder, for instance,

whether scientists conducting old-fashioned literature searches in the library were more

likely to run into unexpected information, leading to

serendipitous discoveries down the line?

Scientists like Bigham, whose careers spanned both eras, entertain that possibility. “When we did a literature

search, we searched back to day one, practically, of any source that we could find,” Bigham said. “While you

were looking for one thing, you found another. That was actually a very important and interesting process. I

think a lot of literature searching now is very specific, and it’s not as easy to learn things by accident as it used

to be.”

In fact, electronic searching might actually interfere with a researcher’s comprehension of the material, said

Robert Graham Cooks (ACS ’68), a chemistry professor at Purdue University. “It’s definitely better if you have a well-defined job,” said Cooks, who specializes in spectrometry and instrument design. “If you are

looking for a certain compound, a certain phenomenon, something that you can describe in a word or in a

formula, then it’s great. But if you are looking for ideas, I don’t think so.

“In many cases, there is a tendency to download and to store information when it hasn’t even been through your mind,” he added. “The information is there, but you haven’t processed it. The idea is always that you will

process it later. Well, in the old days, ‘later’ would be when you went to the library, and if it wasn’t interesting as you were reading it, you discarded it. If it was, you processed it right there. I think it’s better to read and to do your selec-tion as you are reading than to store up huge amounts of material, which subsequently you look at somewhat out of context.”

MEANWHILE, BACK IN THE LAB

Computers have driven critical changes in the laboratory over the past 25 years, as digital instruments replaced their analog counterparts and the cumbersome paper charts and graphs used to record data. “And those were the only record of your experiments and data,” Bigham said.

“Scientists had to analyze or extract information from  paper charts by various methods and then usually  transcribe or record the results of that analysis in a notebook. Then there was always the storage problem. What do you do with all these paper charts?

People had stacks of charts of various kinds of spectra. Another problem was that often-times the quality of the information was limited as much by the chart output as by the design of the instrument. The resolution of a spectrometer may actually have been better than could be represented with a

pen and a piece of paper, and you were locked into a single kind of

output.”

Computerization has fostered profound changes in several areas

of laboratory research.

“Computer control in the laboratory allows you to design experiments that you wouldn’t have been able to do if you just had analog instrumentation,” Dagdigian said. “But probably the more profound thing is the

convenience—eliminating all this tedium, being able to do things a lot faster and sort of concentrate on the science instead of worrying about the logistics of pulling heavy volumes off of a shelf and carrying them over somewhere else and looking at them.

Think about how we made figures in the old days,” Dagdigian added. “I had a drafting table and we had tracing paper and you actually traced the chart recorder with a pen. Now you sit at your graphing program and it’s much less tedious.”

Not only has modern computing reduced the tedium, but it also has enabled researchers to operate laboratories and use data more efficiently. “In many cases, it made the instruments a lot easier to use because the controls on the instruments are linked to a computer and controls on a keyboard rather than from a dial or a button on the instrument itself,” Bigham said. “Secondly, the data generated by the instrument are collected and stored electronically on a computer. Nowadays, we have a lot of options for how we want to look at data and where we want to look at it.

“I can run an instrument in one building and save the data on a database and go to another building and call up the data and analyze or look at it there. I don’t have to print out data if I don’t want to. You can analyze it more thoroughly because you have different options for how to look at the data, or what part of the data to look at. It may be that a spectrum that you generate on a chemical compound could have a great deal of data in it, only part of which is interesting to you. On a paper chart, the parts that you don’t want take up as much space, or more space, than the parts you do want.”

FOSTERING OVER-RELIANCE ON AUTOMATION?

However, by introducing a great deal of automation, computers have decreased the level of expertise required to run the equipment. Operators place a sample in the machine, log their name and identification into the computer, and the instrument runs itself. “For routine work, you don’t have to be an expert in a particular technique in order to get expert-level data,” Bigham said, noting that experts still are essential to make sure that the automated instruments are performing properly.

Cooks believes automation must be tempered with vigilant science and with old-fashioned education. “I see it as a great good, but not an unmitigated good,” Cooks said. “It’s easy now to walk up to an instrument and to operate that instrument without understanding the physics or the chemistry. For example, in mass spectrometry there are large numbers of people who have never had formal training or education in that area.

These are individuals who do not know some quite elementary aspects of the physics of mass spectrometers, or the chemistry for that matter.”

Consequently, data must be scrutinized carefully. “It’s easier to produce data where that data hasn’t been checked in various ways,” Cooks said. “You can produce data from instruments that haven’t been calibrated. Things can look good; they can look very good; they can look salacious.” However, the quality of those data is not guaranteed, he said. “One has to be, I think, more vigilant, more suspicious of appearance,” Cooks said.

“Whereas, if you had an old manually tuned instrument of some sort, if you got a chart-recorder kind of an output, if you got good-looking data, it was very likely that you really had gotten that instrument in good tune, in good shape.”

For similar reasons, modern instruments also pose problems in education, he noted.

“The downside is that it’s possible to treat the experiment, the whole experiment, as just a computer game,” Cooks said. “And, again, you can go through this without under-standing the chemistry.”

Emil Venere is a science writer in West Lafayette, IN.
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