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James Feeman using the Beckman DU. (Photograph
courtesy of the James Feeman Collection, Chemical
Heritage Foundation Image Archives.)
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Chemistry’s heritage is disappearing. As corporations change
hands, chemists retire, and Sputnik-era chemistry
departments are torn down, older instruments are simply

thrown out. Looked upon as clutter, precious few recognize these
objects for what they are: an important part of the material
heritage of chemistry. These are the very tools with which chemists
changed our understanding of our world and created the mate-
rials, medicines, and products we rely upon every day. This mate-
rial heritage, and the stories that travel with it, are in jeopardy
of being forever lost.

The Chemical Heritage Foundation (CHF) is working to
meet the challenge of this vanishing heritage of instrumentation.
Reaching out to the chemical, instrumentation, and historical
communities, CHF is identifying and collecting chemical labo-
ratory instruments that changed the world. It is assembling a
list of 50 highly significant instruments and directing particular
attention to them. In this process, CHF is also working to preserve
the stories of these instruments: who made them, how they
worked, the impacts they had. An example from our list of 50
that we have already collected, the Varian Model A-60 NMR
spectrometer, demonstrates the fascinating and important stories
surrounding these endangered instruments.

The A-60 Story
Today’s chemist often says “NMR” and “molecular structure”
in the same breath. From the organic to the inorganic, from
simple molecules to protein complexes, and from the static to
the dynamic, nuclear magnetic resonance spectrometers have
become an essential tool for answering a chemist’s basic ques-
tion: What is the structure of that? As with everything else in

human history, the story of how NMR came to be a fundamental
instrument for the study of the molecular world is a story of
people. To be sure, nature held a central role. Nevertheless, it
required people, with their insight, understanding, hard work,
and accidents of fate, to make it happen.

In the tale of NMR spectroscopy, the Varian A-60 NMR spec-
trometer is an important character. The Varian A-60 was
important for its competitiveness and its appeal. These attrib-
utes created a strong demand for the instrument among organ-
ic chemists, resulting in 1400 A-60s entering chemical labora-
tories in their five years of production. The result of this wide
dispersion, and subsequent heavy use, was the transformation
of NMR from a boutique to a standard approach.

The Varian A-60 was competing less with commercial NMR
spectrometers than with the myriad forms of another instrumental
approach: infrared spectrophotometry. Varian brought the A-60
to market in 1961, but the competition with infrared spec-
trophotometry had started years before in the minds of the people
who would create it. In the late 1950s, infrared spectrophotom-
etry was extremely popular among organic chemists for quanti-
tative and qualitative—including structural—analyses. IR spec-
troscopy was tried and true, and instrument developers had made
them simpler and more reliable over a decade of development.
For NMR to stand a chance as a commercial product and accept-
ed technique, it would have to contend with IR.

James N. Shoolery joined Varian in 1952, following an acci-
dent of fate. Earlier that year, Shoolery took up a postdoctoral
fellowship at Caltech, in the chemical laboratory of Professor Don
Yost. Shoolery had just finished a Ph.D. in chemistry at Caltech
in the area of microwave spectrometry. An electronics trade
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show was going on in Los Angeles, and Shoolery went to shop
for a new part for the lab’s microwave spectrometer. He needed a
new source for the microwave radiation: a new klystron tube manu-
factured by Varian. At the
time, klystron tubes were
Varian’s bread and butter;
profits from them support-
ed the company’s earliest
efforts to transform NMR
from a novel effect studied
in physics laboratories into
a commercial instrument
for chemical analysis.

Upon visiting the Vari-
an booth at the electronics
show, Shoolery was initial-
ly disappointed. In his
words: “Their klystrons
were wonderful, with great
specifications, but they had
cost a couple thousand
dollars apiece, so they were
way outside of my budget. I was about to leave the show when
I noticed a little stack of papers on the Varian display table. On
the papers was a description of an NMR electromagnet with a
12-inch diameter that had been developed at Stanford Univer-
sity and was being sold by Varian. With those papers was a reprint
from the Journal of Chemical Physics that described an experiment
by Martin E. Packard and Shirnivas S. Dharmatti. Packard and
Dharmatti had placed a small sample in the Varian magnet and
stabilized the energy current to scan slowly enough to see the
three NMR peaks for ethyl alcohol. When I saw those three peaks
of ethyl alcohol from a condensed-phase liquid, I thought, ‘This
is the kind of thing that could actually be an analytical instru-
ment. It just needs to be improved.’” (1)

Shoolery wrote Varian to ask if
it could use a chemist like himself
to develop applications for NMR
spectrometers. Varian immediate-
ly invited him to Palo Alto to
discuss the matter further. The
company was convinced that
Shoolery could develop and
refine the chemical applications
necessary to transform NMR
into a successful commercial
product. Before the end of
the year, Shoolery was
employed at Varian, creat-
ing an instrument for
himself and for Varian’s first
customer for an NMR spectrometer: Humble Oil. Across the
1950s, and indeed into the 1990s, Shoolery helped propel the
development of new instruments and new chemical applications
at Varian. As the 1950s wound to a close, Shoolery’s thoughts
focused on NMR’s competitiveness with IR and the need for a
new kind of NMR instrument to meet the challenge.

In the 1950s Shoolery had shown, in collaboration with Vari-

an’s chemist customers, that their NMR instruments were able
to settle questions that IR instruments could not. Shoolery had
worked with E. J. Corey on a problem of Corey’s: distinguish-

ing whether the molecular
structure of a particular
compound was a heptago-
nal ring or hexagonal ring
with a bond across it.
Corey’s IR spectropho-
tometers could not distin-
guish between the two
possibilities. In collabora-
tion with Shoolery’s appli-
cation lab at Varian, Corey
showed that the NMR
spectrometer clearly point-
ed to the heptagonal ring.

For well-heeled and
adventurous chemists like
Corey, the advantages of
Varian’s early instruments
outweighed their consider-

able problems. They could live with the instrument’s great bulk,
instability, inconsistency, neediness for calibration, difficulty of
operation, and cost to get the answers that their other tools could
not provide. By the end of the 1950s, however, Shoolery could
see that for an NMR instrument to become truly popular among
organic chemists, these considerable problems would need reme-
dies. Indeed, it was the solution of these problems that largely
defined the new instrument that Shoolery steered Varian in creat-
ing: the Varian A-60.

Varian attacked matters of size and cost on a number of fronts.
Five years of grappling with stability issues in NMR spectrome-
ters gave the Varian team a tool box of devices and approaches.
A side oscillator containing distilled water provided an absolute

standard for built-in calibration. Yet, the great challenge for
all instruments—consistency—
would be met from the sum of
these parts. As such, the proof of

the pudding was in the first
operational test of an A-60.

As Shoolery recalls: “The
first test of the instrument was
quite successful. I put the sample

in it and we got a spectrum.
Then I thought, ‘The real test
of this is to run another spec-
trum.’ So I told the engineers,
‘Slide the pen back to the
beginning, put it down and
start the scan again. If the

instrument works properly, the pen should come out in virtually
the same position.’ I started the instrument again, and there was
just one line on the paper when it was finished. I said, ‘Didn’t the
darn thing work?’ The engineer replied, ‘It ran. I think it worked.’
Again, I reset the pen and ran the instrument. There was still one
line. I ran five more traces and they all came out exactly the same.
At that point, we knew that we had an instrument that was going
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Varian A-60. (Photograph courtesy of Varian, Inc.)

PE-21. (Photograph courtesy of Gregory Tobias, Chemical Heritage Foundation 
Collections.)



1 Cary Model 14 UV-Vis Recording
Spectrophotometer
Applied Physics Corporation, 1954
This early recording instrument greatly
extended the ultraviolet wavelength range,
making possible the analysis of more
compounds.

2 Beckman Model DK-2A UV-Vis-NIR
Spectrophotometer
Beckman Instruments, 1954
An early, widely used UV-vis-NIR spec-
trophotometer.

3 Model A Coulter Counter
Coulter Electronics, 1956
The first automated cell counter, this instru-
ment changed medicine, increasing the speed
and accuracy with which blood counts are
made.

4 AA 1 Autoanalyzer
Technicon, 1957
The Technicon AA 1 Autoanalyzer was the
first instrument to automate the analysis of
blood serum for medical diagnosis. Shown
here is just one of the modules that made up
the AA 1.

5 Cary Model 81 Raman Spec-
trometer
Applied Physics Corporation, 1957
The first commercial Raman instrument, it
was later augmented with a laser source and
helped establish Raman as an essential
research technique.

6 MS-9 Mass Spectrometer
Associated Electrical Industries, 1963
Based on a Nier–Johnson design, the MS-9
utilized superior technology for its day; some
MS-9s are still in use.

7 ALC 100 HPLC
Waters Corporation, 1967
The ALC 100 HPLC made liquid chromatog-
raphy a valuable, widely used tool for organ-
ic chemists.

8 Model 1015 GC-MS-DS
Finnigan Corporation, 1967
The first computerized GC-MS system, this
instrument established GC-MS as a primary
technique of organic analysis.

9 Model FTS-14 FTIR Spectropho-
tometer
Digilab, 1969
The first commercial FTIR, totally computer-
automated in operation, the FTS-14 was the
first instrument to make ultramicrosampling
a matter of routine.

10 Model 5MX FTIR Spectropho-
tometer
Nicolet, 1982
A high-performance instrument that was also
affordable, the 5MX made it possible for FTIR
to be used by a wider community of
researchers.

The 10 Most Wanted
These particularly rare or important
instruments are CHF’s top priorities
to add to its collection.
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to appeal to organic chemists. We were right. One
hundred and twenty-five instruments sold in the
first year.” (2)

The rest, as we often say, is history.

Saving the 50
CHF has made a commitment to collect instru-
ments like the Varian A-60, preserving them
and interpreting their stories for future genera-
tions. The importance of these stories motivates
CHF’s search for instruments on our list of 50
groundbreakers. The story of clinical medicine’s
great transformations since the 1950s stands
behind our search for the Model A Coulter
Counter and the Model AA 1 Technicon Auto-
analyzer. The story of instrumentation’s critical
role in environmental analysis, monitoring,
and regulation guides our search for the Finni-
gan Model 1015 GC-MS. The tale of the profound
developments in biological and pharmaceutical
research inspires our hunt for a Waters ALC 100
HPLC.

Collecting these instruments may seem to be a straightfor-
ward task. However, choosing which objects to pursue and which
to leave out is a difficult and daunting decision. It is a judgment
about which instruments will represent chemistry’s heritage. Ideal-
ly, every instrument should be saved from extinction. Space,

money, and time all constrain and limit the
breadth and depth of CHF’s collection.

The “50 Chemical Instruments that Changed
the World” initiative is an effective way for CHF
to deal with this problem. Conceived of by
CHF’s Heritage Council Instrumentation and
Artifacts Committee (HCIAC), composed of
experts from the analytical instrumentation field,
this project aims to compose a list, as the title
suggests, of 50 chemical laboratory instruments
that truly changed the world that we live in.

The following criteria serve as the basis for
such decisions:
•   The instrument was historically significant,

for example, it was the first of its kind or it
marked a great scientific discovery;

•   The instrument was commercially or social-
ly significant;

• The instrument dramatically changed 
chemical laboratory practice;

•   The instrument was innovative or disruptive, 
requiring scientists to rethink or learn new

or expanded principles of analysis;
• The instrument is representative of a class or was the first of

a class;
• The design of the instrument was based on a significant compo-

nent, such as DNA on a microchip;
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pH meter. (Photograph
courtesy of Gregory   
Tobias, Chemical Heritage 

Foundation Collections.) 
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• The instrument is interesting to
view and will enable CHF to tell
a good story of the chemical
sciences with contemporary appeal;

• The instrument’s size and cost are
manageable by CHF for display
purposes.
In the process of building this list,

the HCIAC relied on input from
specialists and pioneers in a variety of
fields. That input is periodically
reviewed and used to alter the current
list on the CHF website (www.chem
heritage.org). Meanwhile, the list has
helped generate interest in the project
and in soliciting donations of “missing”
instruments. A Cary 81 Spectropho-
tometer, for instance, was recently
donated by the University at Buffalo,
State University of New York, after
CHF announced at its Pittcon booth
that it was looking for the instrument.

In order to catalyze the collection of instruments that are not
currently owned by CHF, the HCIAC and CHF have identified
the “Ten Most Wanted” instruments from the list that we are active-
ly pursuing. These instruments are particularly rare or important
and are top priorities to track down and add to our collection.

This list is a work in progress.
CHF needs your input to make it as
useful as possible. Today, the list
stands at 65 instruments, and we
hope to pare it down to 50 with the
help of comments of experts from
the field. Ultimately, it will serve as
a guide to ensure that CHF’s collec-
tions include all of the major inno-
vations in analytical instrumentation.
These 50, or representations of them
(photographs, manuals, blueprints,
etc.) will serve as a core exhibition
in future galleries at CHF’s head-
quarters in Philadelphia.

To view the full list and provide
feedback, please visit our website at
www.chemheritage.org/exhibits/
50instruments.
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Cary Model 14. (Photograph courtesy of Varian, Inc.)


